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Abstract: The aim of this study was to assess the effect of 2% bis-ethylhexyl hydroxydimethoxy 

benzylmalonate (HDBM; RonaCare® AP) as an active ingredient in the treatment of oily and 

blemished skin. This study was carried out as a randomized, placebo-controlled, single-blind 

study on 44 test subjects with blemished skin over a period of 8 weeks. Sebum measurement, skin 

inflammation/redness scoring by an expert, photographic documentation and a self-assessment 

with regard to skin improvement, and tests of skin compatibility and galenic characteristics were 

performed. Treatment with 2% HDBM resulted in a significant reduction of sebum excretion 

and showed efficacy against inflamed/red lesions also shown by photographic documentation. 

Efficacy and galenic performance of 2% HDBM were judged to be superior to the placebo 

emulsion. Additionally, 2% HDBM was well tolerated; approximately 80% of the test subjects 

rated the compatibility as good to very good.

Keywords: oily and blemished skin, sebum excretion, antiseborrheic, anti-inflammatory, 

bis-ethylhexyl hydroxydimethoxy benzylmalonate (HDBM)

Introduction
Blemished skin is the most common skin condition worldwide and commonly affects 

the face (forehead, cheek, and chin), chest, and back, where sebaceous gland hair 

follicles are mostly found. Due to hormonal changes approximately 90% of teenag-

ers and young adults experience some form of blemished skin, with more boys than 

girls being affected.1 Peak incidence is between 14–17 years of age for females and 

between 16–19 years of age for males.2 However, after puberty blemished skin gradu-

ally declines with age. The blemished skin or pre–acne is primarily characterized by 

open (blackhead) or closed (whitehead) comedones as well as shiny or irritated skin 

areas, whereas acne shows comedones, pimples, papules, and pustules. The sine qua 

non of providing a suitable treatment for blemish-prone skin is the knowledge of its 

pathogenesis. Skin tending to blemishes is understood as a complex condition in which 

the skin is subject to multiple pathogenic alterations. The four key pathogenic factors 

leading to moist, oily skin, to pre–acne, and potentially to acne are follicular epithelial 

hyperproliferation and hyperkeratinization of the follicular duct, excess sebum,3–6 and 

release of inflammatory mediators and bacterial colonization of the hair follicle by 

Propionibacterium acnes. Furthermore, genetics7 and extrinsic factors like medications, 

stress,8 and products used on the skin9 are also responsible for blemished skin.

Sebum, consisting of triglyceride, fatty acids, wax esters, squalene, and cholesterol, 

is thought to play the major role in blemished skin. In particular, the peroxidation of 

squalene has been shown to be involved in the initiation and development of acne lesions.10 
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Squalene, one of  the major sebum lipids of  human skin surface 

is prone to oxidative attack by pollutants and sun exposure. 

The peroxidation process resulting in the formation of squalene 

monohydroperoxide could be mainly attributed to aggression by 

singlet oxygen.11 Thus, the protection of the sebum components 

from oxidizing appears to be a possible strategy to inhibit one 

of the sources of acne emergence. More specifically, the use 

of effective singlet oxygen quenchers could be particularly 

relevant to support this purpose.

Based on these facts, bis-ethylhexyl hydroxydimethoxy 

benzylmalonate (HDBM) with its powerful antioxidant activ-

ity as demonstrated in several antioxidant tests,12 might be a 

promising candidate in the treatment of blemished skin. With 

four hydrogen equivalents per molecule, it displays a great 

reducing power, being able to scavenge free radicals as well 

as other reactive species generated by UV irradiation.13 Its 

oxidized counterpart, HDBMox, also works as a singlet oxy-

gen quencher14 so that with the tandem of HDBM-HDBMox, 

a dynamic and long-lasting antioxidative protection is built 

up. The outstanding broadband antioxidative properties of 

HDBM suggest that HDBM may exhibit a protecting effect 

on sebum squalene. As a result, the pro-inflammatory activity 

of squalene oxidation products would be inhibited. This, in 

turn, would improve the overall appearance of skin tending 

to acne.

