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Abstract. Psoriasis is a chronic, recurrent, immune‑mediated 
disease involving the skin and joints. Epidermal hyperprolifer‑
ation, abnormal keratinocyte differentiation, angiogenesis with 
blood vessel dilatation, and excess T helper type‑1 (Th‑1) and 
Th‑17 cell infiltration are the main histopathological features 
of psoriasis. Magnolol is a polyphenolic compound that exerts 
its biological properties through a variety of mechanisms such 
as the NF‑κB/MAPK, Nrf2/HO‑1 and PI3K/Akt pathways. 
Magnolol has been demonstrated to exert a number of thera‑
peutic effects on dermatological processes, including acting 
as an anti‑inflammation, antiproliferation and antioxidation 
agent. However, few studies have been published on the effect 
of magnolol on psoriasis. Therefore, the present study aimed 
to elucidate the mechanism of action of magnolol on psoriasis. 
BALB/c mice were treated topically with imiquimod (IMQ) to 
induce psoriasis‑like dermatitis, and were randomly assigned 
to the control, vehicle control, low‑ and high‑dose magnolol, 
and 0.25% desoximetasone ointment treatment groups in order 
to investigate skin barrier function, any changes in the levels 
of cytokines and for the histological assessment. High doses 
of magnolol were indicated to be able to improve the barrier 
function following IMQ‑induced barrier disruption. Magnolol 
activated peroxisome proliferator‑activated receptor‑γ, and 

also significantly inhibited the protein expression of inter‑
leukin  (IL)‑23, IL‑1β, IL‑6, tumor necrosis factor‑α and 
interferon‑γ. However, administering a high dose of magnolol 
did not lead to any improvement in the clinical and pathological 
features of the psoriasis severity Taken together, these results 
demonstrated that downregulation of IL‑23 may contribute to 
barrier function improvement in a psoriatic skin model.

Introduction

A healthy skin barrier can be attributed to well‑differentiated 
corneocytes, correctly arranged extracellular lipid bilayers, 
balanced activities of antimicrobial peptides and enzymes, 
and a physiologically weak acidic pH environment on 
the skin surface  (1). Inflammatory skin conditions, such 
as psoriasis and atopic dermatitis, present with impaired 
skin barrier function  (1). Psoriasis is a chronic, recurrent 
immune‑mediated disease and affects people of all ages, most 
commonly in individuals aged between 15‑30 years old (2‑4). 
Epidermal hyperplasia, acanthosis, hyperparakeratosis, 
angiogenesis with blood vessel dilatation and excess T helper 
type‑1 (Th‑1) and Th‑17 lymphocyte infiltration are the main 
histopathological features of psoriasis (2‑5). Furthermore, the 
interleukin (IL)‑23/IL‑17 axis model for psoriasis proposes that 
IL‑23 activates Th17 lymphocytes, resulting in the subsequent 
release of proinflammatory cytokines, including IL‑17, leading 
to the psoriatic phenotype (5,6). Although genetic, immuno‑
logical and environmental factors have been proposed as being 
the cause of this condition, the exact cause of psoriasis has 
yet to be elucidated, and the mechanisms underlying psoriasis 
continue to be poorly understood (3,4,7).

Magnolol (5,5'‑diallyi‑2,2'‑dihydroxy biphenyl; C18H18O2, 
MW=266.33  Da) is one of the major active polyphenolic 
ingredients isolated from Magnolia officinalis (known 
as houpu magnolia)  (8,9). The considerable efficacy of 
magnolol has been confirmed through an assessment of its 
anti‑inflammatory, antiproliferative, anti‑photoaging and 
anti‑free radical activity (8,10‑14). Magnolol has also been 
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indicated to be an agonist of peroxisome proliferator‑activated 
receptor‑γ (PPAR‑γ) (15‑17). The key functions of PPAR‑γ 
in the epidermis include maintenance of skin barrier homeo‑
stasis, regulation of the stratum corneum surface pH and 
water‑holding capacity, controlling cell differentiation and 
responding to inflammatory responses via PPAR‑γ activation, 
thus resulting in increased cell survival and reduced apoptosis 
in UV‑induced damage studies (18,19). However, the effect of 
magnolol on psoriasis has been less well reported, although it 
may be hypothesized that magnolol could contribute towards 
permeability barrier homeostasis via PPAR‑γ in psoriatic 
skin. Therefore, the present study aimed to investigate the 
therapeutic effects, as well as the effect on the skin barrier, 
of magnolol on an imiquimod (IMQ)‑induced psoriatic‑like 
dermatitis model. The underlying mechanisms governing this 
interaction were also investigated.

