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ABSTRACT
Sodium Lauryl Sulfate (SLS), a common anionic surfactant and emulsifier used in pharmaceuticals and household products. While SLS enhances the solubility of poorly soluble drugs, it may cause significant adverse effects, including skin irritation, damage to biological membranes, and potential disturbance to microbial balance. Various studies indicate that prolonged or high-concentration exposure can lead to skin barrier dysfunction and conditions like eczema, particularly in sensitive individuals. Moreover, the pharmacokinetics of SLS reveal limited dermal penetration but considerable urinary excretion after topical application.  Additionally, evidence suggests that SLS may contribute to serious health issues such as neurotoxicity and organ toxicity when absorbed in significant amounts. The paper discusses, including the mechanism of action, pharmacokinetics and toxicity to recognize SLS-related health problems. It stresses the necessity for increased awareness and regulation of SLS usage, advocating for safer alternatives and improved labelling to safeguard public health.
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INTRODUCTION
Sodium Lauryl Sulfate (SLS), also known as sodium lauryl sulfate or sodium dodecyl sulfate, is a common anionic surfactant and emulsifier found in widely used in pharmaceutical research as a dissolution enhancer for poorly soluble drugs and also used in household cleaning products, including laundry detergents, all-purpose cleaners, and dishwashing detergents. The concentration of SLS varies depending on the product and manufacturer, typically ranging from 0.01% to 50% in cosmetics and 1% to 30% in cleaning products1,2. SLS can be either synthetically produced or derived from natural sources. The synthetic method involves reacting lauryl alcohol, which can be sourced from petroleum or plants, with sulfur trioxide to produce hydrogen lauryl sulfate, which is then neutralized with sodium carbonate to form SLS. It is commonly used in consumer and medical products, including toothpaste, mouthwash, shampoo, soap, face wash, and other cosmetics. However, numerous studies indicate that SLS may have harmful effects3. Research suggests that SLS-containing products can cause eye irritation, skin damage, mouth cytotoxicity, protein damage in cells, and even hair loss. Scientific tests have shown that prolonged exposure to high concentrations of SLS can lead to adverse health effects. Additionally, SLS may impact the microbiological balance of the body4,5. The goal of this paper is to explore the health risks and toxicity of Sodium Lauryl Sulfate by reviewing recent research and expert insights. We aim to provide a thorough examination of the dangers associated with SLS exposure, encouraging consumers and healthcare professionals to make informed decisions. By uncovering these hidden risks, we hope to foster a greater understanding of SLS and contribute to safer product formulation and use. Through this investigation, we strive to equip individuals with the knowledge needed to make well-informed personal care choices with both confidence and caution.
CATEGORY 1:
Anionic surfactant; functions include emulsification, modified-release facilitation, penetration enhancement, solubilization, and serving as a lubricant for tablets and capsules.




Table 1. PHYSICAL AND CHEMICAL PROPERTIES 6-8:
	Property
	Characteristic/Value Source

	Molecular Formula
	C12H25NaO4S

	Molecular Weight
	288.38

	Composition
	C: 49.98%
H: 8.74%
Na: 7.97%
O:22.19%
S: 11.12%

	Physical state at 25°C/1 Atm
	Crystals or flakes

	Colour
	White or Cream

	Odour
	Faint odour of fatty substances

	Density/Specific Gravity
	0.6 g/cm3

	Melting point
	204°-207°C

	Boiling point
	588°C

	Solubility
	1 g/10 ml water

	Vapour pressure
	1.1 x 10-12 mm Hg at 25°C

	Ph
	Neutral to alkali (8.5-11.0 in a 1% aqueous solution)

