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Article 
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Abstract: Background: Patients with burn scars often suffer from a ‘vicious cycle’ in which their skin 

becomes dry and pruritus. This greatly reduces patients' quality of life, but there is no well-known 

mechanism yet, and the development of drugs for effective treatment is necessary. Objective: This 

study evaluated the efficacy and safety of cosmetic formulation containing arginine glutamate ion 

pair (named as RE:pair) on epidermal barrier function and reducing pruritus. Materials and Methods: 

A total of 20 patients [15 male and 5 female; average age 48.35 ± 13.13 years] participated in 

evaluating the effectiveness of using the RE:pair formula topically twice daily for up to 4 weeks after 

burn pruritus. Treatment efficacy was evaluated by Numerical Rating Scale (NRS) for itching and 

pain, transepidermal water loss (TEWL), skin hydration, Vancouver Scar Scale (VSS) evaluation, 

and the patient’s overall satisfaction. Results: This formula was well-tolerated, with significant relief 

of NRS for itching and pain score after 2nd weeks and 4th weeks of application (p < 0.05). The itching 

score was high in some patients, and overall, it decreased significantly after 4 weeks compared to 

before application. Also, the personal pain score decreased after 4th weeks. Overall TEWL showed 

35 % improvement after 4th week, and 52 % improvement was confirmed in arms and 19 % in legs. 

The overall improvement effect of skin hydration was also 45 % (p = 0.0012), and the improvement 

effect was 40 % (p = 0.0371) in areas including arms and 54 % (p = 0.0313) in areas including legs. All 

patient satisfactory evaluations were "excellent". Conclusions: RE:pair formula was safe and effective 

in improving skin barrier and itch relief, and if further studies are conducted, it can be used as an 

excellent topical treatment for post-burn scar that strengthens the skin barrier. 

Keywords: Arginine Glutamate; Post-burn scar; Post-burn pruritus; Skin barrier 

 

1. Introduction 

The global prevalence of burn injuries is on the rise, driven by factors such as increased 

industrialization, urbanization, and a higher incidence of traumatic events. In the United States of 

America (USA), burns rank as the 4th leading cause of mortality, requiring medical attention for 

approximately 2.5 million patients each year. Annually, more than 100,000 burn patients are 

hospitalized, while 40 % - 45 % of them are usually children and 25 % of these children are younger 
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than 20 years old. Approximately 6,000 burn patients may die annually, and permanent disability 

occurs in 50 % of these patients [1-3].  

Apart from the immediate physical trauma associated with burns, there is a growing concern 

about the development of hypertrophic scars or keloids, leading to functional impairment and 

aesthetic challenges. Furthermore, the psychological impact of burn scars is increasingly recognized, 

as individuals grapple with issues such as self-esteem, body image, and social integration. Despite 

advances in burn care and societal progress, the incidence and severity of burns have not shown a 

corresponding decrease, resulting in an escalating number of patients with post-burn sequelae [4, 5].  

Post-burn injuries often lead to various sensory discomforts, including prickling, burning 

sensation, numbness, and stinging that occur in the post-burn state [6]. Among the discomforts, post-

burn pruritus is a highly common and distressing problem affecting individuals who have suffered 

burn injuries. Post-burn scar can all cause long-lasting pruritus, often associated with burning or 

piercing sensations [7]. In those who sustain burn injuries, itch is present in about 87 % of patients 

after 3 months, in 70 % of patients after 1 year, and in 67 % of patients after 2 years [8]. Itching has 

been shown to significantly impact the quality of life for people with burns, causing disturbances in 

sleep, impairments in daily activities, and affecting psychosocial well-being [9]. As in many 

inflammatory skin diseases, itching has been shown to affect the quality of life of people with burns, 

leading to sleep disturbances, impairments of daily activities, and psychosocial well-being [10, 11]. 

Post-burn pruritus may decrease over time but may last more than a few years [12]. As burns can 

cover large body areas, the suffering from itching can be tremendous. In addition, when a patient 

with post-burn pruritus scratches the skin, the damage to the skin barrier becomes more severe.  

