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Abstract
The management of the global pandemic outbreak due to the coronavirus disease (COVID-19) has been challenging with no exact
dedicated treatment nor established vaccines at the beginning of the pandemic. Nonetheless, the situation seems to be better con-
trolled with the recent COVID-19 vaccines roll-out globally as active immunisation to prevent COVID-19. The extensive usage and
trials done in recent outbreak in China has shown the effectiveness of traditional Chinese Medicines (TCM) in improving the wellbeing
of COVID-19 patients. Therefore, COVID-19 Prevention and Treatment guidelines has listed a number of recommended concoctions
meant for COVID-19 patients. Licorice, more commonly known as Gancao in Chinese Pinyin, is known as one of the most frequently
used ingredients in TCM prescriptions for treatment of epidemic diseases. Interestingly, it is deemed as food ingredient as well, where it
is normally used in Western cuisines’ desserts and sweets. The surprising fact that licorice appeared in the top 10 main ingredients used
in TCM prescriptions in COVID-19 has drawn great attention from researchers in revealing its biological potential in overcoming this
disease. To date, there are no comprehensive review on licorice and its benefits when used in COVID-19. Thus, in this current review,
the possible benefits, mechanism of actions, safety and limitations of licorice were explored in hope to provide a quick reference guide
for its preclinical and clinical experimental set-up in this very critical moment of pandemic.
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Introduction

In accordance to the Chinese Pharmacopeia, licorice is able to

replenish “Qi” (a vital energy that flows through the body to

maintain one’s well¼being), tonify spleen, remove heat, pre-

vent toxicity, remove phlegm, relieve cough, spasm and pain

which results in harmonizing other medicines’ effects.1 The

information and data obtained through experimental and clin-

ical studies had shown that licorice or Glycyrrhizae (GR) pos-

sesses antiviral, anti-inflammatory, immunomodulatory,

antimicrobial, antitussive and expectorant activities.2,3 In addi-

tion, gastroprotective, hepatoprotective, anticonvulsant, anti-

tumor, antioxidant, antidiabetic, anti-asthma, anti-allergic,

antispasmodic, blood cholesterol lowering effect, increment

in bile secretion, and other pharmacological effects can be

elicited by licorice and its constituents.2,3

Novel acute respiratory infectious disease named corona-

virus disease (COVID-19) patients can be classified according
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to the following categories; asymptomatic or presymptomatic,

mild, moderate, severe or critical illness.4 SARS-CoV-2 virus

spreads mainly via respiratory droplets when infected person

coughs or sneezes. Previously, the preventive measures to

reduce the rate of transmission were only via physical

distancing, wearing mask and hand hygiene as there are no

approved treatment or vaccines to fight this pandemic.

Recently, COVID-19 vaccination has began worldwide after

receiving emergency use authorisation from various countries’

regulatory bodies. Nonetheless, vaccines are only to prevent

the disease rather than treating COVID-19. Thus, for infected

patients,some of the off-label pharmacotherapies used in

management of COVID-19 patients include dexamethasone,

remdesivir, lopinavir-ritonavir, azithromycin, convalescent

plasma, interleukin-1 inhibitors, interleukin-6 inhibitors

besides life support oxygenation and ventilation if necessary.4,5

Traditional Chinese medicine (TCM) is included as one of

the treatment options of COVID-19 guideline endorsed by the

National Health Commission of the People’s Republic of China

since the third version to the current eighth version.6,7 TCM, as

documented in the Chinese National Health Commission

guideline, has been used in previous viral diseases including

SARS and H1N1 influenza which shown beneficial therapeu-

tics and preventive potentials.8 Small number of COVID-19

patients have improved clinically when treated with TCM in

combination with Western medicines including the usual anti-

viral and supportive care.9,10

Under the analogue of TCM, COVID-19 belongs to the

“plague” category, a febrile disease caused by “dampness

pathogen” with “dampness, heat, poison, blood stasis and

deficiency” as the core pathogenesis.11 After entering the body

via mouth and nose, the “evil Qi” blocks the “Qi” mechanism

resulting in various symptoms commonly manifested in

COVID-19 including dry cough, shortness of breath and gas-

trointestinal disturbances. Syndrome differentiation and treat-

ment based on the stages are the basis in treatment of

COVID-19 using TCM. TCM aims to “support the healthy,

eliminate the evil and keeping the same strain,” “restricting

cytokine storm and serious development of the disease,”