Thus, the objective of the present study is to evaluate 

the topical impact of HDBM on conditions connected to 

blemished skin, especially its ability to reduce skin oiliness 

and skin inflammation/redness.

Materials and methods
Test products
The test products involve a placebo emulsion and a verum 

emulsion with 2% HDBM. The oil in water emulsions were 

produced according to the following procedure with the 

ingredients listed in Table 1.

The first step of this cold processing is the preparation of 

phase A. Phase B was added to phase A and the batch was 

stirred until homogeneous. Phase C was combined and intro-

duced to A/B while stirring. The emulsion was homogenized. 

Finally, the perfuming oil was added while stirring.

Single controlled patch test to determine 
dermal toxicity
The tested substances (placebo and verum emulsion) were 

applied to the back of 50 adult test subjects. The test group 

was composed of one third of test subjects with sensitive 

skin, one third of atopic test subjects and one third of test 

subjects with normal skin. The quantity of the applied test 

substance was approximately 2 mg, placed on an 8 mm diam-

eter test patch (Curatest®, Lohmann and Rauscher, Neuwied, 

Rhineland-Palatinate, Germany). After 48 hours, the test patch 

was removed and the effect on the skin was assessed after 

approximately 15–20 minutes. Further readings of possible 

skin reactions were taken 72  hours and 96 hours after the 

test patch application. The visual assessment was based on 

the following evaluation score: 0 = no reaction, ± = doubtful 

erythema, + = clearly visible erythema, ++ = strong erythema 

and/or papules, +++ = strong erythema plus dense papules and/

or vesicles, ++++ = strong erythema plus bulla or necrosis.

Study design
The study was carried out as a randomized, placebo con-

trolled, single-blind study on 44 test subjects of both sexes, 

15–28 years of age (Table  2). The subjects were selected 

according to the inclusion criteria, which were oily or com-

bined type of skin with a sebum level of 75–100 µg/cm2 

and a skin inflammation/redness score of at least 2 or with 

Table 1 O/W test emulsions placebo vs verum

Phase Ingredients (INCI) Placebo Verum

[%] [%]

A Bis-ethylhexyl hydroxydimethoxy benzylmalonate 0.00 2.00
Cyclopentasiloxane, 
cyclohexasiloxane

5.00 5.00

Diisopropyl adipate 7.00 7.00
Paraffinum liquidum (mineral oil) 2.00 2.00
Phenoxyethanol, ethylhexyl glycerin 1.00 1.00

B Polysorbate 20, polyacrylate 13, polyisobutene 1.50 1.50
C Aqua (water) 80.35 78.35

Disodium edta 0.05 0.05
Glycerin 3.00 3.00

D Parfume 0.10 0.10
100.00 100.00

Abbreviation: O/W, oil in water.
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sebum levels over 100 µg/cm2 on the forehead and a skin 

inflammation/redness score of at least one. Exclusion criteria 

were medications which affect the skin response such as 

antibiotics and anti-inflammatory medications and the regular 

use of sun beds. The subjects read the information sheets and 

signed the informed consent prior to study participation and 

promised not to use any other acne treatment products and 

to maintain their skin cleansing habits. The study design for 

non-invasive surveys was approved by the Ethics Committee 

of the University of Witten-Herdecke, Germany.

The test subjects applied the emulsion twice a day – in the 

morning and evening. The duration of the study was 8 weeks. 

The effectiveness of 2% HDBM was evaluated at baseline, 

after 4 weeks as a midpoint evaluation, and after 8 weeks of 

use by the investigator and by the test subjects themselves 

through a self-evaluation.

Application and compatibility test
For the assessment of the test product, the test subjects evalu-

ated the galenic cosmetic acceptance, skin compatibility, and 

efficacy. All parameters were rated on a 6-point scale, where 

1 denotes the highest grade and 6 the lowest. Finally, a mean 

score value of all parameters was calculated to state the overall 

cosmetic appearance. Clinical side effects like redness, swelling, 

desquamation, and pimples, and sensory effects like burning, 

tense feeling, and itching were recorded by the test subjects. 

