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PII   primary irritation index 
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US   United States 
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ABSTRACT 
The Expert Panel for Cosmetic Ingredient Safety (Panel) assessed the safety of Polyhydroxystearic Acid, Poly(3-

Hydroxyoctanoic Acid), and Polylactic Acid as used in cosmetic formulations.  These ingredients are reported to function in 
cosmetics as a non-surfactant dispersing agent, a skin-conditioning agent, and an abrasive agent, respectively.  The Panel 
reviewed the available data to determine the safety of these ingredients and concluded that these ingredients are safe in 
cosmetics in the present practices of use and concentrations described in this safety assessment.  

INTRODUCTION 
This assessment reviews the safety of Polyhydroxystearic Acid, Poly(3-Hydroxyoctanoic Acid), and Polylactic Acid as 

used in cosmetic formulations.  According to the web-based International Cosmetic Ingredient Dictionary and Handbook 
(wINCI; Dictionary), these ingredients are reported to function in cosmetics as a non-surfactant dispersing agent, a skin-
conditioning agent, and an abrasive, respectively (Table 1).1 

These 3 ingredients each comprise a polymer synthesized from hydroxycarboxylic acid monomers.  These monomers 
vary only in alkyl chain-length and position of the hydroxy substitution.  The Expert Panel for Cosmetic Ingredient Safety 
(Panel) has previously reviewed the safety of two of the monomers, hydroxystearic acid and lactic acid.  The safety of 
hydroxystearic acid was evaluated in 2 separate reviews.  In 1999, the Panel published a final report with the conclusion that 
hydroxystearic acid is safe as a cosmetic ingredient in the present practices of use as described in the safety assessment.2  
Hydroxystearic acid was then included in the report evaluating the safety of fatty acids and fatty acid salts, and in 2019, the 
Panel concluded that hydroxystearic acid is safe in cosmetics in the present practices of use and concentration described in the 
safety assessment when formulated to be non-irritating and non-sensitizing, which may be determined based on a quantitative 
risk assessment.3  For lactic acid, the Panel published a final report in 1998 with the conclusion that lactic acid is safe for use in 
cosmetic products at concentrations ≤ 10%, at final formulation pH ≥ 3.5, when formulated to avoid increasing sun sensitivity 
or when directions for use include the daily use of sun protection, and that it is safe for use in salon products at concentrations 
≤ 30%, at final formulation pH ≥ 3.0, in products designed for brief, discontinuous use followed by thorough rinsing from the 
skin, when applied by trained professionals, and when application is accompanied by directions for the daily use of sun 
protection.4  The Panel reaffirmed this conclusion, as published in 2017.5  These reports are available on the Cosmetic 
Ingredient Review (CIR) website (https://www.cir-safety.org/ingredients). 

This safety assessment includes relevant published and unpublished data that are available for each endpoint that is 
evaluated.  Published data are identified by conducting an exhaustive search of the world’s literature.  A listing of the search 
engines and websites that are used and the sources that are typically explored, as well as the endpoints that the Panel typically 
evaluates, is provided on the CIR website (https://www.cir-safety.org/supplementaldoc/preliminary-search-engines-and-
websites; https://www.cir-safety.org/supplementaldoc/cir-report-format-outline).  Unpublished data are provided by the 
cosmetics industry, as well as by other interested parties. 

Much of the data included in this safety assessment pertains to Polylactic Acid use in biomedical applications, and, hence, 
is not specific to cosmetic use.  Data summaries pertaining to these Polylactic Acid uses are provided herein.  

CHEMISTRY 
Definition and Structure 

Polyhydroxystearic Acid (CAS Nos. 27924-99-8; 58128-22-6), Poly(3-Hydroxyoctanoic Acid), and Polylactic Acid (CAS 
Nos. 26811-96-1; 9051-89-2; 26917-25-9) are polymers synthesized from hydroxy carboxylic acids.1,CIR Staff  For example, 
Polylactic Acid is a polymer prepared from lactic acid monomers (Figure 1).  The definitions and structures of the ingredients 
included in this review are provided in Table 1.   

 
Figure 1. Polylactic Acid and lactic acid 

 
Chemical Properties 

The monomer of Polyhydroxystearic Acid, hydroxystearic acid, has a molecular weight (MW) of 300.5 g/mol;6 however, 
the mean MW and distribution of weights/lengths is variable and based on reaction conditions.  As described by a supplier, 
Polyhydroxystearic Acid has a number average MW of 1243 g/mol and a weight average MW of 8243 g/mol.7  Polylactic Acid 

https://www.cir-safety.org/ingredients
https://www.cir-safety.org/supplementaldoc/preliminary-search-engines-and-websites
https://www.cir-safety.org/supplementaldoc/preliminary-search-engines-and-websites
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has a MW between 53,000 to 800,00 g/mol.8  The MW of Poly(3-Hydroxyoctanoic Acid) was not found or submitted. 
Chemical properties for Polyhydroxystearic Acid and Polylactic Acid are further outlined in Table 2. 

