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Abstract

Puerariae Lobatae Radix (PLR) is a traditional Chinese medicinal herb included in China’s inaugural list of substances recognized
as both food and medicine. PLR has a long history of use and a wide range of medicinal applications. Its use is associated with a
broad range of health-promoting effects. Recent studies have shown that PLR contains abundant bioactive compounds including
isoflavones and polysaccharides. These findings demonstrate significant potential for the prevention and treatment of metabolic
diseases (MDs). The potential mechanisms underlying these effects involve several targets and pathways, including activation
of the phosphoinositide 3-kinase/protein kinase B (PI3K/Akt) and AMPK signaling pathways; regulation of key factors, such as
peroxisome proliferator-activated receptors; and modulation of the gut microbiota composition. This systematic review examines
the botanical characteristics and primary chemical constituents of PLR, with particular emphasis on recent research advances,
mechanisms of action, and the clinical applications of its active components in MDs intervention. This review aims to provide
theoretical guidance for further development, quality improvement, and application of PLR in the prevention and treatment of MDs.
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Introduction existing medications for the prevention and treatment of

Metabolic diseases (MDs), such as diabetes mellitus (DM), MDs is a Fritical research p riority. ) i
hyperlipidemia (HLP), obesity, and metabolic-related Puerariae Lobatae Radix (PLR) is the dried root of the

osteoporosis, have shown a continuous increase in global legurlnlrlious P lanE‘PL.tleé"E“é lob”a ,ﬁl.(wmg.') . Oh\IJVéilgom—
prevalence in recent years and have become a signifi- MO knownas “wild kudzu.” This traditional Lhinese
cant public health concern!'. Moreover, MDs frequently ~ ™¢ c!lcmal her has a loqg history a.m.d S w1d§ly used in
lead to severe complications, including cardiovascular gl{nlca}ll practice. Apcogdmg to tradlljtlonal Clhlnese med(i
diseases and malignant tumors, which are closely asso- €€ theory, PLR is characterized by a cool nature an

ciated with metabolic dysfunction. These complications ~ Pungent, sweet ﬂa.vc?rs and is believed to enter the liver
place a significant burden on both the patients’ families and st.omach merldla.ns. Its repprted functions 1.nclude
and the global healthcare system. The current clinical Fesolvmg muscle tension, redgcmg fever, generating flu-
management of MDs primarily involves the use of bigu- ?ds to quench t,hlrSt’, promoting rash eruption, elevat-
anides, statins, and glucocorticoids, which are frequently ~ 18 Yans, stopping diarrhea, unblocking meridians 31[14?
associated with adverse effects, including gastrointestinal ;itg ating collgtecrials, and gllev1at1r}gla:‘lcolriiql _tO)i“f:lty d’;
discomfort, impaired liver and kidney function, weight + 1§ recognized as a ql'lﬁmtessenél'all)l me C1lc1na 0od

gain, and cardiovascular complications®’. Therefore, the ~ VArI€ty, possessing significant edible and economic

development of safer and more effective strategies than \{alue, as well as p fonusing p ot@_tml in the p harmaF cu-
tical sector. According to the Divine Farmer’s Classic of
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Materia Medica, PLR elevates the clear yang qi of the
spleen and stomach, alleviates lung dryness and fluid
depletion, and promotes fluid generation and thirst
quenching. Historically, physicians have frequently
administered PLR, either alone or in combination with
other substances, to treat “xiao ke,” which corresponds
to modern DMPL Formulations including Gegen-
Zhuru, Gegen-Banxia, and Rougui-Gegen decoctions
have demonstrated substantial efficacy in the treat-
ment of diabetes and its associated complications!®.
Furthermore, PLR alleviates depression and irritability,
enhances blood circulation, and resolves blood stasis. It
is used to treat HLP associated with primary patterns,
such as phlegm-damp obstruction, spleen-kidney yang
deficiency, liver-kidney yin deficiency, and qi stagnation
with blood stasis”l. Given its traditional applications,
PLR is now recognized as one of the most widely used
Chinese herbal medicines in MDs research!®l,

Recent pharmacological studies have indicated that
PLR contains abundant bioactive components, such as
flavonoids, polysaccharides, and saponins. These con-
stituents exhibit diverse pharmacological activities,
including hypoglycemic effects”], lipid-regulating proper-
ties!'’!, and anti-osteoporotic activity!''l. PLR intervention
demonstrates considerable potential to mitigate met-
abolic abnormalities and is associated with only minor
side effects!>3l. Despite the increasing interest in PLR,
comprehensive summaries and analyses of its botanical
characteristics, chemical constituents, and mechanisms of
action against MDs remain insufficient. To address this
gap, the present study systematically reviews the botan-
ical features and principal chemical components of PLR
and recent research progress in its application in MDs
therapy. This review aims to establish a theoretical foun-
dation and offer practical guidance for basic research,
clinical translation, and product development concerning
PLR-based treatments for MDs.

A comprehensive literature search was performed using
PubMed, CNKI, Google Scholar, VIP, and WANFANG
electronic databases for studies published between 2001
and 20235. Search terms such as PLR, Gegen, Kudzuvine
root, active components of PLR, Pueraria isoflavones,
Pueraria polysaccharides, MDs, DM, obesity, osteoporo-
sis, dyslipidemia, HLP, non-alcoholic fatty liver disease,
gout, clinical applications, and relevant combinations of
these terms were used.

Botanical characteristics of PLR
Growth environment and distribution

PLR is widely distributed throughout China, with 242
documented records referencing this plant in local
chronicles nationwide!**, The Compendium of Materia
Medica Varieties and Essentials of the Ming Dynasty
identifies Jiangzhe (corresponding to the present-day
Jiangxi and Zhejiang regions), Nankang (now the
Ganzhou region of Jiangxi Province), and Luling (now
the Ji’an region of Jiangxi Province) as the authentic
regions for the production of PLR". With the expan-
sion of production, the boundaries of the authentic
production regions have become increasingly indistinct.
Currently, PLR is distributed across Yunnan, Guizhou,
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Sichuan, Tibet, Chongqging, Hubei, Hunan, Zhejiang,
Anhui, Jiangsu, Gansu, Shaanxi, Shanxi, Henan, Hebei,
Shandong, Beijing, Tianjin, Liaoning, and Jilin and
approximately 20 other provinces, municipalities, and
autonomous regions in China. This range extends from
the high-altitude mountains of Southwest China to the
Changbai Mountains in Northeast China, reflecting a
broad geographical distribution and significant adapt-
ability to diverse climatic conditions. PLR tolerates high
temperatures and heavy rainfall typical of subtropical
regions and adapts to the low-temperature and arid envi-
ronments found in temperate zones. It primarily inhabits
mountain forests at elevations between 0 and 1,800 m.
Its presence in alpine meadows at elevations of 2,700
to 4,300 m in Zona County, Tibet further illustrates its
extensive ecological adaptability.

Morphological characteristics

According to the Flora of China, the PLR is a robust
vine that can reach up to 8 m in length and is entirely
covered with long, stiff yellow hairs. The stem base is
woody and is supported thick tuberous roots. The pin-
nate compound leaves comprise three leaflets. Stipules
are adaxial, ovate-oblong, and linear, whereas stip-
ulettes are linear-lanceolate and equal to or longer
than the petiolules. Leaflets are typically three-lobed,
although they may occasionally be entire, with the
terminal leaflet being broadly or obliquely ovate. The
raceme is 15 to 30cm long and bears dense flowers
above the middle. Bracts are linear-lanceolate to linear,
and bracteoles are ovate. The calyx is campanulate with
lanceolate lobes that taper to a point and are slightly
longer than the tube. The corolla is 10 to 12mm long
and purple. The standard petal is obovate, with two
auricles and a yellow scabrous appendage at the base,
and it bears a short claw. The wing petal is falcate,
narrower than the keel petal, and has linear down-
ward-pointing auricles at the base. The keel petal is fal-
cate-oblong, with minute, abruptly pointed auricles at
the base. The stamen opposite the standard is free only
in the upper part. The ovaries are linear and pubescent.
Flowering occurs from September to October, and
fruiting occurs from November to December!'®!, Xiel'”)
surveyed PLR across multiple localities and observed
considerable morphological variation in its leaves.
In addition to the typical three-lobed form, variants,
such as three shallowly lobed leaves, were identified,
which differs slightly from the original description in
the Flora of China, as shown in Figure 1A-C. In natu-
ral habitats, the root morphology of PLR is influenced
by environmental conditions and is typically cylin-
drical, with occasional swollen forms, as depicted in
Figure 1D-F. The inflorescence remains relatively con-
sistent and is characterized by a short rachis and red
flowers. The standard petals are approximately 14 to
16 mm in length. The detailed morphological features
are presented in Figure 1G-I.

Harvesting and processing

PLR should be harvested when plants are 2 to 3 years old.
Their leaves turn yellow to brown prior to bud break in
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Figure 1. Morphological characteristics of Puerariae Lobatae Radix leaves, roots, and flowers!'”.,

the subsequent spring!'®l. The optimal harvesting period
occurs during the dormant season from November to
December, when nutrient accumulation reaches its peak
and product quality is the highest. The growth cycle com-
prises budding from mid-to-late March, vigorous vine
growth from May to June, flowering from mid-July to
early August, and pod maturation from late September
to mid-October!"’.. Supports and vines are removed prior
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to harvest, and the root tubers are carefully excavated to
minimize damage. Washing is avoided to reduce the risk
of rot. For processing, the root tips are cut to retain the
seeds, after which the roots are washed, peeled, and sliced
into chunks or diagonal pieces. The sliced roots are imme-
diately dried in a smokeless coal fire to produce the PLR
medicinal material®, Primary processing methods include
steaming and stir-frying. Steaming techniques include
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Representative flavonoids isolated from Puerariae Lobatae Radix

No. Compound name Molecular formula Location Ref.
1 Puerarin C,,H,00, Root [33]
2 3’-Hydroxypuerarin C,H,.0,, Root [34]
3 3’-Methoxypuerarin C,,H,,0,, Root [35]
4 Daidzin C,H,,0, Root [36]
5 Daidzein C,.H,,0, Root [37]
6 Genistein C,H,,0; Root (38]
7 Formononetin C,H,,0, Root [39]
8 Genistin glycoside C,H,.0,, Root [36]
9 6’-Crotonoyl-L-soybean glycoside C,.H,,0;, Root [40]
10 3’-Hydroxy-daidzein C,;H,,0; Root [41]
11 7,2/, 4-Trihydroxyisoflavone C,sH, 04 Root [42]
12 Indian rosewood glycoside C,,H,,0,, Root [43]
13 3-Hydroxytectorigenin-7-0-3-D-xylosyl-(1— 6)- -D-glucopyranoside G, H.00, Flower [44]
14 8-C-Glucosyl-chickpea flavone A C,H,,0, Flower [45]
15 6”- 0-Xylosyl-L-soybean glycoside C,H,.0,, Flower [46]
16 5,6,7,4’-Tetrahydroxyisoflavone-6, 7-di- O-B -D-glucopyranoside CHy0046 Stem [46]
17 5,7,4"-Trinydroxy-2”,3’-dimethoxyisoflavones C,H.,0, Flower [47]
18 3’-Hydroxyiriside C,H,.0, Flower [48]
19 Calycosin My, O Root [49]
20 Genistein-7-0-B-D-furanosyl-p-coumaric acid-(1—6)- 0-f -D-glucopyranoside C,H,0, Root [50]

wheat bran and wet paper steaming, with wet paper being
the predominant method?!. Different processing meth-
ods and techniques alter the active components of PLR to
varying degrees. For example, Liu and Yang??! compared
slicing, wheat bran steaming, and drying. The effects of
temperature, processing duration, and wheat bran dos-
age were examined using PLR flavonoids as indicators.
Their findings indicated that drying produced the highest
flavonoid content, identifying it as the optimal process-
ing method. Qiu et al.?’! utilized high-performance lig-
uid chromatography to conduct comparative fingerprint
analysis, attributing and quantifying specific characteristic
peaks. Their findings demonstrated that the types of com-
ponents remained unchanged before and after processing;
however, post-processing resulted in varying increases in
puerarin, daidzin, and daidzein aglycone levels. Zhong et
al.?* optimized the wheat bran steaming process by moni-
toring changes in appearance, color intensity, and puerarin
content at various time points. They established correla-
tions to assess production conditions and determined that
a wheat bran dosage of 15g per 100g, a temperature of
160°C, and a steaming duration of 3.5 minutes produced
the most favorable appearance, color intensity, and puer-
arin content in the processed slices.

