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Clinical advantages of licorice (Glycyrrhiza spp.) have been investigated for several years. It has 
been traditionally used for a variety of disorders. Different constituents with various characteristics 
have been isolated from Glycyrrhiza spp. extracts. This review aimed to summarize the current 
knowledge on the pharmacological efficacy and safety of licorice extract constituents to treat the 
pathophysiology of acne vulgaris (AV) and the associated postinflammatory hyperpigmentation 
(PIH). Anti-androgenic, antimicrobial, anti-inflammatory, antioxidant, depigmenting, and skin-
turnover-accelerating properties have been identified for licorice extract which could be effective 
against AV and PIH through multiple pharmacological mechanisms. The active compounds 
responsible for these pharmacological activities, molecular mechanisms, safety profile, as well as 
the in vitro, in vivo, animal, and clinical studies are discussed. Licorice extract possesses broad-
spectrum activity and could be considered as an effective and safe option in the treatment of AV 
and its associated PIH. However, evidence-based clinical trials are required to prove its efficacy as 
well as safety. We hope this paper can provide new insights for further studies, particularly large 
controlled clinical trials.
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Introduction
Since ancient times, dried roots and rhizomes of licorice 

different species (Glycyrrhiza spp.) have been used as 
herbal remedies for local and systemic conditions. Licorice 
species are native to the Mediterranean and certain areas 
of Asia, now cultivated throughout the Europe. The genus 
Glycyrrhiza (family: Leguminosae) includes around 30 
various species consisting G. glabra, G. uralensis, G. 
inflata, G. eurycarpa, G. aspera, and G. korshinskyi (1).

Based on the in vitro, in vivo, animal, and clinical 
studies, several useful pharmacological activities such as 
anticancer (2-8), antiviral (3, 9), immunomodulatory (6, 
10), detoxifying (11), demulcent (12), gastroprotective 
(13-17), hepatoprotective (18, 19), cardioprotective (20, 
21), anti-atherosclerotic (22-26), and several other effects 

have been reported for licorice.
Main factors in the pathogenesis of acne vulgaris (AV) 

are androgen-induced sebum rise, bacterial colonization, 
inflammatory responses of the immune system, and 
abnormal follicular keratinization. The management of 
AV does not only end to the point of lesions eradication 
but also consideration must be given to the treatment of 
postinflammatory hyperpigmentation (PIH). Herbal drugs 
and natural products might suggest added hopes in the 
development of novel medicines for the treatment of this 
condition.

Evident anti-inflammatory, antimicrobial, anti-
androgenic, antioxidant, skin-lightening and -turnover-
accelerating properties have been attributed to licorice 
in the literature. Therefore, the objective of this review 
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is to explore the pharmacological efficacy and safety of 
licorice in the management of AV and PIH to provide data 
that may be useful for future anti-acne clinical researches 
on this herb and the development of complementary 
medicine.

Methods
The electronic databases Cochrane Library, MEDLINE/
PubMed, Web of Science, Scopus, and Google Scholar were 
searched to review all the relevant articles published in English 
up to March 2020. Single word or combinations of licorice, 
Glycyrrhiza, glycyrrhizin, glabridin, glabrene, isoliquiritigenin, 
licochalcone, anti-inflammatory, androgen, testosterone, 

antimicrobial, antibacterial, antioxidant, antioxidant, 
keratolytic, skin, tyrosinase, lightening, renewal, acne, 
postinflammatory, hyperpigmentatiom, hypopigmentation, 
and depigmentation were searched. The advanced search 
inputs were manipulated in order to obtain more pertinent 
results. Data of licorice extract constituents pharmacologically 
related to the pathophysiology of AV and PIH was obtained.

 Results
Of 1189 search results, ultimately 43 full-texts of original 
papers and three English informative abstracts (non-English 
full-text) were included for this review. Figure 1 demonstrates 
the flow diagram of the search strategy.

Figure 1. Flow diagram of the search strategy.

