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Abstract: Kudzu root (Puerariae lobatae Radix) is the tuberous root of Pueraria lobata, family Legu-
minosae. Kudzu root contains a variety of beneficial active ingredients such as puerarin, daidzin,
daidzein, genistenin, 3’-hydroxy puerarin, p-sitosterol, stigmasterol, arachidic acid, and so on. Mod-
ern medical research shows that active ingredients in kudzu root are widely used clinically as raw
materials for the treatment of hyperglycemia, non-alcoholic fatty liver disease, myocardial infarction,
alcohol addiction, oxidative stress, inflammatory response, and retinal blockage due to their various
pharmacological effects such as improving cardiovascular circulation, lowering blood lipids, low-
ering blood pressure, lowering blood sugar, being antipyretic, being estrogen-like, and relieving
alcohol. China has rich resources of kudzu root, and active ingredients are usually extracted before
it is made into a preparation, so whether the extraction and separation process is reasonable will di-
rectly affect the ease of preparation and the efficacy of the treatment. This paper reviews the process
methods for the extraction and separation of active ingredients in kudzu root and its common phar-
macological activities. The aim is to provide some references for readers to compare the advantages
and disadvantages of various extraction and separation methods as well as understand the active
ingredients and pharmacological activities of kudzu root.

Keywords: Puerariae lobatae Radix; kudzu root; active ingredients; extraction and separation
methods; pharmacological activities

1. Introduction

Kudzu (Pueraria lobata (Willd.) Ohwi), a perennial herbaceous vine of the Pueraria
DC in the Leguminosae family, primarily grows in warm and moist slopes, ravines, and
sunny dwarf bushes. It originated in China but is also found in Southeast Asia and Aus-
tralia [1]. Kudzu exhibits a certain level of cold hardiness and drought resistance. Kudzu
holds significant medicinal value. Its roots, stems, leaves, and flowers can all be utilized for
medicinal purposes. The roots (Puerariae lobatae Radix), in particular, contain various active
ingredients such as flavonoids, triterpenoids, coumarins, saponins, alkaloids, and polysac-
charides [2], which have garnered attention from scholars worldwide. Modern medical
research has demonstrated the excellent performance of kudzu root’s active ingredients
in regulating blood circulation [3], reducing myocardial hypoxia [4], reducing alcohol de-
pendence [5], lowering blood pressure, blood sugar, and blood lipids [6], preventing bone
loss [7] and holding anti-tumor properties [8]. They have also been used in the treatment of
retinal obstruction [9]. Consequently, how to effectively extract and separate these natural
active ingredients from kudzu root has become an important area of research.
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In recent years, there have been many review literature reports on kudzu root,
mainly focusing on pharmacological activity, and there are relatively few summary
reports on extraction and separation methods. Ma et al., Jiang et al., Wong et al., and
Prasain et al. [10-13] summarized the positive effects of the active ingredients in kudzu
root, such as puerarin, daidzein, etc., in the treatment of metabolic syndrome, cardiovas-
cular disease, and type 2 diabetes, and explained its mechanism of action. He et al. [14] re-
viewed the protective effects of kudzu root flavonoids and triterpene saponins on the liver
through different targeted therapy mechanisms, and summarized the therapeutic poten-
tial for different types of liver diseases. Wang et al. and Chauhan et al. [15,16] summarized
the main biological functions and neuroprotective effects of puerarin in some neurologi-
cal diseases, such as nerve cell damage, Alzheimer’s disease, etc. Liu et al. and Tomczyk
et al. [17,18] reviewed the use of kudzu in reducing alcohol consumption. Tong et al. [19]
summarized the extraction and purification methods of the active ingredients in kudzu
root, but there were still some gaps in some extraction methods. This paper aims to review
the extraction and separation methods of active ingredients in kudzu root by scholars both
domestic and international. Additionally, it summarizes the common pharmacological ap-
plications of kudzu root.

2. The Main Components in Kudzu Root

After the study of kudzu root by many domestic and international scholars, numer-
ous chemical components have been found, such as flavonoids, triterpenoid saponins,
coumarins, alkaloids, polysaccharides, and essential amino acids and minerals [20].
Flavonoids are the main bioactive components of kudzu root, and their content is often
used as an evaluation index for the quality identification of kudzu root; the representa-
tive compounds are puerarin, dadizin, daidzein, genistin, and formononetin. In addition,
the main nutrient in kudzu root is starch, and the starch content in fresh kudzu root can
range from 15% to 34.2% [21]. The kudzu root is shown in Figure 1 and the main chemical
constituents in kudzu root are shown in Table 1 and Figure 2.

Figure 1. Kudzu root (Puerariae lobatae Radix).

Table 1. Main chemical constituents in kudzu root.

Classification No. Name Reference
1 Puerarin [22]
2 Daidzin [22]
. 3 Daidzein [22]
Flavonoids 4 Genistin [23]
5 Genistein [23]
6 Biochanin A [24]
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Table 1. Cont.
Classification No. Name Reference
7 Formononetin [22]
8 3’-hydroxy puerarin [22]
9 3'-methtoxy puerarin [22]
10 3’-methoxy daidzein [25]
11 Ononin [26]
12 3’-methoxy daidzin [27]
. 13 Daidzein 7,4’-O-diglucoside [28]
Flavonoids 14 Genistein 8-C-glucoside [22]
15 Daidzein 8-C-apiosyl(1—6)glucoside [22]
16 Malonyl-daidzin [27]
3'-hydroxypuerarin-4’-O-
17 deoxyhexoside [24]
18 8-prenyl daidzein [24]
19 Isoliquiritigenin [22]
20 Tuberosin [29]
21 Sophoradiol [30]
22 Cantoniensisitriol [30]
23 Soyasapogenol B [30]
24 Soyasapogenol A [30]
25 Kudzusapogenol C [30]
26 Kudzusapogenol A [30]
27 Kudzusapogenol B methyl ester [30]
28 Kudzusaponin SA; [31]
29 Kudzusaponin SA; [31]
Triterpenoids and 30 Kudzusaponin SAj [31]
Saponins 31 Kudzusaponin Cq [31]
32 Kudzusaponin A [32]
33 Kudzusaponin Ap [32]
34 Kudzusaponin Az [32]
35 Kudzusaponin Ay [32]
36 Kudzusaponin Az [32]
37 Kudzusaponin SA4 [32]
38 Kudzusaponin SBy [32]
39 Soyasaponin Aj [32]
40 Soyasaponin I [32]
41 Coumestrol [23]
42 Puerarol [24]
Coumarins 43 Sophoracoumestan A [28]
44 Puerarol dimethylether [33]
45 Psorali dindimetherylether [33]
46 Diisobutyl phthalate [25]
47 Dihexyl phthalate [25]
48 Gallic acid [34]
Other Compounds 49 B-sitosterol [35]
50 Allantoin [35]
51 Roseoside [36]
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Figure 2. Cont.
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NO. 18 NO. 19

NO. 21-27 NO. 28-31
R, R, R, R,
NO.21| H H H OH
Ry R, R,
NO.22| H H OH OH
NO. 23| oH H H OH NO. 28 B-D-gal-(1—2)-p-D-glc H OH
NO.24| OH H OH OH NO.29 p-D-gal-(1—2)-p-D-glc H O-a-L-rha
NO. 25| OH H OH H NO. 30 | a-L-rha-(1—2)-p-D-gal-(1—2)-p-D-glc H O-a-L-rha
NO.26| OH CH,OH OH OH NO. 31| a-L-rha-(1—2)-B-D-gal-(1—2)-B-D-glc ~ O-p-D-glc H
NO.27| OH COOCH; OH OH

Ry R, Ry Ry

NO. 32| a-L-rha-(1—2)-B-D-ara-(1—2)-f-D-glc A Xyl OH OH
NO. 33 B-D-gal-(1—2)-p-D-glc A H OH OH
NO. 34| a-L-rha-(1—2)-B-D-gal-(1—2)-p-D-gicA H OH OH
NO. 35 B-D-glc-(1—2)-B-D-glc A H OH OH
NO. 36 | a-L-rtha-(1—-2)-p-D-glc-(1—2)--D-gicA H OH OH

NO. 37 B-D-glc A-(1—2)-p-D-glc A Ara OH H

NO. 38| a-L-rha-(1—2)-p-D-gal-(1—2)-B-D-glc A Ara H H

NO. 32-40

NO. 39 | a-L-rha-(1—2)-p-D-gal-(1—2)-B-D-glcA H OH H

NO. 40 | a-L-rha-(1—2)-p-D-gal-(1—2)-3-D-glc A H H H

Figure 2. Cont.
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Figure 2. The main chemical structures isolated from Puerariae lobatae Radix.

3. Extraction and Separation Methods of Flavonoids from Kudzu Root

China is rich in kudzu root resources, and flavonoids are the main compounds in
the kudzu root. Their content can be used as a standard to judge whether a piece of
kudzu root is good or bad. In addition to natural enrichment, the rationality of the ex-
traction process is also a key factor affecting the full utilization of kudzu resources. At
present, the common extraction and separation methods of kudzu root flavonoids include
water decoction, solvent extraction, ultrasonic-assisted extraction, microwave-assisted ex-
traction, pressurized solvent extraction, ionic liquid-assisted extraction, supercritical CO,
extraction, cyclodextrin-assisted extraction, molecularly imprinted solid-phase extraction,
macroporous resin adsorption, high-performance liquid chromatography, and high-speed
counter-current chromatography. The advantages and disadvantages of these methods are
shown in Table 2.
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Table 2. Comparison of advantages and disadvantages of various extraction and separation methods.