decreasing abnormality due to hormones and drugs besides

reducing mortality rate and etc.12

Other than being used as flavoring agent in beverages, can-

dies, drugs, chewing gums, tobacco and toothpaste, licorice has

also been used as a herbal remedy to enhance well-being and

provide energy, besides treating various ailments, such as bron-

chitis, gastrointestinal, and upper respiratory tract infections,

although its efficacy in the management of these conditions has

not been adequately studied. Indeed, it has been well documen-

ted that licorice is one of frequently used medicine in normal

daily TCM prescriptions.13 Hence, it is interesting to see licor-

ice is ranked in the top 10 herbs with highest usage frequency

for all stages of COVID-19 besides being most frequently used

in total.6 Therefore, the high occurrence and frequency of GR

in concoctions have kept researchers curious of its importance

and roles in functionalities of health promoting effects in

COVID-19 patients. Therefore, crucial and detailed

information about GR will be covered by providing relevant

necessary information to further its study in a more rapid

manner.

Licorice

Historically, licorice has been used as sweet beverage by Egyp-

tians and Assyrians BC. It was also introduced into the UK and

turned into Pontefract cake and licorice candy. In the United

States, licorice were brought by early settlers and ever since

that, a variety of licorice products have been produced and

imported. Twizzies, a leading licorice candy brand has

recorded US$214.9 million of sales in the year 2019.14 Aside

being used as sweetener, licorice has been used in TCM and

Indian Ayurvedic medicine for several thousand years in East-

ern culture. Licorice is a commonly used herb in TCM how-

ever, it is usually used in combination with other herbs.

According to a report from the State Council Information

Office of the People’s Republic of China, the annual sales

revenue of TCM is expected to be more than $434 billion by

year 2020 as the use of TCM is expanding globally, currently

practiced in 183 countries and regions and growing.15 Chemi-

cally, licorice is sourced from Glycyrrhizae Radix Et Rhizoma,

Glycyrrhiza uralensis Fisch, Gycyrrhiza inflata Batalin, Gly-

cyrrhiza glabra L., whereas the parts used as medicine are the

rhizomes and dry roots of the legume or perennial herb.1 The

most active components of licorice are the flavonoids and

terpenes/saponins.3 Flavonoids consist of 1) isoflavones like

formononetin and ononin, 2) flavanones like liquiritin and

liquiritihenin and 3) flavones like 4’,7-dihydroxy-flavone

and liquiritinapioside and 4) chalcones like isoliquiritigenin

and isoliquiritin.3 Terpenes/saponins consist of tricyclic triter-

penes like glycyrrhizic and glycyrrhetinic acid.3 With that, the

most reported constituents of GR are liquiritin and glycyr-

rhizic, which have huge roles in the activity of GR.2,3 With

reference to Table 1, GR is one of the medicines found in Qing-

Fei-Pai-Du decoction, a TCM prescription recommended as

COVID-19 treatment regardless of disease stage or regional

status by the National Health Commission of China.6,7

Potential Mechanisms of Actions

Potential targets of COVID-19 therapies can be mainly cate-

gorized in 2 parts; 1) human innate immune system and 2)

targeting the coronavirus by blocking viral RNA synthesis,

viral replication, self-assembly and binding to human cell

receptors. Given that research on Severe Acute Respiratory

Coronavirus 2 (SARS-CoV-2) is limited and on-going, results

from research on SARS-CoV-1 can act as reference due to

similarity of 80% genome sequence identity between human

SARS-CoV-1 and SARS-CoV-2. Virtual stimulations are alter-

natives to analyze and predict bioactivity of licorice. These

information are summarized in Table 1 and Figure 1.
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Table 1. List of Formulations Containing Glycyrrhizae Radix Et Rhizoma Prescribed With Its Amount According to the Classification and
Symptom Differentiation in COVID-19 patients.6,7

Classification Symptom differentiation Formulation name Amount

All classes – Qingfei Paidu decoctiona 6 ga

Medical observation
(unconfirmed
case)

Fatigue and gastrointestinal
discomfort

Huoxiang Zheng Qi capsulesa 2 ga

Fatigue and fever Jinhua Qinggan granulesa N/Aa

Lianhua Qingwen capsulesa N/Aa

Shufeng Jiedu capsulesa N/A
Mild Dampness and heat-accumulation

lung syndrome
(Refer to recommended prescription in guideline, no recommended

Chinese patent medicines availablea)
5 ga

Cold-dampness obstructing lungs Sang Bei Zhisou San N/A
Qingwen Baidu Yin þ Da Yuan Yin þ Huo Po Xia Ling Tang þ Sheng

Jiang San
6 g

Wind-Heat Invading lungs Yin Qiao San þ Sheng Jiang San 6 g
Yin Qiao San 6 g
Sang Ju Yin þ Yin Qiao San 5 g

Heat Weijing Tang N/A
Warm Pathogen Invading the Lungs Sang Ju Yin þ Yin Qiao San N/A