Licorice extract main constituents
Licorice potent effects are due to its various natural active 
compounds. To date, more than 20 triterpenoids and 300 

flavonoids have been isolated from licorice (27). Some of the 
main constituents extracted from licorice are listed in Figure 2.
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Figure 2. Main constituents of licorice extract.
Glycyrrhizin (or glycyrrhizic acid or glycyrrhizinic acid) is 
the chief pharmacologically active component of licorice 
extract, which is hydrolyzed to glycyrrhetinic acid in vivo (1). 

Related constituents of licorice extract to the pathophysiology 
of AV and PIH, based on their pharmacological activities are 
discussed in the following and summarized in Table 1. Types 
of studies of these constituents are listed in Table 2.

Table 1. Specific pharmacological activities of licorice extract constituents in relation to the pathophysiology of AV and PIH.

Pharmacological activity Pathology Identified constituents of licorice 

Anti-androgenic AV Glycyrrhizin (28-30), licochalcone A (31), total extract (32-34)

Antimicrobial AV Licochalcone A (31), licochalcone E (35), total extract (36-42)

Anti-inflammatory AV, PIH Glycyrrhizin (43-50), licoflavanone (51), glabridin (52-55), isoliquiritigenin (53), licochalcone A 
(2,56,57), liquiritin (48), liquiritigenin (48), total extract (51)

Antioxidant AV, PIH
Glycyrrhizin (43), glabridin (54,58-60), licochalcone A (4,31), licochalcones B and D (61), 

hispaglabridins A and B (58,60), total extract (51,62,63)

Skin lightening and turnover 
accelerating PIH, AV Glabridin (52,64,65), glabrene (66), isoliquiritigenin (66), licochalcone A (67), licuraside (67), 

isoliquiritin (67), liquiritin (68,69), glycyrrhisoflavone (70), glyasperin C (70), total extract (71)

Abbreviations: AV: acne

 vulgaris; PIH: postinflammatory hyperpigmentation.
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Table 2. Studies of licorice extract constituents in relation to the pathophysiology of AV and PIH.

Anti-androgenic Antimicrobial Anti-inflammatory Antioxidant Skin lightening and turnover acceler-
ating

Glabrene In vitro (66)

Glabridin In vitro (52-55)

Ex vivo (52)

Animal (54)

In vitro (54,58,60)

Animal (54,59) 

In vitro (52,64)

Ex vivo (52)

Human (65)

Glyasperin C In vitro (70)

Glycyrrhisoflavone In vitro (70)

Glycyrrhizin In vitro (30)

Ex vivo (28)

Human (29)

In vitro (43,45,47,48)

Ex vivo (45,48)

Animal (44,46,49,50)

Human (45)

In vitro (43)

Hispaglabridin A In vitro (58,60)

Hispaglabridin B In vitro (58,60)

Isoliquiritigenin In vitro (53) In vitro (66)

Isoliquiritin In vitro (67)

Licochalcone A In vitro (31) In vitro (31) In vitro (2,56,57)

Human (57)

In vitro (4,31) In vitro (67)

Licochalcone B In vitro (61)

Licochalcone D In vitro (61)

Licochalcone E In vitro (35)

Licoflavanone In vitro (51)

Licuraside In vitro (67)

Liquiritigenin In vitro (48)

Ex vivo (48)

Liquiritin In vitro (48)

Ex vivo (48)

Human (68,69)

Total extract Animal (33)

Human (32,34)

In vitro (36-42) In vitro (51) In vitro (51,62,63) In vitro (71)

Anti-androgenic activities

Increased production of androgens in the cutaneous sebaceous 
glands (SGs) leads to augmented sebum secretion and 
development of AV. Six major enzyme systems are involved 
in cutaneous androgen metabolism, namely steroid sulfatase, 
3β-hydroxysteroid dehydrogenase (HSD), 17β-HSD, steroid 
5α-reductase, 3α-HSD, and aromatase (72, 73).

Licorice is known as an anti-androgenic herb through 
different pharmacological mechanisms. Glycyrrhizin (28-
30), licochalcone A (31), and total extract of licorice (32-34) 
have been identified with anti-androgenic activities.