Principal chemical constituents

PLR contains a diverse array of chemical constituents
that are commonly extracted using techniques such as
alcohol or water reflux extraction!, microwave-assisted
extraction®®l, fermentation?’l; enzymatic hydrolysis!?*,
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and ion-pair extraction'®!. The chemical constituents of
PLR include flavonoids, glycosides, terpenoids, couma-
rins, steroids, organic acids, and esters. Flavonoids are
the primary pharmacologically active compounds*-31,
PLR contains significant amounts of polysaccharides,
essential amino acids, minerals, and trace elements®?.

Flavonoids

Isoflavones are the predominant class of flavonoids
in PLR. Numerous flavonoids, such as puerarin,
3’-hydroxypuerarin, 3’-methoxypuerarin, daidzin, daid-
zein, genistein, formononetin, and genistin glycoside,
have been isolated from PLR. Flavonoids are the charac-
teristic constituents and primary bioactive components
of PLR. Most of these compounds have been isolated
from the roots, whereas smaller amounts are found in
flowers, stems, and leaves. Recent studies have identified
several novel flavonoid compounds in the roots. The rep-
resentative flavonoid components are listed in Table 1
and Figure 2.

Polysaccharides

PLR polysaccharides (PLPs) represent a class of plant-
derived polysaccharides that are primarily composed of
glucose, fructose, xylose, arabinose, mannose, fucose,
rhamnose, galactose, galacturonic acid, and glucuronic
acidP. An extraction process is essential for refining
PLPs. Although hot-water extraction remains the most
widely used method, it is limited by a low extraction
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Figure 2. Representative structures of flavonoids in Puerariae Lobatae Radix.
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rate and significant energy consumption. Emerging tech-
niques, including ultrasonic, microwave, and enzyme-
assisted extraction have demonstrated improved
efficiency in the extraction of PLPs. Purification of the
PLPs follows protocols similar to those used for other
polysaccharides, producing pure PLPs through decolor-
ization, protein removal, and chromatography. Recently,
the primary structure of PLPs has been elucidated
using nuclear magnetic resonance spectroscopy, X-ray
photoelectron spectroscopy, and atomic force micros-
copy™l. The polymer consists of monosaccharide units
connected by a- and p-type glycosidic bonds. Figure 3
shows the representative polysaccharide components,
including PLP-1(1) and PL-S2(2).

Triterpenoids

The triterpenoids present in PLR predominantly possess
novel oleanane-type structures. To date, more than 30
triterpenoids have been isolated from PLR, including
soyasapogenol A and soyasapogenol. They all contain
a pentacyclic triterpene skeleton®?!. Furthermore, Chen
et al.’* isolated two novel oleanane-type triterpenoid
saponins, pedunsaponins D and E, from PLR. Lu et al.[*
identified two additional oleanane-type triterpenoid
saponins in PLR, designated as kakkasaponin II and
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kakkasaponin III. The representative triterpenoids are
shown in Table 2 and Figure 4.

Organic acids

PLR contains various organic acids, such as syrin-
g y
gic acid ester®, and gallic acid®”. Recent research
has identified several new organic acid components
& p
in PLR. Shi b7 isolated two novel organic acid com-
pounds from PLR produced in Yunnan Province:
4-O-pB-D-glucopyranosylbenzoic acid and trans-p-
8 Py y

coumaroylmalonic acid. The representative organic acids
are presented in Table 3 and Figure 5.

Coumarins

The coumarin compounds present in PLR are predom-
inantly furan-2-carboxaldehyde derivatives, including
puerarol, 6,7-dimethoxycoumarin, and coumarinol. The
representative coumarins are presented in Table 4 and
Figure 6.

Other compounds

Recent research has led to the isolation of various phy-
tosterols (1-3), monoterpenoids (4), alkaloids (5-6), and
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Figure 3. Representative structures of polysaccharide compounds in Puerariae Lobatae Radix.
Representative triterpenoids isolated from Puerariae Lobatae Radix

No. Compound name Molecular formula Location Ref.
1 Soyasapogenol A C,oHs,0, Root [53]
2 Soyasapogenol CyoH,50, Root [53]
3 Pedunsaponin D CoHe 0,5 Root [54]
4 Pedunsaponin E CyHgs0,s Root [54]
3 KakkasaponinII (O O Root [55]
6 KakkasaponinIII G104 Root [55]

aromatic compounds (7-8) from PLRP. Representative
structural formulaeare presentedin Figure 7.Additionally,
as a medicinal and edible Chinese herbal material, PLR
contains abundant polysaccharides, including cellulose,
starch, and pectin. The bioactive properties of these com-
pounds have attracted considerable scientific interest!®l,
Furthermore, PLR is rich in minerals and amino acids!®"
especially essential amino acids. It contains 12 inorganic
elements, including Fe, Zn, Ca, P, K, Mg, Li, Cu, Se, Mn,
and Sr, and 18 amino acids. Notably, the trace elements
Fe, Zn, Ca, Se, Mn, and Sr are present at relatively high
concentrations!®?,

Research on PLR and its active components in the
treatment of MDs

Recent pharmacological studies have demonstrated that
the active components of PLR significantly contribute
to the treatment of MDs. A literature review indicated
that investigations into the effects of PLR on MDs have
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primarily addressed three components: isoflavones, poly-
saccharides, and starch. Isoflavones are the principal
active constituents of PLR. Compounds such as the fla-
vonoid puerarin display pharmacological effects, includ-
ing hypoglycemic activity, lipid regulation, antioxidant
properties, and effects on bone density'®l. Consequently,
the flavonoid components of PLR have been extensively
investigated in MDs research. In addition, the polysac-
charide components of PLR have hypoglycemic, hypo-
lipidemic, and antioxidant properties, contributing to the
improvement of conditions such as diabetes, HLP, and
non-alcoholic fatty liver disease through distinct biolog-
ical mechanisms!®+®°1,

Antidiabetic effects and associated mechanisms

DM is a prevalent MDs frequently associated with vas-
cular, neurological, and retinal complications, in addi-
tion to kidney disease, all of which significantly diminish
the patients’ quality of life and overall health®®l. The
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Figure 4. Representative structures of triterpenoids in Puerariae Lobatae Radix.

Representative organic acid components isolated from Puerariae Lobatae Radix

No. Compound name Molecular formula Location Ref.
1 Syringic acid ester CH, 04 Root [56]
2 Gallic acid CHO, Root [58]
3 4-0-B-D-Glucopyranosylbenzoic acid C,H;0, Root [57]
4 Trans-p-coumaroylmalonic acid C,,H,,04 Root [57]
0 COOH
O, _OH HO o
OH N
" O ey
H;C. _CH
*o 0" OH OGlc HO o
OH
1 2 3 4

Figure 5. Representative structures of organic acid compounds in Puerariae Lobatae Radix.

pathogenesis of DM is multifactorial and includes insulin ~ such as puerarin, primarily ameliorate IR by modu-
resistance (IR), pancreatic B-cell dysfunction, impaired lating insulin signaling pathways. In vivo studies have
glucose metabolism, and other contributing mechanisms.  demonstrated that puerarin increases glucose trans-
porter 4 (GLUT4) translocation by activating the insulin
receptor substrate-1 (IRS-1)-associated phosphoinos-
itide 3-kinase (PI3K) and protein kinase B (Akt) sig-
IR is defined as a reduction in the sensitivity and respon-  naling pathways in muscle cells, thereby improving IR
siveness to insulin®®’!. PLR and its active components, in the muscles of diabetic rats!®s!. Puerarin-mediated

Improving IR
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Representative coumarin compounds isolated from Puerariae Lobatae Radix

No. Compound name Molecular formula Location Ref.
1 Puerarol C,.H,,0, Root/stem [59]
6,7-Dimethoxycoumarin C,H,.0, Root/stem [59]
CGoumarinol G,H,0; Root/stem [59]
HO o._0
/0 (0) (o)
_ =
~N
1 2 3
Figure 6. Representative structures of coumarin compounds in Puerariae Lobatae Radix.
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o) H \[r \/]\
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Figure 7. Representative structures of additional compounds present in Puerariae Lobatae Radix.

mitigation of IR is associated with increased expres-
sion levels of genes involved in muscle mitochondrial
biosynthesis!®®l. In vivo experiments have demonstrated
that puerarin restores the expression of skeletal muscle
mitochondrial biogenesis regulators, including Sirtuin
1, peroxisome proliferator-activated receptor gamma
coactivator-la (PGC-1a), and mitochondrial transcrip-
tion factor A. Transmission electron microscopy con-
firmed that puerarin treatment restored the number of
mitochondria in the muscles of diabetic rats. Peroxisome
proliferator-activated receptor & (PPARS) primarily alle-
viates IR by regulating the expression of enzymes related
to fatty acid oxidation!®”.. Puerarin upregulates PPARS,
phosphorylated 5’-adenosine monophosphate-activated
protein kinase (AMPK), phosphorylated acetyl-CoA car-
boxylase, and carnitine palmitoyltransferase-1b. This
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modulation improves mitochondrial function, enhances
fatty acid oxidation, and alleviates IR in the muscles of
diabetic rats!®*l. Furthermore, puerarin directly activates
p-opioid receptors, improves insulin signaling, enhances
insulin sensitivity in skeletal muscle, and reduces sys-
temic IR PLPs, other key bioactive components of
PLR, primarily activate the PI3K/Akt signaling path-
way by upregulating the expression of PI3K and Akt in
insulin-resistant cells and downregulating the expression
of forkhead box protein O1 (FoxO1), phosphoenolpyru-
vate carboxykinase 2, and glucose-6-phosphatase. These
actions exert hypoglycemic effects and thereby improve
IR in diabetic patients”'-7?. Studies have demonstrated
that gastric administration of PLPs to db/db mice reduces
blood glucose and insulin levels and the homeostatic
model assessment for IR index value, while increasing
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both the mRNA and protein expression levels of PI3K,
Akt2, and GLUT?2 in the liver. These findings suggest
that PLPs ameliorate IR in db/db mice by activating the
PI3K/Akt signaling pathway!”?. Furthermore, Song et
al.l”’! reported immunoblotting results showing signifi-
cant upregulation of key insulin signaling pathway pro-
teins, including IRS-1, PI3K, Akt, and GLUT4, indicating
that PLPs alleviate IR in mice with type 2 DM (T2DM)
by modulating the expression of proteins associated with
the PI3K/Akt/GLUT4 pathway.

In summary, the isoflavones and polysaccharides pres-
ent in PLR are the primary active components respon-
sible for its anti-IR effects. These components exhibit
synergistic characteristics across multiple components,
targets, and pathways. The potential mechanism of
action involves the regulation of several signaling path-
ways and the enhancement of mitochondrial function,
which collectively contribute to the alleviation of IR.