Xiao Chaihu Tangþ Sang Xin Tangþ Jiuwei Qianghuo TangþHuoxiang
Zhengqi San

9 g

Zhengqi San N/A
Jiang San þ Da Yuan Yin 6 g
San Ren Tang þ Huo Po Xia Ling Tang 10 g
Ma Xing Yi Gan Tang þ Sheng Jiang San þ Da Yuan Yin 5-10 g

Heat Pathogen Assailing the Lung Da Yuan Yin 5 g
Ma Xing Shi Gan Tang þ Da Yuan Yin 10 g
Yin Qiao San þ Ma Xing Shi Gan Tang N/A
Ma Xing Shi Gan Tang þ Xiao Chaihu Tang 5-10 g

Dampness Encumbering the Exterior
and Interior

Ma Xing Yi Gan Tang þ Huo Po Xia Ling Tang 6 g

Moderate Dampness and stagnation lung
syndrome

Lung-diffusing and toxin-resolving formula (Refer to prescription
composition in guideline, no recommended Chinese patent medicines
availablea)

10 ga

Warm Heat Pathogen Congesting
the Lung

Ma Xing Shi Gan Tang 6 g
Ma Xing Shi Gan Tang þ Yin Qiao San N/A
Qingqi Huatan Tang þ Huo Po Xia Ling Tang 5-10 g
Ma Xing Shi Gan Tang þ Ganlu Xiaodu Dan þ Sheng Jiang San 5-10 g

Exterior Cold and Interior Heat
Complicated by Dampness

Ma Xing Shi Gan 6 g

Dryness Invading the Lung Sang Xing Tang þ Qingzao Jiufei Tang 6 g
Cold-Dampness Obstructing the

Lung
Ma Xing Yi Gan Tang 6 g

Dampness Obstructing Middle
Energizer

Yi Jia Jian Zhengqi San 6 g

Dampness Obstructing Lung Ma Xing Yi Gan Tang þ Da Yuan Yin 5-10 g
Dampness toxin Congesting the Lung Ma Xing Yi Gan Tang þ Da Yuan Yin 10 g
Warm heat pathogen congesting

lungs
Ma Xing Shi Gan Tang 6 g
Ma Xing Shi Gan Tang þ Yin Qiao San N/A
Qingqi Huatan Tang þ Huo Po Xia Ling Tang 5-10 g
Ma Xing Shi Gan Tang þ Ganlu Xiaodu Dan þ Sheng Jiang San 5-10 g

Phlegm-Heat Congesting the Lung Ma Xing Shi Gan Tang þ Ganlu Xiaodu Dan þ Sheng Jiang San 10 g
Ma Xing Yi Gan Tang þ Sheng Jiang San þ Da Yuan Yin 10 g
Ma Xing Shi Gan Tang þ Qingqi Huatan Tang 10 g

Epidemic Toxin Blocking the Lung Ma Xing Shi Gan Tang þ Huo Po Xia Ling Tang þ Sheng Jiang San þ
Huanglian Wendan Tang

9 g

Xuan Bai Cheng Qi Tang þ Huanglian Jiedu Tang N/A
Heat Pathogen Assailing the Lung Ma Xing Shi Gan Tang 6 g

Bai Hu Tang þ Qingying Tang þ Qingwen Baidu Yin 10 g
Ma Xing Shi Gan Tang þ Yin Qiao San 9 g

(continued)
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Antiviral Activity

