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Abstract

:

The use of sunscreen is the most effective way to minimize sun damage to the skin. Excessive UV exposure is linked to an increased risk of melanoma and accelerated skin aging. Currently, approved UV filters fall into two categories: chemical- or mineral-based filters. Besides approved filters, there are numerous SPF-boosting additives that can be added to sunscreen products to enhance their efficacy. This manuscript shows the potential application of the novel SPF booster, Bacillus Lysate, developed from Bacillus pumilus PTA-126909, which was derived from research aboard the International Space Station. The addition of the 3.5%, 7%, or 10% Bacillus Lysate resulted in a 33%, 29%, and 22% boost in the SPF values of an SPF 30 sunscreen, respectively. The potential use of extremophiles and their byproducts, like the Bacillus Lysate presented here, may be a promising alternative SPF booster for the sunscreen industry.
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1. Introduction


Skin cancer is the most diagnosed cancer in the world, and the incidence continues to increase year over year [1]. Sun exposure is generally highest for individuals under 21 years of age, with 25–50% of a person’s ultraviolet (UV) exposure occurring during childhood [2]. It is estimated that children receive three times the amount of annual UV exposure than adults [2]. Though the incidence of melanoma in childhood is rare, extended UV exposure during adolescence can lead to undesirable consequences later in life [3]. Therefore, it is imperative that sunscreen be used to minimize the acute and long-term effects of chronic UV exposure.



Sun exposure is necessary for the internal synthesis of Vitamin D; however, long-term non-shielded exposure can lead to premature aging, hyperpigmentation, accelerated wrinkle formation, chronic lesions, and melanoma [4,5,6,7]. There are three types of UV radiation experienced on Earth: UVC, UVB, and UVA. UVC radiation has a wavelength range between 100 and 280 nm and is considered shortwave UV radiation. This form of UV radiation is fully dispersed by the Earth’s ozone layer and does not make it down to the surface. It should be noted that this form of UV radiation is generated by germicidal lamps for surface and object decontamination [8]. Unlike UVC, both UVA and UVB wavelengths pass though the ozone layer and contact our skin. The medium wavelengths (280–320 nm) of UVB penetrate the epidermis of the skin and results in a series of adverse effects such as DNA damage, erythema, hypersensitization, sun burn, and increasing the risk of skin cancer [9,10,11]. The long wavelengths (320–400 nm) of UVA radiation penetrate much deeper than UVB. These wavelengths penetrate both the epidermis and dermis layers and are linked to accelerated skin aging [12,13]. These wavelengths generate reactive oxygen species (ROS) within the skin layers, which leads to accelerated wrinkle development and skin sagging [14,15]. One such mechanism, as seen in Figure 1, is by simultaneously cross-linking dermal collagen and inhibiting the synthesis of procollagen-1 by up-regulating metalloproteases (MMP) 1, 3, and 9 [14]. These proteases break down and suppress procollagen-1, leading to deleterious effects on skin elasticity and firmness [14,16]. High exposure to UVA has also been shown to promote skin cancer [17].



Various UV filters and sunscreen formulations have been developed to help shield our skin from harmful UV ray exposure. The Food and Drug Administration (FDA) first began regulating UV filter regulations in 1978, with the adoption of the Advanced Notice of Proposed Rulemaking, which approved the use of 21 UV filters for use in the United States. [18]. More recently, in February, the FDA recognized 22 UV filters as either Generally Recognized As Safe and Effective (GRASE, Category 1), Non-GRASE (Category 2), or Needs Further Evaluation (Category 3) [19]. Furthermore, an additional 20 filters were listed as Category 3 compounds and need to be submitted through the New Drug Application (NDA) process [18,19]. Unlike in Europe, UV filters are classified as drugs in the United States and therefore must undergo the same scrutiny as traditional drug therapies. Unfortunately, this has limited the amount of research and development for new UV filters for use in the United States since the time and cost for developing new drugs is substantial and highly regulated. The “race-to-the-bottom” price point for consumer care products, in both the supply side and consumer side, does not support the need for further innovation.



