
N-Ethyl-2-pyrrolidone****

MAK value (2013) 2 ml/m3 (ppm)≙ 9 mg/m3

Peak limitation (2013) Category I, excursion factor 2

Absorption through the skin (2013) H

Sensitization –

Carcinogenicity –

Prenatal toxicity (2013) Pregnancy Risk Group C

Germ cell mutagenicity –

BAT value –

Synonyms 1-ethylazacyclopentan-2-one

1-ethylpyrrolidin-2-one

Chemical name N-ethyl-2-pyrrolidone

CAS number 2687-91-4

Structural formula

N

CH2-CH3

O

Molecular formula C6H11NO

Molecular weight 113.16

Melting point < –75°C (ECHA 2011)

Boiling point at 1013.25 hPa 212–213°C (ECHA 2011)

Density at 20°C 0.998 g/cm3 (ECHA 2011)

Vapour pressure at 20°C 0.18 hPa (IFA 2012)

log KOW1) –0.04 (SRC 2012)

Solubility at 25°C 115 g/l water (ECHA 2011)
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** NB: Please check The List of MAK and BAT Values 2016. This substance has been re-evaluated and
in 2016 a German documentation was published changing the value to 5 PPM, thus superceding this
documentation.
An English translation of the new document is planned.

1) octanol/water partition coefficient
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pH 10%: 9; 90%: 12 (ECHA 2012)

1 ml/m3 (ppm)≙ 4.7 mg/m3 1 mg/m3≙ 0.213 ml/m3 (ppm)

A document was published by the Risk Assessment Committee of ECHA (2011);
however, only reproductive toxicity was evaluated.
N-Ethyl-2-pyrrolidone is used as an industrial solvent, catalyst and cationic sur-

factant.
The vapour saturation of N-ethyl-2-pyrrolidone is about 180 ml/m3 (840 mg/m3)

at room temperature.

1 Toxic Effects and Mode of Action

N-Ethyl-2-pyrrolidone caused slight irritation of the skin and, because of its alkali-
nity, led to severe irritation of the eyes and irreversible changes to the cornea.
The main effects observed after the inhalation exposure of rats included clinical

symptoms of irritation at 200 mg/m3 and above and degeneration/regeneration of
the olfactory epithelium at 80 mg/m3 and above.
The liver, kidneys and haematopoietic system were the target organs of N-ethyl-

2-pyrrolidone after ingestion. Increased liver and kidney weights were the first ef-
fects observed after 3 months in rats fed 100 mg/kg body weight and above. Higher
concentrations caused changes in liver enzymes and disturbed blood clotting.
Oral administration of N-ethyl-2-pyrrolidone during gestation induced decreased

foetal weights, post-implantation losses and skeletal and cardiovascular malforma-
tions in rats and rabbits. These effects were observed also after dermal treatment in
rabbits, whereas in rats only reduced foetal weights were found. Therefore, N-ethyl-
2-pyrrolidone has foetotoxic and teratogenic effects, but only at maternally toxic
doses. N-Ethyl-2-pyrrolidone had no sensitizing effects in a modified lymph node
assay in guinea pigs.
N-Ethyl-2-pyrrolidone did not induce genotoxicity either in vitro in a bacterial

mutagenicity assay or in HPRT tests in CHO cells (a cell line derived from Chinese
hamster ovary) or in vivo in bone marrow cells in a chromosomal aberration test or
micronucleus test.
There are no studies available for the carcinogenicity of the substance.

2 Mechanism of Action

The irritating effects of N-ethyl-2-pyrrolidone on the eyes and mucosa are to the
result of its high alkalinity.
The toxic effects on the kidneys observed in male rats may be caused by alpha-

2u-globulin nephropathy, which is not relevant to humans. The nephrotoxicity ob-
served in female rats at high concentrations suggests another possible nephrotoxic
mechanism (BASF AG 2006 b).
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3 Toxicokinetics and Metabolism

3.1 Absorption, distribution and elimination

There are no studies available for the absorption of N-ethyl-2-pyrrolidone after in-
halation, ingestion or through the skin. The structurally homologous N-methyl-2-
pyrrolidone is known to be readily absorbed after inhalation and ingestion as well
as through the skin (supplement “N-Methyl-2-pyrrolidone” 2010 b).
In samples from 56 individuals of the general population, N-ethyl-2-pyrrolidone

metabolites were found in 32% of the urine samples, whereas metabolites of the
structurally related N-methyl-2-pyrrolidone were detected in 96% of the urine sam-
ples (Schindler et al. 2012).
For a saturated aqueous N-ethyl-2-pyrrolidone solution, a model calculation ac-

cording to Guy and Potts (1993) and Wilschut et al. (1995) predicted the absorption
of 80 mg and 132 mg, respectively, after exposure for 1 hour and an exposed skin
area of 2000 cm2. This yielded dermal flux values of 0.04 mg/cm2 and hour and
0.066 mg/cm2 and hour, respectively.
According to the model of Fiserova-Bergerova et al. (1990), the amount dermally

absorbed is about 444 mg. For the structurally homologous N-methyl-2-pyrroli-
done, the models predicted dermal flux values of 1.38 mg/cm2 and hour (Fiserova-
Bergerova et al. 1990), 0.24 mg/cm2 and hour (Guy and Potts 1993) and 0.48 mg/
cm2 and hour (Wilschut et al. 1995) under standard conditions. However, experi-
mental studies carried out with N-methyl-2-pyrrolidone by Bader et al. (2005) and
Keener et al. (2007) demonstrated that in vivo exposure of human skin to undiluted
N-methyl-2-pyrrolidone (duration: 30–120 minutes; area: 10–17.5 cm2) results in a
flux of about 5.5 to 6.5 mg/cm2 and hour. Therefore, all models underestimate the
dermal penetration of N-methyl-2-pyrrolidone and presumably also of N-ethyl-2-
pyrrolidone; the model that most closely reflects the experimentally established va-
lues is that of Fiserova-Bergerova et al. (1990).