Protection of pancreatic 3-cell

Prolonged hyperglycemia diminishes the sensitivity of
pancreatic f-cell to glucose stimulation, resulting in
abnormal insulin secretion and increased B-cell apop-
tosis. Active components in PLR, such as puerarin,
inhibit B-cell apoptosis and promote B-cell regeneration
by modulating pathways including the glucagon-like
peptide-1 receptor (GLP-1R), caspase, and oxidative
stress pathways. These mechanisms collectively pro-
vide protection for pancreatic (-cell. GLP-1R is cur-
rently the focus of diabetes research. Recent studies have
indicated that puerarin restores impaired B-cell growth
potential by enhancing GLP-1R and Akt/FoxO1/Pdx-1
signaling pathways!”¥, while facilitating B-cell neogene-
sis in hyperlipidemic diabetic mice via activation of the
GLP-1R, WNT, and STAT3 signaling pathways!”’l. The
caspase family of proteins is involved in the initiation
of apoptosis. Liang et al.”*) demonstrated that puerarin
protects pancreatic -cell in a high-fat/streptozotocin-
induced T2DM mouse model by reducing cytochrome C
release and decreasing the expression levels of caspase-9,
caspase-3, and apoptosis-inducing factor, thereby pre-
venting [-cell apoptosis. High-glucose-induced oxi-
dative stress represents a primary cause of pancreatic
B-cell apoptosis. Srivastava et al.””! demonstrated that
PLR extract exerts protective effects in STZ-induced
T2DM rats by reducing the expression levels of bio-
markers related to oxidative stress, hypoxia, apoptosis,
and inflammation, thus safeguarding pancreatic -cell
through multiple pathways. Additionally, evidence sug-
gests that puerarin regulates the endogenous non-coding
RNA miR-124a, silent information regulator 1, and
PGC-1a signaling pathways to enhance insulin secre-
tion and mitochondrial function in palmitic acid-treated
pancreatic 3-cell, thereby reducing apoptosis!”®..

In summary, the primary components of PLR, includ-
ing puerarin, exhibit protective effects on pancreatic
B-cell via multiple mechanisms. These potential mecha-
nisms involve the regulation of GLP-1R signaling path-
ways to reverse cell growth impairment, promote cell
regeneration, inhibit caspase-mediated apoptosis, and
reduce high-glucose-induced oxidative stress and inflam-
matory responses. These findings offer valuable insights
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into the use of natural medicines for the prevention and
treatment of diabetes.

Regulation of glucose metabolic pathways

The liver regulates glucose production and storage
through gluconeogenesis and glycogen synthesis, and
Akt plays a critical role in maintaining blood glucose
homeostasis!”!. Liu et al.l’% established a rat model of
T2DM using streptozotocin injections combined with
a high-fat diet (HFD). Palmitic acid has been used to
induce IR in the human hepatocellular carcinoma cell
line, HepG2, cultured in vitro. These findings indicate
that puerarin suppresses the expression of key rate-
limiting enzymes involved in hepatic gluconeogenesis
and reduces endogenous glucose production in the livers
of diabetic animals by activating the PI3K/Akt/FoxO1
signaling pathway. These results support the conclusion
that puerarin inhibits hepatic gluconeogenesis by activat-
ing the PI3K/Akt/FoxO1 signaling pathway. Qiu et al.[®!
reported that formononetin enhances hepatic glycoly-
sis by upregulating glucose kinase mRNA and protein
expression in the liver, resulting in a significant increase
in hepatic glycogen levels in diabetic rats. Glycogen syn-
thase kinase-3f5 (GSK-3f) acts as a negative regulator of
glycogen synthesis. Qian et al.”" isolated a water-soluble
neutral homopolysaccharide (PLP-1) from PLR using
diethylaminoethyl (DEAE)-cellulose column chroma-
tography and Sephadex G-200 gel chromatography. In
vitro studies have demonstrated that PLP-1 enhances
glycogen synthesis by activating the PI3K/Akt signaling
pathway in pancreatic B-cell, leading to reduced GSK-3f3
expression levels. a-Glucosidase catalyzes the hydrolysis
of dietary polysaccharides, such as starch, into mono-
saccharides, such as glucose, for intestinal absorption,
thereby influencing blood glucose regulation. Research
has shown that polysaccharide components in PLR
inhibit a-glucosidase activity, decrease intestinal glucose
absorption, and provide therapeutic benefits in T2DM.
Xu et al.®l isolated and purified the water-soluble poly-
saccharide PL70 from PLR using a DEAE-cellulose 52
anion exchange column and Sephacryl S-100 gel. In
vitro studies indicated that PL70 exhibits significant a-
glucosidase-inhibitory activity.

Active components, including puerarin and PLPs,
likely modulate key pathways involved in hepatic glucose
metabolism, such as gluconeogenesis, glycogen synthe-
sis, glycolysis, and intestinal glucose absorption, thereby
establishing a multidimensional hypoglycemic network.

In summary, polysaccharides and flavonoids in PLR
are the principal chemical constituents responsible
for its antidiabetic effects. The potential mechanisms
include improving IR, protecting pancreatic p-cell, and
regulating glucose metabolism by inhibiting hepatic glu-
coneogenesis, promoting hepatic glycolysis, and reduc-
ing intestinal glucose absorption (Figure 8). While some
studies have identified key pathways involving com-
pounds such as puerarin in the treatment of diabetes,
most of the evidence is derived from animal models.
Therefore, additional clinical research and comprehen-
sive mechanistic analyses are required to substantiate
the therapeutic potential of PLR as a diabetes medica-
tion or adjunct therapy.
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Figure 8. Mechanism of action for the treatment of diabetes with the primary active ingredients in Puerariae Lobatae Radix. “—”: Direct stim-
ulatory modification; -| ”. Direct inhibitory modification (created using BioRender [www.biorender.com]). ACC: Acetyl-CoA carboxylase; AMPK:
adenosine monophosphate-activated protein kinase; Akt: Protein kinase B; CPT-1b: Carnitine palmitoyltransferase-1b; Cyt-C: Cytochrome C;
FoxO1: Forkhead box O1; GLP-1R: Glucagon-like peptide-1 receptor; GLUTs: Glucose transporters; IR: Insulin resistance; IRS-1: Insulin recep-
tor substrate-1; JAK2: Janus kinase 2; PDX-1: Pancreatic duodenal homology box 1; PI3K: Phosphatidylinositol 3-kinase; PPAR: Peroxisome
proliferator-activated receptor; PTP1B: Protein tyrosine phosphatase 1B; SREBP-1: Sterol regulatory element-binding protein 1; STAT3: Signal

transducer and activator of transcription 3.

Regulation of lipids and the associated mechanisms

Anti-HLP

HLP is an MDs characterized primarily by abnormal
blood lipid levels, including elevated plasma total cho-
lesterol, triglyceride, and low-density lipoprotein choles-
terol levels, as well as reduced high-density lipoprotein
cholesterol levels!®3l. In China, the prevalence of HLP
among adults is approximately 40%, making it a signifi-
cant public health concern®¥.

Lipid metabolism is regulated by polyADP-ribose
polymerases (PARPs), PPARs, and additional factors,
all of which contribute to lipoprotein transport and
oxidation, lipogenesis, and lipolysis®-%l. Puerarin has
been shown to significantly alleviate C-C chemokine
ligand 4 (CCL4)-induced lipid metabolism disorders in
mice by inhibiting PARP-1 expression, reducing nuclear
factor-kappa B (NF-kB) and reactive oxygen species
production, and improving mitochondrial function!®”..
Puerarin has been shown to ameliorate lipid accumulation
and MDs by increasing the activity of AMPK, catalase,
and hormone-sensitive lipase (HSL), while simultane-
ously downregulating PPARy-21%, Bile acids (BAs) are
synthesized from cholesterol and excreted through the
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intestines. Hepatic cholesterol 7a-hydroxylase (CYP7A1)
serves as the rate-limiting enzyme in the primary biosyn-
thetic pathway of BAs. In CCL4-treated mouse livers,
puerarin enhances BAs excretion by downregulating
phosphorylated JNK and upregulating CYP7A1 expres-
sion levels, which significantly inhibit HLP!®8!. PL-S2, a
novel homogeneous polysaccharide isolated from PLR,
activates the nuclear receptor FXR for BAs. This activa-
tion upregulates hepatic CYP7A1, bile salt export pump,
and multidrug resistance protein 2 in the liver of hyper-
lipidemic rats. As a result, PL-S2 inhibits bile acid metab-
olism, promotes bile acid excretion, and reduces plasma
lipid levels in rats with HLP induced by an HFD®., Fatty
acids are essential components of membrane lipids.
Puerarin suppresses fatty acid synthase activity; activates
AMPK, CAT, and HSL; and reduces fatty acid synthesis
by enhancing leptin signaling through the janus kinase 2/
signal transducer and activator of transcription 3(JAK2/
STAT3) pathway, thereby improving hepatic lipid metab-
olism and steatosis”’l. Furthermore, genistein and genis-
tin present in PLR inhibit lipid accumulation in 3T3-L1
cells, indicating that genistein is a promising antiadipo-
genic and lipid-lowering agent®!l.
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Anti-non-alcoholic fatty liver disease

Nonalcoholic  fatty liver disease (NAFLD) is a
metabolic-stress-related liver disease closely linked to
IR and genetic predisposition. NAFLD encompasses
non-alcoholic steatohepatitis, non-alcoholic fatty liver
disease, and cirrhosis®?. Disruption of hepatic lipid
metabolism, which leads to excessive lipid accumula-
tion, is the primary pathogenic mechanism underlying
NAFLD. Studies have shown that 70 %-ethanol-extracted
PLR significantly inhibits hepatic lipid accumulation,
reduces oxidative damage induced by H,O, in HepG2
cells, and improves liver function and histopathological
features in a rat model of NAFLDP3, Puerarin confers
protective effects against NAFLD induced by a high-
sugar, high-fat diet by modulating amino acid and lipid
metabolism disorders. This modulation involves the
upregulation of metabolites, such as L-serine, the regu-
lation of cysteine metabolism, a reduction in oleic acid
levels, and the promotion of sphingolipid degradation*.
Li et al.’! reported that puerarin prevented NAFLD-
induced liver injury and lipid accumulation by activating
flavin-containing monooxygenase (FMO). Furthermore,
autophagy facilitates the clearance of intracellular lipid
deposits. Puerarin alleviates hepatic lipid accumulation
and NAFLD by inhibiting phosphorylation of the PI3K/
Akt/rapamycin target protein (mTOR) signaling path-
way, thereby activating hepatic autophagy!®.

In summary, puerarin and polysaccharides in PLR may
regulate lipid metabolism by inhibiting PARPy-1 and
PPARY-2; activating AMPK and FXR signaling path-
ways; modulating key enzymes, such as CYP7A1; pro-
moting BAs excretion; suppressing fatty acid synthesis;
and ameliorating lipid disorders associated with HLP.
PLR may also improve NAFLD by regulating amino
acid and lipid metabolism pathways, activating FMO,
and promoting hepatocyte autophagy (Figure 9). PLR is
a promising agent for the prevention and treatment of
lipid disorders. Although Pueraria-based medications are
currently used for HLP, most studies on the regulatory
effects of PLR on lipids are limited to animal and cellu-
lar studies, and clinical data remain insufficient. Further
clinical research on PLR is necessary in this context.

