
Abstract. Background/Aim: Skin wound healing is a 
physiological process restoring the structural and functional 
integrity of injured skin. During this process, wound 
management preventing bacterial infection and complications is 
important for the regeneration of skin layers and adnexa, as well 
as the protective function of the skin. Therefore, the development 
of an effective ointment to promote wound healing without 
complications is beneficial. Materials and Methods: This study 
developed Raepenol™ cream, comprising a base cream and 
natural compounds including paeonol, D-panthenol and extract 

of Centella asiatica, and assessed its therapeutic effect in wound 
healing. A rat model of skin wound healing and a mouse model 
of imiquimod-induced pruritus were employed. The effect of 
Raepenol™ cream was evaluated by wound size and histological 
analysis, including the integrity of skin structures and 
inflammatory response. Results: Raepenol™ cream treatment 
effectively restored the structural integrity of the skin in rats, 
including wound closure, regeneration of skin adnexa, and 
reconstitution of collagen, comparable to commercial ointment. 
Additionally, Raepenol™ cream significantly suppressed pruritus 
by inhibiting mast cell infiltration or retention in the 
inflammatory site of mouse ears. Conclusion: Raepenol™ cream 
effectively promoted wound healing and relieved pruritus in 
animal models. These results suggest that it could be a promising 
option for wound care and pruritus relief, offering potential 
advantages over current ointments. 
 
Skin wound healing is a complex process aimed at repairing 
damaged tissue and restoring skin integrity (1). Wound 
healing is achieved through sequential and overlapping 
processes, including hemostasis, inflammation, proliferation 
and remodeling (2-4). Hemostasis is an immediate response 
to tissue damage initiated by the release of platelets from the 
site of the microvascular injury and their interaction with the 
basement membrane and extracellular matrix (ECM). These 
interactions trigger platelet activation and the coagulation 
cascade, causing contraction of damaged blood vessels and 
formation of blood clots to prevent bleeding from the wound 
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(5). In the inflammatory phase, numerous cellular and 
soluble components of the immune system are recruited to 
damaged tissue and engaged to eliminate pathogens from the 
wound. Wound-induced inflammation persists only for a few 
days in normal wound healing. However, an excessive or 
inefficient immune response causes chronic inflammation in 
the wound, which is associated with complications, such as 
ulceration and hyperkeratosis (6-9). During proliferation, 
various orchestrated reactions of skin cells repair the damage 
and form granulation tissue through processes, such as 
fibroplasia, re-epithelialization, angiogenesis, peripheral 
nerve regeneration, and inflammation resolution. During 
ECM remodeling, the last phase of wound healing, immune 
cells and fibroblasts are removed from the tissue, and this is 
followed by collagen reconstitution lasting several months. 
This process replaces temporal granulation tissue with a 
permanent scar that restores the functional integrity of the 
skin (10-12). However, wound-healing impairment or 
dysregulation can cause complications and discomfort, such 
as infection, fibrosis, chronic wounds, and pain (8, 13).  

Chronic wounds often exhibit incomplete healing and 
persistent inflammation, leading to pruritus (itching). 
Inflammatory mediators, especially histamine released from mast 
cells, play a crucial role in skin wound healing. However, they 
can cause pruritus by increasing blood flow and permeability of 
vessels in the wound (14-16). Pruritus should be addressed in 
wound care, as its persistence can lead to scratching, potentially 
causing secondary damage to the wound (17).  

Paeonol, a natural phenolic compound isolated from 
Paeonia suffruticosa (Moutan or Tree Peony), possesses 
antioxidant, anti-inflammatory, antibacterial, and analgesic 
effects. It effectively inhibits oxidative injury and 
inflammatory responses and alleviated pain in a rat model of 
hepatocellular carcinoma and mouse model of dermal 
thermal hyperalgesia (18-23). Centella asiatica, a medicinal 
herb, has antioxidant and anti-inflammatory properties (24-
27). Its extract promoted wound repair in a rat model of oral 
mucosa regeneration (28). D-Panthenol, a natural antioxidant 
widely used for skincare, improves pruritus and skin 
regeneration by enhancing epidermal differentiation (29-33).   

Although the intricate process of wound healing has been 
extensively studied, a crucial need for innovative approaches 

to enhance this natural restorative mechanism remains. 
Therefore, we introduce a novel ointment, Raepenol™, 
composed of paeonol, C. asiatica extract, D-panthenol, and 
other supplements. Our study aimed to assess the efficacy of 
Raepenol™ cream in promoting skin wound healing and 
relieving pruritus through comprehensive in vivo experiments. 
 