As a result, the industry has turned to UV filter boosters to enhance the sun protection factor (SPF) and differentiate their products on the marketplace. Boosters do not fall under the same guidelines as UV filters since they are not the main active ingredient responsible for UV protection. They generally fall under the same guidelines as traditional cosmetic ingredients, requiring safety and efficacy testing prior to International Nomenclature of Cosmetic Ingredients (INCI) and Chemical Abstract Service (CAS) number registration. Boosters have been created from a variety of sources, such as plants, algae, bacteria, fungi, lichens, fruits, and biomass [20,21,22,23,24,25,26]. Generally, the SPF-boosting capability comes from the production of pigments or phenolic compounds that can either block or absorb the sun’s UV energy. These compounds can either be innate to the organism or upregulated due to exposure to conditions that demand production from UV radiation, free-radicals, or environmental toxins [27,28,29,30,31,32].



Recently, a novel SPF booster has been derived from a strain of the extremely UV-resistant organism Bacillus pumilus SAFR-32. Originally isolated from an ultraclean spacecraft assembly facility, this organism’s spores were found to survive normally harmful UVC radiation exposure [33]. The organism was then sent to the International Space Station as part of a NASA Research Announcement Research Opportunities in Space and Earth Sciences (NRA ROSES) EXPOSE grant where the organism was placed outside of the International Space Station and exposed to various forms of space radiation for 18 months aboard the EXPOSE module [34,35,36,37]. When brought back down to Earth, the Bacillus pumilus SAFR-32 strain exhibited enhanced UV resistance. Through selective isolation, a specific strain of the organism, designated PTA-126909, was identified, and an extract of this organism was tested for its SPF-boosting capabilities.




2. Materials and Methods


2.1. Bacterial Strains and Culture Conditions


Stock cultures of Bacillus pumilus ATCC PTA-126909 were stored at −80 °C in tryptic soy broth (TSB; BD Diagnostic Systems, Cat# DF0064-07-6) containing 25% (v/v) glycerol (ThermoScientific, Cat# 17904). Monthly, frozen stock cultures were transferred to working cultures through plating on tryptic soy agar (TSA; BD Diagnostic Systems, Cat# DF0370-075) slants/plates and incubating at 37 °C for 24 h.



Periodically, working cultures were streaked to ensure purity. Cultures were incubated overnight in TSB at 37 °C on a rotary shaker set at 150 RPM. All cultures were diluted with TSB to the desired cell numbers.




2.2. Production of Bacillus Lysate


Working cultures were made by transferring 10 μL of Bacillus pumilus PTA-126909 stock culture to a test tube containing 9 mL of TSB. The inoculated tube was allowed to incubate at 37 °C for 18 h on a rotary shaker set to 150 RPM. Overnight growth (1 mL) was transferred to multiple Erlenmeyer flasks, each containing 200 mL of TSB. The flasks were incubated at 37 °C for 18 h on a rotary shaker set to 100 RPM. Following incubation, the flasks were autoclaved at 121 °C at 16 psi for 45 min. Once sterile, the contents from each flask were transferred to sterile 500 mL Oakridge centrifuge bottles (Corning, Cat# 13-701-109) and centrifuged (Sorvall Lynx 4000 Superspeed; F12-6x500LEX rotor) for 15 min at 6861 RPM (8000× g). The supernatant was decanted, and each pellet resuspended in 4 mL of sterile deionized water. The suspended pellets were pooled together and aliquoted (25 mL) into sterile 50 mL conical tubes (Falcon 352070, Cat# 14-432-22). Each conical tube was sonicated (FisherBrand Ultra Sonicator; Model FB120) with a CL-18 probe for 10 min with a pulse cycle time of 30 s at 80% amplitude setting. The sonicated samples were then pooled together and sterilized a second time with a 45 min autoclave cycle at 121 °C at 16 psi. The sterilized product was designated as Bacillus Lysate. The total protein concentration of the Bacillus Lysate was determined using the Pierce™ Coomassie Plus (Bradford) Assay Kit (Thermo Scientific, Waltham, MA, USA, Cat# 23236) following the manufacturer’s provided instructions. The Pierce™ Bovine Serum Albumin Standard Kit (Thermo Scientific, Cat# 23209) was used as the protein sample to generate the standard curve.




2.3. UV Absorption Profile


The UV absorption profile was obtained using a Molecular Devices SpectraMax Plus 384 microtiter plate reader equipped with SoftMax Pro analytical software (Molecular Devices, Version 5.46). Briefly, varying dilutions of the Bacillus Lysate (150 μL) were transferred to a NuncTM 96-well UV flat bottom microtiter plate (ThermoFisher Ref#8404) and scanned between 190 and 700 nm. Plots of the UV absorption profile were generated using GraphPad Prism Version 9.5.1 (GraphPad Software, La Jolla, CA, USA).




