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ABSTRACT — Use of a non-phosphate detergent builder, alanine, N,N-bis(carboxymethyl)-trisodium 
salt (ABCT), has been expanded to wide range of washing and cleaning products for consumer uses and 
industrial applications including cleaning agents in food or pharmaceutical factories. Therefore, determi-
nation of acceptable daily exposure (ADE) of ABCT by oral, parenteral or inhalation route based on up-
dated toxicity database could provide valuable information on the risk management for protection of con-
sumers, patients and workers. Here, we proposed the ADEs based on the toxicological information of 
various in vivo and in vitro non-human studies. Because the full report of each toxicity study was not dis-
closed, derivation of the ADE was done based on available information mainly from ECHA database. 
ABCT exhibited renal toxicity as a main effect; however, ABCT did not exhibit carcinogenicity, genoto-
xicity, reproductive toxicity, irritation, and sensitization. Applying modification factors to the NOAEL of 
the animal study of longest treatment period, oral ADE was determined as 260 mg/person/day. Taking the 
oral bioavailability into the consideration of conversion to other routes, parenteral and inhalation ADEs 
were determined as 50 mg/person/day.
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INTRODUCTION

Alanine,N,N-bis(carboxymethyl)-trisodium salt 
(ABCT) is a chelating builder to increase cleansing action 
of detergents. ABCT is a chemical of low environmen-
tal impact and used as an alternative for traditional phos-
phate builders that cause eutrophication and environmen-
tal disruption. According to the information of ECHA, 

total production of the compound was categorized in the 
annum tonnage banding of 10,000-100,000 tones. ABCT 
is contained in wide range of washing and cleaning prod-
ucts for consumer uses and industrial applications includ-
ing cleaning agents in food or pharmaceutical factories. 
Therefore, determination of acceptable daily exposure 
(ADE) of ABCT for oral, parenteral and inhalation route 
could provide valuable information on the risk manage-
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ment for protection of consumers, patients and workers.
Here, we proposed ADE for ABCT based on the open 

access information of ECHA website. Many of the ECHA 
registered studies were performed in accordance with 
OECD guidelines, often by the company participating 
business with the test compound and were not necessar-
ily reviewed for its scientific appropriateness. Howev-
er, we considered that the ECHA database was the most 
useful in the currently available information of this com-
pound. Because the full report of each toxicology study 
was not disclosed, derivation of the ADE was done based 
on available information mainly from ECHA database.

MATERIALS AND METHODS

Substance information
Identification
 IUPAC Name:  (2S)-2-(bis-carboxymethyl-amino)-

propionic acid, trisodium salt
 Synonyms:  Alanine,N,N-bis(carboxymethyl)-, 

trisodium salt, ABCT,
  Trisodium 2-[bis(carboxymethyl)

amino]propanoate,
  Methyl glycine diacetic acid triso-

dium salt
Trade Names:  Trilon M Liquid, Trilon ES9964  

Pulver
CAS Number:  164462-16-2
EC Number:  423-270-5
Formula:  C7H8NNa3O6 (Fig.1)
Molecular Weight:  271.11

Chemical and Physical Properties
Appearance:  White powder
Melting Point:  > 390°C
Solubility 24°C:  Water: > 500 g/L
 pH 10 - 12 (Trilon M Liquid)
Partition coefficient:  Log Pow ≤ -4

Source of toxicological information
Many of the ECHA registered studies were performed 

in accordance with OECD guidelines, often by the com-
pany participating business with the test compound and 
were not necessarily reviewed for its scientific appropri-
ateness. However, we considered that the ECHA database 
was the most useful in the currently available information 
of this compound. Because the full report of each toxicol-
ogy study was not disclosed, derivation of the ADE was 
done based on available information mainly from ECHA 
database.

Derivation of ADE
The concept of ADE derivation described in the Inter-

national Council for Harmonisation of Technical Require-
ments for Pharmaceuticals for Human Use (ICH) Q3C 
and Q3D guidelines (ICH, 2014) was applied.

RESULTS AND DISCUSSION

Acute toxicity
Female rats gavaged with 2,000 mg/kg ABCT dis-

played impaired general state, dyspnea, staggering and 
piloerection. All symptoms were reversible until 3 days 
post administration. Male rats did not show any signs 
of abnormalities (ECHA, 2017). Oral LD50 was >  
2,000 mg/kg in rats (ECHA, 2017).

Repeated dose toxicity (Table 1)
Repeated dose toxicity studies of 28 days, 90 days and 

24 months in rats were reported. The study of longest 
treatment period was a combined chronic toxicity / car-
cinogenicity study for 24 months fed with 1,000, 5,000 
and 19,200 ppm ABCT that corresponded to 54, 262 and  
1132 mg/kg/d for males, and 66, 334 and 1317 mg/
kg/d for females, respectively (ECHA, 2017). The stud-
ies included clinical pathology, ophthalmoscopy and his-
topathology analysis, and were recognized pivotal. These 
studies were done in accordance with OECD guideline 
453 and GLP compliance.

Genotoxicity
ABCT was negative in Ames test, gene mutation test 

with CHO cells and in vivo mouse erythrocyte micro-
nucleus test in mice up to 2,000 mg/kg (ECHA, 2017). 
Ambiguous result came from in vitro chromosomal aber-
ration test with V79 cells (ECHA, 2017). Taken togeth-
er, the results suggested no genotoxic concern on the test 
article.

Fig. 1.  (2S)-2-(bis-carboxymethyl-amino)-propionic acid, 
trisodium salt.
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Carcinogenicity (Table 1)
In a combined chronic toxicity/carcinogenicity study, 

daily oral treatment of rats with ABCT for 24 months did 
not result in treatment-related changes in the incidence of 
neoplastic lesions (ECHA, 2017).

