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Abstract—Glycyrrhizic acid and its primary metabolite glycyrrhetinic acid, are the main active ingredients in
the licorice roots (glycyrrhiza species), which are widely used in several countries of the world, especially in
east asian countries (China, Japan). These ingredients and their derivatives play an important role in treating
many diseases, especially infectious diseases such as COVID-19 and hepatic infections. This review aims to
summarize the different ways of synthesising the amide derivatives of glycyrrhizic acid and the main ways to syn-
thesize the glycyrrhitinic acid derivatives. Also, to determine the main biological and pharmacological activity for
these compounds from the previous studies to provide essential data to researchers for future studies.
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INTRODUCTION
Glycyrrhizic acid (GL) is a triterpene compound

primarily obtained from perennial plants of glycyr-
rhiza species, especially from the root part. Several
positions in the chemical structure of GL appear to be
suitable for generating a variety of active pharmaco-
logical derivatives. These positions are the configura-
tion of the 18 C atom, the glucuronic acid part, and
free carboxylic acid. GL has been used with other
drugs to improve activity and reduce side effects. Due
to its synergistic action, which increases efficacy and
reduces the toxicity of other drugs, glycyrrhizic acid
has been used as a new drug delivery system and drug
activity enhancer [1]. GL has a wide range of phar-
maco-biological activities, including anti-inflamma-
tory properties, inhibition of coronavirus replication,
and reduction of virus pro-inflammatory cytokine
production [2, 3]. The pentacyclic triterpenoid glycyr-
rhetinic acid (GA) is found in the roots of Glycyrrhiza
glabra; it is the primary metabolite of glycyrrhizic acid.
The scientific community is quite interested in GA
compound because of the chemical structure of this

Abbreviations: GL, glycyrrhizic acid; NF-kB, nuclear factor-
kB; PI3K, phosphoinositide 3-kinase; GA,glycyrrhetinic Acid;
DCC, N,N'-dicyclohexylcarbodiimide; THF, tetrahydrofuran;
Et3N, triethylamine; HoSu, N-hydroxysuccinimide; DMF,
dimethylformamide; EDCI, 1-ethyl-3-(3-dimethylaminopro-
pyl)carbodiimide; HoPt, N-hydroxyphthalimide; HoBt,
hydroxybenzotriazole; DIPEA, N,N-diisopropylethylamine;
SARS, severe acute respiratory syndrome; ACE2, angiotensin-
converting enzyme 2; EC50, half maximal effective concentra-
tion; CC50, the 50% cytotoxic concentration; COVID-19, coro-
navirus disease 2019; HMGB1, high mobility group box 1; INF-
γ, interferon-gamma; MDCK, Madin–Darby canine kidney;
HIV, human immunodeficiency virus; DNA, deoxyribonucleic
acid; RT, reverse transcriptase; RNA, ribonucleic acid; HBV,
hepatitis B virus; AST, aspartate aminotransferase; NF-κB,
nuclear factor kappa B; GSH, glutathione; ALT, alanine amino-
transferase; IL, interleukin; PGE2, prostaglandin E2; CHB,
chronic hepatitis B; HBsAg, hepatitis B surface antigen; KSHV,
Kaposi’s sarcoma herpesvirus; HCV, hepatitis C virus; GGT,
gamma-glutamyl transferase; MMP-9, matrix metalloprotein-
ase; GCDC, glycochenodeoxycholic acid; MBC, minimum
bactericidal concentration; MIC, minimum inhibitory concen-
tration; ELISA, enzyme-linked immunosorbent assay; MRSA,
methicillin-resistant Staphylococcus aureus.
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type of triterpenoid, which has a basic chemical struc-
ture with five rings. This great interest in GA and its
derivatives is also due to their wide range of biological
and pharmacological activity, including anticancer,
anti-inflammatory, anti-viral, anti-bacterial, anti-
ulcer, hepatoprotective, cardioprotective, and neuro-
protective properties. On the other hand, glycyrrhe-
tinic acid has some unwanted properties, such as defi-
cient lipophilicity, low water solubility, and poor bio-
availability, which dramatically decrease the
absorption of this compound. Fortunately, there are
various permeability improvement techniques for
enhancing its bioavailability [4]. In recent years, dif-
ferent methods of synthesis of glycyrrhizic acid and
glycyrrhetinic acid have been widely used to synthesize
many derivatives for many pharmacological applica-
tions, especially anti-viral and anti-bacterial uses. This
article reviews the main methods of synthesising gly-
cyrrhizic acid and glycyrrhetinic acid derivatives and
their pharmacological applications to provide basic
information for further studies in the future.

