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ABSTRACT

The Expert Panel for Cosmetic Ingredient Safety (Panel) assessed the safety of Acetyl Glucosamine, Glucosamine,
Glucosamine HCl, and Glucosamine Sulfate. Two of the ingredients, Acetyl Glucosamine and Glucosamine Sulfate, are
reported to function in cosmetics as skin-conditioning agents, Glucosamine HCI is reported to function as a pH adjustor, and
the function of Glucosamine in cosmetics is not reported. The Panel reviewed the available data and concluded that these
glucosamine ingredients are safe in cosmetics in the present practices of use and concentration described in this safety
assessment when formulated to be non-irritating.

INTRODUCTION
This assessment reviews the safety of the following 4 ingredients as used in cosmetic formulations:
Acetyl Glucosamine Glucosamine HCI
Glucosamine Glucosamine Sulfate

According to the web-based International Cosmetic Ingredient Dictionary and Handbook (WINCI; Dictionary), Acetyl
Glucosamine and Glucosamine Sulfate are reported to function in cosmetics as skin-conditioning agents — miscellaneous,
Glucosamine HCl is reported to function as a pH adjuster, and the function of Glucosamine is not reported (Table 1).! These
glucosamine ingredients are being reviewed together due to structural similarities, sharing an aminomonosaccharide core
group in common.

This safety assessment includes relevant published and unpublished data that are available for each endpoint that is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 Cosmetic Ingredient Review (CIR) website (https://www.cir-
safety.org/supplementaldoc/preliminary-search-engines-and-websites; https://www.cir-safety.org/supplementaldoc/cir-report-
format-outline).

Some of the data included in this safety assessment were found on the European Chemicals Agency (ECHA) website.>?
Please note that the ECHA website provides summaries of information generated by industry, and it is those summary data
that are reported in this safety assessment when ECHA is cited. Some types of data were found but not included, as no
relevance to cosmetic use could be surmised (e.g., studies on the efficacy of Glucosamine for the treatment of arthritis).

CHEMISTRY

Definition and Structure
The definitions and structures of the ingredients included in this review are provided in Table 1. All of these ingredients
share the ubiquitous aminomonosaccharide, Glucosamine (CAS No. 3416-24-8; Figure 1), as the core structure. Structurally,
Glucosamine is modified glucose with an amine group replacing the hydroxyl group found on carbon two (C2).4
Glucosamine and its salt forms, i.e., Glucosamine HCI (CAS No. 66-84-2) and Glucosamine Sulfate (CAS No. 29031-19-4),
are metabolized to Acetyl Glucosamine (CAS Nos. 10036-64-3, 72-87-7, 7512-17-6) via the hexosamine pathway.’
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Figure 1. Glucosamine

Chemical Properties
Glucosamine HCI (formula weight (FW) = 215.63 g/mol; log Ko = -1.91) and Glucosamine Sulfate (FW = 277.25
g/mol) are charged, highly polar, and water-soluble salts.’> The acetylated glucosamine metabolite, Acetyl Glucosamine (MW
=222.21 g/mol; log Kow = -2.2), is less polar and neutral. Available information on the chemical properties of the
glucosamine ingredients is presented in Table 2.

Method of Manufacture

The methods described below are general to the processing of commercial forms of glucosamine ingredients. It is
unknown if they apply to cosmetic ingredient manufacturing.
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Acetyl Glucosamine

Acetyl Glucosamine may be prepared using chitin as a substrate via chemical, enzymatic, and biotransformation
methods.® Chemical production of Acetyl Glucosamine involves the chemical degradation or dissolving of chitin with a
strong acid, such as hydrochloric acid. Another method of chemical production of Acetyl Glucosamine involves the
acetylation of Glucosamine using pyridine as a solvent, in the presence of tributylamine and acetic anhydride. In addition,
enzymatic hydrolysis may be performed to produce Acetyl Glucosamine. Several of these enzymes include derivatives of
Trichoderma viride, Aspergillus niger, Carica papaya L., and Aeronomium. Examples of substances that degrade chitin
include cellulose, lysozyme, papain, and lipase. Production of Acetyl Glucosamine via biotransformation involves the
degradation of chitin using whole microbes (e.g., Aeromonas caviae, Chitinibacter tainanensis). Genetically modified
microorganisms (e.g., Escherichia coli) may also be used to produce Acetyl Glucosamine, using glucose as a substrate.

Glucosamine, Glucosamine HCI, and Glucosamine Sulfate

Commercial forms of Glucosamine are prepared mainly from the hydrolysis of chitin, which is the main component of
shells from crustaceans (crab, lobster, and shrimp).” The produced Glucosamine can then be transformed into Glucosamine
Sulfate or Glucosamine HCI. Glucosamine Sulfate is typically stabilized by co-crystallization or co-precipitation with
sodium chloride. Commercial forms of Glucosamine can also be prepared from the hydrolysis of chitin with Aspergillus
niger biomass.® In order to derive Glucosamine HCI, the hydrolysate is acidulated with hydrochloric acid for several hours at
100 °C. The product is then filtered to remove solid impurities. Crystals are separated and purified by centrifugation and
washing with water.

Impurities
Acetyl Glucosamine

Impurities following chemical and enzymatic synthesis of B-N-Acetyl Glucosamine were evaluated via high resolution
mass spectrometry, nuclear magnetic resonance spectroscopy, and liquid chromatograph-tandem mass spectrometry.’ The
impurities a-N,6-diacetylglucosamine and a-N-acetylglucosamine were observed to be present. -N-Acetyl Glucosamine
prepared via chemical and enzymatic methods contained a concentration of 146 + 0.15 and 10.90 + 0.02 pg/kg a-N,6-
diacetylglucosamine, respectively. Quantification of a-N-acetylglucosamine was not performed, as the recovery value was
too low.

Glucosamine HCI

The United States Pharmacopeia states that Glucosamine HC] must have a minimum of 98% purity and contain < 3
ppm arsenic and < 0.001 % heavy metals.!® These purity specifications also pertain to Glucosamine HCI derived from
Aspergillus niger.®

Natural Occurrence

Glucosamine is a monosaccharide that is synthesized from glucose by the hexosamine biosynthetic pathway in nearly
all types of human body cells.!" This natural compound is a constituent of mucosal secretions, skin, tendons, ligaments, and
cartilage.” In mammals, Acetyl Glucosamine may be found as a component of glycoproteins, proteoglycans,
glycosaminoglycans, and other connective tissue building blocks.® Acetyl Glucosamine may also be found in human milk at
levels of 600 - 1500 mg/ml. Acetyl Glucosamine is the monomeric unit of chitin, which is found in arachnids, most fungal
cell walls, insect exoskeletons, the shells of crustaceans, and parts of invertebrates. It may also be present as an extracellular
polymer of some microbes.

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 2022 VCRP survey data, Acetyl Glucosamine is reported to be used in 198 formulations (185 leave-on
formulations and 13 rinse-off formulations; Table 3), and Glucosamine HCl is reported to be used in 77 formulations (64
leave-on formulations and 13 rinse-off formulations).!> Glucosamine is reported to be used in 2 leave-on formulations. The



results of the concentration of use survey reported by the Council in 2020 indicate Acetyl Glucosamine also has the highest
concentration of use in a leave-on formulation; it is used at up to 5% in face and neck products (not spray).!* Glucosamine
Sulfate is not reported to be in use according to 2022 VCRP and 2020 concentration of use data, as indicated in Table 4.

Incidental ingestion of Acetyl Glucosamine may occur, as it is used in lipstick formulations at concentrations up to 2%.
In addition, Acetyl Glucosamine and Glucosamine HCI are used in formulations applied near the eye; for example, Acetyl
Glucosamine is reported to be used at concentrations up to 2% in eye lotions.

Some of these glucosamine ingredients are used in formulations that could possibly be inhaled. For example, Acetyl
Glucosamine is reported to be used at 0.1% in pump hair sprays and at up to 0.07% in face powders. 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 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 of the glucosamine ingredients named in the report are not restricted from use in any way under the rules governing
cosmetic products in the European Union.'*

Non-Cosmetic
In the US, Glucosamine (up to 1500 mg/d) and its metabolites are not classified as drugs, but as dietary supplements,
under the US FDA Dietary Supplement Health and Education Act of 1994.%!5 Acetyl Glucosamine and Glucosamine salts
(Glucosamine Sulfate and Glucosamine HCl) are commercially available as dietary supplements, and are commonly
administered in conjunction with chondroitin sulfate. According to 21 CFR 216.23, N-acetyl-D-glucosamine [Acetyl
Glucosamine] is a bulk drug substance that may be used to compound topical drug products, in accordance with section 502A
of the Federal Food, Drug, and Cosmetic Act.

In most European countries, Glucosamine is marketed as both a medicinal product and a food supplement.” In France,
Glucosamine (in the form of the sulfate or HCI salt) is used in orally-ingested medicinal products as the only active
ingredient (up to 1250 mg/d). In veterinary medicine, Glucosamine HCI is commonly used for treating osteoarthritis in
dogs.!®

TOXICOKINETIC STUDIES
Dermal Penetration

In Vitro

Acetyl Glucosamine

The skin penetration of '*C-N-Acetyl-D-Glucosamine was evaluated in split-thickness Caucasian cadaver skin.!” The
skin was cut and mounted in standard Franz-type diffusion cells (exposed skin surface area of 0.79 cm?) maintained at 34 °C.
The receptors were filled with phosphate-buffered saline (PBS) incorporating 1% polysorbate-20 and 0.02% sodium azide,
and skin was allowed to equilibrate for 2 h. Aliquots of the test formulations were spiked with “C-niacinamide and assayed
for total radiolabel in triplicate. Approximately 5 ul of the test formulations (2% Acetyl Glucosamine alone in an unknown
vehicle, or a combination of 4% niacinamide and 2% Acetyl Glucosamine with an unknown vehicle) was applied to the cells
using a positive displacement pipette (n = 8). The receptor solution was collected and replaced at 2, 4, and 6 h (termination)
of study. Solutions were assayed for total radiolabel via liquid scintillation. Approximately 7% of the applied dose
permeated the skin when the test substance containing Acetyl Glucosamine alone was applied. Approximately 6.5% of the
applied dose permeated the skin when the test substance containing both Acetyl Glucosamine and niacinamide was applied.
The test substances were found to readily penetrate into and through human skin.