Polyhydroxystearic Acid is described by a supplier as a 100% active, fully vegetable-derived, polymeric ester with single 
terminal hydroxy and carboxy groups.9  At ambient temperatures, Polyhydroxystearic Acid is a yellow, viscous liquid which 
has numerous nucleophilic sites, and is expected to complex water via hydrogen bonding on the skin.  Polyhydroxystearic Acid 
is soluble in castor oil, mineral oil, isododecane, isopropyl myristate, isononyl isononanoate, and pentaerythrityl 
tetraethylhexanoate, but is not soluble in water, ethanol, propylene glycol, cyclopentasiloxane, or dimethicone.  

Polylactic Acid is a thermoplastic, stiff, glassy material, which has a density of 1.25 g/ml, and a glass transition 
temperature of 55 °C.8  Additionally, Polylactic Acid is an aliphatic polyester, which is extremely hydrophobic and is soluble 
in organic solvents, such as benzene and chloroform, and is not soluble in water, methanol, or ethanol.10,11  Made from L-, D-, 
or DL-stereoisomers of lactic acid, Polylactic Acid exists in different enantiomeric forms.10  This variance in enantiomeric 
composition affects the crystallization, degradation rate, MW, and glass-transition temperature of the resulting polymer, among 
other chemical properties; Poly-L-lactic Acid is semi-crystalline, Poly-D-lactic Acid is crystalline, and Poly-D,L-lactic Acid is 
amorphous.10,12  In a study describing film-forming Polylactic Acid, exposure to ethanol and water resulted in concurrent 
hydrolytic degradation, producing changes in MW and release of lactic acid monomer, and crystallization, characterized by 
swelling of the polymer matrix.13   

Method of Manufacture 
The methods described below are general to the processing of commercial forms of these ingredients.  It is unknown if 

these apply to cosmetic ingredient manufacturing. 
Poly(3-Hydroxyoctanoic Acid) 

Large-scale synthesis of Poly(3-Hydroxyoctanoic Acid) using the bacterial strain Pseudomonas putida GPo1 in 
lyophilized cell material was evaluated.14  Three batches of P. putida were cultivated, in mineral salts medium containing 20 
mM sodium octanoate, as well as sodium hydroxide, ammonium hydroxide, or octanoic acid,  at the 400-l scale, in a 650-l 
capacity bioreactor, for 48 h.  Cells were harvested, lyophilized, and extracted with acetone, resulting in 94% recovery of the 
Poly(3-Hydroxyoctanoic Acid) content in the cells.  Subsequent use of a precipitation solvent of methanol and ethanol at a 1:1 
ratio resulted in a highly purified Poly(3-Hydroxyoctanoic Acid), which once dried, yielded ~ 99 ± 0.2% (wt/wt) of the 
polymer. 
Polylactic Acid 

  The main feedstock for Polylactic Acid includes renewable biomass, such as sugarcane, corn, wheat, rice.11,15  Industrial 
production of lactic acid, the precursor of Polylactic Acid, is mostly achieved via microbial carbohydrate fermentation, which 
enables the mass production of optically pure lactic acid, an essential factor in determining the chemical properties of 
Polylactic Acid.16   

Direct condensation, azeotropic dehydration condensation polymerization, and ring-opening polymerization methods are 
used to produce higher MW Polylactic Acid, of which the last is the most efficient.17,18  Ring-opening polymerization involves 
the polycondensation of lactic acid monomers to low-MW Polylactic Acid, depolymerization of the Polylactic Acid into 
lactide, and catalyst-driven ring-opening polymerization of the lactide intermediate.   

Impurities 
Polyhydroxystearic Acid 

According to a supplier, 20% of the MW of  Polyhydroxystearic Acid is less than 1000 g/mol, which is attributable to 
oligomers.7 
Poly(3-Hydroxyoctanoic Acid) 

The purity of Poly(3-Hydroxyoctanoic Acid) precipitated from a salt, using various solvents, was evaluated.14  Compared 
to purity resulting from the standard method of dissolving in chloroform and precipitating with ethanol (84 ± 1.5 % (wt/wt)), 
the highest purity of Poly(3-Hydroxyoctanoic Acid) was achieved from precipitation with ethanol-methanol (70%, v/v) mix, at 
99 ± 0.2 %. 
Polylactic Acid 

Since Polylactic Acid is often produced via the polymerization of commercial lactic acid and lactide, impurities found in 
these stock solutions can often affect the purity and chemical properties of the resulting Polylactic Acid.16  Commercial lactic 
acid solutions are typically 80 - 90% aqueous,  containing L-, D-, or D,L-lactic acid, and are also reported to contain the 
following impurities: arsenic (< 1 ppm), iron (< 5 ppm), heavy metals (< 5 ppm), chloride (< 10 ppm), sulfates (< 10 ppm), 
sulfated ash (residue after pyrolysis), reducing sugars, methanol, and methyl ester.  Commercial lactic acid used for the 
polymerization of Polylactic Acid often contains water, lactic acid dimers, trimers, and oligomers, and residual catalyst.   