Materials and Methods 
 
Preparation of ointments. Fucidin ointment (Donghwa 
Pharmaceutical Co., Seoul, Republic of Korea) and Madecassol care 
ointment (Dongkook Pharmaceutical Co., Seoul, Republic of Korea) 
were used as reference materials. A base cream used as a vehicle 
control in the experiments was created by mixing cetyl alcohol, 
liquid paraffin, glycerin, propylene glycol, sorbitan stearate, 
polysorbate-60, 1,2-hexanediol, and distilled water at 80˚C using a 
homogenizer. Raepenol™ cream was formulated by incorporating 
paeonol (Plamed Green Science Group, Xi’an, P.R. China), D-
panthenol (Xinfa Pharmaceutical Co. Ltd, Shangdong, P.R. China), 
a C. asiatica extract (World-Way Biotech Inc., Changsha, P.R. 
China), and a herbal plant complex (Herbmaul Inc., Chungju, 
Republic of Korea) into the base cream. The herbal plant complex 
included in Raepenol™ cream comprised equal amounts of high-
pressure, hot water-extracted lyophilized powder of Echinacea 
purpurea flower, Rhus semialata leaf/stem, Saururus chinensis leaf 
and Artemisia princeps. Table I presents the compositions of the 
vehicle and Raepenol™ cream. 
 
Establishment of a rat model of skin wound healing. Twenty 
Sprague-Dawley rats (male, 4-5 weeks old, with a mean weight of 
162±2 g) were used as the full-thickness, circular skin replacement 
models. The rats were purchased from Samtako Bio Korea (Osan, 
Republic of Korea) and acclimatized for 7 days before the 
experiment. The rats were maintained at 22˚C±2˚C and 50%±10% 
humidity on a 12-h light/dark cycle and were freely provided with 
tap water and commercial food. The rats were divided into four 
groups, each consisting of five rats per group: Base cream- 
(vehicle), Raepenol™ cream-, Fucidin ointment-, and Madecassol 
ointment-treated groups. The rats were anesthetized with 2.5% 
avertin (Sigma-Aldrich, St. Louis, MO, USA) and hair was removed 
using a hair removal cream (Body Natur, Seoul, Republic of Korea). 
Two full-thickness skin wounds were created parallel to the dorsal 
region with an 8-mm diameter biopsy punch. The ointments (0.1 g) 
were applied immediately after wound creation and were covered 
by gauze. The ointments and gauze were removed on day 9. The 
wounds were photographed on days 0, 3, 6, and 9 to record wound 
closure. The wounds were then sampled using a biopsy punch under 
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Table I. Composition of the vehicle cream and Raepenol™ cream. 
 
Ointment                                             Components 
 
Vehicle                                                Cetyl alcohol (2%), liquid paraffin (15%), glycerin (1%), propylene glycol (8%),  
                                                            sorbitan stearate (3%), polysorbate-60 (4%) and distilled water. 
Raepenol™                                         Paeonol (1%), D-panthenol (2%), Centella asiatica extract (1%), and herbal plant complex (0.05%)  
                                                            consisting of lyophilized powder of Echinacea purpurea flower, Rhus semialata leaf/stem,  
                                                            Saururus chinensis leaf and Artemisia princeps.



avertin anesthesia. Figure 1A shows the establishment of the wound-
healing rat model.  
 
Establishment of a mouse model of pruritus. Twenty C57BL/6 mice 
(male, 4-5 weeks old, with a mean weight of 19±2 g) were 
purchased from Samtako Bio Korea and acclimatized for 7 days 
before the experiment. The mice were randomly divided into five 
groups (n=5/group): normal (Vaseline-treated group, experimental 
control for imiquimod-treated animals), base cream- (vehicle), 
Raepenol™ cream-, Fucidin ointment-, and Madecassol ointment-
treated groups. The mice were maintained at 22˚C±2˚C and 
50%±10% humidity in a 12-h light/dark cycle and were freely 
provided with tap water and commercial food. The pruritus model 
was established using treatment with 8 mg of imiquimod cream 
(5%) (Dona ST, Seoul, Republic of Korea) on the left ear once a 
day for 10 consecutive days. After imiquimod treatment, the groups 
received 0.01 g of cream/Vaseline, once a day from day 5 to day 
10. The scratching behavior test was performed on day 10, and the 
ear was photographed on day 11. Ear tissues (8-mm diameter) were 
collected using a biopsy punch and weighed to determine edema. 
Figure 1B shows the establishment of the mouse model of pruritus. 
 
Measurement of wound size. The wounds were photographed with a 
digital camera on days 0, 3, 6, and 9 to determine wound size. Wound 
sizes were calculated according to the following formula: wound size 
(mm2) = (length of wound ÷ 2) × (short side of wound ÷ 2) × 3.14. 
 