Licorice has reduced the production of testosterone by 

blocking 3β-HSD, 17β-HSD, and 17-20 lyase in humans 
(32, 34). Administration of high amounts of pure licorice 
extract to male volunteers could significantly reduce total 
serum testosterone, however, the values of testosterone 
never dropped below the normal range (34). Moreover, 
licorice showed anti-androgenic properties in male rats due 
to increasing testosterone metabolism, down-regulating 
androgen receptors, or activating estrogen receptors (33).

Licochalcone A inhibited 5α-reductase and antagonized 
androgen receptors in vitro (31). Glycyrrhizin and 
glycyrrhetinic acid significantly decreased the testosterone 
production by inhibiting 17β-HSD in vitro (30) and 
stimulating the aromatase activity ex vivo (28). Additionally, 
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in a Chinese clinical trial glycyrrhizin reduced the serum 
level of testosterone in women, and was safe and effective in 
the treatment of post-adolescent AV (29).

Antimicrobial activities

Certain bacteria such as Propionibacterium acnes, 
Staphylococcus aureus, Staphylococcus epidermidis, 
and Streptococcus pyogenes have important roles in the 
pathogenesis of AV by stimulating inflammatory processes 
(74, 75). Licochalcone A (31), licochalcone E (35), and 
the total extract of licorice (36-42) have been identified as 
bioactive compounds against acne-causing bacteria. In vitro 
studies have shown significant antimicrobial activities of 
licorice extract against P. acnes (41, 42), S. aureus (35, 36, 
42), S. epidermidis (42), and S. pyogenes (37, 38).

In vitro screening clearly indicated that active methanolic 
extract of G. glabra had promising antimicrobial activity 
against P. acnes (MIC: 1.25 mg/ml), S. aureus (MIC: 2.5 mg/
ml), and S. epidermidis (MIC: 2.5 mg/ml) (42). Another in 
vitro investigation, showed G. glabra antibacterial activities 
for two strains of P. acnes, with MICs of 200 µg/ml for ATCC 
6919 and 100 µg/ml for ATCC 11827 (41). Moreover, the 
MIC of licorice extract has been found to be 0.25 and 2.5 mg/
ml against methicillin susceptible S. aureus and methicillin 
resistant S. aureus, respectively (36).

Anti-inflammatory activities

P. acnes induce the pro-inflammatory mediators such as 
the tumor necrosis factor (TNF)-α, interleukin (IL)-1β, IL-
6, IL-8, leukotriene (LT)-B4, prostaglandin (PG)-E2, and 
nuclear factor-κB (NF-κB) through Toll-like receptors. 
Reactive oxygen species (ROS) are also responsible for 
AV inflammatory processes (76). Mechanistically, P. acnes 
induce the inducible nitric oxide synthase/nitric oxide 
(iNOS/NO) and cyclooxygenase-2/PG-E2 (COX-2/PG-E2) 
expressions via a ROS-dependent NF-κB cascade (77).

Glycyrrhizin (43-50), licoflavanone (51), glabridin (52-55), 
isoliquiritigenin (53), licochalocone A (2, 56, 57), liquiritin 
(48), and liquiritigenin (48) have been identified as the main 
licorice constituents with anti-inflammatory properties.

Glycyrrhetinic acid dose-dependently inhibited the activation 
of classical complement pathway in vitro (47). Furthermore, 
Glycyrrhetinic acid inhibited glucocorticoids metabolism 
and intensified their effects by inhibiting 11β-HSD in mice 
and in vitro (44, 45).

Glycyrrhizic acid, liquiritin, and liquiritigenin have strongly 
inhibited the iNOS and COX-2 expressions without cellular 
toxicity (48, 49). Glabridin (100 nM) inhibited gene 
expression of the iNOS, production of NO, and formation of 
nitrotyrosine (marker of the potent oxidant ONOO−) in vitro 
and mice (55).

Isoliquiritigenin and glabridin were recognized as dual 
inhibitors of COX and lipooxygenase (LOX) by reducing 
the synthesis of PG-E2, TX-B2, and LT-B4 in vitro (52, 53). 
Licochalcone A effectively inhibited UV-induced COX-2 
expression and P-E2 generation through the inhibition of 
activator protein 1 transcriptional activity (2, 56).