Glucosamine HCI

Using a saturated aqueous solution of Glucosamine HCI, in vitro permeation studies were performed on human
epidermal membranes prepared by a heat separation method and mounted in Franz-type diffusion cells with a diffusional area
0of2.15+£ 0.1 cm?.!® Studies were performed over a 48 h period by loading donor compartments with 2 ml of the
Glucosamine HCI solution of each diffusion cell (n = 5), and evaluating receptor solutions for permeation. Glucosamine HCI
permeated through the skin with a flux of 1.497 + 0.42 ug cm%h, a permeability coefficient of 5.66 £ 1.6 x 10° cm/h, and a
lag time of 10.9 £4.6 h.

The transdermal penetration of 5% Glucosamine HCl in different vehicles (aqueous, oil-in-water cream, liposomal
suspension, liposomal gel, cubic liquid crystalline bulk phase) was evaluated in the dorsal skin of Sprague-Dawley rats
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mounted in Franz diffusion cells (diffusional surface area of 2.14 cm®).!® Epidermal sides of the skin were exposed to the
various formulations of Glucosamine HCI (100 mg). Aliquots (0.5 ml) were withdrawn from the receptor compartment over
a period of 12 h and evaluated for Glucosamine HCl via high-performance-liquid-chromatography (HPLC). The steady state
flux of the drug through the skin for the aqueous solution, cream, liposomal suspension, liposomal gel, and cubic phase was
calculated to be 56.89 & 23.76, 58.24 +£29.46, 57.61 £ 26.72, 57.27 + 4.35, and 248.89 & 64.57 pg/h/cm?, respectively.
According to study authors, the reason for the enhanced permeation of Glucosamine HCI caused by the cubic phase was
likely due to the structural similarity between the cubic phase and biomembrane.

Glucosamine Sulfate

Skin permeation of Glucosamine Sulfate was evaluated in Sprague-Dawley full-thickness rat skin.?® Freshly excised rat
skin was mounted between the donor and receptor cell (area of diffusion was 2.14 cm?). Donor cells, facing the stratum
corneum surface, contained 5% Glucosamine Sulfate aqueous solution (3 ml). Receptor cells, which faced the dermis side,
were filled with normal saline solution (12 ml). At predetermined time intervals, 0.5 mL of the receptor solution was
withdrawn and refilled with the same volume of fresh receptor solution. Samples were analyzed by HPLC. The skin
permeation rate (amount recovered in receptor fluid) was determined to be 13.27 pg/cm?h.

Human

Glucosamine Sulfate

The penetration of a 10% Glucosamine Sulfate cream into the synovial fluid of patients with knee osteoarthritis (134
subjects/group) was evalauted.?! For treated groups, cream (2 g) was placed on the knee, for 1-3 h, followed by synovial
fluid collection. A control group was not subjected to any treatment, but their synovial fluid was collected. Synovial fluid
from both treated and control groups was evaluated for Glucosamine concentrations via HPLC. The mean Glucosamine
concentrations in treated and control patients were 100.56 ng/ml and 17.83 ng/ml, respectively (p < 0.0001).

Absorption, Distribution, Metabolism, and Excretion (ADME)
Animal

Oral
Glucosamine HCI

A pharmacokinetic analysis was performed via liquid chromatography-tandem mass spectrometry (LC-MS/MS) in 4
female Beagle dogs.?> Animals were given a single oral dose of a dietary supplement containing 450 mg Glucosamine HCI.
Blood samples from dogs were collected and analyzed 0, 1, 2, 4, 6, 8, 12, and 24 h post-administration. Glucosamine was
detected up to 8 h post-dose, with a time to reach serum concentration (Tmax) 0f 2 h and a peak serum concentration (Cpax) of
9.69 ng/ml. The elimination half-life (t;2) of Glucosamine after administration of the test substance was approximately 35
min.

Glucosamine HCI and Glucosamine Sulfate

Blood levels, tissue distribution, and excretion patterns of radioactivity were studied in Sprague-Dawley rats (44 rats/
sex) after oral administration of ['*C]Glucosamine HCI diluted with unlabeled Glucosamine Sulfate (dose not reported).?
Plasma, urine, feces, blood, and organs/tissues were evaluated for radiolabel concentrations. At 1 - 2 h after administration,
Glucosamine radioactivity was bound to or incorporated into plasma proteins. After peaking at 2 - 4 h, radioactivity declined
from plasma at a slower rate (t;2 = 46 h). Approximately half of the radioactivity was excreted as ['*C]carbon dioxide, and
40% of the radioactivity was excreted in the urine. Only 2% of the administered dose was excreted in feces. Radioactivity
analysis in tissues and organs revealed that the ['*C] from the labeled Glucosamine quickly entered into all tissues, included
cartilage, reaching a maximum at 8 h.

Human

Oral
Glucosamine HCI

Glucosamine HCl bioavailability from two different orally-administered formulations was evaluated in healthy adult
males (9/group) under fasting conditions.?* A single dose of Glucosamine HCI was administered to the volunteers via a
dispersible tablet (240 mg Glucosamine HCl/tablet) or capsule (240 mg Glucosamine HCl/capsule). Subjects received either
2 Glucosamine HCI tablets or capsules with 250 ml water. Blood samples were collected before test substance
administration, and at various intervals up to 12 h after administration. Plasma Glucosamine concentration was evaluated via
the LC-MS/MS method. The mean Ciax, Tmax, and T, values were reported to be 907.1 ng/ml, 3.03 h, and 1.10 h,
respectively, for the dispersible tablet formulation. For the capsule formulation, mean Cpax, Tmax, and T1, values were
reported to be 944.40 ng/ml, 3.30 h, and 1.50 h, respectively.

Glucosamine HCI and Glucosamine Sulfate

The pharmacokinetics of Glucosamine after oral administration of crystalline Glucosamine Sulfate and Glucosamine
HCI were evaluated in 12 healthy volunteers (5 male and 7 female).?> Volunteers received once-daily, oral administrations of
crystalline Glucosamine Sulfate soluble powder at a dose of 1500 mg, or Glucosamine HCI capsules at a dose of 500 mg, for



3 consecutive days, alone, or in combination with chondroitin sulfate (400 mg). Glucosamine was determined at steady state
in plasma collected up to 48 h after the last dose by a validated LC-MS/MS method. After Glucosamine Sulfate
administration, peak concentrations (Css, max) and extent of exposure (AUCs) averaged 9.1 £ 6.3 uM and 76.5 + 23.0 uM/h,
respectively. Significantly lower plasma concentrations (p < 0.005) were determined after the administration of Glucosamine
HCI alone (Cgs, max and AUC, averaged 4.5 + 1.8 uM and 21.4 & 7.6 pM/h, respectively), or in combination with chondroitin
sulfate (Css, max and AUCs averaged 3.3 + 1.0 uM and 13.8 + 5.4 pM/h, respectively).

TOXICOLOGICAL STUDIES
Acute Toxicity Studies

Oral
Details regarding the acute oral toxicity studies summarized below can be found in Table 5.

The reported median lethal dose (LDso) values for Glucosamine were higher than the doses tested ( > 15,000 mg/kg in
mice and > 8000 mg/kg in rats and rabbits).? According to an ECHA dossier, the acute oral LDs, for Glucosamine HCI was
reported to be 15,000 mg/kg bw in mice.?

Short-Term Toxicity Studies
Oral
Glucosamine HCI

The effect of oral Glucosamine was evaluated in male Sprague-Dawley and male spontaneously hypertensive rats
(SHR; 8 rats/strain/group).2’ Four groups of both rat strains received either no treatment (control), Glucosamine (0.5%),
chondroitin sulfate (0.4%), or a combination of both, for 9 wk, via diet. A concentration of 0.5% or 0.4% of Glucosamine
and chondroitin sulfate roughly calculates to 1500 and 1200 mg/d, respectively. Systolic blood pressure (SBP) and body
weight were evaluated weekly. Hematological and histological evaluations were performed. No statistically significant
differences in body weight were observed in any of the four dietary groups. SBP of both strains consuming the two
ingredients alone and in combination was statistically significantly lower than the SBP in control animals. No statistically
significant histological differences were found in the hearts, kidneys, or livers among the treated and control groups. In
Sprague-Dawley rats, there were no relevant trends in blood chemistries among the four groups, however BUN levels were
significantly lower (p < 0.03) in the control group compared to the other three groups. In SHR, no hematological differences
between groups were observed.

Subchronic Toxicity Studies
Animal
Oral
Acetyl Glucosamine

Acetyl Glucosamine was fed to F344 rats (10 rats/sex/group) via pelleted diets containing 0, 0.625, 1.25, 2.5 or 5%
Acetyl Glucosamine for 13 wk (study performed according to Organization for Economic Co-Operation and Development
test guideline (OECD TG) 408).2® Clinical signs, food intake, hematology, serum biochemistry, and histopathology were
evaluated in all animals. All animals survived until the end of the experiment. A slight, non-significant increase in body
weights was observed in males receiving 0.625, 1.25, and 2.5% Acetyl Glucosamine from wk 4 until the end of the
experiment. Statistically significant elevation of weight gain was observed in males receiving 0.625, 1.25 and 2.5% Acetyl
Glucosamine at the terminal sacrifice, which resulted in decreased relative weights in many organs. However, no obvious
indications of toxicity were observed in any of the parameters evaluated. The no-observed-adverse-effect-level (NOAEL)
was determined to be > 5%.

Human

Oral
Acetyl Glucosamine

The effect of orally ingested Acetyl Glucosamine was evaluated in healthy adult humans.?® Safety assessments were
performed via physical parameters, hematology, blood biochemistry, and urinalysis. The test supplement contained green tea
extract powder and either 500 (n =22) or 1000 (n = 22) mg of Acetyl Glucosamine. The placebo supplement contained
green tea extract powder without Acetyl Glucosamine (n = 24). All subjects were instructed to take the supplements,
dissolved in a cup of water, once a day for 16 wk. A total of 66 adverse events occurred in 12, 10, and 9 subjects receiving
placebo, 500 mg/d Acetyl Glucosamine, and 1000 mg/d Acetyl Glucosamine, respectively, and there was no significant
difference in the frequency among the 3 groups. Relatively frequent adverse symptoms included cold symptoms, gastric
distress, and pain. These effects were generally mild. Routine physical and cardiovascular characteristics, hematology, and
blood chemistry, did not show any significant abnormalities in all three groups.