1. GENERAL METHODS OF PREPARING 
GLYCYRRHIZIC ACID DERIVATIVES

Many methods have been used to develop and syn-
thesize new glycyrrhizic acid derivatives; most of these
derivatives are amino acid derivatives, as shown in Fig. 1.
The glycyrrhizic acid derivatives (I–VI) were synthe-
sized via the condensation reaction of glycyrrhizic acid
with the amino acid, and the “N-Hydroxysuccimide”
was used as a coupling additive, and “N,N′-dicyclo-
hexylcarbodiimide (DCC) as a coupling reagent, and
tetrahydrofuran (THF) as a solvent [5], as shown in
Fig. 2. GL derivatives of (VII–XII) were also prepared
by the condensation reaction of GL with amino acids
in the presence of N-hydroxysuccinimide as a cou-
pling additive, DCC as a coupling reagent, and tri-
ethylamine (Et3N) as the reaction base, as shown in
Fig. 3 [6, 7]. The derivatives (XIII–XVII) were synthe-
sized by condensing Gl with amino acid in a mixture
of dimethylformamide (DMF), pyridine, and DCC
[8, 9]. Moreover, the derivatives (XVIII–XIX) were
prepared by coupling the GL with the amino acids by the
HoSu/DCC method in the presence of pyridine [10].
The derivatives (XX–XXIII) were obtained by GL
coupling with amino acids by the DCC or HoBt/DCC
methods in the presence of pyridine, and the process
of the reaction was as in Fig. 4 [11]. Another method
for producing glycyrrhizic acid derivatives (XXIV–
XXVI) was to dissolve glycyrrhizic acid in THF at tem-
peratures ranging from 0 to 5°C. Then DCC, HoBt,
and amino acids were added to the solution at the
same condition, and the process of the reaction was
completed, as shown in the reference [12]. The deriv-
atives (XXVII–XXXI) were prepared by coupling GL
with the amino acids by the DMF/EDCI/triethyl-
amine or THF/HoPt/DCC methods [13, 14]. Also,
the GL derivatives (XXXII, XXXIII) were prepared by
using the GL/HoSu/DCC method. The solvent in
RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY  V
this method is DMF, or dioxane or THF [15]. As
shown in Fig. 5, the derivatives (XXXIV–XXXVI) were
synthesized via a condensation reaction between gly-
cyrrhizic acid and [Lys(Z)-OMeCF3COOH] in the
presence of hydroxybenzotriazole (HoBt) and DCC
[16]. The derivatives (XXXVII–XLII) were prepared
by coupling the GL with amino acids via diox-
ane/HoBt/DCC or dioxane/N-HONSu/DCC [17].
The derivative (XLIII) was prepared by coupling reac-
tion with the amino acid by the DMF/HoBt/EDCI
method in the presence of Et3N [18]. In conclusion, in
the synthesis of amine derivatives of glycyrrhizic acid,
glycyrrhizic acid can react with different amino acid
types; the reaction was performed using different types of
solvents, such as DMF, dioxane, and THF, as well as one
type of coupling additive (HoBt, HoSu). In some meth-
ods, coupling reagents (DCC, EDCI) are also used in
this reaction. Moreover, bases such as (N,N'-diisopropy-
lethylamine (DIPEA), Triethylamine) have been used.

2. METHODS OF SYNTHESIS 
OF GLYCYRRHETINIC ACID (GA) 

DERIVATIVES

Glycyrrhetinic acid is a hydrolytic triterpenoid
product of the glycyrrhizic acid with a chemical struc-
ture as in Fig. 6. Four significant locations in the
structure of GA have attracted scientists to study the
chemical modification at these sites to make several
derivatives using different methods discussed in this
section. Glycyrrhetinic acid derivatives are more com-
monly synthesized by modifying the hydroxyl group at
position 3 of the molecule, reducing the compound’s
polarity and improving its pharmacologically and bio-
logically effectiveness [19, 20]. Also, many derivatives
were prepared by modification at position C-11 or by
esterification at C-30 in the presence of DCC, HoBt,
DIPEA [21, 22]. The modifications at the C3-OH
group of 18β-glycyrrhetinic acid are identified to be
relatively common and effective. The modification of
the C3-OH group, altering the molecular polarity of
18β-glycyrrhetinic acid, may be an advantage in
achieving better cytotoxicity or antiproliferative activ-
ity. For instance, the hydroxy group can be converted
into an oxime, acyloxyimino, alkoxyimino, alkoxy
[23]. As a proteasome inhibitor, glycyrrhetinic acid
3-O-isophthalate, one derivative of the GA suppresses
the chymotrypsin-like activity of the proteasome in
MT4 cells with an IC50 of 0.22 μM, nearly 100-fold
more potent than 18β-glycyrrhetinic acid [24]. Also,
there are many derivatives of GA that have a strong
action against arbovirus (Zika virus); one of those
derivatives is 3-O-acetyl-30-aminopyridine GA,
which was prepared by the following method: A het-
erocyclic amine 1.5 mmol was added to a solution of
3-acetoxy-GA chloride 1 mmol in methylene chloride
20 mL and stirred for 8 hours at room temperature
with TLC monitoring. The reaction mixture was
diluted with methylene chloride 20 mL and rinsed
with 5% aqueous NaHCO3 solution, saturated NaCl
ol. 48  No. 5  2022
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Fig. 1. The amino derivatives of glycyrrhizic acid.
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Fig. 2. Reagents and conditions used in the synthesis of I–VI derivatives: (a) THF, HoSu, DCC; (b) 3 h at 0°C, 12 h in the refrig-
erator; (c) Et3N and amino acid, 24 h at rt.
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solution, water, and MgSO4 before drying. The crude
product was purified using benzene as the eluent in
column chromatography and recrystallized from
aqueous ethanol [25]. There are a lot of articles about
the ways of preparing the derivatives of GA. We will
not discuss these methods, but we will mention the
activity of these derivatives in the next chapter.
RUSSIAN JOURNAL OF
3. THE PHARMACOLOGICAL AND 
BIOLOGICAL ACTIVITY OF GLYCYRRHIZIC 