The intensity of the side effects was rated on a scale from one to 

five: 0 = no reaction, 1 = very slight reaction, 2 = slight reaction, 

3 = moderate reaction, 4 = intense reaction, 5 = very intense 

reaction. In addition, the duration of side effects was recorded.

Efficacy tests
The sebum level on the forehead was measured using Sebu-

meter® SM815 (Courage and Khazaka, Electronic GmbH, 

Cologne, NRW, Germany). This method is based on grease-

spot photometry. Measured values are given in  µg/cm2. 

All subjects were required to complete a 30 minute acclimation 

period (22°C, 40% relative humidity). The values recorded 

were means of three measurements.

To determine the skin inflammation/redness a subjective 

visual evaluation of each test subject was done by an expert 

according to the following scale: 0 = no irritation, 1 = slight 

irritation, 2 = moderate irritation, 3 = intense irritation.

To objectively measure the responsiveness to the treat-

ment of oily and blemished skin photographic documenta-

tion was used. Color photographs of the front, left-side, and 

right-side of the face were taken using the Fotofinder medi-

scope (Fotofinder Systems GmbH, Bad Birnbach, Bavaria, 

Germany). The Fotofinder mediscope allows the taking of 

consistent photographs for a before and after comparison. 

DatInf® UVScan software (DatInf® GmbH, Tübingen, 

Bavaria, Germany) was used for the visualization of skin 

blemishes and skin irritations.

Statistical analysis
For all parameters pre–post differences were calculated and 

analyzed. Within the two groups (verum – placebo) each time 

point was compared to week 0 using the Wilcoxon signed-

rank test. The pre–post difference of the two groups was 

compared using the Wilcoxon signed-rank test. A P-value of 

P , 0.05 was considered as statistically significant.

Results
Patch test
None of the 50 test subjects showed a positive or doubtful 

reaction to the placebo or verum emulsion. In addition, no 

pre-existing sensitizations were observed.

Skin compatibility
No serious adverse events (AEs) were reported and none 

of the participating test subjects prematurely terminated 

the study because of adverse events. In the placebo group a 

total of 17 AEs were recorded by nine test subjects (40.9%). 

The AEs were burning, redness, itching, tense feeling of 

the skin, burning around the eyes, and in one case burning 

of eyes as well as watery eyes. Five of the participating test 

subjects experienced mostly continuous AEs of very mild to 

mild severity, whereas three test subjects complained about 

moderate AEs. A total of eleven AEs were recorded by five test 

subjects (22.73%) in the verum group. The AEs were burning, 

redness, and tense feeling of the skin, as well as burning and 

tense feeling around the eyes. AEs were mostly continuous 

and of mild severity. In the self-assessment the skin compat-

ibility was rated as very good to good in 77% of the verum 

group and in 50% of the placebo group (Figure 1).

Table 2 Sex, age, and skin type distribution of test subjects

Total Male Female

Number 44 15 29
Average age 19.9 19.5 20.3
Age limit 15–28 15–27 15–28
Skin typea

  Oily
  Combination 
Thereof
  Sensitive
  Atopic
  Both

 
13 
21 
 
6 
4 
5

 
3 
12 
 
1 
2 
2

 
10 
19 
 
5 
2 
3

Note: aSelf-assessment.
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Efficacy on sebum reduction
Increased sebum excretion has been well-known to play an 

important role in the development of acne. Thus, sebum 

level was determined before, during, and after a topical 

treatment with 2% HDBM or placebo. The baseline sebum 

level on the forehead ranged between 75–259 µg/cm² (mean 

value 161.77 µg/cm2) in the placebo group and between 

76–258 µg/cm2 (mean value 169.88 µg/cm2) in the verum 

group, indicating a normal to oily forehead skin of all test 

subjects. The mean sebum level after 4 weeks of treat-

ment with 2% HDBM declined significantly by 18.63% 

to 138.32 µg/cm2. Following 8 weeks of treatment, the 

sebum level was even more reduced by a total of 19.91% to 

136.14 µg/cm2. These decreases in sebum level were statisti-

cally significant with P-values ,0.01. In the placebo group 

the sebum level decreased slightly by 5.0% after 4 weeks and 

by 3.4% after 8 weeks, but was not statistically significant 

(Figure 2). Boxplots were used to give an overall picture of 

the test subjects’ pre–post sebum level difference distribution. 

