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ABSTRACT
Introduction COVID-19 is a highly infectious acute 
pneumonia. Glycyrrhizic acid preparation (GAP) has been 
found to have hepatoprotective and antiviral effects, but 
there is no supporting evidence on its efficacy and security 
for patients with COVID-19.
Methods and analysis The systematic review methods will 
be defined by Preferred Reporting Items for Systematic Reviews 
and Meta- Analyses guidelines. This study will start on 1 July 
2021 and end on 31 October 2021. A comprehensive electronic 
search will be conducted with the search of Web of Science, 
PubMed, Ovid web, China National Knowledge Infrastructure, 
Chinese Scientific and Journal Database, Wanfang Database 
and grey literature, and manual search will be conducted to 
search literature of randomised controlled trials, single- arm trials 
and retrospective studies about GAP in the treatment of anti- 
SARS- CoV-2 drug- induced liver injury from 1 December 2019 
to 1 July 2021. There is no time limitations of publication and 
language will be restricted to Chinese and English. Retrieved 
studies will be independently screened by two researchers 
and relevant data will be extracted from studies. Interstudy 
heterogeneity will be assessed using the I2 statistic and explored 
through meta- regressions and subgroup analyses. Depending 
on data availability, we plan to conduct subgroup analyses by 
study population, geographical region and other selected clinical 
variables of interest. Quality assessment of the studies will be 
performed. Cochrane Handbook for Systematic Reviews of 
Interventions will be used to assess the risk of bias, and Grading 
of Recommendations Assessment, Development and Evaluation 
will be used to access the confidence in cumulative evidence.
Ethics and dissemination Ethical approval will not be 
required for no primary data of individual patients will be 
collected. The final report will be shared with the scientific 
community through publication in a peer- reviewed journal, 
as well as with key stakeholders, including patients, 
healthcare professionals and those working on COVID-19 
research.
PROSPERO registration number CRD42021234647.

INTRODUCTION
Since the outbreak of COVID-19 reported 
in Wuhan, China at the end of December 

2019, the virus has rapidly spread around 
the world. More than 1 billion (165 772 430) 
people have been confirmed positive and 
over 3 million (3 437 545) have died as of 27 
May 2021. COVID-19 is a highly infectious 
acute pneumonia. Although COVID-19 is 
controlled within China, it has been affecting 
other countries around the world since 25 
February 2021, especially the USA, India and 
Brazil.1 The WHO has declared COVID-19 a 
global pandemic; moreover, Europe and the 
USA are now at the centre of the pandemic.2 
Up to now, some countries have developed a 
variety of vaccines and anti- COVID-19 drugs, 
and some of them have entered the clinical 
observation stage. It was found that some 

Strengths and limitations of this study

 ► We adopted strict inclusion and exclusion criteria 
and applied a recognised tool to evaluate the qual-
ity of the included studies. These ensured, to some 
extent, that our review could serve as an up- to- date 
and comprehensive summary of the published ev-
idence on the topic of treatment for patients with 
COVID-19 hepatocellular injury. Given the different 
measures of outcomes adopted in these studies, it 
was dimensional and interventional.

 ► Some of the negative results may not have been 
published and excluded; as a result, publishing bias 
is not applicable. Failure to report details of design 
methodology is also a potential source of increased 
heterogeneity in the included studies.

 ► The sample size might not be large enough to es-
timate the accurate efficacy which there exists, a 
problem that it is probably impossible to evaluate 
the therapeutic effect in multiple dimensions.

 ► Nearly all the studies included focused on short- 
term outcomes only, and follow- up duration in the 
long term was reported merely. So further prognosis 
cannot be determined without adequate information.
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vaccines and anti- COVID-19 drugs are effective against 
COVID-19 after clinical studies, but the efficacy and safety 
are still to be improved; so it is urgently demanded to 
have safe and efficient vaccines and anti- COVID-19 drugs 
to fight the pandemic.

