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Purpose: The purpose of this study was to use a murine model of psoriasis to examine the
effect of total glycosides of pacony (TGP) on psoriatic skin lesions and on the expression of
vascular endothelial growth factor (VEGF) in skin lesions and blood.

Methods: A murine model of psoriasis was produced by shaving the backs of the mice and
applying 5% imiquimod cream, 50 mg, to the backs of the mice once a day. Mice were killed
on day 8, and skin and blood samples were obtained for histopathological examination and
analysis of VEGF mRNA expression.

Results: By day 8 of the application of imiquimod cream, skin lesions characteristic of psoriasis
were evident, and histopathological examination of skin sections showed changes consistent with
psoriasis (corneum thickening and parakeratosis, attenuation of the stratum granulosum, thick-
ening of the stratum spinosum, and lengthening of the epidermal ridge). In the treatment group, 7
days of treatment with TGP resulted in resolution of the skin lesions, and histopathological
examination showed the epidermis and dermis are approximately normal, without corneum
thickening, hyperkeratosis, and parakeratosis. On day 7 of treatment, skin expression of VEGF
mRNA was significantly lower in the treatment group than in the group that did not receive
treatment (p < 0.05). Blood VEGF mRNA expression was not different between the groups.
Conclusion: TGP is effective for the treatment of psoriasis and may act by decreasing
lesion VEGF mRNA expression.

Keywords: psoriasis, immune modulation, total glycosides of paeony, real-time fluorescent
quantitative, RT-PCR, vascular endothelial growth factor, VEGF

Introduction
Psoriasis is a chronic inflammatory skin disease that affects 1% to 3% of the general
population, and approximately 125 million people worldwide have psoriasis.' ™ The
condition is characterized by abnormal epidermal dysplasia, infiltration of a large
number of inflammatory cells in the dermis, and neovascularization.*”” Of the
aforementioned histopathological features, abnormality of the dermal papillary
vasculature appears first, suggesting that neovascularization is perhaps one of the
key characteristics of psoriasis pathogenesis.® However, the exact mechanisms of
psoriasis pathogenesis remain unclear, although recent studies have suggested the
interleukin (IL)-23/Th17 axis, and activation of innate immune cells and pathogenic
T cells is likely involved.**’

Vascular endothelial growth factor (VEGF) is a signaling protein that promotes
the growth of new blood vessels, and one of the pathogenetic mechanisms in
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VEGF-induced

angiogenesis.” ' VEGF is markedly up-regulated in
9,13

psoriasis is  represented by the

psoriatic skin lesions, >~ and the psoriatic severity is cor-
related with the serum levels of VEGF."* Moreover, sin-
gle-nucleotide polymorphisms of the VEGF gene are
associated with the pathogenesis of psoriasis.'>'®

Total glucoside pacony (TGP) is an active compound
extracted from the roots of Paeonia lactiflora Pall, and has
been used as a traditional Chinese medicinal herb for thou-
sands of years.'” It is used as an analgesic and anti-
inflammatory to treat conditions such as rheumatoid arthritis
(RA)."7 Recent studies have shown it to have immunomo-
dulatory and antioxidant functions, and may be effective for
the treatment of autoimmune conditions such as RA, oral
lichen planus, and Sjogren syndrome.'’ Study has also
shown TGP to be beneficial for the treatment of
psoriasis;”*19 however, the exact mechanisms of action
are unclear. Moreover, whether VEGF is involved in the
molecular mechanism of therapeutic effect of TGP on psor-
iasis remains to be investigated.

Thus, the purpose of this study was to use a murine
model of psoriasis to examine the effect of TGP on psor-
iatic skin lesions and on the expression of VEGF in skin
lesions and blood.

