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Background: To conduct an in vitro investigation into the effect of different concentrations of 
levocetirizine hydrochloride on the growth of human dermal papilla cells (hDPCs) the underlying 
mechanisms involved. 
Methods: hDPCs were cultured in Dulbecco’s Modified Eagle Medium (DMEM) containing different 
concentrations of levocetirizine hydrochloride for 48 h. The growth of hDPCs was observed by 
immunofluorescence staining, and the cell proliferation was detected by MTT assay. After the hDPCs were 
cultured in DMEM containing 1, 10, 100, 1,000, and 10,000 ng/mL levocetirizine hydrochloride for 48 h, 
the mRNA expressions of cyclooxygenase 2 (COX-2), prostaglandin D2 synthase (PTGDS), prostaglandin 
E2 (PGE2), prostaglandin F2α (PGF2α), G protein-coupled receptor 44 (GPR44), protein kinase B (AKT), 
and glycogen synthase kinase 3β (GSK3β) were determined by real-time fluorescence-based quantitative 
polymerase chain reaction (PCR), and the protein expressions of PTGDS, phosphorylated protein kinase 
B (pAKT), and phosphorylated glycogen synthase kinase 3β (pGSK3β) were detected by Western blotting. 
After the hDPCs were cultured in DMEM containing 1, 10, 100, 1,000, 10,000 ng/mL levocetirizine 
hydrochloride for 24 h, the secretion levels of prostaglandin D2 (PGD2) and PGD2 receptor (PGD2R) in 
the culture supernatant were determined by enzyme-linked immunosorbent assay (ELISA). One-way analysis 
of variance (ANOVA) was performed using SPSS 17.0 software, and the LSD-t test was used for pairwise 
comparisons. 
Results: Immunofluorescence staining showed that hDPCs in the 100 ng/mL group grew well, with 
over 90% confluency. Methyl thiazolyl tetrazolium (MTT) method showed that the proliferation rate of 
hDPCs significantly differed between different levocetirizine hydrochloride groups and the blank control 
group (F=42.22, P<0.05), while the proliferation rate was significantly higher in the 100 ng/mL group 
(115.80%±5.10%) than in the blank control group (100%) (t=28.26, P<0.05). The relative mRNA expressions 
of COX-2, PGF2a, PTGDS, GPR44, and AKT showed significant differences in different levocetirizine 
hydrochloride groups (the F values were 1.97, 3.66, 2.17, 2.66, and 7.32, respectively; all P<0.05), whereas the 
mRNA expressions of PGE2 and GSK3β showed no significant difference (F=0.87, F=1.19, respectively; both 
P>0.05). The mRNA expressions of COX-2, PTGDS, and GPR44 in the 100 ng/mL group (0.840.08, 0.810.10, 
and 0.85±0.09, respectively) were significantly lower than those in the blank control group (t=1.97, t=2.17, 
and t=2.65, respectively; all P<0.05), whereas the mRNA expressions of PGF2α and AKT in the 100 ng/mL 
group (1.96±0.25 and 1.74±0.32, respectively) were significantly higher than those in the blank control group 
(t=3.662 and t=7.325, respectively; both P<0.05). There were significant differences in the levels of PTGDS, 
pAKT, pGSK3β, PGD2, and PGD2R proteins between the different levocetirizine hydrochloride groups 
(the F values were 11.84, 3.89, 4.07, 66.15, and 44.33, respectively). The protein expressions of PTGDS, 
PGD2, and PGD2R in the 100 ng/mL group (0.32±0.05, 141.62±5.44, and 215.08±9.55, respectively) 
were significantly lower than those in the blank control group (0.73±0.06, 180.08±6.15, and 273.24±3.18, 
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Introduction

Androgenetic alopecia (AGA) is an androgen-dependent 
hereditary disorder influenced by a variety of genetic and 
environmental factors. AGA is the most common type of 
alopecia and has a chronic disease course, with its main 
symptoms being progressive hair loss and hair follicle 
atrophy, which may be accompanied by greasy scalp, 
dandruff, and itching. Since hair loss directly affects the 
patient’s appearance, it often has a significant impact on the 
patient's social activities and mental health and may lead to 
a decreased quality of life, while worsening social barriers 
and causing depression in severe cases (1). With recent years 
of socioeconomic development, many patients have pursued 
a more positive outcome, and the role of AGA treatment 
has thus been increasingly recognized.