Histological analysis. Two pieces of skin tissue, each obtained from 
a separate wound on each rat, were collected on day 9 and fixed in 
4% paraformaldehyde for 48 h, then embedded in paraffin, and cut 
into 4-μm thickness sections. The wound skin and ear tissues were 
stained with hematoxylin and eosin before determining the wound 

length and morphology of skin layers (epidermis, dermis, 
subcutaneous fat, and organelles). Skin wound tissues were stained 
with Masson’s trichrome to analyze collagen deposition. Ear skin 
tissues were stained with toluidine blue before mast cell 
quantification. The stained tissues were observed under a microscope 
(magnification, ×100) and analyzed using Image J software (v1.53e; 
National Institutes of Health, Bethesda, MA, USA). 
 
Assessment of scratching behavior. Scratching behavior was 
recorded by video after the topical application of each treatment on 
day 10. The number of ear scratches that induced itching using 
imiquimod cream was counted for 60 min. 
 
Statistical analysis. Each treatment in this study was replicated three 
times. SPSS 25.0 (IBM, Armonk, NY, USA) was used for data 
processing and statistical analysis. One-way analysis of variance, 
followed by Duncan’s test, was used to test for significant 
differences among all groups (p<0.05). The data are reported as the 
mean±standard error of the mean. Statistical differences between 
groups are denoted by different letters. 
 
Institutional Review Board Statement. All animal experiments were 
conducted following approval from the Animal Ethics of 
Kyungpook National University (approval no. 2022-0007). 

 
Results 
 
Raepenol™ cream treatment promoted wound contraction in 
the rat wound-healing model. We employed the full-
thickness circular skin replacement rat model to investigate 
the therapeutic effect of Raepenol™ cream on skin wound 
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Figure 1. The experimental procedure for the treatment of the rat wound-healing model (A) and for the imiquimod (IMQ)-induced mouse model of 
pruritus (B). Treatments were Vaseline (normal), Fucidin ointment, Madecassol ointment, base cream (vehicle), or Raepenol™ cream. 



healing. The rat model was treated with Fucidin ointment, 
Madecassol ointment, base cream (vehicle), or Raepenol™ 
cream, followed by measuring the wound size (Figure 1A). 
Wound contraction was accelerated in the vehicle-, and 
Raepenol™-treated groups compared to the groups treated 
with Madecassol and Fucidin (Figure 2A). Calculated wound 
sizes were significantly smaller in vehicle and Raepenol™ 
groups than in Fucidin and Madecassol groups (Figure 2B). 
Although there was no statistically significant difference in 
wound size between the vehicle- and Raepenol™-treated 
groups, wound contraction on days 3 and 6 was slightly 
better with Raepenol™ treatment. 
 
Raepenol™ cream application improved skin regeneration. 
Wound skin tissues were collected on day 9 after treatment and 
stained with hematoxylin and eosin to analyze the impact of 
Raepenol™ cream treatment on skin wound healing at the 
histological level. The regeneration of skin layers and 
cellularity of the epidermis improved in the groups treated with 
vehicle or Raepenol™ compared to those treated with Fucidin 
or Madecassol (Figure 3A). Histological measurement 
indicated that Madecassol, vehicle, and Raepenol™ 
significantly reduced wound size (Figure 3B) through 
epidermis regeneration compared to Fucidin and (Figure 3C). 
In terms of dermis thickness, the Madecassol-treated group 

exhibited significantly lower dermis thickness compared to the 
other groups (Figure 3D). Subcutaneous fat, which is recovered 
at the end of the wound-healing process, was increased in 
vehicle-, and Raepenol™-treated groups (Figure 3E). 
Regeneration of skin adnexa, such as glands and hair follicles, 
needed for functional skin integrity, was significantly promoted 
in groups treated with Madecassol, vehicle, or Raepenol™ 
compared to the Fucidin-treated group (Figure 3F).  

Collagen reconstitution in the dermal ECM promotes 
structural integrity restoration and supports the scar. 
Therefore, we assessed whether Raepenol™ cream treatment 
influences collagen synthesis and deposition using Masson’s 
trichrome staining of the skin tissue. The group treated with 
vehicle exhibited significantly higher collagen synthesis and 
deposition in the dermis compared to those treated with 
Fucidin, Madecassol and Raepenol™, whilst this was true 
for Raepenol™ compared with Fucidin (Figure 3G and H). 
Moreover, collagen was well reorganized within the ECM 
under the epidermis in the vehicle- and Raepenol™-treated 
groups, indicating wound tissue remodeling and scar 
formation, which mark the end phase of wound healing. 
Thus, Raepenol™ cream showed therapeutic effects in skin 
wound healing. Furthermore, it was more effective than 
Fucidin but not superior to Madecassol or the vehicle 
regarding structural restoration of the wound. 
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Figure 2. Effect of Raepenol™ cream on wound contraction in the wound-healing rat model. (A) Wound images on days 0, 3, 6, and 9 after treatment 
with Fucidin (Fu) ointment, Madecassol ointment (Ma), base cream (vehicle), or Raepenol™ cream (RP). (B) Wound size was calculated from day 
0 to 9 (n=10) using the equation: wound size (mm2) =(length of wound ÷ 2) × (short side of wound ÷ 2) × 3.14. Data points with different letters 
are significantly different at p<0.05.
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Figure 3. The effect of treatment with Fucidin (Fu) ointment, Madecassol ointment (Ma), base cream (vehicle), or Raepenol™ cream (RP) on 
histological regeneration of the skin in the wound-healing rat model. (A) Images of hematoxylin and eosin-stained skin wound on day 9 (scale 
bar=75 μm). (B) The uncovered area of the epidermis (wound) in the tissue. (C-F) The areas of the epidermis, dermis, subcutaneous fat, and adnexa 
(n=3). (G) Images of Masson’s trichrome-stained skin wound on day 9 (scale bar=75 μm). (H) The area of collagen was measured (n=3). Data 
with different letters are significantly different at p<0.05.



