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Abstract

Background: Licorice is proposed as a treatment option for coronavirus disease-19 (COVID-19) by inhibiting
the virus binding, penetration and replication; it also modulates various cellular signaling pathways. In this
double-blind randomized-controlled trial, efficacy of Licorice hydroalcoholic extract oral formulation has been

evaluated in patients with mild-moderate COVID-19in an outpatient clinic.

Methods: A total of 40 mild to moderate outpatient Covid-19cases were randomly assigned into either Licorice
or placebo groups (n=20 in each). Patients in Licorice group were given 700 mg capsules of hydroalcoholic
extract of Licorice, trice a day for 2 weeks, while controls were given placebo capsules that were filled with
Avicel (microcrystalline cellulose). Blood samples were collected from all participants before starting the
medication and on days three, seven, and 14 for laboratory parameters including quantitative C-reactive protein

(CRP), WBCs, lymphocytes, and neutrophils counts. The clinical symptoms were also recorded.

Results: Our results showed that Licorice extract significantly decreased the frequency of cough on day seven
(P=0.004) and the frequency of dyspnea on day three (P=0.02). No significant differences were found in the
frequency of nausea, diarrhea, body pain, sore throat, runny nose, dizziness, lethargy, and loss of taste or smell
between the two groups. Patients in Licorice group showed significantly higher oxygen saturations on days
three, seven, and 14. Other laboratory parameters did not show any changes between the two groups.

Conclusion: Licorice extract improved some clinical symptoms such as cough and dyspnea while only increased
the oxygen saturation. Further studies with larger sample sizes at different stages of Covid-19are suggested.
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Introduction in the intensive care unit (ICU) due to respiratory failure
(4), many of them require intubation or mechanical
ventilation due to the acute respiratory distress syndrome
(ARDS) (4). Covid-19-associated ARDS includes
infiltration, severe pulmonary edema, and inflammation

leading to impaired alveolar homeostasis and pulmonary

The outbreak of coronavirus disease 2019 (COVID-19)
first happened in late 2019, Wuhan, China. On January 30,
2020, the World Health Organization (WHO) officially
declared COVID-19, a new coronavirus (SARS-CoV-2),

as an international public health crisis. COVID-19is
caused by severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), which is a large family of viruses and
a subset of Coronaviridae (1, 2). These viruses contain
nucleocapsid-positive and single-stranded RNA and their
size under electron microscope has been reported as 400-
300 nm (3). About 17% of the cases require hospitalization

fibrosis (5). The SARS-CoV-2 proliferation cycle includes
attachment, endocytosis, biosynthesis, maturation, and
exocytosis (6). The four structural proteins of the virus
are consisted of the spike (S), envelope (E), membrane
(M), and nucleocapsid (N) proteins (7). The initial stage
in COVID-19infection is the interaction between human
airway epithelial cells and the surface spike protein. SARS-

* Corresponding Author: Dr Batool Zarei

Address: Department of Clinical Pharmacy, School of Pharmacy, Azadi Square, 9177948954 Mashhad, Iran. Tel: +989900462092.

Email: zareb982@mums.ac.ir

Copyright © 2023 Tehran University of Medical Sciences.

This work is licensed under creative Commons Attribution-NonCommercial 4.0 International license (https://creativecommons.org/licenses/by-nc/4.0/).
Noncommercial uses of the work are permitted, provided the original work is properly cited



