
Hundreds of Herbs

136

Licorice: comprehensive review of its chemical 
composition, pharmacodynamics, and 
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Abstract 
Licorice, a perennial herb of Leguminosa, is one of the oldest and most widely used herbal medicines worldwide. Its distinct 
sweet flavor and rich medicinal value make it an integral component of traditional Chinese medicine (TCM) formulations, which 
continue to be widely employed. The main chemical constituents of licorice include triterpenoid saponins, flavonoids, and 
polysaccharides. Experimental and clinical studies have demonstrated that various extracts and pure compounds derived 
from licorice exhibit a wide range of pharmacological properties including anti-inflammatory, antioxidant, antimicrobial, antiviral, 
antitumor, immune-regulatory, and neuroprotective activities. The bioactive constituents of licorice offer therapeutic benefits for 
cardiovascular and cerebrovascular diseases, diabetes mellitus, and liver disorders. This comprehensive review discusses the 
primary chemical constituents of licorice and their pharmacological activities, describes in vivo and in vitro models employed 
for studying licorice, and its potential targets and mechanisms of action. Furthermore, we discuss the toxicological profile, side 
effects, dosage recommendations, and clinical applications of licorice. This review aims to establish a foundation for further 
research on the safe and effective utilization of licorice while facilitating an in-depth exploration of its properties and fostering the 
development of novel therapeutic agents.
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Introduction

Licorice, a perennial herb in the Leguminosae fam-
ily, originates from the dried roots and rhizomes of 
Glycyrrhiza uralensis Fisch., Glycyrrhiza glabra L., and 
Glycyrrhiza inflata Bat., and is the same source for med-
icine and food[1]. The main licorice production areas in 
China are located in Shanxi, Gansu, Inner Mongolia, 
Ningxia, and Xinjiang. The first three regions have long 
been regarded as authentic licorice production areas 
in China since ancient times[2]. Licorice is also widely 
distributed in Central Asian and European countries 
such as Spain, Persia, India, Afghanistan, Kazakhstan, 
Kyrgyzstan, Tajikistan, and Russia[3,4].

Since ancient times, licorice has been prized glob-
ally for its rich medicinal value and unique, sweet 
taste. The use of licorice as a tonic has been rooted 
in traditional Chinese medicine (TCM) for millennia, 
making it an essential and frequently prescribed clini-
cal herb. Remarkably, approximately 60% of Chinese 
medicine prescriptions incorporate this indispensable 
ingredient[5]. Licorice was first published in the “Divine 

Farmer’s Classic of Materia Medica,” which classi-
fied it as a superior herb. Its roots and rhizomes have 
the effects of tonifying qi, detoxifying, relieving pain, 
strengthening the spleen and stomach, relieving tussis, 
and promoting expectoration; they are widely used in 
TCM and are an indispensable part of TCM formu-
lations[2,6]. With the advancement of modern science 
and technology, hundreds of compounds have been 
isolated from licorice, including triterpenoid sapo-
nins, flavonoids, polysaccharides, coumarins, amino 
acids, and alkaloids, which have been shown to exert 
a wide range of pharmacological effects, including 
anti-inflammatory, antioxidant, antiviral, antitumor, 
hepatoprotective, and neuroprotective effects[7–9]. The 
increasing potential applications of licorice in mod-
ern pharmaceutical and other industries necessitate 
a deeper understanding of its active ingredients and 
mechanisms.

This review comprehensively examines the primary 
chemical constituents and pharmacological properties 
of licorice, explores its clinical relevance and potential 
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significance, evaluates regulatory oversight and safety 
considerations, addresses existing challenges, highlights 
future research directions, and explores the potential of 
licorice to promote its sustainable utilization and devel-
opment across diverse fields.

Main chemical constituents of licorice

Triterpenoid saponins

Triterpenoids is a class of 30 carbon atoms polymer-
ized into six isoprene units (C5H8) and are structur-
ally diverse. Free triterpenoids are almost insoluble or 
insoluble in water. In contrast, triterpenoid glycosides 
are mostly soluble in water, and their aqueous solu-
tion can produce a large number of persistent soap-
like bubbles after shaking; thus, they are known as 
triterpenoid saponins[10]. Triterpenoid saponins are the 
main active components of licorice, and more than 60 
triterpenoid saponin compounds have been isolated 
from licorice[11]. The most abundant compound is gly-
cyrrhizic acid, also known as glycyrrhizin, which is 
the main source of sweetness in licorice. Glycyrrhizic 
acid is an oleanolane-type pentacyclic triterpenoid that 
exists mostly in the form of water-soluble potassium 
or calcium salts[7]. Studies have found that glycyr-
rhizic acid has a variety of pharmacological properties, 
including anti-inflammatory, antiviral, antitumor, anti-
oxidant, and anti-allergic activities that contribute to 
the recovery and protection of the alimentary, respira-
tory, nervous, endocrine, and cardiovascular systems. 
In the human body, glycyrrhizic acid is broken down 
into glycyrrhizinic acid by intestinal bacteria, which 
possesses various pharmacological activities and has 
been widely researched and used for the treatment of 
various diseases[12,13].

Flavonoids

Flavonoids are derivatives of benzopyran, referring to 
the two benzene rings (A ring and B ring) connected to 
each other through three-carbon atoms. Flavonoids dif-
fer according to the degree of oxidation of the central 
three-carbon chain. The location of the B ring connec-
tion, as well as whether the three-carbon chain forms a 
ring structure, categorizes the chemicals as flavonoids, 
isoflavonoids, flavonoids, dihydroflavonoids, dihy-
droisoflavonoids, chalcones, dihydrochalcones, etc. 
To date, more than 300 flavonoids have been isolated 
and identified from licorice in China and elsewhere, 
of which more than 150 have been given structures 
and names, with dihydroflavonoids and chalcones 
being the main types[14]. Licorice varieties also differ 
in species specificity and content of certain chemi-
cal constituents. Flavonoids of Glycyrrhiza glabra L. 
include hispaglabridinA, isoliquiritigenin (ISL), and 
glabridin, etc, of which glabridin is a species-specific 
hallmark constituent[15,16]. Flavonoids in Glycyrrhiza 
inflata Bat. include licochalcone A, liquiritigenin, ISL, 
and Echinatin, etc, licochalcone A is a species-specific 
component of Glycyrrhiza inflata Bat[17]. Studies have 
shown that the flavonoid components of licorice have 
significant antiviral, antioxidant, antitumor, and anti-
diabetic properties[18–20].

Polysaccharides

Polysaccharides are found in plants, microorganisms, 
algae, and animals and are biological macromolecules 
that are widely distributed in nature[21]. Glycyrrhiza poly-
saccharides (GPS) are natural polysaccharides extracted 
from licorice. Their structure is complex, and they are 
mainly polymers composed of many monosaccharides 
connected by glycosidic bonds. These monosaccharides 
typically include mannose, galactose, rhamnose, glucose, 
and arabinose. Among them, glucose accounts for a rela-
tively high proportion and is more important[22]. Studies 
have shown that licorice polysaccharides have antitu-
mor, anti-inflammatory, antibacterial, antioxidant, and 
immunomodulatory effects[23,24].

Other chemicals

In addition to the above chemical composition, licorice 
contains a variety of fatty acids, amino acids, alkaloids, 
volatile oils, and coumarin compounds, as well as other 
trace elements and minerals such as magnesium, cal-
cium, and potassium[25,26]. According to previous stud-
ies, coumarin-like active ingredients are mainly found 
in Glycyrrhiza uralensis Fisch., and the basic parent 
nucleus is benzo-α-pyrone, which is typically charac-
terized by substitution only on one side of the benzene 
ring[27,28]. Licorice contains a variety of compounds, and 
Table 1 demonstrates the basic information of some of 
the compounds of licorice. Figure 1 summarizes the 
chemical structures of the most important compounds 
in Licorice.

Extraction and separation of substances

Licorice mainly contains saponins, flavonoids, and poly-
saccharides; glycyrrhizic acid, glycyrrhetinic acid, and 
other saponins; liquiritigenin and liquiritin and other fla-
vonoids as the main active ingredients, which are mainly 
extracted by solvent extraction, ultrasound-assisted 
extraction, supercritical carbon dioxide extraction, 
microwave-assisted extraction, enzyme-assisted 
extraction, and other methods[25,29,30]. The more widely 
used is the solvent extraction method, which is based 
on the principle of “similar solubility.” The selection of 
appropriate solvents, such as ethanol, methanol, ace-
tone, water, and other polar organic solvents induce 
leaching of chemical components from the raw mate-
rial. Although the solvent extraction method is lengthy, 
requires a high extraction temperature, and specific sol-
vent dosages and has other shortcomings, the required 
equipment is simple, easy to operate, and the extraction 
rate is high. At present, it is still the main method for 
the industrial production of licorice compounds. Other 
methods for extracting licorice compounds are poly-
amide column chromatography, the macroporous resin 
method, high-performance liquid chromatography, 
thin-layer chromatography, and column chromatogra-
phy[31–33]. However, most of the components are isolated 
individually from licorice compounds at present, and 
the isolation of all the components is the focus of future 
research. Exploring efficient isolation methods suitable 
for large-scale industrial applications is also one of the 
key objectives of future research.
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Table 1