Pruritus in mouse model was ameliorated by Raepenol™ 
cream treatment. We employed the imiquimod-induced 
pruritus mouse model to elucidate the efficacy of Raepenol™ 
cream in alleviating pruritus and investigated its effect 
following the experiment (Figure 1B). An improvement of 
pruritus, erythema and hyperkeratosis was observed in the 
Raepenol™-treated group compared to those treated with 
Fucidin, Madecassol, or vehicle (Figure 4A). Ear weight was 
measured on day 11 after treatment to assess the degree of 
edema. Ear weights in groups treated with Fucidin, vehicle, 
or Raepenol™ did not significantly differ from the normal 
group (Figure 4B). Additionally, the number of ear scratches 
caused by pruritus when mice were treated with Madecassol, 
vehicle, or Raepenol™ was similar to the normal group, 
although the number of ear scratches was significantly 
increased in the Fucidin-treated group (Figure 4C). 
 
Raepenol™ cream showed anti-inflammatory activity. In line 
with previous observations, histological analysis revealed 
hyperkeratosis in the Fucidin-treated group. An increase in 
the epidermal thickness was also observed in groups treated 
with Fucidin, Madecassol, or vehicle. In contrast, Raepenol™ 
treatment significantly reduced the epidermal thickness, 
comparable to that of normal ear tissue (Figure 5A and B). 
As expected, whole-ear thickness was not increased in the 
Raepenol™-treated group (Figure 5C), in contrast to all other 

treatments. Thus, the Raepenol™ cream demonstrated 
superior potency in suppressing skin inflammation. 

In the skin, mast cells serve as a primary effector, 
responding to tissue injury by releasing inflammatory 
mediators. Histamine, a major mediator released from mast 
cells, increases vascular permeability, leading to vasodilation, 
and induces inflammation during wound healing. However, 
excessive or prolonged action of histamine can cause pruritus 
in chronic wounds. Therefore, we evaluated the effect of 
Raepenol™ cream on the infiltration and retention of mast 
cells around the inflammatory site. Mast cells in mouse ear 
tissues were stained with toluidine blue, and their number was 
counted. The number of mast cells in the ear tissue was lower 
in the Raepenol™-treated group than in other groups. 
Furthermore, it was similar to that of the normal ear tissue 
(Figure 5D and E), suggesting that the Raepenol™ cream 
might alleviate pruritus in wounds by restricting the 
infiltration or retention of mast cells in the inflammatory site. 
 
Discussion 
 
The skin is a barrier protecting from environmental hazards 
and fluid loss to maintain homeostasis in the body. Therefore, 
the rapid and correct restoration of skin injuries, known as 
wound healing, is crucial. This complex process involves 
numerous cellular and secretory factors aimed at regenerating 
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Figure 4. Effect of treatment with Fucidin (Fu) ointment, Madecassol ointment (Ma), base cream (vehicle), or Raepenol™ cream (RP) in the 
imiquimod-induced mouse model of pruritus. Raepenol™ cream treatment relieved erythema and pruritus in the pruritus model. (A) Representative 
images of the left ears observed on day 11. (B) The weight of ear on day 11 (n ≥4). (C) The number of scratches was counted for 60 min at day 10 
(n ≥4). Data with different letters are significantly different at p<0.05.
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Figure 5. Effect of treatment with Fucidin (Fu) ointment, Madecassol ointment (Ma), base cream (vehicle), or Raepenol™ cream (RP) in the 
imiquimod-induced mouse model of pruritus. Raepenol™ cream reduced imiquimod-induced inflammation and hyperkeratosis in the pruritus mouse 
model. (A) Images of hematoxylin and eosin-stained ear tissues collected on day 11 (scale bar=75 μm). (B and C) The thickness of the whole ear 
and epidermis on day 11 (n=3). (D) Images of ear tissues stained with toluidine blue (scale bar=75 μm). (E) The number of mast cells per field 
(n=4). Data with different letters are significantly different at p<0.05.



the structural and functional integrity of the skin (3, 4, 8). 
However, abnormal wound healing can occur due to intrinsic 
and extrinsic factors, such as genetic defects, oxidative stress, 
aging, obesity, diabetes, pathogenic infection, and malnutrition, 
leading to complications of wound healing and disturbance of 
normal scar formation (34, 35).  

