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To:   CIR Expert Panel and Liaisons 
 
From:  Lillian C. Becker, M.S. 

Scientific Analyst and Writer 
 
Subject:            Draft Report for Tromethamine as used in cosmetics 
 
 
 
Attached is the Draft Report for Tromethamine as used in cosmetics.  A scientific literature review was 
issued for public comment in November, 2012. 
 
Comments were received from the Personal Care Products Council’s CIR Science and Support 
Committee and have been addressed.   
 
The CIR Science and Support Committee and Dow Chemical suggested that we do not use aminomethyl 
propanol in an analogue approach (as was done by EPA), but to use aminoethyl propanediol (AEPD) and 
aminomethyl propanediol (AMPD) instead as analogues for which data were available.  We agreed and 
made the change.   
 
Data from the Dow Chemical Company’s REACH submission (including data on AEPD and AMPD) have 
been incorporated into the report.   The summaries from the CIR safety assessment and amended safety 
assessment of AMPD are included in the report and the entire safety assessment is included in the data 
section for the Panel’s information. 
 
The Panel should review the draft report and decide 1) if it is appropriate to consider AEPD and AMPD 
data in evaluating tromethamine and 2) if there are sufficient data to come to a conclusion.  If there is 
sufficient data, the Panel is to issue a tentative report and develop a discussion.  If not, then an 
insufficient data announcement, with a list of data needs, is to be issued. 
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History of Tromethamine 

 

November, 2012 – SLR was posted for public comment. 

March, 2013 – Panel reviews draft report for the first time. 
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Tromethamine Data Profile for March, 2013.  Writer - Lillian Becker 
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Search Strategy for Tromethamine 

 

Scifinder – “tromethamine” and CAS no. 

Google - “tromethamine” and CAS no. 

EPA HPV Database – CAS no. 
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INTRODUCTION 
 Tromethamine (also referred to as Tris and THAM) is an aliphatic compound that functions as a fragrance ingredient 
and a pH adjuster in cosmetics. 
 Because minimal data were available for tromethamine itself, the Cosmetic Ingredient Review (CIR) considered 
data on realted chemicals.  2-amino-2-methyl-1,3-propanediol (AMPD) and 2-amino-2-ethyl-1,3-propandiol (AEPD) were 
justified in a REACH registration as analogues for tromethamine.1,2  According to the registration, these two substances have 
similar physico-chemical properties to tromethamine.  They reportedly also have similar environmental fate, environmental 
toxicological, and mammalian toxicological properties.   

CIR issued a safety assessment of AMPD in 1990, concluding that AMPD is safe in the present practices of use up 
to 1%.3  This conclusion was amended in 2009 with a safe as used conclusion.4  The summary of the amended safety 
assessment is provided below.  Other data on AMPD and AEPD also are included in this safety assessment. 
 

CHEMISTRY 
Definition and Structure 

 Tromethamine (CAS No. 77-86-1) conforms to the structure in Figure 1.  AMPD and AEPD are shown in Figure 2. 
 

Physical and Chemical Properties 
 Physical and chemical properties are presented in Table 1. 
 Tromethamine is reported to be stable when exposed to light and air but is unstable with freezing.7,8  
 

Method of Manufacture 
 Tromethamine is prepared by the reduction of  tris(hydroxymethyl)nitromethane.9,10  Tromethamine may also be 
manufactured by additively reacting nitromethane with formaldehyde to yield tris(hydroxymethyl) nitromethane, which is 
then hydrogenated with the aid of Raney nickel catalyst.8,11 
 

Impurities 
 When tromethamine is heated to decomposition, it emits toxic fumes composed of nitrogen oxide.12  
 

USE 
Cosmetic 

 Data on ingredient usage are provided to the Food and Drug Administration (FDA) Voluntary Cosmetic Registration 
Program (VCRP; Table 2).13  A survey was conducted by the Personal Care Products Council (Council) of the maximum use 
concentrations for these ingredients.14  Tromethamine is used in 480 leave-on products and 69 rinse-off products up to 4%.  
Products include eye makeup (up to 2%), fragrance preparations (up to 0.2%), and skin care preparations (up to 4%).  
 

Non-Cosmetic 
Tromethamine is used in the synthesis of surface-active agents, vulcanization accelerators, and pharmaceuticals.  It 

is also reported to be used as and emulsifying agent for cosmetic creams and lotions, mineral oil and paraffin wax emulsions, 
leather dressings, textile specialties, polishes, cleaning compounds, so-called soluble oils.  It is used as an absorbent for 
acidic gases and as a biological buffer.15 

Tromethamine is regulated in Europe under Annex III entry 61 Monoalkylamines, Monalkanolamines, and Their 
Salts which states that:  secondary amine content is limited to 0.5%, no use in nitrosating systems, nitrosamine content is 
limited to 0.5% (raw materials), and that tromethamine must be stored in nitrite-free containers.16 

Tromethamine was reported to be used as a commercial emulsifier.17 
Tromethamine has several medical uses.  This is a representative sample: 

 
• Orally administered tromethamine citrate syrup (1.5-9 mmol/kg) is used to treat renal acidosis, adjusted to maintain 

urinary pH, and for chemolysis of renal calculi.18 
• Intravenously administered tromethamine (15 mmol/kg or 3.5 L of 0.3 mol/L maximum) is used in the treatment of 

adult and infant respiratory distress syndromes and in the management of increased intracranial pressure after 
trauma, over periods of several days.5,19 

• Intravenously administered tromethamine is used to treat acidosis during pulmonary bypass and cardio surgery that 
requires hypothermic techniques.20-23 

• Intravenously administered tromethamine is used to treat acidosis in burn victims.24 
• Tromethamine (~60% of 0.15 mol/L) administration by peritoneal dialysis administered into the peritoneal cavity 

has been used for the treatment of intoxication with salicylates, barbiturates and methyl alcohol (methanol).5,25,26 
• Tromethamine, mixed with hydrochloric acid (to a pH of 9.2) or acetate, sodium bicarbonate and disodium 

phosphate (to a pH of 8.1), is used for peritoneal dialysis to treat academia in humans and will cause alkalization of 
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the plasma.5 
 

 In veterinary medicine, tromethamine is an amine pH buffer prescribed for the prevention and correction of 
metabolic acidosis, usually as a 0.3 M solution (0.3 mEq/mL) in a 7.5% sodium bicarbonate (q.v.) solution.27 
 

TOXICOKINETICS 
Absorption, Distribution, Metabolism, and Excretion 

 Tromethamine is eliminated by the kidneys.  Ionized tromethamine (chiefly as the bicarbonate salt or tromethamine 
citrate) is rapidly and preferentially excreted in urine at a rate associated with the infusion rate.  Urinary excretion continues 
over a period of 3 days; 75% or more appears in the urine after 8 hours.  Other studies report 50% - 75% of an i.v. dose was 
recovered in urine within 24 h.  It has also been reported that recovery in healthy adults to be 64% and 77% after 2 and 3 
days, respectively.18,28-30  Excretion of tromethamine is accompanied by osmotic diuresis, since clinical doses of 
tromethamine considerably adds to osmolarity of glomerular filtrate.8 

Tromethamine is primarily eliminated from plasma through renal filtration of its protonated form.31   Tromethamine 
may accumulate in patients with renal insufficiency, and produce an ‘osmolar gap’ with pseudohyponatremia.   
 Tromethamine is a buffer that can bind hydrogen protons, and which is excreted via glomerular filtration.5 
 It is not known whether tromethamine is distributed in human milk.28 
 
Dermal/Percutaneous 
 Dermal absorption was < 1% when radio-labeled tromethamine (0.1% and 10%; 100 μL) was administered to 
dermatomed, thawed human skin in Franz cells.32  The receptor fluid was sampled at 2, 4, 6, 8, and 10 h.  Recovery of the test 
material by washing was > 90%. 
 
Oral 
 Oral administration of tromethamine (20 g) resulted in alkalization of the body fluids.33 

In human subjects, daily administration of tromethamine citrate syrup (3 to 6 mmol/kg) produced urinary 
alkalization (pH increasing from a range of 5.6 - 6.8 to 7.2-7.3)25 
 
Intravenous 

When administered intravenously (i.v.) in a bolus or over a short-term, tromethamine rapidly distributes into the 
intracellular spaces and raises the pH of plasma.19,29-31,34-38  Then the cells slowly take up the tromethamine; the rate of uptake 
increases when the pH is more alkaline.  However, there is one study’s conclusions contradict the findings of previous 
studies.  A representative set of studies are presented here as well as the study with the opposite conclusion. 

In rats of different ages (5 to 240 days old) the renal excretion of tromethamine was studied.34  In older rats the renal 
excretion of tromethamine was slower than in rats of other age groups.  Stimulation of diuresis by i.p. injection of mannitol, 
thiazide, or by oral water load resulted in an increase in THAM excretion in 5 and in 240 days old rats.  The renal excretion 
of tromethamine was also increased by repeated administration of THAM in all age groups, except in new born rats. 
 When 14C-tromethamine is administered i.v. to nephrectomized Sprague-Dawley rats (n = 21-26; with blood 
stabilized at pH 7.5, 7.4, 7.2), the following was found:  1) tromethamine diffuses very slowly into the intracellular spaces of  
various tissues; 2) the  intracellular concentration of tromethamine increased faster with the higher pH; 3)  the rate of increase 
of tromethamine was the same in spleen, heart, skeletal, muscle, and brain tissue; 4)  tromethamine diffusion into liver cells is 
rapid, which is not so for spleen, heart, skeletal muscle, and brain tissue; and  5) the intracellular steady state was only 
reached in the liver.38 
 The rats were nephrectomized and catheterized (venous and arterial).  After administration of the test material, some 
of the rats were killed and necropsied at 60, 180, 360, 720, and 1440 min.  The experiment was repeated (n = 26) with the 
blood stabilized at 7.4.  The authors concluded that the mechanism of tromethamine therapy is its elimination of H+ ions from 
the extracellular space and the generation of bicarbonate that then penetrates the intracellular compartments.38 
 When 14C-tromethamine (5 μc) was administered i.p. to nephrectomized Wistar rats (n = 6), the half-life in the 
plasma was 90 min.35  The half-times to equilibrium for tromethamine distributed to heart and skeletal muscle were 2.7 and 5 
h, respectively.  Distribution to the brain and cerebrospinal fluid were very slow and did not obtain a constant tissue:plasma 
ratio in the brain at 24 h.  The rats were killed and samples of blood, cerebrospinal fluid, skeletal muscle and cerebral cortex 
analyzed at 10, 20, 30, 40, 50, 60, 90, 120, 180, 240, 300, and 360 min after the test material was administered 

In a second experiment, when administered i.p. to rats, the largest amount of 14C-tromethamine collected in skeletal 
and heart muscle at 12 and 24 h.  Accumulation was slower in brain tissue and cerebrospinal fluid.35 

Rabbit (strain and n not provided) were intravenously injected with tromethamine (5 - 100 ml/kg; 0.3 M at pH 5.5 
and 7.4) daily for 1 – 99 days.37  Urinalysis revealed that the amount of THAM excreted in the urine reached a maximum at 
the end of infusion, and dropped rapidly after infusion stopped.  Only a small quantity of chloride was excreted. With 
tromethamine pH 5.5, a larger amount of chloride than with tromethamine was excreted.  At the end of the 7 hours, 44% of 
the infused tromethamine was found in the urine, while with tromethamine pH 5.5, 77% was found.  Blood sampling showed 
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that the glucose concentrations dropped during the infusions, but returned to normal or above normal following the end of the 
infusions (tromethamine-induced hypoglycemia persisted longer than the tromethamine-neutralized).  Both treatments caused 
transient hypoglycemia.  Blood analysis on extracted blood (tromethamine added to blood droplets at varying levels) also 
determined that there was no deleterious effect on erythrocytes.  

Tromethamine (121 mg/kg; 1 mmol/kg; pH 7.4) was mostly eliminated by the kidneys (82% was recovered in the 
urine at 24 h) when administered i.v. to healthy subjects (n = 6) and subjects with metabolic acidosis (n = 20).31  
Tromethamine did accumulated in the tissues, but equilibrium was slow. 

The distribution of 14C labeled tromethamine was determined between intra- and extracellular space of 
nephrectomized Sprague-Dawley rats (n = 5) as a function of time at constant plasma pH of 7.4.39    An equilibrium in the 
distribution of tromethamine between external and internal cellular space was observed at 6-12 h after administration.  The 
authors concluded that tromethamine permeates very slowly into intracellular space, in contrast to previous conclusions that 
it quickly diffuses into intracellular spaces to restore intracellular acidosis.  The authors also noted that tromethamine passed 
from extracellular space in a multi-exponential fashion, indicating that it passes to different body tissues at variable rates. 
And that tromethamine was in ionized form when transferring across cellular membranes.   

 
Other Effects 

Dogs (breed not specified) exhibited profuse diuresis during i.v. treatment with tromethamine.29  Dogs (n = 5) were 
anesthetized and rendered apneic using succinylcholine chloride.  Apnea was then induced by barbiturates.  Under oxygen 
saturation, tromethamine (0.3 M; 1.1 ml/kg/min) was administered i.v. 
 

Cytotoxicity 
 In cytotoxicity assays using multiple cell lines, the IC50 for tromethamine ranged from 129.07 - 404.37 μg/ml.  In the 
2,5-Diphenyl-3,-(4,5-dimethyl-2-thiazolyl) tetrazolium bromide (MTT) assay, after exposure for 24 h, the IC50s were ~330 
μg/ml for 3T3 cells, ~160 μg/ml for 3T6 cells, ~340 μg/ml for HaCaT cells, ~180 μg/ml for NCTC 2544 cells, ~340 μg/ml 
for HeLa cells, and ~405 μg/ml for MCF-7 cells.  In the neutral red uptake (NRU) assay, the IC50s were ~295 μg/ml for 3T3 
cells, ~130 μg/ml for 3T6 cells, ~160 μg/ml for HaCaT cells, ~ 190 μg/ml for NCTC 2544 cells, ~190 μg/ml for HeLa cells, 
and ~ 315 μg/ml for MCF-7 cells.40 
 

Blood Effects 
Tromethamine administered i.v. caused a fall in blood glucose levels in rats, rabbits, dogs, and humans.36,41,42  

Tromethamine lowered the blood sugar of dogs after the removal of the pancreas when given a few hours after 
pancreatectomy, but had little or no effect on the blood sugar of pancreatectomized dogs if insulin was withheld for 18 hours 
or longer before tromethamine was administered. 

Hypoglycemic effect of tromethamine was due to the release of insulin and its activity.42  Tromethamine-induced 
hypoglycemia is associated with a transient stimulation of insulin secretion in rats.  A bolus injection of neutralized 
tromethamine (5 mmol/kg; pH 7.4), caused a transient increase of plasma insulin concentration (130 ± 20 μU/mL) but did not 
change the glucose concentration in male Wistar rats (n = 6).  However, a continuous infusion of tromethamine (0.5 
mmol/kg/min) for 90 min reduced the plasma glucose concentration (8.7 + 0.42 to 5.1 + 0.33 mmol/L) after 30 min.  The 
plasma insulin concentration was elevated during the first 20 min (max +122 ± 21 μU/mL after l0 min).  In streptozotocin-
diabetic rats (administered 48 h prior to the experiments), an infusion of tromethamine changed neither glucose nor insulin 
concentration in plasma. 

 
TOXICOLOGICAL STUDIES 

Acute Toxicity 
Oral – Non-Human 

The oral LD50 for mice was reported to range from 3350 to 5500 mg/kg (Table 3).  For rats, the LD50 was > 5000 
mg/kg.  The LC50 was between 1000 and 2000 mg/kg.43-45 

 
Dermal – Non-Human 
 The dermal LD50 of tromethamine for rats was reported to be > 5000 mg/kg for rats and > 2000 mg/kg for rabbits 
(Table 3).46,47 
 
Subcutaneous – Non-Human 

The subcutaneous LD50 was reported to be > 1000 mg/kg for mice and rats.44 
 
Intraperitoneal 
 The intraperitoneal LD50 of tromethamine for mice was reported to be ~3350 mg/kg (Table 3).48,49 
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Intravenous 
 The intravenous LD50 of tromethamine for mice was reported to be 16.5 mM/kg (Table 3).  There were no 
mortalities reported at < 5000 mg/kg.  The LD50 for rats was reported to range between 3.28 and 4.04 g/kg and up to ~6000 
mg/kg.  There were no treatment related mortalities in rabbits administered tromethamine up to 500 mg/kg.  In dogs, the LC50 
was reported to be >125 mg/kg.37,44,50,51 
 

Repeated Dose Toxicity 
Oral – Non-Human 
 The lowest observed adverse effects level (LOAEL) for tromethamine for Sprague-Dawley rats (n not provided) was 
reported to be 2500 ppm when incorporated into feed (0, 25, 150, 250, 2500 ppm) for 3 months.46  Specific adverse effects 
were not provided.  

The NOAEL for local toxicity was 100 mg/kg/d and ≥ 1000 mg/kg/d for systemic toxicity for Crl:CD(D) rats (n = 
10) orally administered tromethamine (100, 300, 1000 mg/kg/d adjusted to pH 9) by gavage in a reproduction study.47  Males 
(n = not provided) were treated for at least 2 weeks before breeding up to 29 days.  Females (n = 12) were treated from 2 
weeks prior to breeding, through gestation, and through 4 days of lactation for up to 54 days.  There were no systemic effects 
but there was irritation to the forstomach. 
 When tromethamine (2500 mg/kg) was orally administered to rats (n = 38; strain not provided) for 15 days, there 
were no mortalities or clinical signs observed.47 
 When tromethamine (250-4000 mg/kg) was orally administered to rats (n = 36; strain not provided) for 31 days, 
there were no mortalities or clinical signs observed except for moderate diarrhea in the highest dose.47 
 Dogs (n – 12/dose; strain not specified) orally administered tromethamine (250, 1000, 4000 mg/kg) for 30 days had 
no mortalities.47  Dogs in the mid dose group had occasional loose stool and vomiting.  Dogs in the high dose group had 
frequent loose stool and vomiting.  Urinalysis showed reduced urinary potassium in the mid and high dose groups.  The 
authors considered the NOAEL to be 4000 mg/kg because none of the effects were considered permanent. 
 
Dermal – Non-Human 
 There were no clinical signs to rabbits (strain and n not provided) dermally administered tromethamine (100%) on 
clipped skin for 4 h for 5 days.45 
 
Intravenous – Non-Human 
 There were no clinical signs or mortalities observed to mice (strain and n not provided) administered i.v. 
tromethamine (10, 50 mL/kg; 0.155 M; pH 5.5, 7.4) for 10 days.37  Histological examination of the organs showed that there 
were no adverse effects from the treatment.    

Other than necrotic effects at the injections site (ear) and transient body temperature changes, there were no adverse 
effects to New Zealand White rabbits (n = 4/sex) administered tromethamine (0.5 g/kg; 0.3 M) for up to 20 days.51  Two 
rabbits/sex were necropsied within 24 h of the last dose.  The rest had 20-days recovery before necropsy. 

There were no effect on feed and water consumption and body temperature.  Body weight fluctuated throughout 
study in all animals, including control, but not in any treatment-related pattern.  Of the treated rabbits, 7/8 had inflammatory 
lesions of the external ear.  The lesions varied from swelling and redness to dry gangrene and erosion. 

Weekly blood samples were normal for:  total serum proteins, albumin/globulin (A/G) ratio, serum bilirubin, 
cephalin flocculation, serum transaminase, red blood cell count, differential counts, hemoglobin, microhematocrit, and 
platelet counts.  White blood cell counts in excess of 13,000 were seen in 5/8 rabbits receiving tromethamine.  In all cases, 
elevated white blood cell counts coincided with dry gangrene in the external ear.  Urinalysis was unremarkable. 

At necropsy, 2/4 treated rabbits necropsied after recover had grossly visible infarcts in the kidneys; there were none 
in the control group.  No gross lesions were observed in any other organ or tissue.  In 7/8 test animals with gross lesions of 
the ear, there were microscopic lesions of chronic cellulites and necrosis at sites of injection in the subcutaneous tissues of 
the ear.  Those with kidney lesions also had chronic interstitial nephritis.  Infiltrations of lymphocytes were observed in tissue 
sections of the liver and kidney of 3 treated rabbits.  The infiltrations were observed in animals in the recovery and non-
recovery groups.  Peracute toxic nephrosis was observed in 1 rabbit, which also presented urolithiasis.51 

Treatment-related mortality began a few days after start of administration i.v. of tromethamine (100 ml 0.3 M at pH 
5.5 and 7.4) to rabbits (strain not provided; n = 2-3).37  Tromethamine was administered i.v. over 5 h daily for 19 d.  Other 
groups were administered tromethamine (5 and100 ml 0.3 M/kg at pH 5.5 and 7.4) over 5 h; daily for 1 – 99 d. 

The neutralized tromethamine was less toxic. Clinical signs included anorexia, bloody urine, hind leg paralysis, and 
irregular respiration.  Observations at necropsy included abnormally red lungs, necrosis at the point of infusion, bleached 
liver, darkened spleen, bloated stomach, and lesions on the heart and kidney.  Histology examination of the organs was 
negative.37  

There were no treatment-related mortality or clinical signs to rabbits (strain not provided; n = 3) administered i.v. 
tromethamine (50 and 10 ml/kg 0.155 M; over 30 sec) once daily for 10 d.37  Histological study of the organs was negative. 

Rabbits (n = 5) administered tromethamine (1500, 3000 mg/kg; 0.2 mL/kg/min in Ringer’s solution; 0.34 M) by 
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catheter for 21 days had two mortalities (days 6 and 12) in the high dose group.47  Clinical signs included rapid, shallow 
breathing during infusion. 

Catheterized dogs (n = 5) administered i.v. tromethamine (1500, 3000 mg/kg: 0.34 M in Ringer’s solution; 0.5 
mL/kg/min) for 21 days exhibited sporadic convulsions and vomiting.47  One dog in the high dose group died during 
treatment.  Three dogs in the low dose group had increased retention of bromosulfophthalein (BSP).  Infracts (multiple 
abscesses) of the liver was observed in three dogs in the low dose group.  Colonies of bacteria, acute inflammatory exudate, 
and hypertrophy of the Kuppfer cells were observed in the same livers. 

The no observed adverse effects level (NOAEL) for Sprague-Dawley rats (n = 6/sex) administered tromethamine i.v. 
(0.5 and 1.5 g/kg; 0.3 M) for 10 and 20 days was reported to be ~ 500 mg/kg.51  Rats were allowed 24 h or 7 d for recovery.  
On day 11, a second high dose group were treated with an additional tromethamine using i.p. injection. 

There were no mortalities in the 20-d low dose group.  There was dry gangrene at injection sites in the 10- and 20-d 
low dose groups.  In the 20-d groups, ~half of the rats had mild inflammation of various parts of the visceral peritoneum, or 
fat necrosis and hemorrhage of the serosa of various parts of the stomach, intestine, and peritoneum.  Microscopic 
examination of tissues 24 h after injection i.p. showed 5/6 rats of the 20-d low dose group had chronic cellulites at injection 
sites, and peracute toxic nephrosis of the kidneys, but not in animals allowed the 7-day recovery period.  In the 20-d high 
dose group, all rats necropsied at 24 h and 5/6 rats in the 7-day recovery group had similar findings.51 

 
Intraperitoneal – Non-Human 

Tromethamine (30 mL/kg: 0.075 M) administered i.p. to dogs (n = 3) under anesthesia for days caused no clinical 
signs during treatment.47  One dog died on day 3, but was attributed to heartworms.  There were no histopathological signs 
attributed to the test substance. 
 
Intratracheal – Non-Human 
 Tromethamine (in an unknown mixture with 0.9% saline; 2 mL; vehicle control in an experiment) did not decrease 
survival or average body weight of male Syrian hamsters (n = 28-29) when administered over the lifetime of the hamsters 
compared to hamsters in the no treatment group.52  There were no differences in survival (88 ± 22 vs. 78 ± 25 weeks) and 
average body weight (116 ± 10 vs. 114 ± 6 g) between the vehicle and the no treatment groups. 
 

REPRODUCTIVE AND DEVELOPMENTAL TOXICITY 
 The NOAEL for reproduction and teratogenicity for tromethamine using rats was ≥ 1000 mg/kg/d. 47  Crl:CD(D) 
rats (n = 10) were orally administered tromethamine (100, 300, 1000 mg/kg/d adjusted to pH 9) by gavage.  Males (n = not 
provided) were treated for at least 2 weeks before breeding up to 29 days.  Females (n = 12) were treated from 2 weeks prior 
to breeding, through gestation, and through 4 days of lactation for up to 54 days.  
 Tromethamine had no effect on mating performance or conception.  There were no effects to mating index, fertility 
index, gestation period, deliver index, and number of live pups.  There were no effects observed to the F1 pup at birth.   
 

GENOTOXICITY 
In Vitro 

 Tromethamine (1 mg/mL; pH 7.4) was toxic but not mutagenic to Escherichia coli (CHY832) in an RK assay.53  
The E. coli were killed at 42°C but not at 30°C. 
 
AEPD 
 In an in vitro mammalian chromosome aberration test using Chinese hamster lung (CHL/IU) cells, AEPD (75, 150, 
300, 600, 1200 μg/mL in saline) was not genotoxic with and without metabolic activation when exposed for 24 and 48 h.47 
 AEPD (156, 313, 625, 1250, 2500, 5000 μg/plate in water) was not mutagenic to S. typhimurium (strains TA98, 
TA100, TA1535, TA1537) and E. coli (strain WP2 uvr A), with or without metabolic activation.47 
 AEPD (12, 38, 119, 337, 1192 μg/mL with metabolic activation; 15, 44, 132, 397, 1192 μg/mL without) was not 
mutagenic to Chinese hamster ovary (CHO) cells in an in vitro mammalian cell gene mutation test with or without metabolic 
activation.47  AEPD was cytotoxic at 1192 μg/mL. 

When the above study was repeated, AEPD (12, 38, 119, 337, 1192 μg/mL with metabolic activation; 15, 44, 132, 
397, 1192 μg/mL without) was not mutagenic to CHO cells in an in vitro mammalian cell gene mutation test with or without 
metabolic activation.47  AEPD was cytotoxic at 1192 μg/mL. 

