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CSP0510 Lotion as a Novel Moisturizer Containing 
Citric Acid and Trisodium Phosphate Relieves Objective 
and Subjective Symptoms of Atopic Dermatitis 

Ho-June Lee, Nam-Woong Yang1, Jee-Young Choi, Jee-Bum Lee, Seung-Chul Lee

Department of Dermatology, Chonnam National University Medical School, 1Department of Microbiology, School of Medicine, Chosun 
University, Gwangju, Korea

Background: Moisturizers with anti-inflammatory or an-
ti-itch activity should be developed for the safe and effective 
management of atopic dermatitis (AD). Objective: This study 
evaluated the efficacy of a newly developed moisturizer, 
CSP0510 lotion (Twolines Inc., Korea), containing citric acid 
(CA) and trisodium phosphate (TSP) as active ingredients, in 
mild to moderate AD. Methods and Results: CSP0510 lotion 
applied twice daily for 4 weeks to eczematous lesions im-
proved objective and subjective (itch) symptoms of AD. The 
physician’s global assessment (PGA) score for objective 
symptoms decreased from 2.5±0.6 before application to 
1.3±0.5 after application in the CSP0510-treated group 
(n=42, p＜0.001). Also, the PGA score decreased from 
2.3±0.6 to 1.9±0.5 by vehicle-treated (without CA and TSP) 
control group (p=0.001), but there was no statistical differ-
ence between CSP0510-treated and vehicle-treated groups 
(p=0.089). The visual analogue scale score for itch de-
creased from 4.8±1.3 to 2.0±0.9 in the CSP0510-treated 
group (p＜0.001), and from 4.6±1.1 to 3.5±0.9 in the con-
trol group (p=0.075), showing a statistical significance be-
tween two groups (p=0.002). Our results in humans were 
further supported by in vitro and animal experiments. In 

HaCaT cells treated with compound 48/80 (7.5 μg/ml), 
CA:TSP (1:1, vol:vol) synergistically suppressed the com-
pound 48/80-induced upregulation of thymic stromal lym-
phopoietin, nerve grow factor, and calcitonin gene-related 
peptide. Application of CSP0510 to the dorsal skin of hairless 
mice for 3 weeks suppressed the oxazolone-induced allergic 
skin inflammation. Conclusion: In conclusion, CSP0510 lo-
tion has anti-itch and anti-inflammatory activity in the skin, 
which improves both objective and subjective symptoms of 
AD. (Ann Dermatol 28(3) 344∼351, 2016)
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INTRODUCTION

Atopic dermatitis (AD) is a chronic, relapsing, inflam-
matory skin disease that manifests with objective symp-
toms of eczematous skin lesions and subjective symptom 
of itch. It is a type of Th2-dominant immune response, es-
pecially in the acute stage of skin inflammation1. Cutaneous 
neurogenic inflammation (CNI), which is induced by the 
interaction between nervous system components and sev-
eral target cells in the skin, also plays an important role in 
allergic skin inflammation and the itch sensation in AD2-5. 
Neurotrophins (NTs), neuropeptides (NPs), chemokines, 
and cytokines have been proposed as candidate mole-
cules for CNI3.
Thymic stromal lymphopoietin (TSLP) has been implicated 
in linking responses between our bodies and the environ-
ment in keratinocytes, thereby mediating Th2-type allergic 
inflammation by activating myeloid dendritic cells and 

http://crossmark.crossref.org/dialog/?doi=10.5021/ad.2016.28.3.344&domain=pdf&date_stamp=2016-05-30