Regulation of obesity and associated mechanisms

Obesity is a significant global public health challenge.
According to World Health Organization statistics, the
prevalence of obesity continues to increase, with par-
ticularly sharp increases observed in developed and
developing nations®”. Obesity is associated with IR,
dyslipidemia, and an elevated risk of diseases such as
T2DM and cardiovascular disease®. Consequently, the
management of obesity and related MDs has become
a central focus of global medical research and pub-
lic health initiatives. An imbalance between energy
intake and expenditure is a key contributor to obesity.
PLR extracts have been shown to reduce weight gain,
hepatic fat accumulation, and adipocyte levels in mice
with HFD-induced obesity. The primary mechanism
involves activation of AMPK and its downstream tar-
get PGC-10, which promotes mitochondrial biosyn-
thesis and enhances energy metabolism in the skeletal
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muscle of these micel””1%l. Recent studies have demon-
strated that aqueous extracts of PLR exert significant
anti-obesity effects in HFD-induced obesity models by
activating brown adipocytes, enhancing energy expen-
diture, and improving insulin sensitivity!'!. Imbalances
between fat absorption and consumption are recog-
nized contributors to obesity. Lyu et al.'® reported
that puerarin targets the GABRAT receptor to regulate
fat absorption via the brain-gut axis, leading to weight
loss. Puerarin inhibits the activity of neurons in the
dorsal vagal motor nucleus and shortens jejunal micro-
villi, thereby reducing the contact area between fat and
intestinal epithelial cells and decreasing fat absorption.
In addition, lipid synthesis and fat accumulation are
major contributors to obesity, and AMPK is a key reg-
ulator of hepatic lipogenesis. Research indicates that
puerarin ameliorates hepatic steatosis in obese rats
by inhibiting lipid synthesis via the ACC pathway!'%3,
OK-Hwan et al.l'1%1 demonstrated that puerarin
reduces body fat accumulation by activating the AMPK
signaling pathway, which inhibits SREBP-1 protein
expression, promotes lipolysis and fatty acid oxidation,
and suppresses lipid synthesis. Anti-inflammatory and
antioxidant effects are considered promising strategies
for the treatment of obesity-related chronic diseases.
Polyphenolic components in the PLR extract exhibit
strong antioxidant capacity, significantly increasing
the activity of antioxidant enzymes, such as superox-
ide dismutase and glutathione peroxidase, in vivo. This
reduces oxidative stress—induced cellular damage, and
consequently, reduces the risk of obesity and related
metabolic complications!'%¢,

In summary, compounds in PLR, such as puerarin,
regulate obesity through multiple pathways. Potential
mechanisms include the activation of signaling pathways,
such as AMPK, which promotes energy metabolism and
lipolysis, thereby inhibiting fat synthesis. Additionally,
PLR may regulate fat absorption via the brain-gut axis,
thereby reducing weight gain and metabolic disorders
associated with an HFD (Figure 10). These findings indi-
cate that PLR is a promising therapeutic agent for the
prevention and treatment of obesity. However, to date,
most mechanistic studies have been conducted in animal
models, and there is a lack of corresponding clinical data
from practical application studies. Further studies are
required to clarify the precise mechanisms and clinical
efficacy of these drugs.

Anti-osteoporosis effects and associated mechanisms

Osteoporosis is an MDs defined by reduced bone mass
and impaired bone microarchitecture. It often arises
from abnormal calcium and phosphorus metabolism
associated with endocrine disorders, gastrointestinal dis-
eases, or nutritional deficiencies. The resulting low bone
mass and compromised bone tissue structure increase
bone fragility and fracture susceptibility!'?”). The prolif-
eration, differentiation, and mineralization of osteoblasts
are critical processes in bone formation and remodeling.
Puerarin has been shown to enhance osteoblast activ-
ity by promoting cell proliferation and differentiation,
thereby representing a promising therapeutic strategy
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Figure 9. Mechanism of action of lipid regulation by the primary active ingredients in Puerariae Lobatae Radix. “—”: Direct stimulatory effect; -| ”
Direct inhibitory effect; Akt: Protein kinase B; AMPK: Adenosine monophosphate-activated protein kinase; BAs: Bile acids; CYP7A1: Cholesterol
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proliferator-activated receptor y-2.

for osteoporosis!!®-1%l, Feng et al.''”! reported that puer-
arin enhances the viability of MC3T3-E1 osteoblasts,
leading to significant increases in alkaline phosphatase
activity and mineralized nodule formation. Additionally,
puerarin decreases miR-204 expression levels, thereby
promoting MC3T3-E1 cell viability and differentiation
via autophagy. Yu et al.' demonstrated that puer-
arin enhances osteoblast differentiation and promotes
autophagosome formation by upregulating LC3-1I and
Beclin-1 expression. These findings suggest that auto-
phagy serves a critical regulatory function in puerarin-
mediated osteoblast proliferation. Additionally, Zhao et
al.""?l demonstrated that puerarin promotes osteoblast
proliferation by modulating the JAK2/STAT3 signaling
pathway, thereby mitigating osteoporosis.

Excessive activation or differentiation of osteoclasts
results in increased bone resorption, decreased bone
mass, compromised bone structure, and abnormal bone
tissue metabolism'3l.  Consequently, the inhibition
of osteoclast differentiation and bone resorption rep-
resents a therapeutic strategy for osteoporosis. Studies
have shown that PLR extracts significantly inhibit
RANKL-induced osteoclast differentiation, formation,
and activation. This effect is primarily mediated by sup-
pression of the CREB/Pgc1f signaling pathway, which
sequentially inhibits c-Fos and NFAT c1 expression, ulti-
mately reducing osteoclast production and alleviating
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osteoporosis!''¥, Feng and Tang'"! demonstrated that
puerarin mitigates bone loss in ovariectomized rats sub-
jected to oxidative stress and increases the OPG/RANKL
ratio, FoxO1 protein expression levels, and transcrip-
tional activity, thereby inhibiting the differentiation of
RAW264.7 cells into osteoclasts.

Postmenopausal women exhibit increased bone turn-
over because of estrogen deficiency, and the resulting
imbalance between bone formation and resorption can
lead to osteoporosis!!'®. Puerarin exerts estrogen-like
effects and alleviates osteoporosis. Yang et al.[''”l demon-
strated that puerarin modulates bone metabolism in
vivo by regulating the PPARY/Axin2/Wnt pathway,
thereby alleviating osteoporosis in ovariectomized rats.
Additionally, puerarin prevents postmenopausal osteo-
porosis in ovariectomized rats by reducing bone turn-
over markers, increasing plasma estradiol levels, and
enhancing estrogen receptor-a protein expression!!$],

In summary, an imbalance between osteoblast function
and osteoclast activity, combined with postmenopausal
estrogen deficiency, is a major factor in the development
of osteoporosis. Animal and cellular studies have sug-
gested that puerarin in PLR mitigates osteoporosis by
modulating miR-204, JAK2/STAT3 pathways, and auto-
phagy. These effects promote the proliferation, differen-
tiation, and activity of osteoblasts. Puerarin also inhibits
osteoclast differentiation through pathways such as
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Figure 10. Mechanism of action for obesity regulation by the primary active ingredients in Puerariae Lobatae Radix. —: Direct stimulatory modifica-
tion; -| : Direct inhibitory modification (created using BioRender). ACC: Acetyl-CoA carboxylase; AMPK: Adenosine monophosphate-activated pro-
tein kinase; ATP: Adenosine triphosphate; CPT-1: Carnitine palmitoyl transferase 1; GABAA: Gamma-aminobutyric acid A receptor; Malonyl-CoA:
Malonyl coenzyme A; PGC-1a: Peroxisome proliferator-activated receptor y coactivator 1 a; SReBp-1: Sterol regulatory element-binding protein 1;

TORC2: Transcription coactivator 2 of the TOR complex.

CREB/Pgc1p. Animal studies have shown that puerarin
has estrogen-like effects that may alleviate osteoporosis.
However, research on the role of puerarin in osteoporo-
sis has been limited to animal and cellular models, and
there are insufficient clinical studies to fully evaluate its
therapeutic efficacy.

Anti-gout effects and associated mechanisms

Gouty arthritis (GA) is an MDs in which monosodium
urate (MSU) crystals slowly accumulate in the joints and
surrounding soft tissues. This is the result of the inabil-
ity to properly process purines or remove sufficient acid.
GA is a lifelong illness that causes joint deformities, dis-
ability, and kidney damage. It can have serious effects
on both physical and mental health as well as the over-
all quality of lifel""”. Lowering uric levels in the body is
the primary way to prevent GA attacks. Zhang et al.['2"]
created a mouse model of GA by injecting MSU into
the ankle joints. Mice treated with puerarin had signifi-
cantly lower blood uric acid levels than mice in the con-
trol group. Wang!'?!! also studied patients with high uric
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levels before and after puerarin injections. They found
that the serum uric acid levels decreased significantly
after treatment. Xanthine oxidase (XQO) is the main
enzyme involved in uric acid production. It converts
hypoxanthine to xanthine, and then xanthine into uric
acid. Shen!"??! demonstrated that both water and ethanol
extracts of PLR can inhibit XO activity, which helps to
lower blood uric acid levels. Shi et al.[">*! used a hyperuri-
cemic rat model and administered puerarin at 100, 300,
and 500mg/kg. Their results showed that the correct
dose of puerarin reduces uric acid production by block-
ing XO activity. It also helps the body remove uric acid,
which lowers MSU buildup and further reduces the risk
of gout attacks. Zhang et al.l'?*! cultured human proxi-
mal tubule epithelial cells with different amounts of puer-
arin and found that puerarin helped remove uric acid by
increasing the levels of adenosine triphosphate-binding
cassette transporter G2, which lowers uric acid levels.
High levels of inflammatory factors are the main cause
of acute GA. Studies have shown that flavonoids in
PLR have strong anti-inflammatory effects!'*’l. Xiong et
al.l'?*) demonstrated that puerarin can inhibit the TLR4/
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NF-kB signaling pathway, reducing the production of
the inflammatory cytokines interleukin-1f (IL-1f )and
tumor necrosis factor-a (TNF-a) and helping improve
acute GA. Zhang et al.l'?”! created a mouse model of GA
by injecting mice with MSU. Their experiments showed
that puerarin alleviated GA by reducing inflammation,
increasing arginase-1 protein levels, and decreasing
NOS2 and NLRP3 protein levels.

In summary, research on PLR for the treatment of
GA has primarily focused on puerarin, with few studies
addressing other active components. Furthermore, most
studies are limited to basic research at the animal and
cellular levels. Future research should investigate addi-
tional active components in PLR and elucidate their
mechanisms of action for the prevention and treatment
of GA, while prioritizing large-scale, multicenter, con-
trolled clinical trials.

The gut microbiota and MDs

In recent years, the gut microbiota has become a signif-
icant focus in the prevention and management of MDs.
Through its genetic material, intermediate metabolites,
and metabolic activities, the gut microbiota influences
human metabolism in multiple ways and exerts both
positive and negative effects on health and diseases.
There is substantial evidence demonstrating that the
gut microbiota and its metabolites regulate host meta-
bolic homeostasis by modulating key pathways such as
energy balance, the immune response, BAs metabolism,
intestinal barrier integrity, and gut-brain axis communi-
cation"?®!, The gut microbiota of patients with diabetes
demonstrates varying degrees of dysbiosis, with the most
significant changes occurring in the phyla Firmicutes and
Bacteroidetes. Studies have shown that a water extract
of PLR (PTR) significantly alleviates pancreatic tissue
damage in db/db mice and decreases fasting blood glu-
cose levels. Additionally, PTR decreases the Firmicutes/
Bacteroidetes ratio and regulates the abundance of three
beneficial and one harmful bacterial species. As a result,
PTR ameliorates both T2DM symptoms and the gut
microbiota imbalance in db/db mice, thereby affecting
T2DM-related metabolic dysfunction. Zhu et al.l'*”
demonstrated that PLR alleviates inflammatory damage
to pancreatic islet cells in db/db mice with T2DM and
reduces IR. The underlying mechanism may involve an
increased abundance of Actinobacteria, Bifidobacteria,
and Bacteroides in the gut, as well as the upregulated
expression of proteins related to gut microbiota metab-
olites. In patients with HLP, the abundance of beneficial
bacteria with anti-inflammatory properties decreases,
whereas the number of pathogenic microorganisms
increases, suggesting a strong association between the
gut microbiota composition and physiological activi-
ties in HLP patients!"*°. PLR enhances intestinal barrier
function, decreases the absorption of microbial metab-
olites and endotoxins, reduces systemic inflammation,
increases the abundance of beneficial gut bacteria, inhib-
its the proliferation of harmful bacteria, and regulates
lipid metabolism!"3!. Recent studies have indicated that
the gut microbiota can influence metabolic functions and
the pathogenesis of NAFLD!"3I, Li et al.'3>-133 jsolated
a novel low-molecular-weight polysaccharide, RPP-2,
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from PLR that possesses an a-D-1,3-glucan backbone.
RPP-2 modulates the abundance of Flintibacter,
Butyricicoccus, and Oscillibacter and their metabolites,
including lipopolysaccharide, BAs, and short-chain fatty
acids (SCFAs). These changes subsequently influence
the signaling pathways associated with inflammation,
lipid metabolism, and energy metabolism, thereby ame-
liorating NAFLD. Dysbiosis of the gut microbiota is a
key mechanism underlying obesity. Puerarin has been
shown to significantly improve gut microecology. Studies
have demonstrated that puerarin intervention markedly
increases the a-diversity of the gut microbiota in HFD-
induced obese mice and normalizes the B-diversity of
the microbial community to levels comparable to those
observed in the normal diet group!'3*. Puerarin signifi-
cantly increases the abundance of beneficial bacteria,
including Akkermansia muciniphila, Lactobacillus spp.,
and Clostridium celatum. This enhanced microbial abun-
dance contributes to the alleviation of obesity-related
MDs!341351 Recent studies have demonstrated that the
gut microbiota also influences the development of osteo-
porosis by inducing inflammatory responses and modu-
lating the autoimmune system!*¢-1371. Puerarin enhances
bone mineral density, improved intestinal mucosal integ-
rity, and reduced systemic inflammation. Additionally,
it corrects dysbiosis, elevates SCFAs levels, and enriches
metabolic pathways, such as amino acid metabolism,
endotoxin biosynthesis, and butyrate metabolism path-
ways. Collectively, these effects improve the bone micro-
environment and exert anti-osteoporotic actions!'3%,

In summary, the gut microbiota is closely associated
with MDs. Animal studies have demonstrated that com-
ponents, such as PTR, puerarin, and PLPs, can amelio-
rate MDs, including T2DM, HLP, and osteoporosis.
These effects may be mediated by the regulation of
the gut microbiota, specifically by increasing the abun-
dance of beneficial bacteria, such as Actinobacteria and
Bifidobacteria, and reducing the abundance of harmful
bacteria. This shift in microbial composition can influ-
ence metabolic byproducts, such as SCFAs and BAs,
which are involved in glucose and lipid metabolism, ulti-
mately contributing to improved metabolic conditions.