Information on the chemical composition of licorice

Number Classification Compound Molecular formula MW CAS 

1 Triterpenoids Glycyrrhetinic acid C
30

H
46

O
4

470.69 471-53-4

2 Glycyrrhizic acid C
42

H
62

O
16

822.94 1405-86-3

3 18β-Glycyrrhetinic acid C
30

H
46

O
4

470.69 471-53-4

4 18β-Glycyrrhizic acid C
42

H
62

O
16

822.94 1405-86-3

5 18α-Glycyrrhizic acid C
42

H
62

O
16

822.93 83896-44-0

6 18α-Glycyrrhetinic acid C
30

H
46

O
4

470.68 1449-05-4

7 Uralsaponin C C
42

H
64

O
16

824.95 1262326-46-4

8 Licorice saponin G2 C
42

H
62

O
17

838.93 118441-84-2

9 Licoricesaponin E2 C
42

H
60

O
16

820.9162 119417-96-8

10 24-Hydroxy-licorice-saponin A3 C
48

H
72

O
22

1,001.07 1262326-47-5

11 Glycyrrhetic acid 3-O-β-D-glucuronide C
36

H
54

O
10

646.81 34096-83-8

12 Licoricesaponin A3 C
48

H
72

O
21

985.07 118325-22-7

13 Licorice glycoside C2 C
36

H
38

O
16

726.68 202657-55-4

14 22-Beta-Acetoxyglycyrrhizin C
44

H
64

O
18

880.97 938042-17-2

15 Uralsaponin D C
42

H
58

O
18

850.899 1262489-44-0

16 Flavonoids Liquiritin C
21

H
22

O
9

418.4 551-15-5

17 Isoliquiritin C
21

H
22

O
9

418.39 5041-81-6

18 Liquiritigenin C
15

H
12

O
4

256.25 578-86-9

19 Isoliquiritigenin C
15

H
12

O
4

256.25 961-29-5

20 Licoflavonol C
20

H
18

O
6

354.35 60197-60-6

21 Isolicoflavonol C
20

H
18

O
6

354.35 94805-83-1

22 Echinatin C
16

H
14

O
4

270.28 34221-41-5

23 Licochalcone A C
21

H
22

O
4

338.4 58749-22-7

24 Licochalcone B C
16

H
14

O
5

286.28 58749-23-8

25 Licochalcone C C
21

H
22

O
4

338.4 144506-14-9

26 Licochalcone D C
21

H
22

O
5

354.4 144506-15-0

27 Licochalcone E C
21

H
22

O
4

338.4 864232-34-8

28 Licoricone C
22

H
22

O
6

382.41 51847-92-8

29 Glabridin C
20

H
20

O
4

324.37 59870-68-7

30 Glabrene C
20

H
18

O
4

322.35 60008-03-9

31 Glabranin C
20

H
20

O
4

324.37 41983-91-9

32 Quercetin C
15

H
10

O
7

302.24 117-39-5

33 Formononetin C
16

H
12

O
4

268.26 485-72-3

34 Liquiritin apioside C
26

H
30

O
13

550.51 199796-12-8

35 Glabrol C
25

H
28

O
4

392.49 59870-65-4

36 Neoliquiritin C
21

H
22

O
9

418.39 5088-75-5

37 Neoisoliquiritin C
21

H
22

O
9

418.4 7014-39-3

38 Licuraside C
26

H
30

O
13

550.51 29913-71-1

39 3-Hydroxyglabrol C
25

H
28

O
5

408.49 74148-41-7

40 Licoricidin C
26

H
32

O
5

424.53 30508-27-1

41 Hispaglabridin A C
25

H
28

O
4

392.49 68978-03-0

42 Licoflavone A C
20

H
18

O
4

322.35 61153-77-3

43 Licoflavone B C
25

H
26

O
4

390.47 91433-17-9

44 Licoflavonol C
20

H
18

O
6

354.35 60197-60-6

45 Isolicoflavonol C
20

H
18

O
6

354.35 94805-83-1

(Continued  )
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Pharmacological properties

Anti-inflammatory activity

Inflammation is the first line of physiological defense 
in biological systems and prevents the damaging 
effects of harmful stimuli such as pathogens and poi-
sons. Macrophages can be activated by lipopolysac-
charide (LPS), and their activation in turn increases 
phosphatidylinositol-3-kinase (PI3K) and nuclear factor- 
kB (NF-κB) expression, which leads to the production of 

inflammatory mediators such as reactive oxygen species 
(ROS), nitric oxide (NO), prostaglandins (PG), cytokines, 
and tumor necrosis factor-α (TNF-α) and promotes 
inflammatory responses. Wang et al.[34] found that in a 
LPS-induced macrophage inflammation model, glycyr-
rhizic acid and 18β glycyrrhetinic acid (18βGA) signifi-
cantly reduced the protein levels of inducible nitric oxide 
synthase (iNOS) and cyclooxygenas-2 (COX-2), inhib-
ited NF-κB activation and expression of PI3K p110δ and 
p110γ isoforms, and exerted anti-inflammatory effects 

Number Classification Compound Molecular formula MW CAS 

46 Licoisoflavanone C
20

H
18

O
6

354.35 66067-26-3

47 Glycyrrhisoflavone C
20

H
18

O
6

354.35 116709-70-7

48 Semilicoisoflavone B C
20

H
16

O
6

352.34 129280-33-7

49 Glabrone C
20

H
16

O
5

336.34 60008-02-8

50 Isoangustone A C
25

H
26

O
6

422.47 129280-34-8

51 Glycyrol C
21

H
18

O
6

366.36 23013-84-5

52 Glycyrin C
22

H
22

O
6

382.41 66056-18-6

53 7,4’-Dihydroxyflavone C
15

H
10

O
4

254.24 2196-14-7

54 4’-Hydroxychalcone C
15

H
12

O
2

224.25 2657-25-2

55 Glabranine C
20

H
20

O
4

324.37 41983-91-9

56 Isoliquiritin apioside C
26

H
30

O
13

550.51 120926-46-7

57 Coumarins Licopyranocoumarin C
21

H
20

O
7

384.38 117038-80-9

58 Glycycoumarin C
21

H
20

O
6

368.38 94805-82-0

59 Glabrocoumarin / / /

60 Licocoumarin A C
25

H
26

O
5

406.471 /

Table 1

(Continued)

Figure 1.  Chemical structures of the main components of licorice.
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by reducing TNF-α, interleukin (IL)-6, and IL-1β produc-
tion and inhibiting the expression of pro-inflammatory 
genes in a dose-dependent manner. Sepsis is a systemic 
inflammatory condition in which various inflammatory 
mediators and enzymes are involved in damage to the 
body. Zhao et al.[35] demonstrated the anti-inflammatory 
effect of glycyrrhizic acid by modulating inflammatory 
mediators and proteins such as TNF-α, MCP-1, intercel-
lular cell adhesion molecule-1 (ICAM-1), and vascular 
cell adhesion molecule-1 (VCAM-1) in septic rats in vivo 
and in LPS-induced HBZY-1 cells in vitro. ISL is a fla-
vonoid extracted from licorice that possesses a variety 
of biological activities, such as anti-inflammatory, anti-
tumor, and antioxidant activities. Sun et al.[36] found that 
ISL inhibited IL-1β secretion and activation of gasder-
min D (GSDMD) by suppressing Mycobacterium tuber-
culosis (Mtb) infection-induced activation of NLPR3 
inflammatory vesicles. In addition, ISL has been shown 
to have favorable inhibitory effects on inflammatory fac-
tors such as TNF-α, IL-6, iNOS, and COX2. ISL exerts 
its anti-inflammatory effects by inhibiting the activation 
of Notch1/NF-κB and mitogen-activated protein kinase 
(MAPK) signaling pathways. Wei et al.[37] used different 
concentrations of GPS to study its effect on the inflam-
matory response in mice with LPS-induced acute colitis. 
Expression levels of inflammatory factors, such as TNF-
α, IL-1β, and IL-6, in the serum and colonic tissues were 
significantly decreased after treatment with GPS. In addi-
tion, GPS was effective in preventing LPS-induced acute 
colitis and exerted a beneficial effect on the health of the 
intestinal tract.

Anti-oxidant activity

Haleagrahara et al.[38] found that different doses of gly-
cyrrhizic acid significantly increased isoproterenol (ISO)-
induced total superoxide dismutase (SOD) and total 
glutathione (GSH) expression and decreased myocardial 
lipid hydroperoxide (LPO) and 8-isoprostane (IP) lev-
els in rats. These antioxidant effects of glycyrrhizic acid 
encouraged maintenance and improved the proliferative 
potential of neural stem cells in the subventricular zone 
of adult mice. GA is the aglycone of glycyrrhizic acid, 
and a study by Agarwal et al.[39] demonstrated that gly-
cyrrhizic acid was able to attenuate oxidative stress dam-
age induced by 12-O-tetradecanoylphorbol-13-acetate 
(TPA) in mouse skin. Licorice flavonoids also exhibit 
significant antioxidant activity[40,41]. Zeng et al.[42] inves-
tigated the protective effect of licorice flavonoids against 
kainate (KA)-induced seizures in mice and found that 
treatment with licorice flavonoids after seizures reduced 
KA-induced SOD activity and malondialdehyde (MDA) 
content on the seventh as well as 28th day, indicating 
that licorice flavonoids have a protective effect against 
epilepsy-induced neuronal cell death and cognitive defi-
cits, probably through their antioxidant effects. Hong et 
al.[43] used Kunming mice as a high-fat diet model, and 
GPS significantly increased immune and antioxidant 
activities and reduced oxidative stress in these mice in 
a dose-dependent manner. In addition, licochalcones B 
and D in licorice show strong scavenging activity against 
2,2-diphenyl-1-picrylhydrazyl (DPPH) free radicals and 
inhibit microsomal lipid peroxidation[44,45].