In a randomized vehicle-controlled clinical trial accompanied 
by in vitro experiments, topical licochalcone A significantly 
reduced the erythema in both the shave- and UV-induced 
irritation tests and potently inhibited the PG-E2, LT-B4, IL-6, 
and TNF-α formation (57).

Licoflavanone and glycyrrhizinic acid significantly decrease 
pro-inflammatory cytokines and COX-2/iNOS expression by 
inhibiting NF-κB pathway (51). Then, licorice root extract 
could be a good source to suppress inflammation through 
multiple pathways.

Antioxidant activities

Antioxidants scavenge the ROS and free radicals, so reduce 
the inflammation and peroxidation of the sebum. Naturally 
the production rate of ROS is slow and they are removed by 
endogenous antioxidants, principally superoxide dismutase 
(SOD), catalase, and glutathione. The blood levels of these 
antioxidants have been significantly low in AV patients 
compared to normal individuals (78). Consequently, high 
levels of ROS in epidermis damage the membranes of cells 
by lipid peroxidation and malondialdehyde production (79). 

Licorice extract has demonstrated potent antioxidant and 
free-radical-scavenging effects in topical preparations 
(51, 62, 63). Glycyrrhizin (43), glabridin (54, 58-60), 
hispaglabridins A and B (58), licochalcone A (4, 31), 
and licochalcones B and D (61) have been reported with 
antioxidant activities.

Glabridin, hispaglabridin A and B, licochalcone A, B, C, 
D and echinatin have strongly inhibited mitochondrial and 
microsomal lipid peroxidation in vitro (58, 61). Glycyrrhizin 
and licochalcones B and D showed potent antioxidant and 
superoxide-scavenging activities by significantly inhibiting 
ROS generation (43, 61). Glabridin has been reported for 
increasing glutathione content (59), while licochalcone A 
exhibited SOD-like properties (31).

Skin-lightening and -turnover-accelerating activities
Immune changes and inflammatory responses precede 
hyperkeratinization and AV formation. PIH is the 
consequence of either overproduction or unbalanced 
distribution of melanin after cutaneous inflammations (80). 
Various investigations have established the melanocyte-
stimulating effects of LT-C4, LT-D4, PG-E2, PG-D2, TX-
2, IL-1, IL-6, TNF-α, and ROS. Dermic inflammation can 
damage the basal keratinocytes and release large amounts 
of melanin ending in PIH. 



191

Raoufinejad et al.

December 2020;8(4) jpc.tums.ac.ir

The other mechanism that increases the synthesis of 
melanin is depletion of the antioxidants, e.g. glutathione. 
Antimelanogenic effects of antioxidants could be explained 
by interfering with lipid peroxidation in melanocytes 
membranes, stimulating intracellular glutathione synthesis, 
and scavenging ROS and free radicals (81, 82). Therefore, 

the novel anti-acne products are strongly recommended to 
contain agents with antioxidant properties.
Tyrosinase is the rate-limiting enzyme involved in the 
melanogenesis pathway of PIH (Figure 3). A number 
of tyrosinase inhibitors from both natural and synthetic 
sources have been identified.

Licorice extract contains several active antimelanogenic 
components, providing a choice for skin-lightening products 
(71). Glabridin (52,64,65), glabrene (66), isoliquiritigenin 
(66), licochalcone A (67), licuraside (67), isoliquiritin (67), 
liquiritin (68,69), glycyrrhisoflavone (70), and glyasperin C 
(70) from licorice have exerted depigmenting properties.
Topical glabridin 0.5% prevented UVB-induced erythema 
and pigmentation in the skin of guinea pigs (52). Furthermore, 
glabridin 0.1% applied three times daily for four weeks was 
claimed to significantly lighten the skin (65).
Concentrations of 0.1% and 0.4% of licorice extract 
applied once daily have been satisfactorily resulted in skin 
lightening in about 14% and 20% of patients, respectively 
(65). Glabrene, isoliquiritigenin, licochalcone A, licuraside, 
isoliquiritin, glycyrrhisoflavone,  glyasperin C, and extract 
of G. glabra have demonstrated strong inhibitory effects on 
diphenolase activities of tyrosinase in vitro (66, 67, 70, 71).
Topical liquiritin 1 g/day for 4 weeks was therapeutically 
effective in the treatment of melasma-associated 