As can be seen from Figure 3, there was a negative shift in the 

sebum level difference after 4 weeks (median = -33) as well 

as 8 weeks (median = -32) in the verum group. After 8 weeks, 

one test subject even showed a decrease of −160 µg/cm2 

(lower whisker) and only a few test subjects showed an 

increase in sebum level after 4 and 8 weeks with maximum 

values of 81 and 72 respectively (upper whisker). In the 

placebo group only a slight negative shift (sebum reduction) 

could be observed after 4 weeks (median = -6). Decrease 

and increase of sebum level were normally distributed with 

maximum and minimum values of -99 and +72 after 4 weeks 

and -82 and +55 after 8 weeks. The pre–post-difference 

comparison of the verum versus placebo group showed no 

difference in sebum level, neither at week 4 nor at week 8 

(Figure 3). Nevertheless, after treatment with 2% HDBM the 

sebum level was significantly reduced in the verum group 

and thus it helps to reduce sebum excretion.

Efficacy on inflammation/redness 
reduction
In addition to excess sebum excretion, inflammation plays 

another pathogenetic role in acne. For this reason, improve-

ments were assessed by comparing the inflammation and 

redness of the skin to observations made during the baseline 

visit by an expert.

The mean baseline inflammation/redness score was 1.95 in 

the verum group. After 4 weeks of treatment with 2% HDBM 

the inflammation/redness was improved by 9.2% to a score of 

1.77. Following 8 weeks of treatment, inflammation/redness 
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Figure 2 Sebum measurements (in µg/cm2) before, after 4 weeks and 8 weeks of 
treatment with verum or placebo.
Notes: Statistical differences in the sebum reduction between baseline and after 
4 weeks and 8 weeks of treatment are indicated (**P , 0.01, Wilcoxon signed-rank 
test). The bars indicate means ± SD for 22 test subjects.
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Figure 3 Boxplot graphic illustrating the difference (pre–post) of sebum level after 
4 weeks and 8 weeks of treatment compared to baseline.
Note: Median, upper and lower quartile, whiskers and suspected outliers (•) are 
illustrated.
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Figure 1 Subjects’ self-assessment of skin compatibility after 8 weeks of treatment 
with 2% HDBM emulsion or placebo.
Notes: Shown is percentage of test subjects who rated the skin compatibility of the 
product or placebo as very good to good.
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was further improved by a total of 25.64% to a score of 1.45. 

The decrease in inflammation/redness after 8 weeks was 

statistically significant with a P-value ,0.05. In the placebo 

group the mean baseline inflammation/redness score was 

1.55. No statistically significant changes in inflammation/

redness were observed after 4 or 8 weeks (Figure 4). The score 

difference after 4 weeks was almost identical in the verum 

and placebo group with a median of 0 and a distribution that 

was negatively skewed. However, the score difference after 

8 weeks showed a clear negative shift in the verum group 

(median = −0.5) compared to the placebo group (median = 0). 

The parameter inflammation/redness showed a statistically 

significant pre–post-difference (P  =  0.0382) between the 

groups in favor of the verum group (Figure 5). The reduction 

of inflammation and redness of lesions can be seen clearly in 

the photos of Figure 6. Thus, HDBM helped to significantly 

reduce inflammation/redness.