Glucosamine HCI

A 16-wk, randomized, double-blind, placebo-controlled crossover trial of a combination of Glucosamine HCI1 (1500
mg/d), chondroitin sulfate (1200 mg/d), and manganese ascorbate (228 mg/d) was conducted in degenerative joint disease
patients.’® Thirty-four male patients were randomized and given either the test substance (a tablet containing a combination
of Glucosamine HCI, chondroitin sulfate, and manganese ascorbate), or a placebo for 8 wk. For an additional 8-wk period,
the patients crossed over to the regimen not followed previously. Patients were asked to complete a survey of symptoms
consistent with toxicity and to return cards for fecal occult blood testing at the end of each protocol phase. No patients
reported symptoms requiring termination of study, and symptom frequency on medication was similar to that at baseline.
Vital signs, occult blood testing, and hematologic parameters were similar among the placebo and medicated groups.

Chronic Toxicity Studies
Oral
Acetyl Glucosamine

The chronic toxicity potential of Acetyl Glucosamine was evaluated in F344 rats (10 rats/sex/group).>! Acetyl
Glucosamine was administered via the diet at levels of 0, 1.25, 2.5 or 5%, for 52 wk. Clinical effects, mortality, hematology,
serum biochemistry, and histopathology were evaluated. After gross examination, the brain, heart, lungs, liver, spleen,
adrenals, kidneys, and testes were weighed. No toxic effects were observed in any parameter evaluated; however, slight
suppression of body weight gain was observed in animals dosed with 5%. This effect appeared to be due to a slight reduction
of caloric intake with the high concentration of test compound.

DEVELOPMENTAL AND REPRODUCTIVE TOXICITY STUDIES

Oral
Glucosamine

The effects of premating Glucosamine supplementation via drinking water on Sprague-Dawley rat litter homogeneity,
uterine receptivity, and maternal hormones levels, were evaluated.?? Female rats (29 animals/group) were given either
normal drinking water, or drinking water supplemented with 0.5 mM Glucosamine, from 6 to 8 wk old. After a 2-wk
administration, the rats were mated. Ovaries, uteri, implantation sites, pup birth weight, maternal placental efficiency, and
plasma of dams were evaluated. Variation of within-litter birth weight in the Glucosamine-treated group was 5.55%, a
significantly lower variation than that of the control group (8.17%). Birth weights and absolute and relative ovary weights
were statistically significantly greater in the Glucosamine-treated group compared to the control group (p < 0.05). In the
Glucosamine-treated group, there were more successfully implanted blastocysts (13.38 + 0.63 and 15.75 + 0.59 in the control
and treated group, respectively), with more uniform distribution along the two uterine horns compared with the control group.
Maternal progesterone, estradiol, and insulin-like growth factor 1 (IGF-1) concentrations on day 19.5 of pregnancy were
significantly increased in treated rats, while insulin and total cholesterol levels were significantly decreased compared with
control rats.

Intraperitoneal
Glucosamine

The effects of pre-conception Glucosamine administration on reproductive outcomes was evaluated in 8-wk-old and 16-
wk-old adult female C57B1/6 mice (24 mice/group).>* Animals were given either 0, 20 mg/kg Glucosamine per day (in
phosphate-buffered saline (PBS))), via intraperitoneal injection, for 3 d. Mice that received no Glucosamine treatment during
the feeding period received injections of PBS only. On day 3, females were mated with a male, and mating success was
determined. On day 4, animals were once again treated with Glucosamine (same dose as previously given). For
successfully-mated females, this was the final injection; females that did not mate were re-introduced to males and given
daily injections until mating was successful (for a maximum of 4 nights). On day 18 of gestation, animals were killed,
examined, and all fetal parameters were assessed. The total number of implantations (p < 0.0001) and viable fetuses (p <
0.0001) was lowest in the 8-wk-old, Glucosamine-treated group. The number of implantations and viable fetuses among the
16-wk-old Glucosamine-treated mice and control mice did not differ significantly. Fetal weight was reduced by
Glucosamine treatment in 16-wk-old mice (p < 0.05), whereas the same treatment did not affect 8-wk old mice. Glucosamine
also reduced fetal length in pups derived from 16-wk-old Glucosamine-treated mice (p < 0.05). In addition, a significantly
higher number of abnormal fetuses was present in litters of 16-wk-old Glucosamine-treated mice, compared with all other
groups (p < 0.05).

Intrauterine
Glucosamine

The effects of intrauterine Glucosamine were evaluated in female ICR mice (3 mice/group).>* A hysterectomy of one
uterine horn was performed according to standard surgical procedures. A 60-d sustained-release Glucosamine pellet (15,
150, or 1500 pg) or placebo pellet was implanted into the top of the remaining uterine horn. Females recovered
independently for 10 d, and then mated with ICR male mice. The number of pups/litter was recorded until two litters after
the 60-d pellet release period. After hysterectomy and implantation of placebo pellets, litters were approximately half the



size that they were before surgery (5.6 and 12.7 pups/litter, respectively). Mice that received Glucosamine pellets delivered
significantly fewer live pups/litter over a 60-d pellet active period than those that received placebo pellets (15 pg
Glucosamine, 2.75 £ 0.73 pups/litter; 150 pg Glucosamine, 2.13 £ 0.85 pups/litter; 1500 pg Glucosamine, 0.25 + 0.25
pups/litter; placebo, 5.61 + 0.66 pups). The gross morphological appearance of the pups from placebo and Glucosamine-
treated mice were normal post-birth. Serum glucosamine levels were similar among placebo and treated groups. After the
60-d pellet release period, there was no statistically significant difference in litter sizes delivered by Glucosamine-treated and
placebo-treated mice, except at the highest dose level.

GENOTOXICITY STUDIES
In Vitro

Acetyl Glucosamine

An Ames assay was performed according to OECD TG 471.> Salmonella typhimurium strains TA 1537, TA 1535, TA
98, TA 100, and TA 102 were exposed to Acetyl Glucosamine at concentrations of 156.25, 312.5, 625, 1250, 2500, and 5000
ug/plate, with and without metabolic activation. Plates were maintained in triplicate, and the number of revertant colonies
were recorded after the 48-h incubation period. The test substance was non-mutagenic to any strain of S. typhimurium when
tested under specified experimental conditions.

Glucosamine HCI

The potential genotoxicity of Glucosamine HCI derived from Aspergillus niger was evaluated in an Ames assay.® The
tester strains (S. typhimurium TA 98, TA 100, TA 1535, and TA 1537, and E.coli WP2 uvrA) were exposed to Glucosamine
HCI at concentrations of 100, 333, 1000, 3300, and 5000 pg/plate, with and without metabolic activation. The test substance
was considered to be non-mutagenic.

In Vivo
Glucosamine HCI

An in vivo micronucleus assay was performed in accordance with OECD TG 474.% Mice (number of animals and strain
not reported) were dosed with Aspergillus niger-derived Glucosamine HCIl mixed with water, via gavage. The test substance
was administered in doses of 500, 1000, or 2000 mg/kg bw. There was no statistically significant increase in micronucleated
polychromatic erythrocytes (PCE) or decrease in the ratios of polychromatic PCEs and normochromatic erythrocytes (NCE)
at any dose level. The test substance was considered to be non-toxic to bone marrow.

ANTI-GENOTOXICITY STUDIES
In Vitro

Acetyl Glucosamine and Glucosamine

The anti-genotoxic effect of Glucosamine and Acetyl Glucosamine in human peripheral lymphocytes exposed to
oxidative stress was evaluated.’® Lymphocytes were treated with Acetyl Glucosamine or Glucosamine at concentrations of 0,
2.5, 5,10, 20, or 50 mM. Cells were also treated with 25 pM hydrogen peroxide to induce DNA damage. Control cells were
treated with the vehicle (PBS) and hydrogen peroxide. Cells were analyzed and data were presented as % DNA in tail.
Acetyl Glucosamine only indicated a slight DNA protection at a concentration of 50 mM (p < 0.01). Glucosamine, at all
concentrations, showed a significant protective activity (p < 0.001) against hydrogen peroxide-induced DNA damage.

In Vivo
Glucosamine

The chemoprotective ability of Glucosamine against cisplatin-induced genotoxicity was evaluated in rat bone marrow
cells.’® Male Wistar rats (5/group) were fed diets containing either 75 or 150 mg/kg Glucosamine, for 7 consecutive d. On
the 7" d, 1 h after Glucosamine treatment, a single intraperitoneal dose of cisplatin (5 mg/kg) was administered. Three
control groups were used, a normal control group (oral PBS treatment and injection with saline), a Glucosamine control
group (oral 150 mg/kg Glucosamine treatment and injection of PBS), and a cisplatin control group (oral PBS treatment and
injection of cisplatin). All animals were killed 24-h post-treatment with cisplatin, and rat bone marrow cells were collected.
For each experimental group, a total of 5000 PCE and corresponding NCE were scored to determine the number of
micronucleated polychromatic erythrocytes (MnPCE) and micronucleated normochromatic erythrocytes (MnNCE).
Pretreatment with 75 and 150 mg/kg Glucosamine prior to cisplatin injection significantly reduced the frequency of MnPCE
and MnNCE (p <0.05). Treatment with Glucosamine also prevented the fall in the PCE/(PCE + NCE) ratio as compared
with the cisplatin control group (p < 0.001). The test substance was considered to be an effective chemoprotector against
cisplatin-induced DNA damage.



CARCINOGENICITY STUDIES

Acetyl Glucosamine

The carcinogenic potential of Acetyl Glucosamine was evaluated in F344 rats (50 rats/sex/group).>! Animals were
given Acetyl Glucosamine in the diet at levels of 0, 2.5, or 5%, for 104 wk. Many tumors were found in males and females
in all groups; however, all tumors observed were well-known to occur spontaneously in F344 rats. No significant intergroup
differences in tumor frequency or histological types were apparent. Additionally, the number of neoplastic lesions observed
in animals was similar among control and treated groups. The test substance was considered to be non-carcinogenic.