Oral Hydroalcoholic Extract of Licorice for Management of Mild to Moderate

CoV-2 S protein predominantly binds to the Angiotensin
Converting Enzyme (ACE) 1II receptor expressed in the
lungs. After entering the cell, the gene expression and
genome encoding of the virus occurs (8). However, the
pathogenesis of COVID-19is extremely complicated and
various factors are involved. Inflammatory and immune
factors such as IL-2, IL-7, macrophage inflammatory
protein  (MIP)l-a, granulocyte colony—stimulating
factor (G-CSF), tumor necrosis factor (TNF)-a,
interferon-y inducible protein 10 (IP-10), and monocyte
chemoattractant protein (MCP)-1, may contribute to
the multiorgan failure in COVID-19(9-11). So far,
there has been no drug for the successful and definitive
treatment of Covid-19; however, various drugs have been
experimented and reported, including: Chloroquine and
Hydroxychloroquine, Lopinavir, Ritonavir, Favipiravir,
Umifenovir, Nitazoxanide, Ivermectin, Corticosteroids,
Tocilizumab, Ribavirin, Famotidine, Statins, and Aspirin
(12-14).

Medicinal plants have been recognized as important
sources for new molecules to treat important human
diseases (15). Liquorice (UK)orlicorice (US) (Glycyrrhiza
glabra), a perennial herb, belongs to pea (Fabaceae) family
and is renowned for its ethnopharmacological values
(16). More than 400 compounds have been extracted
from the genus Glycyrrhiza and a systematic database has
been created (17). These components can be classified
according to their chemical structures as flavonoids,
saponins, coumarins, phenolic compounds, essential oils,
and other compounds (18). Flavonoids and triterpenoid
saponins are abundant in licorice root or rhizomes (19). A
compound of the triterpenoid saponins called glycyrrhizin
is the most effective constituent of licorice, which can be
found naturally in licorice root (15). Pharmacological
studies have demonstrated a wide range of biological
activities for licorice such as: antiviral (20), antimicrobial
(21), anti-inflammatory (22), antitumor (23), antioxidant
(24), liver protective (25), cardiovascular protective (26),
anti-depressant (27), memory booster (28), anti-diabetic
(29), and anti-allergic (30). Studies have shown that three
triterpenes and 13 flavonoids were mostly responsible
for the anti-inflammatory effect of licorice via different
mechanisms, particularly downregulation of mediators
such as prostaglandin E2, tumor necrosis factor and matrix
metalloproteinases (31). The antiviral activity of licorice
is attributed to glycyrrhizin and 18f3-glycyrrhetinic acid
by inhibiting virus gene expression and replication,
prevention of viral attachment, internalization and
stimulation of interferon secretion, and reducing high-
mobility-group box(HMGB) binding to DNA (32, 33).
Also, they can improve host cell activity by preventing [xkB
degradation, enhancement of T lymphocyte proliferation,
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and suppression of host cell apoptosis. Four flavones
(licochalcone A, licochalcone E, glabridin, liquiritigenin)
and one triterpene (18B-glycyrrhetinic acid) appear to
have antimicrobial properties in licorice (34, 35).

Invitro studies have revealed that glycyrrhizin has stronger
antiviral activity than ribavirin against SARS-associated
coronavirus (SARS-CoV). In addition to prevention of
virus replication, glycyrrhizin was able to inhibit the
adsorption and penetration of initial steps of the virus
replication cycle (36). In an eight-week clinical trial in
China, the no-observed-adverse-effect level (NOAEL)
for glycyrrhizin in humans was determined as 2 mg/kg
(1). This value means that in a person with a body weight
of 70kg, daily consumption of 140 mg glycyrrhizic acid
for eight weeks did not show any dangerous side effects

(1.

There is currently no definitive treatment for covid-19.
Antiviral drugs used in severe cases are mainly
related to treatment of other known viruses including
HIV and influenza. Nearly 80% of Covid-19patients
are asymptomatic or mild, and 20% patients show
pneumonia development and progression to respiratory
failure. Mild cases may not require hospitalization, but
there is a possibility of disease progression. Considering
the anti-viral and anti-inflammatory effects of licorice
extract this double-blinded randomized clinical trial was
designed to evaluate the efficacy of oral administration of
licorice hydroalcoholic extract on the treatment of Covid-
19outpatients.