USE 
Cosmetic 

The safety of the cosmetic ingredients addressed in this assessment is evaluated based on data received from the US Food 
and Drug Administration (FDA) and the cosmetics industry on the expected use of these ingredients in cosmetics and does not 
cover their use in airbrush delivery systems.  Data are submitted by the cosmetic industry via the FDA’s Voluntary Cosmetic 
Registration Program (VCRP) database (frequency of use) and in response to a survey conducted by the Personal Care 
Products Council (Council) (maximum use concentrations).  The data are provided by cosmetic product categories, based on 
21CFR Part 720.  For most cosmetic product categories, 21CFR Part 720 does not indicate type of application and, therefore, 
airbrush application is not considered.  Airbrush delivery systems are within the purview of the US Consumer Product Safety 
Commission (CPSC), while ingredients, as used in airbrush delivery systems, are within the jurisdiction of the FDA.  Airbrush 
delivery system use for cosmetic application has not been evaluated by the CPSC, nor has the use of cosmetic ingredients in 
airbrush technology been evaluated by the FDA.  Moreover, no consumer habits and practices data or particle size data are 
publicly available to evaluate the exposure associated with this use type, thereby preempting the ability to evaluate risk or 
safety.   

According to 2023 VCRP survey data, Polyhydroxystearic Acid is reported to be used in 276 formulations, of which 136 
uses are in lipsticks, and Polylactic Acid is reported to be used in 22 formulations (Table 3).19   Results from a 2021 
concentration of use survey, conducted by the Council, indicate Polyhydroxystearic Acid has the highest reported 
concentration of use; it is used at up to 14.2% in lipsticks.20  Polylactic Acid is reported to be used at up to 5% in skin cleansing 
products.  Poly(3-Hydroxyoctanoic Acid) is not reported to be in use, according to the VCRP and industry survey (Table 4). 

Polyhydroxystearic Acid and Polylactic Acid are reported to be used in products that may lead to incidental ingestion and 
exposure to mucous membranes; for example, as stated above, Polyhydroxystearic Acid is reported to be used in lipsticks at a 
maximum concentration of 14.2%.  These ingredients have also been reported to be used in products that may come in contact 
with the eyes; for example, Polyhydroxystearic Acid is reported to be used at up to 8% in mascaras.  Additionally, 
Polyhydroxystearic Acid is reported to be used at up to 0.9% in other baby products. 

Furthermore, Polyhydroxystearic Acid is reported to be used in aerosol hair sprays at up to 0.5% and in face powder 
formulations (concentration of use not reported), and could possibly be inhaled.  In practice, as stated in the Panel’s respiratory 
exposure resource document (https://www.cir-safety.org/cir-findings), most droplets/particles incidentally inhaled from 
cosmetic sprays would be deposited in the nasopharyngeal and tracheobronchial regions of the respiratory tract and would not 
be respirable (i.e., they would not enter the lungs) to any appreciable amount. Conservative estimates of inhalation exposures to 
respirable particles during the use of loose powder cosmetic products are 400-fold to 1000-fold less than protective regulatory 
and guidance limits for inert airborne respirable particles in the workplace.  

Although products containing some of these ingredients may be marketed for use with airbrush delivery systems, this 
information is not available from the VCRP or the Council survey.  Without information regarding the frequency and 
concentrations of use of these ingredients, and without consumer habits and practices data or particle size data related to this 
use technology, the data are insufficient to evaluate the exposure resulting from cosmetics applied via airbrush delivery 
systems. 

All 3 ingredients named in this report are not restricted from use in any way under the rules governing cosmetic products 
in the European Union.21  

Non-Cosmetic 
Polyhydroxystearic Acid is a polymer, exempt from the requirement of tolerance due to meeting criteria of a low-risk 

polymer, as an inert ingredient in pesticide chemical formulations, assuming good agricultural or manufacturing practices [40 
CFR 180 § 960].  In 2010, the European Food Safety Authority (EFSA) issued the scientific opinion that Polyhydroxystearic 
Acid is safe for use in consumer food packaging, provided its migration does not exceed 5 mg/kg food.22   

The EFSA also issued the scientific opinion in 2010 stating that Polylactic Acid is safe for indirect food contact.23  
Polylactic Acid has versatile use in various industries, such as food packaging, single use products, textiles, automobiles, 
agriculture, electronics, and construction,15 and has been approved since 1970 by the FDA to be in contact with biological 
fluids.10  Polylactic Acid is also approved by the FDA for use in surgical devices such as sutures, ligatures, and meshes, and is 
identified as an approved bone grafting material [21 CFR 872 § 3930].  Additionally, the FDA utilizes the Recognized 
Consensus Standard, ASTM F2579-18, issued by the ASTM International (formerly known as American Society for Testing 
and Materials) in 2019, which set specifications for amorphous Polylactic Acid used in surgical implants. 