The etiology and mechanism of AGA are not fully 
understood. Hair follicle atrophy, miniaturization, 
shortened anagen phase, prolonged telogen phase, hair 
follicle involvement, and abnormal growth cycle may be the 
key links during its pathogenesis. It is well believed that the 
occurrence and development of AGA are closely related to 
endocrine disorders, especially the abnormal metabolism 
of androgen in the hair follicles on the scalp (2). Drugs 
for AGA include hormone regulators, vasodilators, and 
immunomodulators; however, few drugs that can effectively 
promote hair growth have been available. The drugs that are 
commonly used for AGA are still finasteride and minoxidil; 
however, finasteride has been reported to cause sexual side 
effects such as loss of libido and impotence, whereas the use 
of minoxidil has been associated with irritant dermatitis, 
allergic contact dermatitis, headache, and hypotension (3). 
Although many new methods have been developed for AGA 
treatment including autologous hair transplantation, hair 
follicle reconstruction, and low-energy laser therapy (4), 

these are expensive and invasive and thus cannot be widely 
applied.

Levocetirizine hydrochloride is a safe, highly selective, 
and highly affinitive new-generation histamine H1 receptor 
antagonist that has been widely used in the treatment 
of skin, respiratory, and ocular allergies. It selectively, 
competitively, and irreversibly binds to transmembrane G 
protein-coupled receptors and thus inhibits the release of 
various inflammatory mediators associated with allergy. As 
the R-enantiomer of cetirizine, levocetirizine hydrochloride 
has higher bioavailability and lower hepatic clearance, and its 
plasma binding rate can reach 95%. It is characterized by low 
tissue affinity, low cardiotoxicity, and low sedation effect (5). 
A recent study (6) revealed that topical use of cetirizine 
1% significantly increased total hair density in the balding 
area, whereas the vellus hair density showed an evident 
decrease. Another study demonstrated that levocetirizine 
hydrochloride, by binding to COX-2, inhibited its ability to 
promote prostaglandin expression (7).

More evidence has suggested that the prostaglandin 
pathways (especially the PGDS/PGD pathway) are involved 
in the pathogenesis of AGA (8). Prostaglandins (PG) are 
a group of unsaturated fatty acids that are enzymatically 
metabolized. They are widely distributed in various tissues 
and body fluids and can mediate multiple physiological 
functions and inflammatory reactions such as cell 
proliferation, differentiation, and apoptosis. Cyclooxygenase 
(COX) induces PGs to be converted from arachidonic 
acid to unstable prostaglandin H2 and then further 
processed into various biologically active prostaglandins 
(e.g., prostacyclin, PGD2, PGE2, PGF2a, and PGI2) 
or thromboxane A2 (TXA2) by the corresponding 
prostaglandin synthetases. Comparisons of the effects of 
different PG subtypes on hair growth have demonstrated 

respectively) (the t values were 5.66, 45.07, and 92.05, respectively; all P<0.05), whereas the protein 
expressions of pAKT and pGSK3β in the 100 ng/mL group (0.59±0.05 and 0.46±0.03, respectively) were 
significantly higher than those in the blank control group (0.46±0.02 and 0.35±0.042, respectively) (t=16.59, 
t=7.73, respectively; both P<0.05). 
Conclusions: Levocetirizine hydrochloride may promote the growth and proliferation of hDPC in vitro 
by inhibiting the PGD2-GPR44 pathway and activating the AKT signaling pathway.
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that PGE2 and PGF2α can promote hair growth, whereas 
PGD2 can inhibit hair growth and aggravate hair follicle 
miniaturization (9). Jeong et al. (10) have found that PGD2 
leads to the activation of androgen receptors by regulating 
the DP2 and AKT/GSK3β signaling pathways on hDPCs. 
Our current study therefore investigated the effects of 
levocetirizine hydrochloride on the growth, proliferation, 
and expression of PG-related signaling factors in human 
hair dermal papilla cells (DPCs) and explored its effects on 
hair growth along with the related molecular mechanisms.