ANTI-CARCINOGENICITY STUDIES

In Vitro
Glucosamine

The anti-proliferative potential of Glucosamine in human renal cancer cell lines (786-O and caki-1) was studied via an
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) and annexin V-fluorescein isothiocyanate (FITC)
assay.”’ To evaluate cell proliferation, renal cancer cells were treated with either 0, 1, 5, or 10 mM Glucosamine, and
incubated. After incubation, MTT solution was added, cells were again incubated, followed by addition of dimethyl
sulfoxide and the evaluation of optical density. Glucosamine inhibited the proliferation of renal cancer cells in a
concentration-dependent manner (p < 0.05) as compared with the control group. In order to evaluate cell apoptosis, cancer
cells were serum-starved for 24 h, and treated with various concentrations of Glucosamine (0, 1, 5, or 10 mM) for 24 h. Cells
were then collected and washed twice with PBS. Then, cells were re-suspended, stained with FITC-annexin V/PI and
analyzed by flow cytometry. The apoptosis rate of both cell lines was up-regulated by the high concentration of Glucosamine
(10 mM), but down-regulated by low concentrations of Glucosamine (1 and 5 mM), as compared with the control groups.

Acetyl Glucosamine, Glucosamine, and Glucosamine HCI

The growth inhibitory effects of Glucosamine, Glucosamine HCI, and Acetyl Glucosamine on human hematoma
SMMC-721 cells were evaluated in vitro.>® Tumor cells were cultured in a growth medium supplemented with 15% bovine
calf serum, 100 U/ml penicillin, and 100 U/ml streptomycin at 37° C, seeded in 96-well plates, and incubated for 24 h. After
incubation, cells were treated with Glucosamine, Glucosamine HCl, or Acetyl Glucosamine (10 - 1000 pg/ml), and again
incubated for 24 — 120 h. Untreated cells were used as controls. Results measured by an MTT assay showed that
Glucosamine HCI and Glucosamine caused a concentration-dependent reduction in hepatoma cell growth. In addition,
human hepatoma cells treated with Glucosamine HCI resulted in the induction of apoptosis as assayed qualitatively by
agarose gel electrophoresis. Acetyl Glucosamine did not inhibit the proliferation of SMMC-7721 cells.

Animal
Glucosamine HCI

Sarcoma 180 tumor ascites cells were subcutaneously inoculated (0.2 ml/mouse) into 8-wk-old Kunming male mice
(number of animals not stated).>® Mice were divided and given an oral dose of either saline (control group) or Glucosamine
HCI dissolved in saline (125, 250, or 500 mg/kg/d). The method of oral administration was not stated. Administrations
occurred once daily for 10 d. The tumor was allowed to grow on mice for 10 d before it was removed from the animal and
evaluated. The anti-tumor activity of Glucosamine HCI was expressed as an inhibition ratio calculated as [(average tumor
weight of control — average tumor weight of treated group)/average tumor weight of control] x 100%. Glucosamine HCI, at
the intermediate dose (250 mg/kg/d), had the highest inhibition ratio (34.02%) on sarcoma 180 tumor growth. Inhibition
ratios at the 125 and 500 mg/kg/d dose levels were reported to be 27.84 and 29.33%, respectively.

OTHER RELEVANT STUDIES

Effects on Pigmentation

The following studies are included in this report as they may be relevant to concerns regarding depigmentation, skin
whitening, and anti-melanogenesis.

In Vitro

Acetyl Glucosamine

The effect of Acetyl Glucosamine on melanin production was evaluated in an in vitro assay using reconstituted human
tanned epidermis.’® Skin cultures were placed in 6-well tissue culture plates containing 2 ml/well of a growth medium.
Administrations of either Acetyl Glucosamine (1, 3, or 5% in water) or water alone (30 pl) were applied topically, for 10 d.
Culture medium and treatment was replenished daily. Skin equivalent cell cultures treated topically with 1, 3, or 5% Acetyl
Glucosamine produced dose-dependent decreases in melanin content. According to the study authors, Acetyl Glucosamine
can inhibit the enzymatic glycosylation of tyrosinase, resulting in pigmentation effects. In addition, pigmentation effects
following Acetyl Glucosamine exposure may occur due to its effect on the expression of several pigmentation-relevant genes.



The anti-melanogenic effect of an Acetyl Glucosamine-loaded microemulsion was evaluated in B16 melanoma cells.*’
The microemulsion contained 1% Acetyl Glucosamine, 9% water, and 10% propylene glycol, 20% palm oil, and 60% of a
surfactant mixture. A control solution was prepared using the same components as the test microemulsion, excluding Acetyl
Glucosamine. In addition, an aqueous solution containing 1% Acetyl Glucosamine was also evaluated (untreated B16 cells
used for control). B16 cells were first plated with 1 pmol/l of a-melanin stimulating hormone for 3 d, followed by incubation
with microemulsions, at a 1:2000 dilution, for 24 h. Melanin content in B16 melanoma cells decreased by 21% and 44%
after treatment with the microemulsion and the microemulsion control, respectively. Slight melanin reduction was noted in
B16 cells treated with the aqueous Acetyl Glucosamine solution (7% reduction), compared to the untreated control.

Animal and Human

Acetyl Glucosamine

The whitening effect of Acetyl Glucosamine in skin was examined in humans (number of subjects not specified) and
brown guinea pigs (strain and number of animals not specified) that were subjected to ultraviolet (UV; wavelength not
provided)-induced pigmentation.*! The 5% Acetyl Glucosamine (information regarding solution not provided) was applied
to the dorsal skin of brown guinea pigs and the inner side of human forearm skin for 8 wk, twice a day. In humans, a visual
reduction in hyperpigmentation was observed 2 wk after treatment with the Acetyl Glucosamine solution, compared to the
vehicle-treated group, and a strong decrease in visible pigmentation was observed after 8 wk of Acetyl Glucosamine
treatment. The degree of hypopigmentation at each time point measured after the application of Acetyl Glucosamine was
higher than the vehicle control group. In guinea pigs, biopsy specimens were obtained from both the treated and control
groups 4 wk after topical application. Acetyl Glucosamine-treated skin had decreased levels of melanin without affecting the
number of melanocytes, compared to vehicle-treated skin.

Human

Acetyl Glucosamine

The reduction of facial hyperpigmentation after use of a moisturizer containing Acetyl Glucosamine and niacinamide
was evaluated in a 10-wk, randomized, double-blind, vehicle-controlled trial.*> During a 2-wk preconditioning period, the
test subjects (101 women/group) used the same commercial facial cleanser, nighttime moisturizer, and daytime moisturizing
lotion. After the 2-wk period, subjects used a daily regimen of either a morning sun protection factor (SPF) 15 sunscreen
moisturizing lotion and evening moisturizing cream containing 4% niacinamide and 2% Acetyl Glucosamine, or the SPF 15
lotion and cream vehicles. Product-induced changes in apparent pigmentation were assessed by capturing digital
photographic images of the women after 0, 4, 6, and 8 wk of product use. Images were evaluated by algorithm-based
computer image analysis for colored spot area fraction, by expert visual grading, and by chromophore-specific image analysis
based on noncontact spectrophotometric intracutaneous analysis (SIAscopy™) for melanin spot area fraction, and melanin
chromophore evenness. By all parameters measured, the Acetyl Glucosamine and niacinamide formulation regimen caused a
more pronounced decrease in detectable areas of facial spots and the appearance of pigmentation, compared to those that used
the control formulation (p < 0.05).

A similar study, from Japan, was performed in healthy women (n = 25 women/group).!” Volunteers were instructed to
apply a formulation (0.3 g) containing either the placebo control or 2% Acetyl Glucosamine, on the side of the face, twice
daily, for 8 wk. Digital images of each side of the face of all subjects were captured at baseline, and at week 4 and 8.
Topical 2% Acetyl Glucosamine was effective in improving the appearance of facial hyperpigmentation based on computer
image analysis, with an overall directional (p = 0.089) spot area fraction change across the entire study.

Forty-five Caucasian women (Fitzpatrick skin types I, I, and III), aged 40 - 65 yr, with moderate skin texture and the
presence of at least mild to moderate-severe hyperpigmentation on the décolletage, were used in this study.** Volunteers
were instructed to apply a neck cream containing 8% Acetyl Glucosamine and 4% triethyl citrate, each day, for 16 wk. Skin
pigmentation and texture were graded using a 0 — 5 scale with half-point increments. Irritation/tolerability parameters
(dryness, itching, stinging/burning) were measured at week 0, 8, 12, and 16 using a 0 - 3 scale (none, mild, moderate, severe).
Colorimetric measurements were also made at week 0, 8, and 16. A significant reduction of skin pigmentation was observed
at each time point (p < 0.001). After 16 wk, skin pigmentation was reduced by 23%. Chromameter measurements revealed
significant improvement at week 8 and 16 in brightness (p < 0.001) and erythema (p < 0.05). The test cream was well-
tolerated with no signs of irritation. One subject experienced an adverse event of contact dermatitis on two separate
occasions. No other adverse events were reported.

Reduction of IgE-Mediated Hypersensitivity
The following studies are included in this report as they may be helpful in addressing cosmetic safety concerns
regarding immunoglobulin E (IgE)-mediated hypersensitivity.
Glucosamine

The effect of Glucosamine on ovalbumin (OVA)-induced atopic dermatitis was evaluated in female BALB/c mice (5
mice/group).** Approximately 1.5 ml of OVA and 3 ml of aluminum hydroxide gel were mixed, and 150 pl of the mixture
was intraperitoneally injected into mice 3 times a week, for 3 wk. After the first week of OVA injection, mice were



epicutaneously sensitized with OVA patches (1 cm x 1 cm patch containing 50 pl OVA). Patches were applied 3 times a
week, for 2 wk. After atopic dermatitis was induced, mice were given 100 pl Glucosamine injections at concentrations of 1
mg/10 pl, 1 mg/5 pl, and 1 mg/2.5 pl. After a week of Glucosamine administration, 3 OV A patches were again attached
during the next week. In addition, two control groups were used. One group received a PBS injection without OVA
induction, and a second group received a PBS injection with OVA induction. Clinical dermatitis scores decreased with
increasing Glucosamine dose (p < 0.001). Concentrations of tissue interleukin (IL)-13 and IL-17 decreased after
Glucosamine administration (each group: p = 0.002 and p < 0.001, respectively), but the concentrations of tissue IL-4 did not
show differences across groups. Serum IgE levels tended to be lower after Glucosamine administration (p = 0.004).