 
CARCINOGENICITY 

Studies 
 When administered intratracheally to male Syrian hamsters weekly for their entire lifespan, tromethamine (2 ml in 
0.9% saline) did not induce tumors.52 
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IRRITATION AND SENSITIZATION 
Irritation 

Dermal – Non-Human 
 In a Draize test, rabbits (strain and n not provided) were dermally administered tromethamine, both in solution 
(25%, saturation; pH 10.8) and as a crystalline product, to intact and abraded skin.54  There was no noticeable irritation 
produced by any state of the test material on intact skin.  There was mild irritation by the crystals and saturated states on 
abraded skin.  All signs of irritation were completely resolved in 48 h.  The author concluded that tromethamine was a mild 
irritant under these conditions. 
 Tromethamine (40% in distilled water) was not irritating to rabbits (n = 6) in a Draize test.55 
 In a dermal irritation test using New Zealand White rabbits (n = 3 males), tromethamine (0.5 g in enough water to 
make a paste) was not irritating when administered to shaved skin under semi-occlusion47  Test sites were observed at 1, 24, 
48 and 72 h. 
 
Dermal – Human  
 A cosmetic product containing tromethamine (3.1%; neat) was not irritating when administered in a patch test (n = 
11).56 
 
Intradermal – Non-Human 
 Intradermally injected tromethamine (0.1 mL) was severely irritating to rabbits (strain and n not provided) at a pH of 
10.4 (0.2, 0.3 M) and at pH 7.4 (0.6, 1 M).37  The causes of local necrosis around the infusion site were investigated using 
injected Trypan dye.  The irritation caused by the solutions was evaluated by observing the amount of extravasated dye.  The 
neutral tromethamine (pH 5.5) had reduced irritation/local necrosis.  At pH 7.4, tromethamine was not irritating at lower 
doses (0.2, 0.3 M).  The authors suggested that the pH of the tromethamine is the probable cause of the dermal irritation. 
 
Ocular 
 Tromethamine (0.1 g; finely ground) was not an ocular irritant when administered to New Zealand White rabbits (n 
= 3.47  The eyes were observed at 1, 24, 48, and 72 h with a hand slit lamp.  Fluorescein was used at 24 h.  There was slight/ 
moderate redness and chemosis at 1 h; the irritation effects cleared by 24 or 72 h.  No damage to the iris or cornea was 
observed. 
 Tromethamine (100%) was not an ocular irritant when administered to rabbits (strain and n not provided).47 
 

Sensitization 
There were no sensitization studies discovered or submitted for tromethamine. 
 

Non-Human 
AEPD 
 AEPD (0.05% - 0.5%; 0.5 ml) was not a sensitizer to male Hartley guinea pigs (n = 10) in Buehler sensitization 
assay.47  Some of the guinea pigs showed mild erythema during the initial 5 applications at 0.5% of the induction period, so 
the concentration was reduced to 0.05% the last 5 applications. 

In a Draize test, AEPD (0.05% - 1% in saline; 0.5 ml) was not a sensitizer to male Hartley guinea pigs (n = 10).47  
Some of the guinea pigs showed mild erythema during the initial 5 applications at 0.5% of the induction period, so the 
concentration was reduced to 0.05% the last 5 applications. 
 In a Draize test, intradermally injected AEPD (0.05% - 1% in saline; 0.05 mL) was not a sensitizer to male Harley 
guinea pigs (n = 10).  Some of the guinea pigs showed mild erythema during the initial 5 applications of the induction period, 
so the concentration was reduced to 0.05% for the last 5 applications. 
 
AMED 
 In a peptide reactivity assay for screening contact allergens, AMED (4 nM) is not expected to cause skin 
sensitization.47 
 
Human 
AMPD 
 In a patch test of dermatitis patients (n = 233) with past or present exposure to metalworking fluids, AEPD (85% 
aqueous) produced a positive reaction in only one subject.57  This subject currently had work-related hand dermatitis and had 
been in the metalworking industry for 2 -20 years. 
 

CLINICAL USE 
 Tromethamine (20 g in 3.3% glucose) was administered i.v. to male subjects (n = 4) with respiratory acidosis due to 
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emphysema or carcinoma of the lung over 40 min.33  Blood pH increased, O2 tension decreased, and CO2 tension remained 
unchanged (except for in 1 subject which decreased) over the administration time.  Urinary pH increased within 20 min of the 
start of infusion with the exception of the same subject; the increase happened at 40 min. 
 

Case Studies 
 A 30-year-old woman developed severe respiratory acidosis following cardiac surgery.33  After she was 
administered tromethamine (120 g in water) by gastric tube over 24 h, the acidosis was resolved but she developed severe 
diarrhea.  She also developed tetany which was controlled with calcium gluconate.  Her arterial pH rose from 7.1 to 7.45 and 
she had no further acidosis.  While she died from other complications, there were no adverse effects from the tromethamine 
treatment observed at autopsy. 
 A 40-year-old man, who had a 9-rib thoracoplasty, presented with extensive pneumonia.33  He was unconscious 
within 12 h with slow, gasping respirations.  A tracheotomy and 100% oxygen were not helpful.  O2 saturation was 97%, CO2 
tensions was 160 mm Hg, and pH was 6.95.  He was administered tromethamine (30 g in water; 10%) over 1 h.  Arterial 
blood was then at 92% saturation and CO2 tension was 80 mg Hg with a pH of 7.2.  Additional tromethamine (10 g) was 
administered after 5 h.  O2 saturation was 49%, CO2 tension was 68 mm Hg, and the pH was 7.29.  No adverse effects from 
the tromethamine treatment were reported. 
 

SUMMARY OF DATA FROM THE AMPD SAFETY ASSESSMENT 
 AMPD is a substituted aliphatic alcohols used as cosmetic ingredients.4   
 AMPD occurs in solid and liquid forms.  AMPD is soluble in both water and alcohols. 
 AMPD function as a pH adjuster in cosmetic products.  AMPD is also a fragrance ingredient.  AMPD is used in 
concentrations up to 2%. 
 A hair spray containing 0.50% AMPD was nontoxic to rats. 
 When both albino rats and Syrian Golden hamsters were exposed in a 13-week subchronic inhalation toxicity study 
to hair spray formulation containing 0.1350% AMPD for 4 hours per day, 5 days per week, no significant compound-related 
adverse effects were observed. 
 Cosmetic formulations containing 0.40% AMPD were moderate ocular irritants. 
 AMPD was not mutagenic, with and without metabolic activation, in S. typhimurium strains TA 1535, 1537, 98, and 
100. 
 In a primary irritancy test of a cosmetic formulation containing AMPD, scattered incidences of questionable 
responses were observed in two thirds of the panelists.  In addition, 2 of 15 panelists had slight redness at least once during 
the observation period. 
 A cosmetic formulation containing 0.073% AMPD was not a primary irritant, and it was neither a fatiguing agent 
nor a sensitizer.  In another study, a cosmetic formulation containing 0.50% AMPD was not a sensitizer. 
  

SUMMARY 
 Tromethamine is an aliphatic compound that functions as a fragrance ingredient and a pH adjuster.  Toxicity data for 
AMPD and AEPD were considered. 

Tromethamine is used in 480 leave-on cosmetic products and 69 rinse-off products up to 4% in skin care 
preparations. 

Tromethamine has several medical uses, including treatment for acidosis under several circumstances. 
Tromethamine is eliminated by the kidneys.  There was little dermal absorption. 
Tromethamine was cytotoxic to multiple cell types in the range of 129 – 405 µg/ml. 
Tromethamine administered i.v. caused a fall in blood glucose levels in rats, rabbits, dogs, and humans. 
The oral LD50 for mice was reported to range from 3350 to 5500 mg/kg.  For rats, the LD50 was > 3000 mg/kg.  The 

LC50 was between 1000 and 2000 mg/kg.  The dermal LD50 of tromethamine for mice and rats was reported to be > 1000 
mg/kg and > 2000 mg/kg for rabbits.  The intraperitoneal LD50 of tromethamine for mice was reported to be ~3350 mg/kg. 

The LOAEL for tromethamine for rats was reported to be 2500 ppm when incorporated into feed for 3 months.  
There local NOAEL for orally administered tromethamine was 300 mg/kg/d for 14 – 37 days.  Tromethamine at 1000 mg/kg 
caused loose stool and vomiting in dogs. 

There were no clinical signs to rabbits dermally administered tromethamine at 100% on clipped skin for 4 h for 5 
days. 
 Intravenous toxicity of tromethamine was minimal at neutral pH.  However, at more alkaline pH range, gangrene at 
the injection sites, tissue necrosis, inflammatory lesions, and visible infarcts in the kidneys, bleached liver, darkened spleen, 
and lesions on the heart were reported.  Anorexia, bloody urine, and paralysis were also observed. 

Intratracheal tromethamine in an unknown mixture with 0.9% saline did not decrease survival or average body 
weight of hamsters when administered over the lifetime of hamsters. 

There were no adverse effects on reproduction at 1000 mg/kg/day to rats.   
Tromethamine was toxic, but not mutagenic, to E. coli in an RK assay.  AEPD was not mutagenic in a chromosome 
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aberrations tests.  
Tromethamine at 2 ml did not induce tumors when administered intratracheally to hamsters weekly for their entire 

lifespan. 
Tromethamine was a mild irritant to rabbits at 25% with a pH of 10.8.  At 40%, pH unknown, was not irritating. 
Intradermal injections of tromethamine were severely irritating at pH 10.4 but were only mildly irritating at pH 7.4.  

Tromethamine was mildly irritating at 25% with a pH of 10.8 and not irritating at 40% in distilled water.  Tromethamine in a 
paste with water was not irritating to the shaved skin of rabbits. 

A cosmetic product containing 3.1% tromethamine was not irritating a patch test. 
Tromethamine was not an ocular irritant to rabbits at 100%. 
AEPD was not a sensitizer to guinea pigs up to 1%. 
There was only one positive reaction among 233 subjects with past or present exposure to metalworking fluids to 

AEPD at 85%. 
Tromethamine at 20 g administered i.v. was not toxic to subjects being treated for respiratory acidosis. 
 

DISCUSSION 
 To be developed. 
 

CONCLUSION 
 To be developed.  
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TABLES AND FIGURES 
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Figure 1.  Tromethamine. 
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Figure 2. Analogs for tromethamine 
 
 
 
 
 
 
 
 

Table 1. Chemical and physical properties of tromethamine. 

Property Value Reference 
Physical Form  Crystalline powder 15 

Color White 58 

Odor Slight, characteristic 8 

Molecular Weight  g/mol 121.14 15 

Vapor pressure mmHg@  25oC 2.20e-05 58 

Melting Point  oC 171-172 15 

Boiling Point  oC 219-220 15 

Solubility g/L water 
 
                        ethylene glycol 
                        ethanol (95%) 
                        acetone 

550 
678-689 
0.0791 
0.022 
0.020 

58 
47 
15 
15 
15 

Other Solubility g/L @   oC & pH 
     Diethyl ether 
     Chloroform 
     Benzene 
     Carbon tetrachloride 

 
Insoluble 
Practically insoluble 
Practically insoluble 
Practically insoluble 

 
12 
8 
8 
8 

Disassociation constants (pKb) @ body temperature 7.8 8 

Partition coefficient (octanol/water) @ 20 oC 2.31 47 
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Table 2. Frequency of use according to 
duration and exposure of 

tromethamine.13,14 

Use type Uses 

Maximum 
Concentration 

(%) 
  

Total/range 549 0.00009-4 
Duration of use   

Leave-on 480 0.0002-4 
Rinse-off 69 0.00009-4 

Diluted for (bath) 
use NR NR 

Exposure type   
Eye area 70 0.08-2 

Incidental                                    
ingestion 1 0.002-0.3 

Incidental 
Inhalation-sprays 10 0.02-0.5 

Incidental 
inhalation-powders NR 0.0002-0.05 

Dermal contact 523 0.00009-4 
Deodorant      
(underarm) NR NR 

Hair-noncoloring 11 0.001-0.8 
Hair-coloring NR NR 

Nail 1 4 
Mucous 

Membrane 12 0.00009-0.3 

Baby NR NR 
NR = Not Reported; Totals = Rinse-off + Leave-on 
+ Diluted for bath Product Uses. 
Note: Because each ingredient may be used in 
cosmetics with multiple exposure types, the sum of 
all exposure type uses may not equal the sum total 
uses. 
 
 
 
 
 
 
 

Table 3. Acute toxicity data for tromethamine. 
Species (n) Dose(s) Results Reference 

Acute oral toxicity 
Mice, strain not 
provided (10) 

2000, 3500, 5000, 7000, 
10000 mg/kg by gavage 

LD50 = 5500 mg/kg 43 

Swiss mice (10) 1000, 2000, 3000 mg/kg as 
5% and 20% solutions by 
gavage 

LD50 >3000 mg/kg. No toxicity noted. Abundant urine output for 
some mice. 

44 

Mice, strain not 
provided (not 
provided) 

2000, 2500, 3530, 5000, 
7000 mg/kg by gavage 

LD50 = ~3350 mg/kg 43 

Wistar rat (10) 1000 and 3000 mg/kg by 
gastric tube as 20% solution 

No toxicity noted.  Abundant urine output was recorded for some 
rats. 

44 

Wistar rat (10) 1000, 2000, 3000 mg/kg by 
gavage as 5% and 20% 
solutions by gavage 

LD50 >3000 mg/kg. No toxicity noted. Abundant urine output for 
some rats. 

44 

Wistar rat, female (3) 5000 mg/kg in water by oral 
gavage; 3 doses with 2-day 
intervals 

LD50 > 5000 mg/kg.  No deaths or clinical signs. 47 

Rabbits, strain not 
provided (not 
provided) 

Delivered neat by gavage LC50 between 1.00 - 2.00 g/kg. Weakness and collapse. Coma 
preceded deaths. No CNS signs or convulsions. Toxicity was due 
to alkalinity; neutralization reduced toxicity. 

45 

Acute dermal toxicity 
Wistar rats (3) 5000 mg/kg for 24 h under 

semiocclusion on shaved 
skin 

No mortalities or clinical signs. 47 
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Table 3. Acute toxicity data for tromethamine. 
Species (n) Dose(s) Results Reference 
Rabbit, strain not 
provided (4) 

1000, 1500, 2000 mg/kg 
under occlusion on shaved 
abdomen, with or without 
abrasion for 24 h.  Observed 
for 14 d then necropsied. 

At removal, intact and abraded sites were severely irritated and 
black in color. The sites became necrotic within 2-3 d and 
remained necrotic. Treated sites had severe eschar formation by 
day 14. Treated rabbits lost body weight over the observation 
period. Rabbits in all treated groups showed no signs of toxicity or 
abnormal pharmacological behavior. At necropsy, all organs were 
grossly normal. The treated skin sites in all rabbits were necrotic. 
LD50 > 2000 mg/kg and was a severe dermal irritant 

46 

Subcutaneous toxicity 
Mice, strain not 
provided (5) 

500 or 1000 mg/kg as 5% 
solution by subcutaneous 
injection 

500 mg/kg caused irritation at the injection site. 1000 mg/kg 
caused the formation of lesions. LD50 > 1000 mg/kg 

44 

Rat, strain not 
provided (5) 

500 or 1000 mg/kg as 5% 
solution by subcutaneous 
injection 

500 mg/kg caused irritation at the injection site. 1000 mg/kg 
caused the formation of lesions. LD50 > 1000 mg/kg 

44 

Acute intraperitoneal toxicity 
Mice, strain not 
provided (10) 

2000, 2500, 3250, 3600, 
4000, mg/kg by 
intraperitoneal injection at 
0.015 ml/g. 

LD50 = ~3350 mg/kg. 48 

Male CD-1 mice (4-
11) 

100 mg/kg after drug-
induced hypothermia/ shock 
using lipopolysaccharide 

Hypothermic response was reduced at 4, 24, and 48 h. No other 
effects were reported. 

49 

Acute intravenous toxicity 
Mice, strain not 
provided (10) 

0.3 M. i.v. injection (pH 5.5, 
10.4) with and without 
dextrose or sodium chloride 
and observed for 24 h. 

LD50 = 16.5 mM/kg. Mice convulsed immediately before dying. 
Neutralizing the pH and the additives did not change toxicity. 

37 

Mice, strain not 
provided (10) 

100, 200, 400, 500, 1000, 
3000, 5000, 6000, 7000 
mg/kg as 1% solution 

No mortality at doses < 5000 mg/kg. 6000 mg/kg, 40% mortality; 
7000 mg/kg, 100%. Muscle weakness accompanied by respiratory 
difficulty prior to death. 
LD50 = ~ 6100 mg/kg 

44 

Sprague-Dawley rat 
(3/sex) 

2.0, 2.5, 3.0, 3.5 g/kg of 
0.6M; 4.0 and 4.5 g/kg of 
0.9M in saline injected over 
1 min followed by 2-h 
observations then necropsy. 

Most rats died during treatment or within 10 min of treatment. The 
rest survived the observation period. 
 
No gross lesions observed except for in the liver and kidneys. 
Peracute toxic nephrosis was observed in the kidneys; moderate 
degree of pyknosis of the nuclei of isolated segments of the renal 
tubular epithelium in 2 and 2.5 g/kg groups, and was dose 
dependent. In higher dose levels, the lesions were severe pyknosis 
of the nuclei of swollen renal tubular epithelial cells of carried 
segments of the cortex. The cytoplasm of the affected cells was 
coagulated, distinctly granular, and intensely eosinophilic. 
Lumens of the affected tubules were distended with eosinophilic, 
amorphous tissue debris and secretions. 
 
Lethargy was observed sporadically in rats at 3-4 g/kg dose 
groups. All had lesions of acute toxic hepatitis. The lesion was 
characterized by pyknosis of the nuclei of the hepatocytes and 
cloudy swelling of the cytoplasm of hepatocytes. However, the 
lesions did not constitute a consistent characteristic lesion as did 
the peracute toxic nephrosis.   
 
LD50 = 3.28 – 4.04 g/kg. 

51 

Rat, strain not 
provided (10) 

100, 200, 400, 500, 1000, 
3000, 5000, 6000, 7000 
mg/kg as 1% and 2% 
solutions 

No observations of toxicity at < 3000 mg/kg. 5000 mg/kg, 30% 
mortality; 6000 mg/kg, 60%; and 7000 mg/kg, 70%. 
LD50 = ~6000 mg/kg. 

44 

Male Wistar rats (6) 0.5mmol/kg/min @ pH 10.9 
or 7.4 

Both pH levels were well tolerated for 50-70 min; then metabolic 
alkalosis developed, then death.  Plasma concentration increased 
linearly to 53.7 ± 9.09 mmol/L @ 60 min. No effects observed to 
BP, heart rate, ECG, and Na+ and K+ plasma or erythrocyte 
concentration. The authors stated that depressed ventilation was 
the cause of death. When infusion was stopped at 20 min, the rats 
recovered. 

50 

Rabbit, strain not 
provided (5) 

250 and 500 mg/kg as 5% 
solution 

No treatment-related mortality. Changes in respiratory rate and 
amplitude were observed. 

44 

Dog, breed not 
provided (5) 

125 mg/kg as 5% solution Alterations in respiratory rate and amplitude. 
LC50 > 125 mg/kg 

44 
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February 22, 2013 
 
 

MEMORANDUM 
 
 
 

To:   CIR Expert Panel and Liaisons 
 
From:  Lillian C. Becker, M.S. 

Scientific Analyst and Writer 
 
Subject:            Data for consideration for the Draft Report for Tromethamine as used in cosmetics 
 
 
 
Attached is the data for consideration for the Draft Report for Tromethamine as used in cosmetics.   
 
These data include: 
 

1. A summary of a patch test of a cosmetic product containing 3.1% tromethamine; 
 

2. FDA VCRP data; 
 

3. The 1990 CIR safety assessment of aminomethyl propanediol (AMPD); 
 

4. The 2009 amended safety assessment of AMPD; 
 

5. Letter from Dow Chemical asking CIR to use AMPD and AEPD instead of AMP as analogs of 
tromethamine and the justification submitted to REACH for using these chemicals; and 
 

6. Dow Chemical’s submission to REACH with summaries of data on tromethamine, AMPD, and 
AEPD. 

 
7. Council’s concentration of use data. 

 
The summaries of these two reports are included in the Tromethamine safety assessment.  The reports 
are included for the Panel’s information. 
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FDA VCRP Use 
TROMETHAMINE 

 

03A - Eyebrow Pencil TROMETHAMINE 1 
03B - Eyeliner TROMETHAMINE 14 
03C - Eye Shadow TROMETHAMINE 2 
03D - Eye Lotion TROMETHAMINE 23 
03E - Eye Makeup Remover TROMETHAMINE 2 
03F - Mascara TROMETHAMINE 13 
03G - Other Eye Makeup Preparations TROMETHAMINE 15 
04B - Perfumes TROMETHAMINE 2 
04E - Other Fragrance Preparation TROMETHAMINE 2 
05A - Hair Conditioner TROMETHAMINE 1 
05F - Shampoos (non-coloring) TROMETHAMINE 2 
05G - Tonics, Dressings, and Other Hair Grooming 
Aids TROMETHAMINE 7 
05H - Wave Sets TROMETHAMINE 1 
07A - Blushers (all types) TROMETHAMINE 2 
07C - Foundations TROMETHAMINE 9 
07D - Leg and Body Paints TROMETHAMINE 1 
07E - Lipstick TROMETHAMINE 1 
07F - Makeup Bases TROMETHAMINE 8 
07I - Other Makeup Preparations TROMETHAMINE 7 
08C - Nail Creams and Lotions TROMETHAMINE 1 
10A - Bath Soaps and Detergents TROMETHAMINE 8 
10E - Other Personal Cleanliness Products TROMETHAMINE 3 
11A - Aftershave Lotion TROMETHAMINE 11 
11D - Preshave Lotions (all types) TROMETHAMINE 1 
11E - Shaving Cream TROMETHAMINE 1 
11G - Other Shaving Preparation Products TROMETHAMINE 2 
12A - Cleansing TROMETHAMINE 41 
12C - Face and Neck (exc shave) TROMETHAMINE 71 
12D - Body and Hand (exc shave) TROMETHAMINE 67 
12F - Moisturizing TROMETHAMINE 172 
12G - Night TROMETHAMINE 25 
12H - Paste Masks (mud packs) TROMETHAMINE 7 
12I - Skin Fresheners TROMETHAMINE 1 
12J - Other Skin Care Preps TROMETHAMINE 19 
13A - Suntan Gels, Creams, and Liquids TROMETHAMINE 1 
13B - Indoor Tanning Preparations TROMETHAMINE 3 
13C - Other Suntan Preparations TROMETHAMINE 2 
  549 
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Final Report on the Safety Assessment 

of Aminomethylpropanol and 

Aminomethylpropanediol 

AMP and AMPD are substituted aliphatic alcohols. AMP is used in cosmetic products 
at concentrations up to lo%, AMPD is used at concentrations up to 5%. AMP and 
AMPD when buffered, and orally administered, are practically nontoxic to rats and 
mice.“) 

In primary irritation studies, AMP and formulations containing AMP were, at 
most, minimally irritating to abraded and nonabraded rabbit skin. Cosmetic formula- 
tions containing AMPD were only minimally irritating to rabbit skin. AMP was not an 
intradermal sensitizer in guinea pigs. Cosmetic formulations containing AMPD and/or 
AMP were minimal to moderate ocular irritants. 

AMP and AMPD were nonmutagenic, both with and without metabolic activation, 
in Salmonella typhimurium strains. 

In clinical studies, AMP was neither a primary dermal irritant nor a contact 
sensitizer. AMPD was neither a primary irritant, fatiguing agent, nor sensitizer when 
tested in humans. 

AMP and AMPD are highly alkaline in pure form, they are buffered in cosmetic 
formulations, and, therefore, the adverse reactions seen with the undiluted chemical 
would not be expected with the cosmetic product. The highest level of both AMP and 
AMPD for which test data were available was 1 .O%, therefore the safe use of these two 
compounds should be limited to this test value. Neither ingredient should be used in 
cosmetic products containing nitrosating agents. 

INTRODUCTION 

T he following report is a literature review on the chemistry, use, and toxicology of 
Aminomethylpropanol (AMP) and Aminomethylpropanediol (AMPD). 

CHEMISTRY 

Definition and Structure 

Aminomethylpropanol (AMP) and Aminomethylpropanediol (AMPD) are substi- 
tuted aliphatic alcohols with the following structures:‘2’ 

203 
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204 COSMETIC INGREDIENT REVIEW 

NH2 NH* 
CH,-C-CH,OH HOCH,-C-CH,OH 

CH3 CH3 

AMP AMPD 

AMP (CAS No. 124-68-5) is also known as 2-amino-2-methyl-l-propanol’2’ and 
isobutanolamine,‘3) and commercially as AMP-Regular’2’ and AMP-95 (a dilution of 
AMP-Regular, with 5% water),‘4’ while AMPD (CAS No. 115-69-5) is also known as 
2-amino-2-methyl-l ,3-propanediol,‘2’ aminobutylene glycol, and butanediolamine.‘3’ 

Properties 

AMP is either a colorless liquid or a white crystalline solid,‘3’ though it may appear 
as a paste since its melting point is slightly above room temperature.‘4’ As a solid, AMP 
is odorless, while in liquid form it possesses a slight amine odor.‘4’ The molecular 
weight of AMP is 89.14, its melting range is 30-31 “C and its boiling point is 1 65”C.‘5’ 
The flash point of AMP is 153°C. E) At low temperatures, AMP has a low vapor 
pressure.‘4’ AMP has a density of 0.934 at 20”/2O”C. (5) AMP is miscible with water, 
soluble in alcohols,(5) slightly soluble in aromatic hydrocarbons, and insoluble in 
aliphatic hydrocarbons. (4) The pH of a 0.1 M solution of AMP is 11 .3.‘3,5’ 

AMPD is either a white crystalline solid,‘3’ yellowish crystals,“’ or a clear liquid.“’ 
It has a molecular weight of 105.14, with melting and boiling ranges of 109-l 11 “C and 
151-l 52”C, respectively. ‘5JAMPD is soluble in water and alcohols,(5,7)and is insoluble 
in mineral oil.“’ The pH of a 0.1 M solution of AMPD is 10.8.‘3,5’ 

Method of Manufacture 

Both AMP and AMPD may be made by the condensation of the corresponding 
nitroparaffins with formaldehyde. After condensation, reduction is carried out to the 
P-aminoalkanols:‘4’ 

H2 

RCH,NO, + CH,O + RyHCH,OH + RyHCH,OH 

r;O, NH, 

The desired end product may then be isolated by distillation.‘4’ 

Analytical Methods 

Infrared (IR), nuclear magnetic resonance (NMR), and mass spectra (MS) have been 
published for AMP. (8) The IR spectrum of commercial AMP closely matches the 
standard spectrum, with no evidence of foreign materials.‘v’ For AMPD, the infrared 
spectrum has been published. w Alkanolamines, both AMP and AMPD, can be 
determined in hair spray formulations, after acetylation, by gas-liquid 
chromatography.(lO) 
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Impurities 

No definitive report on impurities, including N-nitrosamines, was available. 