Due to its biocompatible and resorbable characteristics, Polylactic Acid also has widespread use in biomedical 
applications such as drug delivery,24 tissue engineering,25 and tumor targeting.26,27  It is common for Polylactic Acid to be 
combined with other polymers to form composite substances, notably, in uses such as surgical sutures,28 bone regeneration,29 
and orthopedic fixtures and devices.30  Polylactic Acid is also listed as an ingredient in FDA-approved medical devices 
(surgical tape dressings), as well as in two orthotic devices, a plate and a mesh, used in spinal intervertebral fusion.31,32 

https://www.cir-safety.org/cir-findings


TOXICOKINETIC STUDIES 
Animal 
Subcutaneous 
Polylactic Acid 

In a 90-d study examining the in vivo degradation of Polylactic Acid in rats, an implant chamber containing 100 mg of 
Polylactic Acid was implanted on either side of the midline, subcutaneously, in 22 rats.33  Radioactive, [14C]Polylactic Acid 
was implanted in 15 rats, while the remaining 7 rats were implanted with non-radiolabeled Polylactic Acid to serve as controls.  
Seven rats (5 with the radiolabeled test article, and 2 controls) were placed in metabolic cages, and urine and feces were 
collected every 4 d for analysis of radioactivity.  After 90 d, these 7 animals were killed and radioactivity was measured in the 
liver, kidney, lung, heart, brain, spleen, muscles, pouch around the chamber, and the contents of the implant chamber.  The 
remaining 15 rats (10 with the radiolabeled test article and 5 controls) were placed in conventional cages and killed at 2 h, 7 d, 
14 d, 1 mo, or 2 mo after implantation.  Vital organs and implant chamber contents were analyzed for presence of the 
radioactive label.  A 12-14% loss of the radioactive-labeled polymer was measured in the implants at the end of 3 mo.  No 
significant radioactivity was recovered in the feces or urine of the animals during the 3-mo period, and no radioactivity was 
found in the vital organs of any of the animals.  The authors surmised that these results evidenced the slow biodegradability of 
Polylactic Acid, as well as the possibility of degradation and elimination via respiration. 

TOXICOLOGICAL STUDIES 
Toxicological studies were not found in the published literature, and unpublished data were not submitted. 

DEVELOPMENTAL AND REPRODUCTIVE TOXICITY STUDIES 
Developmental and reproductive toxicity studies were not found in the published literature, and unpublished data were not 

submitted. 

GENOTOXICITY STUDIES 
Details for the genotoxicity studies summarized below can be found in Table 5. 
Polylactic Acid film substrates (0.25 cm2) were not genotoxic to Chinese hamster ovary cell lines in a Comet assay or in 

an in vitro cytokinesis-blocked micronucleus assay.34  Groups of 10 mice received an intraperitoneal injection of either saline 
(negative controls), cyclophosphamide (positive controls), or 0, 50, 100, or 200 ml/kg Polylactic Acid in an in vivo 
micronucleus test.35  The incidence of micronucleated polychromatic erythrocytes in mice treated with the low, medium, and 
high doses of Polylactic Acid extracts was similar to the incidence in the saline-treated group; the test article was considered 
non-genotoxic.  Groups of 5 male rats had a 2-mm thick, 4-mm diameter disc of 95% Polylactic Acid inserted in the calvarium 
for either 90 or 120 d in a micronucleus test (no test material inserted for controls).36  The authors deemed the test material as 
non-genotoxic. 

CARCINOGENICITY STUDIES 
Carcinogenicity studies were not found in the published literature, and unpublished data were not submitted. 

DERMAL IRRITATION AND SENSITIZATION STUDIES 
Details for the dermal irritation and sensitization studies summarized below can be found in Table 6. 
Groups of 2 New Zealand white rabbits had either saline, dinitrofluorobenzene (DFNB), or 0.2 g/ml of Polylactic Acid 

film extracts (extracted with saline) applied to shaved back skin, via saturated gauze, for 24 h in a skin irritation test.35  Both of 
the rabbits treated with the Polylactic Acid film extracts had a primary irritation score of 0 and primary irritation index (PII) of 
0; the authors deemed the test article as non-irritating.  Polyhydroxystearic Acid was not irritating or sensitizing when tested 
neat in an occlusive human repeated insult patch test (HRIPT) of 51 subjects.37  A product containing 3.45% 
Polyhydroxystearic Acid was not irritating or sensitizing, when tested neat in a modified Marzulli-Maibach HRIPT using 107 
subjects; the mean irritation index (MII) calculated for all subjects during induction was 0.38  Similarly, in a Marzulli-Maibach 
HRIPT of a product containing 4% Polylactic Acid, using 104 subjects, the authors deemed the test article as a non-irritant and 
non-sensitizer.39 

OCULAR IRRITATION STUDIES 
According to a supplier, Polyhydroxystearic Acid was determined to have no ocular irritation potential in an in vitro hen’s 

egg-chorioallantoic membrane test (HET-CAM).9  Additional details were not provided.  Further data on the ocular irritation 
potential of the ingredients reviewed in this safety assessment were not found in the published literature or submitted. 