3.2 Metabolism

It was demonstrated that N-ethyl-2-pyrrolidone is metabolized to form the ring-
hydroxylated compounds 5-hydroxy-N-ethyl-2-pyrrolidone and 2-hydroxy-N-
ethylsuccinimide. Up to 70% of the tested dose is converted to these 2 compounds.
Further metabolites have not been identified to date (Käfferlein 2013; Schindler
et al. 2012). The major metabolites identified suggest that an attack on the ethyl
group is not of prime importance in the metabolism of N-ethyl-2-pyrrolidone. The
structurally homologous N-methyl-2-pyrrolidone is successively oxidized to 5-hy-
droxy-N-methyl-2-pyrrolidone, N-methylsuccinimide and 2-hydroxy-N-methylsuc-
cinimide; here, too, 5-hydroxy-N-methyl-2-pyrrolidone and 2-hydroxy-N-methyl-
succinimide are the major metabolites (supplement “N-Methyl-2-pyrrolidone”
2010 b; Akesson and Jönsson 1997).
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4 Effects in Humans

There are no studies available.

5 Animal Experiments and in vitro Studies

5.1 Acute toxicity

5.1.1 Inhalation

The 4-hour LC50 according to OECD Test Guideline 403 was higher than 5100 mg/
m3 in rats. Accelerated respiration, ruffled fur, squatting posture and soiled fur were
described as symptoms (BASF AG 2005 a).

5.1.2 Oral administration

The oral LD50 of N-ethyl-2-pyrrolidone for rats was 1350 mg/kg body weight
(Ansell and Fowler 1988). A different source reported an LD50 value of 3200 mg/kg
for N-ethyl-2-pyrrolidone in rats. Symptoms included dyspnoea, apathy, paralysis
and erythema. Necropsy revealed cardiac dilation and pulmonary oedema (BASF
AG 1978 a).
Single N-ethyl-2-pyrrolidone doses of 2000 mg/kg body weight given to male

CrI:NMRI mice in a micronucleus test led to squatting posture and abdominal po-
sitions in the animals 1 to 4 hours later (Section 5.6.2). These symptoms were tran-
sient, and no animal died up to necropsy after 48 hours (BASF AG 2006 a).

5.1.3 Dermal application

Single, 24-hour semi-occlusive applications of N-ethyl-2-pyrrolidone in doses of
2000 mg/kg body weight did not induce any symptoms in rats (BASF AG 2005 b).

5.1.4 Intravenous and intraperitoneal injection

After intravenous injection, the LD50 was 2600 mg/kg body weight (BASF AG
1978 b). The symptoms included dyspnoea, apathy, staggering and erythema.
Intraperitoneal injection yielded an LD50 value between 2200 and 2600 mg/kg

body weight. Dyspnoea, apathy, staggering, tremor and exsiccosis were observed as
symptoms (BASF AG 1978 c).
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5.2 Subacute, subchronic and chronic toxicity

5.2.1 Inhalation

Groups of 10 male and 5 female Wistar rats were exposed nose-only to N-ethyl-2-
pyrrolidone concentrations of 0, 82, 208 or 396 mg/m3. The exposure atmosphere
consisted primarily (no other details) of vapour, and the aerosol fraction had a mass
median aerodynamic diameter (MMAD) between 0.89 and 3.20 μm. The undiluted
substance was used to generate the exposure atmosphere. Exposure took place for
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Table 1 Degeneration/regeneration of the olfactory epithelium in the different planes of sec-
tion of the nasal cavity of rats induced by N-ethyl-2-pyrrolidone (BASF AG 2011)

Sex ♂ ♀

Dose (mg/m3) 0 82 208 396 0 82 208 396
Number of animals 10 10 10 10 5 5 5 5

nasal cavity, plane of section I
degeneration/regenera-
tion of the olfactory
epithelium (overall)

- - 10 7 - - 4 3

degree 1 - - 8 5 - - 4 3
degree 2 - - 2 2 - - - -

nasal cavity, plane of section II
degeneration/regenera-
tion of the olfactory
epithelium (overall)

1 2 10 10 2 2 5 5

degree 1 1 2 1 1 2 1 2 1
degree 2 - - 3 5 - 1 3 2
degree 3 - - 6 3 - - - 2
degree 4 - - - 1 - - - -

nasal cavity, plane of section III
degeneration/regenera-
tion of the olfactory
epithelium (overall)

- 1 10 10 - 1 5 5

degree 1 - 1 2 2 - - - 2
degree 2 - - 5 3 - 1 4 3
degree 3 - - 3 5 - - 1 -

nasal cavity, plane of section IV
degeneration/regenera-
tion of the olfactory
epithelium (overall)

- 1 10 10 - 1 5 5

degree 1 - 1 2 1 - 1 1 3
degree 2 - - 6 2 - - 2 2
degree 3 - - 2 4 - - 2 -
degree 4 - - - 3 - - - -

MAK Value Documentations
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6 hours a day, on 5 days a week, for a period of 4 weeks. Blood samples were taken
immediately after the last exposure. Clinical symptoms observed at N-ethyl-2-pyr-
rolidone doses of 208 mg/m3 and above included salivation, lacrimation, nasal dis-
charge and noses encrusted with blood. Degeneration/regeneration of the olfactory
epithelium in the nasal cavity was observed at the low dose of 82 mg/m3 and above
and also in some control animals. The severity and incidence of these findings in-
creased with the exposure concentration. Table 1 shows the individual data. The
incidences and degree of these effects in the individual animals of the low dose and
control groups are shown in Table 2. The results were not evaluated statistically
(BASF AG 2011). In the evaluation it is to be taken into account that 15% of the
inhaled air reaches the olfactory epithelium in rats, whereas only 7% reaches the
olfactory epithelium in humans (Frederick et al. 1998).