Methods

Reagents and equipment

The main reagents used in this study included fetal bovine 
serum (FBS) and Dulbecco's Modified Eagle Medium 
(DMEM) (Gibco, USA), levocetirizine hydrochloride 
powder (Huapond Pharm, Chongqing, China), rabbit 
anti-human α smooth muscle actin (α-SMA) antibody 
(PTGlab, USA), Cy3-labeled goat anti-rabbit IgG (IgG-
Cy3) (Beyotime, Shanghai, China), and methyl thiazolyl 
tetrazolium (MTT) (Sigma, USA). The reagent kits 
included cellular RNA, small RNA, DNA, and protein 
extraction kit (Magan, USA), reverse transcription, and 
fluorescence quantitative PCR kits (TAKARA, Japan), and 
BCA protein quantification kit (Beyotime, Shanghai, China). 
Other reagents included anti-actin antibody, anti-GAPDH 
antibody, prostaglandin D2 synthase (PTGDS) (Abcam, 
USA) as well as anti-pAKT antibody and anti-pGSK3β 
antibody (CST, USA). Kits for PGD2 enzyme-linked 
immunosorbent assay (ELISA) (Wuhan Huamei, China) 
and for PGD2 receptor ELISA (Jingmei Biotechnology, 
Jiangsu, China) were also used. The equipment used 
included microplate reader (Thermo, USA), fluorescence 
quantitative PCR system, (Roche, Switzerland), and gel 
imaging analysis system (GE, USA).

Study methods

Cell culture
Human dermal papilla cells (hDPCs) (Promocell, Germany) 
were thawed and resuscitated and then mixed with high-
glucose DMEM containing 15% FBS (15% conditioned 
DMEM). The mixture was cultured in an incubator (37 ℃ 
and 5% CO2) for 24 h, and the culture medium was changed 
every 1–2 days. When the cells were approximately 80% 
confluent, they were passaged and frozen. The frozen cells 

were resuscitated and cultured, and hDPCs were digested at 
the second passage and used in the following assays.

Observation of hDPC growth by using the 
immunofluorescence technique
hDPCs were seeded in 6-well plates with a density of 1.5×105/
well. In each well, 2 mL of 15% DMEM conditioned 
medium was added. After the cells became adherent, the 
cells were cultured with 15% DMEM-conditioned medium 
containing levocetirizine hydrochloride 0 (control), 1, 10, 
100, 1,000, or 10 000 ng/mL for 48 h. After the cells were 
mounted and cultured on slides, they were immersed in a 
phosphate buffer solution with Tween® 20 (PBST), fixed in 
4% paraformaldehyde, blocked with 1% BSA for 30 min, 
and incubated with rabbit anti-human α-SMA antibody in 
a wet box at 4 ℃ overnight. After the cells were immersed 
in PBST again, the mixture was added with IgG-Cy3 and 
incubated in a dark at room temperature for 1 h. DAPI was 
added to the wells before observation under a fluorescence 
microscope. The whole procedure was repeated three times.

Measurement of cell proliferation rate by MTT assay
hDPCs were seeded in 96-well plates at 1×104/well, 
and each well was mixed with 200 μL of 15% DMEM 
conditioned medium. After the cells became adherent, the 
cells were cultured with 15% DMEM-conditioned medium 
containing levocetirizine hydrochloride 0 (control), 1, 10, 
50, 100, 250, 500, 1,000, 10,000, and 100,000 ng/mL for 
48 h. Zero wells were set, and five duplicate wells were set 
for each concentration. After the cells were washed with 
PBST twice, serum-free DMEM medium containing MTT 
was added. After the mixture was incubated at 37 ℃ for  
4 h, 150 μL of dimethyl sulfoxide was added in each well. 
The mixture was incubated with agitation in dark on a plate 
shaker for 10 min. Absorbance (A value) was measured 
spectrophotometrically at 490 nm. The whole procedure was 
repeated three times, and the means were calculated. The cell 
proliferation rate was calculated using the following formula: 
the proliferation rate (%) = (the average value of all A values 
for experimental wells − the average value of all A values for 
zero wells)/(the average value of all A values for control wells 
—the average value of all A values for zero wells)×100%.