CLINICAL STUDIES  
Case Reports 

Polylactic Acid 

A 30-yr-old woman, a 54-yr-old man, and a 62-yr-old woman, all healthy and with no prior history of cosmetic 
augmentation, each received repeated treatments with injectable Polylactic Acid (reconstituted with water) to address facial 
drooping and nasolabial wrinkles due to facial lipoatrophy.40  No adverse effects were reported in any of the 3 subjects at the 
15-mo post-treatment follow-up. 

SUMMARY 
This report addresses the safety of Polyhydroxystearic Acid, Poly(3-Hydroxyoctanoic Acid), and Polylactic Acid, as used 

in cosmetic formulations.  All 3 of these ingredients are polymers synthesized from hydroxycarboxylic acid monomers.  
According to the Dictionary, these ingredients are reported to function as a non-surfactant dispersing agent, a skin-conditioning 
agent, and an abrasive, respectively.  According to 2023 VCRP data, Polyhydroxystearic Acid and Polylactic Acid are reported 
to be used in 276 cosmetic formulations and in 22 cosmetic formulations, respectively.  The highest concentration of use 
reported in 2021 for Polyhydroxystearic Acid was 14.2% in lipsticks, and for Polylactic Acid, 5% in skin cleansing products.   

Polylactic Acid is approved by the FDA for use in surgical devices such as sutures, ligatures, and meshes and as a food 
contact substance. The FDA utilizes the Recognized Consensus Standard (ASTM F2579-18), issued by ASTM International in 
2019, which set specifications for amorphous Polylactic Acid used in surgical implants. 

In a 90-d study, the in vivo degradation of 100 g of [14C]Polylactic Acid implanted in rats was examined.  No significant 
radioactivity was recovered in the feces or urine of the animals during the study period and no significant radioactivity was 
found in the liver, kidney, lung, heart, brain, spleen, muscles, and pouch around the implant chamber upon necropsy.  At the 
end of 3 mo, a 12-14% loss of radioactive-labeled polymer was measured in the contents of implant chamber.  The authors 
surmised that these results evidenced the slow biodegradability of Polylactic Acid, as well as the possibility of its degradation 
and elimination via respiration. 

Polylactic Acid film substrates (0.25 cm2) were not mutagenic to Chinese hamster ovary cell lines in a comet assay or in 
an in vitro cytokinesis-blocked micronucleus assay, when compared to 0.25 µM doxorubicin or untreated controls.  In an in 
vivo micronucleus test, the incidence of micronucleated polychromatic erythrocytes in mice injected twice, with 50, 100, or 
200 ml/kg Polylactic Acid film extracts per injection, were comparable to saline-injected controls; the test article was not 
considered genotoxic.  The genotoxic potential of 95 % Polylactic Acid discs was evaluated in groups of 5 male rats in a 
micronucleus test following insertion of the discs in the calvarium for up to 120 d.   No significant decreases in the frequency 
of polychromatic erythrocytes or increases in micronucleated polychromatic erythrocytes were observed in test animals, 
compared to untreated controls; the test article was considered non-genotoxic. 

 In a 24-h occlusive patch test, 0.2 g/ml of a Polylactic Acid film extract (extracted with saline) was not irritating to New 
Zealand white rabbit skin; both of the rabbits treated with the Polylactic Acid extracts had a primary irritation score of 0 and 
PII of 0.  Polyhydroxystearic Acid was not irritating or sensitizing when tested neat in an occlusive HRIPT of 51 subjects.  A 
product containing 3.45% Polyhydroxystearic Acid was not irritating or sensitizing when tested neat in a modified Marzulli 
Maibach HRIPT of 107 subjects.  The MII calculated for all subjects during induction was 0.  Similarly, a product containing 
4% Polylactic Acid was deemed a non-irritant and a non-sensitizer when tested neat in a Marzulli-Maibach HRIPT using 104 
subjects.  

The ocular irritation potential of Polyhydroxystearic Acid was evaluated in vitro.  Polyhydroxystearic Acid was 
determined to have no ocular irritation potential in the HET-CAM test. 

A healthy 30-yr-old woman, 54-yr-old man, and a 62-yr-old woman each received repeated treatments of injectable 
Polylactic Acid to address facial lipoatrophy.  No adverse effects were observed over a 15-mo post-treatment period. 

DISCUSSION 
The Panel assessed the safety of Polyhydroxystearic Acid, Poly(3-Hydroxyoctanoic Acid) and Polylactic Acid as used in 

cosmetic formulations.  The Panel reviewed the available data and concluded that these 3 ingredients are safe in cosmetics in 
the present practices of use and concentration described in this safety assessment.   