In order to target SARS-CoV-2, an active constituent is

expected to be able to exert effect on Angiotensin-converting

enzyme 2 (ACE2) probably via spike (S) proteins to prevent

viral entry and/or 3C-like protease to block replication and

viral assembly in host cells. A screening by Zhang and col-

leagues has demonstrated that licorice consists of 3 orally bioa-

vailable, antiviral natural components against SARS-CoV-2

via inhibition of 3C-like protease, papain-like protease, Mpro

and S proteins.16,17 In context of S proteins, 3C-like protease

and papain-like protease are required for host cell entry, tran-

scription and replication of SARS-CoV-2. Network pharmacol-

ogy analysis predicted one in vivo pathway related to viral

infection and 6 in vivo pathways related to immune/inflamma-

tion.17 The possible mechanism for 3C-like protease inhibition

could be via targeting PIK3CG and E2F1 through PI3K-Akt

signaling pathway.16 In another in-silico approach study, deri-

vatives of flavones and coumarin also showed strong inhibition

to 3C-like protease.18 Among the top three, rutin has been

shown to bind strongly with main protease of SARS-CoV-2

via interaction with Leu141, Ser144, His163 and Asp187

amino acids residues.19 A molecular docking has identified that

kaempferol has stronger affinity with S protein of SARS-CoV-

2 and ACE2 compared to a few known modern medicines in

inhibiting viral infection along with the 3C-like protease

inhibition.16,20 The pathways involved in these inhibitions

include JAK-STAT and PI3K-Akt signaling pathways.16

Licorice has been known for its viral replication inhibition

for various viruses including Hepatitis B, Hepatitis C, Influ-

enza, H1N1 and HIV as discussed by Zhong et al.21 This infor-

mation may provide hints for researchers to explore and

leverage its effect further in SARS-CoV virus. Positive find-

ings of licorice displaying antiviral activity through its glycyr-

rhizin compound via inhibition of replication, adsorption and

penetration of the SARS-CoV virus were found.22 A signifi-

cantly potent inhibition of replication was observed; however,

the exact detailed mechanism is still unclear. It is being

hypothesized that glycyrrhizin was responsible for the

observed effects by affecting cellular signaling pathways and

increasing expression of nitrous oxide synthase.22 A more

detailed study in revealing the potential effect of small mole-

cules on coronavirus, had showcased that glycyrrhizin deriva-

tives exhibited activities against SARS-CoV virus at IC50 < 100

mM instead of previously reported as IC50 > 500 mM.23 Another

in-vitro study has showed that 7 glycyrrhizin derivatives

blocked SARS-CoV replication at lower concentrations com-

pared to glycyrrhizin whereas modification of the chemical

structure of glycyrrhizin leads to increased anti-SARS-CoV

activity from 10-times to 70-times.24 Nonetheless, the com-

pound baicalin was preferred than glycyrrhizin for SARS anti-

viral prophylaxis or treatment as it was predicted that

Table 1. (continued)

Classification Symptom differentiation Formulation name Amount

Severe Plague poison and lung-closing
syndrome

Dampness-removing and toxin-resolving formula (Refer to prescription
composition in guideline, no recommended Chinese patent medicines
availablea)

3 ga

Blazing of both qi and ying syndrome Xiyanping injection, Xuebijing injection, Reduning injection, Tanreqing
injection, Xingnaojing injectiona

Injections can be used in combination with TCM decoction (Refer to
prescription composition in guidelinea)

6 ga

Internal Block and External Collapse Shen Fu Tang Xuebijing injection, Reduning injection, Tanreqing
injection, Xingnaojing injection, Shenfu injectiona

Injections can be used in combination with TCM decoction (Refer to
prescription composition in guidelinea)

10 g

Toxin Blocking the Lung Ma Xing Shi Gan Tang þ Xuanbai Chengqi Tang 3 g
Ma Xing Shi Gan Tang þ Sang Bei San N/A
Xuanbai Chengqi Tang þ Huanglian Jiedu Tang þ Jiedu Huoxue Tang 5-10 g
Qingwen Baidu Yin þ Jiedu Huoxue Tang 10 g

Blazing of both qi and nutrient Qingwen Baidu Yin 6 g
Toxin Flowing through 5 Viscera Xiang Sha Liu Junzi Tang þ Shen Su Jiangqi Tang 6 g
Depletion of Essential Qi Poge Jiuxin Tang þ Gualou Xiebai Banxia Tang þ Danshen Yin 12 g
Cold Epidemic Blocking the Lung Xiao Qinglong Tang 5 g

Convalescent lung and spleen qi deficiency
syndrome

(Refer to recommended prescription in guideline, no recommended
Chinese patent medicines availablea)

6 g

Both qi and yin syndrome (Refer to recommended prescription in guideline, no recommended
Chinese patent medicines availablea)

6 g

N/A: Data not available.
aRecommendations from National Health Commission & State Administration of Traditional Chinese Medicine in Diagnosis and Treatment Protocol for Novel
Coronavirus Pneumonia (Trial Version 8).
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glycyrrhizin may not have clinically significant in vivo activ-