Currently, various moisturizers are employed to treat burn scars, including Pantenol-

ratiopharm® (Ratiopharm GmbH, Ulm, Germany), Alhydran® (Asclepios GmbH, Breisgau, 

Germany), and Theresienöl® (Theresienöl GmbH, Kufstein, Austria). Pantenol-ratiopharm® is an 

occlusive ointment used for post-burn scar care, focusing on minimizing Transepidermal Water Loss 

(TEWL). Its key component, Dexpanthenol, is renowned for its wound-healing properties [13, 14]. 

Alhydran® is an aloe vera-based moisturizer frequently employed in natural medicine, primarily for 

skin hydration and scar management. Notably, it has shown efficacy, particularly when used in a gel 

form, in treating wounds [15-17]. Therrienöl® is an ointment consisting of apple and lily extracts, 

along with tocopheryl acetate (vitamin E), which is known for promoting cell repair and the 

regeneration of damaged skin [18].  

Nevertheless, the ingredients and characteristics of topical agents used to treat post-burn scar 

have not been standardized yet. While there is a high demand for specialized cosmetic formulations 

addressing burn scars, research on topical agents designed to alleviate symptoms and signs 

associated with these scars remains limited. One prior study demonstrated the beneficial effects of 

arginine glutamate ion pair (known as RE:pair) on wound healing and enhancement of skin elasticity 

following CO2 laser irradiation. Glutamate, an ingredient in RE: pair, has been shown to promote 

keratinocyte proliferation [19]. In the skin, glutamate plays a vital role in metabolism and function, 

including collagen biosynthesis in fibroblasts [20]. In the epidermis, glutamate contributes to the 

formation of cornified envelope (CE), which acts as a barrier to the environment through the action 

of transglutaminase enzymes [21]. This study aimed to evaluate the impact of a cosmetic formulation 

containing arginine glutamate ion pair on burn scar severity, post-burn dryness, itching, pain, and 

patient satisfaction among individuals who have undergone acute burn treatment for partial-

thickness burns. 

2. Materials and Methods 

2.1. Subjects and Materials 

We recruited 20 patients [15 male (75 %), 5 female (25 %); average age 48.35 ± 13.13 years] aged 

18 or older with post-burn scar who were undergoing follow-up (F/U) after primary treatment at the 

Burn Center of Hallym University Hangang Sacred Heart Hospital. Prior to cosmetic formulation 
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application, the patient's post-burn scar were scored “mild to severe” based on the Vancouver Scar 

Scale (VSS) score. Treatment and F / U evaluations were conducted between May to December 2023.  

The exclusion criteria were: (1) those with acute inflammatory skin disease and moderate or 

severe symptomatic infection at the site of observation; (2) those with uncontrolled systemic or 

chronic disease; (3) those who take immunotherapy, biologics including oral corticosteroid within 

4th weeks before registration; (4) those who take topical corticosteroid or topical immunosuppressant 

within 1 week before registration; and (5) those who are required to administer a prohibited drug in 

combination in this clinical trial. 

The cosmetic formulation containing RE:pair is a cream-type emollient containing 1.8 % ion-

paired arginine and glutamate in a molar ratio of 1:1. RE:pair formula is a basic type oil-in-water (O 

/ W) based cosmetic formula 23. 

2.2. Study Design 

All subjects gave their informed consent for inclusion before they participated in the study. The 

study was conducted according to the principles expressed in the Declaration of Helsinki, and this 

clinical trial was approved by the Institutional Review Board of Hallym University Hangang Sacred 

Heart Hospital (IRB no. HG2023-016). Written informed consent was obtained from all the study 

participants.  

Registered clinical trial subjects were provided with the test preparation on the date of clinical 

trial (Visit 1; Baseline), and clinical trial subjects applied RE:pair formula twice a day in both mornings 

and evenings on the burn area from the date of clinical trial (Visit 1; Baseline). If necessary, sunscreen 

can be used, and hot baths are prohibited other than showers within 15 minutes, and the product is 

applied immediately after a shower. The clinical trial subjects visited the institution for evaluation on 

the 2nd weeks (Visit 2; Day 14 ± 3) and 4th weeks (Visit 3; Day 28 ± 3). 