Antiviral therapy becomes a routine treatment for 
COVID-19, however, these drugs can damage the liver of 
patients with COVID-19. In addition, although COVID-19 
is highlighted by atypical pneumonia, some patients may 
present with abnormal liver function, which suggests that 
the disease can be associated with liver injury.3–5 There-
fore, patients with COVID-19 are often combined with 
impairment of liver function due to the application of 
conventional antiviral therapy.

Glycyrrhizic acid preparation (GAP) (eg, monopotas-
sium glycyrrhizinate, monoammonium glycyrrhizinate, 
compound ammonium glycyrrhizinate, compound glycyr-
rhizin, etc) has long been found to have hepatoprotec-
tive effects and applied in the treatment of liver disease. 
In Japan, glycyrrhizic acid has been used for more than 
40 years as treatment for liver diseases, in particular to 
treat chronic hepatitis.6 It is an efficient hepatoprotec-
tive medication in patients with chronic hepatitis C7 
and more broadly to protect from a variety of hepatic 
diseases such as chronic viral hepatitis and drug- induced 
or chemical- induced liver injury.8 The drug is considered 
as medicine with a good safety and economical profile. It 
is increasingly used clinically. With certain pharmacolog-
ical activities, glycyrrhetinic acid (C30H46O4, molecular 
weight=470.7) is the main component in Glycyrrhizae 
Radix et Rhizome (Gan Cao). It can be used against 
different viruses, including human and animal coronavi-
ruses like SARS, and it has been shown to be an effec-
tive immunoactive anti- inflammatory drug.9 Glycyrrhizic 
acid extracts can selectively inhibit the synthesis of single- 
negative RNA encapsulated viral protein,10 and some 
derivatives of glycyrrhizic acid have strong anti- SARS- CoV 
activity with fewer adverse reactions.11 12 Glycyrrhetinic 
acid is a non- haemolytic saponin which displays both 
cytoplasmic and membrane effects, and an amphiphilic 
compound like a saponin could interfere with the virus 
entry into cells, owing to the well- known membrane 
effects of this class of compounds.9 Glycyrrhizae Radix 
et Rhizome appears as one of the highest frequencies in 
the Pneumonia Treatment Protocol for Novel Corona-
virus Infection and in the recommended Chinese herbal 
compound.13 Ding et al’s study14 reported glycyrrhetinic 
acid and its derivatives as potential complementary medi-
cine to relieve symptoms in non- hospitalised patients 
with COVID-19. Diammonium glycyrrhizinate, one of 
the derivatives of glycyrrhetinic acid, can be metabo-
lised into glycyrrhetinic acid. With the similar chemical 
structure to corticosteroid, it functions just like gluco-
corticoid, helping boost the immune system against cyto-
kine storm and reduce inflammation, although might 
be less stringent than steroids.15 It was reported that the 
active compounds of Glycyrrhizae Radix et Rhizome 
possess antiviral, antimicrobial, anti- inflammatory and 

immunoregulatory functions, which can protect nervous, 
alimentary, respiratory, endocrine and cardiovascular 
systems.16 Molecular docking technology has been used to 
screen ACE2- binding compounds in traditional Chinese 
medicine, and the results showed that glycyrrhetinic acid 
can bind to ACE2, suggesting that glycyrrhetinic acid is 
a potential anti- SARS- CoV-2 compound.17 Vardhan and 
Sahoo found that the GAP is a potential phytochemical 
agent against COVID-19 by having a good deal of compu-
tational work, because glycyrrhizic acid binds at the active 
site of all the five protein targets of SARS- CoV-2.18 It was 
reported that glycyrrhizin and 18β-glycyrrhetinic acid 
can suppress the activation of proinflammatory cyto-
kine cyclo- oxygenase-2, interleukin (IL)-6, IL-10, trans-
forming growth factor-β and ABCA1.19–26 Additionally, 
glycyrrhizin, 18β-glycyrrhetinic acid and licochalcone A 
presented immunoregulatory activity.27–32 Glycyrrhizin 
revealed a fine immune stimulant and antiviral effect 
against duck hepatitis virus (DHV).29 A combination of 
glutamyl- tryptophan and glycyrrhizin exerted a protective 
effect in reducing the death of H3N2 IAV- infected mice.30 
Studies have shown that these compounds can protect 
mice against disseminated candidiasis both in vivo and 
in clinic,33 relieve experimental autoimmune enceph-
alomyelitis in mice,34 increase the endpoint serum anti-
body titres and perform as an immune stimulant against 
DHV.32 All of these reports affirmed the antiviral effect 
and immunoregulatory activity of Glycyrrhizae Radix et 
Rhizome.