The Panel discussed that these ingredients are large molecules that are not likely to be absorbed. The Panel stated that 
while the monomers used to make these ingredients are of different sizes and can polymerize into different physical forms (i.e., 
liquids or solids), the structural connectivity and features of the resulting polymers would be very similar.  Additionally, the 
Panel noted these monomers would be the primary impurities and decomposition products of oligomers (including dimers and 
trimers) present in these polymers.  The Panel considered its prior safety determinations of the corresponding monomers of 
these ingredients, in which they had reviewed safety at concentrations that were much higher than those reported for the 



polymers reviewed in this assessment.  Thus, it was determined that the safety profile of these polymeric ingredients would not 
differ from that of the monomers.   

The Panel noted the lack of systemic toxicity data, including a lack of developmental and reproductive toxicity and 
carcinogenicity data.  However, concerns regarding systemic toxicity of these ingredients were mitigated by the approved use 
in food contact materials, multiple FDA-approved uses of Polylactic Acid in medical devices, the existing 2019 ASTM 
International standard for the use of amorphous Polylactic Acid in surgical implants, the very low likelihood of absorption, and 
the safety of the monomers used to manufacture these ingredients. 

Negative dermal irritation and sensitization data included in this review reassured the Panel of the dermal safety of these 
ingredients.  The Panel particularly noted that undiluted Polyhydroxystearic Acid was not irritating or sensitizing when tested  
in an occlusive HRIPT of 51 subjects, and that two separate products containing 3.45% Polyhydroxystearic Acid and 4% 
Polylactic Acid were neither irritating nor sensitizing when tested neat in HRIPTs using 107 and 104 subjects, respectively. 

Furthermore, the Panel discussed the issue of incidental inhalation exposure resulting from these ingredients; for example, 
Polyhydroxystearic Acid is reported to be used at 0.5% in aerosol hair sprays.  Inhalation toxicity data were not available.  
However, the Panel noted that in aerosol products, the majority of droplets/particles would not be respirable to any appreciable 
amount.  Furthermore, droplets/particles deposited in the nasopharyngeal or tracheobronchial regions of the respiratory tract 
present no toxicological concerns based on the chemical and biological properties of these ingredients.  Coupled with the small 
actual exposure in the breathing zone and the low concentrations at which these ingredients are used (or expected to be used) in 
potentially inhaled products, the available information indicates that incidental inhalation would not be a significant route of 
exposure that might lead to local respiratory or systemic effects.  A detailed discussion and summary of the Panel’s approach to 
evaluating incidental inhalation exposures to ingredients in cosmetic products is available at https://www.cir-safety.org/cir-
findings. 

The Panel’s respiratory exposure resource document (see link above) notes that airbrush technology presents a potential 
safety concern, and that no data are available for consumer habits and practices thereof.  As a result of deficiencies in these 
critical data needs, the safety of cosmetic ingredients applied by airbrush delivery systems cannot be determined by the Panel. 
Therefore, the Panel has concluded the data are insufficient to support the safe use of cosmetic ingredients applied via an 
airbrush delivery system. 

CONCLUSION 
The Expert Panel for Cosmetic Ingredient Safety concluded that the following 3 ingredients are safe in cosmetics in the 

present practices of use and concentration described in this safety assessment: 
Polyhydroxystearic Acid 
Poly(3-Hydroxyoctanoic Acid)* 

Polylactic Acid

 
*Not reported to be in current use. Were the ingredient in this group not in current use to be used in the future, the expectation 
is that it would be used in product categories and at concentrations comparable to others in this group. 
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TABLES 
Table 1. Definitions, structures, and reported functions of the ingredients in this assessment1, CIR Staff 
Ingredient Definition Function 
Polyhydroxystearic Acid 
27924-99-8 
58128-22-6 

Polyhydroxystearic Acid, defined as a polymer of hydroxystearic acid, 
generally conforms to the structure: 
 

Dispersing agents - 
nonsurfactant  

 
Poly(3-Hydroxyoctanoic Acid) Poly(3-Hydroxyoctanoic Acid) is the polymer of 3-hydroxyoctanoic acid 

produced through fermentation that conforms generally to the structure: 
 

Skin-conditioning agents - 
miscellaneous 

 
Polylactic Acid  
9051-89-2 
26917-25-9 
26811-96-1 

Polylactic Acid, defined as a polymer of lactic acid, generally conforms to 
the structure: 

Abrasives  

 
 
 
 
Table 2.  Chemical properties of Polyhydroxystearic Acid and Polylactic Acid 
Property Value Reference 

Polyhydroxystearic Acid 
Physical Form  Viscous liquid or waxy solid 9 
Color (Gardner color standard) 3; yellow  9 
Odor Mild, bland 9 
Molecular Weight  (g/mol) 1243 (number average) 

8243 (weight average) 
7 

Refractive Index (@ 25 °C) 1.4675 9 
Specific Gravity (@  25 ºC) 0.9333 9 
Solubility  
               Soluble 
 