2.3. Outcome Measures 

Clinical evaluations with photographs were performed at baseline, 2nd weeks (Visit 2; Day 14 ± 

3) and 4th weeks (Visit 3; Day 28 ± 3). To evaluate the efficacy, itching, and pain, Transepidermal 

water loss (TEWL), Skin hydration level, and VSS were measured on the lesional site using the 

Tewameter and Corneometer. Two blinded trained dermatologists evaluated the scores using clinical 

photos. Using the Tewometer® TM300 probe (Courage & Khazaka GmbH, Cologne, Germany) and 

the Corneometer® CM825 probe (Courage & Khazaka GmbH, Cologne, Germany), the device was 

placed on the skin to be perpendicular to the skin surface within 2 minutes from both lesions, and the 

TEWL and skin hydration were measured, respectively. 

The patients were evaluated by dividing the subjective itching and pain into 0 to 10 stages. 

Additional clinical assessments were performed based on the VSS. The VSS consists of the following 

four components: vascularity, pigmentation, height (ranging from 0 to 3), and pliability (ranging from 

0 to 5). A score of zero indicates normal skin, while a maximum score indicates the worst possible 

lesional site. These indexes were measured on the skin for 2 min in a room with constant temperature 

(20-24℃) and humidity (28-38%).  

2.4. Statistical Analysis 

Statistical analyses were conducted using IBM SPSS Statistics 27.0 software (IBM, Armonk, NY, 

USA) and GraphPad Prism version 7 (GraphPad Software, San Diego, CA, USA). All continuous data 

are expressed as mean ± standard deviation (SD). The differences in the itching and pain, TEWL, skin 

hydration, and VSS were evaluated using the Wilcoxon matched-pairs signed rank test for multiple 

comparisons. Categorical variables are summarized as frequencies and percentages, and continuous 

variables are summarized as mean, SD, median, minimum, and maximum values, and unless 

otherwise specified, all statistical tests were conducted with a two-sided test with a type 1 error rate 

of α = 5 %. 
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3. Results 

3.1. Baseline Characteristics of the Patients 

Twenty patients were enrolled in this study. Subjects completed this trial [15 male (75 %), 5 

female (25 %); average age 48.35 ± 13.13 years] (Table 1). The degree of burn scar of the patient before 

application was the degree to control mild to severe based on Vancouver Scar Scale (VSS) score. The 

mean length of the lesional site was 7.81 cm and severe lesions (13 / 17) were more than 5 cm. 

Table 1. Demographic of the subjects (n=20). 

Variables Total (n=20) 

Age, Mean±SD 48.35 ± 13.13 

Sex, n (%) 
Male 15 (75 %) 

Female 5 (25 %) 

Application site 

Arm + hand 10 (50 %) 

Thigh + foot 6 (30 %) 

thrunk 2 (10 %) 

elbow 1 (5 %) 

face 1 (5 %) 

Baseline transepidermal water loss (TEWL),  

mean ± standard deviation (SD) (normal) 
4.766 ± 3.27 

Baseline TEWL, mean ± SD (Lesional) 8.276 ± 6.15 

Baseline Skin hydration, mean ± SD (normal) 35.85 ± 14.43 

Baseline Skin hydration, mean ± SD (Lesional) 30.7 ± 14.69 

3.2. The Efficacy of the RE:Pair Formula for Relieving Itching and Pain 

The degree of post-burn scar in the experiment participants were mild to severe. Since not all 

patients had itching from the baseline, among patients who complained of itching, the number was 

measured by dividing it into 0 - 10 stages to confirm the trend of decreasing itching.  

The Numerical Rating Scale (NRS) for itching score decreased from an average of 3.4 ± 2 before 

application to 1.8 ± 2 at 2 weeks after application and 0.8 ± 1.47 at 4 weeks after application, indicating 

a tendency to decrease to an average of 47 % (p = 0.0133) after 2 weeks and an average of 76 % (p = 

0.0005) after 4 weeks of application compared to before application. In particular, the score of the 

patient with the highest itching before application was 7 points, and it was also confirmed that the 

itching score was noticeably reduced to 3 points after 4 weeks of use (Figure 1a). 

In the case of pain, almost all people did not have it before application, but in those with pain 

(n=2), it decreased from an average of 4 points before application to 3 points after application, but 

significance was not confirmed (Figure 1b). 
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Figure 1. Changes of itching and pain score, transepidermal water loss (TEWL) (g/m2h) and 

Skin hydration (AU) on the lesional site after 2nd weeks and 4th weeks of treatment (n=20). 