The anti-allergic effect of Glucosamine in female BALB/c mice with allergic rhinitis and asthma was studied.!! Mice
(8/group) were given an OV A intraperitoneal/intranasal challenge to induce allergic asthma and rhinitis. Thirty min prior to
sensitization induction, animals were administered Glucosamine treatment, via intraperitoneal injection, at concentrations of
either 1 or 5%. A negative control group received an intranasal/intraperitoneal challenge using sterile saline, and did not
receive Glucosamine treatment. A positive control group received an OV A intranasal/intraperitoneal challenge, and no
treatment with Glucosamine. Serum total and OV A-specific IgE, cytokine titers, and the number of inflammatory cells in
bronchoalveolar lavage (BAL) fluid were evaluated. A histopathologic examination of the lung and nasal cavity was also
performed. OV A-specific IgE and eosinophils in BAL fluid were significantly decreased after 5% Glucosamine treatment
compared with the positive control group (p < 0.05). In addition, significant improvement of inflammation was apparent in
groups treated with 1 and 5% Glucosamine when compared to the positive control group.

Acetyl Glucosamine and Glucosamine HCI

The anti-allergic effect of orally ingested Acetyl Glucosamine and Glucosamine HCI was evaluated in female BALB/c
mice (3 animals/group).* The dorsal skin of each mouse was shaved and 100 uL 0.5% dinitrofluorobenzene (DNFB) in
acetone-soybean oil was applied to induce sensitization. After induction, Acetyl Glucosamine or Glucosamine HCI (0.1 or 1
mg/mouse) was administered orally, once per day, for 6 d. The method of oral administration was not specified. One h after
the final administration, both right and left ears were challenged with 20 ul 0.5% DNFB in acetone-soybean oil. The
thickness of the right ear was measured with a dial thickness gauge 0, 6, and 24 h after DNFB challenge. In addition, the
amount of histamine in the plasma of the right ear was measured. Oral administration of Acetyl Glucosamine or
Glucosamine HCI significantly inhibited DNFB-induced ear swelling in mice at both 6 h and 24 h after DNFB challenge (p <
0.05), and reduced the concentration of histamine in the plasma of DNFB-treated mice (p < 0.05).

Effect of Oral Administration on Atopic Dermatitis
Glucosamine

The effect of orally-administered Glucosamine in the treatment of atopic dermatitis was evaluated in a placebo-
controlled, double-blind, clinical trial. 4 Patients with atopic dermatitis received either a combination of 2 mg/kg
cyclosporine and 25 mg/kg Glucosamine (n = 16; Group A), or a combination of 2 mg/kg cyclosporine and placebo (n = 17;
Group B), for 8 wk. Among the 16 patients receiving Glucosamine treatment, 15 patients reported clinical improvement of
atopic dermatitis symptoms. Clinical improvement was noted in 10 of 17 patients treated with the placebo. Among the 19
intention-to-treat patients in each group, three from group A and 4 from group B experienced adverse effects, with abdominal
pain being the common adverse effect.

DERMAL IRRITATION AND SENSITIZATION STUDIES

Details regarding the irritation and sensitization studies summarized below can be found in Table 6.

No irritation was noted in an vitro reconstructed human epidermis assay performed using Acetyl Glucosamine (99.42%
purity).> Multiple in chemico/in vitro sensitization assays (direct peptide reactivity assay (DPRA), KeratinoSens™ assay,
human cell line activation test (h-CLAT)) performed using Acetyl Glucosamine yielded negative results.> Very mild
cumulative irritation was noted in a 21-d cumulative patch human dermal irritation using an eye cream containing 2% Acetyl
Glucosamine (12 subjects; occlusive conditions).*” HRIPTs performed using a mask containing 0.005% Acetyl Glucosamine
(108 subjects), a liquid foundation containing 2% Acetyl Glucosamine (105 subjects), and a leave-on product containing
0.005% Glucosamine HCI (51 subjects) yielded negative results.*->° Similarly, no sensitization was noted in maximization
assays performed, each in 25 subjects, using a product containing 0.01% Glucosamine and a product containing 0.25%
Glucosamine HCI1.5'-%2

OCULAR IRRITATION STUDIES

In Vitro

Acetyl Glucosamine

An EpiOcular™ 3-[4,5,-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) conversion assay was performed
to determine the ocular irritation potential of a face serum containing 2% Acetyl Glucosamine.>? Stratified human



keratinocytes were exposed to the neat test article for 8, 16, 20, and 24 h. The effective time (ETso) at which the test
substance caused a 50% reduction in tissue viability was 17.2 h. The ETs of the positive control was 16.3 min.

A bovine corneal opacity and permeability (BCOP) test assay was performed according to OECD TG 437.3 Bovine
corneas (3/group) were treated with either 750 pl of a saline solution containing 20% Acetyl Glucosamine, 750 pl of saline
alone (negative control), or 750 pl of a saline solution containing 20% imidazole (positive control). Corneas were exposed
for 4 h+ 5 min at 32 + 1 °C. The mean in vitro irritancy scores for the test substance, negative control, and positive control
were 0.42, 0.70, and 105.42, respectively.

CLINICAL STUDIES
Lack of Hypersensitivity to Shrimp-Derived Glucosamine

Glucosamine

The tolerability of shrimp-derived Glucosamine was evaluated in shrimp-allergic individuals.>* Subjects with a history
of shrimp allergy were recruited and tested for both shrimp reactivity and shrimp-specific IgE by an InmunoCAP™ assay.
Fifteen individuals with a positive skin prick test to shrimp and an ImmunoCAP™ class level of two or greater were selected
for a double-blind placebo-controlled food challenge using Glucosamine-chondroitin tablets containing 1500 mg of
synthetically-produced (control) or shrimp-derived Glucosamine. Immediate and delayed reactions (up to 24 h post-
challenge) were evaluated via a questionnaire. All subjects tolerated the 1500 mg Glucosamine administration from the
shrimp-derived and synthetic sources, without any incidences of hypersensitivity.

Case Reports
Glucosamine

A 52-yr-old with a history of long-standing intermittent asthma complained of exacerbation of underlying asthma.*
Exacerbation was characterized by shortness of breath and wheezing. Inhaled albuterol was not sufficient to extinguish or
diminish symptoms. Aside from osteoarthritis of the knees and hips, mild stage 1 hypertension, and obesity, the patient was
in reasonably stable health. During the course of 3 wk, the patient’s condition waxed and waned despite an increased
albuterol dose. The patient mentioned that her symptoms began after beginning a Glucosamine-chondroitin sulfate
preparation 3 times per day for arthritis treatment. This preparation contained 500 mg Glucosamine and 400 mg chondroitin
sulfate. Within 24 h of discontinuing Glucosamine and chondroitin treatment, the patient’s asthma symptoms completely
subsided.

A 67-yr-old male with type-2 diabetes was given oral antidiabetic medication (500 mg metformin, twice daily).® The
patient had also been previously taking angiotensin-converting-enzyme inhibitors for hypertension for 5 yr, and Glucosamine
(1200 mg), once daily, for 3 yr, to relieve osteoarthritic knee pain. Fourteen yr after starting the diabetic medication, the
patient was referred to a nephrology consultant due to non-proteinuric renal insufficiency and a reduction of the glomerular
filtration rate GFR), from 86 to 46 ml/min, within 3 mo. A kidney biopsy revealed non-inflammatory, 40 — 50% fibrosis of
the renal cortex associated with acute tubular necrosis. The etiological investigation was negative apart from the daily
ingestion of 1200 mg Glucosamine. After stopping Glucosamine for 3 wk, GFR increased from 47.5 to 60 ml/min.
Reintroduction of Glucosamine resulted in loss of kidney function after 3 wk, with GFR reduced from 60 to 53 ml/min.

Glucosamine Sulfate

A 76-yr-old woman with arterial hypertension and osteoarthritis was referred for evaluation after an episode of urticaria
after drug intake.’” The patient was prescribed Glucosamine Sulfate for osteoarthritis, and suffered from erythematous
lesions and facial swelling within several hours after Glucosamine Sulfate intake. The following day, 5 min after a new dose,
the patient developed tongue, facial, and throat swelling with facial erythema. She was treated in the emergency department
with antihistamines and corticosteroids. Symptoms resolved within 4 h. After a washout period, a skin prick test and
intradermal test with Glucosamine Sulfate was performed. The skin prick test yielded negative results, however, the
intradermal test (concentration of 1.5 mg/ml) yielded positive results with a papule of 35 mm?. The intradermal test in 10
healthy volunteers was negative.

EPIDEMIOLOGICAL STUDIES

Cancer Endpoints

Glucosamine

The association between Glucosamine use and colorectal cancer risk was examined among 113,067 volunteers in the
Cancer Prevention Study II Nutrition Cohort.>® Those with a history of colorectal cancer prior to 2001, those with
inflammatory conditions, and those without sufficient information to determine exposure category for the Glucosamine
variable, were excluded from this study. Participants were first asked about Glucosamine intake in 2001 (baseline). Those
who reported current use were then asked to report this frequency and duration of use. At baseline, 10.7% of participants
(12,060), reported current Glucosamine use on > 4 d/wk for <2 yr, and 5.6% of participants (6729), reported current use on
>4 d/wk for >3 yr. Glucosamine intake was surveyed and updated every 2 yr until 2011. Current use of Glucosamine,



modeled using a time-varying exposure, was associated with a lower risk of colon cancer (hazard ratio (HR): 0.83, 95%
confidence interval (CI): 0.71 - 0.97), compared to those who reported no ingestion of Glucosamine. This reduction in risk,
however, was only observed for shorter duration use of Glucosamine (HR: 0.68, 95%, CI: 0.52 - 0.87), rather than the longer
duration of use (HR: 0.99, 95% CI: 0.76 - 1.29).