Materials and methods

Materials. Magnolol was purchased from Merck  KGaA. 
Esperson (0.25% Desoximetasone ointment) was purchased 
form Sanofi S.A. All other chemicals were of analytical grade.

Animals. A total of 15 male BALB/c mice (8‑12 weeks old; 
purchased from National Laboratory Animal Center, Tainan, 
Taiwan), weighing 22±2  g, were housed under standard 
laboratory conditions with sufficient food and water that was 
accessible at all times, as well as with minimized handling, 
odors, noises and vibrations in the Laboratory Animal Center 
of the Cathay General Hospital (12 h light/dark cycles and 
24±2˚C ambient temperature). A total of three mice were 
placed in each group. The duration of the experiment was 
11 days. The animal health and behavior were monitored every 
day via body weight and food intake measurement. All animal 
experiments were performed and approved by the Institutional 
Animal Care and Use Committee (IACUC) of Cathay General 
Hospital (IACUC registration no. 107‑028). During the experi‑
mental period, each animal was housed in a separate cage 
with wooden bar toys, complying with the IACUC regulations. 
To minimize distress during hair shaving, mice were placed 
in the induction anesthesia chamber (10x10x20  cm) with 
4% isoflurane in oxygen (flow rate=0.5 l/min), followed by 
2% isoflurane in oxygen (flow rate=0.2 l/min) for maintenance 
of anesthesia via a facemask. During the experimental period, 
the mice were euthanized via excessive isoflurane exposure 
followed by cervical dislocation to confirm successful eutha‑
nasia as a humane endpoint for this study, when cachexia led to 
a body‑weight loss of 10% or more. No mice suffered sponta‑
neous mortality or were euthanized because of a body‑weight 
loss of 10% or more during the experiment. For euthanasia, 
mice were placed in the induction anesthesia chamber with 5% 
isoflurane in oxygen (flow rate=0.5 l/min) exposure continued 
for at least 1 min after respiratory arrest, followed by cervical 
dislocation to confirm successful euthanasia. All animals were 
sacrificed on day 11 at the end of the experiment to obtain the 
skin samples for further investigation.

Establishment of the IMQ‑induced psoriasis‑like skin 
animal model. Psoriasiform dermatitis was induced in mice 
following a widely used protocol (20‑23) through the topical 

application of a dose of 62.5  mg 5%  Aldara IMQ cream 
(3M  Pharmaceuticals) on the shaved dorsal skin for six 
consecutive days, once daily, prior to the experimental period 
(days 0‑6) (20‑23).

Experimental protocols. A total of 18 mice were used in 
the present study. Three untreated (normal) mice were used 
as negative control specimens for morphology, PPAR‑γ and 
cytokine array studies. For the barrier function study, 15 
mice were randomly assigned to the following groups: i) The 
control group (only induced by IMQ); ii) vehicle group, treated 
with ethanol (EtOH; IMQ‑induced plus EtOH treatment); 
iii) low‑dose magnolol group (IMQ‑induced, 100 µg/ml magn‑
olol dissolved in EtOH treatment); iv) high‑dose magnolol 
group (IMQ‑induced, 300 µg/ml magnolol dissolved in EtOH 
treatment) and v) 0.25% desoximetasone ointment (DXM) 
group [IMQ‑induced plus Esperson (0.25% Desoximetasone 
ointment; Sanofi  S.A.) treatment as a positive control]. 
Following the successful induction of the psoriasiform skin, 
the mice continued to receive IMQ application, followed by 
their respective treatments until day 11. In the treatment phase 
(days 6‑11), 3‑4 h post‑IMQ application, mice were treated 
once daily with 100 µl magnolol, EtOH solution or 60 mg 
DXM on the dorsal skin.