Method

Advantages

Disadvantages

Water decoction

Mature process and widely applicable,
and part of the medicinal value of the
herbs itself can be retained and utilized

Relatively poor for water-insoluble ingredients,
not suitable for thermally unstable components

Solvent extraction

More commonly used, high
extraction efficiency

Large solvent consumption, not suitable for the
extraction of thermally unstable components

Ultrasonic-assisted extraction

Short extraction time (generally only
10 min or a dozen minutes), high
extraction efficiency, and higher
temperature heating unnecessary

Not suitable for some macromolecular
substances and for target ingredients with too
low content, and some substances may undergo
chemical changes during the extraction process
due to ultrasonic action

Microwave-assisted extraction

Short extraction time, low energy and
solvent consumption, high extraction
efficiency, small environmental pollution

Only suitable for thermally stable substances

Pressurized solvent extraction

High extraction efficiency, short
extraction time, good reproducibility,
the chemical components of the herbs

can be better dissolved in the solvent by
increasing the pressure and temperature

Difficulty of industrial production in a
continuous mode, and only suitable for routine
quantitative analysis of heat-stable fractions on

a small scale

Supercritical CO; extraction

Non-toxic, non-flammable,
non-explosive, cheap, easy to obtain and
remove from the extraction products

Not suitable for substances with large polar and
relative molecular mass

Cyclodextrin-assisted extraction

Protects and stabilizes those unstable or
volatile substances (volatile oil
components, pigments, etc.) and
enhances the extraction efficiency of
hydrophobic natural products due to the
large surface area and hydrophilicity
of CDs

«-CD molecules have small cavities and pores
and can usually only encapsulate smaller
molecules of guest substances; 3-CD has a
limited hydrophobic region and catalytic
activity; y-CD has a large molecular cavity, but
its production cost is high

Molecularly imprinted
solid-phase extraction

Low preparation cost and good
extraction effect in organic solvents

The preparation of MIPs with good
reproducibility and a high degree of
crosslinking is difficult and the reaction is
confined to non-polar or weakly polar solvents
due to MIPs being mostly bound by hydrogen
bonds to the target molecule

Macroporous resin adsorption

Structural stability, high adsorption
capacity, and feasible regeneration

Short service life, poor selectivity, and high
production cost

High-performance liquid
chromatography

High sensitivity, high resolution, high
separation effect

Complex equipment, slow separation speed

High-speed counter-current
chromatography

Wide range of application, flexible
operation, high efficiency, rapidity, large
preparation volume, and low cost

Demanding experimental conditions,
expensive equipment

3.1. Water Decoction Method

The water decoction method refers to the crushing of plant materials, adding distilled
water with the corresponding liquid ratio, soaking for a certain period of time, and then
boiling and filtering the mixture, because most of the active pigment ingredients in plants
are soluble in water; this method is called the “water boiling method” [37]. Zhang et al. [38]
conducted a study on the content of total flavonoids in kudzu root extracts using differ-
ent decoction times. The study concluded that the maximum amount of total flavonoids
from kudzu root was obtained when 10 times the amount of water compared to the orig-
inal material was added. The optimal extraction process involved three water decoctions,
with each decoction lasting for 3 h, 1 h, and 0.5 h, respectively. Li et al. [39] performed
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an analysis on the leaching rate of puerarin under various extraction times, temperatures,
material-liquid ratios, and number of extractions. Through a one-way choice experiment,
the optimal extraction conditions were determined using an orthogonal test. The results in-
dicated that the extraction temperature should be set at 90 °C, the extraction time at4 h, and
the solid-liquid ratio at 1:45 (g/mL). Yang et al. [40] conducted experiments to investigate
the optimal process parameters for flavonoids in kudzu root. The study also explored the
purification conditions for the extracts, which were subsequently qualitatively identified
by UV absorption spectroscopy. The experimental results revealed an optimal extraction
time of 3 h, extraction temperature of 100 °C, and a material-liquid ratio of 1:10, through
three extraction cycles. The extract of flavonoids from kudzu root was then purified using
3.75 g NaCl salting out, resulting in a yield of 6.45% and a content of 10.50%. The com-
parison of the purified product with the standard sample by UV absorption spectroscopy
revealed the same UV absorption peak at 250 nm, indicating that the purified product
mainly contained flavonoid compounds. Zhang et al. [41] determined the best extraction
process of puerarin by comparing the extraction efficiency of water, methanol, and 95%
ethanol with the content of total flavonoids in kudzu root as the index. Using water as
the extraction solvent, the first time, four times the amount of water was added for 1.5 h,
and the second time, two times the amount of water was added for 1.5 h. Combining the
two extracts, the total flavonoids were obtained first with the content of 85.4%, and then
refined by using D101 macroporous resin of seven times the amount of the crude extract
and 12 times the amount of 70% ethanol in water as eluent. Through validation, it was
found that puerarin was obtained with a yield of up to 90%. The advantage of this process
is that compared to methanol and 95% ethanol, water is non-toxic, has a lower production
cost and operational requirements, and there is no major difference in the yield. Therefore,
considering factors such as cost and operation, water as an extractant is the most suitable
for industrial production. Zhang et al. [42] successfully developed a kinetic model to de-
termine the concentration changes of total flavonoids in the aqueous extract of kudzu root
through water decoction at various extraction times and solvent multiplicities. The model
is represented by the following equation:

Cp = (142875 x t*3 /M — 1.73)"7* )

where Cp represents the mass concentration of the target fraction in the extract in g/L, t
denotes the extraction time in min, and M signifies the solvent multiplication in mL/g. The
model was validated and demonstrated a strong fit with minimal deviation.

3.2. Solvent Extraction Method

The solvent extraction (SE) method is a method to dissolve active ingredients from
plant tissues by choosing solvents with high solubility for active ingredients or low solu-
bility for ingredients that do not need to be dissolved according to the solubility properties
of various ingredients in the solvent. When the solvent is added to the crushed plant ma-
terial, the solvent gradually penetrates into the cell through the cell wall due to diffusion
and permeation, and dissolves the soluble material, resulting in the concentration differ-
ence between inside and outside the cell, so that the concentrated solution inside the cell
continuously diffuses outward, and the solvent continuously enters the plant tissue cell,
and so on and so forth until the concentration of the solution inside and outside the cell
reaches dynamic equilibrium. This saturated solution is filtered out, and new solutions
are added several times to dissolve the desired components nearly completely or mostly.
Common extraction solvents are methanol, 60-95% ethanol, alkaline alcohol, lime water,
and acetone. In addition, in order to enable the active ingredients to be fully dissolved
in the solvent, the plant material and the organic solvent are usually placed in a heated
reflux device to react for a certain period of time, with a reflux temperature of 60-85 °C in
general, and extracted 2-3 times [43]. Wu et al. [44] have successfully extracted puerarin
from kudzu root by the ethanol hot reflux method and studied the effects of different ex-
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traction factors such as ethanol concentration, extraction temperature, solid-liquid ratio,
and extraction times on the extraction rate of puerarin, as well as optimized the extraction
conditions using orthogonal tests. The optimum extraction process was obtained as fol-
lows: the extraction temperature was 90 °C, the material-liquid ratio was 1:6, the ethanol
concentration was 90%, and the extraction time was 2 h. The extraction rate of puerarin
was 37.51 & 0.64 mg/g under this condition, and the experimental results can provide the
basis for the large-scale production of puerarin. Liu et al. [45] used a single-factor examina-
tion and orthogonal test design to investigate the content of puerarin. The selected process
was to add nine times the amount of 70% ethanol and extract twice, the first time for 2 h
and the second time for 1.5 h. This experimental condition was efficient in the extraction
of puerarin and the results were stable. Han et al. [46] used an orthogonal test to optimize
the extraction conditions of kudzu root herbs with the content of puerarin as the index of
investigation. The results of the orthogonal test showed that the best extraction process
of puerarin was to extract twice, each time with 10 times the amount of water, where the
extraction times were 1.5 h and 1 h. Pan et al. [47] optimized the extraction process of
flavonoids from kudzu root by six sets of one-way experiments and four sets of multifac-
torial orthogonal experiments. The experimental results showed that the best extraction of
kudzu root flavonoids was carried out at 85 °C and pH 8 by using 70% ethanol at 10 times
the amount of kudzu root for two times, each time for 3 h. The extraction rate was more
than 9%, and the flavonoid content in the extract was more than 40%. Xu et al. [48] studied
the extraction of puerarin from kudzu root using an n-butanol/water two-phase solvent sys-
tem. An amount of 100 g of kudzu root was mixed with 1000 mL of the n-butanol/water
phase solvent system with a volume ratio of 1:1, and then extracted at a temperature of
25 °C for 60 min. The experimental results showed that the partition coefficient of puerarin
was influenced by the pH of extraction and the initial concentration of puerarin. The lower
PH of the extraction was favorable to the extraction of puerarin from the aqueous phase to
n-butanol, and conversely, the extraction from n-butanol to the aqueous phase. The first
extraction in the experiment found that puerarin was unstable at a solution pH higher than
8, so the pH of the first solvent extraction was reduced, and the partition coefficient (K ) of
puerarin did not change much when the extraction pH was lower than 4.0, so 4.0 was the
best pH for the first extraction; and in the second extraction, because puerarin was free in
the aqueous phase, in the very acidic medium, the free molecules occupied a dominant po-
sition. Increasing the pH meant that more free molecules could be converted to the organic
phase. On the contrary, in very basic media, fewer free molecules were converted to the
organic phase, and increasing the pH to 8.0 significantly increased the partition coefficient
K;. In addition to the pH affecting the partition coefficient of puerarin, the initial concen-
tration of puerarin also had an important effect on the partition coefficient: at low initial
concentrations, changes in pH had a greater effect on the partition coefficient of puerarin,
but as the initial concentration increased, the effect of pH on the partition coefficient grad-
ually decreased. Two-solvent extraction can effectively separate puerarin from impurities
by adjusting the extraction pH at low initial concentration.