2.4. Formulation and Testing of Bacillus-Lysate-Formulated Chemical UV Filter Sunscreen


To determine the SPF boosting capability of the Bacillus Lysate, various percentages (3%, 7%, and 10%) were added to a SPF 30 sunscreen formulation. The sunscreen formulation and production process can be found in Table 1, Table 2, Table 3 and Table 4. In vivo SPF determination for each formulation was carried out following the International Standard—ISO 24444:2019 protocol [38]. The intrascapular area of the back to the right and left of the midline were used as test sites for SPF validation. Each test site was cleaned using a dry cotton pad and a 30 cm2 area was delineated using a gentian violet surgical marker. Care was taken to ensure that each site had uniform pigmentation, skin tone, and texture as well as the absence of warts, moles, nevi, scars, blemishes, and dermal lesions.



The complete protocol is described with the Internal Standard ISO 24444:2019 (Second edition 2019-12): Cosmetic–Sun Protection Test Methods—In vivo Determination of Sun Protection Factor (SPF). One unprotected site was used to determine a subject’s Minimal Erythemal Dose (MED), which was noted as the lowest erythemal effective radiant exposure that produced the first perceptible unambiguous erythema with defined borders appearing over >50% of the exposed site 16 to 24 h after UV exposure. A minimum of five progressive UV light doses were administered within each test site.



Test material and SPF standards were swirled with a glass rod prior to use and evenly applied using a spatula to the rectangular test site areas using a minimum of 30 cm2 for a final concentration of 2.0 ± 0.05 mg/cm2. The test material and reference sunscreen test sites were randomly distributed on the back of each subject to reduce error arising from anatomical differences in skin. Evenness of application was verified through observation using a Wood’s Lamp, and the space between each test site was >1 cm.



Following application, the test sites were exposed to a series of progressive UV doses (minimum of five) based on the determined MED values for each subject. Lamp irradiance was monitored continuously during UV exposure. Post exposure (16–24 h), subjects were evaluated for delayed erythemal responses in a double-blind manner.




2.5. Determination of Protein Concentration


The protein concentration of Bacillus Lysate was determined using a Coomassie Plus (Bradford) assay kit (Thermo Scientific, Cat# 23236) following the protocol provided by the manufacturer. Albumin standards (Thermo Scientific, Cat# 23209) were used to generate standard curves and were used in accordance with the protocol provided by the manufacturer.




2.6. Statistical Analysis


Statistical comparisons of determined SPF values of sunscreen formulations containing various concentrations of Bacillus Lysate were performed using an unpaired two-tail t test with a 95% confidence interval. All analyses were performed using GraphPad Prism version 10.0.1 for Apple (GraphPad Software, La Jolla, CA, USA).





3. Results


3.1. UV Absorption Profile and Protein Concentration of Bacillus Lysate


To determine the UV absorbing potential of the Bacillus Lysate, a spectral scan (280–700 nm) at varying concentrations (100%, 50%, 10%, and 1%) was measured and compared to that of oxybenzone (0.1 mg/mL). As seen in Figure 2, the Bacillus Lysate had significant absorbing properties between 200 and 400 nm for all concentrations ≥10%. The lysate outperformed oxybenzone in UVC, UVB, and UVA wavelength ranges at concentrations >1%, where 1% Bacillus Lysate had similar a UVB profile (Figure 2B) and an extended UVA profile (Figure 2C). The protein concentration of all samples can be found in Table 5.




3.2. SPF-Boosting Capability of Bacillus Lysate


The SPF-boosting capability of the Bacillus Lysate was determined by adding 3.5%, 7%, or 10% Bacillus Lysate to a base SPF 30 sunscreen formulation and testing the SPF of each formulation using a 3-person panel ISO 24444:2019 testing protocol. The results from the study can be found in Figure 3. The addition of 3.5% Bacillus Lysate significantly boosted the SPF value of the formulation by 33%, where the addition of 7% or 10% increased the SPF value by 29% and 22%, respectively. There was no significant difference in SPF boosting between the various Bacillus Lysate concentrations. It should be noted that one sample in the 7% and 10% Bacillus Lysate ISO24444:2019 assay was determined to have an SPF value of <19.8. This was deemed not valid, and that data point was not included, as denoted in Figure 3.





