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Abstract. Solar ultraviolet B (UVB) radiation is known to 
trigger inflammation, oxidative stress and apoptotic responses 
through various signaling pathways, which eventually lead to 
skin cancer. The present study investigated whether liquiritin 
suppresses UVB‑induced skin injury in  vivo and in  vitro 
using SKH‑1 hairless mice and HACAT cells, respectively. 
The animals were exposed to UVB irradiation (180 mJ/cm2) 
for 20 min, followed by liquiritin treatment. The findings 
indicated that UVB exposure resulted in the excessive release 
of pro‑inflammatory cytokines, including interleukin (IL)‑1β, 
tumor necrosis factor (TNF)‑α, IL‑18, IL‑6 and cyclooxy-
genase (COX)2, which were dependent on the toll‑like receptor 
(TLR)4/myeloid differentiation factor 88 (MyD88)/nuclear 
factor‑κB (NF‑κB) signaling pathway. Oxidative stress 
was also observed, evidenced by reduced antioxidants and 
elevated oxidants. Apoptosis, examined using terminal deoxy-
nucleotidyl transferase dUTP nick end labeling and crystal 
violet staining, suggested that UVB irradiation caused cell 
death in vivo and in vitro, which was closely associated with 
p38/c‑Jun N‑terminal kinase and caspase activity. Of note, 
liquiritin treatment in mice and cells exposed to UVB showed 
reduced inflammatory response, oxidative stress and apoptosis 
through inhibiting the activation of TLR4/MyD88/NF‑κB 
mitogen‑activated protein kinases and caspase pathways, 
and downregulating the release of oxidants. Overall, the data 
revealed that liquiritin may be a useful compound against 
UVB‑induced skin injury.

Introduction

Skin is characterized as the first defense against harmful 
biological, physical and environmental pollutants, including 
ultraviolet (UV) irradiation (1). Excessive UVB exposure has 
been reported to disrupt biological macromolecules, including 
proteins, lipids and nucleic acids, leading to various disorders 
of skin and ultimately to skin cancer  (2,3). Additionally, 
solar UVB irradiation can result in sunburn, proliferation, 
oxidative stress, apoptosis, oxidative stress and erythema, 
which are associated with various signaling pathways, 
including the toll‑like receptor (TLR)4/nuclear factor‑κB 
(NF‑κB) and mitogen‑activate protein kinases (MAPKs) (4). 
Pro‑inflammatory cytokines, including interleukin (IL)‑1β, 
tumor necrosis factor (TNF)‑α, IL‑18, IL‑6 and cyclo-
oxygenase (COX)2, have been suggested to be crucial in the 
progression of inflammatory responses (5,6). UVB, as previ-
ously reported, can lead to the high release of COX2. COX2 
is involved in the inflammatory response, cell survival and 
proliferation (7). The secretion of pro‑inflammatory cytokines 
is linked to activation of the TLR4/NF‑κB signaling pathway. 
TLRs are important in initiating the inflammatory response. 
Several stimuli can activate TLR4. Once activated, myeloid 
differentiation factor 88 (MyD88), a key adapter protein for 
TLR4, leads to the direct activation of NF‑κB and the subse-
quent induction of pro‑inflammatory cytokines, including 
TNF‑α, IL‑1β and IL‑6, which contribute to the inflammatory 
response (8,9). Drugs inhibiting the activity of the TLR inflam-
matory system afford potential beneficial effects for various 
tissues or organs, including the skin, as do transgenic methods 
of inhibiting TLR4/NF‑κB‑related genes (10). Reactive oxygen 
species (ROS), reflecting levels of oxidative stress, are closely 
associated with a variety of biomolecules, leading to damage 
of biological structures, and contributing to cellular injury and 
ultimately tissue destruction. The skin has evolved effective 
mechanisms for the protection from ROS damage, which 
involves ROS detoxification and DNA repair (11). Therefore, 
the excessive production of ROS disrupts molecular balances, 
promoting the pathogenesis of inflammatory skin diseases, 
which identifies a target for drug investigations. 

MAPKs, including p38, extracellular signal‑regulated 
kinase (ERK)1/2 and c‑Jun N‑terminal kinase (JNK), are 
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important in regulating apoptosis  (12). P38 and JNK are 
often activated in human tumors, and are associated with cell 
proliferation, migration and metastasis. p38‑MAPK has also 
been described as a tumor suppressor, particularly under situa-
tions of stress (13). The p38‑MAPK pathway can be regulated 
by transcriptional and post‑transcriptional mechanisms to 
affect cell death signaling, and pro‑ and anti‑apoptotic B‑cell 
lymphoma 2 proteins (14). Subsequently, the caspase signaling 
pathway is altered, contributing to apoptosis (15). Therefore, 
targeting the MAPK‑regulated signaling pathway may be of 
potential value in UVB‑induced apoptosis.

Liquiritin, a major constituent of Glycyrrhiza Radix, has 
various pharmacological activities  (16). A previous study 
reported that liquiritin may exert neuroprotective effects 
in cerebral ischemia/reperfusion‑induced brain damage 
through antioxidant and anti‑apoptotic mechanisms  (17). 
As reported previously, liquiritin ameliorates tissue injury 
through suppressing MAPK and TLR4/MyD88 signaling 
pathways, which reduces the inflammatory response (18). In 
addition, liquiritin suppresses the progression of breast cancer, 
with a reliance on the regulation of ROS (19). Therefore, the 
present study hypothesized that liquiritin may be effective in 
preventing skin injury induced by UVB, which is associated 
with inflammation, ROS and apoptosis. However, until now, 
the role of liquiritin in this regard remains to be elucidated. 
The present study indicated for the first time, to the best of our 
knowledge, that liquiritin can be used as an effective compound 
to protect the skin from damage by UVB in vivo and in vitro. 
Liquiritin pre‑treatment suppressed UVB‑induced inflam-
mation, oxidative stress and apoptosis via inactivating the 
TLR4/MyD88/NF‑κB and MAPK/caspase signaling pathways.