Data are represented as the mean value ± SD. (a) Numerical Rating Scale (NRS) for itching 

score, (b) NRS for pain, (c) TEWL and (d) Skin hydration (*p <0.05 vs 0 week, **p < 0.01 vs 0 

week and †p < 0.05 vs 2nd weeks). 

3.3. Changes in Transepidermal Water Loss (TEWL) and Skin Hydration with the RE:Pair Formula 

The amount of transepidermal water loss (TEWL) was measured to evaluate the change in skin 

barrier function. We tried to obtain more reliable experimental results by comparing the normal area 

and the burn scar area respectively. In the case of the normal area, the values of 4.766 ± 3.27 before 

application, 4.61 ± 4.05 after 2nd weeks of application, and 5.381 ± 5.723 after 4th weeks of application 

were shown, and there was no effect compared to before application.  

The average of TEWL values in the scar area was confirmed to be 8.27 ± 6.15 before application, 

6.719 ± 4.44 after 2nd weeks of application, and 5.378 ± 4.632 after 4th weeks of application, which 

improved by 35 % (p = 0.0419) after 4th weeks of application. As measuring the effect on each area, 

the arms and hands showed values of 9.91 ± 3.54 before application, 7.68 ± 4.41 after 2nd weeks of 

application, and 4.74 ± 3.8 after 4th weeks of application.  There was a tendency to improve by 22 % 

after 2nd weeks of application and 52 % after 4th weeks, and significantly improved by more than 38 

% (p = 0.0420) between 2nd and 4th weeks. When performed on the legs (thighs + feet), it was 

confirmed as 6.54 ± 3.54 before application, 7.23 ± 4.41 after 2nd weeks of application, and 5.25 ± 3.88 

after 4th weeks of application, compared to before application, 19 % improvement. Still, no 

effectiveness was confirmed (Figure 1c). 

In addition, we also evaluated the efficacy by comparing the skin hydration, between the normal 

area and the burn scar area, respectively. In the case of the normal area, 35.85 ± 14.43 before 

application, 40.1 ± 16.51 after 2nd weeks, and 40.9 ± 13.44 after 4th weeks, there was no significant 

difference compared to before application. The scar area was confirmed to be 30.07 ± 14.69 before 

application, 52.2 ± 22.8 after 2nd weeks of application, and 56.8 ± 16.46 after 4th weeks of application, 

which increased by 41 % (p = 0.0021) after 2nd weeks and 45 % (p = 0.0012) after 4th weeks compared 

to before application. As measuring the effect on each area, the arms and hands showed values of 

35.3 ± 2.64 before application, 54.1 ± 30 after 2nd weeks of application, 59.5 ± 2.08 after 4th weeks of 

application, which increased by 34 % after 2nd weeks (p = 0.0488) and 40 % (p = 0.0371) after 4th weeks 

compared to before application. When performed on the legs (thighs + feet), it was found to be 27 ± 

2.64 before application, 49.16 ± 30.04 after 2nd weeks of application, and 59 ± 2.08 after 4th weeks. It 

was confirmed that it was significantly improved by 54 % (p = 0.0313) after 4th weeks of application 

compared to before (Figure 1d). 
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3.4. Comparison of Vancouver Scar Scale (VSS) before and after application 

To evaluate the Vancouver Scar Scale (VSS) the subject's pigment, thickness, erythema, and 

flexibility were calculated numerically. The pigment decreased from 1.1 ± 0.3 before and 2nd weeks 

after application to 1.1 ± 0.3, 1.05 ± 0.22 after 4th weeks of application, decreasing on average by 4.54 

% after 4th weeks of application compared to before application, and the thickness was confirmed to 

be 0.15 ± 0.48 before application, 0.2 ± 0.52, and 0.15 ± 0.36 after 4th weeks of application. In the case 

of erythema, it was confirmed that it decreased to values of 1.2 ± 0.41, 2nd weeks after application 

and 4th weeks after application, respectively, of 1.1 ± 0.30, and 1.05 ± 0.22 after application, showing 

a tendency to decrease by 12 % in total after 4th weeks compared to before application. Flexibility 

also decreased by an average of 13.63 % to 2.2 ± 0.61, 2nd weeks after application, and 2 ± 0.3, 

respectively, 2nd weeks and 4th weeks after application (Figure 2a). 