With the increasing development of modern solvent extraction techniques, one of the
main challenges in the solvent extraction of flavonoids is to adopt economically feasible
techniques for efficient and selective extraction of the target compounds using a mini-
mum of non-toxic solvents. The emergence of natural deep eutectic solvents (NADESs)
has attracted the interest of many researchers and scholars as green solvents consisting of
a large number of hydrogen-bonding donors (HBDs) (usually carbohydrates or organic
acids, such as oxalic acid, lactic acid, malic acid, citric acid, etc.) and hydrogen bond ac-
ceptors (HBAs) (usually amino acids or non-toxic quaternary ammonium salts) form a
mixture. Compared with conventional organic solvents, NADESs have many advantages,
such as good physicochemical properties (very low volatility, good thermal stability, non-
flammability, and non-toxicity) and sustainable green properties (biodegradable and bio-
renewable, with low or even negligible waste generated during the preparation process),
which, due to these excellent properties, make NADESs very suitable for the manufacture
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of food, pharmaceuticals, and cosmetics [49]. NADESs have been widely used in the extrac-
tion of active ingredients from plants, such as polyphenols from green tea [50] and pectin
from apple pomace [51]. Duru et al. [52] used quaternary ammonium choline chloride
(ChCl) (HBA) and citric acid (HBD) as the raw materials, with a molar ratio of 1:2, to pre-
pare a NADES, and took advantage of the ability of the two components to tightly bind to
destroy the kudzu root’s cell wall, so as to extract the flavonoids. The NADES was prepared
by mixing the two components in a molar ratio of 2:2. The effects on the extraction rate of
flavonoids from kudzu root were investigated under different solid-liquid ratios and water
contents of the NADES. The experimental results showed that the NADES successfully ex-
tracted and isolated three flavonoids, puerarin, daidzein, and genistein, from kudzu root,
and the highest extraction rate of puerarin was 10.1 mg/g when the sample:NADES was
1:20 (m/v) and the concentration of NADES:water was 7:3 (at 80 °C for 2 h, ultrasonic power
of 180 W). Saied et al. [53] prepared a NADES by mixing ChCl with HBD at a molar ratio
of 1:1 and extracted flavonoids from kudzu root using ultrasonic extraction equipment at
a temperature of 60 °C, a frequency of 37 KHZ, a power of 580 W, and an extraction time
of 3 h. Systematic analysis using HPLC-DAD yielded five flavonoids: daidzein, genistein,
puerarin, formononetin, and biochanin A. The experiment did not optimize the process pa-
rameters but simply extracted the active ingredients from kudzu root. The results showed
that flavonoids can be effectively extracted from kudzu root using a NADES, which is a
natural green solvent and is expected to be an alternative to conventional solvents. Huang
et al. [54] prepared 25 different NADESs from kudzu root flavonoids by mixing three con-
ventional HBAs, choline chloride, betaine, and L-proline, with representative HBDs, such
as carbohydrates (glucose, maltose, sucrose), alcohols (xylitol, glycerol), organic acids (lac-
tic acid, malic acid), and organic bases (urea, acetamide). Twenty-five different NADESs
were mixed and prepared, and these were compared with water and methanol for the
extraction of kudzu root flavonoids by determining the amount of puerarin, 3'-methoxy
puerarin, and puerarin-6"-O-xyloside in kudzu root to determine the optimal extraction
parameters. The experimental results showed that the extraction of these three active in-
gredients was significantly enhanced by most of the NADESs relative to the conventional
solvents (methanol, water). In addition, by comparing the three conventional HBAs, it was
found that NADESs with L-proline as HBA were more helpful in increasing the yield of the
three components. After that, L-pro-Maa (L-proline-malic acid) was further selected as the
extraction solvent, the four factors were optimized using a one-way experiment, and the
optimal extraction process was determined as follows: a solid-liquid ratio of 25 mg/mL,
an extraction temperature of 40 °C, an extraction time of 30 min, and a content of NADES
of 60%. The three active ingredients of puerarin, 3'-methoxypuerarin, and puerarin-6"-O-
xyloside from kudzu root were extracted using these conditions, and the yields obtained
were 98.7 mg/g, 16.3 mg/g, 9.9 mg/g, respectively, which were 2.2, 2.9, and 3.4 times higher
than the yields obtained with water as the extraction solvent.

3.3. Ultrasonic-Assisted Extraction Method

Ultrasonic-assisted extraction (UAE) refers to the use of ultrasound to produce strong
vibration, a continuous stirring effect, and a high-speed strong cavitation effect in order to
destroy the cells of plants, so that the solvent can penetrate into the cells faster and acceler-
ate the precipitation of active ingredients [55]. Kwun et al. [56] examined the effects of ex-
traction time, extraction temperature, ultrasonic power, ethanol concentration, and other
factors on the extraction of flavonoids by using kudzu root waste left over from squeez-
ing out kudzu root juice. The experimental results showed that an 80% aqueous solution
of ethanol could be used to extract six flavonoids, daidzein, daidzin, genistein, genistin,
glycitein, and puerarin, from the kudzu root waste with high efficiency extraction, and the
flavonoids extraction rate increased with the increase in extraction time and extraction tem-
perature. An amount of 7.26 g of flavonoids (per 100 g of kudzu root waste) can be obtained
in 3 h at 80 °C with 40 KHz ultrasonic power combined with 80% ethanol water, which is
a 2.5 times increase compared with the solvent extraction of 80% ethanol water alone. In
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this study, the total content of flavonoids in kudzu root dregs was 8%, and the final extrac-
tion obtained by using UAE was 7.33%, with an extraction rate of 91.6%. Zhu et al. [57]
used an orthogonal test to investigate the effects of ultrasound power and extraction time
on the flavonoids extract of kudzu root, and with the increase in ultrasound power, the
flavonoids extraction rate showed a line increasing and then decreasing trend, and when
the ultrasound power was in the range of 200-600 W, the two variables had a positive ef-
fect on the extraction rate. There was a positive correlation between the two variables, and
the extraction rate reached the highest at 600 W. Thus, 600W was the optimal ultrasonic
power for kudzu root flavonoids extraction. In terms of extraction time, the extraction
rate of flavonoids was analyzed under the conditions of ultrasonic power of 400 W, a 60%
concentration of ethanol, and a solid-liquid ratio of 1:20 for different extraction times, and
the results showed that the extraction rate reached a maximum of 4.78% at 30 min, while
the extraction rate of flavonoids decreased when it exceeded 30 min. Zeng et al. [58] used
a pilot type ultrasonic extractor to extract puerarin and studied the effects of extraction
time and ultrasonic frequency on extraction rate and compared with conventional reflux.
The results showed that the extraction rate of 90% was basically the same between UAE
and conventional SE under the same solid-liquid ratio (1:20) and solvent conditions (50%
ethanol), but the extraction temperature could be reduced to 60 °C and the extraction time
was just 30 min by using UAE when the ultrasonic power was 25 W. Lee et al. [59] used
ultrasound technology to extract puerarin, daidzin, and daidzein from kudzu root. The ex-
perimental results showed that when the ethanol concentration was 95%, the solid-liquid
ratio was 1:10, the extraction time was 5 min, and the extraction temperature was lower
than 37 °C; the extraction of daidzin and daidzein reached the maximum at 40 MJ, and
puerarin required 60 M]J to reach the maximum. However, when the solid-liquid ratio
was 1:5, all three compounds reached the maximum at 60 MJ. Wong et al. [60] used ultra-
sonic power to extract and isolate 3'-hydroxypuerarin, puerarin, 6"-O-p-xylosylpuerarin,
3’-methoxypuerarin, daidzin, genistin, and daidzein from kudzu root and optimized the
extraction process by the response surface optimization method, where the following best
extraction parameters were mentioned: an extraction time of 16.02 min, an ethanol concen-
tration of 41.41%, and a liquid—solid ratio of 44.35 mL/g when the ultrasonic power was
300 W and the temperature was 40 °C. The experimental validation of the extraction pa-
rameters was carried out by taking the gain effect of the extracts on cellular antioxidant
capacity as an indicator, and it was found that the predicted value differed from the exper-
imental value by 3.26%, which verified the validity of the optimization model.

3.4. Microwave-Assisted Extraction Method

The microwave-assisted extraction (MAE) method refers to the use of a microwave to
destroy the cell wall and cell membrane of plant cells, so that the extracted material is sep-
arated from the body or tissue into the extraction solvent with a small dielectric constant
and poor microwave absorption capacity, in order to achieve the purpose of extracting the
active ingredients in the cells [61]. Sun et al. [62] took 10 g of Xiangxi wild kudzu as the raw
material, added 40% ethanol solution, and destroyed its tissue cells by high-speed shearing,
coupled with MAE to extract puerarin. The effects of shearing time, shearing speed, aver-
age microwave radiation power, and radiation time on the extraction rate of puerarin were
investigated. The experimental results showed that the best extraction process was 6 min
shear time, 6000 r/min shear speed, microwave radiation for 20 s, and microwave power
of 467.27 W, where the content of puerarin was 2.05 mg/g. Zhou et al. [63] studied the pro-
cess conditions of MAE of the total flavonoids of kudzu root by an orthogonal test, and the
results showed that with 90% ethanol, the particle size of kudzu root for 40 mesh, a solid—
liquid ratio of 1:15, microwave power of 700 W, a temperature of 78 °C, pre-soaking for
1-2 h, and microwave radiation for 40 s, the leaching rate of the total flavonoids of kudzu
root reached more than 96%, which is not only a high yield but also fast and energy-saving
compared with the traditional hot leaching method. Zhu et al. [57] investigated the effect
of different microwave power on the extraction rate of kudzu root flavonoid compounds
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under 200 W, 400 W, 600 W, 800 W, and 1000 W microwave power conditions by combin-
ing MAE with UAE. The experimental results showed that with the increase of microwave
power, the extraction rate of flavonoids showed a trend of increasing and then decreasing,
and the extraction rate reached the maximum of 4.92% at the microwave power of 800 W
(temperature of 55 °C, ultrasonic power of 400 W, 60% ethanol, solid-liquid ratio of 1:20,
extraction time for 40 min). This study provides a useful basis for the combined process-
ing technology for the application of ultrafine kudzu root powder as a functional food. Du
et al. [64] determined the 14 major phenolic compounds, namely puerarin-4'-O-glucoside,
puerarin-3'-methyoxy-4'-O-glucoside, daidzein-4’,7-O-glucoside, puerarin, mirificin,
daidzin, 6"-O-xylosylpuerarin, 3'-methoxypuerarin, genistin, sophoraside A, ononin,
daidzein, genistein, and formononetin, in kudzu root by combining ultra-high-
performance liquid chromatography—diode array detector-time of flight mass spectrom-
etry (UHPLC-DAD-TOF-MS) with microwave-assisted extraction (MAE), UAE, SE, and
pressurized liquid extraction (PLE). The geometric mean values of the contents of the 14 tar-
get compounds extracted by the four methods were compared, and it was found that the
extracted amounts obtained by the four extraction methods were similar in terms of pheno-
lic compounds with low contents (<2 mg/g), such as puerarin-3'-methyoxy-4'-O-glucoside,
genistein, and formononetin. However, for some major phenolic compounds (>6 mg/g) in
kudzu root, such as puerarin, mirificin, daidzin, and daidzein, the peak areas obtained
by MAE were similar to those of PLE and were significantly larger than those of SE and
UE. The factors show that MAE is an excellent extraction method. In addition, the team
used the response surface optimization method to optimize the conditions of particle size,
extraction temperature, ethanol dosage, ethanol concentration, microwave power, and ex-
traction time in MAE, and the optimization results obtained were as follows: for 0.3 g of
kudzu root powder, with a particle size of 0.18-0.35 mm, an ethanol concentration of 65%,
a dosage of 17 mL, an extraction temperature of 100 °C, an extraction time of 2 min, and the
microwave power of 600 W, the extraction rate could be optimal. The optimized conditions
were successfully used for the determination of the compounds in kudzu root samples of
20 different varieties.