Materials and methods

Animals and treatments. A total of 110 female, 6‑8‑week‑old 
SKH‑1 hairless mice (18‑20 g) were purchased from Shanghai 
Laboratory Animal Research Center (Shanghai, China). The 
mice were acclimatized for 1 week prior to experiments in 
the specific pathogen‑free conditions in static microisolator 
cages with tap water ad libitum, and were maintained under 
standard conditions of a 12 h dark/12 h light cycle (8:00 a.m. 
to 8:00 p.m.) at a temperature of 23±2˚C and relative humidity 
of 50±5%. All animal experiments were performed following 
the Guide for the Care and Use of Laboratory Animals, issued 
by the National Institutes of Health in 1996 and approved by 
Huai'an First People's Hospital, Nanjing Medical University 
(Nanjing, China). The care and handling of mice were in 
accordance with the ethical guidelines of Huai'an First People's 
Hospital. The SKH‑1 hairless mice were randomly divided into 
four groups with 15 mice in each group cage. The mice were 
exposed to UVB lamps (GL20SE; Sankyo Denki Co., Ltd., 
Hiratsuka, Japan) equipped with a controller to modulate UV 
dosage, at a distance of 20 cm between the target skin and the 
light source. The treatment groups, containing 15 animals in 
each group, were as follows: Group 1, untreated animals (Con); 
Group 2, animals irradiated with UVB only (UVB); Group 3, 
UVB irradiation with application of liquiritin (10 mg/kg) by 
gavage (UVB+10); Group 4, UVB irradiation with application 
of liquiritin (20 mg/kg) by gavage (UVB+20) following UVB 
(50 mJ/cm2) for 30 min. The murine skin exposure was then 

performed at 50 mJ/cm2 of UVB, three times per week for 
a consecutive 10‑week period. Following another 7 weeks of 
exposure with or without liquiritin treatment, serum samples 
of animals were collected through eye bleeding 24 h following 
the final UVB irradiation, and the dorsal skin tissues from mice 
were excised and collected for following analysis (Fig. 1A). 
In addition, 30 mice were treated with liquiritin (25, 50 and 
100 mg/kg) in the absence of UVB irradiation to investigate 
the hepatotoxicity of liquiritin in mice. The mice treated with 
liquiritin were pre‑treated at the described concentrations for 
2 weeks. The liquiritin (purity ≥98%) used in the present study 
was purchased from the Chinese Institute for the Control of 
Pharmaceutical and Biological Products (Beijing, China).

Cell culture and treatments. Human epidermal cells (HACAT) 
and the L02 human liver normal cell line were purchased from 
the American Type Culture Collection (Manassas, VA, USA) 
and Nanjing KeyGEN Biotech Co., Ltd. (Nanjing, China), 
respectively. The cells were cultured in DMEM supplemented 
with 10% FBS (Invitrogen; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA), penicillin (100 U/ml) and streptomycin 
(100 µg/ml) at 37˚C in an atmosphere of 5% CO2. The HACAT 
cells were cultured until 80% confluence and then pretreated 
with various concentrations of liquiritin (40 and 80  µM). 
Following incubation for 2 h, the culture medium was replaced 
with 1.5 ml of phosphate‑buffered saline (PBS). Subsequently, 
the HACAT cells were exposed to UVB (15 mJ/cm2) light at 
a 312 nm light source for 1 h. Following UVB‑exposure, the 
cells were treated with various concentrations of liquiritin 
(40 and 80 µM) in serum‑free medium for another 22 h. The 
cells were then harvested for further examination.

Cell viability analysis. The HACAT human epidermal cell line 
and L02 human liver normal cell line were initially seeded 
in 96‑well plates at a density of 2x104 cells/well, respectively, 
prior to incubation for 24 h at 37˚C. The cell culture media 
were then replaced with complete media containing the indi-
cated concentrations (0, 1.25, 2.5, 5, 10, 20, 40, 80 and 160 µM) 
of liquiritin, prior to incubation for the indicated duration 
(0, 6, 12, 24, 36, 48, 72 and 96 h). Following incubation as 
indicated, 10 µl of MTT (Nanjing KeyGEN Biotech, Co., Ltd.) 
was administrated to cells, followed by incubation for 4 h at 
37˚C according to the manufacturer's protocol. Finally, the 
absorbance was read at 570 nm on a microplate reader. The 
cell viability (%) was evaluated as the ratio of surviving cells.

Crystal violet staining. Following the various treatments, the 
HACAT cells were harvested and a Crystal Violet Staining 
Solution kit (Beyotime Institute of Biotechnology, Haimen, 
China) was used to analyze the HACAT cell proliferation, 
according to the manufacturer's protocol. 

Analysis of chemical indicators. The activities of enzymatic 
antioxidants in serum and skin tissues, including superoxide 
dismutase (SOD) and catalase (CAT), were analyzed using an 
SOD assay kit (Nanjing Jiancheng Bioengineering Institute, 
Nanjing, China) and a CAT assay kit (Nanjing Jiancheng 
Bioengineering Institute), respectively. The level of malo-
ndialdehyde (MDA) in skin tissues was measured using an 
MDA assay (Nanjing Jiancheng Bioengineering Institute) 
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kit according to the manufacturer's protocol. The levels of 
aspartate aminotransferase (AST) and alanine aminotrans-
ferase (ALT) in serum were calculated to determine the 
hepatotoxicity using specific kits purchased from Nanjing 
Jiancheng Bioengineering Institute according to the manufac-
turer's protocol. The levels of H2O2 in the skin tissue sections 
were calculated using a hydrogen peroxide assay kit (Nanjing 
Jiancheng Bioengineering Institute). O2

‑ in the skin tissue 
samples was evaluated using the lucigenin chemiluminescence 
method. Briefly, the mice skin tissue samples were weighed 
and homogenized in homogenization buffer with HEPES 
and EDTA. Following centrifugation at 1,000 x g for 10 min 
at 4˚C, an aliquot (200 µl) of the supernatant was further 
incubated with 5  µM lucigenin in Krebs‑HEPES buffer. 
The light emission was measured with a Tecan Infinite 200 
reader. The specificity for O2

‑ was evaluated by adding SOD 
(350 U/ml) into the incubation medium. Protein content was 
then measured with a BCA Protein Quantitative Analysis kit 
(Thermo Fisher Scientific, Inc.).

ELISA methods. The skin samples were frozen in liquid 
nitrogen and crushed into a powder with a multibead shocker. 
The powder was then dissolved in cell lysis buffer for western 
blot analysis and immunoprecipiation (Beyotime Institute 
of Biotechnology) with protease inhibitor cocktail. The skin 
extract was prepared by centrifugation at 12,000 x g for 10 min 
at 4˚C, and the supernatant was retained for further analysis. 
The sample protein concentrations were calculated using a 
BCA protein assay kit (Thermo Fisher Scientific, Inc.). The 
protein levels of IL‑1β, TNF‑α, IL‑18, IL‑6 and COX2 were 
assessed using respective mouse ELISA kits (R&D Systems, 

Inc., Minneapolis, MN, USA) according to the manufacturer's 
protocol. Finally, the absorbance was read at 450 nm on a 
microplate reader. 