Antimicrobial activity

Deoxynivalenol (DON), a toxic metabolite produced 
mainly by Fusarium graminearum and F. culmorum, 
is commonly found in contaminated grains, food, and 
animal feed and poses a serious threat to animal and 
human health[46]. Studies have shown that the addition 
of glycyrrhizic acid to pig feed can significantly reduce 
DON residues in the serum, liver, and feces, improve 
the growth performance of DON-infected piglets, and 
reduce intestinal damage caused by DON. Licorice fla-
vonoids, isoflavonoids, and chalcone compounds exhibit 
good antibacterial activities. It has been shown that gla-
bridin can induce ROS accumulation, loss of mitochon-
drial membrane potential, and cell membrane disruption 
by affecting the expression level of phosphatidylserine 
decarboxylase, which possesses significant bactericidal 
activity against Sclerotinia sclerotiorum[47]. Zhou et al.[48] 
showed that Licochalcone E had effective antibacterial 
activity against methicillin-sensitive Staphylococcus 
aureus (MSSA) and methicillin-resistant S. aureus 
(MRSA), and Licochalcone E exerted its bacteriostatic 
effect by decreasing hemolysis of S. aureus through 
reduction of the production of α-toxin.

Anti-viral activity

According to a screening study on the antiviral effects of 
plant extracts, glycyrrhizic acid, a constituent of licorice 
root, has significant antiviral activity[49]. Cinatl et al.[50] 
evaluated the antiviral activity of ribavirin, 6-azauridine, 
pyrazofurin, mycophenolic acid, and glycyrrhizin against 
two clinical isolates of coronaviruses (FFM-1 and FFM-
2) from patients with SARS admitted to the Clinical 
Center of the University of Frankfurt, Germany, and of 
all the compounds, glycyrrhizic acid was the most active 
in inhibiting SARS-associated virus replication. Michaelis 
et al.[51] investigated the effect of glycyrrhizic acid 
against the highly pathogenic H5N1 influenza A virus 
in vitro and found it effectively reduced the expression 
of the pro-inflammatory cytokine IL-6 and chemokines 
C-X-C ligand 10 (CXCL10) and C-C chemokine ligand 
5 (CCL5) in H5N1-induced macrophages. In one study, 
highly biocompatible glycyrrhizic acid carbon dots (Gly-
CDs) were prepared using a hydrothermal method. In a 
model of porcine reproductive and respiratory syndrome 
virus (PRRSV) infection, Gly-CDs were found to inacti-
vate PRRSV, inhibit its invasion and replication, stimulate 
the production of interferons in cells, and inhibit ROS 
generation induced by PRRSV infection, thus exerting a 
good antiviral effect[52]. GPS also exerted significant phar-
macological effects by inhibiting PRRSVs. Yang et al.[53] 
found that glycyrrhizobium polysaccharides significantly 
inhibited the invasion and proliferation of PRRSV at early 
stages of infection in a dose-dependent manner. In addi-
tion, GPS also had significant inhibitory effects on pseu-
dorabies virus (PRV) and showed good antiviral effects in 
the early stage of PRV infection. Its antiviral mechanism 
is to inhibit the binding and internalization of the virus[54].

Anti-tumor activity

The immunosuppressive tumor microenvironment 
(TME) is a major barrier to the antitumor response in 
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melanoma, and studies have shown that the immunosup-
pressive TME is directly correlated with enhanced acti-
vation of the functions of T regulatory cells (Tregs) and 
myeloid-derived suppressor cells (MDSCs). Juin et al.[55] 
found that glycyrrhizic acid could circumvent the antitu-
mor inhibitory function of Tregs and MDSCs by inhib-
iting pSTAT3, and glycyrrhizic acid not only exerted 
an anti-proliferative effect on melanoma cells but also 
significantly limited melanoma tumor progression. 
Through a series of in vivo and in vitro experiments, 
Wang et al.[56] found that 18βGA had a significant thera-
peutic effect on colorectal cancer and demonstrated, for 
the first time, that 18βGA may be effective in inhibiting 
colorectal cancer cell proliferation, invasion, and migra-
tion by inhibiting the PI3K and STAT3 signaling path-
ways. Licorice contains several prenylated flavonoids, 
including the diprenylated flavonoids lupalbigenin (LPB) 
and 6,8-diprenylgenistein (DPG). Shao et al.[57] reported 
for the first time that LPB and DPG isolated and purified 
from licorice could induce SW480 cell death by promot-
ing autophagy through the protein kinase B (PKB, also 
known as Akt)/mammalian target of rapamycin (mTOR) 
signaling pathway, which could provide a basis for clin-
ical drug research on therapeutic anticancer agents 
against colorectal cancer. Ayeka et al.[58] investigated the 
tumor growth and immunomodulatory anticancer activ-
ities of licorice polysaccharides in CT-26 loaded BALB/c 
mice, and the results showed that licorice polysaccha-
rides, especially low-molecular-weight licorice polysac-
charides, could significantly elevate the levels of IL-2, 
IL-6, and IL-7 related inflammatory factors and reduce 
the expression of TNF-α, which inhibited the growth of 
tumors significantly, increased the indexes of immune 
organs, and played a significant immunomodulatory 
role.

Hepatoprotective activity

Glycyrrhizic acid, the main component extracted from 
licorice root, has been widely reported to have signifi-
cant hepatoprotective effects[59–61]. A study investigated 
the therapeutic effect of glycyrrhizic acid on hepatic 
fibrosis in vivo in a CCl4-induced mouse model of 
liver fibrosis as well as in vitro in transforming growth 
factor-β1 (TGF-β1)-activated human LX-2 cells and 
a primary hepatic stellate cells (HSCs) fibrosis model. 
The results showed that glycyrrhizic acid reduced 
hepatic fibrosis markers such as α-SMA, collagen α1, 
HA, COL-III, and LN in liver tissues, significantly 
increased the levels of IFN-γ, p-STAT1, and Smad7 in 
vivo and in vitro and decreased the expression level of 
CUG-binding protein 1 (CUGBP1), demonstrating for 
the first time that glycyrrhizic acid reduces liver fibrosis 
and HSC activation in vivo and in vitro by promoting 
the CUGBP1-mediated IFN-γ/STAT1/Smad7 signal-
ing pathway. Wang et al.[62] investigated the protective 
effects of ISL in a mouse model of alcoholic liver dis-
ease (ALD) and revealed that ISL dose-dependently 
attenuated ALD through the miR-23a-3p/PGC-1α axis, 
thereby promoting fatty acid metabolism and inhibit-
ing the expression of ROS, TNF-α, IL-1β, and IL-6 and 
exerting a hepatoprotective effect.

Immune-regulatory activity

The immune system is extremely complex and plays an 
important role in maintaining homeostasis and body 
health. Raphael and Kuttan[63] investigated the effects 
of naturally occurring triterpenoids such as glycyrrhizic 
acid, ursolic acid, oleanolic acid, and nomilin on the 
immune system using Balb/c mice, and found that these 
terpene treatments augmented bone marrow cells and 
α-esterase positive cells in mice, as well as significantly 
suppressing the delayed-type hypersensitivity reaction 
(DTH). Furthermore, in glycyrrhizic acid-treated ani-
mals, the total number of leukocytes increased to the 
highest level, and the inhibition of DTH by glycyrrhizic 
acid was close to 95%. These results provide clear evi-
dence for the immunomodulatory activity of terpenoids 
such as glycyrrhizic acid, ursolic acid, oleanolic acid, 
and nomiline[63]. Ma et al.[64] used an ovalbumin (OVA)-
induced mouse asthma model and showed that glycyr-
rhizic acid effectively suppressed the expression levels 
of inflammatory factors such as IL-4, IL-5, and IL-13, 
increased the expression level of IFN-γ, regulated the 
balance of T-helper 1 (Th1)/T-helper 2 (Th2) cytokines, 
and inhibited eosinophil recruitment and monocyte over-
production, reducing airway inflammation and bron-
chial hyperresponsiveness. In addition, glycyrrhizic acid 
effectively increased the number of Tregs, significantly 
enhancing the immune function of the body and exert-
ing anti-asthmatic effects. Cyclophosphamide (CTX) is 
an alkylating agent and immunosuppressant that sig-
nificantly damages the intestinal mucosal structure and 
decreases immune organ index, immune cells, and cyto-
kine secretion[65]. Song et al.[66] used a model of CTX-
induced immunosuppression and intestinal mucosal 
injury to study the immune function-promoting effects 
of GPS in mice and its regulatory functions on the intes-
tinal microbiota. The results showed that GPS reversed 
C-induced intestinal structural damage; increased the 
number of cuprocytes, CD4+ and CD8+ T lymphocytes, 
and other immune cells; regulated the balance of Th1/
Th2 cytokines; and regulated the structure and metabo-
lites of the intestinal microflora that are involved in the 
immune response of the organism.