Chemical Reactions 

AMP can react with copper, brass, and aluminum, but will not react with steel or 
iron. With mineral acids, AMP can form ammonium salts; these salts are easily 
hydrolyzed by water, and will dissociate upon heating. Soaps containing AMP are 
important industrially as emulsifying agents.‘4’ 

Aminohydroxy compounds react with the methyl ester of an organic acid in the 
presence of an alkaline catalyst, and at low temperatures and pressures to form amides. 
When this reaction is carried out at higher temperatures, oxazolines are produced. The 
aminohydroxy compounds react with acid anhydrides to form imides. The substituted 
ethyleneimine is formed by the reaction of AMP with excess mineral acids at 
temperatures above 75”C, followed by reaction with a caustic agent. Oxazolidines are 
formed by reaction of the aminohydroxy compounds with aldehydes.“” 

USE 

Cosmetic 

Both AMP and AMPD are listed in the Merck Index’5’ as emulsifying agents for 
cosmetic creams and lotions and, according to the CTFA Cosmetic Ingredient 
Handbook,“2’ they are used as pH adjusters. In hair sprays, they are used as 
neutralizing agents to regulate the solubility, flexibility, and tackiness of the resin, 
usually in amounts of 2-l 5% of the resin. (lo) They are used in gelling products where a 
polymer is required to function as a thickener, and they may also be used to form soaps 
in waterless hand cleaners, liquid hand soaps, shampoos, shave creams, and other 
creams and lotions.‘13’ 

Data submitted to the Food and Drug Administration (FDA) in 1987 by cosmetic 
firms participating in the voluntary registration program indicated that AMP was used in 
a total of 161 cosmetic products (Table 1). Product types containing AMP included hair 
sprays, wave sets, other noncoloring hair preparations, hair dyes and colors (requiring 
a caution statement and patch test), face preparations, and eye area products, skin care 
preparations, and miscellaneous products. AMP was listed in a total of seven catego- 
ries, with the greatest use in the categories of aerosol fixative hair sprays (83 products) 
and other hair preparations (38 products). AMP is used in concentrations ranging from 
GO. 1% to >5-10% (3 products).“4’ 

AMPD was used in a total of 18 products (Table 2). Product types containing AMPD 
included aerosol fixative hair sprays, wave sets, and other noncoloring hair prepara- 
tions, and makeup preparations including eye area makeup; a total of three product 
categories. The greatest use of AMPD was in aerosol fixative hair sprays (10 products). 
AMPD was used in concentrations of GO. 1% (7 products), >O. l-l % (9 products), and 
>l-5% (2 products).““) 

The FDA cosmetic product formulation computer printout(15) is compiled through 
voluntary filing of such data in accordance with Title 21 part 720.4 of the Code of 
Federal Regulations. (16) Ingredients are listed in preset concentration ranges under 
specific product type categories. Since certain cosmetic ingredients are supplied by the 
manufacturer at less than 100% concentration, the value reported by the cosmetic 
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TABLE 1. Product Formulation Data for Aminomethyl Propanoln4 

Product category 

Hair sprays (aerosol fixatives) 
Wave sets 
Other hair preparations 

(noncoloring) 
Hair dyes and colors 

(all types requiring caution 
statement and patch test) 

Total no. of 
formulations 
in category 

174 
155 

1185 

915 

Total no. 
containing 
ingredient 

83 
16 
38 

6 

No. of product formulations within each 
concentration range C%i 

>5-10 >I-5 21 >O.l-1 50. J 

2" - 71 10 
1” 14 1 
la - 34 3 

Face preparations and eye 1013 5 5 
area products 

Skin care preparations 1896 6 5 1 

Miscellaneous products 291 7 7 

1987 Totals 161 3 7 12 124 15 

“Accordingto voluntarrly registered formulations,all usesabove 1% involveneutralization of AMP with fattyacidsofacidic 
polymer resins. Other uses also likely to involve neutralization. 

formulator may not necessarily reflect the actual concentration found in the finished 
product; the actual concentration would be a fraction of that reported to the FDA. Data 
submitted within the framework of preset concentration ranges provides the opportu- 
nity for overestimation of the actual concentration of an ingredient in a particular 
product. An entry at the lowest end of a concentration range is considered the same as 
one entered at the highest end of that range, thus introducing the possibility of a two- to 
tenfold error in the assumed ingredient concentration. 

Products containing AMP or AMPD may come into contact with the skin, eyes, and 
mucous membranes. Either ingredient may be inhaled when an aerosol hair spray is 
used. Contact with the ingredient may be temporary or prolonged. Products containing 
either ingredient may be used repeatedly over a period of time. 

AMP and AMPD are unlikely to exist as the free bases in cosmetic products, but 
rather as salts as the result of neutralization of acidic components of the cosmetic 
formulation. 

TABLE 2. Product Formulation Data for Aminomethvl Propanediol’rdi 

Product category 

Total no. of Total no. 
formulations containing 
in category ingredient 

No. of product formulations within 
each concentration range f%) 

>J-5 >O.l-J 90. J 

Hair (aerosol sprays 265 10 4 6 
fixatives) 

Wave sets and other hair 337 5 4 1 
preparahons tnoncoloring) 

Makeup preparations 550 3 2a 1 - 

(including eye) 

1987 Totals 18 2 9 7 

aAccordingtovoluntarily registered formulations,AMPD neutralized byreacting with excessoffattyacids. Otherusesalso 
likely to involve neutralization, 
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Noncosmetic 

In industry, AMP and AMPD have a variety of uses. They are used in the synthesis of 
surface-active agents, vulcanization accelerators, and pharmaceuticals. They are also 
used as emulsifying agents in leather dressings, cleaning compounds and polishes, and 
as absorbents for acidic gases. (5) AMPD may be used to ‘stabilize emulsions, though 
stability depends on the concentration of AMPD, the length of storage, and 
temperature.“” 

AMP also is used as an emulsifying agent in insecticides. Small amounts of AMP are 
used as pigment dispersers in water-based paints; in paints, AMP helps to stabilize pH, 
viscosity, and odor of the product. The salts of AMP and acidic polymers are used to 
make resins water soluble, and AMP salts are also used as catalysts for textile resins, 
coating resins, and adhesives. In boiler water, AMP provides protection for copper and 
steel, and absorbs CO, efficiently. (4) In cutting fluids, AMP is useful as an antimicrobial 
agent, especially against molds. (‘*) AMP is also listed as an indirect food additive for 
use, without restrictions, as a component of adhesives.“@ 

GENERAL BIOLOGY 

Biochemical Effects 

In rats which were fed a choline-deficient diet, oxidative phosphorylation in the 
rat-liver mitochondria was uncoupled. (“) The explanation for the incidence of uncou- 
pling was an increase in free fatty acids in the liver. When AMP was injected 
intraperitoneally in rats fed a choline-deficient diet, the uncoupling effect was reversed. 
The authors concluded that this reversal was due to the interference of AMP with the 
formation of free fatty acids from lipids. It was noted that the addition of AMP increased 
the fat content of the liver above that of rats fed a choline-deficient diet, suggesting that 
while choline deficiency inhibited “fat removal,” AMP inhibited fat catabolism, 
resulting in an increase in the fat content of the liver. AMP appeared to interfere not only 
with lipid catabolism, but also with choline utilization and synthesis. The authors also 
cited evidence that AMP, or a metabolite of AMP, might become incorporated into 
phospholipids, and concluded that this may be the mechanism of action of AMP. 

In another study in which rats were fed a choline-deficient diet, AMP (incorporated 
into the diet in micromolar amounts) increased the incidence of hemorrhagic kidneys 
and the amount of fat in the liver; the renal damage was dose dependent.‘20’ Ocular 
hemorrhages were noted in rats consuming the higher doses of AMP (actual amount not 
stated). Also at higher AMP doses, the amount of hepatic fat decreased; this was 
associated with a corresponding decrease in daily feed intake and body weight gain. 
The authors interpreted their results in light of evidence from other studies that indicated 
that AMP inhibited the incorporation of ethanolamine and dimethylethanolamine into 
rat hepatic phospholipids, and that because AMP was incorporated into the phospho- 
lipids, the amount of ethanolamine in the phospholipids available for conversion into 
choline was decreased. The authors also cited research that indicated that the N-methyl 
derivatives of ethanolamine could reduce the “antilipotropic effects” of AMP, with 
betaine, methionine, and ethanol having a similar, but weaker, effect. 

Yue et al.(21) reported that the effect of aminoalcohols on choline uptake by 
mitochondria was relatively small compared to the effect on phosphate uptake. In 
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addition, the aminoalcohols had only a small effect on 0, consumption, suggesting that 
mitochondrial membrane permeability changes were not the principal mechanism of 
inhibition by the aminoalcohols. 

Bridges and Ricketts’22’ stated that the degree to which aminoalcohols were 
incorporated into the phospholipids corresponded to the degree of similarity between 
the aminoalcohol and ethanolamine. For the most part, the aminoalcohols were 
incorporated into the phospholipids unchanged. The mechanism of incorporation was 
not clear; the authors postulated that either calcium-mediated direct exchange (which 
is known to occur in vertebrates) or a magnesium-dependent pathway described by 
Kennedy and Weiss,(23) or a balance between the two, may be responsible for the 
incorporation and final distribution of unnatural aminoalcohols in phospholipids. 

DiPrisco and Strecker’24’ found that AMPD hydrochloride, like phosphate, could 
change the inhibitory effects of thyroxine and other compounds from competitive to 
noncompetitive with respect to crystalline beef liver glutamate dehydrogenase. 

In an in vitro study of the incorporation of [32P]phosphate into the phospholipids of 
swine coronary and pulmonary arteries, Morin (25) found that AMP at a concentration of 
0.1 mmol/ml caused an almost complete inhibition of the incorporation of [32P] into all 
phospholipids studied. Inhibition was dose dependent. The inhibition by AMP of 
phosphatidylcholine was greater than for the other phospholipids studied, and inhibi- 
tion of the incorporation of [32P] into the phospholipids was more pronounced in the 
coronary arteries than in the pulmonary arteries at all AMP concentrations studied. The 
addition of choline in excess of AMP caused partial to complete reversal of the 
inhibition. In addition to inhibiting the net synthesis of phosphatidylcholine, AMP also 
inhibited, though to a lesser extent, the synthesis of sphingomyelin, phosphatidyls- 
erine, and phosphatidylethanolamine. 

AMP also inhibited the incorporation of [32P]phosphate into the phospholipids of 
rabbit and human endometrial tissues in vitro. ‘26)The resultsobtained in this study were 
similar to those obtained with the coronary and pulmonary arteries of swine. 

In a study of plasma membranes of murine fibroblasts, Schroeder’27’ found that 
ethanolamine analogues, including AMP, caused alterations in the morphology of the 
plasma membrane, as well as alterations in thymidine transport and hormone- 
stimulated adenylate cyclase activity. The analogs did not simply replace the phos- 
phatidylethanolamine; either certain types of phosphatidylethanolamine were re- 
placed or their asymmetric distribution was changed. The conclusion was that the 
ethanolamine analogs created “a more symmetric distribution of acyl chains in 
aminophospholipids across the surface membrane bilayer” than did choline analogs. 
The ethanolamine analogs increased the percent aminophospholipids found in the 
outer monolayer without increasing their total amount; the number of negatively 
charged phospholipids in the outer monolayer was also increased. The conclusion 
reached by the author was that “choline and ethanolamine analogs may alter or regulate 
the aminophospholipid asymmetry of LM [choline-requiring mouse fibroblast] cell 
plasma membranes.“(*‘) 

D-Serine-induced renal tubular necrosis in rats was studied by Kaltenbach et al.(28) 
Compounds which were structurally related to D-serine were reviewed to analyze a 
possible mechanism of action of D-serine on the rat kidney. Among the compounds 
tested were AMP and AMPD. Neither were nephrotoxic; in fact, AMP reversed the toxic 
effects induced by 2-amino-l -propanol (this compound’s toxic effects were inconsis- 
tent). 
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Kaltenbach et al.(2g) while reviewing the protective effects of various chemicals 
against D-serine- and D-2,3-diaminopropionic acid-induced renal tubular necrosis in 
rats, found that AMP did not have a protective effect against either of these compounds. 

In a study on the effects of lysosomotropic amines on protein degradation and 
synthesis in rat hepatocytes, (30) it was found that both AMP and AMPD inhibited 
degradation and synthesis, although inhibition of synthesis could be somewhat 
reversed with the addition of amino acids and pyruvate. This latter observation 
suggested that the apparent inhibition of protein synthesis by these compounds was a 
result of their inhibitory effects on protein degradation. 

Distribution and Excretion 

Yue et al.(3’1 studied the fate of [3H]AMP when injected intraperitoneally in young 
male Sprague-Dawley rats on choline-adequate and choline-deficient diets. The rats 
receiving the choline-deficient diets started the diet 24 h before the injection of 
13H]AMP, and continued on this diet until they were sacrificed at 30 min, 1,2, 3,6,24, 
or 96 h postinjection. The rats fed the choline-adequate diet (ad /i&turn) followed the 
same protocol. Thirty minutes after the i.p. injection, tritium appeared in the serum, 
with radioactivity disappearing shortly after its initial uptake. Radioactivity in the serum 
was consistently lower in the rats fed the choline-deficient diet, with the exception of 
the 6-h value, at which time the activity was approximately equal for both dietary 
groups. 

Radioactivity in the urine followed the same pattern as that in the serum, with the 
rats on the choline-adequate diet excreting a greater amount of radioactivity in their 
urine than the rats on the choline-deficient diet. Paper chromatography results 
suggested that the radioactivity in the urine was the [3H]AMP, which had been excreted 
unchanged, as indicated by samples of [3H]AMP which were chromatographed 
concurrently. 

From 0.5-6 h, the uptake of radioactivity by the brain, skeletal muscle, heart 
muscle, intestine, and spleen was greater in the rats fed the choline-adequate diet. At 6 
h, this trend was completely reversed and remained so until the end of the study. In the 
liver, uptake of radioactivity was greater in the choline-deficient group throughout the 
study. By 96 h, the radioactivity in the liver of both groups had decreased considerably, 
but that in the liver of the choline-deficient group remained higher than that in the 
choline-adequate diet group. 

The distribution of the radioactive AMP in the phospholipids of the liver was also 
examined. At 0.5 h, the amount of free radioactive AMP in hepatic mitochondria from 
rats fed the choline-adequate diet was approximately 72%, the remaining 28% being 
incorporated into phospholipids. In the choline deficient rats, about 29% of the AMP 
was free, the remaining 71% was present in the phospholipids. This same trend was 
seen in hepatic microsomes, with the exception that a greater amount of the AMP (81%) 
in rats fed the choline-deficient diet was incorporated into phospholipids. There was no 
indication that the AMP had been phosphorylated. At all times, the livers of the 
choline-deficient rats had a higher amount of tritium in all subcellular fractions. The 
cytosol of both the liver and kidneys contained the most tritium. In the choline- 
adequate diet rats, the radioactivity in the kidneys and liver decreased with time while 
the opposite was true for rats fed the choline-deficient diet; radioactivity increased in 
the hepatic subcellular fractions and remained constant in the renal subcellular 
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fractions. In the choline-deficient rats, this change was especially striking in the liver 
microsomal fraction. The authors also noted that the radioactivity found in the cytosol 
was not free AMP since no free AMP was identified after 30 min, and that the radioactive 
AMP was redistributed among several phospholipid fractions. This latter observation 
indicated that incorporation of AMP into phospholipids may occur with other derivative 
forms of AMP than just with the phosphatidyl derivative. 

ANIMAL TOXICOLOGY 

Acute Toxicity 

Oral 

A reported approximate LD,, for AMPD in the deer mouse was 0.140 g/kg,‘32’ and 
in albino mice all animals survived a dose of 5.0 g/kg. 
rats, the LD,, of AMP was 2.90 ? 0.14 g/kg. 

(13) For fasted young adult male 
(33) The oral LD,, values in Cox strain 

albino mice for both AMP and AMP-95 were estimated at 2.15 +- 0.2 g/kg and 
2.4 + 0.089 g/kg, respectively.‘34’ 

The acute toxicity of AMP in both rats and monkeys was studied.‘35’ Four groups of 
ten Long-Evans rats, with equal numbers of each sex, were fed a diet of lab chow and 
water ad /i&urn. The rats received AMP by gavage daily for 5 days at the following 
doses: 0, 0.5, 1 .O, and 2.5 g/kg. All rats were observed for 15 days, at which time all 
survivors were necropsied. At the 1 .O g/kgdose, two of the five female test animals died, 
one on day 6 and one on day 11. At the 2.5 g/kg dose, none of the rats survived beyond 
the third day of feeding. In a more detailed report on this same study, it was noted that 
the liver and kidneys of the test animals were examined both grossly and microscopi- 
cally, while the lungs were examined only for gross changes.‘36’ None of the changes 
noted were attributed to the treatment with AMP; all changes were indicative of 
spontaneous diseases of rats, and these changes occurred equally among control and 
test animals. 

Two rhesus monkeys were allowed to acclimate to the laboratory for 1 week, during 
which time baseline values for clinical chemistry, hematology, and urinalysis were 
established.‘35’One monkey received an AMPdoseof 0.5 g/kg in distilled water and the 
second monkey received an AMP dose of 1 .O g/kg. Dosing continued daily for 5 days or 
until the high-dose monkey died. The surviving monkey was observed for a total of 14 
days and was sacrificed and necropsied on the 15th day. The high-dose monkey died 2 
h after the third dose of AMP. The cause of death was gastrointestinal hemorrhage. The 
liver appeared normal. Both monkeys lost weight during the study. The low-dose 
monkey had no significant hematologic changes, except for a slight increase in the 
while blood cell count. The low-dose monkey had significant changes in some of the 
clinical chemistry values: calcium decreased from 9.8 to 3.0 mg/dl; blood urea 
nitrogen (BUN) and creatinine were increased, and the activities of serum glutamate 
pyruvate transaminase (SGPT), creatine phosphokinase (CPK), and ornithine carbamyl 
transferase (OCT) were all increased. The toxic effects of AMP were attributed to its 
effects on the gastrointestinal tract, and this could be due to the alkalinity of the AMP 
solutions (pH > 11). 

An acute toxicity study of a hair spray containing 0.25% AMP was performed using 
ten albino rats, five of each sex. (37) After fasting overnight, the animals received a dose 

Distributed for Commeny Only -- Do Not Cite or Quote

 
CIR Panel Book Page 33



ASSESSMENT: AMINOMETHYLPROPANOL AND AMINOMETHYLPROPANEDIOL 211 

by gavage of 5.0 ml/kg of the undiluted hair spray, and then were observed for 14 days 
thereafter, during which they were allowed feed and water ad /i&urn. Most of the rats 
had either slightly decreased activity or decreased activity up to 3 h after administration 
of the test material, and all appeared normal from the 6 h point until the end of the study. 
All of the survivors gained weight during the study. At necropsy, no abnormalities were 
observed in the survivors or in the rat which died during the study. 

Another study following the same protocol was performed with a hair spray 
containing 0.58% AMP.‘38’ All rats survived the 14-day observation period. The rats 
had severely decreased activity an hour after administration of the test material. Their 
activity remained decreased at a lessened intensity through the 6-h observation point, 
and then returned to normal for the remainder of the study. All animals gained weight 
during the study, and no gross abnormalities were noted at necropsy. 

In another study following the same protocol, a hair spray containing 0.59% AMP 
was tested for oral toxicity in albino rats. (3q) All of the rats died before the end of the 
study, seven of the ten rats on or before day 2. All rats had some degree of decreased 
activity for the first 24 h. Three rats which survived through day 2 appeared normal on 
the second day, but had recurring slightly decreased activity on day 3. These three rats 
all died within the first week. The following observations were noted at necropsy: the 
three rats which died within 1 h had severely reddened pyloric mucosae, the two rats 
which died at 24 h had moderately reddened pyloric and duodenal mucosae, the two 
rats which died on day 2 had severely reddened pyloric and duodenal mucosae, the rat 
which died on day 5 had necrosis of the pyloric mucosa, the rat which died on day 6 had 
consolidation of the superior and inferior lobes of the right lung, and the rat which died 
at 1 week had moderately reddened pyloric and duodenal mucosa and gas-filled 
stomach and intestines. The hair spray containing 0.59% AMP was toxic to rats by the 
oral route under the conditions of the test. 

A fourth test following the same protocol was performed with three cosmetic 
formulations containing 0.58, 0.59, and 0.58% AMP, respectiveIy.‘40’ No animals in 
the three test groups died during the study, and all rats gained weight. All of the test 
animals had varying degrees of decreased activity; in no case did the decreased activity 
last beyond 24 h. No gross abnormalities were observed at necropsy, and the three 
formulations containing 0.58, 0.59, and 0.58% AMP were not toxic to rats by the oral 
route under the conditions of the study. 

An aerosol spray containing 0.40% AMPD was tested for acute oral toxicity using 
Charles River albino rats.‘4” The rats were divided into groups of four, equally divided 
by sex; there were four dosage groups. The rats received the test material undiluted at 
the following doses: 10.2, 15.4, 23.1, and 34.6 g/kg. The pH of the test material was 
8.7. The animals were observed for 14 days following the administration of the test 
material, at which time all surviving animals were sacrificed and necropsied (animals 
that died during the study were also necropsied). None of the rats of the low-dose group, 
and one rat of the 15.4 g/kg group, died during the study. All rats in the two high-dose 
groups died, those in the 23.1 g/kg group within the first week, and those in the 
high-dose group from 45 min to 3 h after administration of the test material. The 7- and 
14-day LD,, doses were both 17.0 -+ 1.7 g/kg. 

Inhalation 

A group of ten Wistar rats, equally divided by sex, was exposed for 1 h to an 
atmosphere containing 200 mg/L of a hair spray containing AMP at a concentration of 
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0.59% (42) The test animals were observed for 2 weeks following the exposure. All but 
one rat’survived the duration of the study, all survivors gained weight during the study, 
and all, including the rat which died, appeared normal during the observation period. 
At necropsy, the left lung of the rat which died (day 3) was adhered to the dorsolateral 
body wall; none of the other rats had any abnormalities. 

In a second study following the above protocol; three cosmetic formulations 
containing 0.58, 0.59, and 0.58% AMP, respectively (groups 1, 2, and 3), were 
tested (43) All rats survived the 2-week observation period, and all but one gained 
weigh; (one rat maintained a steady weight). The rats of the first two groups appeared 
normal throughout the observation period, while those of the third group had slightly 
decreased activity at hour 1 and were normal thereafter. The only abnormality noted 
upon necropsy was in one rat of group 2; all lobes of the right lung were consolidated 
and had adhered to the ventral body wall. The formulations containing0.58,0.59, and 
0.58% AMP were not toxic by inhalation to rats under the conditions of the study. 

A group of 20 Sprague-Dawley rats, ten of each sex, were exposed for 1 h to an 
atmosphere containing 168.2 mg/L of a spray containing AMP at a concentration of 
0.26%.‘44’ Except for the hour during which they were exposed to the test material, the 
rats were al lowed feed and water ad libitum. After exposure to the test material, the rats 
were sponged off, dried, and placed in clean cages. The rats were observed during the 
exposure, and half of the rats of each sex were sacrificed 24 h later, and the remainder 
of the test animals were observed for 14 days. 

During exposure to the test material all rats had decreased activity, and had labored 
respiration, squinting, and ataxia. The decreased activity, labored/slow respiration, 
and squinting continued after the exposure, and in addition, the rats had depressed 
righting and placement reflexes. One female rat had tremors and prostration upon 
removal from the test chamber, and another female also had intermittent tremors. All 
rats, with the exception of one male rat with a slight nasal discharge, appeared normal 
at 24 h. One male rat was wheezing on days 2, 3, and 14, and a second male rat 
appeared depressed on days 4 and 5. All of the remaining rats appeared normal through 
the remainder of the observation period. One female rat in the control group was 
wheezing on days 13 and 14; all other control rats appeared normal. 

There were no differences in weights and weight gains between the control and test 
animals. The kidney weight and kidney/body weight ratio were significantly higher for 
the treated rats. No treatment-related lesions were observed at necropsy. One hour of 
exposure to an atmosphere containing 168.2 mg/L of a spray containing 0.26% AMP 
caused no significant histopathological changes in rats. 

No deaths occurred when rats were exposed for 1 h to atmospheres containing 200 
mg/L of an aerosol containing AMP at concentrations of 0.25% or 2.5% in alcohol and 
propellant.‘34’ 

An acute inhalation toxicity study of a hair spray containing 0.50% AMPD was 
performed using ten male Sprague-Dawley rats. (45) The rats were exposed for 1 h to an 
aerosol atmosphere containing approximately 200 mg/L of the hair spray formulation. 
The animals were observed during exposure and for 14 days thereafter. The rats were 
weighed before the study and on days 7 and 14. At the end of the study, the rats were 
necropsied; the trachea, lungs, liver, and kidneys were examined microscopically. All 
rats survived the duration of the study; body weights and weight gains were normal. The 
animals had no pharmacotoxic signs during or after exposure to the test material. There 
was no evidence of toxicity with respect to organ weights and gross lesions. The results 
of the microscopic study was unavailable. 

Distributed for Commeny Only -- Do Not Cite or Quote

 
CIR Panel Book Page 35



ASSESSMENT: AMINOMETHYLPROPANOL AND AMINOMETHYLPROPANEDIOL 213 

Oral 

Short-Term Toxicity 

Eight beagle dogs were used in a study of the toxic effects of AMP over a 28-day 
period.‘46’ AMP was administered in the diet at concentrations of 600, 1800, 5400, and 
16,200 ppm to two dogs, one of each sex for each dose. Once weekly the dogs were 
weighed and feed consumption was recorded. Hematologic studies and urinalyses 
were performed once before the administration of AMP and at week4 during the study. 
Both of the dogs of the 1800 and 16,200 ppm groups, as well as the female dog of the 
5400 ppm group, had frequent soft stools or diarrhea. Both dogs of the highest dose 
group had marked weight loss and anorexia, and at week 2, both had dry noses and 
mouths. The male dog of the 5400 ppm group had similar but less severe reactions. All 
dogs survived the duration of feeding. 

Results of the urinalyses were normal throughout the study. The hematologic 
changes 4 weeks into the study included elevated hemoglobin, packed cell volume, 
and erythrocyte count for the female high-dose dog. The male dogs of the 5400 and 
16,200 ppm groups had slight neutropenia. For all dogs, except those of the 600 ppm 
group, SGPT and alkaline phosphatase activities were moderately to markedly in- 
creased; and for the dogs of the 5400 and 16,200 ppm groups serum glutamic 
oxaloacetic transaminase (SGOT) activity was slightly to moderately increased. 