ities due to its low serum concentration.25

Anti-Inflammatory

COVID-19 patients were shown to have developed excessive

inflammatory response called cytokine storm. Overactivation

of immune response by high amounts of cytokines and chemo-

kines can lead to damage in vital organs like the heart, lungs

and kidneys. Thus, inhibition of inflammation-associated

genes, decrease in inflammatory factors and regulation of sig-

naling pathways and cytokines balance are paramount to pre-

vent cytokine storm and further deterioration of COVID-19.11

Anti-inflammatory effects are elicited by glycyrrhizic acid

via Toll-like receptor pathways by significantly decreasing

IL-6 release from macrophages, thus leading to reduced cyto-

kine storm induction.26 Besides, glycyrrhizic acid may modify

TNF and IL-17 signaling pathways and its associated pathway

in overcoming COVID-19 condition.16 Formononetin was pro-

posed to possibly exert its anti-inflammatory action and

improves immunity in COVID-19 patients via various signal-

ing pathways; Toll-like receptor, Fc epsilon R1, ErbB, MAPK,

natural killer cell mediated cytotoxicity, JAK-STAT, comple-

ment and coagulation cascades and VEGF.3,16 Rutin has sim-

ilar targeted pathways as formononetin with additional effects

in targeting T cell and B cell receptor, CASP6, IL6, CCL2,

IL-17, C-type leptin receptor and HIF-1 signaling pathways.3,16

Luteolin and kaempferol played anti-inflammatory and

immune-modulation effects via AKT1, RELA, STAT1, TNF,

NF-Kb, VEGF, HIF-1 PTGS2, NOS2, PTGS2, MAPKs, ILs,

COX-2, CASP3, EGFR, DPP4, CALM1, Toll-like receptor,

JAK-STAT, T-cell and B-cell receptor and AGE-RAGE

pathways.16 b-sitosterol and licochalcone might exert effects

specifically on ILs, MAPKs, CCL2, CASP3, FOS, ALB,

CALM1, NOS2, PTGS2, DPP4, PTGS2.16 Meanwhile, b-sitos-

terol is known to supress cytokine release, regulate immune

and inflammatory responses which is deemed potential useful

in overcoming the infection.16

In mouse macrophage RAW264.7 cells, high concentrations

of licorice strongly inhibited LPS-induced nitric oxide produc-

tion in concentration-dependent manner without toxicity

signs.27 Given that nitric oxide is a vital mediator in inflamma-

tion and pulmonary disease, the effect showcased in the study

may imply restrictive effect specifically in halting the forma-

tion of inflammation in respiratory condition as implicated by

COVID-19. Licorice’s constituents, glabridin, glycyrrhizic

acid and 18b-glycyrrhetinic acid had also been shown to

supress inflammation via inhibition of expression and produc-

tion of COX-2 genes, ILs, PGE2, TNF-a, ROS, NF-kB, PI3 K

p110U and p110d [17].

Immunomodulation

Licorice has been known to promote maturation and differentia-

tion of lymphocytes and macrophages in order to activate the

immune system. Phytohaemagglutinin-induced proliferation in

human peripheral blood mononuclear cells were inhibited sig-

nificantly by licorice.27 In addition, production of TNF-a, IFN-g
and IL-10 were blocked in a concentration-dependent manner

which are involved in inflammation and pathogenesis of

Figure 1. The summarized information of biological potentials of licorice against COVID-19.
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asthma.27 Ethanol extract of Glycyrrhizae Radix was shown to

be able to modulate IFN-g related autoimmune responses by

decreasing number of IFN-g T-cells, IFN-g, IFN-g-induced pro-

tein 10, nitric oxide production and expression of cell adhesion

molecules.28 However, another study showed an opposing effect

with increased IFN-g levels instead, in addition to inhibition of

Raw and eosinophil count induced by OVA, enhancement of

regulatory T-cells and reduction of IL-4, IL-5 and IL-13.29 Iso-

liquiritigenin and narigenin promoted regulatory T cell induc-

tion and function both in vitro and in vivo via AKT-mTOR

signaling inhibition and AhR signaling activation respectively

to supress inflammation.30 To make findings more interesting,

ethanol extract of polysaccharides derived from Glycyrrhiza

glabra were proved able to stimulate immune system via incre-

ment of serum LgA, LgG and LgM levels along with an increase

in proliferation of spleen lymphocytes.31

Antioxidant, Antitussive and Expectorant Activities

The idea of potential roles of intervention of antioxidant activ-

ity in this disease, include assisting in reduction of positive

feedback-loop in inflammation and oxidative stress processes

which lead to a residing inflammation levels in patients. Tra-

ditionally, licorice has been used in bronchitis, pharyngitis,

laryngitis and bronchial asthma. Meanwhile, COVID-19

patients are well known to manifest respiratory symptoms,

including cough and shortness of breath. Thus, the antitussive,

bronco-relaxant and expectorant activity may able to alleviate

these symptoms in management of COVID-19.