Analyses of transepidermal water loss (TEWL), hydration 
and elasticity. TEWL (g/m2/h) is a marker of epidermal skin 
barrier function, and was measured with a Tewameter™ 300 
(Courage and Khazaka Electronics GmbH, Köln, Germany). 
In brief, under isoflurane anesthesia, a medical adhesive tape 
(Honsmed, Shanghai, China) was attached to the mouse skin 
under a gentle pressure, following which it was removed. The 
mice were tape‑stripped five times. TEWL was then recorded 
with the Tewameter™ 300 device. The moisture levels of the 
stratum corneum were evaluated through a CM825 corne-
ometer (Courage and Khazaka Electronics GmbH) and the 
skin elasticity, indicated by the parameter F3, was assessed 
with a cutometer of DUAL MPA580 (Courage and Khazaka 
Electronics GmbH) according to the manufacturer's protocols.

Terminal deoxynucleotidyl transferase dUTP nick end 
labeling (TUNEL) assays. The TUNEL assay (BioVision, Inc., 
Milpitas, CA, USA) was used to measure the apoptotic cells 
according to the manufacturer's protocol. The skin sections 
were treated with proteinase K (20 µg/ml) at 37˚C for 15 min, 
followed by incubation with TUNEL reaction mixture at 
37˚C for 1 h. Subsequently, each section was exposed to an 
antibody solution (anti‑BrdU monoclonal antibody; 1:250; 
cat. no. ab6326; Abcam, Cambridge, MA, USA) for 30 min at 
room temperature. The TUNEL‑stained cells were observed 
using a light microscope (Nikon, Tokyo, Japan) equipped 
with an ocular micrometer in five randomly selected fields 

Figure 1. Liquiritin improves UVB‑induced skin injury in mice. (A) Experimental design. (B) Body weights of mice from each group were measured. 
(C) Hematoxylin and eosin staining was used to calculate the extent of skin injury. Representative images and quantification are shown. Scale bar, 100 µm. 
Data are presented as the mean ± standard error of the mean (n=10). ***P<0.001, compared with the Con group. ++P<0.01 compared with the UVB‑only 
(no liquiritin) group. UVB, ultraviolet B; W, week; Con, control.
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per section. The level of apoptosis (%) was calculated as the 
average number of stained cells in each field divided by the 
total number of cells.

Western blot analysis. The HACAT cells or mice skin tissue 
samples were lysed using RIPA buffer containing a 1:100 
dilution of protease inhibitor and phosphatase inhibitor 
(Baomanbio, Shanghai, China). The lysates were then centri-
fuged at 15,000 x g for 15 min at 4˚C to collect the supernatant. 
The protein concentrations were evaluated using a BCA protein 
assay (Thermo Fisher Scientific, Inc.), and equal protein quanti-
ties (40 µg) were separated using 10% SDS‑PAGE. The proteins 
were then electrophoretically transferred onto polyvinylidene 
difluoride membranes (EMD Millipore, Billerica, MA, USA), 
and then incubated with Tris‑buffered saline containing 0.1% 
Tween-20 with 5% skim milk (BD Biosciences, Franklin 
Lakes, NJ, USA) at room temperature for 2 h. Primary anti-
bodies dissolved in blocking buffer were used to detect the 
target protein blots at 4˚C overnight. The following antibodies 
were used: Rabbit anti‑phosphorylated (p‑)P38 (1:1,000; 
cat. no. 4511; Cell Signaling Technology, Inc., Danvers, MA, 
USA), rabbit anti‑P38 (1:1,000; cat. no. 8690; Cell Signaling 
Technology, Inc.), rabbit anti‑poly(ADP‑ribose) polymerase 
(PARP) (1:1,000; cat. no. 9532; Cell Signaling Technology, 
Inc.), rabbit anti‑TLR4 (1:1,000; cat. no. 14358; Cell Signaling 
Technology, Inc.), rabbit anti‑MyD88 (1:1,000; cat. no. 4283; 
Cell Signaling Technology, Inc.), and rabbit anti‑p‑inhibitor of 
NF‑κB kinase (IKK)α (1:1,000; cat. no. 2682; Cell Signaling 
Technology, Inc.), rabbit anti‑inhibitor of NF‑κB (IκB)α 
(1:500; cat. no. 4814; Cell Signaling Technology, Inc.), rabbit 
anti‑p‑JNK (1:1,000; cat. no. ab4821; Abcam), rabbit anti‑JNK 
(1:1,000; cat.  no.  ab131499; Abcam), rabbit anti‑caspase‑3 
(1:1,000; cat. no. ab13847; Abcam), rabbit anti‑xanthine oxidase 
(XO) (1:1,000; cat. no. ab133268; Abcam), rabbit anti‑inducible 
nitric oxide synthase (iNOS) (1:1,000; cat.  no.  ab15323; 
Abcam), rabbit anti‑NOX2 (1:1,000; cat. no. ab80508; Abcam), 
rabbit anti‑NOX4 (1:1,000; cat.  no.  ab216654; Abcam), 
rabbit anti‑NF‑κB (1:1,000; cat.  no.  ab207297; Abcam), 
rabbit anti‑p‑NF‑κB (1:1,000; cat.  no.  ab86299; Abcam), 
mouse anti‑caspase‑9 (1:1,000; cat.  no.  ab32539; Abcam) 
and anti‑GAPDH (1:1,000; cat. no. ab8245; Abcam). Then, 
the membranes were washed with tris‑buffered saline with 
Tween‑20 (1%) three times, followed by incubation with a 
goat‑anti rabbit horseradish peroxidase‑conjugated secondary 
antibody (1:2,500; cat. no. ab6721; Abcam) at room temperature 
for 2 h. The bands on the membrane were analyzed using chemi-
luminescence with Pierce ECL Western Blotting Substrate 
reagents (Thermo Fisher Scientific, Inc.). Protein expression 
levels were assigned a grey value using ImageJ 1.38 software 
(National Institutes of Health, Bethesda, MD, USA) and stan-
dardized to the housekeeping gene GAPDH and expressed as a 
fold of the control. All experiments were performed in triplicate 
and performed three times independently.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR) analysis. Total RNA from the cells and skin tissue 
samples was extracted using TRIzol reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufacturer's 
protocol. Subsequently, RNA were quantified and subjected 
to reverse transcription to prepare cDNA using a RevertAid 

First Strand cDNA Synthesis kit (Thermo Fisher Scientific, 
Inc.). For analysis, single‑stranded cDNA was prepared 

Table I. Sequences of primers used in reverse transcrip-
tion‑quantitative polymerase chain reaction analysis.