4. Discussion


Researchers have been studying extreme or adaptable microorganisms for functional components for decades, and their implementation for commercial, industrial, and medical applications is commonplace [39,40,41,42]. Small molecules, enzymes, and polymers are just a few examples of products that are often isolated from extremophiles [43,44,45,46]. A few extremophiles, such as Tardigrades and Deinococcus radiodurans, have been studied for UV-resistant genes and compounds [47,48,49,50]. The UV filter industry in the United States is a double-edged sword; the development of new UV filters is needed, but the pathway to get there is long and expensive. In the United States, sunscreens and UV filters are regulated as pharmaceuticals whereas in most other countries they are considered cosmetics. This strict regulation has stunted most UV filter innovation in the United States, which is evident by the limited number of approved UV filters on the market. The development and use of SPF boosters is a methodology used to enhance the efficacy of sunscreens without requiring FDA submissions. There are numerous boosters on the market that are well accepted by the sunscreen industry. These are often developed from plants and algae, giving companies and formulators options for new products. However, SPF boosters cannot be the main source of UV protection within a product, which is why they are added to synergistically work with approved UV filters. The Bacillus Lysate presented here is a promising alternative SPF booster for the sunscreen industry. A 3% addition of the lysate to an SPF 30 sunscreen significantly boosted the SPF value by 33%. The benefits from this can be seen in two ways: (1) the addition of the lysate increased the efficacy of the sunscreen without the addition of more UV filters, and (2) the addition of the lysate helps ensure that the SPF value of the sunscreen stays true to the advertised claims, with both views being beneficial for the consumer. A significant boost was also achieved with the addition of 7% Bacillus Lysate, but the boosting effect was less than the 3.5% Bacillus Lysate sample. The addition of 10% Bacillus Lysate did not result in a statistically significant boost in SPF value. Since the lysate is a complex mixture of organic material, high concentrations may result in unwanted interactions with the UV filters and/or formulation, resulting in decreased performance. There was no significant difference in performance between all tested Bacillus Lysate concentrations, suggesting that maximum performance can be achieved at the lowest concentration tested under these conditions.



Limitations of the current SPF testing protocols, including the ISO 24444:2019 testing protocol, should be highlighted. The current testing methods have performed well over the years for providing a relative sun protection factor value. However, discrepancies in testing results are known within the industry. The discrepancies are hard to correct since they are often linked to technique variation and artificial solar simulators. For example, erythema resulting from UV exposure is visually graded by laboratory technicians, which allows interpretation differences between technicians and between testing facilities [50,51]. The application of sunscreens to the backs of clinical subjects is another area where technician skill is important. If the application of sunscreen is inconsistent, the observed SPF values can shift dramatically [52]. This discrepancy was observed during this study as well. Testing of the 7% and 10% Bacillus Lysate yielded one test sample with a perceived SPF value < 19.8. Due to the inability to accurately quantify the value, the data points were deemed inadequate and were not included.



To further complicate things, there are concerns around the use of traditional UV filter chemistries. These concerns range from hormone disruption in children to bleaching of the coral reefs [53,54,55,56]. Using a booster like Bacillus Lysate may help limit the number of traditional chemistries needed for SPF performance and bring a certain ease of mind to consumers. Secondly, by ensuring the advertised SPF values of a sunscreen are at or above the claimed SPF value, Bacillus Lysate may help bring creditability and security to brands. Overall, any innovation that can enhance protection from UV exposure would be welcomed by the industry and consumers alike.
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Figure 1. The suppression/degradation mechanism of procollagen-1 from UVA exposure [14]. Briefly, UVA exposure activates mitogen-activated protein kinases (MAPK), which leads to the activation of the MMP promoter, nuclear transcription factor AP-1. This upregulates the expressions of MMP 1, 3, and 9 which in turn break down and inhabit collagen production within the skin matrix. 
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Figure 2. The UV absorbing profile of Bacillus Lysate between 200 and 700 nm (A) and highlight of UVB (B) and UVA (C) wavelength ranges. All plots were generated using triplicate technical replicates of averages of triplicate samples. 
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Figure 3. The SPF-boosting capability of the Bacillus Lysate at various concentrations using a 3-person ISO 24444:2019 testing protocol. Statistical analysis of the SPF values compared to the control was performed using an unpaired two-tailed t test with a 95% confidence interval. Statistical analysis between sunscreen samples was performed using a one-way ANOVA with a 95% confidence interval; *, a significant difference between samples; and ns, no significant difference between samples. 
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Table 1. SPF 30 sunscreen formulation.