The respiratory tract (lungs, larynx, olfactory and respiratory epithelia), testes
and liver were examined histopathologically. At 396 mg/m3, reduced body weight
gains were observed in male rats from days 4 to 8. This effect was transient. Feed
consumption was not affected by exposure in any group. The haematological exam-
ination revealed individual differences compared with the values for the control
animals, but these were not dose-dependent. The authors regarded these results as
unrelated to the treatment. Further effects that were not dose-dependent included
a decrease in alkaline phosphatase activity in the females of the group exposed to
208 mg/m3, a decrease in the triglyceride concentration in the group exposed to
208 mg/m3 and an increased triglyceride level in the males of the group exposed to
396 mg/m3. Here, too, the authors ruled out a treatment-related effect because the
observed effects were not dose-dependent and were regarded as marginal. The
study was carried out according to OECD Test Guideline 412 (BASF AG 2011).
The Commission regarded the concentration of 82 mg/m3 (17 ml/m3) to be the
LOAEC (lowest observed adverse effect concentration) because the increased de-
generation/regeneration observed in the olfactory epithelium is evidence of a begin-
ning dose–response relationship.
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Table 2 Degeneration/regeneration of the olfactory epithelium of the nasal cavity of rats (only
affected animals) induced by N-ethyl-2-pyrrolidone in the low dose group of 82 mg/
m3 compared with the incidence in control animals (BASF AG 2011)

Controls 82 mg/m3

animal 1
♂

animal 2
♀

animal 3
♀

animal 1
♂

animal 2
♂

animal 3
♂

animal 4
♀

animal 5
♀

plane of section II degree 1 degree 1 degree 1 degree 1 degree 1 degree 1 degree 2

plane of section III degree 1 degree 2

plane of section IV degree 1 degree 1
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5.2.2 Oral administration

The administration of N-ethyl-2-pyrrolidone to groups of 10 male and 10 female
Wistar rats with the diet in doses of 0, 100, 300 or 1000 mg/kg body weight and day
for a period of 90 days induced initial effects on the liver, kidneys and haematopoie-
tic system even in the low dose group. The observed effects are described in Table
3.
The relative liver weights were increased in males and females in relation to the

dose. The increase was 7% (p ≤ 0.05) in the males and 5% (not significant) in the
females even in the low dose group given N-ethyl-2-pyrrolidone doses of 100 mg/
kg body weight. Centrilobular hypertrophy of the hepatocytes was found in the
males of all dose groups, but not in the control animals. The effect size increased
with the dose. In female rats, the increase in relative liver weights was statistically
significant at 300 mg/kg body weight and above; centrilobular hypertrophy of the
hepatocytes was observed only in the high dose group of 1000 mg/kg body weight.
Enzyme induction in the liver was not investigated as a possible cause of the weight
increases. There was no increase in aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) in blood as a sign of liver damage (BASF AG 2006 b).
According to Hall et al. 2012, liver hypertrophy without histopathological liver
changes and without any changes in clinico-chemical liver parameters is regarded
as an adaptive effect.
The effects observed in the kidneys of male rats may be caused by alpha-2u-glo-

bulin nephropathy, which is not relevant to humans. As the relative kidney weights
were increased in females at 300 mg/kg body weight and above depending on the
dose, nephrotoxicity may also be involved. A significant increase in the platelet
count was detected in the females of the low dose group. In addition, ALT activities
were decreased in the females of this dose group. As no adverse effects were asso-
ciated with the decreased ALT activity in this study, the authors did not consider
this to be of toxicological relevance. The number of sperm with abnormal heads
was increased in the males of the high dose group (see Section 5.5.1). The urine of
the animals was a yellowy-orange at 100 mg/kg body weight and above. This is re-
garded as evidence of the bioavailability of the substance rather than as an adverse
effect. The histopathological examination of the urinary sediment revealed an in-
creased number of transitional epithelial cells, urinary casts and epithelial casts in
all treated male rats at the end of the exposure period. Most of the transitional
epithelial cells found in the sediment were degenerated. Thus, this study revealed
beginning liver hypertrophy without any other histopathological or clinico-chemi-
cal changes at N-ethyl-2-pyrrolidone doses of 100 mg/kg body weight and increased
liver weights and reduced body weight gains in the males and increased kidney
weights in the females at 300 mg/kg body weight and above (BASF AG 2006 b).
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Table 3 Effects after 90-day oral administration of N-ethyl-2-pyrrolidone to 10 ♂/10 ♀ Wistar
rats (BASF AG 2006 b)

Species,
strain, num-
ber per group

Exposure Findings References

rat,
Wistar,
10 ♂

90 days,
0, 100, 300,
1000 mg/kg body
weight and day;
diet

100 mg/kg body weight: LOEL, liver: relative
liver weights increased by 7%*, centrilobular
hypertrophy ↑, kidneys: relative kidney
weights increased by 9%*, ALT activity ↑;
300 mg/kg body weight: body weight gains
↓*, feed consumption –13.2%* (day 7), –7.2%*
(day 91), liver: relative liver weights increased
by 13%**, centrilobular hypertrophy ↑, kid-
neys: relative kidney weights increased by
14%**, ALT activity unchanged;
1000 mg/kg body weight: body weight gains
↓**, feed consumption –21.1%** (day 7), –
14.8%** (day 91), liver: relative liver weights
increased by 53%**, centrilobular hypertrophy
↑, kidneys: relative kidney weights increased
by 32%**, platelets ↑**, ALT activity ↓**, AST
activity ↓*

BASF AG
2006 b

rat,
Wistar,
10 ♀

90 days,
0, 100, 300,
1000 mg/kg body
weight and day;
diet

100 mg/kg body weight: liver: relative liver
weights increased by 5% (not significant), ALT
activity ↓*, platelets ↑**;
300 mg/kg body weight: body weight gains
↓**, feed consumption –7.5%* (day 7), –
(unchanged on day 91), liver: relative liver
weights increased by 7%**, kidneys: relative
kidney weights increased by 9%**, ALT
activity ↓*, platelets ↑*;
1000 mg/kg body weight: body weight gains
↓**, feed consumption –23.3%** (day 7), –
18.4%** (day 91), liver: relative liver weights
increased by 29%**, centrilobular hypertrophy
↑, kidneys: relative kidney weights increased
by 22%**, platelets ↑**, ALT activity ↓**, AST
activity ↓**