Methods

This double-blind placebo-controlled clinical trial was
conducted on adult outpatients with confirmed SARS-
CoV-2 infection at Shahid Hasheminejad Hospital,
Mashhad University of Medical Sciences, Mashhad,
Iran from June to October 2020. The ethics committee at
Mashhad University of Medical Sciences approved the
study protocol (IRMUMS.REC.1399.047). The study
was also registered at the Iranian Registry of Clinical
Trials (IRCT20200404046933N1). An informed consent
was signed by all participants.

Patients with the following criteria were included in the
study: confirmed diagnosis of COVID-19based on (a)
positive real-time reverse transcription-polymerase chain
reaction (RT-PCR) of the respiratory tract samples and (b)
clinical signs/symptoms for COVID-19; 18<age<65 years
with mild to moderate disease based on national diagnosis
and treatment guideline (Mild COVID-19patients have
mild symptoms without dyspnea, ” but moderate patients
have clinical or radiographic evidence of lower respiratory
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tract infection with oxygen saturations above 94% )(37,
38); indication of home quarantine and the possibility
of taking medicine on an outpatient basis; and signed
informed consent. Patients were not included if they had
a history of allergy to licorice and its derivatives; were
pregnant or lactating women; or had any concomitant
diseases including: heart failure (EF<40%), severe renal
failure (eGFR<30 ml/min), hepatic failure (Child-Pugh
Score B or C), chronic lung disease, transplant patients
or immunocompromised patients ,active malignancy,
autoimmune disease (RA, SLE, etc.), or were in
need for hospitalization according to the clinical and
laboratory criteria, consumption of cytotoxic drugs
or corticosteroids, history of gastrointestinal diseases,
migraine, diabetes, and smoking. Patients were excluded
from study if any allergic reaction or any intolerable side
effects were caused by the drug (licorice extract).

Licorice powder was extracted in a 20 percent hydro-
ethanolic solution; the yelled solution was placed on a
rotary for ethanol evaporation. The concentrated solution
then was introduced to freeze-dryer instrument to become
powder. Glycyrrhizin was assessed by High-Performance
Liquid Chromatography (HPLC) method and each gram
of powder was contained 120 mg of Glycyrrhizin(1, 39).

All participants were randomly allocated into 2 groups
while computerized random numbers procedures were
used for consideration patients into case or control
groups. The patients in case group were asked to consume
700 mg capsules of licorice hydroalcoholic extract (each
containing 84 mg glycyrrhizin as active ingredient),
three times a day for two weeks. Patients in control
group received placebo capsules containing 600 mg of
Avicel (microcrystalline cellulose) with the same rout of
consumption. All the capsules were manufactured at the
department of Pharmacognosy and Pharmaceutics, School
of Pharmacy, Mashhad University of Medical Sciences,
Mashhad, Iran. Treatment assignments were blinded from
researchers and all patients to complete a data analytics
project. In this double-blind study, capsules (licorice and
placebo) were labeled A and B in the laboratory without
awareness of research team. Both placebo and licorice
hydroalcoholic extract capsules were identical in terms
of shape, color, weight, packing, and odor. Patients in
both control and treatment groups were not deprived of
standard treatment on the basis of national diagnosis and
treatment guidelines(40).

At the beginning of the study, the patients’ demographic
information, medical history, and medications were
recorded. The primary outcome of the study was to
evaluate duration of clinical symptoms improvement of
COVID-19infection such as fever, cough, runny nose,
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dizziness, lethargy, loss of taste or smell, sore throat,
headache, shortness of breath, tiredness, and gastrointestinal
symptoms at days one, three, seven, and 14. Secondary
outcome was considered as O2 saturation and laboratory
parameters including: C-reactive protein and differential
complete blood count which were measured on admission
and at days three, seven, and 14. Patients where free to
report their symptoms and the researchers also checked
the patients at days three, seven, and 14 to evaluate their
symptom and sings. In every visit the patients were asked
about probable adverse effect of drugs.