Determination of the expressions of the mRNA and 
protein expressions of relevant genes in hDPCs by 
using real-time fluorescence quantitative PCR and 
Western blotting
hDPCs were seeded in 6-well plates at 1.5×105/well, 
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and each well was mixed with 2 mL of 15% DMEM-
conditioned medium. After the cells became adherent, the 
cells were cultured with 15% DMEM-conditioned medium 
containing levocetirizine hydrochloride 0 (control), 1, 10, 
100, 1,000, or 10 000 ng/mL for 48 h. After the supernatant 
was discarded, the total RNA and total protein were 
extracted by using cellular RNA, small RNA, DNA, and 
protein extraction kits.

(I)  Determination of mRNA expression levels 
proceeded as follows. Total RNA was synthesized 
into a cDNA template using a reverse transcription 
kit, and the target gene primers were synthesized 
by Shanghai Sangon Biotech using the following 
sequences (Table 1). PCR amplification was 
performed according to the manufacturer’s 
instructions. The reaction system was 20 μL, and 
the conditions were as follows: Pre-denaturation 
at 95 ℃ for 3 min, followed by 45 cycles of 
denaturation at 95 ℃ for 3 s and annealing and 
extension at 60 ℃ for 30 s. The amplification 
curve was analyzed after  the react ion was 
ended. With the β-actin gene as an endogenous 
reference gene, the relative mRNA expression 
was calculated using the 2−ΔΔCt method. The 
experiment was repeated three times. The ΔCT 
value in the treated group = the average CT 
value of the treated group − the CT value of 
the endogenous control; the ΔCT value in the 
blank control group = the average CT value of 
the blank control group—the CT value of the 
endogenous control; and the ΔΔCt = the ΔCT 
value in the treated group—the ΔCT value in the 
blank control group;

(II) Western blotting for determining the protein 
expressions of PTGDS, pAKT, and pGSK3β 
proceeded as follows. After sodium dodecyl sulfate 
polyacrylamide gel electrophoresis (SDS-PAGE), 
the extracted total protein was transferred onto a 
PVDF membrane. After blocking with 1% bovine 
serum albumin (BSA) for 1.5 h, the proteins were 
mixed with the corresponding antibodies (1:1,000) 
and then inoculated overnight on a plate shaker 
in a cold room (4 ℃); subsequently, the secondary 
antibodies were added before inoculation at room 
temperature for 1 h. A gel imaging system was used 
for imaging. The whole procedure was repeated 
three times. 

ELISA for measuring the PGD2 and PGD2R levels in 
the supernatant of the cultured hDPCs 
hDPCs were seeded in 6-well plates at 2×105/well, and each 
well had 2 mL of 15% DMEM-conditioned medium added. 
After the cells became adherent, they were cultured with 
serum-free DMEM containing levocetirizine hydrochloride 
0 (control), 1, 10, 100, 1,000, or 10,000 ng/mL for 24 h. 
The culture media were collected and centrifuged at 1,000 
rpm (radius arm: 15.0 cm) for 5 min. The supernatant 
was harvested, and the levels of PGD2 and PGD2R were 
determined according to the kit instructions. The whole 
procedure was repeated three times.

Statistical analysis

The statistical analysis was performed using the SPSS 17.0 
software package. Measurement data are presented as χ ± 
SD. Comparisons among multiple groups were performed 

Table 1 Sequences of the target gene primers

Genes Forward primers (5'-3') Reverse primers (5'-3') Length (bp)

COX-2 GAAACCGTCTGAACTATCCTGC GTCGTTGACCTCGTCTGTTATGT 93

PTGDS GAGTTAAAGGAGAAATTCACCGC GGGAGTCCTATTGTTCCGTCAT 109

PGE2 CTCCTTGCCTTTCACGATTT ACAACAGAGGACTGAACGCAT 169

PGF2α AGGGAGATGACTTGAGTGGTTG TTTCCGTCTGGCAGGTTGT 116

GPR44 GTCATCCTCTTCGTGGTGGG ACGGCCAAGAAGTAGGTGAAG 125

AKT GGCAAGGTGATCCTGGTGAA GTCGTGGGTCTGGAAAGAGTACT 180

GSK-3β CCCTCAAATTAAGGCACATCC CACGGTCTCCAGTATTAGCATCT 239

β actin TAGTTGCGTTACACCCTTTCTTG TCACCTTCACCGTTCCAGTTT 194
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using one-way analysis of variance (ANOVA), and the 
LSD-t test was used for pairwise comparisons. A P value of 
<0.05 was considered statistically significant.