Gene	 Primer sequence (5'‑3')

Mouse‑TNF‑α	 F: AGATATTACAGTGCCATGGTT
	 R: ACGAGTAGAGATCTCGAG
Mouse‑COX2	 F: CCAGACTTGGCTACCTCGTG
	 R: CTGACTTAGTCGATAATTCT
Mouse‑SOD1	 F: GCCATTCCTGTCTCGTGGAG
	 R: TAATGTATTGATCCTTGATTAT
Mouse‑IL‑18	 F: AGTAAGTGGCATTACCGAC
	 R: ACCAACGCAACAGTCTGCAG
Mouse‑IL‑6	 F: GTCAAGACCACAGCTAGC
	 R: CTGGCGACTACTAGTAGATA
Mouse‑IL‑1β	 F: ACTCGAGAGGAATCCTTACGA
	 R: CACTCTCGTGACTCGCTA
Mouse‑CAT	 F: CCTCGTTCACACTTCGTGTA
	 R: GGAAGCACTCCAGTGCAGC
Mouse‑Nrf2	 F: CTACAGACCAATGCCTGAC
	 R: ACGTAACTGTGCCATGGGGA
Mouse‑SOD2	 F: AGGCCGTGAGAGCTTGTGTA
	 R: CGGCAGTAAGTGCCCTCTAC
Mouse‑GAPDH	 F: GCGAGCTGAGACACTCTAG
	 R: TAGGCATGCACCTCTGTTCA
Human‑TNF‑α	 F: ATATGTGCTGGTCATACTCAT
	 R: AGAGATCGGCGTCAGATGA
Human‑COX2	 F: CCTTGCAGAGCTACCGAGT
	 R: GTGACTTAGTATATTCATCC
Human‑SOD1	 F: GTCCTACGGTCTCGTGAGATAT
	 R: GTTAATATTGGTAGTTCTCTG
Human‑IL‑18	 F: AGCATTACCGACCTATTCCT
	 R: AGCACCCAACGCAACAAGTG
Human‑IL‑6	 F: CAGTAGAAGACCAAGTACAT
	 R: CTGGCGACTACTTAGCTATAA
Human‑IL‑1β	 F: AATTGAGAGCTCGGATCCGT
	 R: CTGACGCTATCACGTAGAGCA
Human‑CAT	 F: CTCACTACGTCGTGTATTCCCT
	 R: GTGAAGCACTCCAGTGCCAG
Human‑Nrf2	 F: CTCCAATGCCTGATCGCGCT
	 R: AGGCCATGGCAAGTGTGAT
Human‑SOD2	 F: CGTGAGGCGAGCTACAGAA
	 R: GGTAAGTTACGCTCCAGCCTC
Human‑GAPDH	 F: GGACCGAGTACTGCATCAGCTA
	 R: TCCTCGTGAAGGTTGACTGCGA

TNF‑α, tumor necrosis factor‑α; COX2, cyclooxygenase 2; SOD, 
superoxide dismutase; IL, interleukin; CAT, catalase; Nrf2, nuclear 
factor erythroid 2‑related factor 2; F, forward; R, reverse.
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from RNA by reverse transcription using oligo(dT) primers 
(SunShine Biotechnology International Co., Ltd., Somerset, 
NJ, USA). The RT reaction contained RNA samples including 
2 µg purified total RNA, 2 µl 10 µM oligo(dT) primers, 5 µl 
5xRT buffer (Promega Corporation, Madison, WI, USA), 
1  µl 40  U/µl MultiScribe reverse transcriptase (Promega 
Corporation), 1.25 µl 10 mM dNTPs, 0.625 µl 40 U/µl RNase 
inhibitor (SunShine Biotechnology International Co., Ltd.), 
and 25 µl H2O‑diethyl pyrocarbonate. qPCR was performed 
on a CFX96 Real‑Time system (Bio‑Rad Laboratories, Inc., 
Hercules, CA, USA). The sequences of primers were commer-
cially synthesized and the sequences of the primers are listed 
in Table I. The reaction conditions were as follows: denatur-
ation at 95˚C for 10 min, followed by 40 cycles of amplification 
and quantification at 95˚C for 30 sec, 60˚C for 30 sec and 72˚C 
for 1 min. The melt curve conditions were as follows: 95˚C 
for 15 sec, 60˚C for 15 sec and 95˚C for 15 sec. The mRNA 
expression normalized to the expression of the housekeeper 
GAPDH was measured using the 2‑∆∆Cq method (20).

Immunohistochemical analysis. The skin tissues obtained 
from the mice were fixed, embedded in paraffin blocks and cut 
into 3‑µm thick sections. The skin sections were deparaffinized 
and stained with hematoxylin and eosin (H&E) staining. The 
thickness of the skin epidermis was assessed using Magnuspro 
software (Magnus pro 3.0 software; Olympus Corporation, 
Tokyo, Japan). The epidermal thickness of the H&E‑stained 
sections was assessed using Image‑J software (1.47v version; 
National Institutes of Health, Bethesda, MD, USA). For 
immunohistochemical images, the skin tissue sections were 
then exposed to HCl (3.5 M) for 20 min at room temperature 
and washed using PBS three times. Subsequently, the skin 
tissue sections were treated with peroxidase (0.3%) to block 
endogenous peroxidase activity. The tissue sections were then 
incubated with normal goat serum (5%; cat. no. 5425; Cell 
Signaling Technology, Inc.) for 30 min, followed by incubation 
with primary antibodies TLR4 and NOX‑2; Abcam, Cambridge, 
MA, USA) at 1:100 dilution for 2 h at room temperature. The 
sections were then incubated with HRP‑conjugated compact 
polymer systems. Diaminobenzidine (Chem Service, West 
Chester, PA, USA) was used as the chromogen according to 
the manufacturer's protocol. 

Statistical analysis. Data are expressed as the mean ± standard 
error of the mean. The statistical analysis was performed using 
one‑way analysis of variance with Tukey's post‑hoc test (on 
GraphPad Prism 6.01; GraphPad Software, Inc., La Jolla, 
CA, USA). P<0.05 was considered to indicate a statistically 
significant difference.

Results

Liquiritin improves UVB‑induced skin injury in mice. As shown in 
Fig. 1B, the present study first examined the body weights of mice 
treated under different conditions to assess the role of liquiritin 
in mice. The results indicated there was no significant difference 
in the body weight of mice treated with various concentrations 
of liquiritin with UVB exposure, indicating that the doses used 
in the present study, at least in part, were safe for the animals. 
Subsequently, the H&E staining suggested that the epidermal 
thickness of the skin of the mice was higher in the UVB‑treated 
mice in absence of liquiritin, compared with that of mice in the 
Con group, and was reduced in the mice exposed to liquiritin 
treatments, compared with that in the UVB‑only group of mice 
(Fig. 1C). Furthermore, the skin TEWL, skin hydration and skin 
elasticity parameter F3 were highly induced in the UVB‑irradiated 
mice, which were comparable to those in the Con group. Following 
liquiritin treatments, these indicators were reduced (Fig. 2A‑C). 
These data indicated that liquiritin had a potential role in amelio-
rating skin injury in mice exposed to UVB. 