ACID AND GLYCYRRHITIC ACID 
DERIVATIVES

Many derivatives of glycyrrhizic acid and glycyr-
rhetinic acid have a broad pharmacological spectrum
 BIOORGANIC CHEMISTRY  Vol. 48  No. 5  2022
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Fig. 3. Reagents and conditions used in the synthesis of VII–XII derivatives: (a) THF, HoSu, DCC, 2 h at 0°C; (b) Et3N and
amino acid, 1 h at 0°C, 20 h at rt.
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Fig. 4. Reagents and conditions used in the synthesis of XXI–XXIII derivatives: (a) dioxane, pyridine, HoBt, DCC, 1 h at 0°C,
6 h at rt; (b) amino acid, N-ethylmorphaline, 12 h at rt.
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because these derivatives have been used as anti-coro-
navirus, anti-influenza, hepatoprotective, and anti-
bacterial agents.

3.1. Anti-Coronavirus Activity

A virus is a small infectious agent that contains only
one type of nucleic acid; the virus only replicates
inside the organism’s living cells; it can infect all types
of living cells. Since the first anti-viral medication,
idoxuridine, was authorized in 1963, 90 anti-viral
medicines have been officially approved to treat viral
diseases. Besides these drugs, traditional Chinese
medicine has also been used as an anti-viral medica-
tion [26]. Glycyrrhizic acid and its amino acid deriva-
tives prepared by coupling reaction have been used
against severe acute respiratory syndrome (SARS)
coronavirus in vitro using vero cell models. Glycyr-
RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY  V
rhizic acid at (365 μM) concentration can inhibit 50%
of SARS-CoV growth; moreover, the derivatives com-
pounds of glycyrrhizic acid showed more potent inhi-
bition activity than GL. The anti-viral activity occurs
for several reasons, such as the free 30-COOH in some
derivatives, which is essential for activity, and the
increasing hydrophilic properties of these derivatives
by conjugation in the carbohydrate part. These char-
acteristics let compounds easily interfere with the S-
protein, which is responsible for entering the virus into
the host cells; this interaction will reduce the activity
of viruses [6, 27]. Also, by influencing SARS-corona-
virus replication, glycyrrhizic acid showed great activ-
ity against SARS in Vero cells. There was a complete
replication inhibition occurs at a 4000 mg/L concen-
tration [28]. Because of its ability to interact with
angiotensin-converting enzyme 2 (ACE2), glycyr-
rhizic acid has been employed as an anti-coronavi-
ol. 48  No. 5  2022
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Fig. 5. Reagents and conditions used in the synthesis of XXXIV–XXXVI derivatives: (a) dioxane/HoBt/DCC or diox-
ane/HoSu/DCC; (b) (Lys-(Z) OMe. CF3COOH, DMF, Et3N, 24 h, rt.
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Fig. 6. Structure of GA with the main position of synthesis
modification.
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ruses; this competition in the contact between GL and
the virus leads to decreased viral activity [29]. Glycyr-
rhizin has a significant inhibitory effect on SARS-CoV
replication and affects virus adsorption and membrane
penetration in the initial phase of virus replication. To
establish this effect, researchers compared the anti-
viral efficacy of a variety of medications, including rib-
avirin, pyrazofuran, 6-azaguanosine mycophenolate
acetate, and glycyrrhizin, in two patients who had
been exposed to the SARS virus. The half-maximal
effective concentration (EC50) for glycyrrhizin was
300–600 μg/mL, and the 50% cytotoxic concentra-
tion (CC50) was >20000 μg/mL; this makes it a special
medication for the treatment of coronavirus disease
2019 (COVID-19) [30]. Glycyrrhizin can be used as a
combination therapy in the treatment of COVID-19
with chloroquine and tenofovir because it shows a crit-
ical role in controlling high mobility group box 1
(HMGB1) expression and decreases HMGB1 levels
in the serum [31]. A combination of glycyrrhizic acid
and vitamin C can also be used to treat COVID-19 by
raising immunity, suppressing inflammatory stress
and activating the signaling pathway of the T cell
receptor, resulting in control of Fc gamma R-medi-
ated phagocytosis [32]. According to the in vitro study
and the molecular docking results, glycyrrhetinic acid
is one of the promising compounds which can be used
against the S and Mpro receptor pockets of SARS-
CoV-2 [33]. Diammonium glycyrrhizinate is also one
of the promising derivatives that can be used with vita-
min C as an alternative drug to relieve the symptoms of
COVID-19 [34]. At high concentrations, glycyrrhizin
reduced SARS-CoV-2 replication in Vero E6 cells
without causing cytotoxicity; this action occurs via
stopping virus replication [35]. Furthermore, glycyr-
rhizin was reported to suppress the early stages of the
virus’s reproduction cycle [36].
RUSSIAN JOURNAL OF
3.2. Anti-Influenza Activity