There are various treatments to prevent abnormal wound 
healing, focusing on promoting skin regeneration and 
preventing infection, physical stress, and inflammation. 
Different ointments are used to manage skin wounds to prevent 
infection and excessive inflammation and promote tissue repair. 
However, reported issues include antibiotic resistance, pruritus, 
allergic reactions, and immune suppression. Consequently, 
there is a pressing need for the development of ointments 
addressing these side effects and reducing antibiotic resistance 
(36-39). Natural products have emerged as potential sources of 
wound-healing agents that can improve skin regeneration with 
reduced side-effects (40, 41). In line with this, combining 
natural compounds with commercial ointments might be 
beneficial to address their weaknesses. 

This study evaluated the efficacy of newly developed 
Raepenol™ cream, containing paeonol, D-panthenol and C. 
asiatica extract, in wound healing and pruritus alleviation in 
experimental animal models. Raepenol™ effectively promoted 
wound closure and scar formation with histopathological 
regeneration of the skin and adnexa in the wound-healing rat 
model. Additionally, Raepenol™ increased collagen synthesis 
and deposition in the remodeling phase. In particular, 
Raepenol™ cream effectively relieved pruritus through its 
anti-inflammatory effects, inhibiting mast cell infiltration or 
retention and hyperkeratosis in the imiquimod-induced 
pruritus mouse model. These findings suggest that Raepenol™ 
cream might be an effective ointment with efficacy superior 
to commercial ointments for simultaneously treating both skin 
wounds and pruritus.  

In this study, Raepenol™ cream promoted skin wound 
healing, although its efficacy was similar to Madecassol and 
the vehicle. Both Raepenol™ and Madecassol creams 
contain C. asiatica extract. C. asiatica is a medicinal plant 
known for its anti-inflammatory and pro-angiogenic effects 
during skin wound healing (42). Surprisingly, the base 
cream used for the vehicle control showed comparable 
effects with Raepenol™ cream in promoting wound 
contraction and skin regeneration but did not alleviate 
inflammation and pruritus. This unpredicted effect might 
arise from the moisturizing and temporal barrier effect of 
components in the base cream which are commonly used in 
skincare products. Maintaining the wound in a moist 
condition alone promotes wound healing (43). Although this 
study yielded promising results on wound healing, it is 
essential to acknowledge its limitations. Considering 
paeonol, a key component of Raepenol™ cream, is known 
for its antibacterial properties, we hypothesize that 

Raepenol™ cream might help prevent wound infection. 
Notably, no instances of infection were observed during the 
experiments. However, this assumption lacks sufficient 
evidence because no infection was observed in those treated 
with the vehicle alone. Therefore, further research with a 
specific focus on the antibacterial efficacy of Raepenol™ 
cream is warranted to validate this assumption. 

Imiquimod is commonly used to establish a pruritus model 
in animal studies including mice (44, 45). Therefore, we used 
the imiquimod-induced pruritus mouse model to explore the 
anti-inflammatory effect of Raepenol™ cream, which reduced 
pruritus and hyperkeratosis. Mast cells play a crucial role in 
pruritus development, releasing pruritus-inducing mediators, 
such as histamine, serotonin, proteases and cytokines (16). 
Pruritus occurring during wound healing not only worsens the 
quality of the patient's life but can also induce secondary 
wounds by provoking scratching. Interestingly, Raepenol™ 
cream exhibited a more pronounced ability to alleviate pruritus 
by inhibiting mast cell infiltration or retention and abnormal 
differentiation of the epidermis than the currently used 
commercial ointments. Unlike other ointments, Raepenol™ 
cream contains paeonol, D-panthenol, and a herbal plant 
complex as therapeutic substances. D-Panthenol, contained in 
the Raepenol™ cream as a natural product, relieves the 
symptoms of skin irritation, such as skin dryness, roughness, 
scaling, pruritus, and erythema (29). Paeonol inhibits mast cell 
degranulation by suppressing immunoglobulin E in the blood. 
Therefore, Raepenol™ cream is potentially suitable for treating 
patients with severe pruritus, such as those with burns and 
psoriasis, as well as common wounds. 
 