Clinical applications of PLR

PLR and its preparations are widely used in the clini-
cal management of MDs. Various PLR-based medica-
tions are available, including Yufeng Ningxin Tablets for
hypertension and Xinxuening Tablets for hypertension
and HLP. Furthermore, health food products derived pri-
marily from PLR, such as Danshen-Gegen capsules and
Sanqi-Gegen tea, have been developed to provide aux-
iliary lipid-lowering effects (Table 5). These examples
illustrate the broad application of PLR, ranging from
therapeutic interventions to preventive measures.
Recent clinical studies have shown that PLR extract
provides substantial therapeutic benefits in the treat-
ment of osteoporotic fractures in older adult patients,
with an overall cure rate of 96.0% and a low incidence
of adverse reactions"*’l. According to the traditional
Chinese medicine theory, PLR is frequently combined
with other herbal medicines to achieve beneficial out-
comes in the management of metabolic disorders.
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Representative Chinese Patent Medicines and health food products containing Puerariae Lobatae Radix

No. Name Functions and indications Dosage instructions Specifications
Medicines

1 Gegen-Huanggin-Huanglian Tablets Treatment of chronic metabolic diseases po, 3—4 tablets/dose, 3 times/day 0.3 g/tablet

2 Getong Tongluo Capsule Treatment of atherosclerosis po, 2 tablets/dose, 2 times/day 0.25g/tablet

3 Yufeng Ningxin Tablets Treatment of hypertension po, 5 tablets/dose, 3 times/day 0.28 g/tablet

4 Xiao Ke Pills Treatment of type 2 diabetes po, 5-10 pills/dose, 2~3 times/day 2.5g/10 pills
5  Jinlida Granules Treatment of type 2 diabetes po, 1 bag/dose, 3 times/day 9g/bag

6 Xinxuening Tablets Treatment of hypertension and hyperlipidemia po, 4 tablets/dose, 3 times/day 0.21 g/tablet
Health food products

1 Yinyanghuo-Gegen-Huangqi Granules Increase bone density po, 4 capsules/dose, 2 times/day 0.4 g/capsule
2 Pueraria lobata Isoflavone Extract Capsules Increase bone density po, 2—3 capsules/dose, 1 time/day  0.54 g/capsule
3 Taizishen-Shudihuang-Gegen Tablets Auxiliary hypoglycemic po, 3 tablets/dose, 3 times/day 0.5g/tablet

4 Gegen-Huangjing-Hongshen Tablets Auxiliary hypoglycemic po, 3 tablets/dose, 2 times/day 1.0g/tablet

5  Gegen-Shanyao Capsules Auxiliary hypoglycemic po, 3 capsules/dose, 2 times/day  0.45g/capsule
6  Sangi-Gegen Tea Auxiliary blood lipid reduction po, 1 bag/dose, 3 times/day 2.5g/bag

7 Danshen-Gegen Capsules Auxiliary blood lipid reduction po, 3 capsules/dose, 2 times/day  0.35g/capsule
8  Gegen-Mugua Pills Auxiliary blood lipid reduction po, 10 pills/dose, 3 times/day 0.15¢/pill

9  Ginkgo Biloba Leaf-Gegen Capsules Auxiliary blood lipid reduction po, 2 capsules/dose, 2 times/day 0.3 g/capsule

Clinical analyses of the efficacy and effects of Gegen
Huangqin Decoction on blood glucose levels in diabetic
patients suggest that this formula enhances insulin bio-
activity in individuals with IR, In a clinical trial, 60
patients with T2DM were randomly assigned to either
a treatment group (7 = 30) or a control group (n = 30).
Both groups received standard saxagliptin therapy,
and the treatment group received Gegen Huangqin
Decoction. The treatment group exhibited significantly
improved clinical indicators of glucose metabolism com-
pared with the control group, including a lower IR index
value (P < 0.05), decreased glycated hemoglobin levels,
and decreased fasting (P < 0.05) and 2-hour postpran-
dial (P < 0.05) blood glucose levels!**!l, In accordance
with the principle of treating different diseases using the
same method, certain clinical settings use Ge gen qin lian
Tang for the management of HLP'"*?, Huangqi-Gegen
Decoction, which was first documented in the Qing
Dynasty’s “Compendium of Diagnosis and Treatment,”
consists of two herbs, Astragalus membranaceus and
PLR. Historically, this formula has been used to treat
“xiao ke” (diabetes). In contemporary clinical practice,
it has demonstrated significant hypoglycemic effects.
Tian et al.l'"! assigned 82 patients with T2DM to two
groups, with the experimental group receiving adjunc-
tive Huangqi-Gegen Decoction. After 8 weeks, both
groups demonstrated reductions in fasting blood glu-
cose, 2-hour postprandial glucose, and glycated hemo-
globin levels. The experimental group achieved greater
reductions in these measures than the control group.
Tang!*# studied 96 patients. The experimental group in
their study received a modified Huangqi-Gegen decoc-
tion in addition to conventional therapy. Lower fasting
blood glucose, 2-hour postprandial glucose, and hemo-
globin Alc levels were observed in the experimental
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group than the control group. These findings suggest
that Huangqi-Gegen Decoction can effectively control
blood glucose levels and alleviate symptoms during the
treatment of diabetes. Furthermore, puerarin, the pri-
mary active component of PLR, demonstrates synergistic
effects when used in combination with other agents. It is
often administered alongside Western medications, such
as metformin, angiotensin-converting enzyme inhib-
itors, insulin, deferiprone tablets, ferritin, and alpha-
lipoic acid to manage diabetes and its complications!'**,
Diabetic retinopathy is an ocular fundus disorder com-
monly observed in individuals with diabetes. In one clin-
ical study, 132 patients with diabetic retinopathy were
randomly assigned to either a treatment group (1 = 66)
or a control group (1 = 66). Both groups received stan-
dard a-lipoic acid therapy, whereas the treatment group
received a puerarin injection. The results indicated that
puerarin injection was associated with a higher over-
all response rate, lower total symptom score, improved
blood rheological parameters, and no increase in the
incidence of adverse reactions in patients with diabetic
retinopathy!'#¢l, Selected clinical studies are summarized
in Table 6.

Only a limited number of clinical trials have inves-
tigated the use of PLR, its derivatives, and puerarin in
the treatment of MDs. Most of the available studies
exhibited low methodological quality, frequently lacked
double-blind designs, and involved participant discon-
tinuation or withdrawal. These trials generally included
fewer than 100 participants. To provide a more accurate
assessment of clinical efficacy, future research should
focus on well-designed, multicenter, large-scale, random-
ized controlled trials to evaluate the effectiveness and
safety of PLR and related compounds in the management
of MDs. Market research and the literature indicate that
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Partial clinical studies of PLR and its compound preparations in the treatment of metabolic diseases

Total
clinical
Patient numbers Dosage efficacy, %
Experi- Experi-
Study PLR Other mental Control Patient Experimental  Control mental  Control
design products medicine group group type group group Duration  group group Ref.
Randomized, Puerarin  Conventional 86 80 Typell Conventional ~ Conventional 10 days 941 78.7  [147]
controlled injection  hypoglycemic diabetes hypoglycemic  hypoglycemic (P<0.01)
(Pue) drugs drugs drugs
Pue: 4 mL/day
Huangqi
injection: 20mL/
day
Randomized, Puerarin ~ Conventional 26 26 Typell Conventional ~ Conventional 10 days/ 92.3 76.9 [148]
controlled injection  hypoglycemic diabetes hypoglycemic  hypoglycemic course; 2 (P < 0.01)
(Pue) drugs drugs drugs courses
Pue: 4 mL/day
Huangaqi
injection: 20 mL/
day
Randomized, Puerarin  Epalrestat 41 40  Diabetic Pue: 400mg/  Epa: 50mg/ 2 weeks 80.5 60.0 [149]
controlled injection  (Epa) peripheral day time (P<0.05)
(Pue) neuropathy Epa: 50 mg/time 3 times/day
3 times/day
Randomized, Gegen Metformin 25 25  Typell Met: 0.5g per Met:0.59/  8weeks 96(P<0.05 80 [150]
controlled  Qinlian (Met) diabetes tablet tablet
Decoction 2 times/day 2 times/day
Gegen Qinlian
Decoction:
300 mL/day
Randomized, PLR extract Rehabilitation 50 47 Senile Rehabilitation  Rehabilitation 60 days 96.00 82.98 [139]
controlled therapy osteoporosis  therapy therapy (P< 0.05)
PLR extract i.g
Randomized, Puerarin  o-Lipoic acid 61 61 Diabetes Pue: 400mg/  a-Lipoic acid: 30 days 86.89 68.85 [151]
controlled injection and carotid day, 1 time/day, 600 mg/dose (P<0.05)
(Pue) atherosclerosis 5 times/week iv.

1 time/day

PLR: Puerariae Lobatae Radix.

PLR is often combined with other Chinese herbal med-
icines or Western pharmaceuticals for the treatment of
MDs. Existing therapeutic strategies primarily target dia-
betes and HLP. However, clinical research data on other
MDs subtypes are limited, and no approved drugs are
currently available. Clinically, only puerarin and puer-
arin eye drops are administered. Further investigations
are needed to determine whether other active compo-
nents of PLR can be developed into clinical formula-
tions. Therefore, progress in clinical research on PLR is
anticipated to be a lengthy and complex process.

Conclusions and perspectives

This paper reviews the growth distribution, environmen-
tal adaptability, morphological characteristics, and har-
vesting and processing methods of PLR, as well as its
primary bioactive components such as isoflavones, poly-
saccharides, and starch. The review emphasizes the phar-
macological effects and clinical application prospects of
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PLR in the treatment of MDs. However, challenges still
exist in the development and application of PLR in areas
such as cultivation, species identification, constituent
analysis, and clinical translation.

Currently, PLR production predominantly relies on
wild-type plant resources. However, large-scale arti-
ficial cultivation has not yet been realized. Although
artificial planting has started in some regions, chal-
lenges persist. However, high costs and low yields
hinder sustainable utilization. Strengthening the col-
lection of PLR germplasm resources and documenting
their biological characteristics is required. Systematic
analyses of phenological and morphological traits will
help to establish a foundation for germplasm domes-
tication and breeding. Priorities should include cul-
tivating specialized medicinal varieties and selecting
superior germplasm. The focus should be on stress
tolerance and broad adaptability. Standardized germ-
plasm repositories should be established to resolve the
issues of confusion and inconsistent quality. Moreover,
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standardized cultivation techniques should be devel-
oped to improve the stability of raw material quality
and yield.