Assessment of barrier functions. Barrier function parameters, 
including transepidermal water loss (TEWL), skin hydration 
and erythema values, were measured on the dorsal surface of 
mice prior to the application of drugs on day 0 (used as normal 
barrier functions value baseline), and subsequently on days 
6 and 11 using an MPA‑II system equipped with Tewameter 
TM300, Corneometer CM825 and Mexmeter MX18 probes 
(Courage and Khazaka Electronic GmbH).

Collection of skin specimens. Three untreated mice were 
sacrificed 48 h after hair shaving, and the specimens served as 
negative controls for inflammatory cytokine analysis. Treated 
(barrier function study) mice were sacrificed on day 11 after 
the final barrier function assessment. Full‑thickness mouse 
skin was separated into two samples for histological staining.

Immunohistochemical staining for PPAR‑γ. Skin speci‑
mens were fixed in 10% formalin solution and embedded in 
paraffin at 4˚C overnight. Sections of 5 µm thickness were cut 
and stained with primary antibodies against PPAR‑γ (1:25; 
cat. no. GTX19481; Rabbit origin; GeneTex, Inc.) using a Ventana 
BenchMark XT automated stainer (Ventana Medical Systems, 
Inc.). Samples were incubated with the PPAR‑γ primary anti‑
body (1:25; cat. no. GTX19481; Rabbit origin; GeneTex, Inc.) 
in universal ready to use blocking reagent (cat. no. 760‑050; 
Ventana Medical Systems Inc.) for 60 min at 37˚C, and then 
the incubation was continued overnight at 4˚C. Subsequently, 
the samples were incubated with the universal mouse and rabbit 
ready to use secondary biotinylated antibody using an ultraView 
Universal DAB ready to use Detection kit (cat. no. 760‑500; 
Ventana Medical Systems Inc.) for 1 h at room temperature. The 
levels of diaminobenzidine (DAB) were subsequently visual‑
ized. Samples were then counterstained with hematoxylin for 
4 min at 37˚C, and examined under a light microscope at a 
magnification of x200 (BX41; Olympus Corporation).
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Immuno‑intensity counting. To objectively evaluate the immu‑
nostaining results, the slides were scanned using a slide scanner 
(Pannoramic DESK II DW; 3DHISTECH Ltd.) at a magnification 
of x200. CellQuant and PatternQuant computer counting software 
(version 2.4.0) were used (all, 3DHISTECH Kft.). PatternQuant 
was programmed to recognize the regions of interest, and 
CellQuant was used to evaluate the H‑Score. Each skin tissue 
was assigned an annotation, which was 1 mm wide and covered 
the whole thickness of the skin to the muscle layer. The H‑score 
was defined in terms of its immune‑intensity, and this was then 
multiplied by the staining percentage, providing a range of values 
from 0‑300. The immuno‑intensity was recorded as being 0 for 
no staining, 1 for faint staining, 2 for moderate staining, and 3 for 
intense staining, whereas the staining percentage was recorded 
from 0‑100%. The immune‑intensity and staining percentages 
were both determined using computer counting, as calculated by 
CellQuant, and counting was only permitted within the regions of 
interest recognized by PatternQuant.

Determination of the inflammatory cytokine protein levels 
via multiplex cytokines bead array. Studies have reported that 
IMQ‑induced psoriasis‑like skin elicits either the protein or 
mRNA expression of IL‑17, IL‑23, IL‑1β, IL‑6, tumor necrosis 
factor‑α  (TNF‑α), and interferon‑γ  (IFN‑γ) in mice, and 
successful anti‑psoriatic interventions should therefore inhibit 
the aforementioned cytokine expression (5,24‑26). Therefore, 
in the current study, proteins were extracted from whole skin 
of 6 groups in order to determine the levels of IL‑17A, IL‑23, 

IL‑1β, IL‑6, TNF‑α and IFN‑γ using the LEGENDplex™ 
multiplex cytokines bead array kit (mouse inflammation panel; 
BioLegend, Inc.). Aliquots (50 µl) of protein samples were 
incubated with labeled microbeads for 2 h at room tempera‑
ture, and subsequently, the concentration of each cytokine was 
determined using flow cytometry (using an Accuri C6 flow 
cytometer; BD Biosciences) according to the manufacturer's 
instructions. The concentration of each cytokine was then deter‑
mined based on a known standard curve using LEGENDplex™ 
data analysis software version 8.0 (VigeneTech Inc.) (23).