Influenza is a pandemic disease that can affect the
human body. Influenza viruses can be divided into
four classes depending on the different antigens deter-
mined by the matrix protein and nucleoprotein. The
influenza virus A infects mucosal epithelial cells in the
host respiratory tract and causes acute respiratory dis-
ease. After binding to isolated receptors on the host
cell surface, influenza virus A is absorbed into the
endosomal compartment; the acidic endosome envi-
ronment also causes a conformation shift in influenza
virus A, allowing the virus to combine with the endo-
some membrane and penetrate into the cytoplasm
[37]. GA also has a defensive effect against influenza
viruses by stimulating the development of interferon-
gamma (IFN-gamma) by T cells [38]. The synthesis of
glycyrrhizic acid derivatives by conjugating glycyr-
rhizic acid with ethyl and methyl esters of D-amino
acid plays a principal role in treating influenza viruses
depending on the ester group and chemical structure
of the amino acid residue. The anti-influenza action
of these derivatives was determined by using several
types of cell lines, such as Madin–Darby canine kid-
ney (MDCK) cells or MA-104 cells [39]. The conju-
 BIOORGANIC CHEMISTRY  Vol. 48  No. 5  2022
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gation of glycyrrhizic acid with many types of amino
acids or the glycyrrhizic methyl ester can modify the
function of glycyrrhizic acid against influenza viruses
in MDCK cell models. The cytotoxicity of the sub-
stance in MDCK cell models was determined using a
cell viability test. Considering the pandemic
(H1N1pdm09 influenza A virus), the introduction of
phenylalanine or cysteine amino acid into the carbo-
hydrate portion of glycyrrhizic acid was found to be
the most effective in terms of anti-viral activity when
compared to the control group. This finding supports
or is consistent with previously reported information
about the glycyrrhizic acid derivative’s anti-viral activ-
ity, which also suggests that the presence of a free car-
boxylic functional group at position 30 is more
important for the anti-viral efficacy of these deriva-
tives in general [11]. Glycyrrhizin has been used in
combination therapy with ribavirin to increase ribavi-
rin’s anti-viral activity by significantly lowering the
development of pro-inflammatory cytokine IL-6 (P)
lung virus titer (P) and reducing ribavirin’s side effects.
According to the findings, using these two drugs
together has a synergistic effect on the survival of dis-
eased mice [40]. Also, the combination of glycyrrhizic
acid and dipeptide (glutamyl-tryptophan) has shown
positive effects against the influenza virus in an animal
model; the result showed an increase in the titer of
interferon, which plays an important role in protecting
the body against the virus. Additionally, the study
showed an improvement in the lung tissue in the
infected mice after they were given this combination
treatment [41]. The approved parenteral glycyrrhizin
preparation can also play a critical role in treating
H5N1 of the influenza virus via reducing virus multi-
plication and pro-inflammatory gene expression in
cell models [42]. Glycyrrhizin showed effectiveness in
protecting cells from being infected by the influenza
virus via the interaction between this compound and
the cell membrane, which led to reduced endocytotic
activity that inhibits the virus uptake into the cells [43].
Moreover, the thiol derivatives of GA have essential
activity against influenza viruses. That action was
determined in the MDCK cells infected by influenza
A H3N2 virus [44].

3.3. Anti-HIV Activity

The modification of the structure of glycyrrhizic
acid by synthesizing many derivatives that have activity
against HIV was determined by using the MT-4
infected cell mod [45]. Glycyrrhizin also has the
potential to inhibit HIV replication in vitro; that activ-
ity occurs due to the ability of glycyrrhizin to induce
the production of beta-chemokines [46]. New 18 gly-
cyrrhizic acid conjugates containing two L-aspartic
acid or methyl esters in the carbohydrate portion were
found to have activity against HIV via the minimiza-
tion of the DNA polymerase enzyme of the virus
reverse transcriptase (RT) activity, which is responsi-
ble for transcribed RNA to DNA and inhibition of
virus antigen accumulation [15]. Moreover, there are
RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY  V
also other derivatives of glycyrrhizic acid that are pre-
pared by the conjugation of glycyrrhizic acid with
many types of L-amino acids; these derivatives were
found to increase the amount of agglutinins and
hemolysins in the blood of mice. These derivatives
also have anti-HIV activity in the cultures of MT-4
cells model [47]. Also, the synthesis of S-benzyl-L-
cysteine derivative of glycyrrhizic acid by using EDCI,
which improves this conjugation, has been found to
play a critical role in treating HIV. The action of this
compound against HIV was determined by using MT-4
cell culture, so the results show this compound inhibits
the accumulation of specific virus protein in the MT-4
cell model [18]. The Penta-o-nicotinate of glycyrrhizic
acid also has ani-HIV activity via suppressing the rep-
lication of HIV and inhibiting the reverse transcriptase
(RT) enzyme. These results were determined in vitro
using infected MT-4 cell culture [48]. Also, there are
many derivatives of glycyrrhizic acid, as the carbocy-
clic, heteroaromatic amine and glucosamines deriva-
tives of GL have activity against HIV [10, 49].