Development of a Novel Moisturizer for AD

Vol. 28, No. 3, 2016 345

mast cells6,7. In AD, TSLP is a crucial cytokine for induc-
ing early skin inflammation, indicating that TSLP could be 
a good biomarker for evaluating Th2-type allergic in-
flammation in AD. As one of the major NTs in the skin, 
expression levels in the horny layer of nerve growth factor 
(NGF) are well correlated with AD severity5,8. Calcitonin 
gene-related peptide (CGRP), a type of NP, can increase 
interleukin (IL)-13 production in peripheral blood mono-
nuclear cells from AD patients, suggesting that CGRP 
plays a role in modulating the Th2-type allergic in-
flammation in AD9. CGRP is a potent vasodilator that has 
been implicated in cutaneous thermal sensation or regu-
lation of normal skin, as well as in CNI in AD10,11. Hence, 
we selected TSLP, NGF, and CGRP as candidate bio-
markers for evaluating the objective and subjective symp-
toms of AD.
CSP0510 lotion (Twolines Inc., Gwangju, Korea) was de-
veloped as a novel moisturizer for AD to improve skin in-
flammation and AD-related itch. CSP0510 lotion is a 
non-steroidal multi-component moisturizer in the form of 
an oil-in-water emulsion, in which citric acid (CA) and tri-
sodium phosphate (TSP) were included as major 
ingredients. In relation to AD, CA was reported to have an-
tibacterial activity against Staphylococcus aureus and TSP 
to have antifungal activity against Pityrosporum species12. 
We evaluated the efficacy of CSP0510 lotion for improv-
ing objective and subjective skin symptoms in AD. To fur-
ther support the clinical studies, we tested the anti-in-
flammatory activity of CSP0510 lotion in the skin of ox-
azolone (OX)-treated hairless mice. OX acts as a hapten to 
induce allergic contact dermatitis, and repeated OX appli-
cation induces skin inflammation of Th2 dominance, mim-
icking human AD13. We also tested the anti-inflammatory 
activity of CA, TSP, and CA:TSP (1:1, vol:vol) in the com-
pound 48/80-treated HaCaT cells, a new, easy-to-use cell 
model of skin inflammation14.

MATERIALS AND METHODS
Development of CSP0510 lotion

CSP0510 lotion is a non-steroidal multi-component mois-
turizer, in which key ingredients are mixed together in the 
form of an oil-in-water emulsion. It is composed of the fol-
lowing ingredients: water, carbomer, glycerin, hydro-
genated olefin polymer, cyclomethicone, butylene glycol, 
polysorbate 60, stearyl alcohol, stearic acid, polyethylen 
glycol (PEG)-100 stearate, glyceryl stearates, dimethicone, 
polyacrylamide/C13∼14 isoparaffin/laureth-7, methylpar-
aben, propylparaben, and disodium EDTA. The lotion was 
manufactured to contain 0.5% CA and 1.0% TSP in sepa-
rate bottles to prevent chemical interaction between them 

during storage. AD patients were instructed to use the 
same volume of lotion from each bottle, and to mix them 
together in their palms just before application to the skin.

Clinical study in AD patients

Patients with mild to moderate AD were enrolled, and 
were randomly allocated to a CSP0510-treated group 
(n=42) and a control group (n=42). AD was diagnosed 
using the criteria of Hanifin and Rajka15. The control 
group was supplied with lotion without CA and TSP. We 
performed a double-blinded controlled study to evaluate 
the efficacy of the lotion. All of the participants were in-
structed not to take oral antihistamines or steroids, or top-
ical agents other than CSP0510 lotion or vehicle, during 
the experiments. This study was approved by the institu-
tional review board of Chonnam National University 
Hospital (CNUH-2013-081) (Fig. 1). All of participants 
were provided a written informed consent form to be en-
rolled for this study. A written accent form was provided 
to one primary caregiving patent of enrolled children un-
der 13-year-old. Patients were instructed to apply 
CSP0510 lotion with CA:TSP mixture (vol:vol=1:1, test 
group) or vehicle only (control group) to AD skin lesions 
twice per day for 4 weeks. The objective symptom of skin 
inflammation was scored using the Physician’s Global 
Assessment (PGA) at the first visit (before application), sec-
ond visit (after 2 weeks of application), and third visit 
(after 4 weeks of application). The degree of skin in-
flammation was scored as follows: 0=none; 1=minimal; 
2=mild; 3=moderate; and 4=severe. Patients were also 
asked to score the relative intensity of their itch sensation 
between 0 and 10 using a visual analog scale (VAS). 