Table 1. SPF 30 sunscreen formulation.





	
Phase A

	
Supplier

	
%WT






	
Octocrylene (PARSOL® 340)

	
DSM

	
5.000




	
Homosalate (PARSOL® HMS)

	
DSM

	
5.000




	
Ethylhexyl Salycilate (PARSOL® EHS)

	
DSM

	
5.000




	
Avobenzone (PARSOL® 1789)

	
DSM

	
3.000




	
Caprylic Capric Triglycerides

	
Protameen

	
5.000




	
Glyceryl Stearate (and) PEG-100 stearate

	
Protameen

	
3.000




	
Cetearyl alcohol (and) Ceteareth 20 (Procol L CS-20-D)

	
Protameen

	
3.000




	
Cetyl alcohol

	
Protameen

	
2.500




	
C15–19 Alkane (Emogreen L-19)

	
Seppic

	
4.500




	
Dimethicone (XIAMETER® PMX-200 Silicone Fluid 10 cSt)

	
Dow Chemicals

	
1.000




	
Phase B

	

	




	
Deionized water

	

	
51.100




	
EDTA (Protacide Na3 EDTA)

	
Protameen

	
0.100




	
Phenoxyethanol (and) Ethylhexylglycerin (Euxyl PE 9010)

	
Shulke

	
1.000




	
Carbomer (Carbopol® 940 Polymer)

	
Ess. Ingredients

	
0.200




	
Glycerin

	
Pride

	
3.000




	
Polysorbate 20

	
Protameen

	
1.500




	
Propanediol (Zemea)

	
Essential Ingreds

	
2.000




	
Polyglyceryl-4 Caprate (Tegosoft PC 41)

	
Evonik

	
0.500




	
Sodium Hyaluronate (and) water (Actique™ Hyal 1%)

	
Jarchem

	
1.500




	
Hydrolyzed Jojoba Esters (and) Water (Floraesters K-20 W)

	
Essential Ingreds

	
1.500




	
Phase C

	

	




	
Triethanolamine 99%

	
Jeen Internat.

	
0.500




	
Tocopherol clear

	
Jedwards

	
0.100




	
Procedure:

	




	
1—Heat phase A to 85 °C while stirring;




	
2—Heat phase B to 80 °C and add to phase A while stirring and homogenizing the emulsion;




	
3—Cool down the emulsion to 40 °C and add phase C.











 





Table 2. SPF 30 sunscreen formulation containing 3% Bacillus Lysate.
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Phase A

	
Supplier

	
%WT






	
Octocrylene (PARSOL® 340)

	
DSM

	
5.000




	
Homosalate (PARSOL® HMS)

	
DSM

	
5.000




	
Ethylhexyl Salycilate (PARSOL® EHS)

	
DSM

	
5.000




	
Avobenzone (PARSOL® 1789)

	
DSM

	
3.000




	
Caprylic Capric Triglycerides

	
Protameen

	
5.000




	
Glyceryl Stearate (and) PEG-100 stearate

	
Protameen

	
3.000




	
Cetearyl alcohol (and) Ceteareth 20 (Procol L CS-20-D)

	
Protameen

	
3.000




	
Cetyl alcohol

	
Protameen

	
2.500




	
C15–19 Alkane (Emogreen L-19)

	
Seppic

	
4.500




	
Dimethicone (XIAMETER® PMX-200 Silicone Fluid 10 cSt)

	
Dow Chemicals

	
1.000




	
Phase B

	

	




	
Deionized water

	

	
48.100




	
EDTA (Protacide Na3 EDTA)

	
Protameen

	
0.100




	
Phenoxyethanol (and) Ethylhexylglycerin (Euxyl PE 9010)

	
Shulke

	
1.000




	
Carbomer (Carbopol® 940 Polymer)

	
Ess. Ingredients

	
0.200




	
Glycerin

	
Pride

	
3.000




	
Polysorbate 20

	
Protameen

	
1.500




	
Propanediol (Zemea)

	
Essential Ingreds

	
2.000




	
Polyglyceryl-4 Caprate (Tegosoft PC 41)

	
Evonik

	
0.500




	
Sodium Hyaluronate (and) water (Actique™ Hyal 1%)

	
Jarchem

	
1.500




	
Hydrolyzed Jojoba Esters (and) Water (Floraesters K-20W)

	
Essential Ingreds

	
1.500




	
Phase C

	

	




	
Triethanolamine 99%

	
Jeen Internat.