Pueraria lobata and Puerariae thomsonii exhibit con-
siderable morphological similarity in medicinal mate-
rials, particularly after the aboveground parts wither
during root harvesting. This similarity complicates accu-
rate identification and can lead to clinical misapplica-
tion. Addressing these challenges requires the integration
of multidisciplinary evidence, including morphological
and molecular data, to revise the taxonomic system of
Pueraria, resolve controversies regarding species delimita-
tion, and clarify phylogenetic relationships. Advancements
in identification technologies, such as DNA barcoding and
quantitative fluorescent polymerase chain reaction, will
support the development of precise detection methods for
Pueraria species. Additionally, incorporating the outcomes
of taxonomic classification and identification into indus-
try standards will promote the standardized development
and utilization of PLR resources.

Previous studies have primarily focused on a few com-
ponents, such as puerarin. Other bioactive substances,
such as polysaccharides and phenolic compounds, have
received little attention. Therefore, current technologies,
such as ultrasound-assisted extraction and macroporous
adsorption resin separation, require optimization. It is
also necessary to develop new, environmentally friendly,
efficient extraction, and purification methods. These
improvements should enhance extraction rates and purity,
lower production costs, and enable large-scale prepara-
tion of high-purity active ingredients. This will support
further product development. In addition, advanced sep-
aration and identification techniques for the chemical
constituents is important. Special attention should be paid
to evaluating the activity of minor bioactive components,
such as polysaccharides, triterpenoids, and phenolic com-
pounds. This approach will help to clarify the synergistic
mechanisms among the different components.

The connection between basic research and the clinical
application of PLR remains limited. Most of the findings
are restricted to cellular and animal studies. High-quality
clinical research data that constrain its clinical utilization
are lacking. Future research should prioritize multicenter,
large-sample, double-blind clinical trials. Integrating clin-
ical samples with metabolomic and metagenomic studies
will help clarify the relationships between components,
targets, pathways, and phenotypes. This approach can
also identify biomarkers of efficacy and safety, improve
the quality of evidence and the clinical value, and provide
scientific support for the standardized application of PLR
and related compounds in MDs and other fields.

Puerarin and genistein are the key active compo-
nents of PLR. They have poor solubility in both water
and lipids, leading to limited oral absorption. They also
undergo rapid metabolism and have short half-lives,
which further reduce their bioavailability. Consequently,
their therapeutic efficacies remain limited. Therefore,
the development of novel drug delivery systems, such as
nanomedicines and phospholipid complexes, is neces-
sary. Exploring combination therapy strategies may also
help improve the bioavailability of compounds, such as
puerarin, and expand their clinical applications.

‘ ‘ HM9_V6Nl.indb 135

135

www.ahmedjournal.com

Conflict of interest statement

The authors declare no conflict of interest.

Funding

This study was supported by the Development of a
Major Chinese Herbal Medicine Species, Pueraria mon-
tana (Lour.). Merr (Pueraria lobata, Puerariae thom-
sonii) (2017YFC1702900), the Key R&D Program of
Jiangxi Province (20224BBG71023), the National Key
R&D Program (2024YFE0104600), and the National
Administration of Traditional Chinese Medicine Project
(GZY-K]JS-2023-033).

Author contributions

Weifeng Zhu, Jiwen Zhang, and Yongmei Guan were
involved in the review and drafting of the manuscript.
Xintao Chen, Jing Liu, Qiong Li, Huanhuan Dong, Xu
Zhou, Xiaowei Meng, and Bo Wu were responsible for
the literature searches, drafting the manuscript, and pre-
paring the figures and tables. Ni Zhang, Wenting Wu,
Zhenzhong Zang, Hui Ouyang, and Olga Maria Duarte
Silva were responsible for manuscript and image editing
tasks. All the authors contributed to the revision of the
manuscript and approved its final version.

Ethical approval of studies and informed consent
Not applicable.

Acknowledgments

None.

Data availability

Data sharing is not applicable to this article, as no data-
sets were generated or analyzed in the current study.

Declaration of generative Al in scientific writing

In the "Conclusions and perspectives" section of this
paper, the content was first summarized based on the
author’s own work, and then Al was used for linguistic
polishing. During the writing of this paper, Al was used
to standardize the abbreviations of some terms.

References

[1] Li D, Li Y, Yang S, et al. Diet-gut microbiota-epigenetics in
metabolic diseases: from mechanisms to therapeutics. Biomed
Pharmacother 2022;153:113290.

[2] Chen X, Zhang L, Chen W. Global, regional, and national bur-
dens of type 1 and type 2 diabetes mellitus in adolescents from
1990 to 2021, with forecasts to 2030: a systematic analysis of the
global burden of disease study 2021. BMC Med 2025;23(1):48.

[3] Luo J, Chen S, Wang L, et al. Pharmacological effects of polyda-
tin in the treatment of metabolic diseases: a review. PhytoMed
2022;102:154161.

[4] Yin RY, Tian JX, Sun J, et al. Reconstruction of Chinese
materia medica - kudzuvine root. Jilin | Tradit Chin Med
2025;45(4):465-467.

[5] Li L, Xu LM. Data mining analysis of prescription patterns
for traditional Chinese medicines treating diabetes in the 2020

30-Mar-26 20:53:45 ‘ ‘



‘ ‘ HM9_V6NLl.indb 136

Chenetal. ® Volume 6 ® Number 1 e 2026

edition of the pharmacopoeia of the People’s Republic of China.
Chin Med Res 2023;36(11):64-69.

[6] Tan YM, Hu J, Wu Q, et al. To explore the application of Pueraria
category’s formulation in diabetes mellitus and its complications.
J Tianjin Univ Tradit Chin Med 2021;40(2):183-187.

[7] Zhou X, Chai LY, Xu S, et al. Clinical evidence and traditional
Chinese medicine mechanism exploration of efficacy of Pueraria
Lobata Radix in improving hyperlipidemia. | Chin Med Tradit
Chin Med 2025;40(2):654-657.

[8] Chen C, Li X, Kano Y, et al. Oriental traditional herbal medi-
cine puerariae flos: a systematic review. | Ethnopharmacol
2023;306:116089.

[9] Wong KH, Li GQ, Li KM, et al. Kudzu root: traditional uses and
potential medicinal benefits in diabetes and cardiovascular dis-
eases. | Ethnopharmacol 2011;134(3):584-607.

[10] Zheng G, Lin L, Zhong S, et al. Effects of puerarin on lipid accu-
mulation and metabolism in high-fat diet-fed mice. PLoS One
2015;10(3):0122925.

[11] Wang D, Bu T, Li Y, et al. Pharmacological activity, pharmacoki-
netics, and clinical research progress of puerarin. Antioxidants
2022;11(11):2121.

[12] Kongkaew C, Scholfield NC, Dhippayom T, et al. Efficacy and
safety of pueraria candollei var. mirifica (Airy Shaw & Suvat.)
niyomdham for menopausal women: a systematic review
of clinical trials and the way forward. | Ethnopharmacol
2018;216:162-174.

[13] Zhou X, Yu J, Wan Q, et al. Efficacy and safety of pueraria lobata

radix and pueraria thomsonii radix for patients with mild dys-

lipidemia: a randomized, double-blind, placebo-controlled trial. |

Funct Foods 2022;98:105284.

Long ZY, Shang XH, Cao S, et al. Production areas, quality

textual research and product development status of Puerariae

Lobatae Radix as both medicinal and food. Mod Chin Med

2022;24(9):1784-1796.

[15] Liu WT. Essentials of Materia Medica. Beijing: People's Medical
Publishing House; 1982.

[16] Editorial Committee of Flora of China, Chinese Academy of
Sciences. Flora of China, Volume 41: Fabaceae. 1990.

[17] Xie LX. A Study on the Characteristics of Pharmacognosy of
Three Varieties of Pueraria montana (Lour.) Merr. Nanchang:
Jiangxi University of Chinese Medicine; 2021.

[18] Pan LL, Ren JJ, Jiang JM. Study on the regulation of dynamic
accumulation of the puerarin of Pueraria lobata. Mod Chin Med
2011;13(9):15-17.

[19] Hou L], Yuan L, Feng LB, et al. High-yield cultivation techniques
for kudzu root on barren hillsides and wastelands. Sichuan Agric
Sci Technol 2011;41(7):31.

[20] Yang YP. Cultivation of Kudzu and harvesting and processing of
kudzu root. Anhui Forest 2007;53(4):27.

[21] Gong QF. Chinese materia medica processing. Beijing: China
Press of Traditional Chinese Medicine; 2012.

[22] Liu WS, Yang ZY. Effect of different processing methods on
total isoflavone content in kudzu root. Chin | Mod Drug Appl
2008;2(1):39-41.

[23] Qiu WH, Dai H, Hu H, et al. Component comparison of Pueraria
lobata (Willd.) before and after roasting. Chin Tradit Pat Med
2013;35(10):2213-2217.

[24] Zhong LY, Pan LL, Ma BJ, et al. Optimum simmering radix puer-
ariae with wheat bran technology by multi-index orthogonal
experiment. Chin | Inf Tradit Chin Med 2014;21(8):89-92.

[25] Zhang P, Fang Z, Zhao M, et al. Ethanol extract of pueraria
lobata improve acute myocardial infarction in rats via regu-
lating gut microbiota and bile acid metabolism. Phytother Res
2023:37(12):5932-5946.

[26] Zhu H, Xing Y, Akan OD, et al. Ultrafine comminution-assisted
ultrasonic-microwave synergistic extraction of pueraria mirifica
(kudzu flower and root) flavonoids. Heliyon 2023;9(11):e21137.

[27] Kwon JE, Lim J, Kim 1, et al. Isolation and identification of new
bacterial stains producing equol from pueraria lobata extract fer-
mentation. PLoS One 2018;13(2):e0192490.

[28] Liu G, Liu Z, Yuan S. Recent advances in methods of puerarin
biotransformation. Mini Rev Med Chen2016;16(17):1392-1402.

[29] Niu Z, Li M, Hou X, et al. Shortening growth year improves
functional features of KUDZU starch by tailoring its multi-scale
structure. Int | Biol Macromol 2023;251:126362.

[30] Liu YM, Chen Q, Wu FF, et al. Recent advances in modern
research on kudzu isoflavones. Fujian Tea. 2020;42(1):18-19.

[31] Zhang XN. Screening and identification of the active components
from puerariae radix by HUVEC/CMC-LC-MS2. | Chromatogr
B Analyt Technol Biomed Life Sci 2019;1132(1):121825.

[14

136

www.ahmedjournal.com

[32] Zeng WS, Huang DR, Xie SW, et al. Progress in research on com-
position, structure, functions and mechanism of action of radix
puerariae isoflavones. Food Sci 2023;44(1):353-361.

[33] Nakamra K, Nishihata T, Jin JS, et al. The C-glucosyl bond of
puerarin was cleaved hydrolytically by a human intestinal bac-
terium strain PUE to yield its aglycone daidzein and an intact
glucose. Chem Pharm Bull 2011;59(1):23-27.

[34] Jin SE, Son YK, Min BS, et al. Anti-inflammatory and antioxidant
activities of constituents isolated from pueraria lobataroots. Arch
Pharm Res 2012;35(5):823-837.

[35] Zhang J, Du W, Liu HM. Simultaneous determination of chlo-
rogenic acid, puerarin, 3’- methoxypuerarin and arctiinin
Yuandu Ganmao Granules by HPLC-DAD. Chin | Pharm Res
2020;39(2):88-91+100.

[36] Jeon J-S, Kang SW, Um B-H, et al. Preparative isolation of anti-
oxidant flavonoids from small black soybeans by centrifugal par-
tition chromatography and sequential solid-phase extraction. Sep
Sci Technol 2014;49(17):2756-2764.

[37] Jung MJ, Kang SS, Jung HA, et al. Isolation of flavonoids and
a cerebroside from the stem bark of Albizzia julibrissin. Arch
Pharm Res 2004;27(6):593-599.

[38] Selepe MA, Drewes SE, Van Heerden FR. Total synthesis of the
pyranoisoflavone kraussianone 1 and related isoflavones. | Nat
Prod 2010;73(10):1680-1685.