No gross lesions due to the AMP were found at necropsy. Microscopic lesions in the 
liver included hepatocytic vacuolation, necrosis of hepatocytes, pigment deposits, 
centrolobular inflammatory infiltrate, and fibrosis and atrophy of centrolobular paren- 
chymal tissue; this was observed in all dogs except the male exposed to 600 ppm. The 
damage to the liver, as well as a decrease in liver weight, was dose dependent. 

In another study, AMP was fed in the diet to Charles River CD-1 mice for 8 
weeks.‘47’ Concentrations were 200, 400, 800, 1600, and 3200 ppm; 10 mice of each 
sex were in each diet group. A control group was also included. The mice were 
observed daily, and weights and feed consumption were recorded weekly. At the end of 
the study, all mice appeared normal. No gross or microscopic lesions were found in the 
liver of the test animals (all of the 3200 ppm mice and 4 mice from each other dosage 
group were examined). 

A similar study was undertaken with Charles River CD rats.‘48’ The test protocol was 
the same as in the mouse study’4’) except that the dietary concentrations were 1000, 
2000, 4000, 8000, and 16,000 ppm. The rats of the 16,000 ppm group were 
emaciated, and had rough hair coats, small skin lesions, and loss of hair. Two female 
rats of the highest dose group died before the end of the study. Alopecia and focal skin 
erosions were observed in the rats of the 16,000 ppm group, and these were considered 
compound-induced. Microscopically, hepatocyte vacuolation was noted in rats of all 
dose groups (all rats of 16,000 and 8000 ppm groups and 4 from each other dose group 
were examined), and this change was considered compound-induced. 

Inhalation 

An inhalation study was performed with a hair spray containing AMP at a 
concentration of 0.58%.‘49’ A group of 16 Wistar rats, eight of each sex, was exposed to 
an atmosphere containing 200 mg/L of the hair spray for 1 h/day, 5 days per week for 2 
weeks. Four rats were sacrificed at the end of the first week, another four at the end of 
the second week, and the remainder after a one-week recovery period. All rats were 
examined for gross pathological changes, and the respiratory tissues were preserved for 

Distributed for Commeny Only -- Do Not Cite or Quote

 
CIR Panel Book Page 36



214 COSMETIC INGREDIENT REVIEW 

possible microscopic examination. None of the rats died as a result of exposure to the 
test material. All rats had slightly decreased activity 1 h after exposure, had returned to 
normal by 3 h, and once again had slightly decreased activity at 24 h. The rats 
continued to have slightly decreased activity until day 14, at which time the rats which 
were to undergo a 1 week recovery period all appeared normal. No gross changes were 
noted at necropsy, and weight gains were comparable between the test animals and the 
control group. 

Subchronic Toxicity 

Oral 

In a go-day study, AMP solutions, at pH’s of 1 1 + or 7, were administered to rats by 
stomachtube ““Ateach pH, theAMPsolution wasadministeredatdosesof0.5,0.75, 
1.1, or 1.7 g/kg/day; the dosage groups consisted of 20 rats, divided equally by sex. The 
rats were observed daily, and body weights and feed consumption were recorded 
weekly. All rats that died during the study were necropsied, and those that survived to 
the end of the study were sacrificed and necropsied after samples were taken for 
hematologic, urologic, and clinical chemistry measurements. Results of the study 
indicated that mortality caused by AMP was due to the AMP solutions with a pH of 11 
or greater. The noted behavior changes were hyperventilation, hyperirritability, and 
hyperactivity; these were most often noted in the pH 1 1 + group. All surviving rats 
gained weight and consumed feed in a normal manner, though the test rats did appear 
to drink more water. In the pH 11+ group rats, packed cell volumes, hemoglobin 
values, and erythrocyte counts were markedly decreased for the males of the 1.1 g/kg 
dose group; this was due to blood loss by these rats. The pH 1 1 + group rats receiving 
doses of 0.5 and 0.75 g/kg also had slight, though significant, decreases in erythrocyte 
counts. In the pH 7 group rats, some occurrences of increased SGPT and OCT activities 
were noted, and the males of the 1.7 g/kg group had significant decreases in packed cell 
volume and hemoglobin. Urinalyses were performed only on the rats from the pH 1 1 + 
group; some samples contained protein. No gross lesions were found at necropsy. 

Tissues were taken from the rats of the go-day study and from control rats of both pH 
groups and from nine male and eight female rats of the pH 7, 1.7 g/kg group and from 
one female of the pH 1 1 +, 1.7 g/kg group. (51)The 1.7 g/kgoral doseof an AMPsolution 
at a pH of 7 did not cause any significant changes in male or female rats “under the 
conditions of the experiment.” In the tissues of the pH 11+, 1.7 g/kg group female rat, 
the only abnormality noted was a few papillary protrusions of epithelium at the junction 
between the squamous and glandular portions of the stomach. 

For three months, groups of four male and four female beagle dogs were fed diets 
containing 0.63, 15.0, or 62.5 mgAMP/kg. (52) The AMP was used as AMP-hydrochlo- 
ride, pH 7.0. The physical conditions and feed consumptions of the dogs were 
monitored, and urinalyses, hematology, and clinical chemistries were obtained at the 
start of the study and at 1 and 3 months. At the end of the study, some tissues were 
examined microscopically (not indicated in this limited report). Except for the high- 
dose group, body weight gains were normal during the study. The high-dose group also 
had increased activities of SGOT, SGPT, and alkaline phosphatase at months 1 and 3. 
The liver weights and liver/body weight ratios were slightly higher in the dogs of the 
high- and mid-dose groups at necropsy. In addition, two females and one male of the 
high-dose group had tan and mottled livers. At microscopic examination, vacuoliza- 
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tion, lipid deposits, and bile duct hyperplasia were found in the livers of all of the 
high-dose dogs and in one of the mid-dose dogs. No other organs appeared to be 
affected. Results of the clinical chemistry of the dogs in the mid-dose groups did not 
correlate with the histopathological findings for those groups. No other comments were 
made about the effects in dogs of 90 days of dietary consumption of AMP. 

Inhalation 

In a 13-week inhalation study, a group of CD-Crl: CS(SD)BR Charles River albino 
rats, 11 of each sex, was exposed to an aerosolized form of a pump hair spray 
containing 0.44% AMP for 4 h/day, 5 days/week for a total of 67 exposures.(53) The 
exposure concentration was 0.23 mg/m3, an amount which was calculated to be a 
100-fold increase over normal human exposure. The animals were observed daily, 
weighed weekly, and blood and urine samples were obtained on weeks 7 and 13. The 
animals were sacrificed after the 67th exposure, gross observations were made, and 
various tissues and organs were removed for weighing and microscopic study. 

All animals survived the duration of the study, and none had an intolerance for the 
aerosol atmosphere. There was a significant decrease in body weight gains for female 
rats during weeks l-3, but this was considered within normal limits for the species in 
this laboratory. 

Statistically significant hematologic changes included increased packed cell vol- 
ume and erythrocyte counts for males at weeks 7 and 13, increased hemoglobin values 
for males at week 7, and increased packed cell volume for females at week 7. Though 
these differences were significant with respect to the controls, they were still within the 
normal range established by the laboratory for the strain of rat used. 

Male rats had a statistically significant increase in serum glucose at week 7, and 
females had a significant decrease in BUN at week 13. These differences were not 
considered toxicologically significant when included with the other study criteria. 

No abnormalities were noted in the results of the urinalyses, and no lesions were 
found at necropsy. Female rats had a significant decrease in uterine and lung weights; 
there were also significant increases in heart- and liver-to-body weight ratios for the 
females. 

No treatment-related microscopic changes were found in the evaluated tissues; 
frequency and severity of noted changes were equivalent for both the treated and 
control rats. The microscopic changes observed in the lungs and upper respiratory tract 
of both the treated and control rats were attributed to chronic murine pneumonia, and 
were unrelated to treatment. The pump hair spray formulation containing 0.44% AMP 
was safe under the exaggerated inhalation conditions of the test. 

A go-day inhalation toxicity study of two pump sprays, each containing 0.40% 
AMP, was performed using cynomolgus monkeys. (54) The test animals were divided 
into groups consisting of three males and six females each. One group (group 2) was 
exposed to the test material under static conditions by automatic dispensation of one 
pump sprayer every 7.5 s/l 0 min period/day, for a total of 800 sprays/day. The monkeys 
of group 3 were exposed to the test material following the same spraying regimen but 
under dynamic conditions (in an air flow of 622 L/min) for the first 25 days, followed by 
static exposure for the remaining 64 days. The other two groups of monkeys were the 
control group and a group exposed to a different test material. The monkeys were fed 
after the daily exposure, and water was available ad libitum. All monkeys had negative 
reactions to a tuberculosis test and had clear chest x-rays prior to the start of the study. 
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The monkeys were weighed prior to the start of the study and weekly thereafter. They 
were observed daily during and after exposure for signs of behavioral abnormalities or 
toxicity. Prior to the start of the study and after the 89 days of the study, the following 
respiratory function parameters were assessed: distribution of ventilation, diffusion 
capacity, mechanics of respiration, mid-maximum expiratory flow, and spontaneous 
anesthetized tidal volume and respiratory rate. These tests were accomplished by 
anesthetizing the monkeys and placing them on a whole-body respirator. Hematology 
and clinical chemistry values were performed on blood samples from each monkey 
prior to the start of the study, and at 30 and 89 days. After 89 days of exposure, the 
monkeys were necropsied; organ weights were obtained and various organs were 
preserved for microscopic examination. 

The monkeys of group 2 were exposed to a mean gravimetric concentration of 
6.63 ? 1.50 kg/L, and the monkeys of group 3 were exposed to a mean gravimetric 
concentration of 6.06 2 1.99 kg/L during the study. All animals survived the study and 
no exposure-related clinical signs were noted. Only the monkeys in group 3 failed to 
gain weight during the study (body weights were slightly but significantly lower for 
weeks 3-l 2). Monkeys in group 3 required a significantly higher number of breaths and 
cumulative tidal volume to washout to 2% nitrogen and had a significantly higher 
pulmonary flow resistance. These data “did not indicate any increase in these 
parameters in Group 3, merely lesser decreases between pre- and postexposure as 
compared to Group1 [controls].” There were no significant hematological differences 
noted. The test animals had lower BUN values and higher SGPT activities than the 
controls at both week 4 and week 13. These differences were not considered 
significant, since the values were still within the normal range for the species and 
because there was no microscopic evidence of damage to the affected organs. An 
increase in serum CO, was noted for all test groups, but since there was no evidence of 
hyperventilation, the cause was believed to be due to ingestion of the acidic resin, 
causing a nonrespiratory acidosis. Group 3 monkeys had an increased liver/body 
weight ratio which resulted from a higher mean liver weight coupled with lower 
average body weights. No compound-related alterations were found upon histopatho- 
logical evaluation of the tissues in the monkeys of groups 2 and 3. Though the monkeys 
in group 3 did not gain weight during the study and though both groups 2 and 3 had 
lower serum CO, levels, no other compound-related adverse effects were evident after 
89 days of exposure to atmospheres containing either 6.06 or 6.63 pg/L of hair spray 
containing 0.40% AMP. 

In another go-day study, groups of eight cynomolgus monkeys, divided equally by 
sex, were exposed for 1 h per day to a hair spray formulation containing 0.21% AMP.“” 
Groups were exposed to high and low concentrations of the hair spray, as well as of the 
vehicle control. In addition, there was a room air control group. The W-day high and 
low mean values for the hair spray concentrations were 27.0 +- 3.1 pg/L and 
2.73 + 0.56 kg/L, respectively. No treatment-related effects were noted in body 
weights, weight gains, organ weights, organ/body weight ratios, organ/brain weight 
ratios, hematology, clinical chemistry, neurologic and ophthalmic parameters, or at 
necropsy. Histopathologic examination of the pulmonary tissues indicated increased 
numbers of free macrophages and macrophage aggregates in the alveolar spaces, as 
well as foci of interstitially located particle-laden alveolar macrophages. No signs of 
inflammation or interstitial fibrosis were evident. In addition, pulmonary alveolitis was 
noted in the high-dose hair spray group, and a slight to moderate increase in 
hepatocellular lipid was noted in all test animals. 
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A 13week inhalation toxicity study in female Chr/CD Charles River albino rats and 
in female outbred Syrian golden hamsters was performed with two hair spray formula- 
tions containing 0.1350% AMPD. (56)One hair spray formulation also contained 3.00% 
ethylene maleic anhydride copolymer, 50%; this formulation was referred to as the hair 
spray, while the second formulation, without the resin, was labelled the hair spray 
vehicle. 

feed 
Dosage groups consisted of 16 animals of each species. All animals were allowed 
and water ad libitum. The following concentrations were used: 10 mg/m3 hair 

spray, 100 mg/m’ hair spray, 100 mg/m3 vehicle, and controls. Animals were exposed 
to the formulations 4 h/day, 5 days/week, for 13 weeks. The aerosol concentrations in 
the inhalation chambers were monitored hourly and adjusted as necessary; the 
temperature, pressure, and humidity were also closely monitored. After 32 exposure 
days, five animals of each species of each group were sacrificed. The remaining test 
animals were sacrificed starting 3 days after the last day of exposure. Blood analyses 
was performed on all of the test animals. Gross and microscopic examinations were 
also performed. 

During the study, five animals either died or were sacrificed when moribund (one 
rat and one hamster of the low-dose hair spray group, one hamster of the high-dose hair 
spray group, and one animal of each species of the vehicle group). None of the deaths 
were the result of the aerosol treatment. 

Exposure of the test animals to the aerosols was well tolerated; other than the 
reactions listed below, no adverse reactions were observed. The low- and high-dose 
hair spray group hamsters had a decreased body weight gain; these values were 
statistically significant for the hamsters of the high-dose group. The high-dose hair spray 
hamsters also had lower, but not statistically significant, body weights at the end of the 
study. 

There were scattered incidences of statistically significant differences in various 
parameters of the hematology and clinical chemistry, but no dose- or exposure- 
dependent trends were noted and, thus, these differences were not considered 
toxicologically significant. The same was true for the gross observations made at 
necropsy. 

The organ weights and histopathological findings did not include any comments on 
the animals exposed to the hair spray vehicle. Exposure of Chr/CD Charles River rats 
and Syrian golden hamsters to atmospheres containing 144 mg/m3 of a hair spray 
vehicle containing AMPD at a concentration of 0.1350% was not harmful. 

Irritation 

Dermal Irritation and Sensitization 

Agroupof six rabbits was tested for primary skin irritation to AMP at a concentration 
of 0.25% in ethanol. (57) The test was a single insult, occlusive patch test modified to 
include abraded and nonabraded skin. The rabbits’skin was graded for erythema and 
edema 24 and 72 h after patch removal. Neither the abraded nor the nonabraded skin 
of any of the rabbits had a reaction during the study. The 0.25% AMP in ethanol was not 
irritating to rabbit skin, 

In a limited summary, it was noted that AMP at concentrations of 0.25% and 2.5% 
in aqueous and alcoholic vehicles caused no irritation in single insult occluded patch 
tests in rabbits.‘34’ 
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The primary irritation indices (PII) for two formulations containing 0.26% AMP 
were 1 .I 3 and 1.31 (maximum possible score = 8), respectively.‘58’ The test formula- 
tion, 0.5 ml, was applied under an occlusive patch to the intact and abraded skin of two 
rabbits of each sex. The patch was removed 24 h later. The sites were graded at 25 h (I 
h after patch removal) and 72 h. Each group of rabbits was tested with one formulation. 
With the first formulation, all of the rabbits had erythema at both sites at both gradings, 
with slight desquamation at the 72 h grading. One rabbit also had edema at the abraded 
site; this reaction had subsided by 72 h. The reactions of the rabbits tested with the 
second formulation were essentially the same. All rabbits had erythema at both 
gradings, with slightdesquamation at 72 h. One rabbit had edema at the abraded site at 
25 h, but was negative at 72 h. The reactions to the second formulation were slightly 
more severe than those to the first formulation, accounting for the differences in the 
Pll’s. The formulations containing 0.26% AMP were considered mildly irritating to 
intact and abraded rabbit skin. 

The following four tests were each performed on cosmetic formulations containing 
AMP.‘59p62’ In each test the formulation, 0.5 ml, was applied under an occlusive patch 
to the abraded and nonabraded skin of six rabbits of mixed sex. After 24 h, the patch was 
removed. The test sites were graded upon patch removal and at 72 h. The results of 
these tests follow. A hair spray containing 0.25% AMP caused no irritation to either the 
intact or abraded skin of rabbits; the PII was 0.0. (60) The PII of a hair spray containing 
0.58% AMP was 0.38.‘59’At the 24-h grading, three of the rabbits had erythema at both 
the intact and abraded sites, while the other three rabbits had erythema at the abraded 
sites only. All of the reactions had cleared by 72 h. The PII for a hair spray containing 
0.59% AMP was 0.35.“‘) Four of the six rabbits had erythema at both the intact and 
abraded skin sites at the 24-h grading. All reactions at 72 h were negative. The hair spray 
containing 0.59% AMP was not a primary dermal irritant. 

Three products containing 0.58,0.59, and 0.58% AMP had Pll’s of 0.75, 1.40, and 
0.35, respectively. (62) With the first formulation, five of the six rabbits had erythema at 
both the abraded and intact sites at 24 h; the irritation persisted through the 72-h grading 
period, with one rabbit having edema in addition to theerythema at both sites. With the 
second formulation (0.59% AMP), four rabbits had both erythema and edema at 24 h. 
A fifth rabbit had erythema alone, which had subsided by 72 h. Of the other four rabbits 
with reactions, one had no reaction at 72 h, one had erythema only, one had increased 
erythema and continued edema, and the last had increased erythema and edema. All of 
the reactions noted occurred at both the intact and abraded sites. With the third 
formulation (0.58% AMP), one rabbit had erythema at the abraded site, and two rabbits 
had erythema and edema at both sites at the 24-h grading. All of the reactions had 
subsided by 72 h. None of the formulations were primary dermal irritants under the 
conditions of the test. 

In another study, an unspecified cosmetic formulation containing AMP-95 (95% 
AMP solution) at a concentration of 0.22% was tested for primary skin irritation 
potential in a group of nine rabbits using the single insult, occlusive patch test 
procedure. 
rabbits 

(63) The skin reactions were graded 2 and 24 h after patch removal. Three 
had erythema 2 h after patch removal; of these three, one had undiminished 

erythema 24 h after patch removal. In addition, a fourth rabbit had erythema at the 24-h 
grading. The group PII for the formulation containing AMP-95 at a concentration of 
0.22% was 0.56 (maximum 8.00), indicating that the formulation was minimally 
irritating. 
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A “foam hair groom” containing 0.715% AMPD was tested in four New Zealand 
albino rabbits for primary dermal irritancy. C641 The undiluted test material, 0.5 ml, was 
applied under an occlusive patch to the intact and abraded skin of each rabbit, where it 
remained for 24 h. The sites were graded 1 h after patch removal and at 72 h. No 
adverse reactions were noted; the hair groom containing 0.715% AMPD was nonirri- 
tating when applied to intact and abraded rabbit skin. 

A hair spray formulation containing 0.50% AMPD was tested following the 
protocol outlined in the previous paragraph. (65) Two rabbits had erythema and edema 
at the intact skin site; the reaction had cleared by 72 h. One rabbit had erythema 
persisting through 72 h at the intact site. The fourth rabbit had no reaction at the intact 
skin site. At the abraded skin sites, three rabbits had erythema and edema, with the 
erythema persisting through 72 h while the edema subsided in all but one of the rabbits. 
The fourth had continuing erythema and no edema. The PII for the hair spray was 1.38. 

Sensitization 

The intradermal sensitization potential of AMP was studied in guinea pigs.‘66’ Three 
groups of ten male guinea pigs each were used in the study: negative control (saline), 
positive control (0.3% dinitrochlorobenzene), and test group (AMP). The backs and 
flanks of the guinea pigs were shaved, and 0.05 ml of the appropriate solution was 
injected intradermally. The injection sites were graded 24 h later. At 48 h, 0.1 ml of the 
appropriate solution was injected, and the injections were repeated two to three times 
a week for ten injections. Two weeks after the last injection, the animals received 
challenge injections at a previously untreated site. The challenge injections for the test 
and control groups consisted of 0.1 ml each of 0.01% and 0.05% solutions of AMP. The 
challenge sites were chemically depilated 24 h after the injection; grading of the sites 
was performed 3 h later, and again at 48 h. 

The first two injections of the induction phase, using 0.5% and 1% AMP solutions, 
respectively, caused necrotic lesions, and so the remainder of the induction injections 
were made with a 0.1% solution. One guinea pig of the test group had a slight reaction 
at the 24-h grading of the 0.05% AMP challenge site. This reaction had cleared by 48 h. 
No reactions were noted in the test group at the second challenge. At the second 
challenge with AMP solutions, four guinea pigs of the saline control group had reactions 
to the 0.05% AMP and one had a reaction to the 0.01% AMP. All of these reactions had 
cleared by 48 h. The positive control animals had the expected reactions. AMP was not 
an intradermal sensitizer in guinea pigs. 

Ocular Irritation 

In a limited summary, it was stated that AMP at a concentration of 0.25% in an 
aqueous vehicle caused sli ht transient irritation when instilled in the eyes of rabbits 
with and without rinsing. 8 (34 The irritation had cleared by days 2 and 4, respectively. 

Five New Zealand White rabbits received in the left eye a single spray of a 
formulation (pH 8.3) containing 0.26% AMP. C67) The spray was directed from a 
distance of 6 inches from the eye; the right eye served as a control. Observations of the 
eyes were made at 1 and 24 h, and at 3,4, and 7 days postinstillation. At 1 h, two rabbits 
had slight conjuntivitis and dull corneas, both clearing by 24 h. A third rabbit had slight 
conjunctivitis at 1 h, also clearing by 24 h. The fourth rabbit had slight conjunctivitis 
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persisting through 24 h and clearing by day 3. The fifth rabbit had no reaction. All 
rabbits had negative fluorescein stains 7 days after instillation of the test material. The 
spray containing 0.26% AMP was minimally irritating when not rinsed from sprayed 
rabbit eyes. 

Twelve New Zealand White rabbits received a single 1 -s spray, from a distance of 4 
inches, of a hair spray containing 0.25% AMP. (68) The eyes of six of the rabbits were 
rinsed 30 s after the spraying. The animals were observed for 3 days. Two of the six 
rabbits of the no-rinse group had signs of irritation. One had slight iritis and conjunc- 
tivitis on day 1, with the conjunctivitis continuing through day 2 and clearing by day 3. 
The second rabbit had slight cornea1 opacity, iritis, and conjunctivitis; the cornea1 
opacity had cleared by day 2 and the remainder of the irritation had cleared by day 3. 
Three rabbits of the rinsed group had slight conjunctivitis on day 1 which was cleared by 
day 2. 

A second test following the protocol described in the previous paragraph was 
performed with a hair spray containing 0.58% AMP. E’) Of the rabbits that did not have 
their eyes rinsed, three had slight conjunctivitis on day 1; the conjunctivitis had cleared 
by day 2 in two of the rabbits, and by day 3 in the third. The remaining three rabbits of 
the group had no reactions. Of the rabbits receiving a rinse, one had slight cornea1 
opacity and conjunctivitis on day 1; the opacity had cleared by day 2, and the 
conjunctivitis by day 3. None of the other rabbits of the rinsed group had adverse 
reactions. 

A hair spray contining 0.59% AMP was instilled into the eyes of 12 New Zealand 
White rabbits.“” The volume of the material tested was 0.1 ml. Six of the rabbits 
received no eye rinse for the first 24 h, while the eyes of the other six were rinsed 30 s 
after instillation of the test material. The rabbits were observed for 3 days after the 
instillation. Of the rabbits that received no eye rinses, one had scattered areas of opacity 
over most of the cornea, as well as slight redness and chemosis on day 1. On day 2, this 
rabbit had obvious translucent areas over a small part of the cornea, and by day 3, the 
eye appeared normal. The remainder of the rabbits in the test group had no ocular 
reaction. Of the rabbits which received eye rinses, one rabbit had scattered areas of 
opacity over a small portion of the cornea and moderate chemosis, both of which had 
cleared by day 2. None of the other rabbits had adverse reactions. The hair spray 
containing 0.59% AMP was considered a mild ocular irritant to rabbits under the 
conditions of the test. Rinsing reduced the extent of the irritation. 

A cosmetic formulation containing 0.22% AMP-95 was tested in six rabbits for eye 
irritation potential. (“) The test material was not rinsed from the eyes of the rabbits, and 
the reactions were graded on days l-4, and on day 7 after instillation. Three different 
rabbits had conjunctivitis, one each on days l-3. No reactions were observed on days 
4 and 7. The formulation containing 0.22% AMP-95 had a mild eye irritation potential 
according to the Draize classification system. 

A hair spray containing 0.40% AMPD was sprayed into the left eye of each of five 
New Zealand White rabbits for a duration of 1 s. (‘*I The right eyes served as controls. 
The eyes were observed for signs of irritation at 1 and 24 h, and on days 2, 3,4, and 7. 
All of the rabbits had severe iritis and slight conjunctivitis at 1 h, and in four of the rabbits 
this was reduced at 24 h, and cleared by day 2. In the fifth rabbit, the severe iritis 
continued, along with the slight conjunctivitis, through day 2, and was cleared by 
day 3. 

Afoam hairgroom, 0.1 ml, containing0.715% AMPD was instilled intothelefteye 
of each of ten New Zealand White rabbits. (73) Half of the rabbits had their eyes rinsed 4 
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s after instillation of the test material. Ocular reactions were graded at 1 and 24 h, and 
on days 2, 3, 4, and 7. Sodium fluorescein examinations were performed on day 7, as 
well as at other times during the study as necessary. One rabbit of the nonrinsed group 
had moderate conjunctivitis at 1 h, clearing by 24 h. Two rabbits had moderate 
conjunctivitis which diminished steadily and was cleared by day 3. One rabbit had 
moderate iritis and conjunctivitis at 1 h; the iritis had cleared by 24 h, and the 
conjunctivitis by day 2. The fifth rabbit had moderate iritis at 1 h, clearing by 24 h. In 
addition, this rabbit had moderate conjunctivitis at 1 h; this reaction gradually 
diminished through day 4 and was clear by day 7. Two of the rabbits of the rinsed eye 
group had moderate iritis and conjunctivitis, with the iritis clearing by 24 h and the 
conjunctivitis diminishing at 24 h and clearing by day 2. Two rabbits had moderate 
conjunctivitis at 1 h, clearing by 24 h. The fifth rabbit had moderate conjunctivitis, 
which had diminished at 24 h and cleared by day 2. The rabbits of both test groups had 
negative fluorescein dye examinations on day 7. 