	Octanol/Water (Kow) coefficient
	1.6

	Viscosity
	0.9 to 1.6 millipascal seconds

	Miscibility
	Miscible with water

	Soil half life
	9-25 days

	Air half life
	17 hours

	Water half life
	19.8 hrs


Fig 1: CHEMICAL STRUCTURE 3
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Sodium Lauryl Sulphate
MECHANISM OF ACTION 9-10:
	Sodium Lauryl Sulphate (SLS) is an anionic surfactant formed through the combination of a saturated or slightly unsaturated hydrocarbon chain with a hydrophilic group and a strong acid, such as sulfate (-O-SO3) or sulfonate (-SO3). Sodium Lauryl Sulfate (SLS) is primarily utilized in pharmaceutical formulations as a surfactant. It functions by lowering the interfacial tension between drug particles and the aqueous medium, thereby facilitating the dissolution of poorly soluble drugs. This is achieved through micellar solubilization, where SLS forms micelles that encapsulate the drug molecules, enhancing their solubility and bioavailability. This molecular structure imparts surfactant properties to SLS, enabling it to interact with and disrupt biological membranes. By compromising the cell barrier, SLS facilitates the formation of positively charged side groups, leading to protein denaturation, impaired cellular function and hinders of immunological response. Repeated exposure to SLS is associated with skin dryness, cracking, and contact dermatitis due to its ability to strip the skin of its natural lipids. 
On a molecular level, SLS directly interacts with corneocytes, resulting in swelling, structural keratin denaturation through direct binding, and changes in lipid organization due to pH shifts. These changes compromise the structural and functional integrity of the stratum corneum (SC), leading to enhanced penetration of irritants and xenobiotics from the environment. Concentrations of SLS ranging from 0.1% to 2% have been shown to effectively remove free fatty acids, thereby exacerbating its irritating potential. Research conducted by Cork et al. highlights that prolonged and frequent use of SLS can cause significant damage to the skin barrier, leading to conditions such as eczema. This is especially evident in patients with preexisting skin sensitivity, where SLS accelerates barrier dysfunction and increases susceptibility to environmental irritants. 
PHARMACOKINETICS:
Absorption:
	In adult human skin, no detectable in vitro penetration of 14C-labelled SLS occurred until 24 hours post-application, but rapid absorption was observed in the following 24 hours. At concentrations above the critical micelle concentration (0.24%), higher surfactant levels did not significantly increase free surfactant molecules available for dermal penetration, as excess surfactant formed micelles too large to penetrate the skin. However, after washing isolated human skin with 1% 35S-labelled SLS, penetration was 50-100 times higher than with a 0.1% solution, while a 10% solution showed only a tenfold increase compared to the 1% solution 11-12.
Distribution:
Most studies suggest that sodium lauryl sulfate (SLS) remains confined primarily to the skin, particularly within the dermis. A study in rats demonstrated that after a 10-minute application of 1% radiolabeled SLS to the skin, approximately 40% of the radioactivity was detected in the urine. The rats were housed in individual metabolic cages, and their skin was left unprotected. While no equivalent studies in primates are reported in the literature, it is important to note that rat skin is more permeable than human skin and that rats exhibit a higher capacity to metabolize xenobiotics compared to other mammals 13.
Metabolism:
A study found that the distribution of ³⁵S in the body was similar to that observed with radiolabeled sodium sulfate, indicating significant intestinal absorption of SLS with minimal degradation to free sulfate. In rats, rapid intestinal absorption and urinary excretion were observed, with approximately 20% of urinary ³⁵S identified as inorganic sulfate. The remaining fraction was a single sulfate ester, likely butyric acid-4-sulfate, rather than the parent compound. This suggests that rats metabolize n-alkyl sulfates like SLS through ω-oxidation of the hydrophobic chain, followed by β-oxidation of the resulting carboxylic acid 13.
Excretion:
	The ADME of 14C-radiolabeled SLS was evaluated in vivo using guinea pig skin. A solution containing 16.3 µCi of radiolabeled SLS in 0.6 mL of water was applied to the flank of the animals, rubbed for 10 minutes, and covered with non-occlusive patches for 24 hours. Minimal systemic absorption was observed, with less than 0.4% of SLS entering systemic circulation over 24 hours. No radioactivity was detected in the feces, liver, kidneys, or carcass. Trace amounts (0.1%) were found in urine and exhaled CO2. The majority of SLS remained on the skin (50.2%), in skin rinsings (47%), and in the patch (2.3%). The study noted that the anionic terminal group of SLS hindered its penetration through the skin but did not distinguish between epidermal and dermal localization 14.
Adverse reactions:
Adverse reactions to sodium lauryl sulfate (SLS) in cosmetics and pharmaceutical formulations are primarily associated with skin irritation following prolonged topical use, especially with emollients. Interestingly, hydrocortisone creams containing SLS have been found to exacerbate dermatitis. A recent safety review in the UK on a nationally approved emollient product highlighted similar observations, particularly among paediatric patients. As a known mucosal irritant, SLS is intentionally included in combination preparations such as enemas for managing constipation. When used in rinse-off products like shampoos, soaps, and toothpastes, adverse reactions to SLS are uncommon. However, SLS is considered moderately toxic, with acute effects including irritation of the skin, eyes, mucous membranes, upper respiratory tract, and gastrointestinal system. Due to its irritant properties, SLS is commonly employed as a standard agent in experimental patch testing to evaluate the efficacy of topical anti-inflammatory drugs and to assess the irritancy potential of new cosmetic formulations. During these skin tests, SLS concentrations ranging from 0.25% to 10% are typically applied for 24–48 hours. The severity of skin reactions to SLS depends on its purity 15-18. 
REGULATORY STATUS:
	Sodium Lauryl Sulfate is classified as a Generally Recognized as Safe (GRAS) excipient and is listed in the FDA Inactive Ingredients Database for various formulations, including dental preparations, oral capsules, suspensions, tablets, as well as topical and vaginal products. Within the European Union, SLS is authorized for use in non-parenteral medicinal products.
EFA Requirements:
Sodium lauryl sulfate (SLS) is exempt from tolerance requirements as both an inert and active component in antimicrobial formulations designed for sanitizing food-contact surfaces. For ready-to-use formulations, the concentration must not exceed 350 ppm [40 CFR 180.940(a)]. These formulations must be utilized in compliance with good manufacturing practices, ensuring the substance is applied only to semi-permanent or permanent food-contact surfaces, excluding food packaging, and allowing adequate drainage before food contact. This same restriction applies to the use of SLS in dairy processing [40 CFR 180.940(b)]. However, there are no concentration limits when SLS is used for cleaning food processing equipment and utensils [40 CFR 180.940(c)] 19.
FDA Requirements:
	Sodium lauryl sulfate (SLS) is approved by the FDA for use as a food additive under specific conditions outlined in [21 CFR 172.822]. When incorporated into food products, SLS must meet particular restrictions. Food-grade SLS is required to consist predominantly of sodium alkyl sulfates, with a minimum concentration of 90% sodium alkyl sulfates [21 CFR 172.822(a)]. The FDA has classified certain uses of SLS in food as Generally Recognized as Safe (GRAS). These include its use as an emulsifier in egg whites, with maximum limits of 1,000 ppm for solids and 125 ppm for frozen or liquid forms [21 CFR 172.822(b)(1)]; as a whipping agent in marshmallows, up to 0.5% of the gelatin’s weight [21 CFR 172.822(b)(2)]; as a surfactant for fumaric acid in beverages and fruit drinks, with a maximum concentration of 25 ppm in the final product [21 CFR 172.822(b)(3)]; and as a wetting agent in crude vegetable oils and animal fats, limited to 10 ppm during fractionation, followed by alkali neutralization and deodorization [21 CFR 172.822(b)(4)]. Additionally, products containing SLS must be clearly labelled with appropriate usage instructions to ensure compliance with these specified limits [21 CFR 172.822(c)] 19.
Table 2. USES AND ITS CONCENTRATION 20:
	USES
	CONCENTRATION