Oxidative stress able to induce multiple signaling pathways,

leading to an increase in inflammation. The extensive high

level of inflammatory moieties may cause formation of oxida-

tive damage in cells, leading to the development of multi-

system diseases. Ethanol extract of polysaccharides derived

from Glycyrrhiza glabra was seen to exert their antioxidant

activities via increment of blood SOD, CAT, GSH-Px and

TAOC activities in mice.31 Besides, scavenging activity eli-

cited by diphenyl picrylhydrazyl, superoxide and hydroxyl

radicals were significantly found in water soluble polysacchar-

ides isolated from Glycyrrhiza uralensis using DEAE-52 and

Sephadex G-100 column chromatography and ethanolic extract

of G. glabra.32,33

Furthermore, aqueous extract of Radix Glycyrrhizae showed

drastic reduction of carbachol-induced contraction in rat tra-

chea resulting in relaxation of the bronchus possibly by block-

ing voltage-gated calcium ion channels.27 Constituents of

licorice such as liquiritin apioside, liquiritin and liquiritigenin

showed powerful antitussive and expectorant activity.34 At

50mg/kg, these compounds significantly reduce number of

cough by 30-78%, possibly via modulation of peripheral

ATP-sensitive potassium ion channel and central activation

of 5-HT receptor mechanisms but not via opioid receptors.34

On the other hand, compounds such as liquiritin apioside and

liquiritin increased expectorant activities up to 2.5-folds.34

Safety and Adverse Effects

Licorice is categorized as moderately toxic based on its LD50

value and its toxicity risk is lowest when administered orally.35

Main side effects recorded for licorice, include hypertension,

fluid retention and hypokalemic-induced secondary disorders.

The mineralocorticoid-like activity is due to inhibition of

enzyme 11-b-HSD type 2 enzymes by active metabolites of

licorice, glycyrrhizic acid glycyrrhetic acid. This lead to rise

in cortisol levels and activity as conversion of cortisol to corti-

sone is blocked. Besides, glycyrrhetic acid also inhibits 5-b
reductase activity which supresses hepatic metabolism of

aldosterone Cardiomyopathy, pulmonary oedema, myoglobi-

nuria, myopathy, cramping, seizures and rhabdomyolysis have

been associated with patients following chronic, excessive

licorice ingestion. Thus, it is recommended to avoid excessive

intake of licorice for people aged 40 years and above, people

who has history of heart disease or anyone who are more prone

to cardiac arrythmias. Patients taking ACE inhibitors antihy-

pertensive, loop diuretics or thiazides diuretics, should mini-

mize or abstain consuming licorice due to additive potassium

lowering effects from these medications and licorice, which

may lead to hypokalaemia. Patients taking warfarin or digoxin

should avoid licorice products completely to avoid toxicity.

The use of licorice in pregnancy and neonates should be cau-

tioned as some clinical studies showed a decrease in gestational

age, preterm delivery, and changes in functions of hypothala-

mic–pituitary–adrenocortical axis and cognitive in delivered

children when used during pregnancy.35 Licorice also able to

inhibit or induce some CYP enzymes, UDP glucuronosyltrans-

ferases, P-glycoprotein-mediated transport, 5a-reductase

which may interact with other drugs when given concur-

rently.35 However, when TCM consisting licorice was given

to COVID-19 patients, there is no serious adverse events are

being reported to date. Currently, licorice is recommended to

be given as an integrative treatment with antiviral drugs in

COVID-19 patients. Even though the results seem to be pro-

mising and beneficial, the reported studies only involved small

number of participants and displayed a high risk of bias in term

of analysis. Further clinical trials are required and ongoing to

further explore the opportunities TCM and GR have in treat-

ment of COVID-19 36,37

Conclusion

Although most healthcare practitioners may feel sceptical

toward TCM use, TCM should not be dismissed, especially

in current context of non-existence of effective treatment for

COVID-19. TCM, specifically licorice, has demonstrated

potential to act as antiviral, anti-inflammatory, immunomodu-

lation and other effects for COVID-19 patients when adminis-

tered as part of concoction. Excessive use of licorice may be

associated with a few known side effects like hypertension,

fluid retention and hypokalaemia however, there is no serious

adverse event that has been reported to date. With the back-

ground knowledge, benefits, possible mechanism of actions

6 Journal of Evidence-Based Integrative Medicine



and safety information of licorice reviewed here, these knowl-

edge can be further utilized as a guide in devising further

studies to fully assess the effectiveness and safety of licorice

in COVID-19 patients.

Authors’ Note

The literature searches and data collection were performed by S.L.N.

and Y.S.O. The manuscript was written by S.L.N, Y.S.O., L.C.M.,

H.P.G. and B.H.G. The manuscript was critically reviewed and edited

by K.Y.K., N.K., V.K., S.P.T. and B.H.G. The project was conceptua-

lized by G.B.H.

Acknowledgments

Monash Global Asia in the 21st Century (GA21) research grant

(GA-HW-19-L-01 and GA-HW-19-S02) for this study.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for

the research, authorship, and/or publication of this article: Monash

Global Asia in the 21st Century (GA21) research grant (GA-HW-

19-L-01 and GA-HW-19-S02).