Therefore, GAP is expected to become a complemen-
tary drug for SARS- CoV-2 and improve anti- SARS- CoV-2 
drug- induced liver injury. The aim of this study is to 
provide a systematic review of the clinical efficacy and 
security of GAP in the treatment of anti- SARS- CoV-2 drug- 
induced liver injury.

METHODS
The systematic review will be performed in accordance 
with the guideline of Preferred Reporting Items for 
Systematic Review and Meta- Analysis Protocols (PRISMA- 
P) 2015.35 The results of the review will be reported 
according to the recommendation of PRISMA.36 The 
study has been registered on PROSPERO, and will start 
on 1 July 2021 and end on 31 October 2021.

Inclusion criteria
Types of studies
We will include randomised controlled trials (RCTs) on 
GAP for anti- SARS- CoV-2 drug- induced liver injury in the 
experimental groups. If multiarm RCTs are included, we will 
select the group which used GAP and another without GAP 
for analysis. In addition, single- arm trials and retrospective 
studies will also be included in this systematic review. Studies 
in English and Chinese language will be included.

Types of participants
Patients suffering from anti- SARS- CoV-2 drug- induced 
liver injury with COVID-19 will be included. Because the 
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population is generally susceptible to SARS- CoV-2, there 
is no restriction on the age of patients with COVID-19. 
The confirmation of COVID-19 is that the SARS- CoV-2 
will be detected by real- time reverse transcription PCR.37 
Liver injury will be diagnosed through abnormal liver 
function tests.38 We defined alanine aminotransaminase 
(ALT) and/or aspartate aminotransferase (AST) over 
three times the upper limit unit of normal (ULN); alka-
line phosphatase (ALP), gamma- glutamyl transferase, 
and/or total bilirubin over two times ULN as liver injury. 
Participants of any sex and ethnicity will be enrolled.

Types of interventions
The experimental group using GAP alone or combined 
with conventional therapy, and the control group 
receiving conventional therapy will be included. There 
will be no restrictions on the types, dosage forms, doses 
and methods of the use of GAP.

Types of outcome measures
Primary outcome
Liver function will be tested with serum ALT, serum 
AST and ALP. Length of stay will be evaluated by days of 
hospitalisation.

Secondary outcome
Mortality rate will be defined as the percentage of deaths 
to the total number after treatment. Blood test will be 
evaluated by C reactive protein, procalcitonin and white 
cell count.

Safety outcome
Incidence of adverse reactions will be observed by kidney 
function, bilirubin level, gastrointestinal symptoms (eg, 
nausea, vomiting, abdominal pain, diarrhoea) and rash.

Exclusion criteria
1. GAP was not only in the experimental group but also 

in the control group.
2. The patients with pre- existing liver disease (eg, cirrho-

sis, hepatocellular carcinoma, non- alcoholic fatty liver 
disease, autoimmune liver diseases or liver transplant).

3. Liver injury resulting from toxicity from commonly 
used drugs.

4. The data cannot be extracted, and the correct data 
cannot be obtained by contacting authors and data cal-
culation.

5. Repeatedly published studies, literature reviews, meta- 
analyses, case reports, etc.

Search strategy
Electronic searches
Main information resource databases include: PubMed, 
Web of Science, Ovid web, China National Knowledge 
Infrastructure, Chinese Biomedical Database, Chinese 
Scientific and Journal Database and Wanfang Database. 
The search time limit is from 1 December 2019 to 1 
July 2021. The search terms are ‘glycyrrh*’, ‘COVID-19 
combined with liver injury’, ‘clinical efficacy’, etc. The 
language is limited to Chinese and English. The detailed 
search strategy from Web of Science is listed in table 1, 
and the search strategy will be modified according to 
other different databases.