Liquiritin reduces the inflammatory response in UVB‑induced 
skin in mice. The inflammatory response has been character-
ized as an essential factor in accelerating the progression of 
various diseases, including liver injury, heart fibrosis and 
several types of cancer (21). In the present study, the levels of 
pro‑inflammatory cytokines in the skin tissue samples were 
measured and showed that IL‑1β (Fig. 3A), TNF‑α (Fig. 3B), 
IL‑18 (Fig. 3C), IL‑6 (Fig. 3D) and COX2 (Fig. 3E) were 
released at high levels in the skin of mice exposed to UVB, 
which were significantly reduced by liquiritin administration 
in a dose‑dependent manner. The results of the RT‑qPCR 
analysis also indicated that the mRNA levels of IL‑1β, TNF‑α, 
IL‑18, IL‑6 and COX2 were expressed at high levels in the 
UVB‑treated mice. Similar results were observed in the 

Figure 2. Effects of liquiritin on skin barrier function in UVB‑induced mice. (A) Skin TEWL, (B) skin hydration and (C) skin elasticity parameter F3 were 
measured to examine the role of liquiritin in the regulation of skin induced by UVB. Data are presented as the mean ± standard error of the mean (n=10). 
**P<0.01, compared with the Con group. +P<0.05 and ++P<0.01, compared with the UVB‑only group. UVB, ultraviolet B; TEWL, transepidermal water loss; 
Con, control.
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protein levels, determined using western blot analysis. Of note, 
liquiritin exerted a suppressive effect on the altered release of 
these signals, with levels comparable to those in the Con group 
of mice (Fig. 3F and G). These data indicated that liquiritin 
improved UVB‑induced skin injury through reducing the 
release of pro‑inflammatory cytokines. 

Activation of the TLR4/MyD88 signaling pathway 
can lead to the direct activation of NF‑κB, contributing to 
pro‑inflammatory cytokine secretion (22). The TLR4/MyD88 
and NF‑κB signaling pathways were investigated in the present 
study. As shown in Fig. 4A, the immunohistochemical analysis 
indicated that the level of TLR4 was induced in the skin tissue 
sections of mice exposed to UVB, which was reduced by 
liquiritin administration. Similar results were observed for 
TLR4 and MyD88 protein levels using western blot analysis 
(Fig. 4B). Additionally, the protein levels of p‑IκBα, p‑IKKα, 
and p‑NF‑κB were high in the UVB‑only group. By contrast, 
IκBα was reduced under UVB exposure. Liquiritin treatment 
significantly decreased the phosphorylation of IKKα, IκBα, 
and NF‑κB, and increased the levels of IκBα in a dose‑depen-
dent manner (Fig. 4C). Together, these data indicated that the 
liquiritin‑ameliorated inflammation induced by UVB was 
dependent on TLR4/MyD88/NF‑κB inactivation.

Liquiritin inhibits UVB‑induced oxidative stress in mice. 
Oxidative stress is reported to be key in the induction of 
skin injury induced by UVB (11,12). Therefore, antioxidants 
and oxidants were measured in the present study. As shown 
in Fig. 5A and B, it was found that the activity of SOD in 
serum and skin tissue samples of mice exposed to UVB was 
lower, compared with that in the Con group of mice. Of note, 
liquiritin treatment upregulated the activity of SOD in the 
serum and in the skin tissue samples. By contrast, the levels 
of MDA were found to be higher following UVB exposure, 
which were downregulated due to liquiritin administration. 
The levels of antioxidants H2O2 and O2

. in the skin were found 
to be accelerated in the UVB‑treated mice, and were reduced 
by liquiritin treatment (Fig. 5C). Oxidative stress was present 
in the skin of mice according to these results, which was 
reversed following liquiritin administration. Subsequently, the 
present study attempted to examine the molecular mechanism 
by which liquiritin exerted its effect in reducing oxidative 
stress. As shown in Fig. 6A, RT‑qPCR analysis indicated that 
the gene expression levels of SOD1, SOD2, CAT and nuclear 
factor erythroid 2‑related factor 2 (Nrf2), which are important 
antioxidants for inhibiting oxidants and suppressing ROS, were 
decreased following UVB irradiation. In the liquiritin‑treated 

Figure 3. Liquiritin reduces the release of pro‑inflammatory cytokines in UVB‑induced skin in mice. Expression of pro‑inflammatory cytokines (A) IL‑1β, 
(B) TNF‑α, (C) IL‑18, (D) IL‑6 and (E) COX2 in the skin tissue samples were calculated using ELISA methods. (F) Reverse transcription‑quantitative poly-
merase chain reaction and (G) western blot assays were used to evaluate the gene and protein levels of IL‑1β, TNF‑α, IL‑18, IL‑6 and COX2 in the skin tissue 
of mice obtained from mice induced by UVB. Data are presented as the mean ± standard error of the mean (n=10). ***P<0.001, compared with the Con group. 
+P<0.05, ++P<0.01 and +++P<0.001, compared with the UVB‑only group. UVB, ultraviolet B; Con, control; IL, interleukin; TNF‑α, tumor necrosis factor‑α; 
COX2, cyclooxygenase 2.
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groups, the expression of these signals was increased, further 
indicating that liquiritin is potentially involved in ameliorating 
oxidative stress via enhancing the expression of antioxidants. 
The molecules XO, iNOS, NOX‑4 and NOX‑2, which are 
crucial in promoting ROS generation, were induced under 
UVB exposure. Liquiritin treatment at various concentra-
tions significantly reduced the expression of these molecules, 
demonstrating its inhibitory effects on ROS (Fig. 6B). NOX‑2 
is known to be important in contributing to ROS generation. 
Therefore, immunohistochemical analysis was performed to 
further investigate how liquiritin affects the expression of 
NOX‑2 in UVB‑induced skin injury (Fig. 6C). The representa-
tive images indicated that liquiritin reduced the UVB‑induced 
levels of NOX‑2 positive cells, which was in accordance with 
the results of western blot analysis. Taken together, the results 

indicated that liquiritin reduced oxidative stress to ameliorate 
UVB‑induced skin injury in vivo.