3.4. Anti-Hepatic Viruses Activity

Hepatitis B virus (HBV) and hepatitis C virus are
the most serious viruses that can attack humans.
Therefore, the researchers are particularly interested
in hepatitis virus treatment; about 400 million individ-
uals worldwide have an infection (HBV). Chronic
hepatitis and progressive-phase liver diseases, like cir-
rhosis, fibrosis, and even hepatocellular carcinoma,
may be caused by HBV infection; HBV treatment has
several guidelines. The use of glycyrrhizic acid and its
derivatives has promising roles in this field. Glycyr-
rhizic acid, or glycyrretinic acid, and its derivatives are
considered to be some of the most promising com-
pounds that play an essential role as hepatoprotective
agents in several ways. According to the previous stud-
ies, we are going to summarize the hepatoprotective
activity of these products via one of the following
mechanisms:

3.4.1. Suppression and inhibition of liver fibrosis.
Liver fibrosis refers to the exaggerated collection of
extracellular matrix proteins present in the most
advanced stage of chronic liver diseases. Cirrhosis,
portal hypertension, liver failure are all the symptoms
of advanced liver fibrosis, so this problem remains one
of the most critical problems facing scientists and
researchers today, which often requires liver trans-
plantation. Glycyrrhizic acid and its derivatives
showed inhibition of collagen type I alpha 2 (COL1A2)
gene promoter and progression of liver fibrosis in the
hepatic stellate cell model induced via CCl 4 injection;
the inhibition activity of these compounds arises due
to inhibiting the accumulation of Smad3 gene [50].
The combination between glycyrrhizic acid and aspar-
tate aminotransferase (AST ) significantly decreased
Smad3, mRNA expression level, as well as p-
Smad2/3, Smad 3, and TGF-1 protein levels in the
cells due to the inhibition action of this combination
on the Smads/TGF-β1 singling pathway. These
ol. 48  No. 5  2022
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results were determined by using the stimulating fibro-
sis rats model [51]. The most important feature of liver
fibrosis is inflammation, characterized by an aggrega-
tion of inflammatory cells in the malicious position.
Due to the ability of glycyrrhizic acid to act as an anti-
inflammatory agent, it can be used in liver fibrosis to
inhibit disease progression [52, 53]. 18α-GL also plays
a critical role in treating liver fibrosis by blocking the
transportation of NF-κB into the nucleus, which is
responsible for several liver diseases via the nuclear
factor kappa B (NF- κB )pathway [54]. Moreover, gly-
cyrrhizin showed reducing in the degree of liver dam-
age via reducing the levels of the oxidative marker
stress (MDA) and reactive oxygen radicals (ROS),
Fe2+, which is an indicator of liver damage. Further-
more, glycyrrhizin also showed a relative increase in
the level of glutathione (GSH), which has an import-
ant role in the regulation of cellular metabolic func-
tion and acts as an anti-oxidant defence agent [55].
Glycyrrhizin has also been used as a treatment for sys-
temic sclerosis; this action was determined by examin-
ing the activity of glycyrrhizin in the animal model;
the glycyrrhizin inhibits fibroblast activation and sup-
presses the activation of dermal fibroblasts induced by
TGF-beta [56]. Additionally, glycyrrhizin plays an
important role in CD4+T cell responses in liver fibrogen-
esis by inhibiting the infiltration of T helper (Th) cell type
1, Th2, Th17, and regulatory T cells, as well as by regulating
the Th1/Th2 and Treg/Th17 balances to a relative domi-
nance of Th1 and Treg lineages in livers [57].