Statistical analysis

As the current study was the first clinical trial on oral
formulations of licorice efficacy for treatment of mild
to moderate COVID-19infections, the sample size for a
pilot study was determined as 20 patients in each group.
The study of Whitehead and his workers recommended
for a trial designed with 90% power and two-sided 5%
significance, pilot trial sample sizes per treatment arm of
75,25, 15, and 10 are enough for standardized effect sizes
that are extra small (<0.1), small (0.2),medium (0.5), or
large (0.8), respectively (41). So, proposing the licorice
extract effect medium regarding the proposed mechanism
of action, 20 patients in each arm could be acceptable.

Data analysis was performed using SPSS 19 (Chicago,
IL, USA). Values were reported as mean + standard
error (SE). The Kolmogorov—Smirnov test was used to
evaluate the normality of distribution of the variables.
The independent sample t test was used to compare the
variables between the two groups. Also, Chi-square
test was used to evaluate the association between
the independent variables. A P<0.05 was defined as
statistically significant.

Results

A total of 59 patients were assessed for the inclusion
criteria and 40 patients were qualified for enrollment in
the study (Figurel). Half of the patients (n=20) received
Licorice capsules, while, the next half (n=20) received
placebo capsules. The average ages were 38.6+8 and
41£12 years in case and control groups, respectively
(P=0.45), while 75% and 80% of participants in case
and control groups, respectively, were male (P=0.7). No
significant differences were found between Licorice and
placebo groups in the baseline characteristics including
02 saturation (P=0.150) (Figure 2), and levels of
platelets (P=0.682, white blood cells (P=0.439) (Figure
4), neutrophils (P=0.49), and lymphocytes (P=0.634)
(Figure 5).
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Figure 1. Consolidated Standards of Reporting Trials (CONSORT) flow chart for study design.

While the rate of cough was lower in patients who
received Licorice, the difference between the two
groups was significant only on day seven (P=0.004).
The frequency of dyspnea was also lower in Licorice
group, but the difference was significant only on day
three (P=0.02). No significant differences were found in
the frequency of nausea, diarrhea, body pain, sore throat,
runny nose, dizziness, lethargy, and loss of taste or smell
between the two groups. The time of improvement of
clinical symptoms in licorice group (10.1+4.16 days) was
no significantly lower compared to the placebo group
(11.8+3.95 days) (P=0.2).

While the two groups were homogeneous in terms of
02 saturation at the beginning of the study, patients who
received Licorice showed significantly higher percentage
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of oxygen saturation on days three, seven, 14 (Figure 2).
Although the patients who received Licorice had lower
levels of CRP compared to those in placebo group, the
difference was not significant at various time points
(Figure 3). Platelet count showed an increasing trend
through day zero to day 14; however, the difference
between the two groups was not significant.

White blood cell count showed an increasing trend
through day zero to day 14; however, the difference
between the two groups was not significant (Figure 4).
Lymphocyte count showed an increasing trend through
day zero to day 14, however, the difference between the
two groups was not significant (Figure 5). No significant
difference was seen in neutrophil count between the
placebo and Licorice groups during the 14-day study.
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Figure 2. Licorice treatment in mild to moderate Covid-19outpatients significantly increased O2 saturation levels at Day 3, Day 7, and Day 14
compared to the control group. Data was analysed by T-test and expressed by mean+SEM (n=20). *: P<0.05, **: P<0.01
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Figure3. Licorice treatment in mild to moderate Covid-19outpatients nonsignificantly decreased CRP levels at Day 3, Day 7, and Day 14
compared to the control group. Data was analyzed by T-test and expressed by mean+SEM (n=20).
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Figure 4. Licorice treatment in mild to moderate Covid-19outpatients did not significantly change the WBC count at Day 3, Day 7, and Day
14 compared to the control group. Data was analyzed by T-test and expressed by mean+SEM (n=20).
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Figure 5. Licorice treatment in mild to moderate Covid-19outpatients did not significantly change the Lymph. count at Day 3, Day 7, and Day
14 compared to the control group. Data was analyzed by T-test and expressed by mean+=SEM (n=20).
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Discussion

According to the findings of this pilot study, Licorice
possesses some clinical and paraclinical effects on
Covid-19outpatients; however, considering the relative
small sample size, majority of the findings were not
statistically significant and hence, non-generalizable at
this point. Moreover, uncertainty about patients’ complete
adherence to the treatment regimen can be assumed
another limitation.