Neuroprotective activity

Akman et al.[67] constructed a model of middle cerebral 
artery occlusion in rats and intervened with glycyrrhizic 
acid, which significantly elevated the levels of SOD and 
NRF1 and decreased MDA levels. Histopathological 
analysis also showed that glycyrrhizic acid significantly 
ameliorated brain edema, vacuolization, degeneration, 
and neuronal damage. Photoglycyrrhizidine is the main 
active flavonoid in licorice, which improves learning and 
memory in mice and has various pharmacological effects 
on the central nervous system. Hasanein[68] investigated 
the effects of long-term treatment with different concen-
trations of photoglycodine on cognitive function in dia-
betic rats. The results showed that photoglycyrrhizidine 
in the medium- and high-dose groups (25 and 50 mg/
kg) improved learning and memory in non-diabetic rats 
and was effective in reversing the learning and memory 
deficits induced by streptozotocin (STZ) in diabetic rats. 
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This benefit stems from the fact that glycyrrhizidine com-
bines multiple effects of antioxidant action, neuronal 
defense mechanisms, and anticholinesterase activity, mak-
ing it potentially useful in therapeutic regimens targeting 
patients with diabetes-associated dementia.

Other activities

Glycycoumarin (GCM) is a representative coumarin 
compound isolated from licorice that has good bio-
availability[69,70]. Zhang et al.[71] evaluated the protec-
tive effect of GCM against hepatocyte lipoapoptosis 
using a palmitate-induced lipoapoptotic cell culture 
model and an animal model of non-alcoholic steato-
hepatitis (NASH), which demonstrated the ability of 
GCM to reactivate impaired autophagy due to lipid 
metabolism disorders, and the study showed for the 
first time that GCM efficiently inhibits hepatocyte 
lipoapoptosis both in vitro and in vivo. In addition, 
licorice coumarin analogs have been shown to inhibit 
tumor growth. In an in vitro study, Lu et al.[72] found 
that glycyrol (GC), a representative coumarin com-
pound in licorice, had a highly potent inhibitory effect 
on several human non-small cell lung cancer (NSCLC) 
cell lines and significantly inhibited tumor growth in 
vivo. The mechanism involves the binding of GC to 
T-lymphokine-activated killer cell-originated protein 
kinase (TOPK) and the inhibition of its kinase activ-
ity, leading to the activation of the apoptotic signaling 
pathway, thus inhibiting tumor development. Different 
licorice compounds such as glycyrrhizin flavonoids, 
glycyrrhizic acid, and their derivatives also exhibit 
antidiabetic activity. Glycyrrhizic acid and its deriva-
tives are promising candidates for the treatment of type 
2 diabetes mellitus and its associated complications[73]. 
Akutagawa et al.[74] investigated the effects of glycyr-
rhizic acid on inflammation and blood glucose levels in 
diabetic mice. Porphyromonas gulae and periodontal 
ligation have been used to model oral inflammation 
and its effects in diabetes. Topical glycyrrhizic acid 
inhibited the periodontal and systemic inflammation 
and reduced the increase in blood glucose levels in a 
diabetic mouse periodontal disease model via the high 
mobility group box 1 (HMGB1)-receptor for advanced 
glycation end products (RAGE) axis. KK-Ay mice are 
animal models that mimic type 2 diabetes in humans. 
Licorice flavonoid oil (LFO) was found to lower blood 
glucose levels in these mice, and this hypoglycemic 
effect was associated with enhanced translocation of 
GLUT4 from the skeletal muscle to the cell membrane, 
which promoted glucose uptake and contributed to 
the lowering of blood glucose. This study suggests 
that LFO may be a beneficial natural substance that is 
effective in preventing and ameliorating type 2 diabe-
tes mellitus[75].

In conclusion, the main chemical constituents of 
licorice, such as glycyrrhizic acid, 18βGA, Glabridin, 
ISL, Licochalcone A, GPS show significant pharmaco-
logical activities (Table 2). Figure 2 illustrates the six 
major compounds present in Glycyrrhiza glabrata and 
their corresponding pharmacological mechanisms of 
action.

Relevance and potential significance of licorice in 
clinical practice

Use in traditional and modern medicine

In China, the medicinal use of licorice has a rich historical 
background and extensive application. In ancient times, 
practitioners in China discovered and extensively utilized 
the medicinal potential of licorice. According to the 2020 
edition of the Pharmacopoeia of the People’s Republic of 
China, licorice exhibits various pharmacological actions, 
including tonifying the spleen qi, clearing heat and toxins, 
resolving phlegm, alleviating coughs, relieving tension 
and pain, and harmonizing with other herbal medicines. 
It is indicated for conditions such as spleen and stomach 
deficiencies, fatigue, palpitations, dyspnea, productive 
coughs with abundant sputum, limb hypertonicity, pain, 
abscesses, swelling, ulcers, and injuries. Additionally, it 
is used to moderate the harsh properties and toxicity of 
other herbal medicines[6]. Licorice also possesses a broad 
spectrum of historical and contemporary applications 
not only in China but worldwide. Since the 1820s, lic-
orice has been officially recognized as a medicinal sub-
stance by the United States Pharmacopoeia. Currently, 
licorice is included in the pharmacopeias of Europe and 
Japan. In modern times, the utilization of licorice spans 
diverse industries, including food manufacturing, medi-
cine and supplements, tobacco, daily chemical products, 
environmental protection, animal husbandry, and aqua-
culture[6]. Moreover, ongoing research and development 
is gradually uncovering the potential of the aerial parts 
of this plant.

Perspectives for drug development of licorice

The therapeutic potential and prospects for licorice-based 
drug development are extensive. First, as a natural 
botanical medicine, licorice possesses mild pharmaco-
logical effects and a wide range of applications, making 
it highly favored by consumers. Demand for licorice in 
the pharmaceutical market continues to grow, providing 
entrepreneurs with ample market opportunities. Second, 
licorice exhibits various pharmacological activities, 
including anti-inflammatory, antioxidant, antimicrobial, 
antiviral, antitumor, immune-regulatory, and neuropro-
tective effects. Its anti-inflammatory and antiviral prop-
erties make it an important ingredient for the treatment 
of chronic liver and respiratory diseases[76,77]. Due to 
their antitumor and immunomodulatory activities, lic-
orice extracts also show potential for the development 
of cancer immunotherapy or complementary therapeutic 
agents[55]. In addition, the antioxidant properties make 
it promising for application on skin conditions, includ-
ing dermatitis, eczema, itching, and cysts[78]. These active 
ingredients can serve as lead compounds for the develop-
ment of novel drugs.

Glycyrrhizic acid has been clinically developed as a 
therapeutic drug. As the most important marker com-
ponent in licorice, the development of glycyrrhizic acid 
preparations has a long history in China, from glycyrrhizic 
acid tablets to ammonium glycyrrhizinate, diammonium 
glycyrrhizinate, and magnesium isoglycyrrhizinate. All 
the above glycyrrhizic acid preparations possess antiviral 

D
ow

nloaded from
 http://journals.lw

w
.com

/ahm
 by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
n

Y
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

K
G

K
V

0Y
m

y+
78=

 on 04/12/2024



143

Dang et al.  •  Volume 4  •  Number 1  •  2024� www.ahmedjournal.com

T
a

b
le

 2

M
ai

n 
ch

em
ic

al
 c

o
ns

ti
tu

en
ts

 o
f 

lic
o

ri
ce

 a
nd

 t
he

ir
 p

ha
rm

ac
o

lo
g

ic
al

 a
ct

iv
it

ie
s

Ph
ar

m
ac

ol
og

ic
al

 
ac

tiv
ity

 
Co

m
po

un
d 

Co
nc

en
tr

at
io

n 
M

od
el

 
M

ai
n 

fu
nc

tio
n 

Re
fe

re
nc

es
 

An
ti-

in
fla

m
m

at
or

y 
ac

tiv
ity

Gl
yc

yr
rh

izi
c 

ac
id

 a
nd

 
18

β-
gl

yc
yr

rh
et

in
ic

 
ac

id

In
 v

itr
o:

 1
0–

75
 μ

M
In

 v
itr

o:
 1

 μ
g/

m
L 

LP
S-

st
im

ul
at

ed
 R

AW
 

26
4.

7 
ce

lls
Su

pp
re

ss
es

 N
F-

κB
 th

ro
ug

h 
PI

3K
 p

11
0δ

 a
nd

 p
11

0γ
 in

hi
bi

tio
n,

 
at

te
nu

at
in

g 
th

e 
ge

ne
ra

tio
n 

of
 N

O,
 P

GE
2,

 a
nd

 R
OS

[3
4]

Gl
yc

yr
rh

izi
c 

ac
id

In
 v

ivo
: 2

5,
 5

0 
m

g/
kg In

 v
itr

o:
 5

0,
 1

00
 μ

M

In
 v

ivo
: S

ep
si

s 
m

od
el

 w
as

 e
st

ab
lis

he
d 

by
 

in
je

ct
io

n 
of

 5
 m

g/
kg

 L
PS

 in
 ra

ts
In

 v
itr

o:
 1

 μ
g/

m
L 

LP
S-

st
im

ul
at

ed
 H

BZ
Y-

1 
ce

lls

In
hi

bi
ts

 a
ct

iva
tio

n 
of

 N
F-

κB
 s

ig
na

lin
g 

pa
th

w
ay

[3
5]

Is
ol

iq
ui

rit
ig

en
in

In
 v

itr
o:

 5
–4

0 
μM

In
 v

itr
o:

 M
tb

 H
37

Ra
 s

tim
ul

at
ed

 R
AW

 
26

4.
7 

ce
lls

, m
ur

in
e 

pr
im

ar
y 

pe
rit

on
ea

l 
m

ac
ro

ph
ag

es

No
tc

h1
/N

F-
κB

 a
nd

 M
AP

K 
si

gn
al

in
g 

pa
th

w
ay

s
[3

6]