Calculating the above four items by VSS, it decreased from 4.65 ± 1.18 before application to 4.4 

± 0.99 and 4.15 ± 0.81 after 2nd weeks of application, decreasing by 5.68 % on average after 2nd weeks 

of application compared to before application, and decreasing by 5.68 % on average after 2nd weeks 

to 4th weeks of application compared to before total application, but no significance was confirmed 

(Figure 2b). 

 

Figure 2. Changes of Vascularity, Height, Pigmentation, and Pliability respectively, and 

total Vancouver Scar Scale (VSS) score after 2nd weeks and 4th weeks of treatment (n=20). 

Data are represented as the mean value ± SD. (a) Scores for each characteristics and (b) VSS 

total score. 

4. Discussion 

Burned skin undergoes an acute wound-healing reaction and then becomes scar tissue after 

several months [22]. Itching is a common occurrence during the wound-healing process following 

burns [23]. This study attempted to improve scar quality, clinical efficacy, and patient satisfaction by 

applying preparations to the lesion site against patients with 2nd-degree (partial thickness) burns 

after the acute treatment. 

The representative active ingredient of cosmetic formulation used in this experiment is an ion 

paired with arginine and glutamate. The degree of improvement in Numerical Rating Scale (NRS) 

for itching score and pain in the scar area following the application of this formula was evaluated. 

Only some patients had itching (n=10), so the initial itching mean score was lower than expected. 

Nevertheless, itching was significantly reduced in patients with itching. Pain tended to decrease, but 

this was not statistically significant. Therefore, it can be considered that this preparation was effective 

in alleviating pruritus in burn patients.  
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To evaluate the skin barrier function, transepidermal water loss (TEWL) and skin hydration of 

stratum corneum were measured. It assesses the integrity of the skin barrier and identifies TEWL to 

identify healthy or diseased skin. A higher TEWL may indicate damage to the protective barrier or 

failure to function properly, leading to skin damage that may allow more water to pass through [24]. 

More reliable experimental results were attempted by comparing the normal area and the burn 

scar area, revealing no significant difference in the normal area but a significant improvement in the 

scar area. Specifically, the measurements were 8.27 ± 6.15 before applying the formulation, 6.719 ± 

4.44 after 2nd weeks of application, and 5.378 ± 4.632 after 4th weeks of application, indicating a 

significant 35 % improvement after 4th weeks of application. The skin moisture content also showed 

a significant increase after 2nd weeks and 40 % after 4th weeks, respectively, compared to before 

application. When evaluating barrier function before and after application on arms and legs, it was 

confirmed that the barrier function improved even after the 2nd and 4th weeks of application.  

To assess clinical improvement, Vancouver Scar Scale (VSS) was compared before application, 

2nd weeks after application, and 4th weeks after application. Compared to before application, the 

average decreased by 5.68 % after 2nd weeks of application, and the average decreased by 5.68 % 

even after 2nd weeks to 4th weeks of application, which decreased by 10 % on average after the 4th 

weeks of application compared to before the total application. Still, the significance was not 

confirmed. This is due to the nature of VSS, which evaluates the color and thickness of burn scars. It 

appears that significant changes in already stabilized scars with the topical agent alone are difficult 

to observe within 4 weeks. This trend aligns with previous studies. In the evaluation of the subjects' 

overall satisfaction with the application area, all evaluators evaluated "excellent" 2nd weeks after 

application compared to before application and "excellent" 4th weeks after application, and it was 

observed that the patient's symptom improvement by continuous use was also highly satisfactory. 

In conclusion, the present study provides promising insights into the potential efficacy of 

cosmetic formulas with arginine glutamate ion pair in the management of post-burn scar. The 

observed improvements in itching, pain, TEWL, and skin hydration are indicative of its positive 

impact on patient outcomes. Notably, the high satisfaction scores among the study participants 

underscore the product's acceptability and usability in a clinical setting. 

Generally, well-formulated moisturizer can restore the barrier function to relieve itching [25]. 

The use of moisturizer for burn scars is not only necessary for massaging scars, but also for addressing 

the additional changed skin properties of scar tissue, so it should be used as an agent to help 

moisturize the skin while minimizing irritation, protecting the skin barrier, and reducing skin 

hydration. There are currently no specific recommendations for moisturizers for scar management 

after burn injuries and are based on the clinical experience of burn specialists such as medical staff. 