BASF AG
2006 b

ALT: alanine aminotransferase, AST: aspartate aminotransferase, LOEL: lowest observed effect
level, * p ≤ 0.05, ** p ≤ 0.01 (statistically significant according to Kruskal-Wallis and Wilcoxon
tests, two-sided)
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5.2.3 Dermal application

In the local lymph node assay in mice (see Section 5.4), treatment of the ears with
25 μl of a 3%, 10% or 50% N-ethyl-2-pyrrolidone/acetone mixture (w/w) did not
induce any signs of systemic toxicity (BASF AG 2005 c).

5.3 Local effects on skin and mucous membranes

5.3.1 Skin

The irritating effects of N-ethyl-2-pyrrolidone on the skin were investigated in 1
male and 2 female Vienna White rabbits according to OECD Test Guideline 404.
About 0.5 ml of the undiluted test substance was applied semi-occlusively to the
depilated intact dorsal skin of the animals (skin area: 2.5 × 2.5 cm) for 4 hours. After
exposure, the patch was removed and the exposed site was washed with Lutrol and
Lutrol/water (1:1). The animals were investigated after 30 to 60 minutes, 24, 48 and
72 hours and on day 8 after exposure. All animals were found to have slight to
severe erythema, but after 8 days this was no longer visible. Oedema was not found
(BASF AG 1986 b).
The primary irritating effects of N-ethyl-2-pyrrolidone on the skin were investi-

gated in 6 albino rabbits. The abraded or intact skin was treated with 0.5 ml N-
ethyl-2-pyrrolidone for 24 hours under occlusive conditions. Signs of irritation
were not observed even after 72 hours (Ansell and Fowler 1988).
Treatment of the ears of mice with 25 μl of a 3%, 10% or 50% N-ethyl-2-pyrroli-

done/acetone mixture (w/w) in a local lymph node assay (see Section 5.4) resulted
in an increase in ear weight that was not dependent on the concentration, but
attributed to irritation of the skin of the ear (BASF AG 2005 c).
N-Ethyl-2-pyrrolidone had no effects on the treated skin in a study of develop-

mental toxicity in Wistar rats (see Section 5.5.2). The animals’ skin was exposed
semi-occlusively to N-ethyl-2-pyrrolidone doses of 0, 200, 400 or 800 mg/kg body
weight, for 6 hours per day, for 14 days (BASF AG 2005 f).
In another study of developmental toxicity (see Section 5.5.2) in Himalayan rab-

bits, skin changes were not observed after semi-occlusive dermal exposure to N-
ethyl-2-pyrrolidone doses of 0, 100, 300 or 1000 mg/kg body weight, for 6 hours
per day, for a period of 22 days (BASF AG 2010).

5.3.2 Eyes

After the instillation of 0.1 ml N-ethyl-2-pyrrolidone (undiluted) into the conjuncti-
val sac of one eye of 2 male and 1 female Vienna White rabbits, redness and swel-
ling of the conjunctiva were observed 1, 24 and 48 hours after treatment. In addi-
tion, changes to the cornea and iritis were detected after 24 hours. While the con-
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junctivitis and iritis had subsided after 8 days, the changes to the cornea were still
found 15 days after treatment. The study was carried out according to OECD Test
Guideline 405 (BASF AG 1986 a).
In a study of eye irritation, 0.1 ml N-ethyl-2-pyrrolidone was instilled into the

conjunctival sac of one eye of 3 female and 3 male New Zealand White rabbits. The
findings were read 24, 48 and 72 hours and 7 days after treatment. The authors
regarded the primary irritating effects of N-ethyl-2-pyrrolidone as moderately to
severely irritating according to Draize. While the corneal changes (no other details)
persisted, conjunctivitis and iritis had subsided after 7 days (Ansell and Fowler
1988).
In another study carried out according to OECD Test Guideline 405, the instilla-

tion of 0.1 ml undiluted N-ethyl-2-pyrrolidone into the conjunctival sac of one eye
of 2 female and 1 male New Zealand rabbits induced severe eye irritation. The eyes
were rinsed with water 24 hours after the instillation. Moderate corneal opacity was
observed in 2 animals, which persisted in 1 animal even after 28 days. Moderate
iritis was also detected in 2 animals and had not subsided in 1 animal after
72 hours. All animals had moderate to severe conjunctival redness and chemosis
(score 3), which had not yet subsided after 7 days. All animals were found to have a
severe discharge (score 3), which still persisted in 1 animal after 7 days, although to
a slighter extent. Additional effects included suppuration, contracted pupils, the
discharge of blood, marginal neovascularization of the cornea and dilated scleral
venous vessels (BASF AG 2005 d).
After the application of 0.3 ml of a solution of 0%, 10%, 20% or 30% N-ethyl-2-

pyrrolidone in Pluronic PE 6200, a comparative HET-CAM test yielded an N-ethyl-
2-pyrrolidone threshold concentration between 10% and 20% for effects that indi-
cate severe eye damage (BASF AG 2006 c).

Conclusions
N-Ethyl-2-pyrrolidone causes severe irritation of the eyes and mild irritation of the
skin.

