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ABSTRACT Atopic dermatitis (AD) is the most common inflammatory pruritic skin 
disease worldwide, characterized by the infiltration of multiple pathogenic T lym-
phocytes and histological symptoms such as epidermal and dermal thickening. This 
study aims to investigate the effect of vinpocetine (Vinp; a phosphodiesterase 1 
inhibitor) on a 1-chloro-2,4-dinitrobenzene (DNCB)-induced AD-like model. DNCB 
(1%) was administered on day 1 in the AD model. Subsequently, from day 14 onward, 
mice in each group (Vinp-treated groups: 1 mg/kg and 2 mg/kg and dexameth-
asone-treated group: 2 mg/kg) were administered 100 l of a specific drug daily, 
whereas 0.2% DNCB was administered every other day for 30 min over 14 days. The 
Vinp-treated groups showed improved Eczema Area and Severity Index scores and 
trans-epidermal water loss, indicating the efficacy of Vinp in improving AD and en-
hancing skin barrier function. Histological analysis further confirmed the reduction 
in hyperplasia of the epidermis and the infiltration of inflammatory cells, including 
macrophages, eosinophils, and mast cells, with Vinp treatment. Moreover, Vinp re-
duced serum concentrations of IgE, interleukin (IL)-6, IL-13, and monocyte chemo-
tactic protein-1. The mRNA levels of IL-1 , IL-6, Thymic stromal lymphopoietin, and 
transforming growth factor-beta (TGF- ) were reduced by Vinp treatment. Reduction 
of TGF-  protein by Vinp in skin tissue was also observed. Collectively, our results 
underscore the effectiveness of Vinp in mitigating DNCB-induced AD by modulating 
the expression of various biomarkers. Consequently, Vinp is a promising therapeutic 
candidate for treating AD.

INTRODUCTION

Atopic dermatitis (AD) is a multifactorial skin disease in-
volving innate and adaptive immune responses, influenced by 
complex genetic, pharmacological, and psychological factors [1]. 
AD is the most common chronic inflammatory skin disease, 
exhibiting diverse characteristics, such as impaired epidermal 
barrier, eczematous lesions, pruritus, and dry skin [2]. It also in-
volves abnormal immune responses and an IgE-mediated allergy 
to various exogenous antigens [3,4]. AD is initiated by the release 
of cytokines (e.g., thymic stromal lymphopoietin [TSLP] and 
interleukin [IL]-1 , IL-25, and IL-33) that activate Langerhans 

cells in response to allergen exposure to keratinocytes [5]. TSLP 
plays a central role in differentiating naïve helper T cells into type 
2 helper T (Th2) cells, which are key contributors to AD symp-
toms [6]. Activated Langerhans cells stimulate Th2 cells, induc-
ing the production of cytokines (IL-4, IL-5, IL-13, IL-31, and IL-
33) resulting in symptoms such as barrier dysfunction, impaired 
keratinocyte differentiation, and itching [7]. Additionally, chronic 
AD is characterized by the recruitment of the Th1, Th22, and 
Th17 subsets, leading to abnormal keratinocyte proliferation and 
epidermal thickening [8]. To date, steroid ointments or creams 
are commonly used for treating AD and provide rapid relief; 
however, the symptoms are exacerbated upon discontinuation 
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[9]. In addition, small-molecule drugs that control various physi-
ological responses with fewer side effects have been developed [10]. 
Phosphodiesterases (PDEs) consist of 11 subtypes (PDE 1–11) and 
more than 40 isoforms [11]. PDEs catalyze the hydrolysis of cyclic 
adenosine monophosphate (cAMP) and guanosine monophos-
phate (GMP), regulating the intracellular concentration of these 
cyclic nucleotides [12]. A PDE 4 inhibitor blocks the hydrolysis of 
cAMP, increases intracellular cAMP, and sequentially activates 
protein kinase A, cAMP-response element-binding protein [13]. 
This leads to the inhibition of nuclear factor kappa B and nuclear 
factor-activated T cells, suppressing the secretion of related cy-
tokines [14]. It regulates and reduces the skin inflammatory re-
sponse occurring in AD [15]. Eucrisa is an example of a PDE 4 in-
hibitor drug, which is not currently utilized in Korea [16]. cAMP 
is a ubiquitous secondary messenger in the cells of all biological 
systems, controlling vital actions such as cell proliferation, car-
diac function, and memory in mammalian cells [17,18]. Elevated 
cAMP levels induce relaxation in airway smooth muscle and 
inhibit various immune and inflammatory responses [19]. These 
responses are fundamental in asthma, including the activation 
and proliferation of T lymphocytes, the production of superoxide 
anions in eosinophils, and the chemotaxis of eosinophils stimu-
lated by inflammatory mediators [20,21]. PDE inhibitors, crucial 
in the metabolism of cAMP and cyclic GMP, modulate the release 
of inflammatory cytokines as intracellular secondary messengers 
[22]. Vinpocetine (Vinp), a PDE 1 inhibitor and derivative of the 
alkaloid vincamine, has been clinically employed for over 30 
years to address cerebrovascular disorders such as dementia and 
stroke [23]. Numerous studies have explored the anti-inflamma-
tory effects of Vinp, revealing its ability to inhibit I B kinase as 
a key mechanism [24]. Previous research has demonstrated the 
efficacy of Vinp in mitigating ovalbumin (OVA)-induced asthma 
[25], with subsequent studies further confirming its effects [26]. 
Furthermore, the impact of Vinp was investigated using diverse 
pathophysiological data in a 2,4-Dinitrochlorobenzene (DNCB)-
induced AD model. This study aimed to investigate the effect of 
Vinp on DNCB-induced AD-like model. Our findings may help 
evaluate the effectiveness of Vinp in mitigating DNCB-induced 
AD. Consequently, we have shown that Vinp has great potential 
to be developed as an AD treatment.