MTT assay

Cell viability was assayed using the colorimetric 3-[4,5-di-
methylthiazol-2-yl]-2,5-diphenyltetrazoliumbromide (MTT) 
kit (Chemicon International Inc., Billerica, MA, USA) ac-
cording to the manufacturer’s instructions.

Compound 48/80-treated HaCaT cells: a cell model for 
allergic skin inflammation

We developed and applied a new, easy-to-use cell model 
to test allergic skin inflammation; compound 48/80 in-
duces the upregulation of cyclooxygenase-2 via NF-κB 
activation14. Briefly, HaCaT cells were cultured to a 
sub-confluent state in Dulbecco’s Modified Eagle’s 
Medium supplemented with 10% fetal bovine serum and 
antibiotics, and were then treated with compound 48/80 
in the presence or absence of CA (0.1 or 0.5 mM), TSP 
(0.1 or 0.5 mM), and CA:TSP (1:1, vol:vol) for 6 hours 
(TSLP) or 24 hours (NGF and CGRP). A polymerase chain 
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Fig. 1. The Consolidated Standards of Reporting Trials (CONSORT)-type flow chart of study population. AD: atopic dermatitis, CSP0510 
lotion: Twolines Inc., Gwangju, Korea.

reaction (PCR) pre-mixture kit (ELPIS, Daejeon, Korea) was 
used for reverse transcriptase-PCR. PCR reactions were 
performed with the following primers: human NGF 
(forward: 5’-catacaggcggaaccacact-3’, reverse: 5’-gaattcg-
cccctgtggaaga-3’); human TSLP (forward: 5’-acaacttgtagg-
gctggtgtt-3’ ; reverse : 5’-tggcgaacatttctttggcg-3’); human 
CGRP (forward: 5’-ctgccacctgtgtgactcat-3’ ; reverse : 5’-aa-
ggctttggaacccacattg-3’), and human glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH) (forward: 5’-gtcttcacca-
ccatggagaaggc-3’, reverse: 5’-cggaaggccatgccagtgagctt-3’). 
Annealing temperatures were as followed: 56oC for hu-
man TSLP; 60oC for human GAPDH; and 61oC for human 
NGF and CGRP. Expression levels were normalized to the 
level of an endogenous control (GAPDH). 

OX-treated hairless mice: an animal model for allergic 
skin inflammation 

Hairless mice were purchased from Orient Bio (Daejeon, 
Korea). Animal experiments were approved by the Animal 

Care and Use Committee of Chonnam National University 
Hospital, Gwangju, Korea. The mice (female, 10 weeks 
old) were fed normal food and tap water, and raised in an 
individually ventilated cage rack system. As previously de-
scribed, skin inflammation was induced by sensitization 
with 5% OX three times in the first week, followed by 
challenge with 0.5% OX three times per week (every oth-
er day) for the following 4 weeks13. From the third week, 
CSP0510 lotion was applied to the dorsal skin of mice 
three times a week for 3 weeks. For control mice, 
CSP0510l vehicle, which did not contain CA:TSP mixture, 
was applied with the same schedule as that for the test 
group. The degree of skin inflammation was scored as fol-
lows: 0=none; 1=minimal; 2=mild; 3=moderate; and 
4=severe.

Statistical analysis

Frequency analysis and descriptive statistical analysis were 
used for analyzing the distribution of data, the averages 
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Fig. 2. Efficacy of CSP0510 lotion (Twolines Inc., Gwangju, Korea) for treating objective and subjective symptoms in atopic dermatitis 
(AD) patients. AD patients were randomized into test (n=42) and control (n=42) groups, and skin inflammation (an objective symptom) 
and itch (a subjective symptom) were scored using the physician’s global assessment (PGA) and visual analog scale (VAS), respectively, 
at the first visit (before application), second visit (after 2 weeks of application), and third visit (after 4 weeks of application). (A) 
Time-course changes of PGA score in the CSP0510- and vehicle-treated (control) groups. (B) Time-course changes of VAS score in 
the CSP0510- and vehicle-treated (control) groups. Data represent the mean±standard deviation. NS: not significant. 

and the standard deviations, etc. Wilcoxon signed rank 
test was performed to compare before and after the stud-
ies, and Mann-Whitney U test was used for comparing 
groups at each time. SPSS ver. 22.0 (SPSS Inc., Chicago, IL, 
USA) was used to analyze the data with p-values of ＜0.05 
to be the statistically significant.