Conclusion 
 
Raepenol™ cream promoted wound contraction with the 
regeneration of the skin and adnexa. Moreover, Raepenol™ 
cream effectively mitigated mast cell infiltration and abnormal 
epidermal differentiation through its potent anti-inflammatory 
effects, relieving pruritus and hyperkeratosis. Therefore, 
Raepenol™ cream might serve as a promising therapeutic 
intervention, not only for wound healing but also for addressing 
various skin disorders, including burns and psoriasis. 
 

Conflicts of Interest 
 
As the developer of a commercially available wound-healing 
product, we have the following disclosures to make in relation to 
the preparation of this article. Financial interest: This study assessed 
the effectiveness of a product called Raepenol™. H-G K and M-O 
K are the inventors of Raepenol™ cream and were granted a patent 
for it through this research project. H-G K is employed by 
GentriBio, Inc., the company that supports and commercializes 
Raepenol™. All experiments and results were conducted with 
scientific objectivity and integrity, free from manipulation or bias. 
There are no conflicts of interest among the other Authors. 

in vivo 38: 2318-2327 (2024)

2325



Authors’ Contributions 
 
Conceptualization: N-EC, H-GK, JY, S-GL and M-OK; methodology: 
JY, YS, Soyoung Jang, Soyeon Jang and Z-YR; validation: EK, 
Soyeon Jang, HK, and KH; formal analysis: EK HK, LM and ZL; 
investigation: EK, N-EC, HK, LM, KH, ZL and C-YK; resources: H-
GK, YS, S-KC and Z-YR; data curation; KP; writing-original draft; 
EK and N-EC; writing-review and editing: SP, SJ (Soyoung Jang), Z-
YR, S-KC, S-GL, and M-OK; visualization: SP, C-YK and KP; 
supervision: S-GL and M-OK; project administration: EK, S-KC, Z-
YR and M-OK; funding acquisition: S-KC and M-OK; All Authors 
have read and agreed to the published version of the article. 

 
Funding 
 
This research  received no external funding. 

 
References 
 
1 Pazyar N, Yaghoobi R, Rafiee E, Mehrabian A, Feily A: Skin 

wound healing and phytomedicine: A review. Skin Pharmacol 
Physiol 27(6): 303-310, 2014. DOI: 10.1159/000357477 

2 Gantwerker EA, Hom DB: Skin: Histology and physiology of 
wound healing. Facial Plast Surg Clin North Am 19(3): 441-453, 
2011. DOI: 10.1016/j.fsc.2011.06.009 

3 Choudhary V, Choudhary M, Bollag WB: Exploring skin wound 
healing models and the impact of natural lipids on the healing 
process. Int J Mol Sci 25(7): 3790, 2024. DOI: 10.3390/ijms 
25073790 

4 Pena OA, Martin P: Cellular and molecular mechanisms of skin 
wound healing. Nat Rev Mol Cell Biol, 2024. DOI: 
10.1038/s41580-024-00715-1 

5 Velnar T, Bailey T, Smrkolj V: The wound healing process: An 
overview of the cellular and molecular mechanisms. J Int Med Res 
37(5): 1528-1542, 2009. DOI: 10.1177/147323000903700531 

6 Werner S, Grose R: Regulation of wound healing by growth 
factors and cytokines. Physiol Rev 83(3): 835-870, 2003. DOI: 
10.1152/physrev.2003.83.3.835 

7 Segel GB, Halterman MW, Lichtman MA: The paradox of the 
neutrophil’s role in tissue injury. J Leukoc Biol 89(3): 359-372, 
2011. DOI: 10.1189/jlb.0910538 

8 Canedo-Dorantes L, Canedo-Ayala M: Skin acute wound 
healing: A comprehensive review. Int J Inflam 2019: 3706315, 
2019. DOI: 10.1155/2019/3706315 

9 Schilrreff P, Alexiev U: Chronic inflammation in non-healing skin 
wounds and promising natural bioactive compounds treatment. Int 
J Mol Sci 23(9): 4928, 2022. DOI: 10.3390/ijms23094928 

10 Wager L, Leavesley D: MicroRNA regulation of epithelial-to-
mesenchymal transition during re-epithelialisation: Assessing an 
open wound. Wound Practice Res 23(3): 132-142, 2015.  