MUTAGENICITY 

A plate assay mutagenicity test, with and without metabolic activation, was 
performed using AMP and Saccharomyces cerevisiae strain 04 and Salmonella 
typhimurium strains TA1535, 1537, 1538, 98, and 100.‘74’ Positive activation and 
nonactivation controls were used; the controls were positive for either frame-shift or 
base-pair substitution mutations. The AMP was tested over a range of concentrations 
from 0.01 ~1 to 5 t.r.1; the high dose produced some toxic effects, and the low dose was 
below a toxic level. The results indicated that AMP was not mutagenic, with and 
without metabolic activation, under the conditions of the test. 

AMPD was tested for mutagenic potential using Salmonella typhimurium strains 
TA1535 1537 98, and 100.‘75’ Testing in these strains represents frame-shift and 
base-pa;r substitution type mutations. AMPD was tested at concentrations of 100, 333, 
1000, 3330, and 5000 kg/plate, with and without metabolic activation. The test was 
performed twice. There were no dose-related increases in the number of revertants in 
either study over the concentration range tested, and AMPD was not considered 
mutagenic under the conditions of the study. 

CLINICAL ASSESSMENT OF SAFETY 

Dermal Irritation and Sensitization 

Irritation 

The skin irritation potential of a cosmetic formulation containing 0.22% AMP-95 
wasexamined using a single insult occlusive patch test on 15 panelists.‘761 One panelist 
had an equivocal reaction (-+), resulting in a group PI1 of 0.03. The cosmetic 
formulation containing 0.22% AMP-95 had a negligible primary skin irritation poten- 
tial. 

A hair spray containing 0.40% AMPD was tested for primary irritancy in 15 human 
subjects. “‘) The patches were applied to the arms of the panelists. The test was referred 
to as a “5 hour-4 day test” with the test beginning on Monday and the readings being 
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made on the mornings of Tuesday, Wednesday, Thursday, and Friday. Four panelists 
had no reactions. There were scattered instances of questionable responses in nine 
panelists, with seven having one questionable response and the remainder having two 
questionable responses. In addition, one panelist had slight redness on day 4, and one 
panelist had slight redness on days 2-4. 

Sensitization 

A conditioning hair mousse containing 0.22% AMP-95 was tested for allergic 
contact sensitization potential in 97 panelists. (78) None of the panelists (86 females and 
11 males) had skin conditions or medical histories that would interfere with the purpose 
of the study. 

Ten formulations were tested simultaneously; five patches were placed on either 
side of the upper back, next to the midline. Only if there was a severe reaction was a 
patch removed. Approximately 0.1 ml of the test material was applied to the patch. The 
patched were applied every Monday, Wednesday, and Friday for 3 weeks. The patches 
were removed by the panelists 24 h after application, and the patch sites were graded 
prior to the application of the new patch. The final induction patch sites were graded 
prior to the challenge phase of the study. The challenge sites were graded 24 and 48 h 
after patch removal. 

Thirteen panelists had reactions during the induction phase of the test. Of these 13, 
nine had single reactions, two had two reactions each (insults 4 and 7,l and 8), one had 
three reactions (insults 1, 6, and 7), and one had four reactions (insults 2, 3, 8, and 9). 
All of the reactions that occurred during the induction phase were recorded as barely 
perceptible. In addition, another panelist had a barely perceptible reaction at the 24-h 
grading of the challenge phase; the results of the 72-h grading were not available. The 
conditioning hair mousse containing 0.22% AMP-95 did not have allergic contact 
sensitization potential. 

A cosmetic formulation containing 0.073% AMPD was tested for sensitization 
potential in a group of 30 human test subjects using a repeated insult open patch test.‘7q’ 
The test material was applied to the arm daily 4 days/week for 2 weeks, alternating arms 
daily. In addition, an occlusive patch was applied on the first day of the test. After the 
2-week application period, there was a 2-week nontreatment period. After this 2-week 
period, the test subjects received a reapplication of the formulation to the test site along 
with an occlusive patch at an adjacent site. The original patch, challenge patch, and 
open challenge test sites were read at 24, 48, and 96 h. No reactions were observed in 
any of the test subjects. The formulation containing 0.073% AMPD was neither a 
primary irritant, nor a fatiguing agent, nor a sensitizer, and the formulation was safe 
under the conditions of the study. 

A modified repeated insult patch test of a cosmetic formulation containing 0.50% 
AMPD was performed on a panel of 39 women and 20 men.(“) The test material, 0.5 
ml, was applied to a semiopen patch on the arm of each panelist every Monday, 
Tuesday, Wednesday, and Thursday for two weeks. The patch sites were graded 
approximately 24 h after application. In addition, a closed patch was applied to each 
panelist on the first day of the study and on the day of challenge. No patches were 
applied for 2 weeks after the induction phase. On the Monday following the nontreat- 
ment period, challenge patches were applied to the original test site and an adjacent 
site; the second closed patch was also applied at this time. The challenge sites were 
graded 1, 2, and 4 days after application. Slight erythema was noted at one adjacent 
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application site at each of the grading times, but it was not clear whether these reactions 
occurred in the same panelist. The formulation containing 0.50% AMPD was not a 
sensitizer under the conditions of the test. 

SUMMARY 

AMP and AMPD are substituted aliphatic alcohols. Both occur in solid and liquid 
forms. AMP is miscible with water and soluble in alcohols, while AMPD is soluble in 
both water and alcohols. 

Both AMP and AMPD are used as emulsifying agents for cosmetic creams and 
lotions, and as neutralizing agents in hair sprays. AMP is used in concentrations up to 
10% and AMPD is used in concentrations up to 5%. All uses at concentrations above 
1% involve neutralization of AMP or AMPD with fatty acids. 

In industry, AMP and AMPD are used in the synthesis of surface-active agents, 
vulcanization accelerators, and pharmaceuticals, and as emulsifying agents for a 
variety of products. AMP is also listed as an indirect food additive as a component of 
adhesives. 

AMP appears to interfere with lipid catabolism and with choline utilization and 
synthesis in rats fed a choline-deficient diet. AMP also increased the incidence of 
hemorrhagic kidneys and the amount of hepatic lipid (except at higher doses of AMP, in 
which the latter was reversed) in choline-deficient rats. 

Aminoalcohols are incorporated into the phospholipids of rats; the degree of 
incorporation was related to the aminoalcohol’s similarity to ethanolamine. 

AMP caused a dose-dependent inhibition in vitro of the incorporation of [32P] into 
the phospholipids of swine pulmonary and coronary arteries, and of rabbit and human 
endometrial tissues. 

In vitro, AMP altered the morphology of murine fibroblast plasma membranes, 
either by replacing certain types of phosphatidylethanolamine or by altering the 
asymmetric distribution. 

lntraperitoneal injection of AMP resulted in urinary excretion of tritiated AMP in rats 
fed either choline-adequate or choline-deficient diets, with the rats fed the choline- 
adequate diet accumulating more of the unchanged AMP in the urine. Radioactivity 
also appeared in the serum within 30 minutes of i.p. injection, and then disappeared 
shortly thereafter. Rats fed the choline-adequate diet accumulated a greater amount of 
radioactivity in the serum. Uptake of radioactivity by various organs was greater for the 
rats fed the choline-adequate diet during the first 6 h postinjection, after which time the 
trend was reversed. In the liver, the uptake of radioactivity was greater at all times for the 
choline-deficient rats. 

According to the classification system of Hodge and Sterner,“’ AMP is nontoxic to 
rats and albino mice, and slightly toxic to deer mice. 

In an acute oral toxicity study, AMP produced lesions in the liver, kidneys, spleen, 
and lungs at the LD,, dose. In another acute oral toxicity study in rats, AMP did not 
cause lesions in the kidneys and lungs of the test animals. In rhesus monkeys, the toxic 
effects of AMP were probably due to the alkalinity of the compound and irritation of 
gastrointestinal tract. 

In three acute oral toxicity studies of hair sprays or cosmetic formulations contain- 
ing varying concentrations of AMP, the test material was nontoxic to rats. Results of 
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another acute oral toxicity study of a hair spray containing AMP at a concentration 
which was also tested in the previous studies found the hair spray containing AMP to be 
toxic to albino rats. 

According to the classification of Hodge and Sterner,“’ a hair spray containing 
AMPD was practically nontoxic to albino rats. 

Several acute inhalation studies were performed with cosmetic formulations 
containing AMP, as well as with AMP in alcohol and propellant. The study results 
indicated that AMP was nontoxic by inhalation. A hair spray containing AMPD was also 
nontoxic to rats. 

In dogs fed AMP, no gross lesions were found at necropsy. Microscopic lesions 
were found in the livers of all but one of the test animals, and the damage was dose 
dependent. 

Neither gross nor microscopic lesions were found in the livers of mice fed AMP in 
the diet for 8 weeks. Rats of another study had vacuolization of hepatocytes in all dose 
groups. 

When rats were exposed to atmospheres of a hair spray containing AMP over a 
period of 2 weeks, no toxic effects resulted from the treatment. 

When AMP solutions with pH’s of 7 or 1 1 + were administered to rats by stomach 
tube, it was found that any mortality was due to the alkalinity of the AMP solutions. 

In a subchronic oral toxicity study of AMP in beagle dogs, only the dogs of the 
high-dose group did not gain weight during the study. There were changes in some 
clinical chemistry parameters in the dogs of the high-dose group. Liver and liver/body 
weight ratios were increased, and tan and mottled livers were observed at necropsy in 
some dogs of the high-dose group. Microscopic lesions included vacuolization, lipid 
deposits, and bile duct hyperplasia in the livers of the dogs in the high-dose group, as 
well as in one dog of the low-dose group. 

In a chronic inhalation study, rats were exposed to an aerosolized form of a pump 
hair spray containing AMP. The hair spray was not toxic under the exaggerated 
inhalation conditions of the test. 

Cynomolgus monkeys were exposed to hair sprays containing AMP under static 
and dynamic conditions in a subchronic inhalation toxicity study. Theonlycompound- 
related adverse effects were that the monkeys exposed under dynamic conditions did 
not gain weight during the study, and the monkeys exposed under either condition had 
lowered serum CO2 levels. 

In another study, cynomolgus monkeys exposed to a hair spray containing AMP 
showed some histopathologic changes in the pulmonary tissues. A slight to moderate 
increase was found in hepatocellular lipids in all test animals. Pulmonary alveolitis was 
noted in the high-dose monkeys. 

When both albino rats and Syrian Golden hamsters were exposed in a subchronic 
inhalation toxicity study to hair spray formulations containing AMPD, no significant 
compound-related adverse effects were observed. 

In numerous primary irritation studies, cosmetic formulations containing varying 
concentrations of AMP were non- to minimally irritating to abraded and nonabraded 
rabbit skin. AMP in an ethanol vehicle was nonirritating to rabbit skin. Cosmetic 
formulations containing AMPD were also non- to minimally irritating to rabbit skin. 

AMP was not an intradermal sensitizer in guinea pigs. 
In eight studies, AMP in cosmetic formulations or in an aqueous vehicle was a 

minimal to mild ocular irritant. The degree of irritation was reduced by rinsing the eyes 
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after exposure to the formulations. Cosmetic formulations containing AMPD were 
moderate ocular irritants. 

AMP was not mutagenic, with and without metabolic activation, in S. cerevisiae 
strain D4, and in S. typhimurium strains TA1535, 1537, 1538,98, and 100. AMPD was 
not mutagenic, with and without metabolic activation, in S. typhimurium strains 
TA1535, 1537, 98, and 100. 

In a clinical study, a cosmetic formulation containing AMP-95 was not a primary 
dermal irritant. In a primary irritancy test of a cosmetic formulation containing AMPD, 
scattered incidences of questionable responses were observed in two-thirds of the 
panelists. In addition, 2 of 15 panelists had slight redness at least once during the 
observation period. 

A cosmetic formula containing AMP-95 was not an allergic contact sensitizer when 
tested using a panel of 97 subjects. A cosmetic formulation containing AMPD was not 
a primary irritant, and it was neither a fatiguing agent nor a sensitizer. In another study, 
a cosmetic formulation containing AMPD was not a sensitizer. 

DISCUSSION 

Though AMP and AMPD are highly alkaline in pure form, the Panel notes that these 
chemicals are buffered in cosmetic formulations, and, therefore, the adverse reactions 
seen with the undiluted chemical would not be expected with the cosmetic product. Of 
greater concern is the possible presence of impurities in AMP and AMPD, especially 
oxazolidine or other secondary amines, which are vulnerable to N-nitrosation. If there 
is a possibility of these chemicals being present in the cosmetic-grade AMP and AMPD 
then the Panel recommends that AMP and AMPD not be included in cosmetid 
formulations containing nitrosating agents. 

AMP and AMPD were not mutagenic in the Ames assay using five and four tester 
strains, respectively. 

The Panel is aware that AMP and AMPD are used at concentrations greater than 
1 %, but because available test data do not exceed 1 %, the Panel recommends that AMP 
and AMPD are safe as cosmetic ingredients at concentrations not exceeding 1%. 

CONCLUSION 

On the basis of the available animal and clinical data presented in this report, the 
CIR Expert Panel concludes that at concentrations not exceeding 1 %, Aminomethyl- 
propanol and Aminomethylpropanediol are safe for use in cosmetics. 
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Abstract
Aminomethyl propanol and aminomethyl propanediol are substituted aliphatic alcohols that function as pH adjusters in cosmetic
products at concentrations less than 10%; additionally, aminomethyl propanediol is a fragrance. Extensive oral toxicity data are
reviewed, with fewer inhalation toxicity data. Dermal toxicity data are presented that demonstrate, for example, that a mascara
with 1.92% aminomethyl propanediol does not cause dermal irritation or allergic contact sensitization, suggesting that the
maximum reported use concentration of 2% in mascara would be safe. Although these ingredients are primary amines that
are not substrates for N-nitrosation, they may contain secondary amines as impurities in finished products that may undergo
N-nitrosation. These ingredients should not be included in cosmetic formulations containing Nnitrosating agents. The Cosmetic
Ingredient Review Expert Panel concludes that aminomethyl propanol and aminomethyl propanediol are safe as cosmetic ingre
dients in the practices of use and concentrations as described in this safety assessment.

Keywords
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A safety assessment for aminomethyl propanol (AMP) and
aminomethyl propanediol (AMPD) was published by the Cos
metic Ingredient Review (CIR) in 1990.1 At that time, the CIR
Expert Panel concluded that “at concentrations not exceeding
1%, aminomethyl propanol and aminomethyl propanediol are
safe for use in cosmetics.” New data were provided suggesting
the safety of these ingredients at concentrations higher than
1%. This report is a compilation of new data and data from the
original safety assessment on AMP and AMPD that are rele
vant to the assessment of these chemicals as used in cosmetics.

In 1987, a safety assessment for isopropanolamine, a close
analog of AMP, was published with the conclusion from the
CIR Expert Panel that this ingredient is safe as used in the prac
tices of use and concentration but should not be used in prod
ucts containing N-nitrosating agents.2 This conclusion was
confirmed during a subsequent review of new published
literature.3

Chemistry

Definition and Structure

AMP (CAS 124-68-5) is defined in the International Cosmetic
Ingredient Dictionary and Handbook as a substituted aliphatic
alcohol that conforms to the formula in Figure i.

AMPD (CAS 115-69-5) is defined in the International Cos
metic Ingredient Dictionary and Handbook as a substituted au
phatic diol that conforms to the formula in Figure 2.

Synonyms and trade names for these ingredients can be
found in Table 1. Both AMP and AMPD are in the general
chemical groups of alkanolamines (also, alcohol amines).

Properties

Chemical and physical properties for AMP and AMPD are
described in Table 2.

Method of Manufacture

Both AMP and AMPD can be synthesized by the condensation
of the corresponding nitroparaffins with formaldehyde and
reduction to the f3-aminoalkanols.5The reduction to the alkano
lamine is accomplished by hydrogenation in the presence of a
Raney nickel catalyst.

Cosmetic Ingredient Review, Washington, DC, USA
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Figure I. Structure of aminomethyl propanol. Figure 2. Structure of aminomethyl propanediol.

Table I. Synonyms and Trade Names for Aminomethyl Propanol (AMP) and Aminomethyl Propanediol (AMPD)95

Ingredient Synonyms Trade Name Trade Name Mixtures

Aminomethyl propanol 2-Aminoisobutanol AMP-95 Cerasynt IP
2-Amino-2-methyl- I -propanol AMP-Regular FZ-3 148
2-Hydroxymethyl-2-propylamine FZ-3 158
Isobutanolamine Hair gloss polymer A
I -Propanol, 2-amino-2-methyl-

Aminomethyl propanediol 2-Amino-2-methylpropane- I ,3-diol AMPD
2-Amino-2-methyl- I ,3-propanediol
AMPD

I ,3-Dihydroxy-2-methyl-2-propylamine
I ,3-Propanediol, 2-amino-2-methyl-

Table 2. Chemical and Physical Properties of Aminomethyl Propanol (AMP) and Aminomethyl Propanediol (AMPD)5’20’9697

AMP AMPD

Physical description Colorless liquid or crystals; crystals are odorless, Colorless liquid or crystals; crystals are
but liquid has slight amine odor. odorless, but liquid has slight amine odor.

Molecular weight 89.14 105.14
Empirical formula C4H1 NO C4H1 NO2
Melting point, °C 30-31 109-I I
Boiling point, °C 165 (760 mm Hg) 151-152 (10 mm Hg)
Flash point, °C 67
Vapor density 3.04 3.63
Specific gravity 0.934 at 20/20 °C —

pH in 0.1 M solution I 1.3 10.8
Solubility Miscible in water, soluble in alcohols, slightly soluble Soluble in water and alcohols, slightly soluble in

in aromatic hydrocarbons, and insoluble in aliphatic aromatic hydrocarbons, and insoluble in aliphatic
hydrocarbons hydrocarbons and mineral oil

Analytical Methods

Infrared (IR), nuclear magnetic resonance (NMR), and mass
spectra (MS) have been published for AMP.6 The JR spectrum
of commercial AMP closely matches the standard spectrum,
with no evidence of foreign materials.7For AMPD, the infrared
spectrum has been published.6 Alkanolamines such as AMP
and AMPD can be determined in hair spray formulations, after
acetylation, by gas-liquid chromatography.8

Impurities

Angus Chemical Company reported that AMP may have up to
6.8% of secondary amine impurity. AMPD has impurity levels
below 0.5%. Analysis of AMP by this company found no

nitrosamines at the limit of detection, 50 ppb. Ultra PC grades
of AMP and AMPD meet European Union Cosmetics Directive
standards that require a minimum purity of 99%, a secondary
amine content no greater than 0.5%, and a nitrosamines content
no greater than 50 ppb.

Chemical Reactions

Alkanolamines can react with copper, brass, and aluminum but
not with steel or iron.5

Alkanolamines react with the methyl ester of an organic acid
in the presence of an alkaline catalyst, and at low temperatures
and pressures they form amides. When this reaction is carried
out at higher temperatures, oxazolines are produced. The alka
nolamines react with acid anhydrides to form imides. The

HOCH2CCH9OH

CH3
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substituted ethyleneimine is formed by the reaction of AMP
with excess mineral acids at temperatures above 75°C, fol
lowed by reaction with a caustic agent. Oxazolidines are
formed by reaction of the alkanolamines with aldehydes)°

Use

Cosmetic Uses

AMP functions as a pH adjuster in cosmetic products.4AMPD
functions as a pH adjuster and is also a fragrance ingredient.4
As reported to the US Food and Drug Administration (FDA)
by industry, AMP is used in a total of 853 cosmetic products,
primarily aerosol hair sprays and hair dyes, whereas AMPD
is used in a total of 47 cosmetic products, most frequently in
mascara.11 Table 3 presents the product formulation data for
AMP and AMPD. Based on a survey conducted by the Cos
metic, Toiletry and Fragrance Association (CTFA), the highest
use concentration reported for AMP is 7% in hair dyes and col
ors and the highest use concentration for AMPD is 2% in
mascara. 12

Products containing AMP or AMPD may come into contact
with the skin, eyes, and mucous membranes. Contact with the
ingredient may be temporary or prolonged. Products containing
either ingredient may be used repeatedly over a period of time.

AMP and AMPD are unlikely to exist as the free bases in
cosmetic products but rather as salts as the result of neutraliza
tion of acidic components of the cosmetic formulation.’3

AMP and AMPD are not included among the substances
listed as prohibited, restricted, or provisionally allowed in the
use of cosmetic products marketed in Japan.’4”5In the Eur
opean Union, monoalkanylamines, monoallcanolamines, and
their salts are listed under Annex III, Part 1 of the Cosmetics
Directive with the following restrictions: maximum secondary
amine content in finished products and raw materials of 0.5%,
must not be used with nitrosating systems, minimum purity of
99%, maximum nitrosamine content of 50 .ig/kg, and must be
kept in nitrite-free containers.’6

Aerosol use. AMP and AMPD also are used in hair sprays,
which may be inhaled. Jensen and O’Brien’7 reviewed the
potential adverse effects of inhaled aerosols, which depend
on the specific chemical species, the concentration, the dura
tion of the exposure, and the site of deposition within the
respiratory system.

The aerosol properties associated with the location of
deposition in the respiratory system are particle size and
density. The parameter most closely associated with this
regional deposition is the aerodynamic diameter, da, defined
as the diameter of a sphere of unit density possessing the
same terminal setting velocity as the particle in question.
These authors reported a mean aerodynamic diameter of
4.25 ± 1.5 im for respirable particles that could result in
lung exposure.’7

Bower’8 reported diameters of anhydrous hair spray parti
cles of 60 to 80 im and pump hair sprays with particle

diameters of 80 jim or greater. Johnsen’9reported that the mean
particle diameter is around 38 jim in a typical aerosol spray. He
stated that in practice, aerosols should have at least 99% of par
ticle diameters in the 10 to 110 jim range.

Noncosmetic Uses

AMP and AMPD have a variety of uses in the synthesis of
surface-active agents, vulcanization accelerators, and pharma
ceuticals. They are also used as emu1sifjing agents in mineral
oil and paraffin wax emulsions, leather dressings, textiles,
cleaning compounds, polishes, and soluble oils and as absor
bents for acidic gases.2°AMPD can be used to stabilize emul
sions, although stability depends on the concentration of
AMPD, the length of storage, and temperature.2’

Alkanolamines can be used in pigment dispersion, resin
solubilizers, catalysts, boiler water treatment, formaldehyde
scavenging, applications in oil and gas production, biomedical
applications, and synthetic applications.5 In cutting fluids,
AMP is useful as an antimicrobial agent.22 AMP is also listed
as an indirect food additive for use, without restrictions, as a
component of adhesives.23

General Biology

Absorption, Distribution, Metabolism, and Excretion
Skin absorption. Musial and Kubis24 evaluated the interaction

of AMP and AMPD along with several other alcoholamines
with model skin sebum for potential use in topical treatments
and prevention of acne. This study found that AMP and AMPD
penetrated the artificial seburn and that reaction product accu
mulated above the sebum layer (sebum thickness not defined).
The depth of penetration increased as a function of time and
plateaued after 48 hours at approximately 2.7 mm for AMP and
at approximately 3.6 mm for AMPD. After 72 hours, the pene
tration of AMP and AMPD was about 3.1 mm and 4.1 mm,
respectively.

Metabolism. AMP is incorporated into phospholipids.25
AMP inhibits incorporation of ethanolamine and diethanola
mine in phospholipids. This, in turn, may limit the conversion
of ethanolamine (in the phospholipids) to choline.26 No meta
bolism data were available for AMPD.

Distribution and excretion. Yue et al27 studied the fate of
[3H]AMP (dose not reported) injected intraperitoneally in
young male Sprague-Dawley rats on choline-adequate and
choline-deficient diets. The rats receiving the choline-
deficient diets started the diet 24 hours before the injection of
[3H]AMP and continued on this diet until they were killed at
30 minutes or 1, 2, 3, 6, 24, or 96 hours post injection. The rats
fed the choline-adequate diet (ad libitum) followed the same
protocol. Thirty minutes after the intraperitoneal injection,
[3H] appeared in the serum, with radioactivity disappearing
shortly after its initial uptake. Radioactivity in the serum was
consistently lower in the rats fed the choline-deficient diet, with
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Table 3. Current Cosmetic Product Uses and Concentrations for Aminomethyl Propanol (AMP) and Aminomethyl Propanediol (AMPD)’ 1,12

Product Category (Total No of Products in Each Category) Ingredient Uses in Each Product Category Use Concentrations, %

Aminomethyl propanol
Bath products

Soaps and detergents (594)
Other (276)

Eye makeup
Eyebrow pencils (124)
Eyeliners (639)
Eye shadow (1061)
Eye lotions (32)
Eye makeup remover (114)
Mascara (308)
Other (229)

Fragrance products
Colognes and toilet waters (948)
Perfumes (326)
Powders (324)
Sachets (28)
Other (187)

Noncoloring hair care products
Conditioners (715)
Sprays/aerosol fixatives (294)
Straighteners (61)
Permanent waves (169)
Rinses (46)
Shampoos (1022)
Tonics, dressings, etc. (623)
Wave sets (59)
Other (464)

Hair coloring products
Dyes and colors (1600)
Tints (56)
Rinses (15)
Shampoos (27)
Color sprays (4)
Lighteners with color (14)
Bleaches (103)
Other (73)

Makeup
Blushers (459)
Face powders (447)
Foundations (530)
Makeup bases (273)
Makeup fixatives (37)
Other (304)

Nail care products
Basecoats and undercoats (43)
Cuticle softeners (20)
Creams and lotions (13)
Nail extenders (I)
Nail polishes and enamels (398)
Nail polish and enamel removers (39)
Other (58)

Personal hygiene products
Underarm deodorants (281)
Douches (8)
Feminine deodorants (7)
Other (390)

Shaving products
Aftershave lotions (260)
Shaving creams (135)
Shaving soaps (2)

0.03-0.2
2

0.7
0.7
0.7
0.5-0.7
0.7
0.3-I
0.7

0.03-0.3
0.2-0.3
0.3
0.3
0.04-0.3

0.02-2
0.3-3
0.2
0.2
0.2
0.000 I-I
0.5-3

7

2
6

2

4

24
219

9
124
6
44

245

5
7

0.3-I

o.s-7a
0.5
0.5

0.5
0.5
0.5
0.5

0.5
0.5
0.5-0.6
0.5
0.5
0.3-0.5

0

0.1
0.1
0.0009-0. I
0.1
0.1
0.1
0.l

0.0009-0.4
0.2
0.2
0.08-2

0.5-0.8
0.2-2
0.2

6

(continued)
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Other (64)
Skin care products

Skin cleansing creams, lotions, liquids, and pads (1009)
Depilatories (49)
Face and neck creams, lotions, powders, and sprays (546)
Body and hand creams, lotions, powders, and sprays (992)
Foot powders and sprays (43)
Moisturizers (1200)
Night creams, lotions, powders, and sprays (229)
Paste masks/mud packs (312)
Skin fresheners (212)
Other (915)

Suntan products
Suntan gels, creams, liquids, and sprays (138)
Total uses/ranges for aminomethyl propanol
Aminomethyl propanediol

Eye makeup
Eyebrow pencils (124)
Eyeliners (639)
Eye makeup remover (114)
Mascara (308)
Other (229)

Noncoloring hair care products
Sprays/aerosol fixatives (294)
Shampoos (1022)
Other (464)

Makeup
Blushers (459)
Face powders (447)
Foundations (530)
Makeup bases (273)
Makeup fixatives (37)
Other (304)

Skin care products
Skin cleansing creams, lotions, liquids, and pads (1009)
Depilatories (49)
Face and neck creams, lotions, powders, and sprays (546)
Body and hand creams, lotions, powders, and sprays (992)
Foot powders and sprays (43)
Moisturizers (1200)
Night creams, lotions, powders, and sprays (229)
Paste masks/mud packs (3 12)
Skin fresheners (212)
Other (915)

Suntan products
Suntan gels, creams, liquids, and sprays (138)
Total uses/ranges for aminomethyl propanediol

— 0.2

4 0.1-I
0.5
0.07-0.5”
0.05-I’
00305d

0.5e
— 0.5f

2 0.5
— 0.1-0.5
7

0092g

0.8-I

—

—

— I”
—

—

0.I-I’

7% before dilution.
0.5% in face and neck sprays; O.07%-o.5% in face and neck creams, lotions, and powders.
0.1 %-0.5% in body and hand sprays; 0.05%-I % in body and hand creams, lotions, and powders.

d 0.4% in foot cream; 0.03%-0.5% in foot powders and sprays.
0.5% in moisturizing sprays; 0.5% in moisturizing creams, lotions, and powders.
0.5% in night sprays; 0.5% in night creams, lotions, and powders.
0.09% in an antibacterial hand soap; 0.2% in a hand sanitizer; 2% in pore strips; 2% in a body polish.
1% in face and neck sprays; 1% in face and neck creams, lotions, and powders.