Materials and Methods

Animal Experiments and Drug Treatment
Sixty adult female BALB/c mice, weighing 18-20 g, were
obtained from the Animal Experiment Center of Southern
Medical University. The mice were randomly divided into
6 groups, with 10 mice in each group: 1) Treatment
group; 2) Model group; 3) Control group; 4) Low-dose
TGP group; 5) Middle-dose TGP group; 6) High-dose
TGP group.

A murine model of psoriasis was produced by shaving
the backs of the mice and applying 5% imiquimod cream,
50 mg, to the backs of the mice once a day.?>*' All groups
except for the Control group received treatment with imi-
quimod cream.

TGP (purity 90%: Ningbo Langsheng Pharmaceutical
Co., Ltd., China) was dissolved in normal saline to provide
the dosages described below such that the defined dose
was available in 0.4 mL of liquid. Mice in the low-,
middle-, and high-dose groups were treated with 50 mg/
kg body weight TGP per day, 100 mg/kg TGP per day, and
200 mg/kg per day, respectively, by gavage. Mice in the
Model group and Control group received 0.4 mL of

normal saline by gavage daily. Mice in the Control
group, Model group and the Low-, Middle-, and High-
dose groups were killed on the 8th day and skin tissue and
blood were collected for subsequent analysis. The mice in
the Control group did not receive an application of imi-
quimod cream (only the back hair was removed).

For mice in the treatment group, 5% imiquimod cream
(50 mg/d) was applied on the backs (shaved) for § days.
Beginning day 9, mice were treated with 100 mg/kg of
TGP suspension by gavage once daily in addition to imi-
quimod cream daily. After 7 days of treatment, the skin
lesions were resolved, the mice were killed, and skin tissue
and blood were collected. Mice in the treatment group
were treated with TGP until the skin lesions had resolved,
which was to confirm that TGP does have a therapeutic
effect on psoriasis. On the other hand, the mice in the low-
, middle-, and high-dose groups were killed when the skin
lesions were significantly different among the 3 groups
(Day 8), which was used to investigate an appropriate
therapeutic concentration of TGP for psoriasis.

The experimental protocols were approved by the
Institutional Review Board of Southern Medical
University (NO. LAEC-2019-007). All animal experi-
ments were conducted in accordance with standard
Guidelines for the Care and Use of Laboratory Animals.

Specimen Collection

After the mice were killed, approximately 1 mL of whole
blood was collected. The base skin on the backs of the
mice was excised, treated and examined as described
below.

Histopathological Analysis of Skin Tissue
Portions of the mouse skin tissue were fixed with a 4%
formaldehyde solution for 15 hours, washed with running
water for 2 hours, dehydrated with 50—100% concentration
gradient ethanol, and then soaked in xylene for 2 hours.
The sections were soaked in liquid paraffin in a 60°C
incubator for 4 hours, and then embedded. The paraffin
blocks were sliced into serial sections with a thickness of 5
pm. The slices were deparaffinized by soaking in xylene
for 20 minutes, followed by hydration with absolute etha-
nol (95%, 85%, 75%) and distilled water for 2—5 minutes
at each concentration, then stained with hematoxylin and
eosin (HE). After embedding with the neutral resin, the
slices were covered with coverslips and observed under
a light microscope. In addition, the thickness of the
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epidermis was measured to determine thickening of the
epidermis.

Severity of Skin Lesions Assessment

The severity of dorsal skin lesions was assessed by the
psoriasis area and severity index (PASI).** The erythema,
scaling, and thickening were independently scored from 0
to 4 as follows: 0, none; 1, slight; 2, moderate; 3, marked;
4, very marked. The cumulative score (erythema, scaly,
thickening) is used as a measure of the severity of skin
damage.