3.4.2. Anti-viral effects. The liver can be affected by
many types of viruses as a part of generalized host
infection, such as hepatitis A, hepatitis C, hepatitis B,
and hepatitis E viruses, which lead to liver damage
[58]. Glycyrrhiza species are used as anti-viral agents
because of its anti-viral activities that can occur via
different mechanisms, such as reducing virus transport
to the membrane and sialylation of the hepatitis B
virus surface antigen, suppression of fusion of the
HIV-1 viral membrane with the cell due to reduced
membrane f luidity, activation of interferon-gamma in
T-cells [59]. Glycyrrhizin can be used as an anti-viral
agent against hepatitis C virus because it inhibits HCV
full-length viral particles and has a synergistic effect
with interferon, or it contributes to reducing the total
bilirubin and AST and ALT levels two weeks later after
IV treatment with glycyrrhizin [60, 61]. Combination
therapy between kurarinol and diammonium glycyr-
rhizinate may further increase the amount of HBV-
specific CD4+ and CTL, Th1 in chronic hepatitis B
(CHB) patients, because CD4 is a master regulator of
the adaptive immune response to HBV, cytotoxic T
lymphocytes may also be involved in the immune
clearance of HBV-infected cells and the pathogenesis
of hepatitis B hepatocellular injury [62]. Glycyrrhizic
Acid and its derivatives have also been used to treat
hepatitis B by affecting the secretion of hepatitis B sur-
face antigen (HBsAg) and transport through the Golgi
region inside the cell [63]. Also, glycyrrhizin enhances
the immune system of hepatitis B patients by eliminat-
ing sialic acid from the surface of HBsAg, leading to an
RUSSIAN JOURNAL OF
improvement in hepatitis A surface antigen (HAsAg)
antigenicity [64]. Moreover, the Anurag Tandon study
investigates that GA can improve the anti-HBV effect
of drugs such as lamivudine [65]. GL also inhibits the
seroprevalence of Kaposi’s sarcoma-associated repli-
cation of herpesvirus (KSHV) in patients with chronic
hepatitis B [66]. GL can also be combined with
ursodeoxycholic acid to significantly decrease hepati-
tis C virus (HCV) patients’ ALT, gamma-glutamyl
transferase (GGT), and AST; this action was deter-
mined by the clinical trial study in 170 patients. This
combination therapy can also be used as an alternative
to INF for patients who fail to respond to INF [67].
Glycyrrhizin has assured that combination therapy
with ribavirin plays an essential role in the pharmaco-
kinetic parameters of ribavirin by modifying the sys-
temic availability of ribavirin and its main metabolite
so that it can be used in the management of chronic
hepatitis C [68].

3.4.3. Anti-inflammatory effect. Inflammation in
the liver occurs when the liver cells are attacked by a
disease-causing microbe or toxin or when the liver
cells are attacked by an autoimmune disorder, which
leads to activates pro-inflammatory cytokines inter-
leukin-1β and IL-18 [69]. Glycyrrhizin certainly sup-
presses the outer membrane protein of E.coli, which
stimulates the release of inflammatory cytokines; this
action leads to a reduction of the following cytokines:
TNF-α, IL-1β, NO, and induce prostaglandin E2
(PGE2) production [70]. Also, glycyrrhizic acid has
been shown to inhibit the production of inflammatory
mediators such as IFN-, HMGB1, TNF-, IL-6, and
IL-17 [56]. When administered to an animal model of
acute hepatitis, glycyrrhizin has a preventive and cura-
tive effect against LPS/D-GaIN-induced hepatotox-
icity [71]. Glycyrrhizin can enhance the T helper lym-
phocyte proliferation and activity, promote lympho-
cytes cytokines IL-2, INF-γ, IL-1, inhibit IL-4, IL-
10, IL-8, which plays a critical mechanistic role in
many forms of liver injury; glycyrrhizin also has anti-
inflammatory reactions by MAPK expression and the
blockage of the p38 and JNK pathways [72–74]. Gly-
cyrrhizin has been used as a glucocorticoid-like effect
agent on TNF- and IL-1-induced IL-8 production via
a mechanism distinct from glucocorticoids [75]. Gly-
cyrrhizic acid nanoparticles can also be used as a novel
product as anti-inflammatory agents because its activ-
ity to reduce the production of the pro-inflammatory
cytokines [2]. Magnesium isoglycyrrhizinate is one of
the derivatives of glycyrrhizic acid that has an anti-
inflammatory effect; these effects occur due to the
inhibition of the phospholipase A2/arachidonic acid
pathway [76]. The lytic cycle is also commonly
referred to as the “reproductive cycle” of the bacterio-
phage. The six stages of this cycle are attachment, pen-
etration, transcription, biosynthesis, maturation, and
lysis. When glycyrrhizin is administered to patients
with viral hepatitis, it inhibits the lytic pathway of
complement, which may explain its anti-inflamma-
tory action on liver cells [77].
 BIOORGANIC CHEMISTRY  Vol. 48  No. 5  2022
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3.4.4. Inhibition of hepatic apoptosis and necrosis.
Cell death in liver disease occurs mainly by apoptosis
or necrosis, making apoptosis and necrosis the main
challenges for researchers working in this field [78].
Two molecular pathways can trigger hepatocellular
apoptosis: an extrinsic pathway mediated by death
receptors on the cell surface and an intrinsic pathway,
triggered at the mitochondrial level [79]. GL signifi-
cantly decreases the number of TUNEL-labeled cells,
the main indicator of identifying and quantifying
apoptotic cells in acute hepatitis induced with LPS/
D-GalN-treatment [80]. Glycyrrhizin inhibits LPS/
D-galactosamine-induced liver injury by inhibiting
IL-18 production and inflammatory responses [81].
GL decreases the number of apoptotic hepatocytes
labeled with the TUNEL-method; also, there are sig-
nificantly down-regulated serum levels of ALT, AST,
and HMGB1 [82]. Matrix metalloproteinase (MMP-9)
plays a role in developing lipopolysaccharide (LPS)/D-
galactosamine (GalN)-induced mouse liver injury.
The use of glycyrrhizin leads to the down-regulation of
MMP-9 in the mice model [83]. GL also inhibits
hepatocyte apoptosis via interference with TNFα-
induced apoptotic hepatocyte death [84]. Glycyr-
rhizin has also been used to down-regulae the expres-
sion of caspase-3 and inhibit the release of cytochrome
C from mitochondria into the cytoplasm, so it is used
to suppress hepatocyte apoptosis [85]. GL exhibits
pro-apoptotic properties by reducing glycochenode-
oxycholic acid (GCDC)-dependent reactive oxygen
species generation. In contrast, GA is a potent inhibi-
tor of bile acid-induced apoptosis and necrosis in a
manner consistent with its antioxidative effect [86].
Fas ligand is a type II membrane protein, which is a
significant inducer of apoptosis; glycyrrhizin also acts
as anti -apoptosis by inhibiting anti-fas antibody-
induced hepatitis by working upstream of CPP32-like
protease activation [87]. Additionally, glycyrrhizin has
been used as an anti-apoptosis agent because it inhib-
its JNK1/2 and p38 MAPK phosphorylation and
inactivates the CHOP protein, reducing endoplasmic
reticulum stress [88]. GA can inhibit CCl4-induced
hepatocyte apoptosis via a p53-depend mitochon-
drial pathway to retard the progress of liver fibrosis in
rats [89]. Glycyrrhizin inhibits liver I/R, which pro-
motes GSDMD-mediated pyroptotic cell death of
Kupffer cells [90]. From the previous studies, we can
summarize the effectiveness of the GA, and it is deriv-
atives against several types of viruses in Table 1.