RESULTS
CSP0510 lotion improves objective and subjective 
symptoms in AD patients

The mean age of patients was 17.6±2.5 years in the test 
group (n=42, male:female=1.2:1) and 18.5±3.6 years in 
the control group (n=42, male:female=1.1:1). Mean ec-
zema area and severity index (EASI) score was 12.4±4.9 
in the test group and 11.8±3.8 in the test group (no sig-
nificant difference between the two groups). Objective 
symptom of skin inflammation was evaluated at each visit 
by the PGA. In the test group (n=42), mean PGA score 
decreased from 2.5±0.6 at the start (first visit) to 1.3±0.5 
after 4 weeks of application (third visit) (p＜0.001). In the 
control group (n=42), mean PGA score was 2.3±0.6 at 
the start and 1.9±0.5 after 4 weeks of application (p=0.001). 
The PGA score of tested group was lower than that of con-
trol group, but there was no statistical significance in PGA 
scores between two groups after four weeks of application 
(p=0.089, Fig. 2A). The mean VAS score in the test group 
decreased from 4.8±1.3 at the start (first visit) to 2.0±0.9 
after 4 weeks of application (third visit) (p＜0.001, Fig. 
2B). In contrast, the mean VAS score in the control group 
decreased from 4.6±1.1 at the start to 3.5±0.9 after 4 

weeks of application (p=0.075). The difference between 
the two groups after four weeks of application was statisti-
cally significant (p=0.002). Onset and duration of the an-
ti-itch activity was 18.2±5.5 minutes and 205±9.5 mi-
nutes, respectively. After CSP0510 application, 85.7% 
(36/42) of the CSP0510-treated group responded “Yes” to 
our question “Would you recommend CSP0510 lotion to 
other AD patients?” 

Side effect of CSP0510 lotion in AD patients

The 26.2% (11/42) of the test group complained of a tran-
sient burning sensation, compared to 5.5% (4/42) of the 
control group (p=0.001). However, all of participants did 
not stop using the lotion due to major adverse reactions. 

CA and TSP suppress skin inflammation in compound 
48/80-treated HaCaT cells

As described before, compound 48/80-treated HaCaT 
cells were used as a cell model for skin inflammation14. In 
our preliminary experiments for cell viability, up to 12.8 
μg/ml of compound 48/80 (A), 2.0 mM of TSP (B), and 
5.0 mM of CA (C) were optimal, non-toxic concentrations 
for use in HeCaT cells (Fig. 3). 
In this study, HaCaT cells were treated with 0.1∼0.5 mM 
of TSA or CA. From our results that TSLP, NGF, and CGRP 
were up-regulated dose-dependently by 1∼10 μg/ml of 
compound 48/80, the following experiments were per-
formed with a concentration of 7.5 μg/ml of compound 
48/80 in treating HaCaT cells (Fig. 4). 
In compound 48/80-treated HaCaT cells, the compound 
48/80-induced expression levels of tested biomarkers 
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Fig. 3. MTT assay for cell viability. The MTT assay was 
conducted in order to assess the cytotoxic activity of (A) 
compound 48/80 (0.1∼100 μg/ml), (B) trisodium phosphate 
(TSP) (0.25∼5.0 mM), and (C) citric acid (CA) (0.25∼5.0 
mM), respectively. 