1% in body and hand sprays; 1% in body and hand creams, lotions, and powders.
1% in moisturizing sprays; 1% in moisturizing creams, lotions, and powders.

k 1% in night sprays; 1% in night creams, lotions, and powders.
0.1% in exfoliating scrubs (hand and body; foot).

Table 3 (continued)

Product Category (Total No of Products in Each Category) Ingredient Uses in Each Product Category Use Concentrations, %

2
5

6

— 0.4
853 0.0001-7

0.1
— 0.5
37 0.2-2

3

47 0.1-2
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the exception of the 6-hour value, at which time the activity

was approximately equal for both dietary groups.
Radioactivity in the urine followed the same pattern as that

in the serum, with the rats on the choline-adequate diet excret
ing a greater amount of radioactivity in their urine than the rats

on the choline-deficient diet. Paper chromatography results

suggested that the radioactivity in the urine was the[3H]AMP,

which had been excreted unchanged, as indicated by samples of

[3H]AMP that were chromatographed concurrently.
From 0.5 to 6 hours, the uptake of radioactivity by the brain,

skeletal muscle, heart muscle, intestine, and spleen was greater

in the rats fed the choline-adequate diet. At 6 hours, this trend
was completely reversed and remained so until the end of the

study. In the liver, uptake of radioactivity was greater in the

choline-deficient group throughout the study. By 96 hours, the

radioactivity in the liver of both groups had decreased consid

erably, but that in the liver of the choline-deficient group

remained higher than that in the choline-adequate diet group.

The distribution of the radioactive AMP in the phospholi

pids of the liver was also examined. At 0.5 hours, the amount

of free radioactive AJvIP in hepatic mitochondria from rats fed

the choline-adequate diet was approximately 72%, the remain

ing 28% being incorporated into phospholipids. In the choline-

deficient rats, about 29% of the AMP was free; the remaining

71% was present in the phospholipids. This same trend was

seen in hepatic microsomes, with the exception that a greater

amount of the AMP (8 1%) in rats fed the choline-deficient diet

was incorporated into phospholipids. There was no indication

that the AMP had been phosphorylated.
At all times, the livers of the choline-deficient rats had a

higher amountof[3H]AMP in all subcellular fractions. The cyto

sol of both the liver and kidneys cells contained the most

[3H]AMP. In the rats receiving a choline-adequate diet, the

radioactivity in the kidneys and liver decreased with time,

whereas the opposite was true for rats fed the choline-deficient

diet; radioactivity increased in the hepatic subcellular fractions

and remained constant in the renal subcellular fractions.

In the choline-deficient rats, this change was most pronounced

in the liver microsomal fraction. The authors also noted that the

radioactivity found in the cytosol was not free AMP because no

free AMP was identified after 30 minutes, and that the radioactive

AIvIP was redistributed among several phospholipid fractions.

This latter observation indicated that incorporation of AMP into

phospholipids may occur with other derivative forms of AMP
other than the phosphatidyl derivative.27

No distribution or excretion data on AMPD were found.

Animal Toxicology

Acute Oral
Aminomethyl propanel. A review by Power28 described an

acute oral toxicity study in young adult male fasted rats (strain

not specified; 5 groups of 10 rats each) that received a single

oral dose of AMP diluted in an equal volume of saline. Doses

were 2200, 2400, 2800, 3600, or 4000 mg/kg. Animals were

observed closely for 4 hours immediately following dosing and

then daily for 14 days after treatment. Rats receiving 3600 or
4000 mg/kg experienced rapid absorption into the circulatory
system that resulted in gross damage to the liver, kidney,

spleen, and respiratory system that was followed by respiratory
collapse. Irritation to the stomach and duodenum was observed

in rats receiving 2800 mg/kg or more. The LD0, LD50, and

LD100 were 2200, 2900 ± 140, and 4000 mg/kg, respectively.

An acute toxicity study of a hair spray containing 0.25%
AMP was performed using 10 albino rats, 5 of each sex.29 After
fasting overnight, the animals received a dose by gavage of

5.0 mL/kg of the undiluted hair spray (sprayed into glass bea

kers to collect test material) and then were observed for 14 days
thereafter, during which they were allowed feed and water ad
libitum. One female rat died during the second week of obser

vation. Most of the rats had either slightly decreased activity or
decreased activity up to 3 hours after administration of the test

material, and all appeared normal from the 6-hour point until

the end of the study. All of the survivors gained weight during

the study. At necropsy, no abnormalities were observed in the

survivors or in the rat that died during the study.
The same protocol was also performed with a hair spray

(specific gravity 0.81) containing 0.58% AMP.3°All rats sur
vived the 14-day oral observation period. The rats had severely

decreased activity an hour after administration of the test mate
rial. Their activity remained decreased through the 6-hour

observation point and then returned to normal for the remainder

of the study. All animals gained weight during the study, and no

gross abnormalities were noted at necropsy.
Using the same protocol as the previous study, a hair spray

(specific gravity 0.74) containing 0.59% AMP was tested for

oral toxicity in albino rats.31 All rats had some degree of
decreased activity for the first 24 hours. All of the rats died

before the end of the study, and 7 of the 10 rats died on or
before day 2. The 3 rats that survived through day 2 appeared

normal on the second day but had recurring slightly decreased

activity on day 3. These 3 rats all died within the first week.
The following observations were noted at necropsy: the 3 rats

that died within 1 hour had severely reddened pyloric mucosae,

the 2 rats that died at 24 hours had moderately reddened pyloric

and duodenal mucosae, the 2 rats that died on day 2 had

severely reddened pyloric and duodenal mucosae, the rat that

died on day 5 had necrosis of the pyloric mucosa, the rat that

died on day 6 had consolidation of the superior and inferior

lobes of the right lung, and the rat that died at 1 week had mod

erately reddened pyloric and duodenal mucosa and gas-filled

stomach and intestines.
A fourth test following the same protocol was performed

with 3 cosmetic formulations containing either 0.58% or

0.59% AMP (0.59% AMP at specific gravity of 0.80, 0.58%
AMP at specific gravity of 0.79, and 0.58% AMP at specific

gravity of 0.85)32 No animals in the 3 test groups died during

the study, and all rats gained weight. All of the test animals had

varying degrees of decreased activity; in no case did the

decreased activity last beyond 24 hours. No gross abnormalities

were observed at necropsy, and the 3 formulations containing

0.58% or 0.59% AMP were not toxic to rats by the oral route
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under the conditions of the study. Predicated on the different
specific gravity values for the tested materials, these materials
are different formulations. Because no control formulations
without AMP were tested, it is not possible to conclude that any
adverse reactions are related to AMP.

The oral LD50 values in Cox strain albino mice for both
AMP and AMP-95 (95% AMP solution) were estimated at
2.15 ± 0.2 g/kg and 2.4 ± 0.089 g/kg, respectively, but no
experimental details were provided.13

Aminomethyl propanediol. Bio-Test Laboratories tested an
aerosol spray containing 0.40% AMPD for acute oral toxicity
using Charles River albino rats.33 The rats were divided into
groups of 2 males and 2 females for each of 4 dosage groups
(no control group was described). The rats received the test
material undiluted at the following doses: 10.2, 15.4, 23.1, and
34.6 g/kg. The pH of the test material was 8.7. The animals were
observed for 14 days following administration of the test mate
rial, at which time all surviving animals were killed and necrop
sied. Animals that died during the study were also necropsied.
One rat in the 15.4 g/kg group died during the study, and none
of the rats of the low-dose group died. All rats in the 2 high-
dose groups died, with those in the 23.1 g/kg group dying within
the first week and those in the high-dose group dying 45 minutes
to 3 hours after administration of the test material. The 7- and
14-day LD50 doses were both 17.0 ± 1.7 g/kg. Schafer and
Bowles34 reported an approximate oral LD50 for AMPD in the
deer mouse of 0.140 g/kg, and CTFA35 stated that albino mice
all survived an oral dose of 5.0 g/kg.

Inhalation
Aminomethyl propanol. A group of 10 Wistar rats, equally

divided by sex, were exposed for 1 hour to an atmosphere con
taining 200 mg/L of a hair spray (particle size not available)
containing AIvIP at a concentration of 0.59%.36 The test animals
were observed for 2 weeks following the exposure. All but 1 rat
survived the duration of the study. All survivors gained weight
during the study, and all, including the rat that died, appeared
normal during the observation period. At necropsy, the left lung
of the rat that died (day 3) was adhered to the dorsolateral body
wall; none of the other rats had any abnormalities.

In a second study following the above protocol, 3 cosmetic
formulations containing 0.58%, 0.59%, and 0.58% AMP
(groups 1, 2, and 3, respectively) were tested.37 All rats sur
vived the 2-week observation period, and all but 1 gained
weight (1 rat maintained a steady weight). The rats of groups
1 and 2 appeared normal throughout the observation period,
whereas those of group 3 had slightly decreased activity at hour
1 and were normal thereafter. The only abnormality noted upon
necropsy was in 1 rat of group 2; all lobes of the right lung were
consolidated and had adhered to the ventral body wall. The for
mulations containing 0.58%, 0.59%, and 0.58% AMP were not
toxic by inhalation to rats under the conditions of the study.

A group of 20 Sprague-Dawley rats, 10 of each sex, were
exposed for 1 hour to an atmosphere containing 168.2 mg/L

I 47S

of a spray (particle size not available) containing AMP at a con
centration of 0.26%.38 Except for the hour during which they
were exposed to the test material, the rats were allowed feed
and water ad libitum. After exposure to the test material, the
rats were rinsed, dried, and placed in clean cages. The rats were
observed during the exposure, and half of the rats of each sex
were killed 24 hours later. The remainder of the test animals
were observed for 14 days.

During exposure to the test material, all rats had decreased
activity and exhibited labored respiration, squinting, and ataxia.
The decreased activity, laboredlslow respiration, and squinting
continued after the exposure; in addition, the rats had depressed
righting and placement reflexes. One female rat had tremors and
prostration upon removal from the test chamber; another female
had intermittent tremors. All rats, with the exception of 1 male rat
with a slight nasal discharge, appeared normal at 24 hours. One
male rat was wheezing on days 2, 3, and 14. All of the remaining
rats appeared normal through the remainder of the observation
period. One female rat in the control group was wheezing on days
13 and 14; all other control rats appeared normal.

There were no differences in weights and weight gains
between the control and test animals. The kidney weights and
ratios of kidney to body weight were significantly higher for
the treated rats. No treatment-related lesions were observed
at necropsy. One hour of exposure to an atmosphere containing
168.2 rng/L of a spray containing 0.26% AMP caused no sig
nificant histopathological changes in rats.38

No deaths occurred when rats were exposed for 1 hour to
atmospheres containing 200 mg/L of an aerosol (particle size
not available) containing AMP at concentrations of 0.25% or
2.5% in alcohol and propellant’3

In a study of the effects of metal working fluid components,
Detwiler-Okabayashi and Schaper39 exposed a group of 4 male
Swiss-Webster mice to aerosolized AIvIP (concentration range
of 185-1160 mg/rn3;mass median aerodynamic diameter range
of 1-2 iim) for 3 hours. The exposure period was followed by a
20-minute recovery period. The mice were observed for sensory
irritation and pulmonary irritation during the exposure period
and for recovery response and mortality for a week following the
exposure. Sensory irritation and pulmonary irritation (measured
by evaluating the individual breathing patterns ofmice) occurred
during the exposure period and recovery response was poor. No
deaths occurred in the test group.

Aminomethyl propanediol. An acute inhalation toxicity study of
a hair spray containing 0.5 0% AMPD was performed using 10
male Sprague-Dawley rats.4°The rats were exposed for 1 hour
to an aerosol atmosphere containing approximately 200 mg/L
of the hair spray formulation (particle size not available). The
animals were observed during exposure and for 14 days there
after. The rats were weighed before the study and on days 7 and
14. At the end of the study, the rats were necropsied, and tissues
were examined microscopically. All rats survived the duration of
the study, and body weights and weight gains were normal. The
animals had no pharmacotoxic signs during or after exposure to
the test material. There was no evidence of toxicity with respect
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to organ weights and gross lesions. The results of the micro
scopic evaluations were unavailable.

Dermal
Aminomethyl propanol. Parekh4’performed an acute dermal

toxicity study of 99.19% AMP using rabbits (strain unknown).
Twelve rabbits (3.0 ± 0.5 kg) were divided into 3 groups, with

each group consisting of 2 males and 2 females. The abdomens
were shaved and 1 of each sex in each group was abraded on
the shaved site. Rats received 1000, 1500, or 2000 mg/kg body
weight applied to the shaved abdomen and covered with gauze

and rubberized cloth. After 24 hours, the patches were removed

and the exposure area was cleaned and observed for skin
irritation. The animals were further observed for 2 weeks for
toxicity. The test was repeated with 8 more rabbits (2.5 ±
0.2 kg, 4 of each sex). After the abdomens were shaved, the
skin was abraded in all rabbits and each was topically treated
with 2000 mg/kg body weight for 24 hours. After the exposure
period, the rabbits were observed for an additional 2 weeks.
Upon completion of the observation period, all rabbits
from both tests were weighed, killed, and necropsied. After the
24-hour exposure, all intact and abraded skin sites were
severely irritated and black in color. The sites became necrotic
in 2 to 3 days and remained necrotic for the rest of the observa
tion period. Severe eschar formation was observed by day 14.
Rabbits in all treatment groups experienced a loss in body
weight over the 2 weeks. No systemic toxicity was observed

and the organs at necropsy appeared normal. AMP was deter
mined to be systemically nontoxic but a severe skin irritant.
The LD50 was greater than 2000 mg/kg.

Short-Term Toxicity

Oral
Aminomethyl propanol. The International Research and

Development Corporation (IRDC) conducted a study in

which Charles River CD-I mice were fed AMP in the diet for

8 weeks.42 Concentrations were 0, 200, 400, 800, 1600, or
3200 ppm; 10 mice of each sex were in each diet group. The
mice were observed daily, and weights and feed consumption

were recorded weekly. At the end of the study, all mice

appeared normal. Livers and gross lesions found in test animals

were examined (all of the 3200 ppm mice and 4 mice from
each of the other dosage groups). No compound-related gross
lesions and no microscopic lesions in the liver were observed.

A similar study was undertaken with Charles River CD

rats.43 The test protocol was the same as in the mouse study

except that the dietary concentrations were 0, 1000, 2000,

4000, 8000, or 16 000 ppm.42 At study termination, the rats

of the 16 000 ppm group were emaciated and had rough hair

coats, small skin lesions, and loss of hair. Two female rats in

the highest dose group died before the end of the study. Alope

cia and focal skin erosions were observed in the rats of the

16 000 ppm group, and these were considered compound

induced. Microscopically, hepatocyte vacuolation was noted

in all rats of 16 000 and 8000 ppm groups and 4 from each
of the remaining dose group. This change was considered
compound-induced.

Eight beagle dogs were used in a study of the toxic effects of
AIvIP over a 28-day period.44AMP was administered in the diet
at concentrations of 600, 1800, 5400, or 16 200 ppm to 2 dogs,
1 of each sex for each dose. Feed consumption was recorded
daily, and the dogs were weighed once weekly. Hematologic

evaluations and urinalyses were performed once before the
administration of AMP and at week 4 during the study. Both
of the dogs in the 1800 and 16 200 ppm groups, as well as the
female dog in the 5400 ppm group, had frequent soft stools or
diarrhea. High-dose dogs had marked weight loss and anorexia,
and at week 2, both had dry noses and mouths. The male dog of
the 5400 ppm group had similar but less severe reactions. All
dogs survived the duration of the study. Urinalyses were nor
mal throughout the study. The hematologic changes at 4 weeks
included elevated hemoglobin, packed cell volume, and ery
throcyte count for the female high-dose dog. The male dogs
of the 5400 and 16 200 ppm groups had slight neutropenia. For
all dogs, except those of the 600 ppm group, serum glutamate
pyruvate transaminase (SGPT) and alkaline phosphatase activ
ities were moderately to markedly increased; for the dogs of the
5400 and 16 200 ppm groups, serum glutamic oxaloacetic

transaminase (SOOT) activity was slightly to moderately

increased.
No gross lesions attributable to the AMP treatment were

found at necropsy. Microscopic lesions in the liver included
hepatocytic vacuolation, necrosis of hepatocytes, pigment
deposits, centrilobular inflammatory infiltrate, and fibrosis and
atrophy of centrilobular parenchymal tissue; these were
observed in all dogs except the male exposed to 600 ppm. The
damage to the liver, as well as a decrease in liver weight, was
dose dependent.

Inhalation
Aminomethyl propanol. An inhalation study was performed

with a hair spray containing AMP at a concentration of

0.58%. A group of 16 Wistar rats, 8 of each sex, was exposed
to an atmosphere containing 200 mg/L of the hair spray for
1 hour per day, 5 days per week for 2 weeks. Four rats were
killed at the end of the first week, another 4 at the end of the

second week, and the remainder after a 1-week recovery period.
All rats were examined for gross lesions, and the respiratory tis

sues were preserved for possible microscopic examination. None
of the rats died as a result of exposure to the test material. All rats

had slightly decreased activity 1 hour after exposure that

returned to normal by 3 hours and once again had slightly

decreased activity at 24 hours. The rats in the 1-week recovery
group appeared normal by day 14 of the study. No gross changes

were noted at necropsy, and weight gains were comparable

between the test animals and the control group.

Aminomethyl propanediol. No short-term inhalation studies on
AMPD were found.
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Subchronic Toxicity

Oral
Aminomethyl propanol. In a 90-day study, AMP solutions (pH

7 and 11+) were administered to rats by gavage.46 At each pH,
the AMP solution was administered at doses of 0.5, 0.75, 1.1, or
1.7 g/kg/d. The dosage groups consisted of 20 rats, divided
equally by sex. The rats were observed daily, and body weights
and feed consumption were recorded weekly. All rats that died
during the study were necropsied, and those that survived to the
end of the study were killed and necropsied after samples were
taken for hematologic, urologic, and clinical chemistry mea
surements. Because the pH 11 + AMP solution is so different
from cosmetic preparations, these results are not discussed
here.

The noted behavior changes were hyperventilation and
hyperirritability. All surviving rats gained weight and con
sumed feed in a normal manner, although the test rats did
appear to drink more water.

In the pH 7 group, some occurrences of increased SGPT and
OCT activities were noted, and the males of the 1.7 g/kg group
had significant decreases in packed cell volume and hemoglo
bin. Urinalyses were performed only on the rats from the pH
11 + group; some samples contained protein. No gross lesions
were found at necropsy.46

In a 3-month study by Parekh,47AMP-hydrochloride (pH 7)
was administered to groups of 20 male and 20 female rats
(strain unknown) in their diet at concentrations of 0, 2.5, 15,
25, or 250 mg/kg (0, 25, 150, 250, or 2500 ppm). Prior to
administration and at 1 and 3 months of the treatment period,
urinalyses, hematology, and plasma chemistries were moni
tored. A complete histopathological examination was per-
formed at study completion (no further details were
available). No physical or ophthalmoscopic changes due to
treatment with AMP-hydrochloride were observed. Body
weight gains, food consumption, hematology, and urinalysis
were comparable to the control animals. Rats in both the con
trol and treatment groups became infected with a virus at weeks
5 and 6 of the study, but it was determined that the infection
had no effect on the outcomes of the study. At the 1-month
observation, animals in the 250 mg/kg dose group had
increases in total serum proteins, inimunoglobulins, and alka
line phosphatase activity. At the 3-month observation, this
same treatment group had increases in SGOT, SGPT, and LDH
activities. Livers of 3 males and 4 females in the 250 mg/kg
dose group exhibited patchy hepatocellular vacuolization.

For 3 months, groups of 4 male and 4 female beagle dogs
were fed diets containing 0.63, 15.0, or 62.5 mg AMP/kg.48
The AMP was used as AMP-hydrochloride, pH 7.0. The phys
ical conditions and feed consumptions of the dogs were moni
tored, and urinalyses, hematology, and clinical chemistries
were obtained at the start of the study and at 1 and 3 months.
At the end of the study, some tissues were examined microsco
pically (further details not provided in this study). Except for
the high-dose group, body weight gains were normal during the

study. The high-dose group also had increased activities of
SOOT, SGPT, and alkaline phosphatase at 1 and 3 months. The
liver weights and ratio of liver to body weight were slightly
increased in the dogs of the high-dose and mid-dose groups
at necropsy. In addition, 2 females and 1 male of the high-
dose group had tan and mottled livers. At microscopic exami
nation, vacuolization, lipid deposits, and bile duct hyperplasia
were found in the livers of all of the high-dose dogs and in 1 of
the mid-dose dogs. The author stated that no other organs
appeared to be affected. No other comments were made about
the effects in dogs of 90 days of dietary consumption of AMP.

inhalation
Aminomethyl propanol. A 90-day inhalation toxicity study of

2 pump sprays (mass median diameters ranging from 4.82 to
7.45 pin), each containing 0.40% AMP, was performed using
cynomolgus monkeys.49 The test animals were divided into
groups consisting of 3 males and 6 females each. One group
(group 2) was exposed to the test material under static condi
tions by automatic dispensation of 1 pump sprayer every 7.5
seconds per 10-minute period per day, for a total of 800 sprays
per day. The monkeys of group 3 were exposed to the test mate
rial following the same spraying regimen but under dynamic
conditions (in an air flow of 622 L/min) for the first 25 days,
followed by static exposure for the remaining 64 days. The
other 2 groups of monkeys were the control group and a group
exposed to a different test material. The monkeys were fed after
the daily exposure, and water was available ad libitum. All
monkeys tested negative for tuberculosis and had clear chest
X-rays prior to the start of the study.

The monkeys were weighed prior to the start of the study
and weekly thereafter. They were observed daily during and
after exposure for signs of behavioral abnormalities or toxicity.
Prior to the start of the study and after 89 days, the following
respiratory function parameters were assessed: distribution of
ventilation, diffusion capacity, mechanics of respiration, mid-
maximum expiratory flow, and spontaneous anesthetized tidal
volume and respiratory rate. These tests were accomplished by
anesthetizing the monkeys and placing them on a whole-body
respirator. Hematology and clinical chemistry values were per
formed on blood samples from each monkey prior to the start of
the study and at 30 and 89 days. After 89 days of exposure, the
monkeys were killed and necropsied; organ weights were
obtained and various organs were preserved for microscopic
examination. The monkeys in group 2 were exposed to a mean
gravimetric concentration of 6.63 ± 1.50 tg!L, and the mon
keys in group 3 were exposed to a mean gravimetric concentra
tion of 6.06 ± 1.99 [Lg/L during the study.

All animals survived the study, and no exposure-related
clinical signs were noted. Only the monkeys in group 3 failed
to gain weight during the study (body weights were slightly
but significantly lower for weeks 3-12). Monkeys in group 3
required a significantly greater number of breaths and cumula
tive tidal volume to wash out to 2% nitrogen and had a signif
icantly higher pulmonary flow resistance. No significant
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hematological differences were noted. The test animals had

decreased blood urea nitrogen values and increased SGPT
activities compared with the controls at weeks 4 and 13. These

differences were not considered significant, because the values

were still within the normal range for the species and because

there was no microscopic evidence of damage to the affected

organs. An increase in serum CO2 was noted for all test groups,

but because there was no evidence of hyperventilation, the

authors stated that the cause was believed to be ingestion of the

acidic resin, causing a nonrespiratory acidosis.
Group 3 monkeys had increased ratios of liver to body

weight that resulted from increased mean liver weights coupled

with decreased average body weights. No compound-related

alterations were found upon histopathological evaluation of the

tissues in the monkeys of groups 2 and 3. No other compound-

related adverse effects were reported after 89 days of exposure

to atmospheres containing either 6.06 or 6.63 g/L ofhair spray

containing 0.40% AMP.
In another 90-day study, groups of 8 cynomolgus monkeys,

divided equally by sex, were exposed for 1 hour per day to a

hair spray formulation (particle size not available) containing

0.21% AMP.5°Groups were exposed to high and low concen

trations of the hair spray, as well as to the vehicle control.