METHODS

Materials

DNCB (cat no. 237329) and water-soluble dexamethasone 
(Dex; BioReagent, cat no. D2915), avertin (2,2,2-tribromoethanol, 
T48402), and acetone (suitable for HPLC, ≥ 99.9%) were obtained 
from Sigma-Aldrich. Vinp was purchased from TCI, and olive oil 
was sourced from DAEJUNG.

Animals

Four-week-old female Balb/c mice were purchased from Young 
Bio. Mice were housed in a controlled animal facility at Chung-
Ang University with a temperature of 24°C ± 2°C, humidity at 
50% ± 5%, and a 12-h light–dark cycle for 7 days. The mice were 
randomly divided into five groups (n = 5 or 6): (1) control, (2) 
DNCB, (3) DNCB + Vinp 1 mg/kg, (4) DNCB + Vinp 2 mg/kg, 
and (5) DNCB + Dex 2 mg/kg. Animal studies were conducted 
in accordance with the ethical guidelines and regulations estab-
lished by the Institutional Animal Care and Use Committee of 
Chung-Ang University (approval number IACUC-202211010010).

DNCB-induced model for AD

All mice, except those in the control group, were sprayed with 
1% DNCB through a vehicle (acetone:olive oil = 4:1) on their 
dorsal skin on day 1. The backs of the mice were shaved the day 
before the first day of the experiment. In the control group, the 
vehicle was applied to the dorsal skin. Starting from day 14, each 
mouse was topically administered 100 l of a specific drug daily 
(1 mg/kg Vinp; 2 mg/kg Vinp; or 2 mg/kg Dex through a vehicle). 
Additionally, 0.2% DNCB was administered every other day for 
30 min over a 14-day period. On day 28, all mice were sacrificed, 
and serum and dorsal skin samples were collected after measur-
ing the trans-epidermal water loss (TEWL) from the dorsal skin 
(Fig. 1A).

Evaluation of dermatitis

The severity of dermatitis was determined using the modified 
Eczema Area and Severity Index (EASI) on day 28, which assesses 
the degree of four symptoms (erythema, edema, excoriation, and 
lichenification) as follows: 0 = absent, 1 = mild, 2 = moderate, and 
3 = severe. The dermatitis score was calculated by summing these 
four scores. In the control group, the vehicle was applied to the 
dorsal skin.

Hematoxylin & eosin (H&E) staining

H&E staining was performed by referring to a previous de-
scription [27]. For histological analysis, dorsal skin tissue was 
fixed in 4% formaldehyde, embedded in paraffin using the Tis-
sue-Tek TEC 5 Tissue Embedding Console System from Sakura 
Finetek, Torrance, and sliced into 4- m sections. Subsequently, 
dorsal skin specimens were deparaffinized at 60°C for 15 min 
and then stained with H&E. Images of the stained dorsal skin 
specimens were captured using a Leica DM 480 camera (Leica 
Microsystems). The epidermis and dermis thicknesses were mea-
sured using the ImageJ software.