Similarly, the association between lung cancer and Glucosamine was evaluated in 76,904 volunteers with no prior
history of lung cancer.” The participants were queried on their use of Glucosamine from the years 2000 - 2010. Low use
participants were considered to be volunteers who ingested Glucosamine < 4 d/wk or < 3 yr, and high use was considered to
be ingestion of Glucosamine for > 4 d/wk and > 3 yr. Compared to non-use, use of Glucosamine was associated with a 20%
reduction in lung cancer risk (HR: 0.80, 95% CI: 0.65 - 0.99) after multivariable adjustment. High 10-yr use of Glucosamine
(HR: 0.77, 95% CI: 0.56 — 1.05; P-trend = 0.04) was associated with a linear 23% reduction in lung cancer risk. A large
proportion of volunteers who reported Glucosamine use also used chondroitin. When the analysis of Glucosamine was
restricted to non-users of chondroitin (Glucosamine-only) an inverse association with lung cancer was apparent (HR: 0.84,
95% CI: 0.61 — 1.17), and high 10-yr use of Glucosamine alone was associated with a 61% reduction in lung cancer risk (HR
0.39, 95% CI: 0.17- 0.86).

RISK ASSESSMENT

Glucosamine Sulfate

The Norwegian Food Safety Authority calculated margin of safety (MoS) values for the use of 10% Glucosamine
Sulfate in a body lotion (35.0), leg cream (99.0), and face cream (178.0), and from overall exposure from cosmetics (29.2).5
These values were calculated assuming 100% dermal absorption, a NOAEL value of 430 mg/kg/d (obtained from a repeated
oral dose toxicity assay performed in dogs with a bioavailability of 20%), and a calculated relative daily exposure of 123.20,
43.50, and 24.13 mg/kg bw/d for the body lotion, leg cream, and face cream, respectively. According to this assessment,
maximum use levels were reported to be 18, 10, and 3.5% in face, leg and body lotion, respectively.

SUMMARY

The safety of Acetyl Glucosamine, Glucosamine, Glucosamine HCI, and Glucosamine Sulfate as used in cosmetics is
reviewed in this assessment. According to the Dictionary, Acetyl Glucosamine and Glucosamine Sulfate are reported to
function in cosmetics as skin-conditioning agents — miscellaneous, and Glucosamine HCl is reported to function as a pH
adjuster. The function of Glucosamine is not reported

According to 2022 VCRP survey data, Acetyl Glucosamine, Glucosamine HCI, and Glucosamine are reported to be
used in 198, 77, and 2 formulations, respectively. The results of the concentration of use survey conducted by Council
indicate that Acetyl Glucosamine has the highest concentration of use in a leave-on formulation; it is used at up to 5% in face
and neck products (not spray). Glucosamine Sulfate is not reported to be in use.

The skin penetration of Acetyl Glucosamine was evaluated in split-thickness Caucasian cadaver skin. Approximately
7% of the applied test substance (which contained 2% Acetyl Glucosamine) permeated the skin after 6 h. An in vitro
permeation assay was also performed with Glucosamine HCI in human epidermal membranes. Over a 48-h period,
Glucosamine HCI permeated through the skin with a flux of 1.497 + 0.42 pg/cm?/h, a permeability coefficient of 5.66 + 1.6 x
10 cm/h, and a lag time of 10.9 = 4.6 h. The dermal penetration of 5% Glucosamine HCl in different vehicles was evaluated
in rat skin. Transdermal flux of Glucosamine HCI was greatest in the cubic liquid crystalline formulation (248.89 + 64.57
pg/h/cm?). The skin permeation rate of Glucosamine Sulfate was determined to be 13.27 pg/cm?h when evaluated in
Sprague-Dawley full-thickness rat skin. The amount of Glucosamine in synovial fluid was measured in osteoarthritis patients
following an application of 10% Glucosamine Sulfate cream. A mean Glucosamine concentration of 100.56 ng/ml was
observed in the synovial fluid of treated patients.

Female Beagle dogs were given a single oral dose of 450 mg Glucosamine HCI, and a pharmacokinetic analysis was
performed. Glucosamine was detected in the blood up to 8 h post-dose, with a Tiax 0f 2 h and a Cpax 0f 9.69 pg/ml.
[**C]Glucosamine HCI diluted with unlabeled Glucosamine Sulfate was given to Sprague-Dawley rats to examine excretion
patterns of radioactivity. Radioactivity analysis in tissues and organs revealed that the ['*C] from the labeled Glucosamine
quickly entered into all tissues, included cartilage, reaching a maximum at 8 h. Bioavailability was also evaluated in humans.
Healthy adult males, under fasting conditions, were given a single oral dose of 480 mg Glucosamine HCl in a dispersible
tablet or capsule form. The mean Cpax, Tmax, and T, values were reported to be 907.1 ng/ml, 3.03 h, and 1.10 h,
respectively, for the dispersible tablet form, and 944.40 ng/ml, 3.30 h, and 1.50 h, respectively, for the capsule form. The
pharmacokinetics of Glucosamine after a single oral administration of Glucosamine Sulfate and Glucosamine HCI were
evaluated in 12 healthy volunteers. Glucosamine was determined at steady state in plasma collected up to 48 h after the last
dose by a validated LC-MS/MS method. After Glucosamine Sulfate administration, peak concentrations and extent of
exposure averaged 9.1 + 6.3 uM and 76.5 £+ 23.0 uM/h, respectively. Significantly lower plasma concentrations (p < 0.005)
were determined after the administration of Glucosamine HCL.



The reported LDsg values for Glucosamine were higher than the doses tested (> 15,000 mg/kg in mice and > 8000
mg/kg in rats and rabbits). According to an ECHA dossier, the acute oral LDso for Glucosamine HCI was reported to be
15,000 mg/kg bw in mice. In a 9-wk study, Glucosamine (0.5%) was fed to male Sprague-Dawley and SHR rats. The
systolic blood pressure in treated rats was statistically significantly lower than control animals. No statistically significant
histological differences were found in the hearts, kidneys, and livers, among the treated and control groups. Acetyl
Glucosamine (up to 5%) was fed to F344 rats for 13 wk. No obvious indications of toxicity were observed in any of the
parameters evaluated. The NOAEL was determined to be > 5%. The effect of orally-ingested Acetyl Glucosamine (1000 mg)
was evaluated in healthy adults. Volunteers ingested the dissolved Acetyl Glucosamine in water, once a day, for 16 wk. A
control group received green tea extract powder. Routine physical and cardiovascular characteristics, hematology, and blood
chemistry, did not show any significant abnormalities between control and treated groups. The potential toxic effects of a
tablet containing Glucosamine HCI (1500 mg/d), chondroitin sulfate (1200 mg/d), and manganese ascorbate (228 mg/d) in
degenerative disease patients was evaluated in a 16-wk crossover study. No patients reported symptoms requiring
termination of study, and symptom frequency on medication was similar to that at baseline. Vital signs, occult blood testing,
and hematologic parameters were similar among the placebo and medicated groups. The chronic toxicity potential of Acetyl
Glucosamine (up to 5%) given in the diet for 52 wk was evaluated in F344 rats. No toxic effects were observed in any
parameter evaluated, however, slight suppression of body weight gain was observed in animals dosed with 5%.

The effects of premating Glucosamine supplementation via drinking water on Sprague-Dawley rat litter homogeneity,
uterine receptivity, and maternal hormones levels were evaluated. Female rats were given 0.5 mM Glucosamine via drinking
water for 2 wk, and then mated. Birth weights and absolute and relative ovary weights were statistically significantly greater
in the Glucosamine-treated group compared to the control group (p < 0.05). Maternal progesterone, estradiol, and IGF-1
concentrations on day 19.5 of pregnancy were significantly increased in treated rats, while insulin and total cholesterol levels
were significantly decreased compared with control rats. The reproductive effects of intraperitoneal injections of
Glucosamine (0 and 20 mg/kg) was evaluated in 8-wk old and 16-wk old adult female mice. Fetal weight and length were
reduced in Glucosamine-treated 16-wk old mice, compared to control animals. In addition, a significantly higher number of
abnormal fetuses was present in litters of 16-wk old Glucosamine-treated mice compared with all other groups (p < 0.05).
The effects of intrauterine Glucosamine (up to 1500 pg) were evaluated in female ICR mice. Ten d after implantation of the
Glucosamine pellet, mice were mated. Mice that received Glucosamine pellets delivered significantly fewer live pups/litter
over a 60-d pellet active period than those that received placebo pellets. However, after the 60-d pellet active period, there
was no statistically significant difference in litter sizes delivered by Glucosamine-treated and placebo-treated mice, except at
the highest dose level.

Acetyl Glucosamine (up to 5000 pg/plate) was considered to be non-mutagenic in an Ames assay using S. typhimurium
strains TA 1537, TA 1535, TA 98, TA 100, and TA 102, with and without metabolic activation. Similarly, an Ames assay
was performed on Glucosamine HCI derived from Aspergillus niger. Tester strains (S. typhimurium and E. coli WP2 uvrA)
were exposed to up to 5000 pg/plate of the test substance, with and without metabolic activation. No mutagenicity was
observed. In an in vivo micronucleus assay, mice (strain not reported) were administered Aspergillus niger-derived
Glucosamine HCI (up to 2000 mg/kg bw) in water, via gavage. There was no statistically significant decrease in the ratios of
PCE and NCE at any dose level.

In an in vitro anti-genotoxicity assay, human peripheral lymphocytes were exposed to Glucosamine or Acetyl
Glucosamine at concentrations up to 50 mM. DNA damage was induced with hydrogen peroxide. Glucosamine, at all
concentrations, showed a significant protective activity (p < 0.001) against hydrogen peroxide-induced DNA damage. Acetyl
Glucosamine only indicated a slight DNA protection at the highest test concentration. The chemoprotective ability of
Glucosamine (diets containing up to 150 mg/kg Glucosamine; 7 d exposure) against cisplatin-induced genotoxicity was
evaluated in male Wistar rats. The test substance was considered to be an effective chemoprotector against cisplatin-induced
DNA damage.