Bioinformatics analysis and molecular studies have
shown that licorice can significantly improve clinical
symptoms such as fever, dry cough and shortness of
breath in COVID-19patients with no significant adverse
effects. Cao and his worker reported that Glyasperin F
a component of licorice may regulate cell growth via
inhibition of the activation of MMP1; Phaseol another
component of licorice may diminish inflammatory
response and inflammatory cell activation by inhibiting
the activation of CXCL8 and IL2RA. Glycyrol in licorice
with acting on STAT3 may regulate cell proliferation
and survival, thus reducing tissue damage and cell
death caused by excessive inflammatory response and
promoting the growth of new tissues (42). Other studies
have confirmed the anti-inflammatory and antioxidant
effects of this plant (43-45) .Also, Licorice plant
derivatives such as Glycyrrhizin and glycyrrhetinic acid
exert antiviral and antibacterial effects via inhibition of
the synthesis of inflammatory factors and inflammatory
mediators by blocking the binding of ACE 2 to virus
spike protein(46, 47). Additionally, Van de Sand et al.,
recommended consumption of glycyrrhizin-containing
products such as licorice root tea of black licorice for
treatment of COVID -19 patients; they proposed that
glycyrrhizin block the viral replication by inhibiting the
viral main protease (48).

Licorice has been used for respiratory disorders as an
expectorant and antitussive agent since long time ago
(49). Significant improvements in clinical symptoms
including dyspnea and dry coughs have already been
reported following Licorice use (47). Ding et al., reported
clinical improvement in a 62-year-old woman with
non-hospital Covid-19using a combination treatment of
diammonium glycyrrhizinate (DG) (150mg orally, trice
daily) with Vitamin C (VC) (200 mg orally trice daily) for
eight days. This treatment protocol reduced her symptoms
such as vomiting, fever, shortness of breath, and dry
coughs. Considering the low cost and wide availability of
DG and VC, their combination might be a good candidate
for alternative medicine against Covid-19(50). In another
study, after glycyrrhizin treatment, dyspnea, dry cough,
and chest distress ameliorated promptly and the elevated
serum level of aminotransferase reduced (51). According
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to our findings, oral administration of Licorice capsules
thrice a day for two weeks can significantly decrease
the rate of cough on day seven (P=0.004) as well as the
frequency of dyspnea on day three (P=0.02); however,
the effects were nonsignificant at other time points.

Activation of proliferation and maturation in the bone
marrow erythroid stem and hence, increased RBC,
WBC, and platelet count has been reported following
consumption of licorice root in murine model (52).

In this study, Licorice consumption caused significantly
higher O2 saturations. Considering that Licorice capsules
have alleviated respiratory symptoms like cough and
dyspnea, this increase in O2 saturation is clinically worthy
and considerable. Although O2 saturation may seem a
changeable variable, it was measured at different time
points in outpatients and the overall mean O2 saturation
was found to be higher in patients receiving Licorice.

Considering the fact that this was a pilot study, the sample
size was not large enough to yield significant results and
therefore this result may not be attributed to all patients
affected by Covid-19. Another limitation of this study is
that molecular mechanisms were not study. nevertheless,
it can be overall concluded that oral administration of
hydroalcoholic extract of Licorice can be effective in
management of Covid-19 patients. Confirmation of the
clinical efficacy of Licorice Covid-19 patients would
need larger randomized trials.
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