Effect of vinpocetine on atopic dermatitis

Korean J Physiol Pharmacol 2024;28(4):303-312www.kjpp.net

305

Immunohistochemistry (IHC)

For IHC, dorsal skin specimens were deparaffinized at 60°C 
for 2 h, and rehydrated in a series of alcohol solutions, and finally 
in distilled water. Subsequently, the cross-linked antigens of the 
specimens were lysed using an antigen retrieval solution (Dako). 
Following the blocking of endogenous peroxidase with 3% hydro-
gen peroxide, immune cells and macrophages were identified us-
ing anti-CD45 antibody, anti-F4/80 antibody (CST), and the Vec-
tastain Elite ABC kit (c). Staining of the specimens was performed 
using a DAB substrate kit (Vector Laboratories) and hematoxylin. 
Images of the stained dorsal skin specimens were captured using 
a Leica DM 480 camera (Leica Microsystems). The degree of im-
mune cells and macrophage infiltration was evaluated by com-
paring the stained area to the total area using ImageJ software.

Congo red staining

Dorsal skin samples were deparaffinized at 60°C for 15 min 
and subsequently stained with a Congo red staining kit (Abcam). 
Images of the stained dorsal skin samples were captured using a 
Leica DM 480 camera (Leica Microsystems). The degree of mast 
cell infiltration was evaluated by counting red-stained eosinophils 
in the observed fields using ImageJ software.

Toluidine blue staining

The dorsal skin specimens were deparaffinized at 60°C for 
15 min, followed by staining with toluidine blue to facilitate the 
observation of infiltrated mast cells. Images of the stained dorsal 
skin specimens were captured using a Leica DM 480 camera (Leica 
Microsystems). The degree of mast cell infiltration was evaluated 
by counting the blue-stained mast cells in the field using ImageJ 
software for analysis.

Western blot analysis

The protein levels in the skin tissues were assessed through 
Western blot analysis. Western blot analysis was performed by 
referring to a previous description [28]. The primary antibodies 
used were anti-TGF-  antibody (cat no. A2124; ABclonal) and an-
ti-GAPDH antibody (cat no. A19056; ABclonal). An HRP-linked 
anti-rabbit IgG (cat no. 31460; Invitrogen) was used as secondary 
antibody. Four mouse samples were used in each group (Supple-
mentary Fig. 1).

Enzyme-linked immunosorbent assay (ELISA)

Serum samples were collected by centrifuging blood at 1,500 
g and for 10 min at 4°C and subsequently stored at –80°C. The 
levels of IgE, IL-6, and IL-13 in the serum were measured using 
an IgE ELISA kit (BD) and a colorimetric sandwich ELISA kit 

Fig. 1. Experimental schedule and effect of Vinp on clinical changes in DNCB-induced AD. (A) Experimental schedule for DNCB-induced AD. (B) 
Representative images showing control and DNCB-induced AD mice treated with vehicle, Vinp at 1 mg/kg and 2 mg/kg, and Dex at 2 mg/kg. (C) Each 
region was separately assessed for four signs based on the EASI score: erythema, edema, excoriation, and lichenification. Each sign was assigned an 
intensity score from 0 to 3, with 0 indicating absence; 1: mild; 2: moderate; and 3: severe. Scores were evaluated through macroscopic observations. (D) 
TEWL levels in Balb/c dorsal skin were measured to assess the degree of moisture loss in the skin on the last day of the experiment (day 28). Data rep-
resent means ± SD (n  = 5 or 6). Statistical analysis was performed using one-way ANOVA (Data were considered significant at ###p < 0.001 compared 
with the control group and *p < 0.1, **p < 0.01, ***p < 0.001 compared with the DNCB group). AD, atopic dermatitis; DNCB, 1-chloro-2,4-dinitroben-
zene; Vinp, vinpocetine; Dex, dexamethasone; EASI, eczema area and severity index; TEWL, transepidermal water loss; PDE, phosphodiesterase.

A

B C D
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(Quantikine ELISA; R&D Systems). The absorbance was mea-
sured using a Synergy HTX multimode plate reader (BioTek).

Quantitative reverse transcription PCR (RT-qPCR)

RT-qPCR was performed to assess mRNA expression levels. 
Total RNAs were extracted using TRIzol reagent (Ambion; Life 
Technologies) and quantified spectrophotometrically with Nano-
Drop ND-1000 (Thermo Fisher Scientific). Subsequently, cDNA 
was synthesized from 1 g of RNA using the iScript cDNA syn-
thesis kit (Bio-Rad). The target cDNA was then amplified using 
specific primers and iQ SYBR Green Supermix (Bio-Rad). The 
initial denaturation of cDNA occurred at 95°C for 3 min, followed 
by 40 cycles of denaturation (at 95°C for 10 sec), annealing (at 
55°C for 30 sec), and plate reading. Post-cycling, a melting curve 
was generated by increasing the temperature from 55 to 95°C, 
with a plate read at each step-up. The CFX96 Real-Time PCR 
Detection System (Bio-Rad) was used, and the CFX Manager 
software automatically determined the cycle quantification value 
at which samples exhibited a sufficiently high signal (ΔCT values). 
Each ΔCT value was normalized against GAPDH, which served 
as a housekeeping gene. Transcript expression levels were then 
determined relative to those of the control group. The RT-qPCR 
analysis was replicated in three independent experiments (n = 5 
or 6).