5.4 Allergenic effects

In a modified local lymph node assay, in which the cell count and the weights of
the lymph nodes, rather than [3H]-methylthymidine incorporation, were deter-
mined, the authors did not observe any sensitization under the chosen conditions.
Groups of 6 female CBA/Ca mice were treated with 0%, 3%, 10% or 50% N-ethyl-2-
pyrrolidone in acetone (w/w). Both ears were treated with 25 μl of the respective
solution on 3 consecutive days. The animals were sacrificed 3 days after the last
exposure, and the auricular lymph nodes were removed for subsequent examina-
tion. As an indicator of skin irritation, ear biopsies at the application sites from
previously sacrificed animals were weighed. A statistically significant difference was
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found for the stimulation indices for lymph node weights and cell count (1.2 and
1.32, respectively) compared with the values for the controls at the high concentra-
tion. The authors concluded that the effects were caused by skin irritation detected
at concentrations as low as 3% (increase in ear weights). In their opinion, the signif-
icant effects found in the high concentration group (lymph node weight index, cell
count index and ear weight index) were too low to be of biological relevance (BASF
AG 2005 c).

5.5 Reproductive and developmental toxicity

5.5.1 Fertility

There are no specific studies available. Administration of N-ethyl-2-pyrrolidone
doses of 0 to 1000 mg/kg body weight and day to groups of 10 male Wistar rats via
their diet for a period of 90 days increased the number of sperm with abnormal
heads to 11.4% (p < 0.01; controls: 2.0%) in the high dose group. N-Ethyl-2-pyrroli-
done had no significant effects on the number of homogenization-resistant sperma-
tids, sperm counts in the epididymis or sperm motility. No histopathological
changes were found in the testes of the animals (BASF AG 2006 b).

5.5.2 Developmental toxicity

Table 4 shows the results of the studies for developmental toxicity.
The yellowy-orange discoloration of the urine, which was observed in all studies,

is indicative of the systemic availability of N-ethyl-2-pyrrolidone rather than evi-
dence of adverse effects. In all studies, reduced body weight gains were observed at
the beginning of exposure from days 6 to 9 of gestation, even in the control animals.
All studies were carried out in accordance with OECD Test Guideline 414. The
purity of the N-Ethyl-2-pyrrolidone used was 99.8% (BASF AG 2005 f, 2007 a, b,
2010) or 99% (Saillenfait et al. 2007).

Rats
In a study of developmental toxicity with Sprague Dawley rats given gavage doses
of 0, 50, 250, 500 or 750 mg/kg body weight and day, the low dose of 50 mg/kg
body weight and day was the NOAEL (no observed adverse effect level) for the off-
spring; the body weights of the dams were still transiently reduced at this dose level.
A dose-dependent decrease in the body weights of the offspring was observed at
250 mg/kg body weight and day and above. Post-implantation losses (resorptions
and only a small, not significant increase in dead foetuses) were found at 500 mg/kg
body weight and day and above and reached 83% at 750 mg/kg body weight and
day. Maternal toxicity was observed in all dose groups (Saillenfait et al. 2007). Clin-
ical parameters were not examined.
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Table 4 Developmental toxicity studies after the administration of N-ethyl-2-pyrrolidone

Species,
strain, num-
ber per group

Exposure Findings References

rat,
Sprague
Dawley,
25 ♀

GD 6–20
gavage, 0, 50, 250,
500, 750 mg/kg
body weight and
day, examination
on GD 21

50 mg/kg body weight: dams: GD 6–9: body
weight gains (85%) ↓, feed consumption (21%)
↓,
foetuses: NOAEL;
250 mg/kg body weight and above: dams:
GD 0–21: body weight gains (17%) ↓, cor-
rected body weights unchanged,
foetuses: foetal weights (7%) ↓, additional 14th
rib ↑;
500 mg/kg body weight and above: dams:
feed consumption ↓, corrected body weights
unchanged, resorptions and post-implantation
losses significantly increased,
foetuses: external and skeletal malformations
significantly increased (anal atresia with ab-
sent tail, oedema, fused cervical arches), rare
vascular malformations ↑ (cardiovascular de-
fects higher than control values), incomplete
ossification of sternebrae and skull;
750 mg/kg body weight: foetuses: foetal
mortality, visceral malformations significantly
increased

Saillenfait
et al. 2007

rat,
Wistar,
25 ♀

GD 6–19
dermal, semi-
occlusive, 0, 200,
400, 800 mg/kg
body weight and
day, 6 hours/day,
33.3% aqueous
solution, examina-
tion on GD 20

200 mg/kg body weight: dams: NOAEL;
400 mg/kg body weight and above: dams:
body weight gains (10%) ↓, feed consumption
(GD 6–8) (13%) ↓,
foetuses: NOAEL;
800 mg/kg body weight: dams: placental
weights (17%) ↓,
foetuses: foetal weights (11%) ↓, skeletal varia-
tions (retarded ossification in skull and verteb-
rae; additional 14th rib) ↑

BASF AG
2005 f

rabbit,
Himalayan,
25 ♀

GD 6–28
gavage, 0, 20, 60,
200 mg/kg body
weight and day,
examination on
GD 29

60 mg/kg body weight: NOAEL for develop-
mental and maternal toxicity,
foetuses: spontaneous, external malformation
(spina bifida) 1 foetus;
200 mg/kg body weight: dams: body weight
gains (27%) ↓, feed consumption (46%) ↓, ALT
↑, relative liver weights ↑, Ca2+ ↑, PO4

3– ↑, rela-
tive kidney weights ↑, γ-GT ↑, corrected body
weights (21%) ↓,

BASF AG
2007 a
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A developmental toxicity study with Wistar rats given doses of 0, 200, 400 or
800 mg/kg body weight and day did not reveal any significant increase in malforma-
tions or post-implantation losses after semi-occlusive dermal exposure. Skeletal
variations were observed in the foetuses of the high dose group. The decrease in
foetal weights is not regarded as a foetotoxic effect caused by N-ethyl-2-pyrrolidone
because of the maternal toxicity. In this study, maternal toxicity was first observed

2600

Table 4 (Continued)