The carcinogenic potential of Acetyl Glucosamine (up to 5% in the diet; 104-wk treatment) was evaluated in F344 rats.
The test substance was considered to be non-carcinogenic. The anti-proliferative potential of Glucosamine (10 mM) was
evaluated in human renal cancer cell lines (786-O and caki-1) via an MTT and FITC-annexin V/PI assay. The apoptosis rate
of both cell lines was up-regulated by the high concentration of Glucosamine (10 mM), but down-regulated by low
concentrations of Glucosamine (1 and 5 mM), as compared with the control groups. The growth inhibitory effects of
Glucosamine, Glucosamine HCI, and Acetyl Glucosamine on human hematoma SMMC-721 cells was evaluated in vitro.
Tumor cells were exposed to Glucosamine, Glucosamine HCI, or Acetyl Glucosamine, at concentrations of up to 1000 pg/ml.
Results measured by an MTT assay showed that Glucosamine HC1 and Glucosamine caused a concentration-dependent
reduction in hepatoma cell growth. In an animal anti-carcinogenicity assay, Kunming male mice were inoculated with
sarcoma 180 tumor cells. Mice were orally treated for 10 d with up to 500 mg/kg Glucosamine HCI dissolved in saline.
Glucosamine HCI, at the intermediate dose (250 mg/kg/d), had the highest inhibition ratio (34.02%) on sarcoma 180 tumor
growth.

The effect of Acetyl Glucosamine on melanin production was evaluated in an in vitro assay. Reconstituted human
tanned epidermis cells were exposed to up to 5% Acetyl Glucosamine in water for 10 d. Dose-dependent decreases in
melanin content were observed. The whitening effect of Acetyl Glucosamine (5%) was evaluated in human and brown



guinea pig skin subjected to UV-induced pigmentation. A visual reduction in hyperpigmentation was observed 2 wk after
treatment with the Acetyl Glucosamine solution, in humans, compared to the vehicle-treated group. Acetyl Glucosamine-
treated guinea pig skin had decreased levels of melanin without affecting the number of melanocytes, compared to vehicle-
treated skin. Anti-melanogenic activity was evaluated using an Acetyl Glucosamine-loaded microemulsion and an aqueous
solution containing 1% Acetyl Glucosamine in B16 melanoma cells. Melanin content decreased by 22% and 7%, after
treatment with the microemulsion and the aqueous solution, respectively.

The reduction of facial hyperpigmentation after topical treatment with Acetyl Glucosamine was evaluated in a 10-wk
trial. Volunteers (101 women/group) were instructed to apply a facial lotion containing 4% niacinamide and 2% Acetyl
Glucosamine twice a day for 8 wk. A control group applied the lotion vehicle without 4% and 2% Acetyl Glucosamine. By
all parameters measured, the niacinamide and Acetyl Glucosamine formulation regimen caused a significant reduction in the
detectable area of facial spots and appearance of pigmentation compared to the controls (p < 0.05). In a similar study, from
Japan, healthy women (n = 25 women/group) were instructed to apply a facial lotion containing 2% Acetyl Glucosamine on
the side of the face, twice daily, for 8 wk. A control group applied the vehicle lotion that did not contain Acetyl
Glucosamine. Topical 2% Acetyl Glucosamine reduced the appearance of facial hyperpigmentation, with an overall
directional (p = 0.089) spot area fraction change across the entire study.

The effects of a neck cream formulation containing 8% Acetyl Glucosamine was evaluated in 45 Caucasian women.
Applications of the cream occurred once a day, for 16 wk. The test cream was well-tolerated with no signs of irritation. One
subject experienced an adverse event of contact dermatitis on two separate occasions. No other adverse events were reported.

The effect of Glucosamine injections (concentrations up to 1 mg/2.5 ul) on OVA-induced atopic dermatitis was
evaluated in female BALB/c mice. Clinical dermatitis scores decreased with increasing Glucosamine dose (p < 0.001).
Concentrations of tissue IL-13 and IL-17 decreased after Glucosamine administration (each group: p =0.002 and p < 0.001,
respectively), but the concentrations of tissue IL-4 did not show differences across groups. The anti-allergic effect of
Glucosamine (concentrations up to 5%) in female BALB/c mice with allergic rhinitis was evaluated. OV A-specific IgE and
eosinophils in BAL fluid were significantly decreased after 5% oral Glucosamine treatment compared with the positive
control group. In addition, significant improvement of inflammation was apparent in groups treated with Glucosamine when
compared to the positive control group. The anti-allergic effects of orally-ingested Acetyl Glucosamine and Glucosamine
HCI (up to 1 mg/mouse; 6 d treatment) was also evaluated in BALB/c mice with DNFB-induced skin sensitization. Oral
administration of Acetyl Glucosamine or Glucosamine HCl significantly inhibited DNFB-induced ear swelling in mice at
both 6 h and 24 h after DNFB challenge (p < 0.05), and reduced the concentration of histamine in the ear plasma of DNFB-
treated mice (p < 0.05). In vivo sensitization assays performed on humans using various test substances (a mask containing
0.005% Acetyl Glucosamine, a product containing 0.01% Glucosamine, a leave-on product containing 0.005% Glucosamine
HCI, and a product containing 0.25% Glucosamine HCI) yielded negative results.

The effect of orally-administered Glucosamine (25 mg/kg) in the treatment of atopic dermatitis was evaluated in an
8-wk, placebo-controlled, double-blind, clinical trial. Among the 16 patients receiving Glucosamine treatment, 15 patients
reported clinical improvement of atopic dermatitis symptoms. Three Glucosamine-treated patients reported adverse effects,
with abdominal pain being the most common adverse effect.

Potential skin irritation of Acetyl Glucosamine was evaluated in an in vitro assay using 3 reconstructed human
epidermis samples. Reduction of cell viability was similar in the negative control and treated groups; therefore, the substance
was considered to be non-irritating. Acetyl Glucosamine was predicted to be non-sensitizing in a DPRA, KeratinoSens™
assay, and h-CLAT. Very mild cumulative irritation was observed in a 21-d cumulative patch irritation assay performed
using an eye cream containing 2% Acetyl Glucosamine (12 subjects). HRIPTs performed using a mask containing 0.005%
Acetyl Glucosamine (108 subjects), a liquid foundation containing 2% Acetyl Glucosamine (105 subjects), and a leave-on
product containing 0.005% Glucosamine HCI (51 subjects) yielded negative results. Similarly, no sensitization was observed
in maximization assays performed, each in 25 subjects, using a product containing 0.01% Glucosamine and a product
containing 0.25% Glucosamine HCI.

In vitro ocular irritation assays were performed using a face serum containing 2% Acetyl Glucosamine and a saline
solution containing 20% Acetyl Glucosamine. Neither test substance was considered to be irritating when compared to
positive controls.

The tolerability of orally-ingested, shrimp-derived Glucosamine was evaluated in 15 shrimp-allergic individuals.
Subjects were given either 1500 mg of synthetically-derived or shrimp-derived Glucosamine. All subjects tolerated the 1500
mg Glucosamine administration from the shrimp-derived and synthetic sources, without any incidences of hypersensitivity.

A 52-yr old complained of exacerbation of underlying asthma after beginning treatment with a Glucosamine-
chondroitin sulfate preparation containing 500 mg Glucosamine. Within 24 h of discontinuing Glucosamine and chondroitin
treatment, the patient’s asthma symptoms completely resolved.

A 67-yr-old male with type-2 diabetes was referred to a nephrology consultant due to non-proteinuric renal
insufficiency and a reduction in GFR supposedly due to Glucosamine intake for the past 3 yr. After stopping Glucosamine
for 3 wk, GFR increased from 47.5 to 60 ml/min. A 76-yr-old woman with arterial hypertension and osteoarthritis was



referred for evaluation after an episode of urticaria after Glucosamine Sulfate intake. After treatment with antihistamines and
corticosteroids, symptoms resolved within 4 h.

The association between Glucosamine use and colorectal cancer risk was examined among 113,067 volunteers.
Participants were asked to log their Glucosamine intake from 2001 - 2011. Current use of Glucosamine, modeled using a
time-varying exposure, was associated with a lower risk of colon cancer, for those using Glucosamine for a short duration
(HR: 0.68, 95% CI: 0.52 - 0.87). Similarly, the association between lung cancer and Glucosamine was evaluated in 76,904
volunteers with no prior history of lung cancer. The participants were queried on their use of Glucosamine from the years
2000 - 2010. Compared to non-use, use of Glucosamine was associated with a 20% reduction in lung cancer risk (HR: 0.80,
95% CI: 0.65 - 0.99) after multivariable adjustment.

The Norwegian Food Safety Authority calculated MoS values for the use of 10% Glucosamine Sulfate in a body lotion,
leg cream, face cream, and from overall exposure from cosmetics. The MoS for each of these formulation types were 35.0,
99.0, 178.0, and 29.2, respectively.

DISCUSSION

This assessment reviews the safety of Acetyl Glucosamine, Glucosamine, Glucosamine HCI, and Glucosamine Sulfate
as used in cosmetic formulations. The Panel concluded that these ingredients are safe in the present practices of use and
concentration as described in this safety assessment, when formulated to be non-irritating.

The Panel noted the mild cumulative irritation that was observed during the 21-d cumulative irritation patch test
performed on 12 subjects using an eye lotion containing 2% Acetyl Glucosamine. Because this irritation was observed at a
concentration of 2%, and the maximum concentration of use for Acetyl Glucosamine in cosmetics is reported to be 5%, the
Panel was concerned that the potential exists for dermal irritation with the use of products formulated using glucosamine
ingredients. Therefore, the Panel specified that products containing glucosamine ingredients must be formulated to be non-
irritating.

In addition, the Panel considered the lack of human sensitization data at the maximum use concentration of 5%.
However, the available in chemico/in vitro sensitization data (i.e., DPRA, KeratinoSens™ assay, and h-CLAT, all performed
using Acetyl Glucosamine (99.42% purity)), clinical sensitization data at up to 2% Acetyl Glucosamine, and a lack of case
reports, as well as the Panel’s clinical experience with these ingredients, mitigated any concern.