3.5. Antibacterial Effects of Glycyrrhizic Acid, 
Glycyrrhetinic Acid, and Their Derivatives

Bacterial resistance to many drugs is the biggest
challenge in treating bacterial diseases, so understand-
ing the cellular structure of bacteria and knowing the
mechanism of drug resistance has opened the way for
researchers to treat many types of bacteria. Moreover,
glycyrrhizic acid and its derivatives play an important
role in treating various kinds of microorganisms, such
as Staphylococcus aureus, Bacillus subtilis, Candida
RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY  V
albicans, Pseudomonas aeruginosa, Escherichia coli [91].
Glycyrrhizic acid can prevent the growth and acid pro-
duction of Streptococcus mutans; this action was deter-
mined in vitro by detecting the bacterial suspension
optical absorption spectrum and the medium PH
value during cultivation at definite times [92, 93]. Gly-
cyrrhizic acid also inhibits the growth of Pseudomonas
aeruginosa bacteria because of its activity on the per-
meability of the cell membrane, biofilm formation,
and eff lux activity. Moreover, glycyrrhizic acid has
shown a minimum bactericidal concentration (MBC)
and a minimum inhibitory concentration (MIC) of
400 and 100 μg mL–1, respectively. Additionally, GL
decreases multidrug resistance by altering bacterial
parameters, including viability and eff lux pump activ-
ity. In vivo, it increases the effectiveness of ciproflox-
acin, reducing ocular disease, platelet count, and
myeloperoxidase activity [94, 95]. There were signifi-
cant positive results for glycyrrhetinic acid and its
derivatives as active compounds that play a vital role in
the anti-bacterial activities against various Staphylo-
coccus aureus strains, including 18 methicillin-resis-
tant strains, by the inhibition of several pathways
involved in amino acid and carbohydrate metabolism
[96]. Also, there was a synergism effect between gly-
cyrrhizic acid and gentamicin, which led to a reduc-
tion in bacterial resistance to gentamicin. This action
was observed in vitro because the MIC of gentamicin
was reduced in the presence of glycyrrhizic acid [97].
Additionally, 18β-glycyrrhetinic acid can be used to
enhance the activity of aminoglycoside antibiotics
against some types of bacteria, such as methicillin-
resistant Staphylococcus aureus (MRSA), by using
checkerboard assays. In vitro airway MRSA infection
models are also used to determine the effect of 18β-
GA on the MIC of different antibiotics against MRSA
[98]. Disodium succinyl glycyrrhizinate, a glycyrrhe-
tinic acid derivative, has anti-bacterial activity against
streptococcus mutans strains by inhibiting sugar
uptake and metabolism, causing the inhibition of
streptococcus mutans growth, or by inhibiting acid
manufacture in a dosedependent manner. According
to these results, disodium succinyl glycyrrhizinate has
an action against tooth decay and periodontitis [99].
Glycyrrhizic acid also plays an essential role as an anti-
helicobacter pylori by inhibition of arylamine N-acet-
yltransferase activity, which leads to inhibition of the
growth of H. pylori [100]. The hydroxylated derivatives
of glycyrrhetinic acid have considerable activity
against drug-resistant Enterococcus facialis [101]. 18β-
Glycyrrhetinic acid or its derivatives also have potent
synergism action against mycobacterium bovis when
used with the first-line Mycobacterium bovis drugs
[102]. Furthermore, the essential oil of Glycyrrhiza
glabra leaves displays anti-microbial activities against
Escherichia coli, Pseudomonas aeruginosa, Salmonella
typhi, and Staphylococcus aureus [103]. The anti-
microbial activity of Glycyrrhiza glabra root extract
against gram-positive and gram-negative bacteria,
such as Salmonella enteritidis, Escherichia coli, Bacillus
cereus, and Staphylococcus aureus, was estimated by
ol. 48  No. 5  2022
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Table 2. The mechanism of anti-microbial action of some glycyrrhizic acid, glycyrrhetinic acid, and their derivatives