Gl
yc

yr
rh

iza
 

po
lys

ac
ch

ar
id

es
In

 v
ivo

: 1
00

, 2
00

, 
40

0 
m

g/
kg

In
 v

ivo
: 1

0 
m

g/
kg

 L
PS

-in
du

ce
d 

ac
ut

e 
co

lit
is

 m
ou

se
 m

od
el

Pr
om

ot
es

 th
e 

gr
ow

th
 a

nd
 re

pr
od

uc
tio

n 
of

 b
en

ef
ic

ia
l b

ac
te

ria
 s

uc
h 

as
 

La
ct

ob
ac

illu
s,

 B
ac

te
ro

id
es

, a
nd

 S
CF

A-
pr

od
uc

in
g 

ba
ct

er
ia

; i
nc

re
as

in
g 

IL
-1

0 
le

ve
ls

; a
nd

 in
hi

bi
tin

g 
TL

R4
 a

ct
iva

tio
n

[3
7]

An
tio

xid
an

t a
ct

ivi
ty

Gl
yc

yr
rh

izi
c 

ac
id

In
 v

ivo
: 5

, 1
0,

 
20

 m
g/

kg
In

 v
ivo

: 8
5 

m
g/

kg
 is

op
ro

te
re

no
l-i

nd
uc

ed
 

ac
ut

e 
m

yo
ca

rd
ia

l i
nf

ar
ct

io
n 

in
 S

pr
ag

ue
-

Da
w

le
y 

ra
ts

De
cr

ea
se

s 
lip

id
 h

yd
ro

pe
ro

xid
es

 a
nd

 is
op

ro
st

an
es

 a
nd

 to
 in

cr
ea

se
 

SO
D 

an
d 

gl
ut

at
hi

on
e 

le
ve

ls
[3

8]

18
β-

gl
yc

yr
rh

et
in

ic
 

ac
id

In
 v

ivo
: 1

.2
5,

 
2.

5 
m

g/
an

im
al

In
 v

ivo
: 2

0 
µg

 D
M

BA
/2

.0
 µ

g 
TP

A-
m

ed
ia

te
d 

ox
id

at
ive

 s
tre

ss
 a

nd
 tu

m
or

 
pr

om
ot

io
n 

in
 m

ur
in

e 
sk

in

Sc
av

en
ge

s 
fre

e 
ra

di
ca

ls
 a

nd
 in

hi
bi

tin
g 

OD
C 

in
du

ct
io

n
[3

9]

Fl
av

on
oi

ds
 e

xt
ra

ct
ed

 
fro

m
 li

co
ric

e
In

 v
ivo

: 1
0 

m
g/

kg
In

 v
ivo

: 2
5 

m
g/

kg
 K

A-
in

du
ce

d 
se

izu
re

 in
 

m
ic

e
Re

du
ce

s 
th

e 
ex

pr
es

si
on

 le
ve

l o
f S

OD
 a

nd
 M

DA
[4

2]

Gl
yc

yr
rh

iza
 

po
lys

ac
ch

ar
id

e
In

 v
ivo

: 1
00

, 
30

0 
m

g/
kg

In
 v

ivo
: h

ig
h-

fa
t m

ic
e

Pr
ot

ec
ts

 a
ga

in
st

 im
m

un
e 

fu
nc

tio
n 

dy
sf

un
ct

io
n 

an
d 

ox
id

at
ive

 in
ju

ry
 

th
ro

ug
h 

su
ch

 e
ffe

ct
s 

as
 p

ro
m

ot
io

n 
of

 s
pl

ee
n 

lym
ph

oc
yt

e 
pr

ol
ife

ra
tio

n
[4

3]

An
tim

ic
ro

bi
al

 
ac

tiv
ity

Gl
yc

yr
rh

izi
c 

ac
id

In
 v

ivo
: 4

00
 m

g/
kg

In
 v

ivo
: 1

,0
40

 µ
g/

kg
 D

ON
-in

du
ce

d 
in

te
st

in
al

 in
ju

ry
 m

od
el

 in
 p

ig
le

ts
Re

gu
la

te
s 

gu
t m

ic
ro

bi
ot

a,
 in

cr
ea

se
s 

an
ti-

in
fla

m
m

at
or

y 
fu

nc
tio

n,
 

en
ha

nc
es

 th
e 

st
ab

ilit
y 

an
d 

in
te

gr
ity

 o
f i

nt
es

tin
al

 b
ar

rie
r s

tru
ct

ur
e 

an
d 

nu
tri

en
t t

ra
ns

po
rt 

fu
nc

tio
ns

[4
6]

Gl
ab

rid
in

In
 v

ivo
: 5

0,
 1

00
, 

20
0 

µg
/m

L
In

 v
itr

o:
 5

00
 µ

g/
m

L

In
 v

ivo
: a

ga
in

st
 S

cle
ro

tin
ia

 s
cle

ro
tio

ru
m

 in
 

le
av

es
 o

f r
ap

e
In

 v
itr

o:
 p

at
ho

ge
ni

c 
fu

ng
i

Ca
us

es
 R

OS
 a

cc
um

ul
at

io
n,

 th
e 

lo
ss

 o
f m

ito
ch

on
dr

ia
l m

em
br

an
e 

po
te

nt
ia

l, 
an

d 
ce

ll 
m

em
br

an
e 

de
st

ru
ct

io
n 

by
 a

ffe
ct

in
g 

th
e 

ex
pr

es
si

on
 

le
ve

ls
 o

f p
ho

sp
ha

tid
yls

er
in

e 
de

ca
rb

ox
yla

se

[4
7]

Li
co

ch
al

co
ne

 E
In

 v
itr

o:
 0

.2
5–

1,
02

4 
µg

/m
L

In
 v

itr
o:

 S
ta

ph
ylo

co
cc

us
 a

ur
eu

s
Li

co
ch

al
co

ne
 E

 in
hi

bi
ts

 th
e 

tra
ns

cr
ip

tio
n 

of
 a

gr
A.

[4
8]

(C
on

tin
ue

d  
)

D
ow

nloaded from
 http://journals.lw

w
.com

/ahm
 by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
n

Y
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

K
G

K
V

0Y
m

y+
78=

 on 04/12/2024



144

Dang et al.  •  Volume 4  •  Number 1  •  2024� www.ahmedjournal.com

Ph
ar

m
ac

ol
og

ic
al

 
ac

tiv
ity

 
Co

m
po

un
d 

Co
nc

en
tr

at
io

n 
M

od
el

 
M

ai
n 

fu
nc

tio
n 

Re
fe

re
nc

es
 

An
tiv

ira
l a

ct
ivi

ty
Gl

yc
yr

rh
izi

c 
ac

id
In

 v
itr

o:
 

1,
00

0–
4,

00
0 

m
g/

L
In

 v
itr

o:
 V

er
o 

ce
lls

/
[5

0]

Gl
yc

yr
rh

izi
c 

ac
id

In
 v

itr
o:

 1
00

 µ
g/

m
L

In
 v

itr
o:

 H
5N

1-
in

du
ce

d 
ap

op
to

si
s 

in
 

hu
m

an
 m

on
oc

yt
e-

de
riv

ed
 m

ac
ro

ph
ag

es
Im

pa
irs

 H
5N

1-
in

du
ce

d 
pr

od
uc

tio
n 

of
 C

XC
L1

0,
 in

te
rle

uk
in

-6
, a

nd
 

CC
L5

 a
nd

 in
hi

bi
ts

 H
5N

1-
in

du
ce

d 
ap

op
to

si
s

[5
1]

Gl
yc

yr
rh

izi
c 

ac
id

In
 v

itr
o:

 0
.3

0 
m

g/
m

L
In

 v
itr

o:
 P

K-
15

, V
er

o 
an

d 
M

AR
C-

14
5 

ce
lls

In
hi

bi
tio

n 
of

 P
RR

SV
 in

va
si

on
 a

nd
 re

pl
ic

at
io

n,
 s

tim
ul

at
io

n 
of

 c
el

ls
 to

 
pr

od
uc

e 
in

te
rfe

ro
n,

 in
hi

bi
tio

n 
of

 R
OS

 p
ro

du
ct

io
n 

in
du

ce
d 

by
 P

RR
SV

 
in

fe
ct

io
n

[5
2]

Gl
yc

yr
rh

iza
 

po
lys

ac
ch

ar
id

es
In

 v
itr

o:
 1

0,
 2

0,
 4

0 
μg

/m
L

In
 v

itr
o:

 M
ar

c-
14

5 
ce

lls
Re

du
ce

s 
th

e 
ex

pr
es

si
on

 o
f t

he
 C

D1
63

 a
nd

 N
F-

κB
 p

65
 g

en
es

 
in

 c
el

ls
, i

nh
ib

its
 th

e 
bi

nd
in

g 
of

 v
iru

s 
an

d 
re

ce
pt

or
, r

ed
uc

es
 th

e 
ac

tiv
at

io
n 

of
 N

F-
κB

, a
nd

 b
lo

ck
s 

th
e 

nu
cl

ea
r t

ra
ns

fe
r o

f p
65

 g
en

e

[5
3]

Gl
yc

yr
rh

iza
 

po
lys

ac
ch

ar
id

e
In

 v
itr

o:
 1

00
, 2

00
, 

40
0,

 6
00

 µ
g/

m
L

In
 v

itr
o:

 P
K-

15
 c

el
ls

, V
er

o 
ce

lls
In

te
rfe

re
s 

w
ith

 v
iru

s 
at

ta
ch

m
en

t a
nd

 in
te

rn
al

iza
tio

n
[5

4]

An
tit

um
or

 a
ct

ivi
ty

Gl
yc

yr
rh

izi
c 

ac
id

In
 v

ivo
: 4

5 
m

g/
kg

In
 v

itr
o:

 3
0 

μg
/m

L
In

 v
ivo

: B
16

F1
0 

m
ur

in
e 

m
od

el
s

In
 v

itr
o:

 M
ur

in
e 

B1
6F

10
 m

el
an

om
a 

an
d 

hu
m

an
 A

37
5 

m
el

an
om

a 
ce

lls

In
hi

bi
ts

 B
16

F1
0 

ce
ll 

pr
ol

ife
ra

tio
n 

by
 in

du
ci

ng
 a

po
pt

os
is

 a
nd

 
im

m
un

om
od

ul
at

io
n 

of
 th

e 
TM

E 
by

 S
TA

T3
; m

ed
ia

te
s 

do
w

nr
eg

ul
at

io
n 

of
 T

re
gs

 a
nd

 M
DS

Cs
 to

 re
st

ra
in

 th
e 

pr
og

re
ss

io
n 

of
 m

el
an

om
a 

tu
m

or
s

[5
5]

18
β-

gl
yc

yr
rh

et
in

ic
 

ac
id

In
 v

ivo
: 4

0 
m

g/
kg

In
 v

itr
o:

 1
2.