3.5. Pressurized Solvent Extraction Method

Pressurized solvent extraction (PSE) technology is an automated method for extract-
ing solid or semi-solid samples using organic solvents at higher temperature and pres-
sure. In recent years, it has been widely used in the fields of food, medicine, etc. [65].
Lee et al. [59] found that when 1 g of powdered kudzu root was mixed with 10 mL of 95%
ethanol, the pressure was set at 1400 psi, and the temperature of extraction was set at 60, 80,
and 100 °C, respectively. Under the extraction for 10 min, it was found that the extraction
of daidzein, puerarin, and daidzin increased when the temperature was 100 °C compared
to 60 °C, which increased 2.6-3.7 times, 1.8-2.4 times, and 1.4-1.8 times, respectively. Com-
pared with the conventional SE, PSE is a more excellent extraction method. Du et al. [64]
mixed kudzu root powder with diatomaceous earth at the ratio of 1:2, put it into a pressur-
ized extractor, added 60% of methanol solution, controlled the extraction temperature at
140 °C, with a pressure of 1500 psi, and extracted it statically for 10 min, and then filtered
the obtained extract and injected it into ultra-high-performance liquid chromatography for
analysis, successfully extracting and isolating 14 phenolic compounds from kudzu root, in-
cluding puerarin, dadizin, daidzein, genistein, and formononetin.

3.6. lonic Liquid-Assisted Extraction Method

Ionic liquids (ILs) are inorganic or organic salts that are thermally and chemically sta-
ble at room temperature, in addition to being renewable, miscible in water and organic sol-
vents, and easy to extract a variety of organic compounds, which make them ideal solvents
for green chemistry, and have been successfully used for the extraction of active ingredi-
ents from medicinal plants [66,67]. Mocan et al. [68] selected 1-butyl-3-methylimidazolium
bromide as the IL to optimize the extraction of kudzu root flavonoids. They added 10%
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(w/v) of 1-butyl-3-methylimidazolium bromide to the extraction solvents (water or 65%
ethanol) for conventional SE, UAE, and MAE, and determined the amount of the four most
representative flavonoids in the kudzu root extract (puerarin, dadizin, daidzein, genistein)
by comparing the amount of the optimal extraction process parameters. The results demon-
strated that the inclusion of 1-butyl-3-methylimidazolium bromide enhanced the extrac-
tion efficiency of puerarin and daidzin in traditional solvents using water as the extraction
solvent. Additionally, the extraction efficiency of daidzein was improved in traditional
solvent extraction and UAE by incorporating 65% ethanol as the extraction solvent. Tak-
ing the above factors into account, the optimal extraction conditions for puerarin, dadizin,
and genistein were as follows: water as solvent, a solid-liquid ratio of 1:5 (m/v), and an ex-
traction time of 30 min, whereas the optimal conditions for daidzin were as follows: 65%
(%5 or 10) ethanol as solvent, and an extraction time of 30 min. Zhang et al. [69] obtained
the optimal results by choosing [bmim]Br as a solvent, which is a kind of room tempera-
ture ionic liquid (RTIL), and which is expected to be a green solvent instead of traditional
volatile organic solvents. By combining MAE, the effects of different extraction times, ex-
traction temperatures, microwave power and [bmim]Br concentrations on the extraction
rate of total flavonoids from kudzu root were analyzed. A prediction model was estab-
lished by the response surface optimization method to simulate and optimize the extrac-
tion process, and the multivariate quadratic regression equation was obtained by using a
central combinatorial design. The experimental results showed that the extraction rate of
total flavonoids of kudzu root reached the optimum of up to 10.09% when the weight of the
kudzu root sample was 0.5 g, the extraction temperature was 70 °C, the extraction time was
8 min, the microwave power was 400 W, and the concentration of [bmim]Br was 1.2 mol/L,
which was very mild compared with the value of the prediction model. Compared with
conventional organic solvents, ILs combined with MAE could lead to a shorter extraction
time and a higher extraction rate could be obtained. Wang et al. [70] investigated different
cations liquids ([EMim]HSOy, [BMim]HSO4, [HMim]HSO,, [OMim]HSOy) and anionic
liquids ([Omim]HSOy, [Omim]TsO, [Omim]Cl, [Omim]BF,, [OMim]Br), and finally chose
[Omim]HSO, as the target ionic liquid to be added into the kudzu root extract of MAE.
The response surface optimization method was used to investigate the effects of different
dosages of [Omim]HSOy,, different concentrations, microwave power, microwave times,
and other process parameters on the extraction rate of the flavonoids, and the optimal con-
ditions of the process were determined as follows: for 5 mL, 0.45 mg/mL aqueous solution
of kudzu root crude extracts, 0.82 mol/L, 1.42 mL of [Omim]HSO,4, a microwave time of
7 min, and microwave power of 400 W. Under these conditions, the average extraction rate
of kudzu root and daidzein was 57.93 + 3.08%, which makes IL-MAE a fast, simple, and
efficient extraction technique compared with single MAE.

3.7. Supercritical CO, Extraction Method

Supercritical fluid is a fluid with a temperature and pressure higher than the criti-
cal value, and supercritical fluid extraction refers to the contact between a supercritical
fluid and a substance to be extracted in a supercritical state, so that components with a
certain polarity, boiling point, and molecular weight can be extracted sequentially and
selectively. This technology has been widely used in food and medical fields in recent
years [71]. The extraction solvents commonly used in supercritical techniques are car-
bon dioxide (CO,), ammonia (NHj3), diethyl ether (C,HsOCyHs), methane (CHy), ethane
(CyHy), ethanol (CH3CH,OH), water (H,O), methanol (CH3OH), ethylene (CH,CHy), etc.
Wang et al. [72] extracted puerarin from 40 g of kudzu root using supercritical CO; ex-
traction. The effects of pressure, temperature, time, and co-solvent amount on the yield
of puerarin were investigated. The experimental results showed that all four factors had
a significant effect on the yield of puerarin. In terms of pressure, the researchers explored
the yield of puerarin under pressure by setting the experimental temperature at 50 °C, ex-
traction time at 90 min, and co-solvent dosage at 150 mL. It was found that the maximum
yield of puerarin, 5.8 £ 0.3 mg/g, was achieved at a pressure value of 20 MPa, and the
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yield decreased above and below this pressure value. However, the optimum pressure
value for the puerarin yields may change when different temperatures, times, or amounts
of co-solvent are used. In terms of extraction temperature, the puerarin yields were inves-
tigated at extraction temperatures of 40 °C, 45 °C, 50 °C, 55 °C, and 60 °C, pressure values
of 20 MPa, a time of 90 min, and a co-solvent dosage of 150 mL. It was found that the high-
est yield of puerarin, 3.1 & 0.2 mg/g, was obtained at an extraction temperature of 50 °C.
Temperature is one of the more important factors affecting the yield, and an increase in
temperature is feasible until 50 °C, because it accelerates the mass transfer and increases
the extraction rate. The yield of puerarin decreases when the temperature exceeds 50 °C,
because the increase in temperature causes a corresponding increase in the vapor pressure
and volatilization of solutes. In terms of time, the yield of puerarin increased with the
increase in extraction time, and there was a positive correlation between the two. For the
co-solvent, the ethanol [73] was chosen in this experiment to increase the polarity of CO,
and thus improve the extraction rate of supercritical CO;. As the amount of co-solvent
increased, the yield of puerarin increased accordingly, and this effect was the same as that
of the extraction time. Yang et al. [74] used supercritical CO, fluid instead of conventional
ethanol solution to extract 3'-hydroxy puerarin, puerarin, 3’-methoxy puerain, daidzin,
ononin, and daidzein from kudzu root, with supercritical CO, as the extracting solution
and ethanol-methanol as the co-solvent, where the flow rate of both of them was 24 L/h
and 2 L/h, respectively, and they investigated the effects of the change of temperature,
pressure, and the concentration of ethanol in the co-solvent on the extraction rate. The
optimum extraction parameters of kudzu root flavonoids were obtained by the response
surface optimization method: taking the content of daidzein as an index, the extraction
rate of daidzein reached the maximum value of about 30 pg/g when the temperature was
51.5 °C, the pressure was 31.8 MPa, and the concentration of ethanol in the co-solvent was
36.7%. Supercritical CO; was a green, efficient, and simple method that can be applied to
the pharmaceutical industry and provide a reference for the large-scale extraction of the
natural active ingredients from medicinal plants.

3.8. Cyclodextrin-Assisted Extraction Method

Cyclodextrin (CD) is a cyclic oligosaccharide consisting of o-(1,4)-linked glucose units,
which is widely used in the chemical synthesis of natural products, drug carriers, the
food industry, and other fields due to its unique cyclic structure. The main principle of
cyclodextrin-assisted extraction (CAE) of natural products is to separate natural products
from their components with higher affinity (e.g., non-biologically active components, pig-
ments, etc.) through its hydrophilic effect and hydrophilicity, thus improving the extrac-
tion efficiency of natural products [75]. Feng et al. [76] compared the effect of the addi-
tion of conventional cyclodextrins: (3-cyclodextrin (3-CD), y-cyclodextrin (y-CD); water-
soluble cyclodextrin  derivatives: hydroxypropyl-B-cyclodextrin  (HP-3-CD),
hydroxypropyl-y-cyclodextrin (HP-y-CD); and ionic cyclodextrin derivatives:
carboxymethyl-f-cyclodextrin (CM-{3-CD), sulphonatobutyl ether-f3-cyclodextrin (SBE-3-
CD) for five flavonoids extracted from kudzu root, namely puerarin, daidzein, daidzin,
genistein, and genistein. This was performed by mixing 5 g of kudzu root with 0.25 g of
individual CDs in 125 mL of water, first soaked for 1 h and then decocted for 2 h, and
compared with the extract without any added CDs. The results of HPLC analyses showed
that the peak areas of these five flavonoids were significantly increased by the addition of
CDs, indicating that CDs could improve the extraction capacity of total flavonoids from
kudzu root. In addition, the results of statistical analyses showed that different types of
CDs had different solubilizing effects, in the following order: ionic cyclodextrin deriva-
tives > water-soluble cyclodextrin derivatives > conventional cyclodextrins, in the case
of this experiment. Among the ionic cyclodextrin derivatives, SBE-3-CD had the best
solubilizing effect on the flavonoids in kudzu root, which has a promising application.
He et al. [77] also used an epichlorohydrin polymerized 3-CD ligand with allyl bromide
coupled with a substituted Sepharose HP base substrate to further isolate puerarin from
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kudzu root extract by adsorption chromatography. In the experiment, 20% ethanol was
used as the solvent, the optimal mobile phase was 10% acetic acid, the linear flow rate
was 1 cm/min, and the optimum loading capacity was around 1.2 mg crude extract/mL
packed gel. The authors found that the substituted base substrate can be used as a lig-
and for the separation and purification of puerarin, and the purity of the obtained puer-
arin was tested to be 98% with a yield of about 62%. Lv et al. [78] prepared a novel
monomeric and polymeric 3-CD-functionalized poly: poly (isocyanatoethyl methacrylate-
co-methyl methacrylate-co-ethylene dimethacrylate) (poly(IEM-co-MMA-co-EDMA)) and
poly (glycidyl methacrylate-co-EDMA) (poly(GMA-co-EDMA)) were used for the rapid
isolation and purification of puerarin from kudzu root. The experimental results showed
that the introduction of polymeric 3-CD significantly improved the selectivity of monoliths
for puerarin compared to mono-f3-CD. The 3-CD-functionalized poly (IEM-co-MMA-co-
EDMA) monolith was used for the separation and purification of puerarin from the crude
extract of kudzu root with 20 pL 0.6 mg/mL as the injection volume, 4:3:93 methanol/acetic
acid/water as the mobile phase, 361 cm/h as the flow rate, 254 nm as the detection wave-
length, and an extraction rate of 89% and purity of 96% were mentioned. The single-step
separation could be accomplished in only 15 min. Using ethylenediamine-{3-CD-
functionalized poly (GMA-co-EDMA) monolith separation and purification, kudzu root
was mentioned with an extraction rate of 79% and a purity of 86% using 12.5% acetic acid
aqueous solution as the mobile phase. The separation efficiency is lower than that of the
former. This is the first time that a study on -CD-functionalized monoliths separation
and purification of active ingredients from natural products was reported, which has very
important guiding significance.