Results

hDPC growth

 The cells in the 100 ng/mL group grew well and arranged 
closely, with abundant cytoplasm and over 90% confluency. 
Cell confluency was about 70–80% in the blank control 
group. The cells in the 10,000 ng/mL group were sparsely 
distributed and loosely arranged, with a confluency of less 
than 60% (Figure 1).

Effect of levocetirizine hydrochloride on the proliferation of 
hDPCs

The MTT results showed that the proliferation rate of 
hDPCs varied significantly across the different groups 
(F=42.22, P<0.05), It was significantly higher in the 
10, 50, 100, 250, 500 ng/mL groups than in the blank 
control group (the t values were 5.31, 12.68, 28.26, 
32.43, and 13.01, respectively; all P<0.05), whereas the 
1 and 1,000 ng/mL groups showed no such significant 
difference when compared with the blank control group 
(t=0.11, t=0.66, respectively; both P>0.05). The proliferation 
rate of hDPCs in the 10,000 and 100,000 ng/mL groups 
was significantly lower than that in the blank control 
group (t=143.95, t=161.26, respectively; both P<0.05) 
(Figure 2). 

Effects of levocetirizine hydrochloride on the mRNA 
expressions of COX-2, PGE2, PGF2α, PTGDS, GPR44, 
AKT, and GSK3β

The mRNA expressions of COX-2, PGF22, PTGDS, 
GPR44, and AKT showed significant differences in 
different levocetirizine hydrochloride groups (all 
P<0.05); the mRNA expressions of COX-2, PTGDs, 
and GPR44 mRNA in the 100 ng/mL group (0.84±0.08, 
0.81±0.10, and 0.85±0.09, respectively) were significantly 
lower than those in the blank control group (t=1.97, 
t=2.17, and t=2.66, respectively; all P<0.05), whereas the 
mRNA expressions of PGF2α and AKT in the 100 ng/mL 
group (1.96±0.25 and 1.74±0.32, respectively) were 
significantly higher than those in the blank control group 

200 μm

Blank control group                                                    100 ng/mL levocetirizine group                                   10,000 ng/mL levocetirizine group

200 μm 200 μm

Figure 1 Immunofluorescence observation of the effects of different concentrations of levocetirizine hydrochloride on the growth of human 
dermal papilla cells (α-SMA staining 40×40).

Figure 2 Effect of levocetirizine hydrochloride on the proliferation 
of hDPCs in vitro (*P<0.05, compared with the blank control 
group). hDPCs, human dermal papilla cells.
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(t=3.66 and t=7.33, respectively; both P<0.05). However, 
the mRNA expressions of PGE2 and GSK3β showed no 
significant difference between the different levocetirizine 
hydrochloride groups (all P>0.05) (Table 2).

Effects of levocetirizine hydrochloride on the protein 
expressions of PTGDS, pAKT, and pGSK3β in hDPCs

There were significant differences in the levels of PTGDS, 
pAKT, and pGSK3β proteins among different levocetirizine 
hydrochloride groups (the F values were 11.84, 3.89, and 
4.07, respectively; P<0.05). The level of PTGDS protein in 
each concentration group was significantly lower than that 
in the blank control group (the t values were 11.58, 12.54, 
5.67, 8.42, and 8.16, respectively; P<0.05). The levels of 

pAKT protein in the 100 and 1,000 ng/mL groups were 
significantly higher than those in the blank control group 
(t=16.60, t=12.42, respectively); however, the pAKT protein 
levels in the 1, 10, and 10,000 ng/mL groups were not 
significantly different from those in the blank control group 
(t=0.28, t=0.03, and t=0.22, respectively; all P>0.05). The levels 
of pGSK3β protein in the 100, 1,000, and 10,000 ng/mL groups 
were significantly higher than those in the blank control 
group (t=7.73, t=8.91, and t=5.94, respectively); however, 
the pGSK3β protein levels in the 1 and 10 ng/mL groups 
were not significantly different from those in the blank 
control group (t=0.004, t=0.03, respectively; both P>0.05) 
(Figure 3 and Table 3).