Detection of VEGF mRNA in Skin Tissue
and Peripheral Blood

Real-time fluorescent quantitative (RT-PCR) was used to
detect the expression of VEGF mRNA in the skin tissue
and peripheral blood of each group of mice. In brief,
tissue was placed into a mortar, a small amount of liquid
nitrogen was added, and the tissue was quickly ground.
Tissue total RNA was extracted using Trizol® according
to the manufacturer’s instructions. Peripheral blood total
RNA was extracted using a Simply P Total RNA
Extraction Kit (Hangzhou Bioer Technology Co., Ltd.,
China) according to the manufacturer’s instructions. For
reverse transcription, 2 pg of total RNA was used as
a template, and the first strand of cDNA was synthesized
using a PrimeScript® 1Ist Strand cDNA Synthesis Kit
(TAKARA, Japan). The cDNA template was used for
fluorescence quantitative RT-PCR using a SYBR®
Premix Ex Taq kit (TAKARA) on an Agilent Stratagene
Mx3000P® Multiplex Quantitative PCR (QPCR) System
to determine the expression levels of VEGF mRNA.
GAPDH was used as the internal control, and data were

analyzed by the 2~ **“T method.

Statistical Analysis

All outcomes were expressed as median and interquartile
range (IQR: P25 to P75). Data were compared using the
Wilcoxon rank-sum test. Correlation analysis was per-
formed to determine correlations between the expression
of VEGF mRNA in skin tissue and peripheral blood and
the dosage of TGP given to the Low-, Middle-, and High-
does groups. All statistical analyses were performed using
SPSS version 17.0 software (SPSS Inc., USA). A value of
p < 0.05 was considered to indicate statistical significance.

Results

General Condition of the Mice
Except for the Control group, mice in the other groups that
received treatment with 5% imiquimod cream gradually
exhibited signs of fatigue, crouching, reduced food intake,
and weight loss. However, there was no obvious hair loss,
only the gloss of the hair decreased. At the time of appli-
cation of the imquimod cream, the mice became agitated,
resisted and became aggressive. One mouse in the High-
dose group was killed by other mice in the same group.
In the Treatment group, by the 7th day of treatment the
general condition of the mice had improved, their food
intake had increased, and the skin lesions had resolved.

Skin Changes

Skin changes in the Control, Model, Low-, Middle-, and
High-dose TGP groups on Day 4 and Day 8 are shown in
Figure 1. In the Model group, 1 day after application of
imiquimod cream red spots appeared on the skin; after 2-3
days, scales appeared; after 4-5 days, the red spots and
scales worsened (Figure 1); after 6 days there was improve-
ment in the severity of the skin lesions; At 7-8 days further
deterioration and thickening was noted (Figure 1).

In the low-dose TGP group, after treatment on Day 8,
the mice still had infiltrating erythema with a large number
of scales, and the back hair could not be completely
removed due to the adhesion of the skin rash and the
hair (Figure 1). In the middle-dose TGP group, the
mice’s rash almost completely subsided, with only a few
small scales (Day 8, Figure 1). In the high-dose TGP
group, the mice showed light red patches with a few scales
on the skin, but no obvious infiltration (Day 8, Figure 1).

In the Treatment group, after 7 days of treatment with
TGP, the skin lesions resolved and the skin exhibited
a normal appearance (Figure 2).

Severity of Skin Lesions Assessment

The severity of dorsal skin lesions was assessed by the PAS
score. From day 3 to day 7, the Model group and the Low-
dose, Middle-dose, and High-dose TGP groups had signifi-
cantly higher total PASI score than the control group (all P <
0.001, Figure 3), suggesting that the psoriasis model was
successfully established. The total PASI score peaked on
Day 5 or Day 6 in the Low-dose, Middle-dose, and High-
dose TGP groups (Figure 3). On Day 7 and Day 8§, the Low-
dose, Middle-dose, and High-dose TGP groups had signifi-
cantly lower total PASI score than the model group (all P <
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Day 4

Day 8

Figure | Skin changes in the Low-dose, Middle-dose, and High-dose TGP groups on Day 4 and Day 8.