3.9. Molecularly Imprinted Solid-Phase Extraction Method

Molecularly imprinted solid-phase extraction (MISPE) is a solid-phase extraction
(SPE) method based on molecularly imprinted technology (MIT). MIT is a method for
the selective identification and extraction of target molecules by specific recognition of
the target molecules using template molecules that form a specific cavity structure in a
polymer matrix. The principle of MISPE is to use molecularly imprinted polymers with
affinity to be immobilized on a solid-phase carrier to achieve the extraction and enrich-
ment of target molecules through the specific interaction of the molecularly imprinted
polymer with the target molecules. MISPE has been widely used in the fields of envi-
ronmental monitoring, food safety monitoring, drug analysis, bioanalysis, and so on [79].
Chen et al. [80] have developed a new efficient and selective method for the enrichment of
puerarin using molecularly imprinted polymers (MIPs) as a solid-phase extraction mate-
rial, which allows the selective enrichment and high purification of the analytes. Puerarin
was used as a template, monomer acrylamide (AA) was used as a functional monomer,
and ethylene glycol dimethacrylate (EGDMA) was used a crosslinker. The optimal molar
ratio for the preparation of the MIPs was puerarin:AA:EDGMA = 1:4:20. The addition of
0.2 mg/mL, 10 mL of kudzu root extract to the column followed by elution with different
volume ratios of toluene/methanol revealed that 10:2 (v/v) was the suitable washing sol-
vent to reduce the non-specific interactions. Moreover, 10 mL of methanol/acetic acid (9:1,
v/v) was the optimal eluent to elute puerarin. Under these conditions, the yield of puerarin
extracted from kudzu root at one time was up to 86%, and the purity of puerarin obtained
by high-performance liquid chromatography analysis was greater than 86%. MISPE pro-
vides the possibility of efficient and selective separation and purification of puerarin from
kudzu root. Luo et al. [81] used quantum mechanical methods to screen three functional
monomers that may interact with puerarin (PR): acrylamide (AA), methacrylic acid (MAA),
and 4-vinylpyridine (4-VP), and they found that AA was more likely to form strong com-
plexes with PR by comparing the hydrogen-bonding strengths of the three, as well as by
molecular dynamics simulations. At the same time, the template was coordinated with
the three monomers in a molar ratio of 1:4 to form a complex to coat the SiO, surface, and
it was found that the binding energy of the synthesized SiO,@PR-MIP particles was the
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largest, so AA was the best functional monomer; the possible molar ratios for the interac-
tion between PR and AA were also investigated, and 1:4 (PR/AA) was determined as the
best molar ratio. In addition, equal amounts of SiO,@PR-MIP, SiO,@NIP (non-imprinted
particles without added PR template), and commercial resins were taken to investigate the
binding ability of the three to puerarin and other similar compounds in the crude extract
of kudzu root. The experimental results showed that SiO,@PR-MIP microparticles could
selectively enrich the flavonoids in the crude extract of kudzu root, and successfully re-
covered 90% of the three flavonoids (puerarin, dadizin, genistin) from the original herb;
for the non-imprinted adsorbent SiO,@NIP and the commercial resin, the final amount
of flavonoids adsorbed was significantly lower than that obtained by SiO,@PR-MIP. The
above results indicate that SiO,@PR-MIP is a more desirable adsorbent, which is capable of
specific recognition and selective enrichment of PR and similar compounds, in addition to
good renewability and reuse for at least five times without significant loss of the adsorbed
amount, which is expected to open up a new research direction for the selective enrichment
of active ingredients in medicinal plants.

3.10. Macroporous Resin Adsorption Method

The adsorption action of the macroporous resin relies on the Van Der Waals force
between it and the adsorbed molecules (adsorbent) and physically adsorbs through its
huge specific surface, and then, based on the adsorption force and molecular weight size
of the adsorbent, it achieves the purpose of isolation and purification through the elution
of certain solvents. Meng [82] studied the process of purification of puerarin by the macro-
porous resin AB-8, and the conditions of ethanol concentration, adsorption flow rate, des-
orption flow rate, and sample concentration were optimized by an orthogonal test, where
the following optimal purification parameters were obtained: ethanol concentration of
80%, adsorption flow rate of 9 BV/h, desorption flow rate of 4 BV/h, and sample solution
concentration of 0.8 g/mL. The factors affecting the purification of the macroporous resin
were in the order of resolution flow rate > adsorption flow rate > concentration of sample
solution > concentration of ethanol. Chi et al. [83] investigated the adsorption properties
of puerarin on 5-8 resin and analyzed the effect of different concentrations of desorption
solvents on the desorption of puerarin. The experimental results showed that the adsorp-
tion process of puerarin was in accordance with the Langmuir and Freundlich equations,
the rate constant k increased with the increase in the initial concentration of puerarin, the
adsorption equilibrium state was reached after 60 min, and the maximum adsorption rate
could reach 95%. In addition, puerarin adsorbed on S-8 resin could be desorbed by dif-
ferent concentrations of ethanol-water solution, and with the increase in the volume of
the desorption solvent, the desorption amount of puerarin firstly increased rapidly and
slowly decreased, the desorption curves of each concentration had a maximum value, the
80% ethanol solution was chosen to be eluted by comparison, and the eluent was collected
and concentrated, then compared with the standard of puerarin and the crude extracts
of puerarin by HPLC analysis. The peak of puerarin appeared at the retention time of
10 min, and the impurity peak was significantly reduced compared with the crude extract
without S-8 resin purification, which indicated that the S-8 resin was the ideal medium for
the purification of puerarin, 80% ethanol was the optimal desorption solvent, and the final
content of puerarin isolated was as high as 43.75%. Guo et al. [84] examined the adsorption
of puerarin by six resins (D101, S-8, H103, X-5, HPD600, and AB-86) at a temperature of
25 °C and an adsorption duration of 3 h. From the adsorption isotherms, it was found
that the adsorption amounts of all six resins increased with the increase in the equilibrium
concentration of puerarin, and the adsorption amount of H103 was significantly higher
than that of the other resins. Further analysis of H103 showed that it had the largest spe-
cific surface area and Kj, indicating that this resin had the strongest adsorption affinity
for puerarin and had the best adsorption effect. In addition, in this study, a process was
developed for the large-scale isolation and purification of puerarin in kudzu root by se-
lecting H103 as the purification resin, using 10% ethanol as the extraction solvent and ad-
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sorption solvent, and 75% ethanol as the desorption solvent, with a purification product
yield of 11.65 g/100 g. The purified product of the resin was then hydrolyzed by mixing
it with HCl to remove impurities. The contents of puerarin, daidzin, and daidzein were
analyzed by HPLC and compared with the crude extract without resin purification. The
results showed that the product yield decreased from 34.17% to 11.65%, and the content
of puerarin increased from 14.25% to 41.78% by H103 resin purification, which was nearly
three times higher. In conclusion, a strategy for the large-scale isolation and purification
of puerarin can be established by resin and acid hydrolysis.

3.11. High-Performance Liquid Chromatography

High-performance liquid chromatography (HPLC) is an important branch of chro-
matography, which uses liquid as the mobile phase, and adopts a high-pressure infusion
system to pump mobile phases such as single solvents with different polarities or mixed
solvents and buffers with different ratios into a column equipped with a stationary phase,
and then after the components are separated inside the column, they enter the detector
for detection, so as to realize the analysis of the specimen. Niu et al. [85] achieved the
separation and identification of 22 flavonoids, such as puerarin, ononin, daidzein, etc., in
kudzu root by combining post-column derivatization (PCD) with high-performance liquid
chromatography-diode array detector-sequential ion-trap time-of-flight mass spectrome-
try (HPLC-DAD-IT-TOF-MS").  The separation was performed on a YMC™Cg
(150 mm x 4.6 mm; 5 pm) column with a binary gradient of 0.02% formic acid acetoni-
trile solution (solvent A) and 0.02% formic acid aqueous solution (solvent B), the linear
gradient of solvent B was controlled to be 90-75% from 0-30 min, and the linear gradient
of solvent B was 75-10% from 30-40 min, with the injection volume of 1 puL and the flow
rate of 0.8 mL/min, the column temperature at 40 °C, and the UV spectral data recorded in
the range of 190—400 nm. The experimental results showed that 22 flavonoids could be sep-
arated within 35 min, and the purity of the obtained compounds was above 95%. This is
the first on-line method for the identification of kudzu root flavonoids, which can quickly
and comprehensively evaluate the quality of the sample, and which provides an efficient
method for the analysis and quality control of complex components in medicinal plants.
Feng et al. [76] chose an Elite SinoChrom ODS-BP column (250 mm X 4.6 mm, 5 um) as
the chromatographic column, and the separation was carried out with formic acid/water
(1 mL/L) (solvent A) and methanol (solvent B) as the mobile phases to establish 5-95% B,
0-40 min, 95% B, 40 min, injection volume of 10 puL, flow rate of 1 mL/min, and detection
wavelengths of 254 nm (for puerarin, daidzein, daidzin and genistin) and 360 nm (for genis-
tein). The samples were analyzed for 8 min, and the peak areas of the resulting UV curves
were recorded to determine the extraction efficiencies of the six cyclodextrins” kudzu root
flavonoids. Du et al. [64] used an ultra-HPLC-DAD-TOF-MS system and selected Zor-
bax SB Cig (50 mm x 4.6 mm, 1.8 um) as the chromatographic column, with the mobile
phases of 0.1% formic acid (solvent A) and methanol (solvent B), and the gradient elution
profiles of 0-3 min, 20-30% B; 3-4 min, 30-32% B; and 4-8 min, 32-57% B, at a flow rate of
2.0 mL/min, a column temperature of 48 °C, and with UV spectra collected from
190-400 nm to qualitatively and quantitatively analyze 14 major phenolic compounds in-
cluding puerarin, daidzin, daidzein, genistein, etc., in kudzu root. The results showed
that this technique can successfully determine the contents of the compounds contained in
kudzu root samples. It is a rapid method for separation and purification. Wong et al. [60]
analyzed the ethanolic extract of kudzu root under UHPLC, choosing a BEH Cyg (1.7 um,
2.1 mm x 150 mm) column with 0.3% acetic acid—water (solvent A) and 0.3% acetic acid—
acetonitrile (solvent B) as the mobile phases, and gradient elution profiles of 10-25% B,
0-7 min; 25-28% B, 7-8min; 28-32% B, 8-12 min; 32-40% B, 12-13 min; 40% B,
13-15 min; 40-10% B, 15-16 min; and 10% B, 16-20 min, with a column temperature of
25 °C, a flow rate of 0.2 mL/min, and an injection volume of 0.5 pL. Puerarin, 3'-
hydroxypuerarin, 6"-O-p-xylosylpuerarin, and 3’-methoxypuerarin with cytoprotective ef-
fects were successfully isolated and identified from the extracts. Xu [86] determined the
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content of puerarin in 30% ethanol extract of kudzu root by UHPLC-MS on a ChromCore
Cig column (2.1 mm x 100 mm, 1.8 pm) with an injection volume of 5 uL at a flow rate of
0.3 mL/min, performing isocratic elution for 5 min with a mobile phase system consisting
of 25% acetonitrile-water. The content of puerarin (99%) was determined by the standard
curve method, which provides an efficient and rapid method for the quantitative analysis
of active ingredients in traditional Chinese medicine.