ORCID iD

Hui Poh Goh https://orcid.org/0000-0002-0480-399X

Long Chiau Ming https://orcid.org/0000-0002-6971-1383

References

1. Committee of Pharmacopoeia of China. Pharmacopoeia of

People’s Republic of China 2015 edition. The Medicine Science

and Technology of China Press; 2015.

2. Hosseinzadeh H, Nassiri-Asl M. Pharmacological effects of

Glycyrrhiza spp. and its bioactive constituents: update and

review. Phytother Res. 2015;29(12):1868-1886.

3. Ming Yang YJ, Li-Ping Y. A systematic summary of natural com-

pounds in radix Glycyrrhizae. Tradit Med Res. 2018;3(2):82-94.

4. COVID-19 Treatment Guidelines Panel. Coronavirus Disease

2019 (COVID-19) Treatment Guidelines. N.I.o. Health, Editor.

2020, National Institutes of Health.

5. Ali I, Alharbi OML. COVID-19: disease, management, treatment,

and social impact. Sci Total Environ. 2020;728:138861.

6. Ang L, Lee HW, Choi JY, Zhang J, Soo Lee M. Herbal medicine

and pattern identification for treating COVID-19: a rapid review

of guidelines. Integr Med Res. 2020;9(2):100407.

7. National Health Commission & State Administration of Tradi-

tional Chinese Medicine. Diagnosis and Treatment Protocol for

Novel Coronavirus Pneumonia. N.H.C.o.t.P.s.R.o. China, Editor.

2020, National Health Commission of the People’s Republic of

China; 32.

8. Luo H, Tang QL, Shang YX, et al. Can Chinese medicine be used

for prevention of corona virus disease 2019 (COVID-19)? A

review of historical classics, research evidence and current pre-

vention programs. Chin J Integr Med. 2020;26(4):243-250.

9. Ren JL, Zhang AH, Wang XJ. Traditional Chinese medicine for

COVID-19 treatment. Pharmacol Res. 2020;155:104743-104743.

10. Wang Z, Chen X, Lu Y, Chen F, Zhang W. Clinical characteristics

and therapeutic procedure for four cases with 2019 novel corona-

virus pneumonia receiving combined Chinese and Western med-

icine treatment. Biosci Trends. 2020;14(1):64-68.

11. Zhou Y, Fu B, Zheng X. Pathogenic T-cells and inflammatory

monocytes incite inflammatory storms in severe COVID-19

patients. Natl Sci Rev. 2020;7(6):998-1002.

12. Wen J, Wang R, Liu H. Potential therapeutic effect of Qingwen

baidu decoction against corona virus disease 2019: a mini review.

Chin Med. 2020;15(1):48.

13. Ren X, Shao XX, Li XX. Identifying potential treatments of

COVID-19 from Traditional Chinese Medicine (TCM) by using

a data-driven approach. J Ethnopharmacol. 2020;258:112932.

14. Conway J. Dollar Sales of the Leading Licorice Brands in the U.S.

2019. Accessed March 17, 2021. https://www.statista.com/statis

tics/190418/top-licorice-candy-brands-in-the-united-states/

15. Zheng Y. A Healthy Way of Nursing. 2019. Accessed March 17,

2021. https://www.chinadaily.com.cn/a/201908/12/WS5d50a

0b6a310cf3e35565167.html

16. Huang YF, Bai C, He F, Xie Y, Zhou H. Review on the potential

action mechanisms of Chinese medicines in treating Coronavirus

Disease 2019 (COVID-19). Pharmacol Res. 2020;158:104939.

17. Zhang DH, Wu KL, Zhang X, Deng SQ, Peng B. In silico screening

of Chinese herbal medicines with the potential to directly inhibit

2019 novel coronavirus. J Integr Med. 2020;18(2):152-158.

18. Khan SA, Zia K, Ashraf S, Uddin R, Ul-Haq Z. Identification of

chymotrypsin-like protease inhibitors of SARS-CoV-2 via inte-

grated computational approach. J Biomol Struct Dyn. 2020:1-10.

19. Chenghao Y, Gao M, Lin W, Yu K, Li P, Chen G. Theoretical study

of the anti-NCP molecular mechanism of Traditional Chinese Med-

icine Lianhua-Qingwen Formula (LQF). ChemRxiv Preprint. 2020.

20. Yang L YT, Miao J, et al. Network pharmacology studies on the

effect of Chai-Ling decoction in coronavirus disease 2019. Tradit

Med Res. 2020;5(3):145-159.

21. Zhong LLD, Lam WC, Yang W, et al. Potential targets for treat-

ment of coronavirus disease 2019 (COVID-19): a review of Qing-

Fei-Pai-Du-Tang and its major herbs. Am J Chin Med. 2020;

48(5):1051-1071.