Liquiritin ameliorates UVB‑induced skin injury dependent 
on MAPK and caspase signaling pathways. Liquiritin has 
been reported to inhibit cancer progression via the modula-
tion of apoptosis  (23). Therefore, it was hypothesized that 
liquiritin may improve UVB‑induced skin injury associated 
with the apoptotic response. The MAPK signaling pathway is 
known to affect apoptosis under various conditions (24). In 
the present study, it was found that MAPKs, p38 and JNK 
were phosphorylated by UVB in the skin tissue samples from 
mice, and were reduced by liquiritin treatment (Fig. 7A). The 
caspase signaling pathway is known to regulate the apoptotic 
response (25). The results of western blot analysis indicated 

Figure 4. Liquiritin‑reduced pro‑inflammatory cytokines release is dependent on the TLR4/NF‑κB signaling pathway. (A) Immunohistochemical analysis was 
performed to assess TLR4‑positive cells in various groups of mice exposed to UVB irradiation. Scale bar, 100 µm. (B) Western blot analysis was performed 
to determine the expression levels of TLR4 and MyD88, shown in the representative images and quantification in the histogram. (C) Protein levels of p‑IKKα, 
IκBα, p‑IκBα, and p‑NF‑κB were assessed using western blot analysis, and quantification of these proteins is shown in the histogram. Data are presented as the 
mean ± standard error of the mean (n=10). ***P<0.001, compared with the Con group. +P<0.05, ++P<0.01 and +++P<0.001, compared with the UVB‑only group. 
UVB, ultraviolet B; Con, control; TLR4, toll‑like receptor 4; MyD88, myeloid differentiation factor 88; NF‑κB, nuclear factor‑κB; IκBα, inhibitor of NF‑κB α; 
IKKα, IκB kinase α; p‑, phosphorylated.
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that cleaved caspase‑9, caspase‑3 and PARP were expressed 
at high levels in the UVB‑treated mice, suggesting that apop-
tosis was induced under UVB exposure, leading to eventual 
cell death. However, liquiritin inhibited the activation of these 
signals, suppressing apoptosis and cell death (Fig. 7B). Finally, 
TUNEL analysis directly indicated that liquiritin reduced 
UVB‑induced apoptosis (Fig. 7C). Together, these data indi-
cated that UVB‑induced skin injury was closely associated 
with apoptosis, which was inhibited by liquiritin treatment.

Liquiritin has no significant effect on cell viability and 
hepatotoxicity. In vivo, liquiritin has been shown to amelio-
rate UVB‑induced skin injury. In the present study, in vitro 
experiments were performed to further examine the effects 
of liquiritin on UVB‑induced skin damage. First, the cell 
viability was assessed to investigate the safety or cytotoxicity 
of liquiritin in cells. As shown in Fig. 8A, the HACAT and 
L02 cells were exposed to various concentrations of liquiritin 

for different durations. However, no significant difference was 
observed among the different groups, with the exception of the 
highest dose of liquiritin in the L02 cells for the longest dura-
tion (96 h). These data, in part, showed that liquiritin at the 
concentrations and durations examined in the present study 
was not cytotoxic to cells. Additionally, no significant differ-
ence was found in the levels of ALT and AST in the serum 
of mice treated with different doses of liquiritin, compared 
with those in the Con group, further indicating the safety of 
liquiritin (Fig. 8B). 

Liquiritin reduces the inflammatory response in UVB‑induced 
HACAT cells in vitro. The HACAT cells were irradiated with 
UVB and exposed to liquiritin treatment at different concen-
trations, as indicated, for analysis. The results of the RT‑qPCR 
analysis suggested that the mRNA levels of IL‑1β, TNF‑α, 
IL‑18, IL‑6 and COX2 were high in the UVB‑irradiated cells, 
and were downregulated by liquiritin treatment, which was in 

Figure 5. Liquiritin reduces UVB‑induced oxidative stress in mice. Activity of SOD and levels of MDA in (A) serum and (B) skin tissue samples were 
evaluated. (C) Levels of H2O2 and O2. in the skin were assessed. Data are presented as the mean ± standard error of the mean (n=10). **P<0.01 and ***P<0.001, 
compared with the Con group. +P<0.05, ++P<0.01 and +++P<0.001, compared with the UVB‑only group. UVB, ultraviolet B; Con, control; SOD, superoxide 
dismutase; MDA, malondialdehyde. 
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accordance with the results of the in vivo experiments (Fig. 9A). 
In addition, the UVB‑induced higher protein levels of TLR4 
and MyD88 were reduced by liquiritin treatment in vitro, 
further confirming that the TLR4/MyD88 signaling pathway 
was involved in the liquiritin‑ameliorated skin injury induced 
by UVB (Fig. 9B). In addition, the phosphorylated levels of 
IKKα, IκBα, and NF‑κB proteins were upregulated in the 
UVB‑only group. Similar to the in vivo experiment, IκBα was 
reduced under UVB exposure. Liquiritin treatment at various 
concentrations decreased the phosphorylation of IKKα, IκBα 
and NF‑κB, and increased the level of IκBα (Fig. 9C). 

Liquiritin suppresses oxidative stress and apoptosis in 
HACAT cells exposed to UVB in vitro. The oxidative stress 
confirmed above was also investigated in vitro. In accordance 
with the results in vivo, the mRNA levels of SOD1, SOD2, 

CAT and Nrf2 induced by UVB were significantly reduced by 
liquiritin treatment (Fig. 10A). By contrast, the protein levels 
of antioxidants XO, iNOS, NOX‑4 and NOX‑2 were induced 
by UVB exposure, as demonstrated via western blot analysis, 
and liquiritin administration significantly reduced the expres-
sion of these molecules (Fig. 10B). In addition, the protein 
levels of phosphorylated p38 and JNK induced by UVB 
in HACAT cells were upregulated, and liquiritin reduced 
MAPK activation (Fig. 11A). Cleaved caspase‑9, caspase‑3 
and PARP were also expressed at high levels under UVB 
irradiation. Consistently, liquiritin exhibited a suppressive 
effect in regulating caspase‑9, caspase‑3 and PARP cleavage 
in vitro (Fig. 11B). Finally, it was found that the confluence of 
HACAT cells exposed to UVB, determined using crystal violet 
staining, was decreased, which was reversed by liquiritin in a 
dose‑dependent manner (Fig. 11C). These data indicated that 

Figure 6. Liquiritin reduces oxidative stress via promoting the expression of antioxidants and suppressing the expression of oxidants in the skin tissue samples. 
(A) mRNA levels of SOD1, SOD2, CAT and Nrf2 in the skin tissue specimens were calculated using reverse transcription‑quantitative polymerase chain 
reaction analysis. (B) Western blot assays were performed to examine protein levels of XO, iNOS, NOX‑2 and NOX‑4 in the skin tissue samples of mice treated 
under various conditions. (C) Expression levels of NOX‑2 were measured using immunohistochemical analysis in the skin tissue sections from mice. The red 
arrows refer to NOX2‑positive cells. Scale bar, 100 µm. Data are presented as the mean ± standard error of the mean (n=10). ***P<0.001, compared with the Con 
group. +P<0.05, ++P<0.01 and +++P<0.001, compared with the UVB‑only group. UVB, ultraviolet B; Con, control; SOD, superoxide dismutase; CAT, catalase; 
Nrf2, nuclear factor erythroid 2‑related factor 2; XO, xanthine oxidase; iNOS, inducible nitric oxide synthase; NOX, nitric oxide.
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liquiritin reduced UVB‑induced oxidative stress and apoptosis 
in vitro, which was consistent with the findings of the in vivo 
experiments.