Component Mechanism of anti-microbial action Microbial type

Glycyrrhetinic acid, and its derivatives 
as GR-K and GR-S

Several carbohydrates and amino acid 
metabolism pathways are inhibited

S. aureus

Glycyrrhizic acid Improves the action gentamicin against Enterococcus strains

Glycyrrhizic acid Inhibits the membrane eff lux activity 
and alteration of the membrane perme-
ability and biofilm

Pseudomonas aeruginosa

18β-Glycyrrhetinic acid Enhances of the activity of aminogly-
cosides antibiotics

MRSA

Disodium succinyl glycyrrhizinate Inhibits the sugar uptake and metabo-
lism, causing the inhibition of 
S. mutans growth

S. mutans strains

Glycyrrhizic acid Inhibits the arylamine NAT activity 
which leads to inhibition of growth of 
H. pylori

Helicobacter pylori

18β-Glycyrrhetinic acid Improves the action of the first-line 
drugs, which can be used against Myco-
bacterium bovis

Mycobacterium bovis

Flavonoid of Glycyrrhiza glabra (Gut-
Gards)

Inhibits the protein synthesis, DNA 
gyrase, and dihydrofolate reductase

Helicobacter pylori

Table 1. The mechanism of anti-viral action of some glycyrrhizic acid, glycyrrhetinic acid, and their derivatives

Component Mechanism of anti-viral action Viral type

Glycyrrhizic Acid (GA) Affects the extracellular secretion of HBsAg (hepatitis B sur-
face antigen), which increases liver dysfunction in patients 
with chronic hepatitis B

HBV

Glycyrrhizin (GL) Inhibits the secretion of HBsAg by inhibiting the transport of 
HBsAg within the cell through the Golgi region

HBV

Glycyrrhizin (GL) Removes sialic acid from the surface of HBsAg, which leads 
to an increase in the antigenicity of the HBsAg.
Improves the anti-HBV influence of other drugs such as 
Lamivudine and ETV

HBV

Glycyrrhizic acid (GA) 
derivatives

Potentiate γ-interferon production in vitro and in vivo DENV and yellow fever 
viruses

Glycyrrhizin (GL) Stimulation of the development of IFN-gamma by T cells.
Reduction of the endocytotic and virus uptake

Influenza virus

Glycyrrhetinic acid derivatives Inhibits VZV (varicella-zoster virus) replication in an initial 
cycle stage of replication

(HSV-1)

Glycyrrhizin (GL) Improves the action of famciclovir in recurrent genital herpes Genital herpes virus

Glycyrrhizic acid (GA) Affects the stimulation of β-chemokine development by 
competing with chemokine receptor-mediated cellular HIV 
infection.
Affects a variety of signaling pathways, including casein 
kinase II, protein kinase II, and transcription factors

HIV

Glycyrrhizin (GL) Inhibits viral particles in full-length HCV and core gene 
expression of HCV

HCV
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using a microdilution technique enzyme-linked immu-
nosorbent assay (ELISA) [104]. A f lavonoid-rich
extract of Glycyrrhiza glabra (GutGards) has anti-bac-
terial action against Helicobacter pylori by inhibiting
protein synthesis, DNA gyrase, and dihydrofolate
reductase [105]. Also, there are many derivatives of
18β glycyrrhetinic acid that have inhibitory activity
against some gram-positive and gram-negative bacte-
ria such as Staphylococcus aureus, Staphylococcus epi-
dermidis, Escherichia coli, Staphylococcus typhimurium
[106]. From previous studies, we can summarize the
effectiveness of glycyrrhizic acid, glycyrrhetinic acid,
and their derivatives against several types of bacteria in
Table 2.

CONCLUSIONS
Glycyrrhizic acid and glycyrrhetinic acid and their

derivatives are the most important compounds that
have been synthesized by different chemical reactions
for several pharmacological applications. This review
summarizes the various synthesis methods of the gly-
cyrrhizic acid derivatives and the main methods for
synthesising glycyrrhetinic acid derivatives. Moreover,
this review summarizes the pharmacological activity
of those derivatives; according to the literature reports,
those derivatives have antiviral activity against many
types of viruses, such as coronaviruses, influenza
viruses, HIV, and hepatic viruses. The antiviral activ-
ity of those derivatives occurs by different mechanisms
according to the kind of virus or the chemical structure
of the derivatives. Also, those derivatives have anti-
inflammatory activity, hepatoprotective activity, and
antibacterial activity against different bacterial organ-
isms. This review summarizes different clinical studies
that support the pharmacological activity of those
compounds.
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