5,
 2

5,
 

50
 μ

M

In
 v

ivo
: L

oV
o 

ce
lls

 im
pl

an
te

d 
su

bc
ut

an
eo

us
ly 

in
 n

ud
e 

m
ic

e
In

 v
itr

o:
 L

oV
o,

 S
W

48
0,

 S
W

62
0,

 a
nd

 
NC

M
46

0 
ce

lls

In
hi

bi
ts

 c
ol

or
ec

ta
l c

an
ce

r c
el

l p
ro

lif
er

at
io

n,
 in

va
si

on
, a

nd
 m

ig
ra

tio
n 

pr
ob

ab
ly 

by
 s

up
pr

es
si

ng
 th

e 
PI

3K
 a

nd
 S

TA
T3

 s
ig

na
lin

g 
pa

th
w

ay
s

[5
6]

LP
B 

6,
8-

DP
G

In
 v

itr
o:

 0
–2

0 
μM

In
 v

itr
o:

 S
W

48
0 

ce
lls

In
du

ce
s 

de
at

h 
of

 S
W

48
0 

ce
lls

 b
y 

pr
om

ot
in

g 
au

to
ph

ag
y, 

pr
ob

ab
ly 

th
ro

ug
h 

th
e 

Ak
t/m

TO
R 

si
gn

al
in

g 
pa

th
w

ay
[5

7]

Gl
yc

yr
rh

iza
 

po
lys

ac
ch

ar
id

es
In

 v
ivo

: 5
0 

m
g/

kg
In

 v
ivo

: C
T-

26
 tu

m
or

 b
ea

rin
g 

BA
LB

/c
 m

ic
e

Ac
tiv

at
es

 C
D4

+
 a

nd
 C

D8
+

 im
m

un
e 

ce
ll 

gr
ou

ps
, i

nc
re

as
es

 th
e 

le
ve

ls
 

of
 IL

-2
, I

L-
6,

 a
nd

 IL
-7

, a
nd

 d
ec

re
as

es
 th

e 
le

ve
l o

f T
NF

-α
[5

8]

He
pa

to
pr

ot
ec

tiv
e 

ac
tiv

ity
Gl

yc
yr

rh
izi

c 
ac

id
In

 v
ivo

: 2
0,

 4
0 

m
g/

kg In
 v

itr
o:

 2
, 4

, 8
 m

g/
m

L

In
 v

ivo
: C

Cl
4-

in
du

ce
d 

m
ou

se
 m

od
el

 o
f l

ive
r 

fib
ro

si
s

in
 v

itr
o:

 T
GF

-β
1-

ac
tiv

at
ed

 h
um

an
 L

X-
2 

ce
lls

 a
nd

 p
rim

ar
y 

HS
Cs

Ac
tiv

at
es

 C
UG

BP
1-

m
ed

ia
te

d 
IF

N-
γ/

ST
AT

1/
Sm

ad
7 

pa
th

w
ay

[5
9]

Li
co

ric
e 

aq
ue

ou
s 

ex
tra

ct
In

 v
ivo

: 1
00

, 1
50

, 
30

0 
m

g/
kg

In
 v

ivo
: t

he
 C

Cl
4-

in
du

ce
d 

liv
er

 in
ju

ry
 in

 a
 

ra
t m

od
el

Sc
av

en
ge

s 
fre

e 
ra

di
ca

ls
, s

tim
ul

at
es

 a
ct

ivi
tie

s 
of

 a
nt

io
xid

an
t e

nz
ym

es
, 

an
d 

ar
re

st
s 

pr
od

uc
tio

n 
of

 in
fla

m
m

at
or

y 
cy

to
ki

ne
[6

0]

Gl
yc

yr
rh

izi
c 

ac
id

In
 v

ivo
: 0

.2
%

 G
A 

so
lu

tio
n 

in
 w

at
er

 
(3

 m
L)

In
 v

ivo
: C

Cl
4-

in
du

ce
d 

liv
er

 in
ju

ry
 in

 ra
ts

In
hi

bi
tin

g 
he

pa
to

cy
te

 a
po

pt
os

is
 a

nd
 h

ep
at

ic
 s

te
lla

te
 c

el
l a

ct
iva

tio
n

[6
1]

Is
ol

iq
ui

rit
ig

en
in

In
 v

ivo
: 1

0,
 2

0,
 

40
 m

g/
kg

In
 v

itr
o:

 5
, 1

0,
 2

0 
μM

In
 v

ivo
: M

ou
se

 m
od

el
 o

f a
lc

oh
ol

ic
 li

ve
r 

di
se

as
e

In
 v

itr
o:

 L
O2

 c
el

ls

Pr
om

ot
es

 li
pi

d 
m

et
ab

ol
is

m
, R

OS
 p

ro
du

ct
io

n,
 a

nd
 a

m
el

io
ra

te
s 

in
fla

m
m

at
or

y 
re

sp
on

se
 v

ia
 m

iR
-2

3a
 3

p/
PG

C-
1α

 a
xis

 
do

se
-d

ep
en

de
nt

ly

[6
2]

T
a

b
le

 2

(C
o

nt
in

ue
d

)

(C
on

tin
ue

d  
)

D
ow

nloaded from
 http://journals.lw

w
.com

/ahm
 by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
n

Y
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

K
G

K
V

0Y
m

y+
78=

 on 04/12/2024



145

Dang et al.  •  Volume 4  •  Number 1  •  2024� www.ahmedjournal.com

Ph
ar

m
ac

ol
og

ic
al

 
ac

tiv
ity

 
Co

m
po

un
d 

Co
nc

en
tr

at
io

n 
M

od
el

 
M

ai
n 

fu
nc

tio
n 

Re
fe

re
nc

es
 

Im
m

un
e-

re
gu

la
to

ry
 

ac
tiv

ity
Gl

yc
yr

rh
izi

c 
ac

id
In

 v
ivo

: 5
0 

µm
ol

/k
g

In
 v

ivo
: B

al
b/

c 
m

ic
e

/
[6

3]

Gl
yc

yr
rh

izi
c 

ac
id

In
 v

ivo
: 1

0,
 2

0,
 

40
 m

g/
kg

In
 v

ivo
: O

va
lb

um
in

-in
du

ce
d 

as
th

m
a 

m
od

el
 

in
 m

ic
e

Vi
a 

m
od

ul
at

io
n 

of
 T

h1
/T

h2
 c

yt
ok

in
es

 a
nd

 e
nh

an
ce

m
en

t o
f 

CD
4 

+
 C

D2
5 

+
 F

ox
p3

 +
 re

gu
la

to
ry

 T
 c

el
ls

[6
4]

Gl
yc

yr
rh

iza
 

po
lys

ac
ch

ar
id

e
In

 v
ivo

: 1
00

, 
20

0 
m

g/
kg

In
 v

ivo
: C

TX
-in

du
ce

d 
im

m
un

os
up

pr
es

se
d 

an
d 

in
te

st
in

al
 m

uc
os

al
 in

ju
ry

 in
 a

 m
ou

se
 

m
od

el

In
cr

ea
se

s 
th

e 
nu

m
be

r o
f i

m
m

un
e 

ce
lls

 a
nd

 c
yt

ok
in

e 
se

cr
et

io
n,

 
re

gu
la

te
s 

th
e 

m
RN

A 
ex

pr
es

si
on

 le
ve

ls
 o

f i
m

m
un

e-
re

la
te

d 
pa

th
w

ay
s,

 
an

d 
ad

ju
st

s 
th

e 
st

ru
ct

ur
e 

an
d 

m
et

ab
ol

ite
s 

of
 th

e 
gu

t m
ic

ro
bi

ot
a

[6
6]

Ne
ur

op
ro

te
ct

ive
 

ac
tiv

ity
Gl

yc
yr

rh
izi

c 
ac

id
In

 v
ivo

: 8
0 

m
g/

kg
In

 v
ivo

: a
 M

CA
O 

m
od

el
El

ev
at

es
 S

OD
 a

nd
 N

RF
1 

ex
pr

es
si

on
 le

ve
ls

 a
nd

 d
ec

re
as

es
 M

DA
 

ex
pr

es
si

on
 le

ve
ls

[6
7]