11 Mathew-Steiner SS, Roy S, Sen CK: Collagen in wound healing. 
Bioengineering (Basel) 8(5): 63, 2021. DOI: 10.3390/bio 
engineering8050063 

12 Mascré G, Dekoninck S, Drogat B, Youssef KK, Brohée S, 
Sotiropoulou PA, Simons BD, Blanpain C: Distinct contribution 
of stem and progenitor cells to epidermal maintenance. Nature 
489(7415): 257-262, 2012. DOI:  

13 Williams M: Wound infections: an overview. Br J Community Nurs 
26(Sup6): S22-S25, 2021. DOI: 10.12968/bjcn.2021.26.Sup6.S22 

14 Paul J: Wound pruritus: pathophysiology and management. 
Chronic Wound Care Manage Res: 119, 2015. DOI: 10.2147/ 
CWCMR.S70360 

15 Upton D, Richardson C, Andrews A, Rippon M: Wound pruritus: 
prevalence, aetiology and treatment. J Wound Care 22(9): 501-
508, 2013. DOI: 10.12968/jowc.2013.22.9.501 

16 Kwiatkowska D, Reich A: Role of mast cells in the pathogenesis 
of pruritus in mastocytosis. Acta Derm Venereol 101(10): 
adv00583, 2021. DOI: 10.2340/actadv.v101.350 

17 Rosenbaum AJ, Banerjee S, Rezak KM, Uhl RL: Advances in 
wound management. J Am Acad Orthop Surg 26(23): 833-843, 
2018. DOI: 10.5435/JAAOS-D-17-00024 

18 Li P, Shen J, Wang Z, Liu S, Liu Q, Li Y, He C, Xiao P: Genus 
paeonia: A comprehensive review on traditional uses, 
phytochemistry, pharmacological activities, clinical application, 
and toxicology. J Ethnopharmacol 269: 113708, 2021. DOI: 
10.1016/j.jep.2020.113708 

19 Vellasamy S, Murugan D, Abas R, Alias A, Seng WY, Woon CK: 
Biological Activities of Paeonol in Cardiovascular Diseases: A 
Review. Molecules 26(16): 2021. DOI: 10.3390/molecules 
26164976 

20 Qian W, Li X, Yang M, Mao G: Antibacterial and anti-biofilm 
activities of paeonol against Klebsiella pneumoniae and 
Enterobacter cloacae. Biofouling 37(6): 666-679, 2021. DOI: 
10.1080/08927014.2021.1955249 

21 Fu PK, Wu CL, Tsai TH, Hsieh CL: Anti-inflammatory and 
anticoagulative effects of paeonol on LPS-induced acute lung 
injury in rats. Evid Based Complement Alternat Med 2012: 
837513, 2012. DOI: 10.1155/2012/837513 

22 Chen B, Ning M, Yang G: Effect of paeonol on antioxidant and 
immune regulatory activity in hepatocellular carcinoma rats. 
Molecules 17(4): 4672-4683, 2012. DOI: 10.3390/molecules 
17044672 

23 Jeong HJ, Koo S, Kang YH, Kim TW, Kim HK, Park YJ: 
Hepatoprotective effects of paeonol by suppressing hepatic 
stellate cell activation via inhibition of SMAD2/3 and STAT3 
pathways. Food Sci Biotechnol 33(8): 1939-1946, 2023. DOI: 
10.1007/s10068-023-01440-9 

24 Gohil KJ, Patel JA, Gajjar AK: Pharmacological review on 
Centella asiatica: A potential herbal cure-all. Indian J Pharm Sci 
72(5): 546-556, 2010. DOI: 10.4103/0250-474X.78519 

25 An IS, An S, Kang SM, Choe TB, Lee SN, Jang HH, Bae S: 
Titrated extract of Centella asiatica provides a UVB protective 
effect by altering microRNA expression profiles in human 
dermal fibroblasts. Int J Mol Med 30(5): 1194-1202, 2012. DOI: 
10.3892/ijmm.2012.1117 

26 Park JH, Choi JY, Son DJ, Park EK, Song MJ, Hellström M, 
Hong JT: Anti-inflammatory effect of titrated extract of Centella 
asiatica in phthalic anhydride-induced allergic dermatitis animal 
model. Int J Mol Sci 18(4): 738, 2017. DOI: 10.3390/ijms 
18040738 

27 Pittella F, Dutra RC, Junior DD, Lopes MTP, Barbosa NR: 
Antioxidant and cytotoxic activities of Centella asiatica (L) Urb. 
Int J Mol Sci 10(9): 3713-3721, 2009. DOI: 10.3390/ijms10093713 

28 Camacho-Alonso F, Torralba-Ruiz MR, García-Carrillo N, 
Lacal-Luján J, Martínez-Díaz F, Sánchez-Siles M: Effects of 
topical applications of porcine acellular urinary bladder matrix 
and Centella asiatica extract on oral wound healing in a rat 
model. Clin Oral Investig 23(5): 2083-2095, 2019. DOI: 
10.1007/s00784-018-2620-x 

Kim et al: The Efficacy of Raepenol™ Cream in Wound Care

2326



29 Ebner F, Heller A, Rippke F, Tausch I: Topical use of 
dexpanthenol in skin disorders. Am J Clin Dermatol 3(6): 427-
433, 2002. DOI: 10.2165/00128071-200203060-00005 