Figure 3. Pathway of melanin synthesis. The first two steps are catalyzed by tyrosinase, in which L-tyrosin converts to L-DOPA and then L-DOPA changes 
to a quinone which spontaneously polymerizes to form melanin pigments.

hyperpigmentation (68). In another clinical trial, topical 
liquiritin 4% for 8 weeks was significantly more effective 
than 2%, and topical liquiritin 2% was significantly more 
effective than hydroquinone 4% (69).
Two mechanisms were suggested for liquiritin depigmenting 
properties: melanin dispersibility by pyran ring of its 
flavonoidal nucleus, and accelerating epidermal regeneration. 
In fact, liquiritin has no effects on tyrosinase and is classified 
as a skin turnover accelerator (68). Therefore, this property 
can be effective against both AV keratinization and PIH 
melanogenesis.

Safety profile
Licorice needs to be used with caution during pregnancy. It 
has selective cytotoxic effects on cancerous cells. Generally, 
neurologic, cardiovascular, endocrine, and hematologic 
adverse effects have been reported with systemic consumption 
of licorice. 
In a 28-day course of treatment with up to 10 g/kg of an oral 
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anti-acne formula containing licorice, no toxic effect was 
detected in male and female rats (83). At a level of 800 mg/
kg/day in female rats and 400 mg/kg/day in male rats, no 
adverse effect was observed with oral licorice flavonoid oil 
in a 90-day toxicity study (84).
The most important adverse effects of licorice are 
hypertension and hypokalemic-induced secondary disorders. 
The risk of adverse effects increases with hypokalemia, 
prolonged gastrointestinal transient time, 11β-HSD type 2 
enzyme deficiency, hypertension, anorexia nervosa, old age, 
and female sex. Excessive daily licorice supplementation 
may cause hypokalemia due to licorice-induced 
hyperaldosteronism and may lead to hypertension, although 
reversible by discontinuation (85). Licorice flavonoid oil has 
been safe when orally administered once daily up to 1200 
mg/day in humans (86).
Glabridin can inhibit at least three human cytochrome P 
(CYP450) isoenzymes (3A4, 2B6, 2C9) and interact with the 
medicines which are the substrates of these enzymes (87). 
CYP3A4 and CYP2D6 isoenzymes were weakly inhibited 
by glycyrrhizin, indicating mild herb-drug interactions (88). 
In addition, the inhibition of CYPs by herbal constituents 
may decrease the formation of toxic metabolites and thus 
inhibit carcinogenesis, as CYPs play important roles in 
the procarcinogens activation. Further research should be 
conducted to ensure the safety (89). 

Conclusions
Glycyrrhiza spp. extracts possess broad-spectrum activities 
and could be considered as effective and safe options in the 
treatment of AV and its associated PIH. Four mechanisms of 
the AV pathogenesis can pharmacologically be inhibited by 
various active constituents of licorice extract. In addition, the 
pathway of melanogenesis can be suppressed at the same time 
to manage PIH. Hence, anti-androgenic, antimicrobial, anti-
inflammatory, antioxidant, antimelanogenic, and exfoliative 
effects of licorice can antagonize the mechanisms involved in 
the pathogenesis of both AV and PIH simultaneously.
Total extracts of Glycyrrhiza spp. sound probably more 
effective than isolated constituents against AV and PIH, 
due to containing all the active elements with various 
pharmacological activities. In Chinese medicine, licorice 
is used for the treatment of acne and pimples; however, no 
clinical trials so far have evaluated the efficacy and safety 
of licorice on AV and its PIH alongside. Due to the huge 
demands for the treatment of these common dermatoses, it is 
fully justified to make practical recommendations for future 
investigations and clinical trials on mixtures and purified 
compounds from licorice
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