Light microscopy. Skin samples were fixed in 10% formalin 
at 4˚C overnight. Sample sections (5 µm‑thick) were cut, stained 
with hematoxylin for 8 min and then eosin for 30 sec both at 
room temperature (H&E), and examined under a light micro‑
scope at a magnification of x200 (BX41; Olympus Corporation).

Statistical analysis. Two‑way mixed ANOVA followed by 
Bonferroni's post hoc test was performed using SPSS  20 
software (IBM Corp.). All bar charts are presented as the 
mean ± standard deviation using Sigmaplot 10.0 software 
(Systat Software, Inc.). P<0.05 was considered to indicate a 
statistically significant difference.

Results

Magnolol improves the barrier function of IMQ‑induced 
psoriasis‑like dermatitis. The chemical structure of magnolol 

Figure 1. Magnolol improves the barrier function in IMQ‑induced psoriasis‑like dermatitis. (A) Chemical structure of magnolol. (B) Study design. Mice 
were administered a daily topical application of a dose of 62.5 mg Aldara IMQ cream (5%) on the shaved dorsal skin for 6 consecutive days (days 0‑6). After 
the successful induction of psoriasiform skin, the mice continued to receive IMQ until day 11. After 3‑4 h IMQ application, the mice subsequently received 
100 µl either magnolol, EtOH solution or 60 mg DXM on the dorsal skin once daily (days 6‑11). (C) TEWL, (D) skin hydration and (E) erythema values were 
measured on the dorsal surface of mice before the applications of drugs on day 0, and then monitored on days 6 and 11. (mean ± SD; n=3). †P<0.05, compared 
with Day 0 and Day 6 in control group; #P<0.05 and *P<0.05 (using two way mixed ANOVA, post hoc Bonferroni's test). IMQ, imiquimod; TEWL, transepi‑
dermal water loss; EtOH, ethanol, DMX, 0.25% desoximetasone ointment.
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and the study design are presented in Fig. 1A and B, respec‑
tively. The barrier function measurement values of the control 
group on day 0 represented the normal baseline values 
(TEWL, 7.39±1.20 g/m2/h; skin hydration, 58.25±5.84 arbi‑
trary units (AU); and erythema, 16.80±1.74 AU). Compared 
with the values on day 0 (as normal baseline), the TEWL 
(40.79±8.05 g/m2/h) and erythema (31.23±4.17 AU) values 
in the control group increased significantly following the 
establishment of IMQ‑induced psoriasis‑like dermatitis over 
a period of 6 consecutive days (both P<0.05). By contrast, 
the skin hydration value (3.69±1.55 AU) of the control group 
decreased significantly on day 6 compared with that of day 0 
(P<0.05; Fig. 1C‑E).

High‑dose magnolol (300  µg/ml) treatment led to a 
restoration of >30% of the TEWL value compared with the 
control and vehicle control groups on day 11 (both P<0.05). 
The topical application of DXM markedly reduced the TEWL 
and erythema values compared with all the other groups on 
day 11 (all P<0.05; Fig. 1C and D). However, magnolol treat‑
ment did not significantly affect erythema or skin hydration on 
psoriasis‑like skin mice compared with the control and vehicle 
group on day 11 (all P>0.05; Fig. 1D and E).

DXM inhibits hyperproliferation of keratinocytes. The 
morphology of all 5 groups revealed the presence of scales, 
erythema and dry skin (Fig. 2A). The results of histopathology 
using H&E staining revealed epidermal acanthosis, parakera‑
tosis, tortuous capillary dilatation in the papillary dermis, and 

the infiltration of various types of inflammatory cell in all 
groups (Fig. 2B). However, the DXM treatment group exhibited 
improved clinical and pathological features of the psoriasis 
severity compared with all other groups (Fig. 2A and B).

Magnolol activates the protein expression of PPAR‑γ. To 
investigate whether magnolol acts as a PPAR‑γ agonist on the 
epidermis, PPAR‑γ protein expression levels were evaluated 
via immunohistochemical staining. The results demonstrated 
that magnolol activated PPAR‑γ protein expression on the 
epidermis, which was more clearly observed in the cyto‑
plasm  (Fig.  2C). Fig.  2D demonstrated the results of the 
immune‑intensity analysis of PPAR‑γ via automatic computer 
counting. The high‑dose magnolol treatment group exhibited 
higher immune‑intensities of PPAR‑γ compared with all the 
other groups (P<0.05).