Effect of levocetirizine hydrochloride on the secretion of 
PGD2 and PGD2 receptors in hGDC

 As shown by ELISA, the levels of PGD2 and PGD2R 
receptors in hDPC culture supernatants were significantly 
different across the different levocetirizine hydrochloride 
groups (all P<0.05). The levels of PGD2 and PGD2R 
proteins in the 10–10,000 ng/mL groups were significantly 
lower than those in the blank control group (the t values 
were 20.75, 45.07, 87.09, 101.62, 46.72, 92.05, 90.67, and 
83.16, respectively; all P<0.05), although they were not 
significantly different between the 1 ng/mL group and 
the blank control group (t=0.26, t=1.72, respectively; both 
P>0.05) (Table 4).

Discussion

DPCs, located in the dermal papilla at the base of the hair 

Table 2 Effect of the different concentrations of levocetirizine hydrochloride on the mRNA expressions of COX-2, PGE2, PGF2α, PTGDs, 

GPR44, AKT, and GSK3β in hDPCs (2−ΔΔCt)

Group COX-2 PGE2 PGF2α PTGDs GPR44 AKT GSK3β

Blank control group 1 1 1 1 1 1 1

1 0.971±0.087 1.094±0.209 1.660±0.225a 0.965±0.076 1.069±0.125 1.348±0.089a 0.989±0.082

10 0.902±0.103 0.884±0.095 1.646±0.141a 0.830±0.089a 0.977±0.027 1.663±0.191a 0.928±0.079

100 0.837±0.081a 0.956±0.139 1.962±0.248a 0.809±0.097a 0.851±0.086 a 1.738±0.318a 0.899±0.060

1000 1.046±0.107 1.271±0.437 1.614±0.158a 0.859±0.084a 1.018±0.050 1.600±0.244a 0.853±0.094

10000 1.128±0.092 1.119±0.198 1.514±0.592 0.988±0.108 1.050±0.081 1.777±0.110a 0.813±0.086

F value 1.972 0.872 3.662 2.172 2.658 7.325 1.189

P value 0.028 0.399 0.034 0.045 0.042 0.002 0.371

n=3; a, P<0.05 compared with the blank control group. hDPCs, human dermal papilla cells.

PTGDS

ACTIN

Blank control    1         10          100         1000         10000

Blank control    1         10          100         1000         10000

pAKT

pGSK3β

GAPDH

Figure 3 Effect of different concentrations of levocetirizine 
hydrochloride on the protein expression of PTGDS, pAKT and 
pGSK3β in hDPCs. hDPCs, human dermal papilla cells.
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follicle, are a group of specially differentiated mesenchymal 
cells. Studies have confirmed that DPCs can induce the 
proliferation and differentiation of epithelial cells to form 
hair follicles, regulate hair growth cycle, and thus play an 
important role in the pathogenesis of AGA. It is now widely 
accepted that hair follicle stem cells are activated after 
receiving signals from the dermal papilla, which activates 
the hair follicles and triggers the hair to shift from the 
stationary phase into the growth phase (11). Abnormal 
androgen metabolic pathway is the primary triggering 
factor of AGA. Androgen receptors are mainly located in 
DPCs, further indicating that DPCs are the main target 
cells of androgen action on hair follicles (2). In vitro 
culture has shown that DPCs induce the proliferation and 
differentiation of epithelial cells through Wnt/β-catenin 
signaling pathway and promote the formation of hair 
follicles (12). In addition, DPCs can promote and maintain 
the growth and development of hair follicles by secreting 
various cytokines and growth factors; particularly, the signal 

molecules including FGF, TGF-β1, IGF-1, VEGF, BMP, 
and DKK-1, which are produced by autocrine or paracrine, 
can interweave to form complex regulatory networks (13). 
Therefore, many studies have tended to use DPCs as an  
in vitro screening model to explore the mechanisms of hair 
growth regulators at the cellular and molecular levels.