Very few of them are based on scientific evidence [26]. 

There a several pilot studies assessing the effectiveness of topical moisturizers with post-burn 

patients. In one study, patients with acute burns using bath oil with colloidal oatmeal tended to have 

significantly less itching and fewer requests for antihistamines compared with patients using bath oil 

with liquid paraffin. This is because colloidal oatmeal with moisturizing ingredients improves patient 

comfort and reduces the risk of skin damage caused by scratches when healing burn wounds [27]. 

Emollients include basic moisturizers, aloe vera, and coconut oil, which moisturize the skin and 

improve the skin barrier function [28]. Emollients are considered anti-sensitizers in that they soften 

the stratum corneum of dry skin and are essential for healing burn wounds, improving skin barrier 

function, and facilitating healing [29]. To confirm the effectiveness of moisturizers in post-burn scar 

management, many studies have been conducted on various moisturizers, including water-based 

cream BP, wax and herbal oil creams, silicone creams, paraffin/oil/mineral oil products, and aloe vera 

gels, and scar formation, skin decomposition, and water loss have been confirmed [30]. However, 

studies conducted to date have not identified the optimal moisturizer for managing post-burn scar. 

This consistency emphasizes the complexity of scar healing and the multifactorial nature of scar 

assessment [31]. 

RE:pair formula consists of arginine and glutamate, and some studies have already reported that 

these two components are effective in wound improvement and healing. Arginine is a semi-essential 
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amino acid in human protein biosynthesis and is metabolized by arginase I or nitric oxide synthase 

II (NOS II) and is known to play an important role in cell division, collagen synthesis, wound healing, 

and skin immunity [32]. Among them, L-arginine has been effective in the treatment of severe skin 

wounds such as scars caused by post-burns and ultraviolet (UV)-induced erythema in previous 

reports [33]. One study concluded that L-arginine was more effective in reducing T helper 1 cells 

(Th1) cytokine release and increasing Th2 cytokine production in the infection phase of severe burns 

[34]. Glutamate, a transitional form of glutamine by glutaminase (glutamate-degrading enzyme), is 

known as an amino acid involved in the central nervous system and plays an important role in the 

growth of keratinocytes and fibroblasts [35, 36]. Like L-arginine, glutamate is known to be effective 

in treating post-burn injury [37]. Despite these advantages, glutamate has a low solubility in water 

[7.5 g/L (20 °C)], making it difficult to include it in high concentrations in cosmetics and moisture 

ointments. This formula overcomes the limitations by creating an emollient with ion pair of arginine 

and glutamate and increasing the skin permeability of both amino acids [19].  

Since the moisturizer used in this study incorporates various cosmetic mechanisms alongside 

the active ingredients, it remains unclear whether the efficacy ingredients specifically contributed to 

improving skin barrier function and alleviating burn-induced itching. Moving forward, future 

research endeavors could explore the extended benefits of arginine glutamate ion pair over more 

extended periods and consider a more extensive, diverse patient population. Additionally, 

investigating the underlying mechanisms and potential synergies with other scar management 

modalities may offer a more comprehensive understanding of the product's therapeutic effects. 

5. Conclusions 

Arginine and glutamate were highlighted as beneficial ingredients for wound healing and skin 

health, with prior studies supporting their effectiveness. This study aimed to assess the quality, 

clinical efficacy, and satisfaction regarding scars in patients with partial-thickness (2nd-degree) burns 

who were treated in the acute phase of burns using an emollient containing arginine glutamate ion 

pair. The study aimed to improve scar quality, clinical efficacy, and patient satisfaction in second-

degree burn patients. Although the degree of post-burn scar in the experimental participants was 

“mild or severe”, the Numerical Rating Scale (NRS) for itching score was significantly reduced in 

some itching patients compared to the beginning by applying cosmetic formulations with arginine 

and glutamate ion pairs (named as RE:pair). While there was the Vancouver Scar Scale (VSS) score 

decreased, the reduction did not reach statistical significance due to the limitation of the post-burn 

scar properites evaluation of VSS. Patient satisfaction with the application area was high, with all 

participants rating it as "excellent." Future research directions include exploring long-term effects, 

diverse patient populations, underlying mechanisms, and potential synergies with other scar 

management approaches. 
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