0.001, Figure 3), suggesting that TGP can effectively alleviate
imiquimod-induced psoriatic skin lesions. There was no sig-
nificant difference in total PASI score on Day 8 between the
Middle-dose TGP group and the control group (Figure 3).

Histological Examination

In the Model group, histopathological examination of skin
tissue on day 8 showed corneum thickening and paraker-
atosis, attenuation of the stratum granulosum, thickening
of the stratum spinosum, and lengthening of the epidermal
ridge (Figure 4). These histological changes are similar to
those of human psoriasis.

In the Treatment group, histopathological examination
showed the epidermis and dermis are approximately nor-
mal, without corneum thickening, hyperkeratosis, and
parakeratosis (Figure 5).

Effect of TGP on the Expression of VEGF
mRNA in Skin Tissue

Results of skin tissue VEGF mRNA expression are sum-
marized in Figure 6. The VEGF mRNA expression levels
in the Treatment group, the Middle- and High-dose

groups, and the Control group were significantly lower
than that of the Model group (all, p < 0.05). VEGF
mRNA expression in the Low-dose TGP group was sig-
nificantly higher than that of the Control group (p = 0.01),
but not different from that of the Model group (p = 0.32).

Effect of TGP on the Expression of VEGF
mRNA in Peripheral Blood

Results of blood VEGF mRNA expression are summar-
ized in Figure 6. The VEGF mRNA expression in the
Model group was significantly higher than in the Control
group (p = 0.00). However, the expression in the Model
group was not different from that in any of the other
groups (all, p > 0.05).

Correlation Analysis

A negative correlation between the concentration of TGP
and the expression of VEGF mRNA in skin tissue was
—0.383, p = 0.040,
Figure 7A). However, the correlation was not significant
(r < 0.50).

noted (Spearman’s rho: r =
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Treatment group

Day 15

Figure 2 Images of skin of mice in the Treatment group (A) prior to treatment (Day 8) and (B) after treatment (Day 15). After 7 days of treatment with TGP the skin
lesions have resolved and the skin appears normal (B).
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Figure 3 Psoriasis area severity assessment. The total PAS| score was used to assess psoriasis area severity of skin lesions. Data are expressed as the mean = SD (n = 10 for
each group). *P < 0.001 vs the (untreated) Model group.

No correlation was noted between TGP concentration Discussion

and the expression of VEGF mRNA in peripheral blood In this study, a murine model of psoriasis was developed

(Spearman’s tho: r = 0.012, p = 0.951, Figure 7B). by the topical application of 5% imiquimod cream.
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Figure 5 Histopathological examination of skin tissue of the Treatment group (A) prior to treatment and (B) after treatment. Hematoxylin and eosin (HE), scale
bar=100um. After 7 days of treatment with TGP light microscopy of HE stained tissue shows the epidermis and dermis are approximately normal, without corneum
thickening, hyperkeratosis, and parakeratosis. (One of the mice in the Treatment group was killed on the 8th day to obtain skin tissue for histopathological examination. No

other testing was performed on that mouse.).

Examination of the skin 8 days after beginning application
showed characteristic lesions of psoriasis and characteris-
tic histopathological changes. In addition, the expression
of VEGF mRNA in skin tissue and peripheral blood of the
Model group was significantly higher than that of Control
group. This finding also showed, as seen in other studies,
that high VEGF expression is related to the pathogenesis
of psoriasis.” Importantly, treatment with TGP for 7 days
beginning on day 9 after the topical administration of
imiquimod resulted in resolution of skin lesions and his-
topathological changes characteristic of psoriasis, and
the VEGF mRNA levels were significantly decreased in
the High-dose/Middle-dose TGP groups as compared with
the model group. These results strongly suggest that

middle and high dose of TGP is effective for the treatment
of psoriasis. In contrast, VEGF mRNA expression was
significantly higher in the Low-dose TGP group than in
the Control group (p = 0.01). The skin of mice in the low-
dose TGP group showed thickened erythema, a small
number of white scales, and psoriasis lesions, suggesting
low-dose TGP had no therapeutic effect on psoriasis. The
correlation analysis also showed that the concentration of
TGP was negatively correlated with VEGF mRNA the
expression of in skin tissue. These results indicated that
low-dose TGP had little therapeutic effect.