22. Cinatl J, Morgenstern B, Bauer G, Chandra P, Rabenau H, Doerr

HW. Glycyrrhizin, an active component of liquorice roots, and

replication of SARS-associated coronavirus. Lancet. 2003;

361(9374):2045-2046.

23. Wu CY, Jan JT, Ma SH, et al. Small molecules targeting severe

acute respiratory syndrome human coronavirus. Proc Natl Acad

Sci U S A. 2004;101(27):10012-10017.

24. Hoever G, Baltina L, Michaelis M, et al. Antiviral activity of

glycyrrhizic acid derivatives against SARS�Coronavirus. J Med

Chem. 2005;48(4):1256-1259.

25. Chen F, Chan KH, Jiang Y, et al. In vitro susceptibility of 10

clinical isolates of SARS coronavirus to selected antiviral com-

pounds. J Clin Virol. 2004;31(1):69-75.

26. Yang R, Liu H, Bai C, et al. Chemical composition and pharma-

cological mechanism of Qingfei Paidu decoction and ma

Xing Shi Gan decoction against coronavirus disease 2019

Ng et al 7

https://orcid.org/0000-0002-0480-399X
https://orcid.org/0000-0002-0480-399X
https://orcid.org/0000-0002-0480-399X
https://orcid.org/0000-0002-6971-1383
https://orcid.org/0000-0002-6971-1383
https://orcid.org/0000-0002-6971-1383
https://www.statista.com/statistics/190418/top-licorice-candy-brands-in-the-united-states/
https://www.statista.com/statistics/190418/top-licorice-candy-brands-in-the-united-states/
https://www.chinadaily.com.cn/a/201908/12/WS5d50a0b6a310cf3e35565167.html
https://www.chinadaily.com.cn/a/201908/12/WS5d50a0b6a310cf3e35565167.html


(COVID-19): in silico and experimental study. Pharmacol Res.

2020;157:104820.

27. Yue GG, Chan BC, Kwok HF, et al. Screening for anti-inflammatory

and bronchorelaxant activities of 12 commonly used Chinese herbal

medicines. Phytother Res. 2012;26(6):915-925.

28. Yang EJ, Song IS, Song KS. Ethanol extract of Glycyrrhizae

Radix modulates the responses of antigen-specific splenocytes

in experimental autoimmune encephalomyelitis. Phytomedicine.

2019;54:56-65.

29. Ma C, Ma Z, Liao XL, Liu J, Fu Q, Ma S. Immunoregulatory

effects of glycyrrhizic acid exerts anti-asthmatic effects via

modulation of Th1/Th2 cytokines and enhancement of

CD4(þ)CD25(þ)Foxp3þ regulatory T cells in ovalbumin-

sensitized mice. J Ethnopharmacol. 2013;148(3):755-762.

30. Guo A, He D, Xu HB, Geng CA, Zhao J. Promotion of regulatory

T cell induction by immunomodulatory herbal medicine licorice

and its two constituents. Sci Rep. 2015;5(1):14046.

31. Hong YK, Wu HT, Ma T, Liu WJ, He XJ. Effects of Glycyrrhiza

glabra polysaccharides on immune and antioxidant activities in

high-fat mice. Int J Biol Macromol. 2009;45(1):61-64.

32. Harish R, Chauhan JB. Antioxidant, antimicrobial and cytopro-

tective action of ethanolic extract of Glycyrrhiza glabra root

against ccl4 induced damage on Saccharomyces cerevisiae.

J Pharmacogn Phytochem. 2019;8(3):247-253.

33. Zhang CH, Yu Y, Liang YZ, Chen XQ. Purification, partial char-

acterization and antioxidant activity of polysaccharides from Gly-

cyrrhiza uralensis. Int J Biol Macromol. 2015;79:681-686.

34. Kuang Y, Li B, Fan J, Qiao X, Ye M. Antitussive and expectorant

activities of licorice and its major compounds. Bioorg Med Chem.

2018;26(1):278-284.

35. Nazari S, Rameshrad M, Hosseinzadeh H. Toxicological effects

of Glycyrrhiza glabra (Licorice): a review. Phytother Res. 2017;

31(11):1635-1650.

36. Lu L, Li F, Wen H, et al. An evidence mapping and analysis of

registered COVID-19 clinical trials in China. BMC Med. 2020;

18(1):167.

37. Luo E, Zhang D, Luo H, et al. Treatment efficacy analysis of

traditional Chinese medicine for novel coronavirus pneumonia

(COVID-19): an empirical study from Wuhan, Hubei Province,

China. Chin Med. 2020;15(1):34.

8 Journal of Evidence-Based Integrative Medicine



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