[39] Bi D, Sun YB, Song LQ, et al. Study of chemical components
from Lianhua Qingwen Capsule (I). Chin Tradit Herb Drugs
2018;49(4):795-800.

[40] Taoyun W, Yanli L, Xiaoran L, et al. Isoflavones from green veg-
etable soya beans and their antimicrobial and antioxidant activi-
ties. | Sci Food Agric 2018;98(5):2043-2047.

[41] Chen YC, Sugiyama Y, Abe N, et al. DPPH radical-scavenging
compounds from Dou-Chi, a soybean fermented food. Biosci
Biotechnol Biochem 2014;69(5):999-1006.

[42] Woodward MD. Phaseollin formation and metabolism in
Phaseolus vulgaris. Phytochem 1980;19(5):921-927.

[43] Sordon S, Poptoniski J, Tronina T, et al. Microbial glycosylation of
daidzein, genistein and biochanin a: two new glucosides of bioch-
anin A. Molecules 2017;22(1):81-81.

[44] Ma 'Y, Shang Y, Zhong Z, et al. A new isoflavone glycoside from
flowers of Pueraria Montana var. lobata (Willd.) Sanjappa &
Pradeep. Nat Prod Res 2021;35(9):1459-1464.

[45] Chen H, Xu DP. Anti-inebriation components and activity of
Pueraria lobata. Food Ferment Ind 2019;45(19):68-72.

[46] Zhang ], Chang YS, Zeng C, et al. Chemical constituents from
flowers of Pueraria lobata. Chin | Exp Tradit Med Formulae
2015;21(23):65-67.

[47] Sun BY, He WJ, Zhang Z. Chemical constituents from Pueraria
alopecuroides ratten. | Chin Med Mater 2015;38(7):1433-1435.

[48] Zhao Z. Studies on the Constituents of Pueraria edulis Pamp.
Yunnan University of Chinese Medicine; 2017.

[49] Wang S, Shao LP, Xi Q, et al. Chemical constituents from
Yupingfeng Powder. Chin Tradit Pat Med 2017;39(2):342-346.

[50] Cho ]G, Park HJ, Huh GW, et al. Flavonoids from Pueraria
mirifica roots and quantitative analysis using HPLC. Food Sci
Biotechnol 2014;23(6):1815-1820.

[51] Wang Z-B, Chen B-B, Luo L, et al. Fractionation, physicochemical
characteristics and biological activities of polysaccharides from
Pueraria lobata roots. | Taiwan Inst Chem Eng 2016;67:54-60.

[52] Qian K. Study on Isolation, Structure Characterization and
Hypoglycemic Activity of Pueraria lobata Polysaccharides.
Nanchang: Jiangxi University of Chinese Medicine; 2020.

[53] Li X, Pan JX, Chen SG, et al. Research progress of chemical com-
ponents and pharmacological action of Pueraria lobata. | Chin
Inst Food Sci Technol 2017;17(9):189-195.

[54] Chen HB, Lv TX, Zhang M, et al. Two new compounds from the
roots of Pueraria peduncularis and their molluscicidal effects on
Pomacea canaliculata. | Asian Nat Prod Res 2018;22(2):144-152.

[55] Lu]J,Sun JH, Tan Y, et al. New triterpenoid saponins from the flowers
of Pueraria thomsonii. ] Asian Nat Prod Res 2013;15(10):1065-1072.

[56] Zhong CQ. Studies on the Chemical Constituents from Pouzolzia
zeylanica (L.) Benn. var. microphylla (Wedd.) W.T.Wang (1I).
Guangzhou: Guangdong Pharmaceutical University; 2017.

[57] Shi JJ. Chemical Constituents of Pueraria lobata and P. thomsonii.
Kunming: Yunnan University of Chinese Medicine; 2016.

[58] Song W, LiY, Qiao X, et al. Chemistry of the Chinese herbal med-
icine puerariae radix(Ge-Gen): a review. Chin Pharm (Engl Edn)
2014;23(6):347.

[59] Song W, Li Y, Qiao X, et al. Chemistry of the Chinese herbal
medicine puerariae radix (Ge-Gen): a review. | Chin Pharm Sci
2014;23(6):347.

30-Mar-26 20:53:45 ‘ ‘



Chenetal. ® Volume 6 ® Number 1 e 2026

[60] Chen R, Liu B, Wang X, et al. Effects of polysaccharide from
Pueraria lobata on gut microbiota in mice. Int | Biol Macromol
20205158:740-749.

[61] Zheng H. Advances of research and development of Pueraria
Radices. Amino Acids Biot Resour 2006;28(2):24-26 +31.

[62] Chi T, Ming D, Cunxi L. Determination of Trace Element in
the Power of Radix Puerariae by Microwave Digestion-Atomic
Absorption  Spectroscopy. Guangdong Chemical — Industry
2011;38(5):207-208 +204

[63] Zhang RT, Zhou T, Song XX, et al. Research progress on active
components and pharmacological action of puerarin. Anhui Agri
Sci Bull 2018;24(1):15-17.

[64] Wang QD, Zhao KD, Lin CQ. Study on antioxidant properties of
pueraria lobata polysaccharides and its hypoglycemic effect. Sci
Technol Food Ind 2022;43(5):381-388.

[65] Kan XY. Study on Hypolipidemic Activity and Liposomal
Formulation of Pueraria lobata Polysaccharides. Zhenjiang:
Jiangsu University; 2019.

[66] Chinese Diabetes Society. Chinese guidelines for the prevention
and treatment of type 2 diabetes (2020 Edition) (Part II). Chin |
Pract Intern Med 2021;41(9):757-784.

[67] Mastrototaro L, Roden M. Insulin resistance and insulin sensitiz-
ing agents. Metabolism 2021;125:154892.

[68] Chen X-F, Wang L, Wu Y-Z, et al. Effect of puerarin in promot-
ing fatty acid oxidation by increasing mitochondrial oxidative
capacity and biogenesis in skeletal muscle in diabetic rats. Nuzr
Diabetes 2018;8(1):1.

[69] Aguilar-Recarte D, Palomer X, Wahli W, et al. The PPARp/S-
AMPK connection in the treatment of insulin resistance. In¢ ] Mol
Sci 2021;22(16):8555.

[70] Chen X, Wang L, Fan S, et al. Puerarin acts on the skeletal muscle
to improve insulin sensitivity in diabetic rats involving p-opioid
receptor. Eur | Pharmacol 2018;818:115-123.

[71] Qian K, Tan T, Ouyang H, et al. Structural characterization of a
homopolysaccharide with hypoglycemic activity from the roots of
Pueraria lobata. Food Funct 2020;11(8):7104-7114.

[72] Luo D, Dong X, Huang ], et al. Pueraria lobata root polysaccha-
ride alleviates glucose and lipid metabolic dysfunction in diabetic
db/db mice. Pharm Biol 2021;59(1):380-388.

[73] Song X, Dong H, Zang Z, et al. Kudzu resistant starch: an effective
regulator of type 2 diabetes mellitus. Oxid Med Cell Longevity
2021;2021(1):4448048.

[74] Yang L, Yao D, Yang H, et al. Puerarin protects pancreatic 3-cells
in obese diabetic mice via activation of GLP-1R signaling. Mol
Endocrinol 2016;30(3):361-371.

[75] Wang C, Yao J, Ju L, et al. Puerarin ameliorates hyperglycemia in
HFD diabetic mice by promoting f-cell neogenesis via GLP-1R
signaling activation. PhytoMed 2020;70:153222.

[76] Liang T, Xu X, Ye D, et al. Caspase/AlF/apoptosis pathway: a
new target of puerarin for diabetes mellitus therapy. Mol Biol Rep
2019;46(5):4787-4797.

[77] Srivastava S, Pandey H, Singh SK, et al. Anti-oxidant, anti-
apoptotic, anti-hypoxic and anti-inflammatory conditions
induced by PTY-2 against STZ-induced stress in islets. Bio Sci
Trends 2019;13(5):382-393.

[78] Chen M. Effect and mechanism of Puerarin regulating 72iR-124a
on mitochondrial oxidative stress injury in pancreatic 3 cells of type
2 diabetes mellitus. Nanning: Guangxi Medical University:2022.

[79] Czech MP. Insulin action and resistance in obesity and type 2 dia-
betes. Nat Med 2017;23(7):804-814.

[80] LiuY, Qiu Y, Chen Q, et al. Puerarin suppresses the hepatic gluco-
neogenesis via activation of PI3K/Akt signaling pathway in diabetic
rats and HepG2 cells. BioMed Pharmacother 2021;137:111325.

[81] Qiu G, Tian W, Huan M, et al. Formononetin exhibits anti-
hyperglycemic activity in alloxan-induced type 1 diabetic mice.
Exp Biol Med 2017;242(2):223-230.

[82] Xu C, Qin N, Yan C, et al. Isolation, purification, characterization
and bioactivities of a glucan from the root of Pueraria lobata.
Food Funct 2018;9(5):2644-2652.

[83] Wang XG, Zhao X, Li Y, et al. Research progress of pathogen-
esis and treatment of hyperlipidemia. | Liaoning Univ TCM
2020;22(12):196-200.

[84] Zhu JR, Gao RL, Zhao SP, et al. Chinese guidelines for the pre-
vention and treatment of dyslipidemia in adults (2016 revised edi-
tion). Chin Circ ] 2016;31(10):937-953.

[85] XuZ,ShiL,LiD,etal.Real ambient particulate matter-induced lipid
metabolism disorder: Roles of peroxisome proliferators-activated
receptor alpha. Ecotoxicol Environ Saf 2022;231:113173.

[86] Szidnt6 M, Gupte R, Kraus WL, et al. PARPs in lipid metabolism
and related diseases. Prog Lipid Res 2021;84:101117.

‘ ‘ HM9_V6Nl.indb 137

137

www.ahmedjournal.com

[87] Wang S, Shi X-L, Feng M, et al. Puerarin protects against CCl4-
induced liver fibrosis in mice: possible role of PARP-1 inhibition.
Int Immunopharmacol 2016;38:238-245.

[88] Ma JQ, Ding J, Zhao H, et al. Puerarin attenuates carbon
tetrachloride-induced liver oxidative stress and hyperlipidaemia
in mouse by JNK/c-Jun/CYP7A1 pathway. Basic Clin Pharmacol
Toxicol 2014;115(5):389-395.

[89] Rao Y, Wen Q, Liu R, et al. PL-S2, a homogeneous polysaccha-
ride from Radix Puerariae lobatae, attenuates hyperlipidemia
via farnesoid X receptor (FXR) pathway-modulated bile acid
metabolism. Int | Biol Macromol 2020;165:1694-1705.

[90] Zheng P, Ji G, Ma Z, et al. Therapeutic effect of puerarin on
non-alcoholic rat fatty liver by improving leptin signal trans-
duction through JAK2/STAT3 pathways. Am | Chin Med
2009;37(1):69-83.

[91] Choi YR, Shim J, Kim M]. Genistin: a novel potent
anti-adipogenic  and  anti-lipogenic  agent. = Molecules
2020325(9):2042.

[92] Meng XW, Guo FM, Wang QQ, et al. Research progress in
pharmacological effects of puerarin. Chin | Chin Mater Med
2025;50(11):2954-2968.

[93] Dong H, Zhao Y, Teng H, et al. Pueraria lobata antioxidant
extract ameliorates non-alcoholic fatty liver by altering hepatic
fat accumulation and oxidative stress. | Ethnopharmacol
2024;333:118468.

[94] Ding WJ, Ge JJ, Wu Y, et al. Puerarin relieves liver metabolic dis-
orders in mice with nonalcoholic fatty liver disease. Mod Food
Sci Technol 2024;40(4):8-17.

[95] LiZ, Cao W, Zhang Y, et al. Puerarin ameliorates non-alcoholic
fatty liver disease by inhibiting lipid metabolism through FMOS.
Front Pharmacol 2024;15:1423634.