Species,
strain, num-
ber per group

Exposure Findings References

foetuses: skeletal malformations significantly in-
creased (higher than historical controls), spon-
taneous, external malformation (meningocoele)
1 foetus

rabbit,
Himalayan,
25 ♀

GD 6–28
gavage, 0,
220 mg/kg body
weight and day,
examination on
GD 29

220 mg/kg body weight: dams: body weight
gains (38%) ↓, feed consumption (47%) ↓, ab-
solute liver weights ↑, ALT ↑, γ-GT ↑, coagula-
tion parameters ↓, AP ↓, PO4

3– ↑, urea ↑, tri-
glycerides ↑, cholesterol ↑, albumin ↓, Mg2+ ↓,
corrected body weights (23%) ↓,
foetuses: foetal weights ↓, severe multiple mal-
formations (2 foetuses from 2 litters), visceral
and skeletal malformations significantly in-
creased (higher than control values), rare vas-
cular malformations ↑

BASF AG
2007 b

rabbit,
Himalayan,
25 ♀

GD 6–28
dermal, semi-oc-
clusive, 0, 100,
300, 1000 mg/kg
body weight and
day, 6 hours/day,
33.3% aqueous
solution, exami-
nation on GD 29

100 mg/kg body weight: foetuses: rare cardi-
ovascular malformations; (atresia of the aortic
arch, defective ventricular septum of the heart,
2 animals in 1 litter), in the range of the his-
torical control values;
300 mg/kg body weight: dams: NOAEL,
foetuses: NOAEL;
1000 mg/kg body weight: dams: body weight
gains (61%, GD 6–9) ↓, feed consumption
(42%) ↓, corrected body weights unchanged,
foetuses: additional 13th rib (variation) ↑, car-
diovascular malformations (absent brachial ar-
tery, defective ventricular septum of the heart,
dextrocardia, 5 foetuses in 3 litters)

BASF AG
2010

ALT: alanine aminotransferase, AP: alkaline phosphatase, GD: gestation day, γ-GT: γ-glutamyl
transferase; NOAEL: no observed adverse effect level
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at 400 mg/kg body weight and day (BASF AG 2005 f). The NOAEL was 200 mg/kg
body weight and day for maternal toxicity and 400 mg/kg body weight and day for
toxic effects on prenatal development.

Rabbits
In a study of developmental toxicity with pregnant Himalayan rabbits given gavage
doses of 0, 20, 60 or 200 mg/kg body weight and day, the high dose induced mater-
nal toxicity. In the dams of the high dose group, body weight gains and feed con-
sumption were reduced, while liver weights and the activity of alanine aminotrans-
ferase in serum were increased, which is evidence of liver toxicity caused by N-
ethyl-2-pyrrolidone. Reproductive parameters were not affected by the treatment
and no visceral variations could be attributed to the exposure to N-ethyl-2-pyrroli-
done. At 200 mg/kg body weight and day the incidence of non-specific skeletal mal-
formations in the foetuses was significantly increased. External malformations (one
case of spina bifida and of meningocele) were observed at 60 and 200 mg/kg body
weight; in this rabbit strain low incidences of these malformations occur sponta-
neously and are not regarded as treatment-related (BASF AG 2007 a). The NOAEL
for maternal toxicity and toxic effects on prenatal development was 60 mg/kg body
weight in this study.
A follow-up study in which Himalayan rabbits were given gavage doses of 0 and

220 mg/kg body weight and day confirmed the maternal toxicity (reduced body
weights and increased absolute and relative liver weights). The results of the blood
analyses and the increased enzyme activities were attributed to phase II enzyme
induction in the hepatocytes. Significant effects on reproductive parameters were
not observed. Foetal weights were significantly reduced. The incidence of non-spe-
cific foetal malformations (skeletal and visceral) was significantly increased, and se-
vere multiple malformations were observed in 2 foetuses (BASF AG 2007 b). The
organs were not examined histopathologically in this study.
Another study with semi-occlusive dermal application of 0, 100, 300 or 1000 mg/

kg body weight did not reveal any significant effects on reproductive parameters.
The treatment with N-ethyl-2-pyrrolidone did not cause visceral variations. The
observed skeletal variations were not dose-dependent. A dose-dependent increase
in the incidence of an additional 13th rib was significant and in the high dose group
was above the historical control values. At 100 mg/kg body weight and day, rare
cardiovascular malformations occurred in 2 foetuses of 1 litter, but the incidence
was still in the range of the historical control values; at 1000 mg/kg body weight
and day, incidences that were outside the range of the historical control values oc-
curred in 5 foetuses of 3 litters. The data are shown in Table 5. In the high dose
group, the body weights and feed consumption of the dams were significantly re-
duced (in the initial phase). The NOAEL for maternal toxicity was 300 mg/kg body
weight and day. The authors concluded that the NOAEL was 1000 mg/kg body
weight for toxic effects on prenatal development because the cardiovascular malfor-
mations were not dose-dependent (BASF AG 2010). According to ECHA (2011),
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Table 5 Foetal malformations and variations after dermal exposure in rabbits (BASF AG 2010;
ECHA 2011)

Dose (mg/kg body weight and day) Historical control valuesa)

0 100 300 1000

number of foetuses exam-
ined (litters)

155 (23) 155 (23) 134 (21) 144 (23)

% of foetuses with malfor-
mations

1.9 6.5 5.2 4.9 4.07 (1.27–7.64)

% per litter with malforma-
tions

13 29 24 22 23.40 (8.00–43.48)

% of foetuses with external
malformations

0 0 0 0.7 0.3 (0–2.6)

% per litter with external
malformations

0 0 0 4.3 2.0 (0–20.0)

% of foetuses with visceral
malformations

0.6 3.9 4.5 3.5 2.6 (0–7.2)

% per litter with visceral
malformations

4.3 13 19 13 15.5 (0–43.5)

% of foetuses with cardio-
vascular malformations

0 1.3 0.7 3.5 –

% of foetuses with absent
brachial artery

0 0 0.7 0.7 0

% of foetuses with mem-
branous ventricular septal
defects

0 0.6 0 1.4 0.06 (0–0.7)