30 Gorski J, Proksch E, Baron JM, Schmid D, Zhang L: 
Dexpanthenol in wound healing after medical and cosmetic 
interventions (Postprocedure wound healing). Pharmaceuticals 
(Basel) 13(7): 138, 2020. DOI: 10.3390/ph13070138 

31 Proksch E, Berardesca E, Misery L, Engblom J, Bouwstra J: Dry 
skin management: practical approach in light of latest research 
on skin structure and function. J Dermatolog Treat 31(7): 716-
722, 2020. DOI: 10.1080/09546634.2019.1607024 

32 Etensel B, Ozkisacik S, Ozkara E, Karul A, Oztan O, Yazici M, 
Gursoy H: Dexpanthenol attenuates lipid peroxidation and 
testicular damage at experimental ischemia and reperfusion 
injury. Pediatr Surg Int 23(2): 177-181, 2007. DOI: 
10.1007/s00383-006-1781-x 

33 Torres A, Rego L, Martins MS, Ferreira MS, Cruz MT, Sousa E, 
Almeida IF: How to promote skin repair? In-depth look at 
pharmaceutical and cosmetic strategies. Pharmaceuticals (Basel) 
16(4): 573, 2023. DOI: 10.3390/ph16040573 

34 Singer AJ, Clark RA: Cutaneous wound healing. N Engl J Med 
341(10): 738-746, 1999. DOI: 10.1056/NEJM199909023411006 

35 Wernick B, Nahirniak P, Stawicki SP: Impaired wound healing. 
Treasure island, FL, USA, statpearls, 2024. Available at: 
https://www.ncbi.nlm.nih.gov/books/NBK482254/[Last accessed 
on July 9, 2024] 

36 Bobadilla-González P, García-Menaya JM, Cordobés-Durán C, 
Pérez-Rangel I, Sánchez-Vega S: Generalized urticaria to fusidic 
acid. Allergy 64(5): 817-818, 2009. DOI: 10.1111/j.1398-
9995.2009.01977.x 

37 Baptista A, Barros MA: Contact dermatitis from sodium 
fusidate. Contact Dermatitis 23(3): 186-187, 1990. DOI: 
10.1111/j.1600-0536.1990.tb04781.x 

38 Eun HC, Lee AY: Contact dermatitis due to Madecassol. Contact 
Dermatitis 13(5): 310-313, 1985. DOI: 10.1111/j.1600-0536. 
1985.tb02584.x 

39 Turnidge J, Collignon P: Resistance to fusidic acid. Int J 
Antimicrob Agents 12 Suppl 12: S35-S44, 1999. DOI: 10.1016/ 
s0924-8579(98)00072-7 

40 Liu E, Gao H, Zhao Y, Pang Y, Yao Y, Yang Z, Zhang X, Wang 
Y, Yang S, Ma X, Zeng J, Guo J: The potential application of 
natural products in cutaneous wound healing: A review of 
preclinical evidence. Front Pharmacol 13: 900439, 2022. DOI: 
10.3389/fphar.2022.900439 

41 Criollo-Mendoza MS, Contreras-Angulo LA, Leyva-López N, 
Gutiérrez-Grijalva EP, Jiménez-Ortega LA, Heredia JB: Wound 
healing properties of natural products: mechanisms of action. 
Molecules 28(2): 598, 2023. DOI: 10.3390/molecules28020598 

42 Arribas-López E, Zand N, Ojo O, Snowden MJ, Kochhar T: A 
systematic review of the effect of centella asiatica on wound 
healing. Int J Environ Res Public Health 19(6): 3266, 2022. 
DOI: 10.3390/ijerph19063266 

43 Junker JP, Kamel RA, Caterson EJ, Eriksson E: Clinical impact 
upon wound healing and inflammation in moist, wet, and dry 
environments. Adv Wound Care (New Rochelle) 2(7): 348-356, 
2013. DOI: 10.1089/wound.2012.0412 

44 Kiguchi N, Saika F, Fukazawa Y, Matsuzaki S, Kishioka S: Critical 
role of GRP receptor-expressing neurons in the spinal transmission 
of imiquimod-induced psoriatic itch. Neuropsychopharmacol Rep 
40(3): 287-290, 2020. DOI: 10.1002/npr2.12120 

45 Oishi N, Iwata H, Kambe N, Kobayashi N, Fujimoto K, Sato H, 
Hisaka A, Ueno K, Yamaura K: Expression of precipitating 
factors of pruritus found in humans in an imiquimod-induced 
psoriasis mouse model. Heliyon 5(6): e01981, 2019. DOI: 
10.1016/j.heliyon.2019.e01981 

 
 

 
Received May 16, 2024 

Revised July 2, 2024 
Accepted July 9, 2024

in vivo 38: 2318-2327 (2024)

2327