[96] Sun C, Zhang ], Hou ], et al. Induction of autophagy via the
PI3K/Akt/mTOR signaling pathway by Pueraria flavonoids
improves non-alcoholic fatty liver disease in obese mice. Biomed
Pharmacother 2023;157:1140035.

[97] Engin A. The definition and prevalence of obesity and metabolic
syndrome. Obes Lipotoxicity 2017;960:1-17.

[98] Hruby A, Hu FB. The epidemiology of obesity: a big picture.
PharmacoEcon 2015;33(7):673-689.

[99] Huang CH, Zhang ZJ. Therapeutic potential for amyotrophic
lateral sclerosis through regulating mitochondrial energy metab-
olism via activating AMPK/SIRT1/PGC-1a signaling pathway.
Chin Pharmacol Bull 2022;38(3):325-329.

[100] Jung HW, Kang AN, Kang SY, et al. The root extract of Pueraria
lobata and its main compound, puerarin, prevent obesity by
increasing the energy metabolism in skeletal muscle. Nutrients
2017;9(1):33.

[101] Buhlmann E, Horvéth C, Houriet J, et al. Puerariae lobatae root
extracts and the regulation of brown fat activity. PhytoMed
2019;64:153075.

[102] Lyu QQ, Xue WZ, Liu RX, et al. A brain-to-gut signal controls
intestinal fat absorption. Nature 2024;634:936-943.

[103] Xu D-X, Guo X-X, Zeng Z, et al. Puerarin improves hepatic
glucose and lipid homeostasis in vitro and in vivo by regulating
the AMPK pathway. Food Funct 2021;12(6):2726-2740.

[104] Lee OH, Seo DH, Park C-S, et al. Puerarin enhances adipo-
cyte differentiation, adiponectin expression, and antioxidant
response in 3T3-L1 cells. Biofactors 2010;36(6):459-467.

[105] Pham TH, Lee GH, Jin SW, et al. Puerarin attenuates hepatic
steatosis via G-protein-coupled estrogen receptor-mediated
calcium and SIRT1 signaling pathways. Phytother Res
2022;36(9):3601-3618.

[106] Xu X, Guo Y, Chen S, et al. The positive influence of polyphenols
extracted from Pueraria lobata root on the gut microbiota and
its antioxidant capability. Front Nutr 2022;9:868188.

[107] Zhang ZL, Xia WB, Li M, et al. Guidelines for the diagnosis and
treatment of primary osteoporosis (2022). Chin ] Osteoporos
Bone Min Dis 2022;15(6):573-611.

[108] Zhong HB, Guo X, Huang LH. Puerarin stimulates osteogenesis
and bone formation through ERK1/2 and p38 MAPK signaling
pathways. Chin | Comp Med 2019;29(2):78-83.

[109] Zhou YX, Zhang H, Peng C. Puerarin: a review of pharmacolog-
ical effects. Phytother Res 2014;28(7):961-975.

[110] Feng Q, Cheng S-Y, Yang R, et al. Puerarin promotes the viabil-
ity and differentiation of MC3T3-E1 cells by enhancing LC3B-
mediated autophagy through downregulation of miR-204. Exp
Ther Med 2020;19(2):883-890.

[111] Yu DD, Zhao DY, Yang YX. Autophagy participates in puer-
arin-induced osteoblast differentiation. | China Med Univ
2021;50(9):779-784.

30-Mar-26 20:53:45 ‘ ‘



‘ ‘ HM9_V6N1l.indb 138

Chenetal. ® Volume 6 ® Number 1 e 2026

[112] Zhao X, Zhou ], Liu Y, et al. Puerarin alleviates osteoporo-
sis in rats by targeting the JAK2/STAT3 signaling pathway.
Biomolecules BioMed 2024;24(6):1651-1661.

[113] Zhao CH, Li SC, Li PH, et al. Research progress of signal
molecules regulating osteoclast function. Chin | Osteoporos
2021;27(9):1361-1365.

[114] Park KH, Gu DR, Jin SH, et al. Pueraria lobate inhibits
RANKL-mediated  osteoclastogenesis via downregulation
of CREB/PGC1p/c-Fos/NFATc1 signaling. Am | Chin Med
2017;45(8):1725-1744.

[115] FengY, Tang X. FoxO1 as the critical target of puerarin to inhibit
osteoclastogenesis and bone resorption (Mar 30, 10.1093/jpp/
rgae033,2024). ] Pharm Pharmacol 2024;76(9):813-823.

[116] Hu X, Wang Z, Wang W, et al. Irisin as an agent for protecting
against osteoporosis: a review of the current mechanisms and
pathways. | Adv Res 2024;62:175-186.

[117] Yang D, Guan ZY. Intervention effects of puerarin on ovariec-
tomized osteoporotic rats via the PPAR-y/Axin2/Wnt signaling
pathway. Chin | Gerontol 2023;43(13):3228-3232.

[118] Lee MR, Kim B, Lee Y, et al. Ameliorative effects of pueraria
lobata extract on postmenopausal symptoms through promot-
ing estrogenic activity and bone markers in ovariectomized rats.
Evid Based Complement Alternat Med 2021:7924400.

[119] Dehlin M, Jacobsson L, Roddy E. Global epidemiology of gout:
prevalence, incidence, treatment patterns and risk factors. Nat
Rev Rheumatol 2020;16(7):380-390.

[120] Zhang Y, Zhong XM, Yang ], et al. Effect of puerarin on the
expression of inflammatory cytokines in gouty arthritis mice.
Immunol ] 2020;36(10):903-907 +913.

[121] Wang Y. Effects of myricetin and puerarin on hyperurice-
mia and their significance. Inner Mongol | Tradit Chin Med
2010;29(19):9-10.

[122] Shen QR. The Screening and Study on the Inbibition Kinetics
of Xanthine Oxidase Inhibitors from Chinese Herbal Medicine.
Nanchang: Nanchang University; 2015.

[123] Shi S, Zhang RT, Shang XY, et al. Effect of puerarin on
serum uric acid in hyperuricemic rats. Food Sci Technol
2014;39(2):216-220.

[124] Zhang HC, Zhang Y, Lii GE et al. The puerarin impact on the
expression of ABCG2 in human renal proximal tubule epithelial
cells. SH ] TCM Mar 2016;50(3):74-77.

[125] Meng XW, Wang QQ, Zhang N, et al. Anti-inflammatory mech-
anisms of flavonoids in pueraria lobata: immune cell regulation
and molecular mechanisms. | Funct Foods 2025;131:106954.

[126] Xiong YC, Wu HE, Zhang ET, et al. EEffect of puerarin on
expression of TLR4/NK-kB pathway of acute gouty arthritis
rats. Chin | Mod Med. 2020;30(7):14-18.

[127] Zhang Y, Zhong XM, Yang ], et al. Effect of puerarin on the
expression of inflammatory cytokines in gouty arthritis mice.
Immunol | 2020;36(10):903-907 +913.

[128] Wang W, Lu B, Gu P, et al. From new frontiers to new para-
digms:state of the art for gut microbiome in metabolic disease. |
Nephrol Dial Transplant 2025;34(5):453-457.

[129] Zhu HY, Liu Y, Li JR, et al. Effect and mechanism of Puerariae
Lobatae Radix in alleviating insulin resistance in T2DM db/
db mice based on intestinal flora. Chin | Chin. Mater Med
2023;48(17):4693-4701.

[130] Sochacka K, Kotowska A, Lachowicz-Wisniewska S. The role of
gut microbiota, nutrition, and physical activity in depression and
obesity—interdependent mechanisms/co-occurrence. Nutrients
2024;16(7):1039.

[131] Sun CB. The Mechanism of Pueraria Regulating Hyperlipidemia
Based on Intestinal Bacteria Metabolism. Kunming: Yunnan
University of Chinese Medicine; 2021.

138

www.ahmedjournal.com

[132] Fang J, Yu C-H, Li X-]J, et al. Gut dysbiosis in nonalcoholic fatty
liver disease: pathogenesis, diagnosis, and therapeutic implica-
tions. Front Cell Infect Microbiol 2022;12:997018.

[133] Li Q, Liu W, Zhang H, et al. a-D-1, 3-glucan from radix puerar-
iae thomsonii improves NAFLD by regulating the intestinal flora
and metabolites. Carbobydr Polym 2023;299:120197.

[134] Wang L, Wu Y, Zhuang L, et al. Puerarin prevents high-fat
diet-induced obesity by enriching Akkermansia muciniphila in
the gut microbiota of mice. PLoS One 2019;14(6):¢0218490.

[135] Everard A, Belzer C, Geurts L, et al. Cross-talk between
Akkermansia muciniphila and intestinal epithelium con-
trols diet-induced obesity. Proc Natl Acad Sci USA
2013;110(22):9066-9071.

[136] Britton RA, Irwin R, Quach D, et al. Probiotic L. reuteri treat-
ment prevents bone loss in a menopausal ovariectomized mouse
model. | Cell Physiol 2014;229(11):1822-1830.

[137] Sjogren K, Engdahl C, Henning P, et al. The gut micro-
biota regulates bone mass in mice. | Bone Min Res
2012;27(6):1357-1367.

[138] Li B, Liu M, Wang Y, et al. Puerarin improves the bone
micro-environment to inhibit OVX-induced osteoporosis via
modulating SCFAs released by the gut microbiota and repair-
ing intestinal mucosal integrity. Biomed Pharmacotherapy
2020;132:110923.

[139] Zhong WQ, Wu ML, Guo MJ. Clinical effect of Pueraria lobata
extract on senile osteoporotic fracture. Inner Mongol | Tradit
Chin Med 2020;39(6):1-2.

[140] Wang L, Cheng H. Exploration of treated with Gegen Qinlian
decoction prescription on type 2 diabetic rats based on metabo-
lomics. Glob Tradit Chin Med 2019;12(1):19-23.

[141] Gong J. Clinical observation of Gegen Qinlian decoction com-
bined with saxagliptin in the treatment of type 2 diabetes melli-
tus. | Pract Chin Med 2019;35(4):481-482.

[142] Zhao ZQ. Clinical Observation on the Treatment of Hyperlipidemia
with Gegen Qinlian Granules (Dampness-Heat Type). Changchun:
Changchun University of Chinese Medicine, 2021.

[143] TianT, Jin L], Shen HR, et al. Effect of Huangqi Gegen decoction
combined with metformin on insulin resistance in patients with
type 2 diabetes. Clin | Tradit Chin Med 2019;31(2):304-306.

[144] Tang BS. Effect of Huangqi Gegen decoction on insulin resis-
tance and adiponectin for elderly patients with type 2diabetes
mellitus. | Sichuan Tradit Chin Med 2021;39(2):120-123.

[145] He G, Ma Y, Liu H, et al. Clinical study of puerarin com-
bined with a-lipoic acid in the treatment of diabetes mel-
litus with carotid atherosclerosis. China Med Herald
2020;17(10):82-85.

[146] Zhang YQ, Zhang LM. Effects of puerarin treatment on hemo-
dynamics and blood rheology in diabetic retinopathy patients.
Int Eye Sci 2013;13(10):2057-2059.

[147] Yin CM, Guo JJ, Liu YL, et al. Observation of therapentic effect
of astragalus and puerarine injection on patients with type II
diabetes M ellitus. | Basic Chin Med 2001;7(1):57-59.

[148] Bao YS, Deng CC, Chen X. Clinical observation of astragalus
injection combined with puerarin injection in the treatment of
type 2 diabetes. Clin | Tradit Chin Med 2007;19(4):369-370.

[149] Wang JX, Wu WP. Curative effect observation of puerarin and
epalrestat in the treatment of diabetic peripheral neuropathy.
Chin Commun Phys 2016;32(21):44-45.

[150] Wang ST. Clinical analysis of Gegen Qinlian decoction in the
treatment of patients with diabetes mellitus. New World Diab
2025;28(5):56-59.

[151] He GX, Ma YH, Liu HY, et al. Clinical study of puerarin com-
bined with a-lipoic acid in the treatment of diabetes mellitus with
carotid atherosclerosis. Chin Med Herald 2020;17(10):82-85.

30-Mar-26 20:53:45 ‘ ‘