Magnolol inhibits the protein expression levels of IL‑23, 
IL‑1β, IL‑6, TNF‑α and INF‑γ in psoriasis‑like skin. The 
potential underlying mechanisms of magnolol treatment in 
psoriasis‑like skin were examined using the inflammatory 
cytokine panel. The cytokine array results revealed that the 
expression of all the cytokines were significantly increased 
in the control group (IMQ‑induced only) compared with the 
normalgroup (untreated skin specimens, P<0.05). High‑dose 
administration of magnolol led to the inhibition of IL‑23, 
IL‑1β, IL‑6, TNF‑α and INF‑γ protein expression (all P<0.05), 
although not of IL‑17A (P>0.05), compared with the control 

Figure 2. DXM inhibits hyperproliferation of keratinocytes. (A) Morphology of all the groups, revealing the presence of scales, erythema and dry skin. 
(B) Histopathological staining using H&E revealed epidermal acathotic hyperplasia, abnormal keratinocyte differentiation, superficial dermal capillary dilata‑
tion and infiltration of various inflammatory cell types in all groups. However, the Esperson (DMX) treatment group showed much better gross and pathological 
features of severity index compared with all the other groups. (C) Magnolol activates PPAR‑γ protein expression. The high‑dose magnolol group showed positive 
staining of PPAR‑γ. (D) The immuno‑intensity of PPAR‑γ. The high‑dose magnolol treatment group revealed a higher intensity of PPAR‑γ compared with all the 
other groups. Scale bar, 50 µm. Yellow arrow head indicated neutrophil cell. (mean ± standard deviation,  n=3); *P<0.05 (using two‑way mixed ANOVA, post hoc 
Bonferroni's test). H&E, hematoxylin and eosin; PPAR‑γ, peroxisome proliferator‑activated receptor‑γ; DMX, 0.25% desoximetasone ointment.
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group. Low‑dose administration of magnolol led to the inhibi‑
tion of IL‑23, IL‑1β, IL‑6 and INF‑γ protein expression (all 
P<0.05) although not of IL‑17A and TNF‑α (both P>0.05), 
compared with the control group. Both high and low admin‑
istration of magnolol led to the inhibition of IL‑1β compared 
with the EtOH group (both P<0.05). Additionally, DXM inhib‑
ited the expression of all inflammatory cytokines, compared 
with the normal group (P<0.05; Fig. 3).

Discussion

The effect of magnolol on psoriasis has been rarely reported. 
The present study has demonstrated that magnolol activates 
PPAR‑γ, and also significantly inhibits the protein expres‑
sion of IL‑23, IL‑1β, IL‑6, TNF‑α and INF‑γ, which may 

contribute to skin barrier function. The IL‑23/IL‑17 axis 
has been reported to be a critical regulator for psoriasis and 
psoriatic arthritis  (5). Previous studies have reported that 
IMQ‑induced psoriasis‑like skin elicits either protein or 
mRNA expression of IL‑17, IL‑23, IL‑1β, IL‑6, TNF‑α and 
INF‑γ in mice skin (5,24‑26), and successful anti‑psoriatic 
interventions should therefore inhibit the aforementioned 
cytokine expression (24‑26), especially with respect to the 
downregulation of IL‑17 and IL‑23 expression (23). However, 
in the present study, administration of high and low‑dose 
magnolol treatment did not effectively inhibit IL‑17 or lead to 
any improvement in the clinical and pathological features of 
the psoriasis severity index.