3.12. High-Speed Counter-Current Chromatography

High-speed counter-current chromatography (HSCCC) is a continuous and highly
efficient liquid-liquid partition chromatographic separation technique developed in the
1980s, in which a special unidirectional hydrodynamic equilibrium is established by the
two-phase solvent system in the high-speed rotating helical tube, so as to achieve the sep-
aration of substances by the difference of partition coefficients in the two phases. This
technology is widely used in the fields of herbal composition separation, biochemistry, or-
ganic synthesis, healthy food, environmental analysis, etc. Cao et al. [87] used HSCCC for
the semi-preparative separation and purification of puerarin and related flavonoids from
crude extracts of kudzu root. The solvent system of ethyl acetate-n-butanol-water with
a volume ratio of 2:1:3 was selected, where the injection volume was 8 mg/mL, the flow
rate was 2.0 mL/min, the speed was 800 rpm, and the detection wavelength was 254 nm.
Using the above separation conditions, five flavonoids, including puerarin, 3'-hydroxy
puerarin, 3’-methtoxy puerarin, daidzin, and puerarinxyloside, were successfully sepa-
rated and purified from 80 mg of crude extract. This showed that HSCCC is a powerful
tool for the purification of the crude product. Sun et al. [88] purified the crude extract of
kudzu root by HSCCC using an acetate—n-butanol-water (2:1:3) biphasic solvent system at
800 r/min, with a flow rate of 2.0 mL/min, and a sample volume of 10 mg. The chro-
matograms were analyzed to obtain the purity of puerarin, retention time, separation, and
stationary phase retention, which were less than 90%, 27.502 min, 47%, and less than 0.5%,
respectively, which indicates an effective method for the separation and purification of
puerarin. Shi et al. [89] extracted the crude extracts of kudzu flower with petroleum ether,
ethyl acetate, and n-butanol, respectively, and separated and purified the ethyl acetate
site with HSCCC, where the selected solvent system was petroleum ether—ethyl acetate—
methanol-water, with a flow rate of 1.2 mL/min, a separation speed of 850 rpm, a detec-
tion wavelength of 254 nm, a separation temperature of 25 °C, and where the separated
compounds were recrystallized with methanol, then analyzed by HPLC, and structurally
identified by UV, MS, and 1D and 2D NMR, where 18 antioxidant active compounds, in-
cluding puerarin, daidzin, daidzein, glycitin, puerarin-4'-O-B-D-glucopyranoside, irisoli-
done, etc., were obtained. This shows that HSCCC is a very effective method for the rapid
isolation of the components. With the development of separation technology in recent
years, the “high g-value” technique has been successfully applied to HSCCC, resulting in
a much shorter separation time, and this new type of instrument, which can analyze sam-
ples efficiently, is known as high-performance counter-current chromatography (HPCCC).
Its advantage lies in the fact that the elution rate and injection volume can be increased lin-
early according to the change in instrument volume, separation on the order of hundred
grams can be achieved with the same separation time, and the separation of the products re-
mains unchanged compared to the general HSCCC. Li et al. [90] obtained the crude extract
by ethanol solvent extraction of kudzu root powder, then the extract was extracted with
petroleum ether and ethyl acetate, and then the ethyl acetate was taken for HPCCC analysis.
The conditions of analysis were a temperature of 30 °C, a wavelength of 250 nm, and a sol-
vent system of hexane-ethyl acetate-n-butanol-ethanol-water = 0.5:2:1:0.5:3.5 (v/v/v/v/v/v).
The purities of puerarin, daidzin, daidzein, 3'-hydroxy puerarin, and 3’-methoxy puerarin
obtained were 98.77%, 96.53%, 97.59%, 90.21%, and 98.36%, respectively. The above re-
sults showed that HPCCC can rapidly and efficiently separate the five major flavonoids in
kudzu root with high purity.
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4. The Pharmacological Activities of Kudzu Root

The natural active ingredients extracted from kudzu root can be used to treat a wide
range of diseases and are a potential source for research into new medicines. The following
is a description of some scholars who have experimentally studied the pharmacological
activities of kudzu root.

4.1. Regulates Vasodilation

In 2019, cardiovascular diseases were responsible for 19.7 million deaths globally and
occur mainly in low- and middle-income countries [91]. In Haiti, cardiovascular diseases
account for 36% of all deaths among adults over the age of 20 in the country, far exceeding
the mortality rate from infectious diseases such as HIV [92]. Kudzu root has a protective
effect on blood vessels, preventing the occurrence of cardiovascular diseases such as in-
farction, angina pectoris, cerebral ischemia, and hypertension. Chen et al. [93] executed
C57BL/6 mice by carbon dioxide inhalation and removed the common carotid arteries, af-
ter which the carotid arteries of intact endothelium were pre-treated with the NO synthase
inhibitor L-NAME, and acetylcholine (Ach) induced endothelium-dependent contractions
(EDCs) in mouse arteries. Prior to the addition of cumulative concentrations of acetyl-
choline, the arteries were pretreated with puerarin, the COX inhibitors, and S18886. HPLC-
MS was used to determine the concentrations of four prostaglandins (PGs): thromboxane
Aj (TXA;), prostaglandin D, (PGDy), Prostaglandin I, (PGI,), prostaglandin E, (PGEy),
and prostaglandin Fy, (PGFp4). Acute 40 min puerarin treatment was found to reduce
EDCs in a concentration-dependent manner and failed to inhibit the production of PGs
in intact endothelial arteries, suggesting that puerarin is able to inhibit EDCs induced via
Ach independently of the inhibition of TP receptor- or COX2-derived PGs. Zhou et al. [94]
pretreated first-order mouse mesenteric resistance arteries with intact or incomplete en-
dothelium using 1 uM phenylephrine (Phe) to constrict them and then exposed them to
cumulative doses of puerarin (0.01, 0.1, 1, 10, 20, 50, 100, and 200 uM), and they found that
mesenteric arteries with intact endothelium in mice treated with puerarin relaxed and that
the degree of relaxation was correlated with the dose of puerarin. Subsequently, to investi-
gate the role of transient receptor potential vanilloid 4 (TRPV4) channels in the modulation
of vasorelaxation by puerarin, mesenteric arteries of TRPV4~/~ mice were selected. The re-
sults showed that puerarin was unable to regulate vasorelaxation due to TRPV4 deficiency,
suggesting that puerarin may regulate vasorelaxation through TRPV4 channels. In-depth
studies revealed that the ability of puerarin to regulate vasodilation was significantly inhib-
ited in the presence of an IKc, inhibitor (TRAM-34, 1 uM) and an SK¢, inhibitor (apamin,
100 nM), suggesting that puerarin regulates mesenteric endothelial vasodilatation through
the TRPV4-IK¢,/SKc, pathway. Lam et al. [95] killed rats with CO, to separate the basi-
lar artery from the brain and washed with Krebs-Henseleit solution, after which U46619
(100 nM) was added to induce vasoconstriction. Subsequently, mixed extracts of dan-
shen and kudzu root were added at 5 min intervals to obtain concentration-mixture re-
sponse curves. HPLC analysis showed that danshensu, protocatechuic aldehyde, puerarin,
daidzein 8-C-apiosyl-glucoside, daidzin, salvianolic acid B, daidzein, cryptotanshinone,
tanshinone I, and tanshinone IIA were detected in the mixture. Endothelium-dependent
mechanisms were investigated by mechanical removal of the endothelium. The extracts
were found to produce concentration-dependent relaxation of arterial rings with the me-
chanical removal of the endothelium, and the BK, channel inhibitor iberiotoxin (100 nM),
the Ky channel inhibitor 4-aminopyridine (1 mM), and the Kz channel inhibitor barium
chloride (100 uM) had no effect on the ability of the extracts to modulate vasodilation. This
suggests that the vasolytic effect of the mixed extracts of danshen and kudzu root on rat
basilar artery vasorelaxants is independent of endothelial-derived mediators and can be
used as a useful brain-protective agent in some occlusive cerebrovascular patients.
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4.2. Treatment of Inflammatory Diseases