Other search strategies
Manual search will be performed using conference papers 
and searched literature references. In addition, preprinted 
websites including arXiv (http:// arxiv. org/), BioRxiv 
(https://www. biorxiv. org/), F1000 (https:// f1000. com/) 
and PeerJ Preprints (https:// peerj. com/ preprints) will also be 
searched to find more unpublished papers.

Data collection and analysis
Literature screening
All search results will be imported into EndNote V.X9 
for classification and sorting, and duplicate studies will 
be excluded. Two researchers (XT and WG) will inde-
pendently screen the titles and abstracts of the literature, 
and screen the literature based on the inclusion criteria. 
For any potentially related research, we will download 
and read the full text. If there is disagreement during the 
screening process, a discussion with the third researcher 
(YN) will be done to make a decision. A research flow 
chart will be drawn to show the whole process of research 
selection (figure 1).

Data extraction
According to the inclusion criteria, the results of the 
included studies and all valuable information will be 
correctly extracted. Two researchers (XT and WG) will 
complete this work independently and review with each 
other. Data extraction includes five aspects: basic research 
information (eg, title, journal, research ID number, 
author, contact information, etc), research method (eg, 
research design, random unit, random method, etc), 
observation object (eg, age, gender, sample size, etc), 
intervention measures (eg, treatment course informa-
tion, etc), and measurement indicators (eg, measurement 

Table 1 Search strategy from Web of Science

# 4 #3 AND #2 AND #1

# 3 TS=(randomised controlled trial OR controlled clinical trial OR randomized OR single- arm trial OR retrospective study 
OR placebo OR drug therapy OR randomly OR trial OR groups)

# 2 TS=(COVID-19 OR Novel Coronavirus Pneumonia OR 2019- nCoV OR SARS- CoV-2)

# 1 TS=(glycyrrh* OR glycyrrhizic acid OR monopotassium glycyrrhizinate OR monoammonium glycyrrhizinate OR 
compoundammonium glycyrrhizinate OR compound glycyrrhizin OR compoundmonoammonium glycyrrhizinate OR 
diammonium glycyrrhizinate OR glycyrrhizic acid preparation OR magnesium isoglycyrrhizinate)
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indicators and time points for judgement, judgement 
indicators, measurement units, etc). If the data are 
missing, we will try to contact the original author. If data 
are unavailable, we will exclude the study. Similarly, if the 
data are disputed, it will be resolved by discussing with the 
third researcher (YN). Once the extraction is completed, 
the two researchers (XT and WG) will check with each 
other to ensure the accuracy of the data.

Assessment of risk of bias in included studies
All the included studies will be evaluated based on the 
guidelines of Cochrane Handbook V.5.2.0 for Systematic 
Reviews of Interventions.39 40 Different risk of bias assess-
ment tools will be used according to different types of 
studies. There are seven domains, and each item should 
be judged as ‘low risk’, ‘high risk’ and ‘unclear’ devia-
tions according to the quality classification standards. If 
there is a difference, it will be decided through collective 
consultation. The risk of bias of RCTs will be conducted 

using version 2 of the Cochrane risk of bias tool. The 
risk of bias tool in non- randomised studies of interven-
tions will be used to assess the risk of bias of non- RCTs 
according to Cochrane Handbook.

Assessment of heterogeneity
The heterogeneity of the included studies is measured by 
Q- test and I2 statistic. When I2 is more than or equal to 
50%, the heterogeneity will be considered large. For this 
reason, we will use a random- effects model to analyse the 
data. If I2 is less than 50%, it can be considered that the 
included studies are homogeneous, and the fixed- effects 
model can be used to analyse the data.