Gl
ab

rid
in

In
 v

ivo
: 5

, 2
5,

 
50

 m
g/

kg
In

 v
ivo

: S
TZ

-in
du

ce
d 

di
ab

et
ic

 ra
ts

Sh
ow

s 
an

tio
xid

an
t, 

ne
ur

op
ro

te
ct

ive
, a

nd
 a

nt
ic

ho
lin

es
te

ra
se

 
pr

op
er

tie
s

[6
8]

Ot
he

r a
ct

ivi
tie

s
Gl

yc
yc

ou
m

ar
in

In
 v

ivo
: 1

5 
m

g/
kg

In
 v

itr
o:

 1
0–

40
 μ

M
In

 v
ivo

: M
CD

 d
ie

t-
in

du
ce

d 
m

ou
se

 m
od

el
 

of
 N

AS
H

In
 v

itr
o:

 P
A-

in
du

ce
d 

lip
ot

ox
ic

ity

In
hi

bi
ts

 h
ep

at
oc

yt
e 

lip
oa

po
pt

os
is

 th
ro

ug
h 

ac
tiv

at
io

n 
of

 a
ut

op
ha

gy
 

an
d 

in
hi

bi
tio

n 
of

 E
R 

st
re

ss
/G

SK
-3

-m
ed

ia
te

d 
m

ito
ch

on
dr

ia
l p

at
hw

ay
[7

1]

Gl
yc

yr
ol

In
 v

ivo
: 2

0 
m

g/
kg

In
 v

itr
o:

 5
, 7

.5
, 

10
 μ

M

In
 v

ivo
: M

ou
se

 x
en

og
ra

ft 
m

od
el

s 
of

 h
um

an
 

ca
nc

er
 in

 v
itr

o:
 A

54
9,

 H
CC

82
7,

 M
RC

-5
, 

HC
C8

27
GR

, P
C9

, a
nd

 P
C9

GR
10

 c
el

ls

Bi
nd

s 
to

 th
e 

TO
PK

 p
ro

te
in

 a
nd

 in
hi

bi
ts

 it
s 

ki
na

se
 a

ct
ivi

ty,
 le

ad
in

g 
to

 
th

e 
ac

tiv
at

io
n 

of
 a

po
pt

ot
ic

 s
ig

na
lin

g 
pa

th
w

ay
s

[7
2]

Gl
yc

yr
rh

izi
c 

ac
id

In
 v

ivo
: 1

 m
L/

kg
In

 v
ivo

: H
ig

h-
fa

t d
ie

t d
ia

be
tic

 K
K/

Ta
Jc

l 
m

ic
e 

m
od

el
Su

pp
re

ss
es

 p
er

io
do

nt
al

 a
nd

 s
ys

te
m

ic
 in

fla
m

m
at

io
n 

an
d 

re
du

ce
 

bl
oo

d 
gl

uc
os

e 
le

ve
ls

 th
ro

ug
h 

th
e 

HM
GB

1-
RA

GE
 a

xis
 in

 d
ia

be
tic

 m
ic

e
[7

4]

Li
qu

or
ic

e 
fla

vo
no

id
 

oi
l

In
 v

ivo
: 1

.0
, 1

.5
 g

/
kg

In
 v

ivo
: H

ig
h-

fa
t d

ie
t d

ia
be

tic
 K

KA
y 

m
ic

e 
m

od
el

Ac
tiv

at
es

 b
ot

h 
th

e 
AM

PK
 p

at
hw

ay
 a

nd
 A

kt
 p

at
hw

ay
 in

 m
us

cl
es

 o
f 

KK
-A

y 
m

ic
e

[7
5]

Ak
t: 

Pr
ot

ei
n 

ki
na

se
 B

, P
KB

; A
M

PK
: A

de
no

si
ne

 m
on

op
ho

sp
ha

te
-a

ct
iva

te
d 

pr
ot

ei
n 

ki
na

se
; C

Cl
4:

 C
ar

bo
n 

te
tra

ch
lo

rid
e;

 C
CL

5:
 C

-C
 c

he
m

ok
in

e 
lig

an
d 

5;
 C

UG
BP

1:
 C

UG
-b

in
di

ng
 p

ro
te

in
 1

; C
XC

L1
0:

 C
-X

-C
 li

ga
nd

 1
0;

 C
XT

X:
 C

yc
lo

ph
os

ph
am

id
e;

 D
M

BA
: 7

,1
2-

di
m

et
hy

l b
en

z(
a)

an
th

ra
ce

ne
; 

DO
N:

 D
eo

xy
ni

va
le

no
l; 

DP
G:

 D
ip

re
ny

lg
en

is
te

in
; E

R:
 E

nd
op

la
sm

ic
 re

tic
ul

um
; G

SK
-3

: G
lyc

og
en

 s
yn

th
as

e 
ki

na
se

 3
; H

M
GB

1:
 H

ig
h 

m
ob

ilit
y 

gr
ou

p 
bo

x 
1;

 H
5N

1:
 H

ig
hl

y 
pa

th
og

en
ic

 a
via

n 
in

flu
en

za
; H

SC
: H

ep
at

ic
 s

te
lla

te
 c

el
ls

; I
FN

-γ
: I

nt
er

fe
ro

n-
γ;

 IL
: I

nt
er

le
uk

in
; K

A:
 K

ai
na

te
; L

PB
: L

up
al

bi
ge

ni
n;

 
LP

S:
 L

ip
op

ol
ys

ac
ch

ar
id

e;
 M

AP
K:

 M
ito

ge
n-

ac
tiv

at
ed

 p
ro

te
in

 k
in

as
e;

 M
CA

O:
 M

id
dl

e 
ce

re
br

al
 a

rte
ry

 o
cc

lu
si

on
; M

CD
: M

et
hi

on
in

e-
ch

ol
in

e-
de

fic
ie

nt
; M

DA
: M

al
on

di
al

de
hy

de
; M

DS
C:

 M
ye

lo
id

-d
er

ive
d 

su
pp

re
ss

or
 c

el
l; 

m
RN

A:
 M

es
se

ng
er

 R
NA

; m
TO

R:
 M

am
m

al
ia

n 
ta

rg
et

 o
f r

ap
am

yc
in

; N
AS

H:
 

No
n-

al
co

ho
lic

 s
te

at
oh

ep
at

iti
s;

 N
F-

κB
: N

uc
le

ar
 fa

ct
or

-κ
B;

 N
O:

 N
itr

ic
 o

xid
e;

 N
RF

1:
 H

om
o 

sa
pi

en
s 

nu
cl

ea
r r

es
pi

ra
to

ry
 fa

ct
or

 1
; O

DC
: O

rn
ith

in
e 

de
ca

rb
ox

yla
se

; P
A:

 P
al

m
ita

te
; P

GC
-1

α
: P

er
ox

is
om

e 
pr

ol
ife

ra
tiv

e 
ac

tiv
at

ed
 re

ce
pt

or
-γ

 c
oa

ct
iva

to
r 1

 a
lp

ha
; P

GE
2:

 P
ro

st
ag

la
nd

in
 E

2;
 P

I3
K:

 
Ph

os
ph

at
id

yli
no

si
to

l-3
-k

in
as

e;
 P

RR
SV

: P
or

ci
ne

 re
pr

od
uc

tiv
e 

an
d 

re
sp

ira
to

ry
 s

yn
dr

om
e 

vir
us

; R
AG

E:
 R

ec
ep

to
r f

or
 a

dv
an

ce
d 

gl
yc

at
io

n 
en

d 
pr

od
uc

ts
; R

OS
: R

ea
ct

ive
 o

xy
ge

n 
sp

ec
ie

s;
 S

CF
A:

 S
ho

rt-
ch

ai
n 

fa
tty

 a
ci

ds
; S

OD
: S

up
er

ox
id

e 
di

sm
ut

as
e;

 S
TA

T3
: S

ig
na

l t
ra

ns
du

ce
r a

nd
 a

ct
iva

to
r o

f 
tra

ns
cr

ip
tio

n 
3;

 S
TZ

: S
tre

pt
oz

ot
oc

in
; T

GF
-β

1:
 T

ra
ns

fo
rm

in
g 

gr
ow

th
 fa

ct
or

-β
1;

 T
h1

/T
h2

: T
-h

el
pe

r 1
 (T

h1
)/T

-h
el

pe
r 2

 (T
h2

); 
TL

R4
: T

ol
l-l

ik
e 

re
ce

pt
or

 4
; T

M
E:

 T
um

or
 m

ic
ro

en
vir

on
m

en
t; 

TN
F-

α
: T

um
or

 n
ec

ro
si

s 
fa

ct
or

-α
; T

OP
K:

 T
-ly

m
ph

ok
in

e-
ac

tiv
at

ed
 k

ille
r c

el
l-o

rig
in

at
ed

 p
ro

te
in

 k
in

as
e;

 T
PA

: 
12

-O
-t

et
ra

de
ca

no
ylp

ho
rb

ol
-1

3-
ac

et
at

e.