PPARs have been indicated to perform essential roles in 
cutaneous homeostasis (18). PPAR‑γ, as one of three PPARs 

Figure 3. Magnolol inhibits the protein expression levels of IL‑23, IL‑1β, IL‑6, TNF‑α and INF‑γ in psoriasis‑like skin. (A) IL‑17A, (B) IL‑23, (C) IL‑1β, 
(D) IL‑6, (E) TNF‑α and (F) IFN‑γ protein expression levels were analyzed using a LEGENDplex™ kit (mean ± standard deviation, n=3); #P<0.05, compared 
with control group; *P<0.05 (using two‑way mixed ANOVA, post hoc Bonferroni's test). IL, interleukin; TNF‑α, tumor necrosis factor‑α; IFN‑γ, interferon‑γ.

https://www.spandidos-publications.com/10.3892/etm.2021.9876
https://www.spandidos-publications.com/10.3892/etm.2021.9876
https://www.spandidos-publications.com/10.3892/etm.2021.9876


GUO et al:  MAGNOLOL IMPROVES BARRIER FUNCTION VIA IL‑23 IN PSORIASIS6

isoforms, has been indicated to exert anti‑inflammatory effects 
on a variety of cell types, including macrophages, lymphocytes 
and connective tissue cells (27). PPAR‑γ has been reported 
to be localized mainly in the nucleus during a number of 
cellular processes (28). It was recently demonstrated that the 
downregulation of PPAR‑γ by its mitogen‑activated protein 
kinase‑dependent is redistributed from the nucleus to the 
cytosol for non‑genomic activity (28,29). A previous study 
demonstrated that PPAR‑γ mainly appears to localize in the 
cytoplasm in human keratinocytes, whereas it exhibits an 
exclusively nuclear localization in the suprabasal layer (30). 
The immunohistochemistry staining results presented in the 
current study exhibited a similar pattern. Therefore, PPAR‑γ 
may control the cytoplasmatic activity through the same mech‑
anism in keratinocytes. An in vitro study revealed that PPAR‑γ 
regulated inflammatory signals by first inhibiting NF‑κB 
nuclear translocation, and then downregulating the cytokine 
protein expression of IL‑6, IL‑8, IL‑12, IL‑21, IL‑23, TNF‑α 
and cyclooxygenase‑2 (31). PPAR‑γ is expressed in keratino‑
cytes, and is also involved in the regulation of keratinocyte 
differentiation (18). Thiazolidinediones, a family of PPAR‑γ 
ligands, have been indicated to reduce epidermal keratinocyte 
proliferation and promote epidermal keratinocyte differen‑
tiation in a repeated tape stripping‑induced hyperproliferative 
animal model  (18). These results may suggest that topical 
PPAR‑γ agonists could be considered as a potential adjunctive 
therapeutic agent in hyperproliferative skin diseases, such as 
psoriasis (32).

The bark of Magnolia officinalis has been tradition‑
ally used in Asia for the treatment of a number of diseases, 
including anxiety, asthma and depression  (33). Honokiol 
is another primary active compound that is isolated from 
Magnolia officinalis, and is also a PPAR‑γ agonist (15‑17). 
A previous study revealed that honokiol could effectively 
improve psoriasis treatment by inhibiting the NF‑κB pathway 
in a transgenic mouse model  (34). A previous study also 
indicated the effect and mechanism of magnolol on psoriasis 
mice induced by imiquimod via oral administration (35). To 
the best of our knowledge, the present study has been the first 
to demonstrate the topical anti‑psoriatic effects as well as skin 
barrier function improvement of magnolol on IMQ‑induced 
psoriasis‑like dermatitis in mice.

The number of animals used in the current study was small 
(n=3). In future studies, the number of animals used should 
be increased. Further research is also required to enhance the 
topical distribution of magnolol to the skin and to investigate 
the therapeutic outcome of this treatment, as well as to clarify 
the pharmacological effects of magnolol on psoriasis.

The IL‑23/IL‑17 axis has been reported to be the critical 
regulator for psoriasis and psoriatic arthritis  (5,6). In the 
present study, it has been demonstrated that magnolol activates 
PPAR‑γ, and is able to improve barrier function via down‑
regulation of the IL‑23 signaling pathway in an IMQ‑induced 
psoriasis‑like dermatitis mouse model. The results revealed 
that the downregulation of IL‑23 may contribute to barrier 
function improvement, and could possibly serve a role in 
alleviating psoriasis‑like dermatitis in animals. However, 
the application of magnolol alone, when applied topically to 
inhibit IL‑23, may not be an effective method for psoriasis 
treatment. The potential of using systemic magnolol or topical 

magnolol treatment combined with topical glucocorticosteroid 
to treat psoriasis, however, is worth of further investigation.
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