              Insoluble 

 
castor oil, mineral oil, isododecane, isopropyl myristate, isononyl isononanoate, 
pentaerythrityl tetraethylhexanoate 
water, ethanol, propylene glycol, cyclopentasiloxane, dimethicone 

9 

Polylactic Acid 
Physical Form Stiff, glassy material 8 
Color Colorless 8 
Glass Transition Temperature (°C) 55 8 
Molecular Weight (g/mol) 53,000 – 800,000 8 
Density (g/cm3) 1.25 8 
Solubility  
               Soluble 
 
              Insoluble 

 
benzene, chloroform, furan, 1,4-dioxane, 1,3-dioxolane, pyridine, and tetrahydrofuran 
 
acetonitrile, alcohols, ethanol, methanol, and water 

8,10,11 

 



 
Table 3.  Frequency (2023)19 and concentration (2021)20 of use according to likely duration and exposure by product category 
 # of Uses Max Conc of Use (%) # of Uses Max Conc of Use (%) 
 Polyhydroxystearic Acid Polylactic Acid 
Totals 276 0.014 – 14.2 22 0.084 - 5 
summarized by likely duration and exposure*    
Duration of Use     
Leave-On 272 0.014 – 14.2 16 0.084 
Rinse-Off 4 NR 6 3.5 - 5 
Diluted for (Bath) Use NR NR NR NR 
Exposure Type**    
Eye Area 56 0.12 - 8 3 NR 
Incidental Ingestion 136 0.4 – 14.2 1 0.084 
Incidental Inhalation-Spray 10a; 10b 0.5; 0.2 -8a 8a; 1b NR 
Incidental Inhalation-Powder 4; 10b 0.014 -0.88c 1b NR 
Dermal Contact 136 0.014 - 10 20 3.5 - 5 
Deodorant (underarm) NR NR NR NR 
Hair - Non-Coloring 3 0.5 - 8 1 NR 
Hair-Coloring NR NR NR NR 
Nail NR NR NR NR 
Mucous Membrane 136 0.4 – 14.2 2 0.084 
Baby Products 2 0.9 NR NR 
as reported by product category    
Baby Products     
Other Baby Products 2 0.9   
Eye Makeup Preparations     
Eyebrow Pencil 9 0.4-0.72   
Eyeliner 25 0.4   
Eye Shadow 15 NR 3 NR 
Eye Lotion 1 0.12   
Mascara 1 8   
Other Eye Makeup Preparations 5 0.18   
Hair Preparations (non-coloring)     
Hair Conditioner   1 NR 
Hair Spray (aerosol fixatives) NR 0.5   
Tonics, Dressings, and Other Hair Grooming Aids 2 8   
Other Hair Preparations 1 NR   
Makeup Preparations     
Blushers (all types) 7 0.11-0.3   
Face Powders 4 NR   
Foundations 5 0.1-0.22   
Leg and Body Paints 2 NR   
Lipstick 136 0.4-14.2 1 0.084 
Makeup Bases 6 NR   
Makeup Fixatives 1 NR   
Other Makeup Preparations 21 0.25   
Personal Cleanliness Products      
Bath Soaps and Detergents   1 NR 
Skin Care Preparations     
Cleansing 2 NR 4 5 
Face and Neck (exc shave) 10 0.014-0.88 (not spray) 1 NR 
Body and Hand (exc shave) NR 0.1 (not spray)   
Moisturizing 8 0.15-10 (not spray) 8 NR 
Paste Masks (mud packs) 2 NR NR 3.5 
Other Skin Care Preparations 11 0.49-1.5 3 NR 
Suntan Preparations     
Other Suntan Preparations NR 0.2-0.3   

NR – not reported 
*likely duration and exposure is derived based on product category (see Use Categorization https://www.cir-safety.org/cir-findings) 
**Because each ingredient may be used in cosmetics with multiple exposure types, the sum of all exposure types may not equal the sum of total uses. 
a It is possible these products are sprays, but it is not specified whether the reported uses are sprays. 
b Not specified whether a spray or a powder, but it is possible the use can be as a spray or a powder, therefore the information is captured in both categories 
c It is possible these products are powders, but it is not specified whether the reported uses are powders. 
 
 

Table 4.  Ingredient not reported to be in use19,20 
Poly(3-Hydroxyoctanoic Acid) 

 
 
 

https://www.cir-safety.org/cir-findings


Table 5.  Genotoxicity studies     
Test 
Article 

Concentration/Dose Vehicle Test System Procedure Results Reference 

IN VITRO 
Polylactic 
Acid film 
substrates 

0.25 cm2 
 

NR Chinese 
hamster 
ovary cell 
lines 

Comet assay. Cells were exposed for 24 h to 
either the Polylactic Acid film, 0.25 µM 
doxorubicin (positive control), or no treatment 
(negative controls).     

Not genotoxic 34 

Polylactic 
Acid film 
substrates 

0.25 cm2 NR Chinese 
hamster 
ovary cell 
lines 

In vitro cytokinesis-blocked micronucleus assay.  
Same protocol as described above, with the 
addition of 5 µg/ml cytochalasin-B for an 
additional 24 h prior to fixing and preparation of 
slides.    