Atopic dermatitis (AD) is one of the common inflammatory disorders of the immune
system and is a highly pruritic, chronic inflammatory dermatosis with the main symptoms
of dry skin, skin irritation, skin thickening, and severe induced pruritic eczema lesions [96].
The incidence of the disease is increasing year by year worldwide [97]. Lee et al. [98] sub-
randomized BALB/c mice into six groups, one of which was a normal group, and each
of the other groups was induced with 2,4-dinitrochlorobenzene (DNCB) for three days.
After that, three groups of mice were selected to be administered with an oral dosage
of 10 mg/kg, 30 mg/kg, and 50 mg/kg doses of puerarin, and it was found that the skin
thickness of mice decreased after oral puerarin treatment, and that the degree of decrease
was positively correlated with the dose. In addition, the effect of puerarin on the levels
of pro-inflammatory cytokines such as TNF-«, IL-1f3, IL-4, IL-6, and IL-31 in mice was
also investigated, and it was found that the levels of pro-inflammatory cytokines were
significantly reduced after treatment with puerarin. An in-depth study revealed that the
secretion of pro-inflammatory cytokines is caused by the activation of the MAPKSs (p38,
ERK, and JNK) signaling pathway. Puerarin appears to have a therapeutic effect on AD
by reducing cytokine and chemokine expression in DNCB-induced AD mice through the
inhibition of the STAT-1 and NK-«B pathways, as well as the activation of the MAPKs and
Akt signaling pathways. In addition, puerarin can be used to treat acute liver injury (ALI),
which is a disease in which drug overdose or severe infections lead to liver damage, by
inhibiting the inflammatory response [99]. Yang et al. [100] induced ALI in C57BL/6 mice
by LPS/D-Gal, and after that, puerarin was orally administered at different concentrations
(25 mg/kg, 50 mg/kg, 100 mg/kg), and observed the liver tissue changes in mice. It was
found that ALI in mice treated with oral puerarin was significantly relieved, with a re-
duction in hepatic lobular structure and inflammatory cell infiltration. To determine the
degree of remission, IL-13, TNF-«, and IL-6 levels were monitored, and it was found that
the expression levels of IL-1(3, TNF-c, and IL-6 were increased in untreated puerarin mice,
whereas the expression levels of all three pro-inflammatory cytokines were significantly
reduced after treatment with kudzu root, which suggests that kudzu root has a significant
anti-inflammatory and preventive effect on LPS/D-Gal-induced ALI. ZEB2 has a signifi-
cant effect on pro-inflammatory cytokine production and is essential for the production of
pro-inflammatory cytokines and epithelial-to-mesenchymal transition (EMT), and puer-
arin may activate the expression level of ZEB2 by inhibiting the NF-«B signaling pathway,
thus inhibiting the production of IL-13, TNF-«, and IL-6 and thus achieving the therapeu-
tic purpose of inflammation. Noh et al. [101] evaluated the effects of puerarin on obesity
and metabolic complications and investigated the underlying immunological mechanisms.
Obesity causes adipocyte hypertrophy and increases the levels of pro-inflammatory cy-
tokines in adipose tissue. Chronic tissue inflammation begins with the hyperinfiltration
of adipose tissue macrophages (ATMs), which leads to multiple metabolic complications
such as dyslipidemia and insulin resistance [102]. A total of 20 male C57BL/6 mice were
divided into four groups: normal diet group (NC), high-fat diet group (HFD), HFD + puer-
arin 200 mg/kg group (PUE), and HFD + atorvastatin 10 mg/kg group (ATO), and body
weight, fat weight, and inflammatory cytokine expression levels were compared. It was
found that body weight and fat weight increased significantly in the HFD group and fat
weight decreased but body weight remained unchanged in the PUE group compared to the
NC group. In addition, in terms of inflammatory gene expression, the PUE group signif-
icantly reduced the expression of F4/80 and TNF-«. These findings suggest that puerarin
reduces adipose tissue inflammation by lowering lipids and attenuating ATM aggrega-
tion through the inhibition of the TNF-o/NF-«B pathway, decreasing differentiation to M1
ATM and suppressing the expression levels of F4/80 and TNF-«. This is the first observa-
tion of an anti-inflammatory effect on ATM.
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4.3. Antioxidant Effect

Kudzu root, as a natural medicinal plant, has extracts that are not only low in cytotox-
icity but also have excellent antioxidant activity. Oxidative stress is a state of imbalance
between oxidative and antioxidant effects in the body, favoring oxidation, leading to an in-
flammatory infiltration of neutrophils, an increase in the secretion of proteolytic enzymes,
and the production of large amounts of oxidative intermediates. It is a negative effect pro-
duced in the body by free radicals and is considered one of the main causes of skin ageing
and skin diseases [103]. Hydroquinone, tretinoin, azelaic acid, and ascorbic acid are widely
used in cosmetic products due to their ability to prevent skin aging. Although these com-
pounds are very effective, they can also cause certain side effects such as dermatitis and
erythema [104]. Bacanli et al. [105] examined the antioxidant capacity of puerarin, galangin,
and ursolic acid by using Trolox equivalent antioxidant capacity (TEAC), and the experi-
mental results showed that puerarin, galangin, and ursolic acid had antioxidant activity in
the concentration ranges of 2-2000 pM, 1-2000 pM, and 100-2000 uM, respectively. Com-
pared with the reference antioxidant Trolox, the antioxidant capacity of the three was weak.
Yu et al. [106] investigated the scavenging activity of total kudzu root flavonoids against
four different reactive oxygen species (ROS), including superoxide anion (O ™), hydroxyl
radical (OH'), lipid-derived radical (R'), and single-linear oxygen species (1O,), by using
chemiluminescence, and they found that the radicals of total kudzu root flavonoids were
able to scavenge all ROS radicals, and that they were a strong antioxidant. Subsequently,
by comparing the ECs( values of total kudzu root flavonoids, puerarin, and tea polyphe-
nols, it was found that the free radical scavenging ability of total kudzu root flavonoids
was significantly higher than that of the main constituent, puerarin, and similar to the
ECsp value of tea polyphenols. This result also suggests that the flavonoids in kudzu root
may have a synergistic effect in free radical scavenging, or that other components with
stronger free radical scavenging activity exist. Li et al. [107] selectively catalyzed puerarin
by the selective catalysis of aspergillus oryzae to puerarin monoester, which has higher fat
solubility and is better absorbed by the human body. A UV-visible spectrophotometer was
used to determine the absorbance of DPPH and ABTS radicals after the addition of puer-
arin and puerarin monoester at 517 nm and 734 nm to judge the scavenging ability of the
two compounds on the two radicals. The experimental results showed that puerarin has
high antioxidant activity due to the presence of phenolic hydroxyl groups, and compared
with puerarin, puerarin monoesters have a lower scavenging ability of free radicals, i.e.,
lower antioxidant capacity. Puerarin can be effectively modified by new biocatalytic meth-
ods, which can improve the lipophilicity and bioactivity and greatly increase the value of
kudzu root utilization. Ye et al. [108] were able to convert puerarin into 3'-hydroxypuearin
(3’-OHP) by screening a strain named Trichoderma harzianum NJ01 from soil, and its sol-
ubility was greatly increased. The team also compared puerarin, 3'-OHP, and the tradi-
tional antioxidant x-tocopherol in terms of their ability to scavenge DPPH free radicals
to determine the antioxidant activity of the three. The results showed that the biotrans-
formed 3’-OHP had a 20 times higher antioxidant capacity than puerarin and three times
the capacity of the traditional antioxidant a-tocopherol, and that the scavenging capacity
increased with increasing concentration. The content of 3'-OHP in natural kudzu root is
minimal, while the 3’-OHP produced through the biotransformation of puerarin is more
economically valuable. This has significant implications for the advancement of medici-
nal chemistry.

4.4. Treatment of Eye Diseases

The flavonoids component extracted from kudzu root has been shown to be effective
in the treatment of a wide range of ophthalmic diseases. Hao et al. [109] induced RVO
in 10 SD rats by the laser thrombosis method to reduce venous blood flow to 50% of the
normal value, after which the RVO model rats were randomly divided into four groups,
one of which was the model group, and the remaining three were given different doses of
puerarin (20, 40, and 80 mg/kg), analyzed for vascular endothelial growth factor (VEGEF),
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IL-13, and NO levels, and then underwent histopathological examination. The results of
the experiments revealed that the retinal nerves of RVO rats were significantly edematous
and thickened, with swollen and disorganized cells in the inner and outer nuclear layers,
and a large number of vacuoles could be seen when compared with the normal rat retina.
At the end of the experiment, the mean venous blood flow in the model group was re-
duced by 73.5% compared with the normal value, which was increased by 9.3%, 33.1%,
and 41.5% after treatment with puerarin (20, 40, and 80 mg/kg, respectively). Symptoms
such as thick edema in the neural retinal layer and swelling inner and outer nuclear layers
of the rats were significantly relieved. In addition, puerarin reduced the levels of VEGF
and IL-1f3 and increased the levels of NO in the vitreous fluid compared with the model
group. In addition, puerarin reduced the levels of VEGF and IL-1$3 and increased the lev-
els of NO in the vitreous fluid compared with the model group. In conclusion, puerarin
may be a treatment for RVO model rats through inhibiting neovascularization, being anti-
inflammatory, and increasing NO-mediated pathways. Guan et al. [110] induced retinal is-
chemia/reperfusion (I/R) injury in the left eyes of male SD rats, after which the I/R-injured
rats were randomly divided into four groups: three groups of rats were gavaged with
puerarin at the doses of 25 mg/kg, 50 mg/kg, and 100 mg/kg at 1 h, 24 h, and 48 h, re-
spectively, and the other group was designated as the model group. The latter group was
compared with the normal group. It was found that, compared with the normal group,
the model group of rats had a weakened light reflex, longer pupil constriction diameters
and larger constriction areas, and a decreased thickness of the ganglion cell layer (GCL).
After treatment with puerarin, the impaired light reflexes of the rats were significantly re-
duced and the decrease in GCL thickness was restored. In addition, puerarin was found to
inhibit the activation of TLR4/NLRP3 inflammasomes caused by I/R injury and to reduce
the damage to retinal ganglion cells (RGCs), suggesting that puerarin could be used as an
adjunctive drug for the treatment of inflammatory responses to retinal I/R injury. Song
et al. [111] investigated the in vivo effects and possible mechanisms of puerarin on retinal
damage by inducing iron overload in the retina of mice through repeated injections of iron
dextrose followed by oral administration of puerarin. It was found that iron content in
serum and retinal homogenate was significantly elevated, and the average thickness of the
outer nuclear layer of the retina was thinner and iron deposition was more pronounced
in iron-overloaded mice than in normal healthy mice. These symptoms were significantly
improved after treatment with puerarin. The potential mechanism of puerarin on iron
overload retinal injury was investigated and it was found that puerarin helped to reduce
the excess iron in the body to alleviate retinal injury by inhibiting the expression of TfR, Ft,
DMT-1, and Cav1.2. In addition, puerarin enhanced CAT, SOD, and GSH-Px activities, de-
creased MDA content, enhanced antioxidant capacity in iron-overloaded mice, inhibited
MAPK, STATS3 activation, and apoptotic pathways, and maintained retinal cell activity un-
der iron overload. In conclusion, puerarin may have some therapeutic effects on retinal
damage in iron-overloaded mice, and the specific mechanism of action remains to be fur-
ther explored.