No experiment has explored the effect of levocetirizine 
hydrochloride on hDPCs. In 2015, Wichitnithad et al. (14) 
found that, after healthy subjects were orally administered 
with levocetirizine hydrochloride at a therapeutic dose of  
5 mg, the Cmax fluctuated at 196±36 ng/mL, as determined 
by fast liquid chromatography-mass spectrometry. In the 
study performed by Jang et al. (15), the peak concentration of 
cetirizine in the epidermis of the skin reached 1.6–2.4 ng/mL 
after oral administration of 10 mg or 20 mg of cetirizine in 
healthy subjects. Petersen et al. (16) infected human nasal 
mucosal epithelial cells with human rhinovirus (HPV) to 
mimic a model of airway inflammation, which was treated 
with different concentrations of levocetirizine hydrochloride 
(molecular weight 388 g/mol); it was found that 19.4 ng/mL 
levocetirizine hydrochloride could effectively inhibit the 
expression of inflammatory cytokines including IL-6, IL-8,  
and NF-κβ induced by HPV. We selected drug dilution 
concentrations using the above intervals, with the highest 
concentration being 0.01% levocetirizine hydrochloride 
(100,000 ng/mL). Both α-SMA immunofluorescence 
staining and MTT assay showed that levocetirizine 
hydrochloride significantly promoted the proliferation of 
hDPCs, with good cell growth and a significantly increased 
proliferation rate at the concentration of 100 ng/mL. These 
findings suggest that levocetirizine hydrochloride might 
promote the growth and proliferation of hDPCs through 
the regulation of certain cell secreting factors, signaling 
molecules, and signal transduction pathways.

Many recent articles have described the role of 
prostaglandins in hair growth and development. Garza  
et al. (17) confirmed that the mRNA and protein expression 

Table 3 PTGDS, pAKT, and pGSK3β protein expression levels after treatment with different concentrations of levocetirizine hydrochloride 
(based on the ratio of the gray value relative to ACTIN and GAPDH) ( x SD± )

Group Blank control group 1 10 100 1,000 10,000 

PTGDS protein 0.726±0.058 0.503±0.039a 0.537±0.089a 0.322±0.048a 0.432±0.051a 0.437±0.101a

pAKT protein 0.457±0.021 0.430±0.084 0.447±0.093 0.590±0.052a 0.585±0.059a 0.440±0.059

pGSK3β protein 0.350±0.042 0.348±0.045 0.358±0.068 0.457±0.028a 0.467±0.044a 0.436±0.043a

n=3; a, P<0.05 compared with the blank control group.

Table 4 Effect of different concentrations of levocetirizine 
hydrochloride on the levels of PGD2 and PGD2R in hDPC 

culture supernatant ( x SD± , pg/mL)

Group PGD2 PGD2R

Blank control group 180.08±6.15 273.24±3.18

1 178.15±2.72 265.74±7.42

10 158.92±2.72a 237.58±7.96a

100 141.62±5.44a 215.08±9.55a

1,000 126.23±4.57a 188.82±12.20a

10,000 124.31±4.84a 181.95±13.79a

F value 66.15 44.33

P value <0.01 <0.01

n=3; a, P<0.05 compared with the blank control group. hDPC, 
human dermal papilla cells.



315Annals of Palliative Medicine, Vol 9, No 2 March 2020

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2020;9(2):308-317 | http://dx.doi.org/10.21037/apm.2020.01.15

levels of both PTGDS and PGD2 increased in the alopecia 
area of AGA patients, particularly when the hair at the 
hair follicle was in a transition period between growth and 
regression. They also demonstrated that the tropical use of 
PGD2 in mice transplanted with human hair follicles led to 
the miniaturization of hair follicles by inhibiting GPR44, 
resulting in hair thinning and shedding (18). PGD2 is an 
important inflammatory regulatory molecule that enhances 
or inhibits inflammatory responses by interacting with D 
prostanoid receptor 1 (PTGDR), D prostanoid receptor 
2 (PGD2R), and TP receptors. In general, as a pro-
inflammatory factor, PGD2 activates the DP2 receptor in 
human airway epithelial cells, stimulates massive mucus 
secretion by airway epithelial cells, causes bronchial muscle 
contraction, and leads to airway hyperresponsiveness (19). 
Recently, some studies have suggested that PGD2 may 
inhibit inflammatory response in certain environments. For 
instance, it can activate DP1 receptor to regulate and induce 
lung dendritic cells and regulatory T cells, and ultimately 
reduce asthma attacks. As a receptor for PGD2, GPR44 
is expressed not only in the outer root sheath of the hair 
follicle but also in the dermal papilla of the outer sheath 
region (20-21). In addition, overexpression of COX-2 in 
mouse models also causes hair loss (22). Treatment of AGA 
using PTGDS inhibitors has been reported (23). These 
results suggest that prostaglandins are involved in hair 
growth and may be a new therapeutic target for alopecia.