Statistical analysis

All values are presented as a mean ± standard deviation of data 
(n = 5). Statistical analyses were performed using one-way analy-
sis of variance (ANOVA). Differences among the groups were 
considered statistically significant at p < 0.05. Significant differ-
ences compared with control group are marked by hash (#p < 0.05, 
##p < 0.01, ###p < 0.001). Significant differences compared with 
DNCB group are marked by asterisk mark (*p < 0.05, **p < 0.01, 
***p < 0.001).

RESULTS

Effects of Vinp on DNCB-induced AD in BALB/c mice

To evaluate the effects of Vinp on the DNCB-induced AD-like 
model, we conducted skin assessments, analyzed EASI score, and 
measured TEWL. On day 28, we captured images of the dorsal 
skin of mice. Notably, DNCB-induced AD was alleviated in the 
Vinp 1 mg/kg, Vinp 2 mg/kg, and Dex 2 mg/kg groups (Fig. 
1B). The severity of AD was evaluated using the EASI. The EASI 
score was significantly higher in the DNCB-induced AD group 
(8.33 ± 1.89) (###p < 0.001) compared with the control group (0 ± 
0). Notably, in Vinp 1 mg/kg (1.60 ± 1.02) (***p < 0.001), Vinp 2 
mg/kg (3.80 ± 1.60) (***p < 0.001), and Dex 2 mg/kg (1.80 ± 1.94) 

(***p < 0.001) groups, the EASI score showed a marked attenua-
tion (Fig. 1C). To assess TEWL, measurements were taken imme-
diately before sacrifice. TEWL levels were significantly increased 
in the DNCB group (60 ± 23.12 g/hm2) (###p < 0.001) compared 
with the control group (4.2 ± 2.4 g/hm2). The Dex 2 mg/kg group 
showed a significant reduction in TEWL (33 ± 6.2312 g/hm2) (**p 
< 0.01). In particular, the TEWL levels were remarkably decreased 
in the Vinp 1 mg/kg (23 ± 9.44 g/hm2) (**p < 0.01) and Vinp 2 
mg/kg (27.6 ± 6.83 g/hm2) (**p < 0.01) groups (Fig. 1D).

Effects of Vinp on pathohistological changes in 
atopic-dermatitis model skin tissues

H&E staining was performed to visualize epidermal and der-
mal hyperplasia. Significant histological changes were observed 
in the dorsal skin specimens stained with H&E (Fig. 2A). The epi-
dermal thickness in the DNCB group (62.23 ± 12.18 m) (###p < 
0.001) was significantly higher compared with the control group 
(18.34 ± 1.98 m). The epidermal hyperplasia induced by DNCB 
was remarkably improved in the Vinp 1 mg/kg (36.35 ± 6.38 m) 
(***p < 0.001) and Vinp 2 mg/kg (41.22 ± 4.75 m) (**p < 0.01) 
groups. In the Dex 2 mg/kg group, epidermal hyperplasia also 
exhibited improvement, showing a reduction by 35.55 ± 6.51 m 
(***p < 0.001) (Fig. 2B). A similar pattern was observed for dermal 
thickness. In the DNCB group (36.24 ± 3.82 m) (###p < 0.001), 
dermal thickness significantly increased compared with the con-
trol group (19.98 ± 2.92 m). Remarkably, in the Vinp 1 mg/kg 
and Vinp 2 mg/kg groups, dermal thicknesses were reduced by 
28.62 ± 1.54 μm (***p < 0.001), and 24.57 ± 4.91 m (**p < 0.01), 
respectively (Fig. 2C).