	Skin cleanser in topical applications
	1% w/v

	Tablet lubricant (for dispersible tablets)
	0.5 – 2% w/w

	Wetting agent in dentifrices (toothpastes)
	1 – 2% w/w

	Releasing agent in suppositories and pessaries
	0.4 – 1% w/w

	Dissolution / wetting agent in solid oral dosage forms
	0.2 – 1.5% w/w

	Foaming / lathering agent in shampoos
	10 – 25% w/v





TOXICITY OF SODIUM LAURYL SULPHATE
Certain studies suggest that Sodium Lauryl Sulfate (SLS) does not pose a cancer risk when present in low concentrations. However, like other detergents, SLS can strip oil from the skin and may lead to irritation of the skin and eyes. Prolonged exposure, particularly on facial skin for more than an hour, has been shown to cause irritation, especially in younger individuals. The sensitivity to SLS varies from person to person, and it may aggravate skin conditions in those with chronic skin sensitivities21.
While SLS is considered moderately hazardous, it can cause both acute and long-term damage, including irritation of the skin, eyes, mucous membranes, upper respiratory tract, and stomach. In more severe cases, it has the potential to contribute to cancer development. The toxicity of SLS is primarily linked to its surfactant properties, which can disrupt cell membranes, trigger the release of cytokines, and cause changes in protein structure. Additionally, SLS can harm beneficial bacteria found in various areas of the body, further contributing to its harmful effects22.
Human Toxicity Profile - Acute Toxicity and Ocular Irritation:
Sodium Lauryl Sulfate (SLS) can cause eye irritation when used in high concentrations, but at 0.1% (w/w), it does not irritate the eyes of laboratory animals. Manufacturers are required by the U.S. Consumer Product Safety Commission (CPSC) to test products for eye irritation and provide relevant warnings. While SLS in extreme amounts has been linked to severe eye damage, studies show that typical consumer products do not cause blindness or significant corneal damage.
Claims that SLS causes cataracts are based on lab experiments with high concentrations of SLS, which do not reflect typical human exposure. The lens of the eye is protected by the cornea and is not directly exposed to SLS in everyday use. Therefore, there is no evidence linking SLS in consumer products to cataract development23.
Dermal Irritation:
Dermal toxicity tests show that a 1-2% solution of Sodium Lauryl Sulfate (SLS) can cause mild, reversible skin irritation and increase water loss from the outer skin layer after 24 hours of exposure. Concentrations of 0.2% can irritate normal skin during a 24-hour patch test. However, since cleaning products are typically in contact with the skin for only a few minutes, they are less likely to cause irritation. Proper formulation techniques, such as adding cosurfactants, can make SLS-containing products gentle on the skin. Although SLS can cause irritation, it is not classified as corrosive, and claims that it destroys the skin are false. Manufacturers must conduct tests and label products with appropriate warnings as required by the CPSC24.
Oral Toxicity:
Acute oral toxicity refers to the immediate harmful effects of ingesting a substance. The median lethal dose (LD50), the amount required to kill half of the test animals, is used to assess toxicity. Substances with an LD50 greater than 5,000 mg/kg are considered nontoxic. The acute oral toxicity of Sodium Lauryl Sulfate (SLS) ranges from 600 to 1,288 mg/kg in rats, indicating it can be harmful in high concentrations. However, the toxicity of a product is determined by the overall formulation, not just one ingredient. Products containing diluted SLS may not be harmful, even though pure SLS can be toxic at high doses. This principle applies to SLS in food products, where it is regulated by the FDA. Many everyday substances, including table salt (with an LD50 of 3,000 mg/kg), can be toxic at certain levels25.
Chronic Toxicity and Carcinogenicity:
The claim that Sodium Lauryl Sulfate (SLS) causes cancer is unfounded and likely stems from misinterpretations of scientific studies. There is no evidence linking SLS to cancer, as confirmed by the U.S. Environmental Protection Agency, the International Agency for Research on Cancer (IARC), and other reputable organizations. The American Cancer Society also addressed these misconceptions in 1998. Some studies that assess carcinogenicity use SLS in their testing, leading to confusion, but these studies do not provide evidence that SLS itself is carcinogenic26.
Additionally, claims that SLS reacts with formaldehyde to produce nitrosamines are incorrect, as formaldehyde and SLS lack the necessary components to form nitrosamines. While nitrosamines are linked to cancer, they are not associated with SLS. Another mistaken claim is that SLS contains 1,4-dioxane, a potentially carcinogenic byproduct. This only applies to ethoxylated surfactants like Sodium Laureth Sulfate (SLES), not SLS. While cross-contamination may occur during manufacturing, SLS itself does not pose a cancer risk. Manufacturers can test products to ensure they do not contain detectable levels of 1,4-dioxane27.
Organ Toxicity:
Claims that Sodium Lauryl Sulfate (SLS) accumulates in organs like the heart, liver, lungs, and brain are not supported by evidence. The Cosmetic Ingredient Review (CIR) report, which examines the absorption and excretion of SLS, states that while SLS can be absorbed through the skin, most of it remains on the skin's surface. When SLS does enter the bloodstream, the liver quickly metabolizes it into water-soluble compounds, which are then eliminated through urine, feces, and breath. There is no scientific evidence linking SLS accumulation in organs to systemic toxicity or organ damage. Therefore, the claim that SLS bioaccumulates and harms organs is false28, 29.
Dermatological Effects 
Hair Loss:
Claims that Sodium Lauryl Sulfate (SLS) causes hair loss are not supported by scientific evidence. The CIR report notes that while high concentrations of SLS may accumulate on the skin and hair follicles, potentially damaging the follicles, there is no proof that SLS exposure leads to hair loss. The report suggests avoiding products with high SLS concentrations (above 1%) to prevent potential buildup. A 1998 study in the European Journal of Dermatology used SLS as an irritant to study skin irritation, but did not link it to hair loss. Despite concerns, no research has shown that SLS causes permanent hair loss, and its long-term effects on hair follicles remain unclear. Overall, there is no scientific evidence connecting SLS use to hair loss30.
Sensitization:
The Sodium Lauryl Sulfate (SLS) causes significant skin hypersensitivity is unfounded. Sensitization occurs when repeated exposure to a substance leads to an allergic or photodynamic reaction. However, there is no scientific evidence that SLS causes sensitization, and it is not listed as a known or suspected sensitizer. Therefore, it is incorrect to classify SLS as a sensitizer31.
Environmental Toxicity Profile:
Sodium Lauryl Sulfate (SLS) enters the environment through wastewater from household cleaning products. While its environmental impact is not often discussed online, it's important to consider when assessing the use of SLS in products32, 33.
Aquatic Toxicity:
Aquatic toxicity refers to the harmful effects chemicals have on aquatic life. SLS has a median lethal concentration (LC50) of 1 to 13.9 mg/L after 96 hours, classifying it as moderately toxic to aquatic organisms. However, the toxicity of SLS in consumer products may differ because it's typically diluted, reducing its impact. The toxicity also depends on factors like water temperature, species, and hardness. In natural waters, concentrations of SLS around 0.5 mg/L are unlikely to harm aquatic life, although toxicity can occur at concentrations as low as 0.1 mg/L for some species34.
Reproductive toxicity:
	The developmental toxicity of sodium lauryl sulfate (SLS) has been assessed in rats, rabbits, and mice through oral administration. Adverse effects on litter parameters were observed only at doses causing significant maternal toxicity, including anorexia, weight loss, and mortality, typically within the range of 300–500 mg/kg/day. Notable findings included increased fetal loss and complete litter loss at these doses. In mice, doses of 500 mg/kg/day or higher led to a higher incidence of delayed ossification and skeletal variations, indicating delayed development. However, there were no notable increases in malformations or anomalies in visceral and skeletal structures. 
The dermal toxicity of SLS during pregnancy has also been investigated in mice. Pregnant mice were treated daily with 1.5 ml/kg of 0.4%, 4.0%, and 6.0% aqueous SLS solutions applied to a shaved 3 x 3 cm² area on their backs between gestational days 6 and 13. The study reported reduced maternal weight and growth rates, along with a lower pregnancy rate in the 6% treatment group. Additionally, delayed ossification and reduced fetal weights were observed in groups treated with 4% and 6% SLS solutions35.
APPLICATION:
Sodium Lauryl Sulfate (SLS) has various pharmaceutical applications due to its unique properties as an anionic surfactant. It is commonly used in the solid dispersion of medications like Indomethacin, helping to improve drug solubility and bioavailability. In Micellar Electrokinetic Chromatography (MEKC), anionic surfactants such as SLS are preferred for their ability to form stable micellar systems. SLS is also a key ingredient in toothpaste, serving as a detergent that facilitates the cleansing process, while detergents like SLS are crucial for isolating and purifying essential membrane proteins from living cells. These surfactants can penetrate cell membranes, aiding in the solubilization of cell membrane bilayers for various applications.
As a wetting agent, SLS improves the flow of liquid vehicles over the surface of particles, enhancing the dissolution of drugs in tablet and capsule formulations. Additionally, surfactants like SLS can act as emulsifying agents, influencing the drug's availability and interaction with different sites in the body by increasing membrane permeability and altering membrane integrity. This action can facilitate the desegregation and dissolution of solid dosage forms, improving the release of poorly soluble drugs from oral tablets and capsules.
In modified-release formulations, SLS is used to regulate the pace at which drugs are released into the bloodstream, ensuring a gradual and sustained effect. This contrasts with immediate-release doses, providing more consistent therapeutic levels for conditions like chronic pain. SLS also functions as a penetration enhancer, as it can permeate the skin and affect the integrity of the skin’s outer layers, making it useful in topical applications despite its potential for skin irritation.
SLS is widely employed as a solubilizing agent in pharmaceutical formulations to enhance drug solubility, particularly in aqueous environments. The micelles formed by SLS help solubilize hydrophobic substances, improving drug absorption and removing oils and fats in cleaning processes. In tablet and capsule formulations, SLS acts as a lubricant to reduce friction during manufacturing, ensuring smooth encapsulation. It is also used as a suspending agent in nasal spray formulations, preventing active ingredients from settling too quickly28,30,35-36.
CONCLUSION:
The widespread presence of SLS in many products highlights the necessity for greater awareness among consumers, healthcare providers, and regulatory authorities regarding its possible health risks. Consumers should be more informed about the ingredients in personal care products to make safer choices. Healthcare professionals and regulatory bodies also have crucial roles in promoting awareness and ensuring safety. Manufacturers should prioritize transparency and formulate products with safer alternatives. This review offers a thorough exploration of the overlooked dangers of SLS, stressing the need for informed choices and careful product development to protect public health and safety.
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