	
0.500




	
Tocopherol clear

	
Jedwards

	
0.100




	
Phase D

	

	




	
Bacillus Lysate

	
Delavie Sciences

	
3.00




	
Procedure:

	




	
1—Heat phase A to 85 °C while stirring;




	
2—Heat phase B to 80 °C and add to phase A while stirring and homogenizing the emulsion;




	
3—Cool down the emulsion to 40 °C and add phase C;




	
4—Add phase D and homogenize.











 





Table 3. SPF 30 sunscreen formulation containing 7% Bacillus Lysate.
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Phase A

	
Supplier

	
%WT






	
Octocrylene (PARSOL® 340)

	
DSM

	
5.000




	
Homosalate (PARSOL® HMS)

	
DSM

	
5.000




	
Ethylhexyl Salycilate (PARSOL® EHS)

	
DSM

	
5.000




	
Avobenzone (PARSOL® 1789)

	
DSM

	
3.000




	
Caprylic Capric Triglycerides

	
Protameen

	
5.000




	
Glyceryl Stearate (and) PEG-100 stearate

	
Protameen

	
3.000




	
Cetearyl alcohol (and) Ceteareth 20 (Procol L CS-20-D)

	
Protameen

	
3.000




	
Cetyl alcohol

	
Protameen

	
2.500




	
C15–19 Alkane (Emogreen L-19)

	
Seppic

	
4.500




	
Dimethicone (XIAMETER® PMX-200 Silicone Fluid 10 cSt)

	
Dow Chemicals

	
1.000




	
Phase B

	

	




	
Deionized water

	

	
44.100




	
EDTA (Protacide Na3 EDTA)

	
Protameen

	
0.100




	
Phenoxyethanol (and) Ethylhexylglycerin (Euxyl PE 9010)

	
Shulke

	
1.000




	
Carbomer (Carbopol® 940 Polymer)

	
Ess. Ingredients

	
0.200




	
Glycerin

	
Pride

	
3.000




	
Polysorbate 20

	
Protameen

	
1.500




	
Propanediol (Zemea)

	
Essential Ingreds

	
2.000




	
Polyglyceryl-4 Caprate (Tegosoft PC 41)

	
Evonik

	
0.500




	
Sodium Hyaluronate (and) water (Actique™ Hyal 1%)

	
Jarchem

	
1.500




	
Hydrolyzed Jojoba Esters (and) Water (Floraesters K-20W)

	
Essential Ingreds

	
1.500




	
Phase C

	

	




	
Triethanolamine 99%

	
Jeen Internat.

	
0.500




	
Tocopherol clear

	
Jedwards

	
0.100




	
Phase D

	

	




	
Bacillus Lysate

	
Delavie Sciences

	
7.00




	
Procedure:

	




	
1—Heat phase A to 85 °C while stirring;




	
2—Heat phase B to 80 °C and add to phase A while stirring and homogenizing the emulsion;




	
3—Cool down the emulsion to 40 °C and add phase C;




	
4—Add phase D and homogenize.











 





Table 4. SPF 30 sunscreen formulation containing 10% Bacillus Lysate.
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Phase A

	
Supplier

	
%WT






	
Octocrylene (PARSOL® 340)

	
DSM

	
5.000




	
Homosalate (PARSOL® HMS)

	
DSM

	
5.000




	
Ethylhexyl Salycilate (PARSOL® EHS)

	
DSM

	
5.000




	
Avobenzone (PARSOL® 1789)

	
DSM

	
3.000




	
Caprylic Capric Triglycerides

	
Protameen

	
5.000




	
Glyceryl Stearate (and) PEG-100 stearate

	
Protameen

	
3.000




	
Cetearyl alcohol (and) Ceteareth 20 (Procol L CS-20-D)

	
Protameen

	
3.000




	
Cetyl alcohol

	
Protameen

	
2.500




	
C15–19 Alkane (Emogreen L-19)

	
Seppic

	
4.500




	
Dimethicone (XIAMETER® PMX-200 Silicone Fluid 10 cSt)

	
Dow Chemicals

	
1.000




	
Phase B

	

	




	
Deionized water

	

	
41.100




	
EDTA (Protacide Na3 EDTA)

	
Protameen

	
0.100




	
Phenoxyethanol (and) Ethylhexylglycerin (Euxyl PE 9010)

	
Shulke

	
1.000




	
Carbomer (Carbopol® 940 Polymer)

	
Ess. I