Effect of Vinp on infiltration of immune cells and 
macrophages in skin tissues

IHC analyses of CD45 and F4/80 were conducted to identify 
immune cells and macrophages in dorsal skin tissues. The in-
filtration of immune cells and macrophages was evaluated by 
calculating the ratio of the CD45- or F4/80-positive area to the 
total area. In the DNCB-induced mice group, CD45+ cells occu-
pied 18.7% ± 4.09% of the area, indicating a significant difference 
compared with the control group, in which CD45+ cells occupied 
7.7% ± 1.33% of the area (###p < 0.001). In contrast, the area occu-
pied by CD45+ cells decreased in both the Vinp 1 mg/kg (14.33% 
± 2.50%) (**p < 0.01) and Vinp 2 mg/kg (14.94% ± 1.81%) (**p < 
0.01) groups. The reference drug, Dex 2 mg/kg, exhibited a slight-
ly more pronounced decrease (11.52% ± 2.03%) (***p < 0.001) (Fig. 
3A, B). Furthermore, F4/80+ cells occupied 15.39% ± 6.35% of 
the area in the DNCB group, indicating a remarkable difference 
compared with the control group, in which F4/80+ cells occupied 
1.98% ± 0.60% of the area (###p < 0.001). Both the Vinp 1 mg/kg 
(3.62% ± 1.00%) (***p < 0.001) and Vinp 2 mg/kg (2.92% ± 0.61%) 
(***p < 0.001) groups showed a similar decrease in the infiltration 
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of F4/80+ cells. Similarly, in the Dex 2 mg/kg group, the infiltra-
tion of F4/80+ cells decreased significantly (0.97% ± 0.14%) (***p < 
0.001) (Fig. 3C, D).

Effect of Vinp on infiltration of allergic inflammatory 
cells into the skin

Congo red and toluidine blue staining were performed to inves-
tigate the infiltration of eosinophils and mast cells into the dorsal 
skin, respectively. The number of eosinophils was significantly 
increased in the DNCB group (8.74 ± 0.85) (###p < 0.001). Subse-
quently, eosinophil infiltration was significantly decreased in the 
Vinp 1 mg/kg group (4.92 ± 0.94) (**p < 0.01), and a similar effect 
was observed in the Vinp 2 mg/kg group (4.67 ± 1.44) (**p < 0.01). 
Additionally, a notable reduction in eosinophils infiltration was 
evident in the Dex-treated group (3.90 ± 1.62) (***p < 0.001) (Fig. 
4A, B). Additionally, toluidine blue staining revealed a significant 

increase in the number of mast cells in the DNCB group (20.92 ± 
3.28) (###p < 0.001) compared with the control group (1.84 ± 0.57). 
In the Vinp 1 mg/kg group, mast cells were markedly reduced 
in skin tissues (11.45 ± 2.35) (***p < 0.001). This reduction in the 
number of mast cells was also observed in the Vinp 2 mg/kg (12.31 
± 2.69) (**p < 0.01) and Dex-treated (7.78 ± 0.73) (***p < 0.001) 
groups (Fig. 4C, D).

Effect of Vinp on allergic inflammatory biomarkers in 
serum

Immunoglobulin levels were analyzed using ELISA to examine 
the degree of systemic allergy and inflammation. IgE levels were 
notably increased in the DNCB group (1,765.20 ± 108.74 pg/ml) 
(###p < 0.001) compared with the control group (115.55 ± 6.77 pg/
ml). In contrast, IgE levels significantly decreased in the Vinp 1 
mg/kg (999.03 ± 140.0 pg/ml) (**p < 0.01), Vinp 2 mg/kg (1,096.10 

Fig. 2. Effect of Vinp on the thickness of dorsal skin tissue. (A) H&E staining was performed to investigate the changes in epidermal and dermal hy-
perplasia. To evaluate the effect of Vinp on DNCB-induced skin lesions, DNCB was repeatedly applied to the dorsal skin of Balb/c mice (left hand side: 
magnification 100×; scale bar: 100 m). (B) DNCB application increased epidermal thickness by 3.39-fold compared with the control group. (C) DNCB 
application increased dermal thickness by 1.81-fold compared with the control group. However, Vinp treatment significantly inhibited DNCB-induced 
increases in epidermal and dermal thickness. Data represent means ± SD (n = 5 or 6). Data were considered significant at ###p < 0.001 compared with 
the control group and *p < 0.1, **p < 0.01, ***p < 0.001 compared with the DNCB group. DNCB, 1-chloro-2,4-dinitrobenzene; Vinp, vinpocetine; Dex, 
dexamethasone.