Not genotoxic 34 

IN VIVO 
Polylactic 
Acid film 
extracts 

0, 50, 100, or 200 
ml/kg 

fetal bovine 
serum, 
containing 
RPMI-1640 
and diluted 
in saline 

Groups of 
10 mice 

Micronucleus test.  Animals received an 
intraperitoneal injection of either saline (control), 
the test article, or cyclophosphamide (positive 
control; 40 mg/kg) and a received a 2nd injection 
of the same treatment 24 h later.   

Not genotoxic; 
The incidences of 
micronucleated 
polychromatic erythrocytes 
in mice treated with the 
low, medium, and high 
doses of Polylactic Acid 
extracts were 2.0, 2.2, and 
2.3%, respectively, which 
was similar to the incidence 
in the saline-treated group.  
Positive controls produced 
expected results.  
 

35 

95% 
Polylactic 
Acid  

2 mm-thick, 4-mm 
diameter disc 

 Groups of 5 
male rats 

Micronucleus test.  The discs were inserted in the 
calvarium of 2 groups, one observed for 90 d and 
the other observed for 120 d, before being killed.  
No test material was inserted for controls.  Both 
control and treatment groups received the same 
surgical procedures and pre- and post-operative 
medications (0.5 mg/100 g ketamine and 0.025 
ml/100g xylazine).  Bone marrow was extracted 
and stained on slides to identify the presence of 
micronucleated polychromatic erythrocytes. 

Not genotoxic; 
Upon staining of bone 
marrow extracts, no 
significant decreases in the 
frequency of polychromatic 
erythrocytes or increases in 
micronucleated 
polychromatic erythrocytes 
were observed in the test 
animals, compared to 
controls. 
 

36 

Abbreviations: NR – none reported; RPMI – Roswell Park Memorial Institute 



Table 6.  Dermal irritation and sensitization studies    
Test Article  Concentration/

Dose 
Test 
Population 

Procedure Results Reference 

ANIMAL 
Polylactic Acid film 
extracts 

0.2 g/ml, 
extracted with 
saline 

New Zealand 
white rabbits 
(2/group) 

24-h skin irritation test.  Fur was removed from the animal backs 24 h prior to the test, and 
sterile gauze was used to cover the skin area.  Either saline, DNFB, or the Polylactic Acid 
extract were applied to the sterile gauze until it was fully soaked. The gauze was removed after 
24 h and the skin condition was observed 1, 24, 48, and 72 h after patch removal.  A primary 
irritation index value was calculated using the primary skin irritation score for each animal 
divided by the total number of animals. 

Not irritating; both rabbits treated with 
Polylactic Acid extracts had a primary 
irritation score of 0 and PII = 0. 

35 

HUMAN 
Polyhydroxystearic Acid 0.2 g; tested 

neat 
51 subjects HRIPT; 9 occlusive, 24-h induction applications were made over a 3-wk period.  Induction sites 

were scored 24 h after patch removal.  After a 10-14 d non-treatment period, a 24-h challenge 
application was made to a previously untreated site in the same manner as the induction 
applications.  The reactions were scored at 24 and 48 h after application. 

Not irritating or sensitizing; no adverse 
reactions occurred. 

37 

Polyhydroxystearic Acid; 
3.45% in a product 

0.02 g, , tested 
neat 

107 subjects Modified Marzulli Maibach HRIPT; 9 occlusive applications were made to a 50 mm2 area of the 
back over a 3-wk period.  The 1st, 2nd, 4th, 5th, 7th, and 8th applications were made for 48 h, and 
the 3rd, 6th, and 9th applications were made for 72 h.  After a 13-d non-treatment period, a single 
48-h challenge application was made to the induction site and a previous untreated site.  
Reactions were scored on a 0-4 irritation scale between 15 and 35 min of patch removal during 
both the induction and challenge phases; challenge phase reactions were additionally evaluated 
24 h and 48 h after application.  An MII was calculated by dividing the sum of the quotations of 
the 9 induction readings by the number of subjects and readings performed. 

Not irritating or sensitizing, MII = 0 38 

Polylactic Acid; 
4% in a product 

0.02 ml,  
tested neat 

104 subjects Marzulli Maibach HRIPT; 9 occlusive, 48-h induction applications were made using 8 mm Finn 
chambers to the same site over a 3-wk period.  Induction sites were evaluated for dermal 
reactions immediately prior to application of the next patch.  After a 10-14 d non-treatment 
period, challenge applications were made for 48 h to the original test site and a previously 
untreated site in the same manner as the induction applications.  Challenge sites were scored 48, 
72, and 96 h after application. 

Not irritating or sensitizing 39 

Abbreviations: DNFB- dinitrofluorobenzene; HRIPT – human repeated insult patch test; MII – mean irritation index; PII – primary irritation index 
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