Discussion

Skin cancer is known to be one of the most common types 
of cancer in the world. Solar UVB irradiation is a ubiquitous 
environmental carcinogen, leading to various cutaneous 
disorders, including melanoma and non‑melanomatous skin 

cancer  (26). According to previous studies, plant‑derived 
products have potential antioxidant, anticancer, antimutagenic 
and anti‑inflammatory properties, which have been examined 
for the prevention of skin injury induced by UVB (27). In 
the present study, liquiritin, abundant in crude Glycyrrhiza 
Radix, may be a potential candidate for use in suppressing 
UVB‑induced hairless mice to examine its effects on the release 
of pro‑inflammatory cytokines, development of oxidative 
stress and progression of apoptosis through various signaling 
pathways. The findings of present study indicated that the 

Figure 7. Liquiritin ameliorates UVB‑induced skin injury dependent on mitogen‑activated protein kinase and caspase signaling pathways. (A) Expression 
levels of p‑p38 and p‑JNK were assessed using western blot analysis. (B) Immumoblotting analysis was performed to evaluate the levels of cleaved caspase‑9, 
caspase‑3 and PARP in the skin tissue samples isolated from mice exposed to UVB irradiation treated with or without liquiritin. (C) TUNEL‑positive levels 
were evaluated in the skin tissue sections of mice to examine the effect of liquiritin on apoptosis induced by UVB. Scale bar, 100 µm. Data are presented as 
the mean ± standard error of the mean (n=10). *P<0.05 and ***P<0.001, compared with the the Con group. +P<0.05, ++P<0.01 and +++P<0.001, compared with 
the UVB‑only group. UVB, ultraviolet B; Con, control, JNK, c‑Jun N‑terminal kinase; PARP, poly(ADP‑ribose) polymerase; p‑, phosphorylated; TUNEL, 
Terminal deoxynucleotidyl transferase dUTP nick end labeling.
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administration of liquiritin inhibited the UVB‑exposed inflam-
matory response, oxidative stress and apoptotic response, which 
were dependent on inhibition of the TLR4/NF‑κB, ROS‑related 
and MAPK/caspase signaling pathways.

Accumulating evidence indicates that on exposure to 
UVB irradiation, the inflammatory response leads to skin 
damage by generating the secretion of pro‑inflammatory 
cytokines, including IL‑1β, TNF‑α, IL‑18, IL‑6 and COX2. 
The increased expression of pro‑inflammatory cytokines can 
accelerate inflammatory cell infiltration, contributing to tissue 
damage or organ injury, including airway inflammation of 
the lung (28,29). In addition, in skin damage induced under 
various situations, the hyper‑proliferation of keratinocytes 
is induced, which is closely associated with the secretion of 
pro‑inflammatory cytokines (30). Similarly, in the present 
study, UVB irradiation significantly promoted the release of 
pro‑inflammatory cytokines, which were effectively reduced 
by liquiritin treatment in the skin tissues of UVB‑induced 
mice in vivo. In vitro, the UVB‑exposed HACAT cells exhib-
ited higher levels of pro‑inflammatory cytokines. Liquiritin 
treatment suppressed the expression of these cytokines. The 
activation of NF‑κB leads to increased synthesis and secre-
tion of pro‑inflammatory cytokines (31). Upon stimulation of 
TLR‑4, MyD88 binds to the cytoplasmatic domain of TLR‑4, 
which activates IKK. The activated IKK kinase leads to the 
phosphorylation and degradation of IκB in the proteasome, 
and to the release of NF‑κB from the NF‑IKB‑κB complex, 
enabling the translocation of NF‑κB to the nucleus, where the 
expression of genes encoding pro‑inflammatory cytokines 
is induced (28,31). In the present study, the TLR4/MyD88 
signaling pathway showed a high level of activation following 

UVB‑irradiation in vivo and in vitro. Subsequently, the NF‑κB 
signaling pathway was phosphorylated and released from 
the NF‑IκB‑κB complex, which enhanced pro‑inflammatory 
cytokine secretion and skin injury.

ROS, including H2O2 and superoxide anions (O2
•‑) 

produced by cells are involved in the regulation of different 
cellular functions, including apoptosis, proliferation, 
transcription activation and intracellular signaling  (32). 
Functioning as a barrier, the skin protects us from being 
injured by environmental insults, including UV light 
and toxic chemicals, which induces the generation of 
ROS (33). ROS‑induced damage is reported to be involved 
in the progression and formation of skin tumors, and in 
the pathogenesis of inflammatory skin diseases, including 
atopic dermatitis, contact dermatitis and psoriasis (34,35). 
Aerobic organisms have effective antioxidant networks to 
defend against oxidative stress, involving primary enzymes, 
including SOD and CAT, and inducible phase II detoxifying 
enzymes, including HO‑1 and the activation of Nrf‑2 (36). For 
example, SOD has an antioxidant role in organisms; SOD is 
necessary as superoxide reacts with sensitive and important 
cellular targets, including NO radicals. Additionally, H2O2 
can be detoxified to H2O by the scavenging enzyme of CAT. 
These enzymes act together in the metabolic pathway of free 
radicals. HO‑1 is regulated by the activation of its transcrip-
tion factor Nrf2 to inhibit ROS generation (37). By contrast, 
MDA is produced by ROS degrading polyunsaturated lipids 
and is used as a biomarker to measure the level of oxidative 
stress in an organism (34). In the present study, H2O2, O2

•‑ and 
MDA were found to be higher in the UVB‑induced mice, and 
reduced by liquiritin administration, indicating the effects of 