A

B C 
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± 78.26 pg/ml) (**p < 0.01), and Dex-treated (986.55 ± 272.74 pg/
ml) (**p < 0.01) groups compared with the DNCB group (Fig. 
5A). The increase in IL-13 among Th2 cytokines in acute lesions 
of AD was investigated using an ELISA kit. IL-13 levels signifi-

cantly increased in the DNCB group (213.24 ± 48.37 ng/ml) (###p 
< 0.001) compared with the control group (95.59 ± 37.59 ng/ml). 
Further, in the Vinp 2 mg/kg group, the IL-13 level in serum was 
significantly reduced compared with the DNCB group (146.80 

Fig. 3. Effect of Vinp on the infiltration of immune cells. The effect of Vinp on immune cell infiltration and the numbers of (A) CD45+ and (C) F4/80+ 
cells in the DNCB-induced AD model were analyzed using IHC staining (left hand side: CD45+: magnification 100×, F4/80+: magnification 200×; scale 
bar: 100 m). (B) CD45+ and (D) F4/80+ cells were examined for immune cell and macrophage infiltration and counted using ImageJ software. Data 
represent means ± SD (n = 5 or 6). Data were considered significant at ###p < 0.001 compared with the control group and **p < 0.01 and ***p < 0.001 
compared with the DNCB group. IHC, immunohistochemistry; DNCB, 1-chloro-2,4-dinitrobenzene; Vinp, vinpocetine; Dex, dexamethasone; AD, atopic 
dermatitis.

A B

C D

Fig. 4. Effect of Vinp on the infiltration of eosinophils and mast cells into the skin. (A) Congo red and (C) Toluidine blue staining procedures were 
used to identify eosinophils and mast cells. Red and yellow arrows indicate the Congo red-stained eosinophils and mast cells, respectively (left hand 
side: magnification 400×; scale bar: 100 m). (B) Eosinophils and (D) mast cells were counted using ImageJ software. Data represent mean ± SD (n = 
5 or 6). Data were considered significant at ###p < 0.001 compared with the control group and **p < 0.01 and ***p < 0.001 compared with the DNCB 
group. DNCB, 1-chloro-2,4-dinitrobenzene; Vinp, vinpocetine; Dex, dexamethasone.

A B

C D
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± 45.70 ng/ml) (*p < 0.05). Notably, a substantial decrease in IL-
13 level was observed in the Vinp 1 mg/kg (87.98 ± 15.96 ng/ml) 
(***p < 0.001) and Dex-treated (87.98 ± 16.47 ng/ml) (***p < 0.001) 
groups (Fig. 5B). Serum IL-6 levels were measured to determine 
the effects of Vinp on the release of inflammatory cytokines. 
The IL-6 levels were significantly increased in the DNCB group 
(259.47 ± 105.35 ng/ml) (###p < 0.001) compared with the control 
group (17.20 ± 7.05 ng/ml). In particular, IL-6 levels were remark-
ably decreased in the Vinp 1 mg/kg (45.73 ± 14.55 ng/ml) (***p 
< 0.001) and Vinp 2 mg/kg (58.23 ± 30.44 ng/ml) (***p < 0.001) 
groups. The increase in IL-6 level induced by DNCB was also sig-
nificantly reduced in the Dex-treated group (37.26 ± 14.28 ng/ml) 
(***p < 0.001) (Fig. 5C). Monocyte chemotactic protein-1 (MCP-1) 
levels in serum significantly increased in the DNCB group (25.80 
± 14.55 pg/ml) (###p < 0.001) compared with the control group (0.73 
± 14.55 pg/ml). In the Vinp 2 mg/kg group, MCP-1 level in the se-
rum was significantly decreased compared with the DNCB group 
(8.00 ± 9.06 pg/ml) (**p < 0.01). Notably, the MCP-1 level was re-
duced in the Vinp 1 mg/kg (1.47 ± 0.32 pg/ml) (***p < 0.001) and 
Dex-treated (1.00 ± 0.75 pg/ml) (***p < 0.001) groups (Fig. 5D).

Effect of Vinp on expression of cytokines in skin tissue

The mRNA levels of IL-1 , IL-6, IL-4, TSLP, and TGF-  were 
analyzed using qPCR to investigate the impact of Vinp on cy-
tokine production in skin tissues. Specifically, IL-1  and IL-6 
mRNA expressions were analyzed to examine cytokines associ-
ated with eosinophil infiltration through RT-qPCR. Notably, the 