In 1989, Charlesworth et al. found that cetirizine 
could inhibit inflammatory cell infiltration and while 
also significantly reducing the expression of PGD2 (24). 
Levocetirizine hydrochloride, by binding to COX-2, 
inhibits its ability to promote prostaglandin expression (7). 
Such effects are clearly independent of their antihistaminic 
activity. Recently, Jeong et al. (25) found that PGD2 
activates androgen receptors by regulating DP2 and 
AKT signaling pathways on hDPCs, thereby stimulating 
the production of hair growth inhibitory factors such 
as TGFβ1, Creb, LEF1, and IGF-1. AKT, also known 
as protein kinase B, is an important signal transduction 
molecule that regulates cell proliferation, differentiation, 
migration, and apoptosis. For one, the AKT signaling 
pathway promotes the proliferation of hair follicle stem 
cells and induces epidermal hyperplasia (26). For another, 
the activation of AKT signaling pathway activates multiple 
downstream target protein genes including GSK3β, 
Bcl-2 family members, caspase-9, and NF-kB, and thus 
participates in the proliferation and differentiation of DPCs 
and the growth of hair follicles. GSK3β, for example, is 

both a downstream gene in the AKT signaling pathway and 
also a key factor in the classical Wnt/β-catenin signaling 
pathway (which is the first dermal signaling pathway).

In our current study, we used hDPCs to explore the 
relationship between levocetirizine hydrochloride and 
hair growth. Real-time quantitative PCR showed that 
levocetirizine hydrochloride 100 ng/mL significantly 
inhibited the mRNA expressions of COX-2, PTGDS, 
and GPR44 and promoted the mRNA expression of 
AKT. Western blotting and ELASA also showed that 
levocetirizine hydrochloride reduced the protein expression 
levels of PTGDS, PGD2, and PGD2 receptors while up-
regulating the protein expression levels of pAKT protein 
and pGSK3β. In addition, comparisons of the effects of 
different concentrations of levocetirizine hydrochloride 
on hDPCs showed that low- and high-concentrations of 
levocetirizine hydrochloride were not conducive to the 
expressions of the above signaling molecules and pathway 
molecules. For example, levocetirizine hydrochloride 1 ng/
mL could only down-regulate the protein expression of 
PTGDS in hDPCs, whereas levocetirizine hydrochloride 
10,000 ng/mL significantly inhibited the protein expressions 
of PTGDS, PGD2, and PGD2R. Therefore, levocetirizine 
hydrochloride may promote the growth and proliferation 
of hDPC in vitro by inhibiting the PGD2-GPR44 pathway 
and activating the AKT signaling pathway.

In addition, we found that levocetirizine hydrochloride 
promoted the expression of PGF2α but did not affect 
the expression of PGE2. Although both of them are 
prostaglandins, their effects on hair growth are exactly the 
opposite of those of PGD2. In 2009, the US Food and 
Drug Administration (FDA) approved the clinical use of 
Latanoprost, a PGF2α analogue, to promote the growth 
of human eyelashes and eyebrows (27). It is believed that 
PGF2α and its analogues promote the proliferation of hair 
follicle epithelial cells mainly by relaxing the small arteries 
and thus increasing local blood supply (28). PGE2 has 
also been shown to improve hair loss induced by radiation 
in mouse models (29). At present, no experiment has 
investigated the downstream signaling pathway of AKT 
and the regulation mechanism of PGF2α. Moreover, the 
mechanism via which levocetirizine hydrochloride regulates 
PDC2-GPR44 in living bodies also warrants further study.

In conclusion, our experiment demonstrated that 
levocetirizine hydrochloride could promote the growth 
and proliferation of hDPCs and significantly inhibit the 
expressions of relevant factors including COX-2, PTGDS, 
PGD2, PGD2R, and GPR44 in the PGD2-GPR44 
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pathway. The role of AKT signaling pathway in this process 
was also explored. These findings provide an experimental 
and theoretical basis for the treatment of AGA with 
levocetirizine hydrochloride.
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