% of foetuses with dextro-
cardia

0 0 0 2.1 0

% of foetuses with aortic
arch atresia

0 0.6 0 0 0.06 (0–0.7)

% of foetuses with skeletal
malformations

1.3 2.6 0.7 0.7 1.9 (0.6–3.1)

% per litter with skeletal
malformations

8.7 17 4.8 4.3 12.8 (4.0–21.7)

% of foetuses with skeletal
variations

65 62 61 69 60 (51.5–77.8)

% per litter with skeletal
variations

100 96 95 100 96.6 (80.0–100)

% of foetuses with additional
13th rib (without cartilage)

7.7 0.6 12 16 6.9 (2.5–13.9)

a) mean foetal incidence in historical control data from 24 studies carried out in the same labora-
tory from 2003–2009
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the incidences of an absent brachial artery, ventricular septal defects (hole in the
cardiac septum) and dextrocardia (heart on the right side of the body) observed in
the high dose group were above the historical control incidences and were thus
treatment-related. Based on these findings, the Commission derived a NOAEL of
300 mg/kg body weight and day for developmental toxicity and maternal toxicity in
rabbits after dermal exposure.

Conclusions
In developmental toxicity studies in rats, N-ethyl-2-pyrrolidone induced decreased
foetal weights, post-implantation losses and skeletal and cardiovascular malforma-
tions after oral administration, whereas only reduced foetal weights were observed
after dermal application in rats. The developmental toxicity caused by N-ethyl-2-
pyrrolidone was about the same as that observed in rats after oral administration of
the structurally homologous N-methyl-2-pyrrolidone; however, because of the
higher toxicity of N-ethyl-2-pyrrolidone compared with that of N-methyl-2-pyrroli-
done, maternally toxic effects were reported even at the lowest tested dose of
50 mg/kg body weight (Saillenfait et al. 2007). The effects described were detected
in the offspring of rabbits after both oral and dermal exposure. After oral adminis-
tration, the NOAEL for the developmental toxicity of N-ethyl-2-pyrrolidone was
50 mg/kg body weight and day in rats and 60 mg/kg body weight and day in rabbits.
Dermal application yielded NOAELs of 400 mg/kg body weight and day for devel-
opmental toxicity in rats and of 300 mg/kg body weight and day in rabbits. Devel-
opmental toxicity was observed in rats and rabbits only in association with maternal
toxicity.

5.6 Genotoxicity

5.6.1 In vitro

In bacterial mutagenicity tests with the Salmonella typhimurium strains TA98,
TA100, TA1535 and TA1537 and E. coli WP2 uvrA, N-ethyl-2-pyrrolidone was not
found to be mutagenic in the concentration range of 20 to 5000 μg/plate in the
standard test without activation or in the pre-incubation test in either the presence
or absence of a metabolic activation system (S9 mix from rat liver induced by Aro-
clor 1254). Signs of cytotoxicity were not observed even at the high concentration.
The tests were carried out according to OECD Test Guidelines 471 and 472 (BASF
AG 1998).
In an HPRT gene mutation test carried out with CHO cells according to OECD

Test Guideline 476, N-ethyl-2-pyrrolidone was not mutagenic in either the pre-
sence or absence of a metabolic activation system (S9 mix from rat liver induced by
phenobarbital/β-naphtoflavone). The N-ethyl-2-pyrrolidone concentrations were 0,
125, 250, 500, 1000 or 1130 μg/ml in the tests without metabolic activation and 0,
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125, 250, 400, 500, 600, 800, 1000 or 1130 μg/ml in the tests with metabolic activa-
tion (BASF AG 2008).

5.6.2 In vivo

A chromosomal aberration test carried out according to OECD Test Guideline 475
with bone marrow cells from male Clr:NMRI mice did not produce clastogenic or
aneugenic effects after single oral doses. Groups of 5 animals were given single N-
ethyl-2-pyrrolidone doses of 0, 500, 1000 or 2000 mg/kg body weight. For the
microscopic examination, the bone marrow cells were prepared in all dose groups
after 24 hours and in the control group and high dose group also after 48 hours.
The microscopic examination revealed no difference in the incidence of chromoso-
mal aberrations in the controls and treated groups. In view of the absence of effects
on the number of chromosomes, the authors concluded that the substance is not
aneugenic (BASF AG 2005 e).
In a micronucleus test according to OECD Test Guideline 474, male CrI:NMRI

mice were given single gavage doses of N-ethyl-2-pyrrolidone of 0, 500, 1000 or
2000 mg/kg body weight. The test substance was dissolved in 10 ml water. In the
bone marrow removed after 24 or 48 hours, the number of small or large micronu-
clei in polychromatic erythrocytes was not increased. The PCE/NCE ratio was un-
changed. There is thus no evidence of cytotoxic effects on the bone marrow.
Squatting posture and abdominal positions were observed in the animals 1 to
4 hours after single N-ethyl-2-pyrrolidone doses of 2000 mg. These symptoms were
transient (BASF AG 2006 a).

Conclusions
The studies carried out yielded no evidence of mutagenic, clastogenic or aneugenic
effects of N-ethyl-2-pyrrolidone.

5.7 Carcinogenicity

There are no studies available.

6 Manifesto (MAK value/classification)

The critical effects of N-ethyl-2-pyrrolidone are irritation and damage to the olfac-
tory epithelium after inhalation, increased liver and kidney weights after oral ad-
ministration and prenatal toxicity in association with maternal toxicity.