Data synthesis
The meta- analysis will be performed using RevMan V.5.3 
software provided by the Cochrane Collaboration Center. 
Binary variables and continuous variables are included in 
the results of interest. If the statistical heterogeneity is low 

Figure 1 Flow diagram of study selection. CNKI, China National Knowledge Infrastructure; RCT, randomised controlled trial.
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(p>0.1 or I2 <50%), we will use the fixed- effects model 
to combine the data; but if the statistical heterogeneity is 
high (p<0.1 or I2 >50%), we will use the random- effects 
model. However, if the heterogeneity level has much 
significance, a descriptive analysis will be performed.

Subgroup analysis and investigation of heterogeneity
A subgroup analysis will be performed to explore whether 
the results of the study are different due to the existence 
of some factors that may affect the prognosis. These 
factors include the dosage of conventional therapy, 
course of treatment, intervention measures, etc. If there 
are enough data, we will conduct subgroup analysis to 
explore the source of heterogeneity.

Sensitivity analysis
To determine the stability and reliability of the summary 
results, a sensitivity analysis will be performed. We will 
remove some studies with high risk of bias, or check 
processing method of missing data.

Assessment of reporting bias
If more than 10 studies are included, we will make a funnel 
chart based on the data of the included studies to assess the 
deviation. When the funnel chart is asymmetrical, indicating 
that there may be publication bias, we will discuss the source 
and explain the possible causes of the bias.

Grading the quality of evidence
In order to rate the quality of evidence, understand the 
actual situation of the evidence rating and analyse the 
possible problems, the Grading of Recommendations 
Assessment, Development and Evaluation (GRADE)41 
will be used to evaluate the evidence quality. According 
to the recommendations of the GRADE working group, 
the evaluation of the evidence quality of the key outcome 
indicators can be divided into four levels: high (++++), 
moderate (++), low (++) and very low (+).

Amendments
We will show all the amendments with detailed descrip-
tion and rationale in the amendments of this study.

Ethics and dissemination
A meta- analysis is an analysis of previous research data 
and uses data that existed in studies published, so this 
review does not require ethical approval. The results of 
this review will be published in peer- reviewed journals.

DISCUSSION
COVID-19 is a global pandemic. A vaccine is the key to 
the prevention and control of this disease. Current clinical 
studies confirmed that the vaccine is safe and effective with 
few adverse reactions, but the vaccine can only reduce the 
risk of SARS- CoV-2 infection. There is insufficient clinical 
evidence to confirm that anti- SARS- CoV-2 drugs (eg, alpha- 
interferon, lopinavir/ritonavir, ribavirin and chloroquine 
phosphate) are effective in suppressing the virus, and also 

cause a variety of adverse effects such as diarrhoea, elevated 
transaminases and skin rash.42–44 One study consolidated 
and reviewed the available clinical and preclinical relevant 
results, showing mixed results in terms of efficacy within the 
framework of current clinical protocols.45 Therefore, it is 
necessary to find an effective and safe scheme for the treat-
ment of anti- SARS- CoV-2 drug- induced liver injury.

One study explored the possibilities for the treatment of 
COVID-19 by systematically reviewing evidence on the effi-
cacy and safety of GAP for SARS and Middle East respira-
tory syndrome (MERS).46 Based on the available evidence 
related to GAP for the treatment of SARS and MERS, Li et al 
postulated that compound glycyrrhizin could be an optional 
strategy for the treatment of SARS- CoV-2 infections, espe-
cially those with complex liver injury.47 Recently, a study 
found that glycyrrhizic acid showed significant inhibition 
towards various types of viruses and considered glycyrrhizic 
acid as a potential drug for the treatment of COVID-19.47 
Therefore, there is a strong case for conducting this review. 
In this review, we aim to assess the available evidence on the 
clinical efficacy and safety of GAP for the treatment of anti- 
SARS- CoV-2 drug- induced liver injury.

The results of this study may have valuable practical implica-
tions for patients, healthcare professionals and those working 
on COVID-19 research. Our findings will be expected to 
provide validated clinical decision support for COVID-19. 
It can also be used to guide healthcare professionals in the 
treatment of COVID-19.

The results of this review will be published in a peer- 
reviewed journal, and we believe the results will benefit 
clinicians, patients and guideline makers.
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