Reproductive toxicity (Table 2)
No changes in reproduction and fertility have been 

observed in rats following oral ABCT treatment. No indi-
cations of developmentally toxic/ teratogenic effects were 
seen (ECHA, 2017).

Skin/eye irritation
Results of rabbit skin (OECD guideline 404) and eye 

irritation test (OECD guideline 405) with ABCT solution 
(Trilon M liquid) suggested non-irritant (ECHA, 2017; 
BASF, 2015).

Sensitization
Guinea pig maximization test (OECD guideline 406) 

suggested no skin sensitization (ECHA, 2017; BASF, 
2015).

Safety pharmacology
No relevant data was available.

Bioavailability
Rat oral bioavailability ranged from 17-39%, 20.94% 

after single oral administration with 465.2 mg/kg, 16.98% 
with 24.1 mg/kg, and 38.74% with 512.5 mg/kg in rats. 
Repeated oral administration achieved 32.94% of bioa-
vailability with 475.8 mg/kg (ECHA, 2017).

Other in vitro safety data
No relevant data was available.

Experiences of human exposure
No relevant data was available.

Information from other sources
No relevant data was available.

Derivation of ADE
Critical effects

Renal toxicity was the critical leading effect of ABCT 
for the purpose of this assessment and was used as the 
basis for setting ADE value.

ADE for oral route
Chronic nephropathy was observed in a 24-month feed-

ing study in rats (ICH, 2014). A NOAEL of 262 mg/kg/d 

Table 1.   Pivotal Repeated Dose Toxicity Studies with ABCT.

Study type Species Doses 
[mg/kg/d]

NOAEL1 

[mg/kg/d] Main Findings

1 month 
repeated dose 
toxicity 
(ECHA, 2017)

Rats

0,
76/88,
315/378, 
1,313/1,5042)

(in the drinking water)

76/882)

315/378 mg/kg/d:
- kidney: slight tubular vacuolization 1,313/1,504 mg/kg/d:
- kidney: focal or multifocal vacuolization of the tubular 
epithelia in the renal cortex and focal calcification in the 
cortico-medullary area

3 months 
sub-chronic 
toxicity 
(ECHA, 2017)

Rats

0,
170/204,
874/1056,
1325/1588,
1774/20972)

(in the diet)

170/2042)

≥ 874/1056 mg/kg/d:
- kidney: focal hyperplasia of the urothelium in the renal 
pelvis/ureter, increased absolute and relative weight-liver: 
reduced zonal fatty infiltration ≥ 1325/1588 mg/kg/d:

- liver: increased relative weight ≥ 1774/2097 mg/kg/d:
- kidney: focal tubular vacuolization (unilateral)

24 months 
combined 
chronic toxicity 
/ carcinogenicity 
(ECHA, 2017)

Rats

0,
54/66,
262/334, 
1132/13172)

(in the diet)

262/3342)

1132/1317 mg/kg/d:
- increased total protein and globulin in blood
-increased erythrocytes in urine
- kidney: increased absolute and relative weight, 
cytoplasmic vacuolization and pigment storage in tubular 
epithelial cells, (multi) focal tubular hyperplasia, (multi) 
focal ectasia of ducts or vessels in papillar regions, cyst(s) 
in the kidneys, pelvic dilation, chronic fibrotic, partly 
necrotizing pyelitis, mineralization in the papilla, nodular 
or papillary hyperplasia of the transitional cell epithelium 
in the renal pelvis

1)   NOAEL values are reported in study report summaries. However, no effect was observed at this dose level. Thus, values were taken 
as NOEL.

2) male/female
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for males and 334 mg/kg/d for females (= 5000 ppm) was 
observed. However, no effect was reported at this dose, thus  
262 mg/kg/d is taken as NOEL. Chronic nephropa-
thy occurs spontaneously in aged rats. ABCT increase 
the severity of this finding but is not considered to be 
the cause of the effect. Therefore it is not relevant for 
humans.

ADE =  262 mg/kg/d x 50 kg / (F1 x F2 x F3 x F4 x 
F5) = 262 ~ 260 mg/person/day

Modification factors applied:
F1 = 5 for extrapolation from rat to human
F2 = 10 for variability between individuals
F3 = 1 for study duration of 2 years with rats
F4 = 1 for severity of systemic toxicity
F5 = 1 for conversion of the starting point to NOEL

ADE for parenteral and inhalation routes
Absolute bioavailability (BA) of ABCT in rats has 

been determined to be 17-39%. Therefore, the ADE for 
the parenteral route is considered to be approximate-
ly 5-fold lower than the oral route. Because the available 
toxicological data did not indicate irritating or sensitizing 
activity, the parenteral ADE can be applied to inhalation 
route.

ADE = 260 / 5 = 52 ~ 50 mg/person/day

In conclusion, because toxicological data did not sug-
gest genotoxicity or carcinogenicity of ABCT, oral ADE 
could be determined as 260 mg/person/day based on the 
NOAEL from the 24-month rat study. Applying an addi-
tional factor for the oral BA, parenteral and inhalation 
ADEs were proposed as 50 mg/person/day.
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Table 2.   Pivotal Reproductive Toxicity Studies with ABCT.

Study Type Species Doses
[mg/kg/d]

NOAEL
[mg/kg/d] Main Findings

Reproductive 
toxicity 
(ECHA, 2017)

Rats

0,
50,
200,
1000
(gavage)

≥ 1000
(reproductive 
performance, 
fertility and pups)
200
(general toxicity)

-no reproductive and fertility effects observed
-no offspring effects observed

Developmental 
toxicity 
(ECHA, 2017)

Rats

0,
100,
300,
1000
(gavage)

≥ 1000 (dam)
≥ 1000 (fetus) -no embryonic/teratogenic effects observed
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