There was a room air control group. The 90-day high and low

mean values for the hair spray concentrations were 27.0 ± 3.1

g/L and 2.73 ± 0.56 ig/L, respectively. No treatment-related

effects were noted in body weights, weight gains, organ

weights, ratios of organ to body weight, ratios of organ to brain

weight, hematology, clinical chemistry, neurologic and

ophthalmic parameters, or at necropsy. Histopathologic exam

ination of the pulmonary tissues indicated increased numbers

of free macrophages and macrophage aggregates in the alveolar

spaces as well as foci of interstitially located particle-laden

alveolar macrophages. Inflammation or interstitial fibrosis was
not evident. Pulmonary alveolitis was noted in the high-dose

hair spray group, and a slight to moderate increase in hepato

cellular lipid was noted in all test animals.
In a 13-week inhalation study, CD-Crl:CS(SD)BR Charles

River albino rats, 11 of each sex, were exposed to an aeroso

lized form of a pump hair spray (particle size not available)

containing 0.44% AMP for 4 hours per day, 5 days per week

for a total of 67 exposures.51 The control group was a chamber

control. The exposure concentration was 0.23 mg/rn3 (calcu

lated to be a 100-fold increase over normal human exposure).

The animals were observed daily and weighed weekly, and

blood and urine samples were obtained on weeks 7 and 13. The

animals were killed after the 67th exposure, gross observations

were made, and various tissues and organs were removed for

weighing and microscopic study. All animals survived the

duration of the study. There were decreases in body weight

gains for female rats during weeks 1 to 3 compared with con

trols, but they were considered within normal limits for the spe

cies in this laboratory.
Statistically significant hematologic changes included

increased packed cell volume and erythrocyte counts for males

at weeks 7 and 13, increased hemoglobin values for males at

week 7, and increased packed cell volume for females at week

7. Although these differences were significant with respect to
the controls, they were still within the normal range established

by the laboratory for the strain of rat used. Male rats had a sta
tistically significant increase in serum glucose concentration at
week 7, and females had a significant decrease in blood urea
nitrogen at week 13. The authors stated that these differences

were not considered toxicologically significant when included

with the other study results. No abnormalities were noted in un
nalyses, and no lesions were found at necropsy. Female rats had
a significant decrease in uterine and lung weights; there were

also significant increases in heart- and liver-to-body weight

ratios for the females.
No treatment-related microscopic changes were found in the

heart or liver; frequency and severity of noted changes were

equivalent for both the treated and control rats. The authors

stated that microscopic changes observed in the lungs and

upper respiratory tract of both the treated and control rats were
consistent with chronic murine pneumonia in rats and were
unrelated to treatment. The authors concluded that the pump
hair spray formulation containing 0.44% AMP was safe under

the exaggerated inhalation conditions of the test.

Aminomethyl propanediol. A 13-week inhalation toxicity

study in female Chr/CD Charles River albino rats and female

outbred Syrian golden hamsters was performed with 2 hair

spray formulations (particle size not available) containing

0.135% AMPD.52 One hair spray formulation also contained

3.00% ethylene maleic anhydride copolymer, 50%; this formu

lation was referred to as the hair spray, whereas the second for

mulation, without the ethylene maleic anhydride copolymer,

was labeled the hair spray vehicle. Dosage groups consisted

of 16 animals of each species. All animals were allowed feed

and water ad libitum. The following concentrations were used:

10 mg/rn3 hair spray, 100 mg/rn3 hair spray, 100 mg/rn3 vehi

cle, and controls. Animals were exposed to the formulations

4 hours per day, 5 days per week for 13 weeks. The aerosol con

centrations in the inhalation chambers were monitored hourly

and adjusted as necessary; the temperature, pressure, and

humidity were also closely monitored. After 32 exposure days,

5 animals of each species from each group were killed. The

remaining test animals were killed starting 3 days after the last

day of exposure. Blood analyses were performed on all of the

test animals. Gross and microscopic examinations were also

performed.
During the study, 5 animals either died or were killed when

moribund (1 rat and 1 hamster of the low-dose hair spray group,

1 hamster of the high-dose hair spray group, and 1 animal of
each species of the vehicle group). The authors stated that none

of the deaths were the result of the aerosol treatment. The low-

and high-dose hair spray group hamsters had a decreased body

weight gain; these values were statistically significant for the

hamsters of the high-dose group. The high-dose hair spray

hamsters also had lower body weights at the end of the study,
but this result was not statistically significant. There were no
significant body weight changes in the rats.
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In both species, there were scattered incidences of statisti
cally significant differences in various hematology and clinical
chemistry parameters, but no dose- or exposure-dependent
trends were noted, and so these differences were not considered
toxicologically significant. The same was true for the gross
observations made at necropsy. The organ weights and histo
pathological findings did not include any comments on the ani
mals exposed to the hair spray vehicle. The authors concluded
that exposure of female Chr/CD Charles River rats and Syrian
golden hamsters to atmospheres containing 144 mg/m3 of a
hair spray vehicle containing AMPD at a concentration of
0.135% was not harmful.

Chronic Toxicity
Aminomethyl propanol. A chronic oral toxicity study of AMP

in beagle dogs was reported by Griffin.53 Male and female dogs
(number not specified) received 0, 1.1, 11.0, or 110.0 ppm
AMP in their diets for a period of 1 year. The dogs were
observed daily for general pharmacologic or toxicologic
effects. Ophthalmology, hematology, and urinalysis evalua
tions were performed and serum chemistry was measured
before dosing began and after 3. 6, 9, and 12 months of treat
ment with AMP. Two dogs of each sex and treatment group
were killed after 6 months and the remaining animals were
killed after the year-long treatment. All dogs were necropsied.
No effects in appearance, behavior, food consumption, body
weights, vision, blood chemistry, or urine attributable to AMP
were observed in the dogs at any dose level. No gross or micro
scopic effects were observed. An amendment to the study in
1993 reported the details of seizures that occurred in 2 female
dogs during the study. The authors stated that because the breed
of dogs used is prone to primary epilepsy, AMP likely was not
the cause of the seizures. The no observable effect level
(NOEL) was reported to be 110.0 ppm or greater.

.4

Aminomethyl propandiol. No chronic toxicity studies on
AMPD were found.

Dermal Irritation and Sensitization Irritation
Aminomethyi proponol. A group of 6 rabbits was tested for pri

mary skin irritation to AMP at a concentration of 0.25% in
ethanol.54 This single-insult, occlusive patch test was modified
to include abraded and nonabraded skin. The test sites were
graded for erythema and edema 24 and 72 hours after patch
removal. Neither the abraded nor the nonabraded skin of any
of the rabbits had a reaction during the study. The 0.25% AMP
in ethanol was not irritating to rabbit skin.

The primary skin irritation potential of 2 formulations con
taining 0.26% AMP was determined in albino rabbits.55 The
test formulations (0.5 mL) were applied under an occlusive
patch to the intact and abraded skin (2 rabbits of each sex per
test formulation; 1 rabbit of each sex in each group was
abraded). The patch was removed 24 hours later and the sites
were graded at 25 hours (1 hour after patch removal) and
72 hours.

With the first formulation, all of the rabbits had erythema at
both sites at both time points, with slight desquamation at the
72-hour time point. One rabbit also had edema at the abraded
site; this reaction had subsided by 72 hours. The reactions of
the rabbits tested with the second formulation were essentially
the same. All rabbits had erythema at both time points, with
slight desquamation at 72 hours. One rabbit had edema at the
abraded site at 25 hours but was negative at 72 hours.

The primary irritation indices (PUs) for the 2 formulations
containing 0.26% AMP were 1.13 and 1.31 (maximum possible
score = 8), respectively. The reactions to the second formula
tion were slightly more severe than those to the first formula
tion, accounting for the differences in the Pus. The
formulations containing 0.26% AMP were considered mildly
irritating to intact and abraded rabbit skin.

Dermal irritation studies were performed on 3 cosmetic for
mulations containing AMP.5658 In each test, 0.5 mL of the for
mulation was applied under an occlusive patch to the abraded
and nonabraded skin of 6 rabbits (3 per sex). After 24 hours, the
patch was removed. The test sites were graded upon patch
removal and at 72 hours.

A hair spray containing 0.25% AMP caused no irritation to
either the intact or abraded skin of rabbits; the PIT was 0.0.56

The P11 of a hair spray containing 0.58% AMP was
At the 24-hour grading, 3 of the rabbits had erythema at both
the intact and abraded sites, whereas the other 3 rabbits had
erythema at the abraded sites only. All of the reactions had
cleared by 72 hours.

The P11 for a hair spray containing 0.59% AMP was 0.35.58

Four of the 6 rabbits had erythema at both the intact and
abraded skin sites at the 24-hour grading. All reactions at
72 hours were negative. The authors concluded that the hair
spray containing 0.59% AMP was not a primary dermal irritant.

A study was conducted using the same procedure as
described above, in which 3 products containing 0.58, 0.59, and
0.58% AMP had PITs of 0.75, 1.40, and 0.35, respectively.59
With the first formulation (0.58% AMP), 5 of the 6 rabbits had
erythema at both the abraded and intact sites at 24 hours and the
irritation persisted through the 72-hour grading period, with
1 rabbit having edema in addition to the erythema at both sites.
With the second formulation (0.59% AMP), 4 rabbits had both
erythema and edema at 24 hours. A fifth rabbit had erythema
alone, which had subsided by 72 hours. Of the other 4 rabbits
with reactions, 1 had no reaction at 72 hours, 1 had erythema
only, 1 had increased erythema and continued edema, and the
last had increased erythema and edema. All of the reactions
noted occurred at both the intact and abraded sites. With the
third formulation (0.58% AMP), 1 rabbit had erythema at the
abraded site, and 2 rabbits had ervthema and edema at both
sites at the 24-hour grading. All of the reactions had subsided
by 72 hours. None of the formulations were considered primary
dermal irritants under the conditions of the test.

In a limited summary, CTFA stated that AMP at concentra
tions of 0.25% and 2.5% in aqueous and alcoholic vehicles
caused no irritation in single insult occluded patch tests in rab
bits, but no details were available.13
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In another study, an unspecified cosmetic formulation con
taining AMP-95 at a concentration of 0.22% was tested for pri
mary skin irritation potential in a group of 9 rabbits using a
single-insult, occlusive patch test procedure.6°The skin reac
tions were graded 2 and 24 hours after patch removal. Three
rabbits had erythema 2 hours after patch removal; of these 3,
1 had undiminished erythema 24 hours after patch removal.
A fourth rabbit had erythema at the 24-hour grading. The group
PIT for the formulation containing AMP-95 at a concentration
of 0.22% was 0.56 (maximum 8.00), leading the authors to con
clude that the formulation was minimally irritating.

Aminomethyl propanediol. A hair care product containing
0.7 15% AMPD was tested in 4 New Zealand albino rabbits for
primary dermal irritation.6’ The undiluted test material,
0.5 mL, was applied under an occlusive patch to the intact and
abraded skin of each rabbit, where it remained for 24 hours.
The sites were graded 1 hour after patch removal and at 72
hours. No adverse reactions were noted. The authors stated that
the hair care product containing 0.715% AMPD was nonirritat
ing when applied to intact and abraded rabbit skin.

A hair spray formulation containing 0.50% AMPD was
tested for irritation following the protocol outlined in the previ
ous paragraph.62 Two rabbits had erythema and edema at the
intact skin site; the reactions had cleared by 72 hours. One rab
bit had erythema persisting through 72 hours at the intact site.
The fourth rabbit had no reaction at the intact skin site. At the
abraded skin sites, 3 rabbits had erythema and edema; the
erythema persisted through 72 hours whereas the edema sub
sided in all but 1 of the rabbits. The fourth had continuing
erythema and no edema. The P11 for the hair spray was 1.38.

Sensitization
Aminomethyl propanol. The intradermal sensitization poten

tial of AIvIP was studied in guinea pigs.63 Three groups of 10
male guinea pigs each were used in the study: negative control
(saline), positive control (0.3% dinitrochlorobenzene, or
DNCB), and test group receiving 0.1% AMP. The backs and
flanks of the guinea pigs were shaved, and 0.05 mL of the
appropriate solution was injected intradermally. The injection
sites were graded 24 hours later. At 48 hours, 0.1 mL of the
appropriate solution was injected, and the injections were
repeated 2 to 3 times a week for a total of 10 injections. Two
weeks after the last injection, the animals received challenge
injections at a previously untreated site. The challenge injec
tions for the test and control groups consisted of 0.1 mL each
of 0.0 1% and 0.05% solutions of AMP. The challenge sites
were chemically depilated 24 hours after the injection; grading
of the sites was performed 3 hours later and again at 48 hours.
During the first 2 injections of the induction phase, 1% and
0.5% AIvIP solutions, respectively, caused necrotic lesions, and
so the remainder of the induction injections were made with a
0.1% AIvIP solution. One guinea pig of the test group had a
slight reaction at the 24-hour grading of the 0.0 5% AIvIP chal
lenge site. This reaction had cleared by 48 hours. No reactions

were noted in the test group at the second challenge. At the sec
ond challenge with AMP solutions, 4 guinea pigs of the saline
control group had reactions to 0.05% AMP and 1 had a reaction
to 0.01% AJvIP. All of these reactions had cleared by 48 hours.
The positive control animals had the expected reactions. The
authors concluded that AJvIP was not a sensitizer in guinea pigs.

Another sensitization potential study of AMP in guinea pigs
was performed by the International Minerals & Chemicals Cor
poration.64The test was conducted in 3 groups of 10 male gui
nea pigs (250-300 g).65 The test group was topically treated on
shaved backs and flanks with 0.5 mL of 10% AMP solution
applied under an occlusive patch. The positive control group
received 0.5 mL of 0.3% DNCB and the negative control
received 0.5 mL of saline in the same manner. The patches
were removed from all animals 24 hours after the application,
the skin was cleaned, and the patch sites were scored for reac
tion at 24 and 48 hours post application. The procedure was
repeated every 48 hours, 2 to 3 times a week, with each group
of animals for a total of 10 applications. Following a 2-week
rest period, the guinea pigs received challenge patches on vir
gin sites. The test group and the negative control group were
patched with 0.5 mL of 2.5% and 5.0% AMP solution. The
positive control group and the negative control group were
patched with 0.3% and 0.03% DNCB. After 24 hours, the
patches were removed and the sites were cleaned and depilated.
Three hours after depilation and 48 hours later, the challenge
sites were scored for skin reactions. During the first 2 patches
of the induction phase, the 10% AMP solution was found to be
mildly irritating to all the animals in the test group. Because of
this, the concentration of AMP was lowered to 5% for the
remaining 8 topical application. In the positive control group,
DNCB caused mild to strong skin reactions at all 10 applica
tions. One animal in the positive control group died on day 6
from a lung infection. During the challenge phase, the test
group and the negative control did not have any observable skin
reactions from the AMP solution at 24 hours; however, at the
48-hour scoring, 2 animals in the negative control group had
mild skin reactions. In the positive control group that was
patched with 0.3% DNCB, 9 animals at the 24-hour scoring and
7 animals at the 48-hour scoring had skin reactions. The nega
tive control group had 4 animals at the 24-hour scoring period
with skin reactions and none at the 48-hour scoring. It was con
cluded that AMP was nonsensitizing under these conditions.

Ocular Irritation
Aminomethyl propanoL An ocular irritation study of AMP-

Regular and AMP-95 was conducted using Draize tech
niques.66 The eyes of 6 rabbits (strain not specified) were
instilled with an unspecified amount and concentration of the
test materials and were not rinsed. The eyes were scored at
110, the highest score possible, in all rabbits at both the
3-hour and 24-hour evaluation. Vision was destroyed in all the
rabbits. Another test group of 6 rabbits received 0.1 mL of
materials for either a 15-second or 30-second exposure period
followed by a 30-second wash. Scores for AMP-Regular were

4
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69.3 and 89.3 for the 15-second and 30-second exposures,
respectively. Scores for AMP-95 were 69.6 and 82.6 for the
15-second and 30-second exposures, respectively. It was con
cluded that flushing had little beneficial effect following expo
sure to these materials and that AMP-Regular and AMP-95
were severe ocular irritants.

Twelve New Zealand White rabbits received a single 1-
second spray, from a distance of 4 inches, of a hair spray con
taining 0.25% AMP.67 The eyes of 6 of the rabbits were rinsed
30 seconds after the spraying. The anuimals were observed for 3
days. Two of the 6 rabbits of the no-rinse group had signs of
irritation. One had slight iritis and conjunctivitis on day 1, with
the conjunctivitis continuing through day 2 and clearing by day
3. The second rabbit had slight corneal opacity, iritis, and con
junctivitis; the corneal opacity had cleared by day 2 and the
remainder of the irritation had cleared by day 3. Three rabbits
of the rinsed group had slight conjunctivitis on day 1, which
was cleared by day 2.

A second test following the protocol described in the previ
ous paragraph was performed with a hair spray containing
0.58% AMP.68 Of the rabbits that did not have their eyes
rinsed, 3 had slight conjunctivitis on day 1; the conjunctivitis
had cleared by day 2 in 2 of the rabbits and by day 3 in the third.
The remaining 3 rabbits of the group had no reactions. Of the
rabbits receiving a rinse, 1 had slight corneal opacity and con
junctivitis on day 1. The opacity had cleared by day 2, and the
conjunctivitis cleared by day 3. None of the other rabbits of the
rinsed group had adverse reactions.

Five New Zealand White rabbits received a single spray of a
formulation (pH 8.3) containing 0.26% AMP.69 The spray was
directed from a distance of 6 inches from the left eye; the right
eye was untreated and served as a control. Observations of the
eyes were made at 1 and 24 hours and at 3, 4, and 7 days post
exposure. At 1 hour, 2 rabbits had slight conjunctivitis and dull
corneas that cleared by 24 hours. A third rabbit had slight con
junctivitis at 1 hour that also cleared by 24 hours. The fourth
rabbit had slight conjunctivitis that persisted through 24 hours
and was cleared by day 3. The fifth rabbit had no reaction. All
rabbits had negative fluorescein stains 7 days after exposure to
the test material. Details pertaining to the control eyes were not
available. The spray containing 0.26% AMP was minimally
irritating when not rinsed from sprayed rabbit eyes.

A hair spray containing 0.59% AMP was instilled into the
eyes of 12 New Zealand White rabbits.7°The volume of the
material tested was 0.1 mL. Six of the rabbits received no eye
rinse, whereas the eyes of the other 6 were rinsed 30 seconds
after instillation of the test material. The rabbits were observed
for 3 days after the instillation. Of the rabbits that did not
receive eye rinses, 1 had scattered areas of opacity over most
of the cornea as well as slight redness and chemosis on day
1. On day 2, this rabbit had obvious translucent areas over a
small part of the cornea, and by day 3 the eye appeared normal.
The remaining rabbits in the test group had no ocular reaction.
Of the rabbits that received eye rinses, 1 rabbit had scattered
areas of opacity over a small portion of the cornea and moder
ate chemosis, both of which had cleared by day 2. None of the
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other rabbits had adverse reactions. The hair spray containing
0.59% AMP was considered a mild ocular irritant to rabbits
under the conditions of the test. Rinsing reduced the extent
of the irritation.

In a limited summary, CTFA stated that AMP at a concen
tration of 0.25% in an aqueous vehicle caused slight transient
irritation when instilled in the eyes of rabbits with and without
rinsing.13 The irritation had cleared by days 2 and 4,
respectively.

A cosmetic formulation containing 0.22% AMP-95 was
tested in 6 rabbits for eye irritation potential.7’ The test
material was not rinsed from the eyes of the rabbits, and the
reactions were graded on days I to 4 and on day 7 after instilla
tion. Three different rabbits had conjunctivitis, 1 each on days
ito 3. No reactions were observed on days 4 and 7. The formu
lation containing 0.22% AMP-95 had a mild eye irritation
potential according to the Draize classification system.

A bovine comeal opacity and permeability test was per
formed using a waving gel containing 6.3% AMP.72 Five
bovine comeas were treated with 0.75 mL of test product. Opa
city measurements and sodium fluorescein permeability were
determined. A corrected mean opacity score was calculated
to be 0.5. The corrected mean optical density (permeability
measurement) was 0.008. The in vitro score was 0.62 (mild
ocular irritant) for the test material. No further details are
available.

Because these studies lacked a vehicle control, the irritation
cannot be conclusively attributed to AMP. In the absence of
other data, however, these results need to be considered.

Aminomethyl propanediol. A hair spray containing 0.40%
AMPD was sprayed into the left eye of each of 5 New Zealand
White rabbits for a duration of 1 second.73 The right eyes
served as controls. The eyes were observed for signs of irrita
tion at 1 and 24 hours and on days 2, 3, 4, and 7. All of the rab
bits had severe iritis and slight conjunctivitis at 1 hour. In 4 of
the rabbits this was reduced at 24 hours and cleared by day 2. In
the fifth rabbit, the severe iritis persisted, along with the slight
conjunctivitis, through day 2 and was cleared by day 3.

A hair care product (0.1 mL) containing 0.715% AMPD
was instilled into the left eye of each of 10 New Zealand White
rabbits.74 Half of the rabbits had their eyes rinsed 4 seconds
after instillation of the test material. Ocular reactions were
graded at 1 and 24 hours and on days 2, 3, 4, and 7. Sodium
fluorescein examinations were performed on day 7 as well as
at other times during the study as necessary. One rabbit of the
nonrinsed group had moderate conjunctivitis at 1 hour, clearing
by 24 hours. Two rabbits had moderate conjunctivitis that
diminished steadily and was cleared by day 3. One rabbit had
moderate iritis and conjunctivitis at 1 hour; the iritis had
cleared by 24 hours and the conjunctivitis by day 2. The fifth
rabbit had moderate iritis at 1 hour, clearing by 24 hours. In
addition, this rabbit had moderate conjunctivitis at 1 hour; this
reaction gradually diminished through day 4 and was clear by
day 7. Two of the rabbits of the rinsed eye group had moderate
iritis and conjunctivitis, with the iritis clearing by 24 hours and

Burnett et al
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the conjunctivitis diminishing at 24 hours and clearing by day
2. Two rabbits had moderate conjunctivitis at 1 hour, clearing
by 24 hours. The fifth rabbit had moderate conjunctivitis,
which had diminished at 24 hours and cleared by day 2. The
rabbits of both test groups had negative fluorescein dye exam
inations on day 7.

Reproductive and Developmental Toxicity

Aminomethyl Propanol

A reproductive and developmental toxicity study of AMP
hydrochloride salt was performed on groups of 12 male and
12 female CD rats, 8 weeks of age.75 AMP was administered
to rats via diet at doses of 0, 100, 300, or 1000 mg/kg of body
weight per day. The males were dosed 2 weeks prior to breed
ing, during breeding, and after until necropsy on day 38. The
females were dosed 2 weeks before breeding and during breed
ing and gestation until day 4 postpartum. They were killed and
necropsied on day 5 postpartum. General toxicity and repro
ductive effects were evaluated (cage side observations twice
daily, clinical examinations weekly), with body weights and
food consumption monitored throughout the study. Organ
weights were measured, and a histopathological examination
of tissues was conducted at necropsy in the adult rats. Litters
were measured for size, pup survival, weight, and physical
abnormalities after delivery.

No mortalities were observed in any groups. The male rats
that received 1000 mg/kg/d in their diet had increases in abso
lute and relative liver weights. Very slight microvacuolation of
periportal hepatocytes was also observed, with and without
vacuolization of hepatocytes consistent with fatty change. The
male rats in this dose group also had increased absolute and
relative kidney weights, but there were no histopathological
effects. The female rats in all test groups had increased mci
dences of microvacuolization of the hepatocytes when com
pared with the controls, but there were no significant changes
in the liver weights. No effects on mating or conception were
observed. However, a dose-related increase in embryo resorp
tion was noted. The NOEL for general toxicity in males was
300 mg/kg/d; the NOEL for general toxicity in females could
not be determined because of the effects on the liver. Complete
litter resorption was seen in all females in the 1000 mg/kg/d
dose group. In the 300 mg/kg/d dose group, resorption
was 70%. In the control group, resorption was 10%. The
300 mglkg/d dose group also had decreased litter size,
increased pup body weight, and decreased gestation body
weight and body weight gain. No treatment-related fetal effects
were observed in the 100 mg/kg/d dose group. Litters had no
visible morphologic alterations.

Carney and Thorsrud76 performed a dermal developmental
toxicity study of 94.85% AIvIP in CRL:CD(SD) female rats.
AMP (pH ‘-.95) was administered once daily (dose volume
of 1 imL/kg body weight; each exposure was 6 hours) to
4 groups of 26 time-mated females (10-11 weeks old, 200-
250 g) via dermal wrapping at dose levels of 0, 30, 100, or

300 mg/kg/d from gestation days 6 to 20. The rats were
observed twice daily, and body weights and food consumption
were monitored. After the wrapping material was removed
each exposure period, test sites were graded for erythema,
edema, scaling, and fissuring. On the last day of dosing (3 hours
after exposure), blood samples were collected from 4 rats in
each dose group in order to determine the amount of dermal
absorption of AMP. All rats were killed on gestation day 21 and
necropsied. The reproductive organs were studied in detail, and
the number and position of implantations, viable fetuses, dead
fetuses, and resorptions were recorded. Fetuses were examined
and measured for variations or malformations, and the sex and
fetal body weights were recorded. No signs of systemic toxicity
were noted during the treatment period. There also were no sig
nificant differences in body weight and feed consumption in
the dose groups compared with the control group. Blood sam
pling indicated that dermal absorption of AMP occurred in a
dose-responsive manner. A disproportional increase in mean
blood concentration at 300 mg/kg/d was thought to be due to
a compromised skin barrier. Localized dermal effects were
most pronounced in the 300 mg/kg/d dose group: 1 female had
very slight edema from gestation days 6 to 13, and almost all of
the rats (92%) in this dose group had slight scaling, with 36% of
the rats having moderate to severe scaling during the last half of
the treatment period. One, 2, and 7 rats in the 0, 30, and
100 mg/kg/d dose groups, respectively, had slight scaling that
was not considered adverse. Scabbing was mainly observed in
the 300 mg/kg/d dose group, with 77% of the rats in this group
having scabs on up to 25% of the test site. Rats in the lower
dose groups did not have scabbing that was considered to be
toxicologically significant. At necropsy, there were no signifi
cant gross findings. One rat in the 300 mg/kg/d dose group had
a hemorrhagic placenta in the right uterine horn that correlated
with the occurrence of red vulvar discharge on gestation day
19. No other adverse effects were observed in this rat, which
produced a normal litter, so the finding was considered not
related to treatment. There were no significant treatment effects
on reproductive parameters and fetal development. The small
number of malformations observed in the fetuses did not follow
a pattern consistent with treatment. The maternal no observable
adverse effect level (NOAEL) was 100 mg/kg/d and the NOEL
for fetuses was 300 mg/kg/d.