were suppressed by TSP (01 or 0.5 mM) or CA (0.1 or 0.5 
mM) treatment. There was a statistical significance be-
tween compound 48/80-treated sample (control, 2nd lane) 
and compound 48/80, TSP-treated (3rd, 4th lanes) or com-
pound 48/80, CA-treated (5th, 6th lanes) samples (p＜0.001) 
(Fig. 5). Interesting, there was a synergistic effect by com-
bining CA and TSP (1:1, vol:vol), showing a significant dif-
ference between CA:TSP-treated samples (7th, 8th lanes) 
and TSP- or CA-treated samples as a single agent (p
＜0.001). However, there was no dose-dependency be-
tween 0.1 mM- and 0.5 mM-treated samples in the sup-
pressive activities of TSP or CA.

CSP0510 lotion suppresses allergic skin inflammation 
in OX-treated hairless mice

In the dorsal skin of OX-treated hairless mice, the PGA 
score increased from 0 (before OX application) to 3.6±1.35 
after 5 weeks of OX application (n=5). The PGA score in 
OX-treated, CSP0510-treated mice (n=5) after 3 weeks of 
application was 2.1±0.85. The corresponding PGA score 
in OX-treated, vehicle-treated mice (n=5) was 2.8±1.20. 
The difference between the CSP0510 and control groups 

was statistically significant (p=0.002) (Fig. 6).

DISCUSSION 

CSP0510 lotion was developed as a moisturizer contain-
ing two major ingredients of CA and TSP. Based on this 
study, we believe that CSP0510 lotion might be a novel 
moisturizer with therapeutic potential to relieve itch and 
skin inflammation in mild to moderate AD patients. 
Among anti-inflammatory and anti-itch activity of the lo-
tion, CS0510 is revealed to be more satisfactory in an-
ti-itch activity. Our result that the PGA score also de-
creased in the control group suggests that vehicle only can 
exert anti-inflammatory activity due to the action of in-
gredients in the lotion, but CA:TSP mixture has additive ef-
fect to enhance anti-inflammatory activity of lotion. 
CA and TSP were reported to have antimicrobial activity 
against S. aureus and Pityrosporum species12. In the pres-
ent study, we found that CA and TSP have a novel func-
tion of anti-itch and anti-inflammation in the skin, espe-
cially in AD patients. CA is found in various fruits, espe-
cially oranges, and is also found in the human body16. TSP 
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Fig. 5. Effect of citric acid (CA) and trisodium phosphate (TSP) 
on expression levels of thymic stromal lymphopoietin (TSLP), 
nerve growth factor (NGF), and calcitonin gene-related peptide 
(CGRP) in compound 48/80-treated HaCaT cells. (A) HaCaT cells 
were treated with TSP or CA or CA:TSP (1:1, vol:vol), and cells 
were harvested at designated time-points after treatment for 
reverse transcriptase- polymerase chain reaction (RT-PCR) 
experiments. Expression levels of TSLP were checked at 6 hours 
after compound 48/80 treatment, and those of NGF and CGRP 
were checked at 24 hours after compound 48/80 treatment. First 
lane represents the negative control samples, which were not 
treated with compound 48/80 and CA or TSP. Second land 
represents the positive control samples, which were treated only 
with compound 48/80 (7.5 μg/ml). (B) Data represent the 
mean±standard deviation of three independent experiments 
after densitometric analysis for positive bands of (A). *p＜0.01 
between the compound 48/80, TSP-treated and the compound 
48/80, CA:TSP-treated samples. *p＜0.01 between the compound 
48/80, CA-treated and the compound 48/80, CA:TSP-treated 
samples.