Reproductive effects were observed in mice and rats following oral ingestion and intraperitoneal injections of
Glucosamine. The Panel determined that these effects would not be relevant to cosmetic exposure as administration in these
studies resulted in a much higher systemic concentration of Glucosamine than would be expected with cosmetic use. The
systemic safety of these ingredients is further supported by their use as dietary supplements/debulking agents, and available
systemic toxicity data.

In addition, data included in this report indicate that Acetyl Glucosamine may have a skin lightening effect. The Panel
noted that skin lightening is considered a drug effect, and should not occur during the use of cosmetic products. Because of
that caveat, the Panel’s knowledge of the mechanism of action (i.e., inhibition of tyrosinase activity resulting in reduced
melanin synthesis), and clinical experience, concern for this effect in cosmetics was mitigated. Nevertheless, cosmetic
formulators should only use this ingredient in products in a manner that does not cause depigmentation.

The Panel discussed the issue of incidental inhalation exposure resulting from these ingredients (e.g., Acetyl
Glucosamine is used at up to 0.1% in pump hair sprays). Inhalation toxicity data were not available; however, the oral
toxicity data that were available did not report adverse effects. In addition, 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 assessed by the Panel.
Therefore, the Panel has found the data insufficient to support the safe use of cosmetic ingredients applied via an airbrush
delivery system.


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

CONCLUSION

The Expert Panel for Cosmetic Ingredient Safety concluded that Acetyl Glucosamine, Glucosamine, Glucosamine HCI,
and Glucosamine Sulfate* are safe in cosmetics in the present practices of use and concentration described in this safety
assessment when formulated to be non-irritating.

* Not reported to be in current use. Were this ingredient 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.



TABLES

Table 1. Definitions, structures, and functions of glucosamine ingredients.!, ¢'® Stff

Ingredient Definition Function
Acetyl Glucosamine Acetyl Glucosamine is the organic compound that conforms to the Skin-Conditioning Agents —
(10036-64-3; 72-87-7; 7512-17-6) structure: Miscellaneous
o WOH
W
HO o]
N 3
OH
Glucosamine (3416-24-8) Glucosamine is the organic compound that conforms to the structure: Not Reported
(0] OH
HO
OH
Glucosamine HCI (66-84-2) Glucosamine HCI is the amine salt that conforms to the structure: pH Adjusters

Glucosamine Sulfate (29031-19-4)

Glucosamine Sulfate is the amine salt that conforms to the structure:

O OH

HO

"NH; ||

OH

Skin-Conditioning Agents —
Miscellaneous

Table 2. Chemical properties

Property Value Reference
Acetyl Glucosamine
Physical Form Solid 3
Color White 3
Molecular Weight (g/mol) 221.21 3
Density (g/ml @ 20 °C) 1234 3
Vapor pressure (mmHg @ 20 °C) 0.06 3
Melting Point (°C) 162.7 3
Water Solubility (/1 @ 20 °C) 256.8 3
log Ko (@ 23.7°C) 22 3
Glucosamine
Physical Form Solid o1
Molecular Weight (g/mol) 179.17 ol
Vapor pressure (mmHg @ 25°C) 0.0000000902 62
Melting Point (°C) 38 o1
Water Solubility (g/L) 551 o1
log Kow 42 02
Disassociation constants (pKa) 7.58 63




Table 2. Chemical properties

Property Value Reference
Glucosamine HCI
Physical Form Crystalline o4
Formula Weight (g/mol) 215.63 6
Color Off-White o4
Odor Odorless 2
Specific Gravity (@ 38 °C) 1.42 o4
Melting Point (°C) 190 - 194 o4
Water Solubility Soluble 2
log Kow -1.91 18
Disassociation constant (pKa) (@ 37 °C) 7.75 18
Glucosamine Sulfate
Physical Form Solid 66
Color Off-White 66
Formula Weight (g/mol) 277.25 66
Density(g/ml) 1.56 67
Boiling Point (°C) 449.9 67
Water Solubility (g/1) Freely soluble 67
Disassociation constants (pKa) 12.51 (estimated) o8
Table 3. Frequency (2022)'? and concentration (2020)" of use
# of Uses Max Conc of Use (%) # of Uses Max Conc of Use (%) # of Uses Max Conc of Use (%)
Acetyl Glucosamine Glucosamine Glucosamine HCI
Totals* 198 0.001 -5 2 0.04 77 0.0001 -5
Duration of Use
Leave-On 185 0.002 -5 2 0.04 64 0.0001 — 0.9
Rinse-Off 13 0.001 -5 NR NR 13 0.07-5
5Diluted for (Bath) Use NR NR NR NR NR NR
Exposure Type
Eye Area 12 02-2 NR NR 6 0.0001-0.2
Incidental Ingestion 3 0.002 -2 NR NR NR NR
Incidental Inhalation-Spray 75% 72° 0.1; 0.005 - 0.07° 1° NR 20°; 30° NR
Incidental Inhalation-Powder 75% 0.07;0.12 - 5¢ 1? 0.04¢ 20* 0.0006 — 0.38°
Dermal Contact 194 0.01-5 1 0.04 67 0.0001 — 5
Deodorant (underarm NR 0.01 NR NR NR NR
Hair - Non-Coloring 1 0.001 —0.55 1 NR 10 0.55
Hair-Coloring NR 0.01 NR NR NR NR
Nail NR NR NR NR NR NR
Mucous Membrane 4 0.002 -2 NR NR NR NR
Baby Products NR NR NR NR NR NR

*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.

* 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
® It is possible these products are sprays, but it is not specified whether the reported uses are sprays.

¢ It is possible these products are powders, but it is not specified whether the reported uses are powders

NR — not reported

Table 4. Ingredient not reported to be in use according to 2022 FDA VCRP and 2020 concentration of use data

12,13

Glucosamine Sulfate

Table 5. Acute oral toxicity studies

Ingredient Animals No. /group  Dose/Route of Administration LDso/Results Reference
Glucosamine Mice (strain unspecified) NR 5000 mg/kg; gavage LDso > 5000 mg/kg 26
Glucosamine CD-1 Mice NR 8000 mg/kg; gavage LDs, > 8000 mg/kg 2
Glucosamine Mice (strain unspecified) NR 15,000 mg/kg; gavage LDs, > 15,000 mg/kg 2
Glucosamine Sprague-Dawley Rat NR 8000 mg/kg; gavage LDs, > 8000 mg/kg; no adverse effects reported 2
Glucosamine Rabbit (strain unspecified) =~ NR 8000 mg/kg; gavage LDs, > 8000 mg/kg 26
Glucosamine HCl Mice (strain unspecified) NR 15,000 mg/kg (method of oral LDsp= 15,000 mg/kg 2

administration not specified)

NR = Not reported



Table 6. Dermal irritation and sensitization studies

Ingredient Test Article Concentration/Dose  Test Population Procedure Results Reference
IRRITATION
In Vitro
Acetyl Glucosamine Acetyl Glucosamine tested neat; 16 mg 3 reconstructed human epidermis; OECD TG 439; Non-irritating 3
(99.42% purity) positive control: 5% sodium dodecyl sulfate; negative
control: PBS; 42 min incubation
Human
Acetyl Glucosamine Eye cream containing 2% tested neat; 0.2 g 12 21-d cumulative patch test; patches removed and re- Average irritation score of 0.34/4; very mild M
Acetyl Glucosamine applied each day for 21 days (excluding weekends); cumulative irritation
occlusive conditions
SENSITIZATION
In Chemico/In Vitro
Acetyl Glucosamine Acetyl Glucosamine tested neat NR DPRA; OECD TG 442C; test material exposed to Non-sensitizing; mean percent depletion of 3
(99.42% purity) model synthetic peptides containing cysteine and cysteine and lysine was 1%
lysine; mean percent depletion of cysteine and lysine
calculated
Acetyl Glucosamine Acetyl Glucosamine 0.98 to 2000 pM 3 KeratinoSens™ assay; OECD TG 442D; human Non-sensitizing; ICs, = > 2000 uM 3
(99.42% purity) epidermal keratinocytes exposed to test substance;
cells analyzed for luciferase activity after 48 + 2 h
incubation period
Acetyl Glucosamine Acetyl Glucosamine 1395 - 5000 pg/ml NR h-CLAT; OECD TG 442E; THP-1 cells incubated with Non-sensitizing; cell viability > 50% at all 3
(99.42% purity) test substance for 24 h and analyzed via flow tested concentrations
cytometry
Human
Acetyl Glucosamine Mask containing 0.005% tested neat; 108 HRIPT; occlusive conditions Non-sensitizing 4869
Acetyl Glucosamine 2cm x 2 cm; est.
exposure under patch =
2.5 ug/em’
Acetyl Glucosamine Liquid foundation containing tested neat; 105 HRIPT; occlusive conditions Non-sensitizing 50,69
2% Acetyl Glucosamine 2 cmx 2 cm; est.
exposure under patch =
1000 pg/cm?
Glucosamine Leave-on product containing tested neat; 51 HRIPT; occlusive conditions Non-irritating and non-sensitizing 4969
0.005% Glucosamine HCI 25-38 mg/cm? (product
dose); est. exposure
under patch = 1.25 —
1.90 pg/cm?
(Glucosamine HC1
dose)
Glucosamine Product containing 0.01% tested neat; 25 Maximization assay; induction phase — 0.25% SLS for Non-sensitizing 51,69
Glucosamine 2 cm x 2 cm; est. 24 h; subjects then exposed to the test substance for
exposure under patch = 48-72 h (5 total induction applications); 10-d rest
1.25 pg/em? period; challenge phase — 5% SLS for 1 h; subject then
exposed to test material for 48 h; all patches under
occlusive conditions; sites evaluated 15 min, 30 min,
and 24 h after patch-removal
Glucosamine HCI Product containing 0.25% tested neat; 0.05 g; est. 25 Maximization assay performed according to the same  Non-sensitizing 52,69

Glucosamine HCI

exposure under patch =
55.6 pg/cm’

procedures as above; occlusive conditions

DPRA = direct peptide reactivity assay; h-CLAT = human cell line activation test; HRIPT = human repeated insult patch test; ICs, = half maximal inhibitory concentration; OECD TG = Organisation for Economic
Cooperation and Development test guidelines; PBS = phosphate-buffered saline; SLS = sodium lauryl sulfate; THP-1 = human monocytic cell line
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