IL-1  mRNA expression significantly increased in the DNCB 
group (7.73 ± 2.72-fold compared with the control) (###p < 0.001). 
In contrast, the IL-1  mRNA expression significantly decreased 
in the Vinp 1 mg/kg (3.36 ± 0.93-fold compared with the control) 
(**p < 0.01), Vinp 2 mg/kg (3.99 ± 1.90-fold compared with the 
control) (**p < 0.01), and Dex-treated (0.84 ± 0.37-fold compared 
with the control) (***p < 0.001) groups (Fig. 6A). Similarly, the 
IL-6 mRNA expression increased in the DNCB group (5.72 ± 
3.83-fold compared with the control) (##p < 0.01). However, IL-6 
expression significantly decreased in the Vinp 1 mg/kg (2.43 ± 
1.08) (**p < 0.01), Vinp 2 mg/kg (2.38 ± 0.88) (*p < 0.05), and Dex-
treated (1.05 ± 0.70-fold compared with the control) (**p < 0.01) 
groups (Fig. 6B). TSLP levels were analyzed to examine cytokine-
related to Th2 cell differentiation, and they were significantly 
higher in the DNCB group (8.80 ± 1.40-fold compared with the 
control) (##p < 0.01). In contrast, the increase in TSLP expression 
was significantly inhibited in the Vinp 1 mg/kg (2.29 ± 0.32-fold 
compared with the control) (**p < 0.01), Vinp 2 mg/kg (2.06 ± 
1.01-fold compared with the control) (**p < 0.01), and Dex-treated 
(3.60 ± 2.09-fold compared with the control) (*p < 0.5) groups 
(Fig. 6C). Furthermore, the mRNA level of IL-4 was increased in 
the skin tissues of the DNCB group (2.35 ± 0.62-fold compared 
with the control). The upregulation of IL-4 expression induced 
by DNCB was reduced in the Vinp 1 mg/kg (1.06 ± 0.25-fold 
compared with the control) (*p < 0.05) and Dex-treated (1.08 ± 
0.70-fold compared with the control) (*p < 0.05) groups. Unfortu-
nately, no significant difference was observed between the DNCB 
and Vinp 2 mg/kg (1.89 ± 0.98-fold compared with the control) 

Fig. 5. Effect of Vinp on the IgE, IL-13, 

IL-6, MCP-1 concentrations in serum. 
(A) IgE, (B) IL-13, (C) IL-6, (D) MCP-1 levels 
in serum were measured using ELISA 
kits (n = 5 or 6). All values are presented 
as mean ± SD. Data were considered 
significant at ###p < 0.001 compared with 
the control group and *p < 0.1, **p < 
0.01, and ***p < 0.001 compared with 
the DNCB group. Ig, immunoglobulin; 
IL, interleukin; MCP, monocyte chemoat-
tracted protein; ELISA, enzyme-linked 
immunosorbent assay; DNCB, 1-chlo-
ro-2,4-dinitrobenzene; Vinp, vinpocetine; 
Dex, dexamethasone.
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groups (Fig. 6D). Additionally, TGF-  levels were analyzed to 
investigate changes in a cytokine related to the effect on skin bar-
rier recovery, and they were found to be significantly increased in 
the DNCB group (3.43 ± 1.12-fold compared with the control) (##p 
< 0.01). Both Vinp 1 mg/kg and Vinp 2 mg/kg groups showed a 
similar decrease in TGF-  expression (1.38 ± 0.64; **p < 0.01, 1.66 
± 0.36; *p < 0.05-fold compared with the control). Moreover, the 
increase in TGF-  expression was inhibited in the Dex-treated 
group (1.05 ± 0.70-fold compared with the control) (*p < 0.05) (Fig. 
6E). The protein levels of TGF-  were decreased in Vinp 1 mg/kg, 
Vinp 2 mg/kg, and Dex-treated groups (0.15 ± 0.13; ***p < 0.001, 
0.83 ± 0.31; ***p < 0.001, 0.07 ± 0.02; ***p < 0.001) increased by 
DNCB (2.48 ± 0.18; ###p < 0.001) (Fig. 6F).

DISCUSSION

In a previous study using an OVA-induced AD model, the ef-
fect of Vinp was explored through oral (20 mg/kg), intraperito-
neal (10 mg/kg), and topical (2 mg/kg) administration. Notably, 
topical administration was reported as the most effective [26]. 
As topical administration allows for significantly smaller doses, 
it may have a beneficial effect on AD, particularly during long-
term treatment [29]. However, studies on the improvement of AD 
pathophysiology using Vinp are lacking. Therefore, in this study, 
the effect of Vinp was investigated with a focus on topical admin-
istration based on pathophysiological data.