TGP is an immunomodulatory, and components
include paeoniflorin, hydroxy-paeoniflorin, paeonin, albi-
and benzoyl-paeoniflorin,

norin, with paeoniflorin
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Figure 6 The mRNA expression level of skin tissue VEGF (A) and peripheral blood VEGF (B) among different groups. The bar chart statistics were median and IQR
(interquartile range). (n=10 for each group) *p<0.05 compared with the model group; #p<0.05 compared with the Control group.
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Figure 7 The x-y scatter plot with regression line and Spearman’s rho correlation coefficient between TGP and tissue VEGF expression level (A), TGP and peripheral blood

VEGF expression level (B).

accounting for 90% of the total glycosides.”> TGP has
been used for the treatment of autoimmune disorders,
such as lichen planus, eczema, and systemic lupus
erythematosus (SLE).'” Studies have also shown that
TGP is beneficial for the treatment of psoriasis.'®!'%**
A recent double-blind, randomized, placebo-controlled
trial showed that TGP plus acitretin can enhance anti-
psoriatic efficacy and reduce liver damage as compared

with acitretin treatment alone.'® A recent systematic

review and meta-analysis of 30 randomized controlled
trials that included almost 3000 patients concluded that
the addition of TGP to other monotherapies for the
treatment of psoriasis can improve the effective number
and reduce psoriasis area and severity index (PASI),
adverse reactions, recurrence rate, and inflammation
reaction.'®

Although TGP has been shown to be beneficial for

treating psoriasis, the exact mechanisms of action have
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not been precisely revealed. Early studies have shown that
pathological changes associated with psoriasis, such as
neovascularization, are the result of overexpression of
VEGF.'?*° It has also been shown that overexpression of
VEGF promotes psoriatic pathological changes in the epi-
dermis of mice; changes similar to those seen in human
patients with psoriasis.” Our results show that TGP has
a therapeutic effect on psoriasis and it decreases the
expression of VEGF mRNA in skin tissue, suggesting
that the effect is a result of decreasing VEGF expression.
The p38 MAPK signal transduction pathway also plays
a significant role in the pathogenesis of psoriasis, and P38
activity in psoriasis skin lesions is significantly higher than in
the skin of unaffected, healthy individuals.>® P38 activity
affects the release of many different downstream protein
kinases and transcription factors, including VEGF, and over
activation of P38 can cause an increase in VEGF expression.”®
Prior study has also shown that TGP can inhibit the p38 MAPK
pathway,'” suggesting that TGP has an anti-inflammatory
effect and may affect VEGF expression by this mechanism.
Several limitations of this study should be pointed out.
First, although we found VEGF may be involved in the
molecular mechanism underlying the therapeutic efficacy
of TGP on psoriasis, more involved signaling pathways
remain to be elucidated. In addition, we did not set up
a positive control group, as well as the corresponding
control group and model group for the treatment group.
Furthermore, the findings in the animal model should be
validated in human patients as mouse model may not
necessarily reflect the human model of psoriasis. All
these limitations should be addressed in future studies.

Conclusion

The result of this study indicates that high to middle-dose
TGP has a therapeutic effect on mice model of psoriasis, at
least partially by inhibiting reducing VEGF expression.
Nevertheless, it should be noted that mouse model may
not necessarily reflect the human model of psoriasis.

Abbreviations

IL, interleukin; VEGF, vascular endothelial growth factor;
TGP, total glucosides of paeony; RA, rheumatoid arthritis;
HE, hematoxylin and eosin; PASI, psoriasis area and
severity index; RT-PCR, real-time fluorescent quantitative.
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