Genotoxicity

Microbial Assays
Aminomethyl propanol. A plate assay mutagenicity test, with

and without metabolic activation, was performed using AMP
and Saccharomyces cerevisiae strain D4 and Salmonella typhi
murium strains TA1535, TA1537, TA1538, TA98, and
TA100.77 Positive activation and nonactivation controls were
used; the controls were positive for either frameshift or base-
pair substitution mutations. AMP was tested over a range of
concentrations from 0.01 to 5 iL. The high dose produced
some toxic effects, and the low dose was below a toxic level.
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The results indicated that AMP was not mutagenic, with and
without metabolic activation, under the conditions of the test.

Wagner and Bonvillain78 tested the mutagenicity of AMP
(98.81 % pure) in a bacterial reverse mutation assay using Sal
monella typhimurium strains TA98, TA100, TA1535, and
TA1 537 and Escherichia coli strain WP2 uvrA. The assays
were performed with and without the presence of Aroclor
induced rat liver S9.78 The study was performed in 2 phases:
a preliminary toxicity assay, which established the dose ranges
used in the second phase, and a mutagenicity assay. Both
phases used the plate incorporation method. In both phases,
water served as the solvent at 100 mg/mL. In the first phase,
the maximum dose of AMP was 5000 jig per plate. No precipi
tates or significant toxicity was observed in this phase of the
study, with and without the metabolic activation. In the second
phase, 5000 jig AMP per plate was again the maximum dose.
The assay consisted of both an initial and a confirmatory stage.
Neither precipitates nor significant toxicity was observed in
either stage of this phase, with and without metabolic activa
tion. It was concluded that AMP was negative for mutagenic
activity.

Aminomethyl propanediol. RCC NOTOX tested AMPD for
mutagenic potential using S typhimurium strains TA1535,
TA1537, TA98, and TA100 to detect frameshift and base-
pair substitution-type mutations.79 AMPD was tested at con
centrations of 100, 333, 1000, 3330, or 5000 jig per plate, with
and without metabolic activation. The test was performed
twice. There were no dose-related increases in the number of
revertants in either study over the concentration range tested,
and AMPD was not considered mutagenic under the conditions
of the study.

Mammalian Cell Assays
Aminomethyl propanol. The mutagenic potential of AMP was

studied by San and Clarke8°in an L5178Y/TK mouse lym
phoma assay with and without metabolic activation. The study
was performed in 2 phases, with the first phase, a preliminary
toxicity assay, establishing the dose range for the mutagenesis
assay of the second phase, which was made up of an initial
mutagenesis assay and an independent repeat assay. The
maximum concentration of AMP in the first phase was
5000 jig/mL, where substantial toxicity (growth was 50%
of the solvent control) was observed, with and without meta
bolic activation. The dose range in the second phase was
500 to 5000 jig/mL. In the initial and the independent repeat
mutagenesis assay, no treated cultures had mutant frequencies
that were at least 55 mutants per 106 clonable cells over the
control. There was no dose-response trend in either assay.
Cloned cultures exhibited toxicity at doses 1500 jig/mL or
greater without activation and at 3500 jig/rnL with activation
in the initial assay. Toxicity in the independent repeat assay
was observed at 2500 jig/mL or greater without activation and
at 3500 jig/mL with activation. AMP was concluded to be neg
ative in this mutagenesis assay.
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Animal Assays
Aminomethyl propanol. Gudi8’ studied the mutagenic effects

of AMP (>95% pure) in a mouse micronucleus assay.8’ The
assay was performed in 2 phases: phase I consisted of a pilot
assay and toxicity study to set the doses for phase II, the micro
nucleus assay. In both phases of the study, test and control
material were administered at a volume of 20 mL/kg body
weight by a single intraperitoneal injection. In the pilot assay,
male mice (species and number not specified) were dosed with
1, 10, 100, or 1000 mg of AMP per kilogram of body weight,
and both male and female mice were dosed with 2000 mg/kg.
Mortality occurred in 2 of 2 male mice in the 1000 mg/kg dose
group and in all mice (5/5 of each sex) in the 2000 mg/kg dose
group.

In the toxicity assay, male and female mice were dosed with
200,400, 600, or 800 mg ofAMP per kilogram of body weight.
Mortality occurred in all mice (5/5 of each sex) in the 400, 600,
and 800 mg/kg dose groups and in 3 of 5 males and 5 of 5
females in the 200 mg/kg dose group. Clinical signs following
dosing were lethargy in both sexes at all dose levels and piloe
rection in males and females and crusty eyes in males in the
200 mg/kg dose group. From this toxicity assay, the high dose
for the micronucleus test was set at 60 mg/kg (80% ofLD5013).
Male and female mice were dosed with 16, 30, or 60 mg of
AMP per kilogram of body weight in the micronucleus assay.
No mortality was observed. Lethargy was observed in both
sexes at 60 mg/kg. Bone marrow cells were collected at 24 and
48 hours post treatment and were examined microscopically for
micronucleated polychromatic erythrocytes (PCE). Reductions
of up to 10% in the ratio of PCE to total erythrocytes were
observed in some AMP-treated groups compared with the con
trols. No significant increases in micronucleated PCE in any
AMP treatment groups of either sex were observed (F> .05).
It was concluded that AMP was not a mutagen in a mouse
micronucleus assay.

Clinical Assessment of Safety

Irritation
Aminomethyl propanol. The skin irritation potential of a cos

metic formulation containing 0.22% AMP-95 was examined
in a single-insult, occlusive patch test using 15 panelists.82One
panelist had an equivocal reaction (±), resulting in a group P11
of 0.03 (8.0 maximum). The cosmetic formulation containing
0.22% AIvIP-95 had a negligible primary skin irritation
potential.

Aminomethyl propanedioL A hair spray containing 0.40%
AMPD was tested for primary irritancy in 15 human subjects.83
The patches were applied to the arms of the panelists. The test
was referred to as a 5-hour, 4-day test with the test beginning
on Monday and the readings being made on the mornings of
Tuesday, Wednesday, Thursday, and Friday. Four panelists had
no reactions. There were scattered instances of questionable
responses in 9 panelists, with 7 having 1 questionable response
and the remainder having 2 questionable responses. In addition,
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I panelist had slight redness on day 4, and 1 panelist had slight
redness on days 2 to 4.

Sensitization
Aminomethyl proponol. A conditioning hair mousse contain

ing 0.22% AMP-95 was tested for allergic contact sensitization
potential in 97 panelists.84 None of the panelists (86 females
and 11 males) had skin conditions or medical histories that
would interfere with the purpose of the study.

Ten formulations were tested simultaneously; 5 patches
were placed on eirher side of the upper back, next to the mid
line. Only if there was a severe reaction was a patch removed.
Approximately 0.1 mL of the test material was applied to the
patch. The patches were applied every Monday, Wednesday,
and Friday for 3 weeks. The patches were removed by the pane
lists 24 hours after application, and the patch sites were graded
prior to the application of the new patch. The final induction
patch sites were graded prior to the challenge phase of the
study, which began week 6 of the study. The challenge sites
were graded 24 and 48 hours after patch removal. Thirteen
panelists had reactions during the induction phase of the test.
Of these 13, 9 had single reactions, 2 had 2 reactions each
(patches 4 and 7; 1 and 8), 1 had 3 reactions (patches 1, 6, and
7), and 1 had 4 reactions (insults 2, 3, 8, and 9). All of the reac
tions that occurred during the induction phase were recorded as
barely perceptible. Another panelist had a barely perceptible
reaction at the 24-hour grading of the challenge phase; the
results of the 72-hour grading were not available. The condi
tioning hair mousse containing 0.22% AMP-95 did not have
allergic contact sensitization potential.

TIC Research, Inc55 performed a repeated insult patch test
(RIPT) in 50 volunteer subjects using a hairstyling gel contain
ing 3.8% AMP. During the induction phase, 0.02 mL was
applied to the infrascapular region of the subjects’ backs with
an occlusive Finn Chamber patch.85 The patches were removed
after 48 hours, the sites were evaluated, and new patches were
reapplied until a total of 9 consecutive applications were
recorded. During the induction phase, 1 subject had a minimal
to doubtful response for patches 6 to 9 and another subject had
a minimal to doubtful response for patch 6. After the last patch
application, the subjects were given a 10- to 15-day rest period.
The challenge phase began in the sixth week of the study, with
patches applied to the induction phase sites as well as to virgin
sites on the subjects’ backs. The patches were removed after 48
hours and the application sites were scored at 48 and 72 hours
post application. There was no evidence of sensitization from
the hairstyling gel formulation containing 3.8% AMP.

AMA Laboratories, Inc86 reported on an RIPT evaluating a
hair dye base containing 3.5% AMP in 108 subjects. The test
material was diluted 50% in distilled water to a final concentra
tion of 1.75%. During the induction phase, semiocclusive
patches with 0.2 mL of the test material were applied to the
infrascapular region of the back of the subjects for 24 hours.
The applications were made every Monday, Wednesday, and
Friday until a total of 9 applications were made during 3

consecutive weeks. Following a 10- to 14-day rest period, a
challenge patch was applied to a virgin site on the subjects’
backs for 24 hours. Reactions were scored 24 and 48 hours after
the application for signs of sensitization. No reactions were
observed, and it was concluded that the test material was a non-
primary irritant and a nonprimary sensitizer.

Harrison Research Laboratories, Inc8’ performed an RIPT
evaluating a hair dye containing 1.5% AMP. Of 120 initial sub
jects, 108 completed the investigation. In the induction phase
of the study, a Webril patch with 0.2 g of the test material was
affixed occlusively to the left back of the subjects for 24 hours.
Another patch was affixed after a 24-hour rest period (48 hours
on weekends) for 9 applications over 3 consecutive weeks. A
2-week resting phase preceded the challenge phase patch that
was adhered to the right (virgin) side of the subjects’ backs for
24 hours. The site was scored for irritation reactions at patch
removal and again at 48, 72, and 96 hours post patching. Dur
ing the induction phase, 1 subject had a 1 + edema reaction in 2
different patch sites. The remaining patch applications for the
induction phase were suspended for this subject. In the chal
lenge phase, this subject exhibited etythema and edema at 72
hours and erythema and dryness at 96 hours. The subject was
then given an open patch test with the test material and break
down products. Dermal sensitization was not sustained during
this procedure. Other subjects exhibited a low-level, transient

(± /1) reaction during the induction phase. Another subject had
faint, minimal erythema at the 48- through 96-hour observation
periods of the challenge phase.

Another RIPT conducted on a body polish (rinse-off) con
taining 1.625% AMP was reported by Consumer Product Test
ing Co.88 Of 114 initial subjects, 105 completed the study. The
test material was prepared as a 1% dilution using distilled
water. During the induction phase, approximately 0.2 mL of
the prepared material was applied to the interscapular region
of the subjects with an occlusive patch for 24 hours. The
patches were applied 3 times a week for a total of 9 applica
tions. After the final induction patch, subjects were given a
2-week rest period before a challenge patch was applied to a
virgin site adjacent to the induction site. The patch was
removed after 24 hours, and the site was scored for reaction
at 24 and 72 hours post application. It was concluded that the
test material containing AMP did not indicate potential for der
mal irritation or allergic contact sensitization.

Harrison Research Laboratories, Inc89 performed an open
RIPT with the dyeless base of a hair dye product containing
7% AMP. Of 121 initial subjects, 99 completed the investiga
tion. In the induction phase, approximately 0.2 g of the test
material was applied to a test site on the left side of the sub
jects’ backs and allowed to air dry. The subjects were
instmcted to keep the test area dry and untouched for 24 hours.
Another application of test material was made 48 hours after
the previous application (72 hours if the application was per
formed on a Friday) until a total of 9 applications were made.
The test sites were observed following each application, and
any reactions were scored and recorded. There was a 2-week
rest period between the induction and challenge phases of the
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study. In the challenge phase, approximately 0.2 g of test mate
rial was applied to a virgin site on the right side of the subjects’
backs and allowed to air dry. Again, the subjects were
instructed to keep the site dry and untouched. The challenge
sites were observed 24, 48, 72, and 96 hours post application,
and any reactions were scored and recorded. One subject had
faint, minimal erythema (±) at the ninth induction reading.
This subject did not have any reaction in the challenge phase.
No other reactions were observed in any of the other subjects
during the induction and challenge phases. It was concluded
that the test material containing 7% AMP was not a dermal sen
sitizer in humans.

The Consumer Product Testing Company9°performed an
RIPT with a body polish (rinse-off) containing 1.65% AMP
on 113 subjects (108 subjects completed the study). The test
material was prepared as a 1% dilution using distilled water.
Approximately 0.2 mL of the prepared material was applied
to the interscapular region of the subjects with a semiocciusive
patch for 24 hours. The patches were applied 3 times a week for
a total of 9 applications during the induction phase of the study.
Following a 2-week rest period after the final induction patch, a
challenge patch was applied to a virgin site adjacent to the
induction patch site. The patch was removed after 24 hours, and
the site was scored for reaction at 24 and 72 hours post appli
cation. The study did not indicate a potential for dermal irrita
tion or allergic contact sensitization in a test material
containing 1.65% AMP.

Aminomethyl propanediol. A cosmetic formulation containing
0.073% AMPD was tested for sensitization potential in a group
of 30 human test subjects using an open RJPT.9’The test mate
rial was applied to the arm daily, 4 days per week for 2 weeks,
alternating arms daily. In addition, an occlusive patch was
applied on the first day of the test. After the 2-week application
period, there was a 2-week nontreatment period. After this
2-week period, the test subjects were challenged with a reappli
cation of the formulation to the test site along with an occlusive
patch at an adjacent site. The original patch, challenge patch,
and open challenge test sites were read at 24, 48, and 96 hours.
No reactions were observed in any of the test subjects. The for
mulation containing 0.073% AMPD was neither a primary irri
tant nor a sensitizer, and the formulation was safe under the
conditions of the study.

A modified RIPT of a cosmetic formulation containing
0.50% AMPD was performed on a panel of 39 women and
20 men.92 The test material (0.5 mL) was applied to a semio
pen patch on the arm of each panelist every Monday, Tuesday,
Wednesday, and Thursday for 2 weeks. The patch sites were
graded approximately 24 hours after application. In addition,
a closed patch was applied to each panelist on the first day of
the study and on the day of challenge. No patches were applied
for 2 weeks after the induction phase. On the Monday follow
ing the nontreatment period, challenge patches were applied to
the original test site and an adjacent site; the second closed
patch was also applied at this time. The challenge sites were
graded 1, 2, and 4 days after application. Slight erythema was

noted at 1 adjacent application site at each of the grading times,
but it was not clear whether these reactions occurred in the
same panelist. The formulation containing 0.50% AMPD was
not a sensitizer under the conditions of the test.92

A RIPT study by Consumer Product Testing Company93
tested for the irritation and sensitization potential of a mascara
containing 1.92% AMPD using 113 subjects (107 subjects
completed the study). A semioccluded patch was used to apply
0.2 mL of the test material to the interscapular region of the
subjects, and the patch was affixed 24 hours before removal.
The induction phase consisted of patch applications 3 times a
week for a total of 9 applications. Following a 2-week rest
period, a challenge patch was applied to a virgin site adjacent
to the induction patch site. The challenge patch was removed
after 24 hours, and the site was scored for reaction at 24 and
72 hours post application. No indication of potential dermal
irritation or allergic contact sensitization by the test material
containing AMPD was observed.93

Case Studies
Aminomethyi propan 01. Two cases of airborne contact derma

titis were described by Cipolla et a194 in patients who were
exposed to AMP 100 in a cosmetic company during production
of a hair dye. The patients had periorbital erythema and itching
skin, which improved when they were away from their work
place (weekends and holidays). Patch testing with AMP 100
and other substances in the production line was performed on
the 2 patients and on 8 asymptomatic subjects from the same
company (2 of the 8 were on the same production line as the
2 patients). The dilutions were 0.1%, 0.5%, 1%, 2%, 5%,
10%, and 20% in distilled water and in ethyl alcohol, respec
tively. The patch tests proved positive (+/++) in the 10% and
20% dilutions of both distilled water and ethyl alcohol in all the
subj ects.94

Sum mary

AMP and AMPD are substituted aliphatic alcohols used as cos
metic ingredients. Isopropanolamine is another cosmetic ingre
dient and is a close structural analog to AMP. A CIR safety
assessment of isopropanolamine found the ingredient safe as
used as long as it was not used in products containing
N-nitrosating agents.

AMP and AMPD occur in solid and liquid forms. AMP is
miscible in water and soluble in alcohols, whereas AMPD is
soluble in both water and alcohols.

Both AMP and AMPD function as pH adjusters in cosmetic
products. AMPD is also a fragrance ingredient. AMP is used in
concentrations up to 7%, and AMPD is used in concentrations
up to 2%.

Several acute inhalation studies were performed with cos
metic formulations containing AMP as well as with AMP in
alcohol and propellant. The study results indicated that AMP
was nontoxic by inhalation. A hair spray containing 0.50%
AMPD was also nontoxic to rats.
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When rats were exposed to atmospheres of a hair spray con
taining 0.58% AMP 1 hour per day, 5 days per week over a
period of 2 weeks, no toxic effects resulted from the treatment.

When AMJ3 solutions with pHs of 7 or 11 + were adminis
tered to rats by stomach tube, it was found that any mortality
was due to the alkalinity of the AMP solutions.

In a subchronic oral toxicity study of AMP in beagle dogs,
only the high-dose group (62.5 mg/kg) did not gain weight dur
ing the study. There were changes in some clinical chemistry
parameters in the dogs of the high-dose group. Liver and
liver-to-body weight ratios were increased, and tan and mottled
livers were observed at necropsy in some dogs of the high-dose
group. Microscopic lesions included vacuolation, lipid
deposits, and bile duct hyperplasia in the livers of the dogs in
the high-dose group as well as in 1 dog of the low-dose
(0.63 mg/kg) group.

Cynomolgus monkeys were exposed to hair sprays contain
ing 0.40% AMP under static and dynamic conditions in a 90-
day subchronic inhalation toxicity study. The only
compound-related adverse effects were that the monkeys
exposed under dynamic conditions did not gain weight during
the study and the monkeys exposed under either condition had
lowered serum CO2 levels.

In another 90-day study, cynomolgus monkeys exposed
1 hour per day to a hair spray containing 0.2 1% AMP showed
some histopathologic changes in the pulmonary tissues. A
slight to moderate increase was found in hepatocellular lipids
in all test animals. Pulmonary alveolitis was noted in the
high-dose monkeys.

In a subchronic inhalation study, rats were exposed to an
aerosolized form of a pump hair spray containing 0.21% AMP
for 4 hours per day, 5 days per week. The hair spray was not
toxic under the exaggerated inhalation conditions of the test.

When both albino rats and Syrian Golden hamsters were
exposed in a 13-week subchronic inhalation toxicity study to
hair spray formulation containing 0.1350% AMPD for 4 hours
per day, 5 days per week, no significant compound-related
adverse effects were observed.

The NOEL in a chronic dietary toxicity study of AMP in
beagle dogs was 110.0 ppm or greater.

In numerous primary irritation studies, cosmetic formula
tions containing varying concentrations of AMP were nonirri
tating to minimally irritating to abraded and nonabraded rabbit
skin. AMP (0.25%) in an ethanol vehicle was nonirritating to
rabbit skin. Cosmetic formulations containing AMPD were
also nonirritating to minimally irritating to rabbit skin.

In an intradermal study, 0.1% AMP was not a sensitizer in
guinea pigs. In a topical sensitization study, 5.9% AMP was not
a sensitizer in guinea pigs.

An unspecified concentration of AMP was found to be a
severe ocular irritant in rabbits. At concentrations ranging from
0.22% to 0.59%, AMP in cosmetic formulations or in an aqu
eous vehicle was a minimal to mild ocular irritant. The degree
of irritation was reduced by rinsing the eyes after exposure to
the formulations. A bovine corneal opacity and permeability
test classified a waving gel containing 6.3% AMP as a mild

ocular irritant. Cosmetic formulations containing 0.40%
AMPD were moderate ocular irritants.

In an oral reproductive and developmental toxicity study of
AMP hydrochloride salt in rats, the NOEL for general toxicity
in males was 300 mg/kg/d. The NOEL for general toxicity in
females could not be determined because of effects on the liver.
Dose-related increases in embryo resorption were noted. The
NOEL for fetuses was 100 mg/kg/d.

A dermal developmental toxicity study of 94.85% AMP in
rats indicated a maternal NOAEL of 100 mg/kg/d and a NOEL
for fetuses of 300 mg/kg/d.

AMP was not mutagenic, with and without metabolic acti
vation, in S cerevisiae strain D4,: in £ coil strain WP2 uvrA, and
in S typhimurium strains TA 1535, 1537, 1538, 98, and 100.
AMPD was not mutagenic, with and without metabolic activa
tion, in S typhimurium strains TA 1535, 1537, 98, and 100.
AMP was also not mutagenic in a mouse lymphoma mutagen
esis assay and in a mouse micronucleus assay.

In a clinical study, a cosmetic formulation containing AMP-
95 was not a primary dermal irritant. In a primary irnitancy test
of a cosmetic formulation containing AMPD, scattered mci
dences of questionable responses were observed in two thirds
of the panelists. In addition, 2 of 15 panelists had slight redness
at least once during the observation period.

A cosmetic formula containing 0.22% AMP-95 was not an
allergic contact sensitizer when tested using a panel of 97 sub
jects. Sensitization did not occur in other RIPT studies of cos
metic formulations containing AMP ranging from 1.5% to
7.0%. A cosmetic formulation containing 0.073% AMPD was
not a primary irritant, and it was neither a fatiguing agent nor
a sensitizer. In another study, a cosmetic formulation contain
ing 0.50% AMPD was not a sensitizer.

Two cases of airborne contact dermatitis were reported in
patients who were exposed to AMP 100 in the production line
of a cosmetic company.

Discussion

The CIR Expert Panel considered that acute, short-term, sub-
chronic, and chronic oral, inhalation, and dermal toxicity stud
ies are adequate to support the safety of AMP and AMPD with
respect to systemic toxicity end points. These ingredients did
not produce significant toxicity to the reproductive systems
or development of fetuses in animal studies. AMP and AMPD
did not demonstrate genotoxicity in bacterial, mammalian cell,
or animal assays.

In past ingredient safety assessments, the CIR Expert Panel
has expressed concern over N-nitrosation reactions in ingredi
ents containing amine groups. The 2 ingredients in this report,
AMP and AMPD, are primary arnines that are not substrates for
N-nitrosation. However, these ingredients may contain second
ary amines as impurities in finished products that may undergo
N-nitrosation. Because of the possible presence of secondary
amine contamination, the Expert Panel recommends that these
ingredients should not be included in cosmetic formulations
containing N-nitrosating agents.
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In its earlier safety assessment, the Expert Panel determined
that the available skin irritation and sensitization data at the
time were able to support the safety of AMP and AMPD in cos
metic products up to a concentration of only 1%. The Expert
Panel now has considered safety test data for a hairstyling gel
containing 3.8% AMP; hair dye bases with 1.5%, 3.5%, and 7%
AMP; and body polishes with 1.625% and 1.650% AMP and
determined that these test materials did not cause dermal irrita
tion or allergic contact sensitization in human subjects. In addi
tion, the Expert Panel determined that a mascara with 1.92%
AMPD did not cause dermal irritation or allergic contact sensi
tization. Although the reported use concentration of AMPD is
2% in mascara, the Expert Panel considers the new clinical data
adequate to support safety to the higher concentration.

After reviewing inhalation toxicity data on AMP and
AMPD, the Expert Panel determined that AMP and AMPD can
be used safely in hair sprays because hair spray aerosols are
nonrespirable.

Conclusion

The CIR Expert Panel concluded that AMP and AMPD are safe
as cosmetic ingredients in the practices of use and concentra
tions as described in this safety assessment.
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Personal Care Products Council 

Memorandum 

TO: F. Alan Andersen, Ph.D. 

Committed to Safety, 
Quality & Innovation 

Director - COSMETIC INGREDIENT REVIEW (CIR) 

FROM: Halyna Breslawec, Ph.D. 
Industry Liaison to the CIR Expert Panel 

DATE: January 4,2013 

SUBJECT: Comments on the Scientific Literature Review on Tromethamine 

Key Issue 
As suggested by Dow Chemical Company, please remove the information about Aminomethyl 

Propanol from the report on Tromethamine. The analogue approach provided by Dow should 
be summarized in the report and information on Aminomethyl Propanediol (previously 
reviewed by CIR) and Aminoethyl Propanediol (INCI - but not yet reviewed by CIR) should be 
added to the report. 

Additional Comments 
p.l - The Cosmetic Use section should also note that Europe considers Tromethamine to be regulated 

under Annex m entry 61 Monoalkylamines, monoalkanolamines and their salts, which limits 
secondary amine content in the ingredient to 0.5%. 

p.2 - The title of reference 15 suggests that THAM citrate was studied. This is not mentioned in the 
Absorption, Distribution, Metabolism and Excretion section. 

p.2 - Please correct: "resulted in alkalinizes", "tromenamine", "strain not provided; not provided" 
p.2 - In the last paragraph, both THAM and Tris are used as abbreviations. After explaining that both 

may be used to represent Tromethamine, please only use one abbreviation through the rest of 
the report. 

p.3 - Although the references are in Table 3, it would also be helpful to include the references in the 
text of the Acute Exposure section. 

p.4 - What effects were observed in Sprague-Dawley rats fed Tromethamine for 3 months (reference 
40)? 

p.4 - What was the route of exposure used in the study described in reference 43? The first paragraph 
says "i. v.", the second paragraph says "i.p.". 

p.4, 5, 8 - The title of reference 44 is "Intratracheal instillation studies with benzo(a)pyrene in a 
mixture ofTris buffer and saline in Syrian golden hamsters". Benzo(a)pyrene is not a drug as 
indicated in the description of this study on p.4 where it states: "vehicle control in an 
experiment for a drug". What was the dose volume used in reference 44? On p.4 it says "2 
mL", on p.5 it says "0.2 ml", p.8 it says "0.2 ml". Providing the dosing volume without any 
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information about the concentration of Tromethamine in the dosing solution provides no 
information about the dose that was used. 

p.5 - Intradermal injection should not be included in the dermal exposure section. 
p.5 - Please complete the following: "He was administered (30 g in water: 10%) over I h." 
p.8 - In the Summary, please provide the FDA product category in which a concentration of 4% was 

reported. 
p.lO, Table 3 - The subcutaneous exposure studies should not be presented under dermal exposure. 
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