Patients with AD exhibit thick and darkened skin due to the 
recurrence and continuation of severe itching, leading to redness, 
rash formation on wounds, and the development of scabs [30]. 
Although the exact etiology remains unclear, AD is a multifacto-
rial skin condition influenced by genetic factors, immunologi-
cal abnormalities, and environmental changes that interact in a 
complex manner [31]. The onset is predominately during infancy 
[32], with spontaneous resolution typically occurring by the age 
of seven; however, some cases may persist into adulthood [33]. 
Between 2012 and 2020, an average of approximately 940,000 
patients received treatment for AD in Korea annually, with a 
higher prevalence among those under the age of nine. Notably, 
the incidence tends to decrease with age [34]. In contrast to pedi-
atric cases, adult patients with AD exhibit an increasing trend in 
symptoms, indicating that acute symptoms are frequently accom-
panied by continuous chronic symptoms [35].

The degree of AD can be assessed using EASI and evaluat-
ing barrier dysfunction [36]. In this study, we evaluated bar-
rier dysfunction by measuring TEWL. The EASI score, em-
ployed in our study, evaluates severity. Specifically, redness 
(erythema),inflammation, thickness (induration), papulation, 
swelling indicative of acute eczema, scratching (excoriation), and 
lichenification (lined skin, furrowing, and prurigo nodules for 
chronic eczema) across the neck, upper legs, lower legs, and trunk 
are evaluated [37]. To evaluate the degree of AD in the mice, we 
applied a modified EASI score, focusing exclusively on dorsal 
skin lesions. Patients with AD often experience barrier dysfunc-

Fig. 6. Effects of Vinp on the expression of inflammatory cytokines in skin tissue. (A–E) mRNA expression levels of IL-1 , IL-6, IL-4, TSLP, and TGF- , 
respectively (n = 5 or 6). All values are presented as mean ± SD. (F) TGF-  protein levels in skin tissues were observed using Western blot (n = 4). Data 
were considered significant at #p < 0.1, ##p < 0.01, ###p < 0.001 compared with the control group and *p < 0.1, **p < 0.01, ***p < 0.001 compared with 
the DNCB group. IL, interleukin; TSLP, thymic stromal lymphopoietin; TGF, transforming growth factor; GAPDH, glyceraldehyde 3-phosphate dehydro-
genase; DNCB, 1-chloro-2,4-dinitrobenzene; Vinp, vinpocetine; Dex, dexamethasone.
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tion due to various factors, including genetic predisposition and 
environmental influences such as filaggrin mutations and the 
itch-scratch cycle [38].

Vinp improved the EASI and TEWL scores, which implies that 
Vinp improved the clinical signs of AD and the skin barrier. The 
epidermal hyperplasia is characterized in various skin inflamma-
tion such as AD and psoriasis [2,39]. The H&E staining revealed 
a reduction in epidermal and dermal hyperplasia induced by 
DNCB in the Vinp-treated groups. This suppression of over-
growth appears to be associated with decreased TGF-  produc-
tion, as confirmed using qRT-PCR and Western blot in Fig. 6.

Our findings demonstrated that Vinp influenced the infiltra-
tion of various inflammatory cells. CD45 serves as a surface 
marker for immune cells, whereas F4/80 is a marker of the mono-
cyte–macrophage transition [40,41]. Eosinophils are increased in 
the serum and skin lesions of patients with AD, activated by the 
Th2 cytokine IL-5. The number of infiltrating eosinophils in tis-
sues correlates with AD severity [42]. Mast cells are white blood 
cells that mainly cause the allergies [43] and contain histamine 
granules. When IgE is conjugated to the Fc RI of mast cells, his-
tamine is released through degranulation [44]. Our histological 
data revealed that Vinp decreased inflammation by reducing the 
recruitment of inflammatory cells. In addition, ELISA confirmed 
the improvement in AD. Vinp decreased the serum concentra-
tion of IgE, which induces mast cell activation. Vinp reduced the 
serum levels of IL-6, IL-13, and MCP-1. It also reduced mRNA 
expression levels of TSLP, IL-1 , IL-6, IL-4.

In conclusion, Vinp improved dermatitis, skin water loss, and 
serum IgE levels, and inhibited inflammatory cell infiltration and 
epidermal hyperplasia in the skin by regulating the expression 
of various biomarkers, such as IL-6, IL-13, and MCP-1. Vinp's 
positive impact on dermatitis, skin water loss, and inflammatory 
markers suggests its therapeutic potential for AD. These find-
ings have implications for developing novel treatments targeting 
specific disease biomarkers, opening avenues for advanced thera-
peutic strategies. Deeper exploration of molecular mechanisms 
affected by Vinp, understanding its long-term effects on disease 
progression, and examining its clinical application potential are 
vital areas for future investigation to advance this study.
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