Fig. 4. Determination of the optimal dose of compound 48/80 
in studying biomarkers for cutaneous neurogenic inflammation 
(CNI). (A) Reverse transcriptase- polymerase chain reaction 
(RT-PCR) experiments for thymic stromal lymphopoietin (TSLP), 
nerve growth factor (NGF), and calcitonin gene-related peptide 
(CGRP), biomarkers for CNI, were performed as described in the 
MATERIALS AND METHODS. HaCaT cells were treated with 
different doses of compound 48/80 (1∼10 μg/ml) to find out 
the optimal dose of compound 48/80 in following experiments. 
(B) Densitometric analysis on the relative density of tested 
biomarkers are depicted. This picture represents three repetitive 
experiments of RT-PCR. 

is extensively used in formulations for a variety of soaps 
and detergents. It is used as cleaning agent, lubricant, food 
additive, stain remover, and degreaser17. CA and TSP were 
known to be safe for our bodies, including the skin. 
Originally, CA and TSP were expected to have anti-AD ac-
tivity via their anti-microbial activities, but this study dem-
onstrates that CA:TSP mixture synergistically exerts anti-in-
flammatory activity against Th2-type allergic inflammation 
in the skin. Consistently, CA was reported to have anti-al-
lergic inflammatory activity in the skin of OX-treated hair-
less mice18. In their experiments, CA containing cream 
(pH 2.8) had anti-AD activity to decrease transepidermal 
water loss (TEWL) and to increase skin hydration in OX-in-
duced skin inflammation. Lactic acid was also reported to 
have a similar activity to reduce skin inflammation and 
itch sensation in AD and non-AD patients with dry itchy 
skin19,20. In together, the topical agents containing weak 

acids are expected to have anti-inflammatory and anti-itch 
activity in AD patients. At the same time, moisturizers 
containing acidic components might to have a potential to 
irritate the skin including burning sensation in sensitive AD 
patients21. Further studies should be focused to detect the 
ideal formulation of acids-containing moisturizers, which 
can exert strong anti-inflammatory and anti-itch activity 
without skin irritation. 
Studies have demonstrated that CNI is a key mechanism 
for skin inflammation and itch in the pathogenesis of 
AD2-5. In this study, we found that CA or TSP had in-
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Fig. 6. Effect of CSP0510 lotion 
(Twolines Inc., Gwangju, Korea) 
on oxazolone-induced skin inflam-
mation in hairless mice. (A) Non- 
treated mouse, (B) oxazolone (OX)- 
treated mouse, (C) OX-treated, 
vehicle-applied mouse (control) and 
(D) OX-treated, CSP0510-applied 
mouse. The results shown are repre-
sentative of five mice in each 
group.

hibitory activity against compound 48/80-induced TSLP, 
NGF, and CGRP expression in HaCaT cells. Furthermore, 
there is a synergistic effect of CA and TSP by combining 
together in their suppressive activities against CNI. Anti-in-
flammatory activity of CA:TSP mixture was also identified 
in OX-induced skin inflammation in hairless mice and skin 
inflammation in AD patients in vivo. 
Moisturizers are evolving as cosmeceuticals, which have 
more sophisticated functions, including therapeutic poten-
tial as drugs. Common ingredients of moisturizers with po-
tential biological activities are α-hydroxy acids (AHAs), 
β-hydroxy acids (BHAs), retinoic acid, vitamins, and an-
tioxidants22. As functional ingredients of moisturizers, 
AHAs have been widely used to improve dry skin as hu-
mectants, and also for hyperkeratotic skin as keratolytic 
agents23. Lactic acid, a monocarboxylic acid AHA, has 
been widely used to relieve itch as an ingredient of mois-
turizers for AD patients19. In the present study, we found 
that CA, a tricarboxylic acid AHA, also have a potential to 
inhibit CNI. Considering that itch relief might be an im-

portant goal of AD treatment, development of topical an-
ti-itch agents with long-term safety such as functional 
moisturizers is of significant importance. 
Taken together, our results indicate that AHAs including 
CA are important ingredients of moisturizers that improve 
subjective and objective symptoms of AD. In a prelimi-
nary study to compare efficacy of two moisturizers, CSP0510 
lotion was found to be superior to Atopiclair (Sinclair 
Phrama Sr1, Milan, Italy); 73.1% of patients were satisfied 
with CSP0510 and 26.9% were satisfied with Atopiclair 
(n=26, unpublished data). Further multi-center, random-
ized, double-blinded studies of CSP0510 lotion are war-
ranted to confirm our results. 
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