4.5. Treatment of Non-Alcoholic Fatty Liver Disease

Non-alcoholic fatty liver disease (NAFLD) is a common clinicopathological syndrome
characterized by excessive deposition of fat in the liver, with the exception of alcohol
and other well-defined hepatic injury factors. Excessive fat deposition leads to reduced
levels of autophagy, which is detrimental to hepatic lipolysis and produces inflamma-
tion [112]. Sun et al. [113] induced NAFLD in mice by HFD feeding for 16 weeks and
observed the effect on HFD-induced lipid deposition by feeding different doses of kudzu
root flavonoids (50, 100, and 200 mg/kg/d) for 4 weeks. It was found that the lipid deposi-
tion was decreased and inflammatory cell infiltration of liver histiocytes was significantly
reduced after treatment with kudzu root flavonoids, and the best effect was achieved with
200 mg/kg/d. Puerarin, daidzin, afzelin, ononin, puerarin xyloside, and other ingredients
were isolated from kudzu root flavonoids by UHPLC-QTOEF-MS analysis, suggesting that
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the active ingredient may be one or more of them. In summary, kudzu root flavonoids
activated autophagy by inhibiting the phosphorylation of the PI3K/Akt/mTOR signaling
pathway, reduced the expression levels of IL-1f3, IL-18, IL-33, and IL-6 mRNA in mouse
liver cells, reduced lipid deposition and lowered inflammation, and thus achieved the ther-
apeutic effect of NAFLD. Wang et al. [114] compared the therapeutic effects of puerarin and
curcumin in a methionine—choline-deficient (MCD) diet-induced NAFLD C57BL/6 mouse
model. By dividing the mice into normal control, model control, curcumin-treated, and
puerarin-treated groups, the mice in the normal control group were on a methionine—
choline-sufficient (MCS) diet, and the other groups were MCD-fed for a fortnight, after
which the histopathological evaluation of the liver and the detection of serum TG, TC,
HDL, LDL, TNEF-«, IL-6, and liver levels of PPARy and NF-kB were performed. The results
showed that treatment with puerarin and curcumin attenuated lipid deposition caused
by the MCD diet, reduced liver damage, and significantly reduced serum levels of TG
and TC in the puerarin treatment compared to the normal control group, and reduced
serum levels of LDL only in the puerarin group compared to the model control group. In
terms of TNF-a and IL-6 expression levels, both curcumin and puerarin inhibited TNF-o
secretion compared to the model control group, but puerarin had no inhibitory effect on
IL-6 secretion. It was found that puerarin and curcumin treat NAFLD through different
mechanisms, puerarin may regulate lipid metabolism through the PPARy pathway, while
curcumin may inhibit inflammatory responses through the PPARy/NF-«B pathway, and
this study provides an effective strategy for the development of drugs for the treatment of
NAFLD. Zhou et al. [115] established a high-fat-high-fructose (HFFD)-induced NAFLD rat
model and divided the rats into five groups: normal group (NG); model group: HFFD-fed
(MG); low-dose puerarin group: HFFD + 0.11% puerarin (PL); high-dose puerarin group:
HFED + 0.22% puerarin (PH); and fenofibrate group: HFFD + fenofibrate (FG), and the
effect of puerarin in treating NAFLD was comprehensively evaluated by serum and liver
lipid indexes, antioxidant markers, and inflammatory factors. It was found that severe
oxidative stress, inflammation, and liver injury occurred in the MG group compared to
the NG group. After treatment with puerarin, TG, TC, and FFA levels in the serum and
liver decreased, VLDL levels increased, and lipid levels significantly improved compared
with the MG group, and the improvement effect of low-dose puerarin was better than that
of high-dose puerarin. Regarding the changes in the content of antioxidant markers, the
content of SOD, CAT, and GSH-Px in rats and the serum in the puerarin group was signifi-
cantly higher than that in MG group. In addition, low-dose puerarin significantly reduced
the levels of IL-1b, IL-6, and TNF-« in the serum and liver of HFFD rats, and the inflam-
matory response was significantly reduced. In conclusion, puerarin ameliorated NAFLD
by modulating hepatic lipid accumulation, liver function, oxidative stress, and inflamma-
tory response.

4.6. Lowering Blood Sugar

Diabetes mellitus is a common disease and is known as one of the three major killers
of human health along with hypertension and cardiovascular disease. In recent years,
as people’s living standards continue to improve, the prevalence of diabetes mellitus has
been increasing, with a global average growth rate of 51% [116]. Flavonoid compounds ex-
tracted from kudzu root have good ameliorative and therapeutic effects on hyperglycemia,
insulin resistance, and hyperlipidemia. It has been suggested that kudzu root extracts
may increase glucose handling through mechanisms such as increased receptor insulin
levels, insulin expression [117], and activation of the antidiabetic TGFBeta 1/Smad2 path-
way [118]. Carlson et al. [119] stimulated CD-1 mice with glucose orally by causing their
blood glucose elevation and then by acute or chronic supplementation of kudzu root ex-
tract on blood glucose levels in mice. The results showed that both modalities resulted
in a decrease in blood glucose levels and an improvement in glucose tolerance in mice
chronically administered with kudzu root extract, presumably mediated by enhanced in-
sulin sensitivity (chronic) and the inhibition of sodium-dependent glucose transport. As
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for which specific flavonoid compounds in kudzu root work, there is no specific analy-
sis in the article. It is speculated that a variety of flavonoids in kudzu root may syner-
gize or antagonize each other to show activity. Chen et al. [120] used streptozotocin (STZ)
to induce type I diabetes mellitus in rats to analyze the mechanism of action of puerarin
in lowering blood glucose in rats. After the rats were injected intravenously with puer-
arin at a concentration of 15 mg/kg, the plasma glucose concentration decreased from
25.7 £ 2.8 mmol/L to 17.1 £ 3.1 mmol/L, and the hypoglycemic activity of kudzu root
was about 33.8 £ 3.7 mmol/L. An in-depth study on the hypoglycemic mechanism of
kudzu root revealed that due to its ability to activate the x1-adrenergic receptor and pro-
mote the 31-adrenoceptor, this leads to the reduction of blood glucose in STZ-induced
rats. Duru et al. [121] investigated the anti-glycemic effect of kudzu root flavonoids on
tetraoxydipyridine-induced diabetic rats in terms of glycemic control, hematological in-
dices, and the antidiabetic properties of the extract evaluated on key parameters such
as liver enzyme activity and pancreatic 3-cell regeneration. The HPLC analysis showed
that the obtained kudzu root extract contains puerarin, daidzein, and genistein. The re-
sults showed that the extract reduced hyperglycemia and cellular HbAlc levels, improved
glucose tolerance, promoted pancreatic (3-cell regeneration, and also prevented diabetes-
related alterations in renal tissue structure and function when given at doses above a cer-
tain value (200 mg/kg).

4.7. Reducing Alcohol Dependence

Excessive drinking is a pervasive problem in society that can cause early deaths,
injuries, violence, crime, property damage, disease, and other harms [122]. In the United
States, more than 95,000 deaths are caused by excessive alcohol consumption each
year [123]. The active ingredients extracted from kudzu root have been used as anti-
alcoholic agents for more than 1000 years [124], and in recent years have been used by many
scholars for the treatment of alcohol dependence. Lin et al. [125] administered daidzin,
daidzein, and puerarin orally to P rats for 7 days at a dose of 100 mg/kg/day, and observed
the rats” alcohol, water, and food consumption. It was found that oral administration of
daidzein, daidzin, and puerarin resulted in a 75%, 50%, and 40% decrease in alcohol in-
take, respectively, and food consumption remained unchanged after oral administration,
indicating that all three compounds can inhibit voluntary alcohol consumption without
affecting appetite. In addition, the decrease in alcohol consumption was compensated by
an increase in water intake. In summary, it can be seen that flavonoid compounds ex-
tracted from kudzu root are effective in reducing alcohol dependence, and that this effect
is specific and may be due to the inhibition or stimulation of neurotransmitter/modulatory
systems in the central nervous system in the reward pathway in response to ethanol. Pene-
tar et al. [126] used a double-blind, crossover design experiment on 10 volunteers to take
puerarin for one week prior to an experiment of drinking alcohol that lasted 1.5 h and
recorded the amount of alcohol consumed. The results of the experiment showed that
the amount of alcohol consumed decreased significantly after the puerarin treatment, and
the average duration of one drink increased significantly compared to the previous one.
This study demonstrates that the flavonoids in kudzu root can change human drinking
habits and may be an aid in the treatment of excessive alcohol consumption. In addition,
Penetar et al. [127] built on the results of a previous study to explore whether taking a
single dose of kudzu root extract shortly before drinking alcohol would reduce alcohol
intake. The extract contains puerarin, 3'-methoxypuerarin, daidzin, and daidzein. Thirty-
two volunteers aged between 21 and 40 years were selected and randomly assigned to ei-
ther a placebo or kudzu root extract group. The experiment was divided into two phases,
starting with a drinking without dosing phase, followed by a seven-day interval in which
either kudzu root extract or placebo was administered orally in a double-blind manner
2.5 h before drinking. The results of the experiment found that compared to the placebo
group, the average beer consumption in the kudzu root extract group decreased from
3.0 & 1.7 beers to 1.9 &+ 1.3 beers, and the time to have one beer was relatively slower,
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which proved that kudzu root extract was effective in reducing alcohol consumption; fur-
thermore, there were no harmful side effects of taking kudzu root extract to drink alcohol,
suggesting that a moderate single dose of kudzu root extract could reduce alcoholism, ex-
erts beneficial effects within a few hours of taking it, and may be an adjunct in the treatment
of alcohol addiction.

5. Conclusions

In this paper, the main chemical constituents in kudzu root, mainly flavonoids such as
puerarin, dadizin, and daidzein, were introduced from the perspective of kudzu root, and
some methods of extraction and isolation of these compounds were summarized. These
methods have been experimented with by both domestic and international scholars and
have achieved remarkable results. The extraction and separation methods listed in the pa-
per have their own advantages and disadvantages, and readers are required to select the
best program suitable for themselves according to the local conditions. In addition, some
common pharmacological activities of kudzu root are discussed, which can be used as
pharmaceutical ingredients to treat some common diseases. The medicinal value of kudzu
root is certainly not limited to this—as a natural Asian herb, it has been the focus of atten-
tion of various scholars. In conclusion, more time is needed for researchers to optimize
the extraction process of kudzu root active ingredients and to explore the new medicinal
values of kudzu root for the human body.
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