T
a

b
le

 2

(C
o

nt
in

ue
d

)

D
ow

nloaded from
 http://journals.lw

w
.com

/ahm
 by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
n

Y
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

K
G

K
V

0Y
m

y+
78=

 on 04/12/2024



146

Dang et al.  •  Volume 4  •  Number 1  •  2024� www.ahmedjournal.com

and antimicrobial activities[12]. Glycyrrhizic acid has been 
used to treat chronic hepatitis in Japan for more than 20 
years. 18βGA is the main active metabolite of glycyrrhizic 
acid. The identification of potent anti-hepatitis C drugs 
has been achieved by making structural modifications 
to 18βGA[79]. Furthermore, a series of novel fluorinated 
chalcone derivatives were synthesized using licorice chal-
cone as the parent nucleus and targeted MDM2-p53, 
thereby presenting a promising licochalcone derivative- 
based drug candidate with enhanced efficacy and 
reduced toxicity for the treatment of cervical cancer[80]. 
Although these compounds have shown promise in pre-
clinical studies, they have not completed the necessary 
preclinical and clinical trials to establish their safety and 
effectiveness, specifically for a particular disease indica-
tion in humans. Therefore, any prospective medication 
derived from licorice necessitates extensive additional 
research and development before attaining the status of 
a lead drug. In addition to the pharmaceutical industry, 
licorice is widely used in the food industry as a natural 
sweetener and flavor enhancer[81]. In the cosmetics indus-
try, the antioxidant, hyperpigmentation-reducing, and 
whitening properties of licorice have made it a popular 
ingredient in a variety of skincare products[80,82,83].

In view of the wide range of biological activities 
demonstrated by licorice and its broad application 
prospects, scientific research institutions and related 
enterprises in China and elsewhere have invested in 
in-depth research and taken active intellectual property 
protection measures for the research results obtained. 
The national patent search system was searched for 
patent applications in various fields involving licorice 
and its active ingredients. The data analysis showed 
that in the past 10 years, there were more than 14,000 

patent applications involving licorice, of which more 
than 9,000 were authorized, related to Chinese veteri-
nary medicine, avian disease prevention and treatment, 
quality control of TCM, TCM preparation technology, 
regenerative medicine, biomedical technology, plant 
extract technology, chemical purification technology, 
skin care technology, cosmetic technology, health care 
technology, food technology, planting technology, active 
composition technology, marine biomedical technol-
ogy, and other fields. Licorice and its constituents are 
mostly applied in the form of TCM compositions and 
their preparations in the fields of TCM technology and 
TCM compound preparation technology, accounting 
for approximately 30% of the total number of applica-
tions, among which, raw licorice and roasted licorice are 
mostly involved in the preparation. Licorice contains a 
variety of active ingredients, and the search revealed 
that glycyrrhizic acid was the most studied, account-
ing for 45% of the total, followed by licorice and its 
extracts, accounting for 21% of the total, and then lic-
orice flavonoids, GA, etc, and other active ingredients 
were relatively less researched.

With the increasing use of this herb worldwide, cul-
tivation areas dedicated to licorice production have 
expanded. However, the development and utilization of 
licorice are subject to certain limitations. For example, 
cultivating and harvesting licorice requires significant 
labor and time investment, processing and transporta-
tion procedures involve substantial financial resources 
along with technological expertise, and some regions 
have depleted their existing reserves of licorice, neces-
sitating exploration for new sources[84]. In conclusion, 
licorice shows great promise for treatment and drug 
development. In the future, it is believed that licorice will 

Figure 2.  Chemical composition and pharmacological properties of licorice. ICAM-1: Intercellular cell adhesion molecule-1; IFN-γ: Interferon-γ; 
IL-1β: Interleukin-1β; IL-6: Interleukin-6; iNOS: Inducible nitric oxide synthase; MDA: Malondialdehyde; NF-κB: Nuclear factor-κB; NO: Nitric oxide; 
NRF1: Homo sapiens nuclear respiratory factor 1; SOD: Superoxide dismutase; TNF-α: Tumor necrosis factor-α; Tregs: T regulatory cells; VCAM-1: 
Vascular cell adhesion molecule-1.
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play an even more significant role in the advancement of 
new drugs and clinical applications, as scientific prog-
ress deepens our understanding of the properties of this 
plant.

Regulatory oversight and safety of licorice use

Adverse effects associated with the consumption of licorice

In recent years, several cases of licorice toxicity have 
been reported due to the high consumption of glycyr-
rhizic acid, the dominant reactive component in lico-
rice. The most commonly described clinical mechanism 
of licorice toxicity is linked to its aldosterone-like activ-
ity. The predominant pathogenic mechanism associated 
with licorice toxicity is pseudo-hyperaldosteronism 
(PsA)[6], characterized by the typical features of arterial 
hypertension, hypokalemia, and metabolic alkalosis[85]. 
Although infrequent, arrhythmias, skeletal muscle 
paralysis, rhabdomyolysis, and impaired consciousness 
are the fatal manifestations of licorice toxicity[86]. In 
addition to its effects on PsA, GA was found to affect 
sexual activity and reproduction in male rats, whereas 
it elicits a mild inhibition of androgenic hormones in 
humans[45,84]. In addition to GA, licorice appears to 
have an estrogenic effect on flavonoids and isoflavo-
noids. Liquiritigenin, a flavonoid component, exhibits 
good binding affinity for the bovine uterine estrogen 
receptor[45], whereas glabridin and glabrene mimic 
estrogen activity and maintain calcium balance[84]. 
Moreover, GA has been shown to induce miscarriages 
and should be avoided in patients taking oral contra-
ceptives, hydrocortisone, and prednisone. In terms of 
gastrointestinal function, isoliquitigenin, a flavonoid 
component of licorice, may decrease bowel mobility, 
independent of cholinergic inhibition or adrenergic 
and/or nitrergic exacerbation[45]. In addition, the con-
sumption of licorice may potentially contribute to the 
development of hypertension, hypertensive enceph-
alopathy, and posterior reversible encephalopathy 
syndrome[87].

Biochemical mechanism of licorice toxicity

Licorice toxicity is mainly triggered by an imbalance in 
the cortisol and aldosterone pathways, leading to PsA. 
Under physiological conditions, aldosterone and cortisol 
compete to activate mineralocorticoid receptors (MRs) 
in the cortical collecting duct cells of the kidney because 
of their similar molecular structures and receptor affin-
ities. Aldosterone regulates Na-K exchangers, epithelial 
Na channels, renal outer medullary K channels, aquapo-
rins, and bicarbonate-chloride antiporters via MR activa-
tion. In vitro studies revealed that both glycyrrhizic acid 
and GA exhibit inhibitory effects on 11β-hydroxysteroid 
dehydrogenase-type 2 (11β-HSD2), which leads to an 
excessive production of mineralocorticoids[87], with the 
potency of GA inhibition being approximately 200 times 
greater than that of glycyrrhizic acid[13]. Within the renal 
glomeruli, this event elicits a pronounced aldosterone-like 
response, resulting in enhanced Na reabsorption and K 
excretion[85,88,89]. In adults, the expression of 11β-HSD2 
is also observed in cardiac tissues, neural structures, 

and vascular systems[88]. When mineralocorticoids 
accumulate to a certain extent, they can bind to MRs, 
resulting in enhanced sodium retention and potassium 
excretion, leading to decreased blood potassium levels 
and increased blood volume. Disruption of this mecha-
nism may result in a range of adverse reactions includ-
ing fatigue, thirst, irritability, excessive urination, edema, 
hypertension, hypokalemia, and alkalosis. However, pre-
clinical evidence suggests that glycyrrhizic acid or GA 
may potentially restrict hepatic degradation of aldoste-
rone by inhibiting 5β-reductase and 3β-hydroxysteroid 
dehydrogenase, thereby preserving systemic hormone 
levels[90].

Suggested dosage and limits

The toxicity threshold of glycyrrhizic acid as defined by 
the World Health Organization is 100 mg/day. However, 
significant variability exists based on factors such as age, 
sex, concomitant medication use, and comorbidities (eg, 
essential arterial hypertension, chronic renal failure, and 
hepatic failure)[13]. After oral intake, licorice is converted 
into glycyrrhizic acid in the gut, which is hydrolyzed to 
GA by the β-glucuronidase in gut microbiota. According 
to the Food and Drug Administration, smoking accounts 
for approximately 90% of consumption, whereas the 
dietary intake of GA is negligible[91]. However, the poten-
tial for surpassing the safety threshold and experienc-
ing signs or symptoms of toxicity can be associated with 
excessive daily consumption of readily available prod-
ucts (eg, flavored candies or beverages). In this regard, 
de-glycyrrhizinated licorice was recently developed to 
mitigate licorice toxicity as a possible adverse effect[92].

Conclusion and perspective

Licorice, a valuable resource in TCM, not only possesses 
a rich history and extensive applications within China 
but also garners significant global attention. Its unique 
pharmacological activity and diverse chemical composi-
tion make it an essential raw material in various fields, 
such as medicine, food, and cosmetics. The pharmaco-
logical effects of licorice include anti-inflammatory, anti-
oxidant, antiviral, and antitumor effects. This review 
summarizes the abundant research resources and prom-
ising directions for drug development of licorice in mod-
ern medicine.

However, licorice research faces challenges in under-
standing the complex composition and interactions 
among its numerous constituents, ensuring quality 
control owing to uncertain factors in planting and 
harvesting, determining consistent dosage and admin-
istration methods across studies, addressing potential 
adverse effects from prolonged usage, and elucidating 
its mechanism of action and structure-activity relation-
ship for developing novel therapeutics. Future research 
should focus on investigating the pharmacological 
mechanisms of licorice, improving quality control and 
standardization, exploring new drug development pos-
sibilities, expanding clinical research, enhancing inter-
national collaboration, and prioritizing conservation 
efforts.
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In conclusion, the research value and potential for the 
development of licorice as a TCM with broad applica-
tions and substantial pharmacological activities cannot 
be overlooked. Looking ahead, we anticipate further 
breakthroughs and advancements in the research and 
application of licorice to significantly enhance human 
health and quality of life.
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