MAK value. There are no data available for humans. Therefore, the MAK value
has been established on the basis of the results from animal studies.
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A 28-day inhalation study in rats (BASF AG 2011) yielded a LOAEC of 82 mg/
m3≙ 17 ml/m3. At this concentration, 5 of 15 animals were found to have minimal
to mild degeneration/regeneration of the olfactory epithelium in the nasal cavity;
however, minimal effects were observed also in 3 control animals. The severity and
incidence of these findings increased with the exposure concentration.
In a 90-day feeding study in rats (BASF AG 2006 b), N-ethyl-2-pyrrolidone led

to a dose-dependent increase in relative liver weights. This effect was significant in
males at the low dose of 100 mg/kg body weight and day and above and in both
sexes in the 2 higher dose groups of 300 and 1000 mg/kg body weight and day.
The relative kidney weights were significantly increased in male rats even at the

low dose level. The α2u-globulin-mediated nephropathy that was observed in the
males of all dose groups is species-specific and sex-specific and is not considered to
be of relevance to humans. However, as the increase in the relative kidney weights
was dose-dependent also in the females and was significant at 300 mg/kg body
weight and above (p ≤ 0.01), this may be evidence of additional nephrotoxicity.
The following toxicokinetic data are used to extrapolate the dose of 100 mg/kg

body weight to a concentration in workplace air: the daily exposure of the animals
in comparison with the 5 days per week exposure at the workplace (7:5), the corre-
sponding species-specific correction value for the rat determined on the basis of
the toxicokinetic data (1:4), the assumed oral absorption (100%), the body weight
(70 kg) and respiratory volume (10 m3) of the person, and the assumed 100% ab-
sorption by inhalation. The concentration calculated from this is 245 mg/m3.
Initial effects on the olfactory epithelium were observed in rats in the 28-day in-

halation study at 82 mg/m3≙ 17 ml/m3; in view of these minimal effects, a NAEC
(no adverse effect concentration) of about 8 ml/m3 is assumed. It must be borne in
mind, however, that in the absence of a 90-day study it cannot be excluded that the
NAEC may be lower after long-term exposure, and on the other hand that the hu-
man olfactory epithelium is exposed to a lesser extent than the olfactory epithelium
of rats (Frederick et al. 1998). Therefore, a MAK value of 2 ml/m3≙ 9 mg/m3 has
been established for N-ethyl-2-pyrrolidone.

Peak limitation. The local effects on the nasal epithelium of rats is the decisive
critical effect for the derivation of the MAK value. N-Ethyl-2-pyrrolidone has there-
fore been classified in Peak Limitation Category I. As there are no data available for
sensory irritation in humans and the effects were only minimal at the lowest tested
concentration of 82 mg/m3 (BASF AG 2011), an excursion factor of 2 has been
established.

Carcinogenicity and germ cell mutagenicity. There are no studies available for
the carcinogenicity of the substance. N-Ethyl-2-pyrrolidone did not induce geno-
toxic effects either in vitro in a bacterial mutagenicity assay and an HPRT gene
mutation test or in vivo in a chromosomal aberration test and a micronucleus test.
Therefore, N-ethyl-2-pyrrolidone has not been classified in any of the categories for
carcinogens or germ cell mutagens.
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Prenatal toxicity. In rats, N-ethyl-2-pyrrolidone induced decreased foetal
weights, post-implantation losses and skeletal and cardiovascular malformations
after oral administration during gestation, whereas only reduced foetal weights
were observed after dermal application of the substance. The described effects were
detected in the offspring of rabbits after both oral and dermal exposure. The toxic
effects on development caused by N-ethyl-2-pyrrolidone resembled those observed
in rats after oral administration of N-methyl-2-pyrrolidone. After oral administra-
tion, the lowest NOAEL for the developmental toxicity of N-ethyl-2-pyrrolidone
was 50 mg/kg body weight and day in rats and 60 mg/kg body weight and day in
rabbits. Dermal application yielded a NOAEL of 400 mg/kg body weight and day
for developmental toxicity in rats and 300 mg/kg body weight and day in rabbits.
Developmental toxicity was observed in rats and rabbits only in association with
maternal toxicity.
The NOAELs from the oral studies in rats and rabbits are used for the toxicoki-

netic extrapolation to a concentration in workplace air. The following differences
are taken into account: the corresponding species-specific correction value for the
rat and rabbit determined on the basis of the toxicokinetic data (1:4 or 1:2.4), the
assumed oral absorption (100%), the body weight (70 kg) and the respiratory vo-
lume (10 m3) of the person, and the assumed 100% absorption by inhalation. This
results in the respective concentrations of 87.5 and 175 mg/m3, which are 9.7 and
19.4 times higher than the MAK value of 9 mg/m3. As N-ethyl-2-pyrrolidone
caused developmental toxicity in rats and rabbits only at maternally toxic doses and
the difference between the calculated NAEC and the MAK value is sufficiently high,
N-ethyl-2-pyrrolidone has been classified in Pregnancy Risk Group C.

Absorption through the skin. There are no quantitative data available for the
absorption of N-ethyl-2-pyrrolidone through the skin. Model calculations for the
exposure of both hands and forearms for 1 hour to a saturated aqueous solution
yielded the dermal absorption of between 80 and 444 mg (1.1 and 6.3 mg/kg body
weight at a body weight of 70 kg; see Section 3.1). An extrapolated dose of 17.5 mg/
kg body weight was obtained for humans on the basis of the dose of 100 mg/kg
body weight from the 90-day feeding study in rats (toxicokinetic species-specific
correction value (1:4), daily exposure of the animals in comparison with the 5 days
per week exposure at the workplace (7:5) and extrapolation from animal studies to
humans). As the estimated dermal absorption is more than 25% of the extrapolated
oral dose for humans, the dermal route of exposure may significantly contribute to
the total body burden. Therefore, N-ethyl-2-pyrrolidone has been designated with
an “H” (for substances which can be absorbed through the skin).

Sensitization. There are no findings available from humans for the sensitizing
effects of N-ethyl-2-pyrrolidone on the skin or respiratory tract. Marginal effects
that were found in a local lymph node assay in mice were probably caused by the
irritating effects of N-ethyl-2-pyrrolidone (BASF AG 2005 c). N-Ethyl-2-pyrroli-
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done has therefore not been designated with “Sh” or “Sa” (for substances which
cause sensitization of the skin or airways).
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