Figure 8. Liquiritin has no significant effect on cell viability or hepatotoxicity. (A) HACAT (above) and L02 (below) cells were exposed to liquiritin at 
different concentrations for various durations, as indicated. MTT analysis was then used to evaluate cell viability. (B) Levels of ALT and AST in the serum 
of mice treated with different concentrations of liquiritin‑only were measured to calculate the hepatotoxicity of liquiritin in mice. Data are presented as the 
mean ± standard error of the mean (n=8‑10). *P<0.05, compared with the Con group. UVB, ultraviolet B; Con, control; ALT, alanine aminotransferase; AST, 
aspartate aminotransferase.
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liquiritin to diminish ROS. On the other, RT‑qPCR analysis 
indicated that UVB irradiation reduced the expression of 
these enzymes at the gene level, and these levels were signifi-
cantly enhanced by liquiritin administration, reducing ROS 
generation to ameliorate oxidative stress. XO is an important 
enzyme, which catalyzes the oxidation of hypoxanthine to 
xanthine and further catalyzes the oxidation of xanthine to 
uric acid, producing H2O2 and superoxide (38). The enzyme 
is vital in the development of various diseases (38,39). NO 
has been implicated as important mediator in the inflamma-
tory process through accelerating the production of ROS. 
The excessive production of NO is produced by iNOS. 
NOX‑dependent signaling is critical in the development of 
tissue injury, including that in the heart, liver and lung (40). 

NOX‑2 and NOX‑4, as the major NADPH oxidase isoform 
expressed in the tissue samples, are principal sources of 
oxidative stress (41,42). In the present study, it was found that 
UVB irradiation significantly upregulated XO, iNOS, NOX2 
and NOX4, enhancing the progression of ROS. Liquiritin 
exhibited an inhibitory effect on the expression of these 
signals. Subsequently, oxidative stress was improved.

The MAPK signaling pathway is also key in a number of 
biological processes, followed by caspase cleavage, contributing 
to PARP apoptotic signals (24,25,43). P38 and JNK MAPKs 
have been reported to mediate cellular apoptosis, proliferation 
and differentiation (44). Apoptosis, or programmed cell death, 
is a regulated process, which allows a cell to self‑degrade 
to enable the body to eliminate unwanted or dysfunctional 

Figure 9. Liquiritin reduces inflammatory response in UVB‑induced HACAT cells in vitro. HACAT cells were pre‑treated with liquiritin at 40 and 80 µM 
concentrations for 2 h, followed by UVB irradiation together for another 22 h. All cells were then harvested and further analysis was performed to evaluate the 
role of liquiritin in regulating UVB‑induced cells in vitro. (A) Pro‑inflammatory cytokines IL‑1β, TNF‑α, IL‑18, IL‑6 and COX2 were measured using reverse 
transcription‑quantitative polymerase chain reaction analysis. (B) Western blot analysis was performed to evaluate protein levels of TLR4 and MyD88 in vitro. 
(C) Levels of p‑IKKα, IκBα, p‑IκBα and p‑NF‑κB were assessed using western blot analysis. Data are presented as the mean ± standard error of the mean 
(n=8). ***P<0.001, compared with the Con group. +P<0.05, ++P<0.01 and +++P<0.001, compared with the UVB‑only group. UVB, ultraviolet B; Con, control; IL, 
interleukin; TNF‑α tumor necrosis factor‑α; COX2, cyclooxygenase 2; TLR4, toll‑like receptor 4; MyD88, myeloid differentiation factor 88; NF‑κB, nuclear 
factor‑κB; IκBα, inhibitor of NF‑κB α; IKKα, IκB kinase α; p‑, phosphorylated.
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Figure 10. Liquiritin suppresses oxidative stress via promotion of antioxidants and reduction of oxidants in vitro. (A) mRNA levels of SOD1, SOD2, CAT and 
Nrf2 were measured using reverse transcription‑quantitative polymerase chain reaction analysis. (B) Protein levels of XO, iNOS, NOX‑4 and NOX‑2 were 
evaluated using using western blot analysis. Data are presented as the mean ± standard error of the mean (n=8). ***P<0.001, compared with the Con group. 
+P<0.05, ++P<0.01 and +++P<0.001, compared with the UVB‑only group. UVB, ultraviolet B; Con, control; SOD, superoxide dismutase; CAT, catalase; Nrf2, 
nuclear factor erythroid 2‑related factor 2; XO, xanthine oxidase; iNOS, inducible nitric oxide synthase; NOX, nitric oxide.

Figure 11. Liquiritin improves UVB‑induced HACAT injury through apoptosis suppression. (A) Western blot analysis was performed to evaluate the levels 
of p‑p38 and p‑JNK in the cells under various conditions. (B) Cleaved caspase‑9, caspase‑3 and PARP were measured using western blot analysis in vitro. 
(C) Confluence of HACAT treated under different conditions. Data are presented as the mean ± standard error of the mean (n=10). ***P<0.001, compared with 
the Con group. +P<0.05, ++P<0.01 and +++P<0.001, compared with the UVB‑only group. UVB, ultraviolet B; Con, control; JNK, c‑Jun N‑terminal kinase; PARP, 
poly(ADP‑ribose) polymerase; p‑, phosphorylated.
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cells (45). The intrinsic pathway is initiated through the release 
of signaling factors by mitochondria within the cell, and its two 
apoptotic pathways are executed predominantly by a class of 
cysteine proteases, termed caspases (46). It is well known that 
activation of the p38 MAPK and JNK pathways leads to the 
induction of apoptosis through the phosphorylation of a variety 
of pro‑apoptotic downstream effectors, whereas the ERK1/2 
signal pathway is more often associated with cell survival (47). 
In the present study, UVB induction promoted the phosphory-
lation of p38 and JNK. Mitochondrial dysfunction induces the 
activation of caspase‑9 and, subsequently, activates effector 
caspases, including caspase‑3. Following caspase‑3 activation, 
the cleavage of PARP occurs, contributing to apoptosis (48). 
In accordance with the description above, the present study 
showed that UVB exposure elevated the cleavage of caspase‑9, 
caspase‑3 and PARP, leading to apoptosis, evidenced by 
TUNEL analysis. Liquiritin was found to suppress the acti-
vation of p38 and JNK. Consequently, caspase cleavage and 
PARP cleavage were reduced. Eventually, UVB‑induced cell 
death may be prevented.

In conclusion, the findings of the present study indicated 
that liquiritin application to mice exposed to UVB leads to 
a significant reduction in the release of pro‑inflammatory 
cytokines through the inactivation of TLR4/MyD88/NF‑κB. 
Additionally, oxidative stress was suppressed by liquiritin 
through promoting the expression of antioxidants and inhib-
iting levels of oxidants. Finally, cell survival was enhanced 
due to liquiritin treatment via the suppression of apoptosis. 
Overall, the findings suggested that liquiritin may be devel-
oped as an effective photochemopreventive candidate to 
prevent UVB‑induced skin damage.
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