Evaluation of efficacy by test subjects
The effectiveness of the 2% HDBM treatment for blem-

ished skin was also confirmed by a self-assessment of the 

test subjects. At the end point, 60% of the test subjects of 

the verum group agreed that their skin texture improved 

(mean score = 2.45) and skin oiliness was reduced (mean 

score = 2.41), 50% agreed their pimples were reduced (mean 

score = 2.59), 45% agreed that it prevented the formation of 

skin impurities and pimples (mean score = 2.72), 41% noted 

a reduction of their blackheads (mean score =  2.76), and 

32% noted a tightening of their pores (mean score = 2.81). 

Thus, the overall efficacy of the skin blemishes treatment 

was rated as very good or good by 45% (mean score = 2.55) 

of the test subjects. However, compared to the verum group, 

30%–55% fewer test subjects of the placebo group reported 

an improvement of their skin texture, a prevention of the 

formation of skin impurities and pimples, a reduction of 

blackheads, and a tightening of pores. Thus, the overall 

efficacy was rated as very good or good by only 31% (mean 

score = 2.95) of the test subjects (Figure 7). Thus, our findings 

from the 2% HDBM treatment indicate an important role in 

treatment of blemish-prone skin.

Test subjects’ view of cosmetic properties
In addition, the test subjects evaluated the cosmetic accep-

tance and had to judge whether they liked or disliked the 

galenic parameters. With an overall evaluation of 2.16 the 

test substance containing 2% HDBM showed a good level of 

acceptance. First the galenic parameters such as color, scent, 

consistency, and spreadability were given values between 

1.55 and 2.45. Further parameters such as penetration prop-

erties, and non-greasy and non-sticky characteristics of the 

emulsion were given values between 1.55 and 1.95. The 

consumption was praised as economical. The overall skin 

feeling was described as pleasant. In addition, caring and 

gentle effects were noticed. Packaging, dosage, and handling 

were given values between 1.59 and 2.0. All parameters 

except for moisturizing effect were rated lower by the placebo 

group (Figure 8).

Discussion
At least once in their life many people have experienced oily 

skin, especially as teenagers. Oily skin often has enlarged 
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Figure 4 Inflammation and redness score before, after 4 weeks and 8 weeks of 
treatment with verum or placebo.
Notes: Inflammation/redness was determined according to the following scale: 
0 = no irritation, 1 = slight irritation, 2 = moderate irritation, 3 = intense irritation. 
Statistical differences in the inflammation/redness score between baseline and 
after 4 weeks and 8 weeks of treatment are indicated (*P  ,  0.05, Wilcoxon 
signed-rank test). The bars indicate means ± SD for 22 test subjects.
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Figure 5 Boxplot graphic illustrating the difference (pre–post) of inflammation/
redness score after 4 weeks and 8 weeks of treatment compared to baseline.
Notes: Median, upper and lower quartile and whiskers are illustrated. Statistical 
significance in the pre–post difference of the two groups is indicated.
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pores15 and blemishes. In addition, a comparison of data 

from various acne treatment studies suggested a significant 

correlation of sebum and acne.16

The active substance HDBM showed a very good anti-

seborrheic efficacy. A reduction of almost 20% in sebum 

excretion was achieved after 8 weeks of treatment. However, 

the mechanisms behind this result are not yet understood and 

require further investigation.

In addition, HDBM is a strong antioxidant substance, 

which is capable of scavenging free radicals. Almost half 

a century ago Lorincz postulated the lipid peroxidation 

theory, conceding that squalene and other skin lipid oxida-

tion products play a central role in the induction of acne.17 

Over the years more and more evidence was found which 

supported this hypothesis and linked free radicals and skin 

inflammation. It was shown in animal experiments and in 

Before

4 weeks

8 weeks

Figure 6 Representative photographs of skin improvement of two test subjects taken before and after 4 weeks and 8 weeks of treatment with 2% HDBM are shown.
Notes: DatInf® UVScan/UV-Scan software was used for the visualization of skin blemishes and skin irritations (grey pictures).

Tightens pores

Reduces blackheads

Prevents formation of skin impurities and pimples

Reduces pimples and inflammations

Improves skin texture

Reduces skin oiliness

Overall efficacy

1.00.50.0 1.5 2.0

Score
2.5 3.0 3.5 4.0

Verum

Placebo

Figure 7 Subjects’ self-assessment of treatment efficacy after 8 weeks with 2% HDBM emulsion versus placebo.
Notes: Subjects rated each parameter on a 6-point scale: 1 = very good; 2 = good; 3 = fair; 4 = satisfactory; 5 = unsatisfactory; 6 = insufficient.
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humans that sebum, particularly squalene, had enhanced 

comedogenicity when oxidized.18,19 Thereby, the quantities 

of lipid peroxide in the content of comedones play an impor-

tant role in the progression of comedogenesis in patients 

with acne vulgaris.20 Furthermore, it has been shown that 

one of the major antioxidative components gluthathione 

(GSH) was significantly lower in the stratum corneum of 

acne patients21 and that the activity of both blood antioxida-

tive enzymes superoxide dismutase and GSH-Px were also 

significantly lower in patients with acne.22 Only a few studies 

have provided results on topical application of antioxidants 

in the treatment of acne vulgaris. For instance, Sodium 

L-ascorbyl-2-phosphate, a stable vitamin C derivate, has 

been shown to suppress sebum oxidation by up to 40% and 

at the same time has demonstrated efficacy in the treatment 

of acne vulgaris.23,24 Topical 2% green tea lotions and fuller-

ene, both agents with antioxidative activity, have shown an 

improvement of acne vulgaris.25–27 This research fits very 

well with our data, showing that HDBM, as a highly effective 

antioxidant significantly reduced redness and inflammation 

by 25%. These results strongly suggest that HDBM may 

have an effect on the suppression of the sebum oxidation. 

Thus, the efficacy of HDBM is based on two pillars: sebum 

reduction and skin inflammation/redness reduction probably 

by an antioxidative mechanism.

In both groups treatment with the emulsion (verum or 

placebo) was well tolerated with mean scores for total intol-

erance reported as mild in most cases. The most common 

adverse event experienced by the test subjects was burning 

skin in the verum group (22.7%) as well as in the placebo 

group (27.8%). Blemished skin is also prone to irritation. 

In order to prevent a worsening of the skin condition, the 

problem skin needs special care. Therefore, skin care products 

have to be mild with excellent skin compatibility, preventing 

skin irritation and dryness. In this study a model formula-

tion containing the active substance 2% HDBM was used to 

assess the efficacy. AEs reported in both groups suggest that 

the AEs are not due to the active substance but rather allow 

the conclusion that the formulation does not work optimally 

for sensitive skin. The focus of the present investigation 

Handling

Dosage

Packaging

Moisturizing

Calming

Gentle
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Overall skin sensation

Non-greasy

Non-sticky
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Consumption
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Color
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Figure 8 Subjects’ self-assessment of cosmetic acceptance after 8 weeks of treatment with 2% HDBM emulsion or placebo.
Notes: Subjects rated each parameter on a 6-point scale: 1 = very good; 2 = good; 3 = fair; 4 = satisfactory; 5 = unsatisfactory; 6 = insufficient.
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was not primarily on the development of an emulsion which 

has been optimized for sensitive skin. The emulsion matrix 

served more as a vehicle for the topical application of the 

active ingredient HDBM and to measure its effectiveness 

in vivo. However, the skin compatibility was assessed as far 

better by the verum group compared to the placebo group: a 

possible explanation for this could be the positive influence 

of the efficacy by the product. Approximately two thirds of 

the test subjects stated an improved skin texture and reduced 

skin oiliness and half of the test subjects reported a reduction 

of pimples and inflammation. The other self-assessed efficacy 

parameters did not score particularly well but still better than 

in the placebo group.

In conclusion, this study demonstrated that the active sub-

stance 2% HDBM has antiseborrheic and anti-inflammatory 

activities with minimal side effects and hence is helpful in 

stabilizing oily and blemished skin.
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