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Introduction

2-Butoxyethylbenzoate (2-BEB) is a carboxylate ester that is synthesized from 2-
butoxyethanol (EGBE) and benzoic acid (BA). Following systemic absorption, it is expected that
2-BEB will be rapidly metabolized (hydrolyzed) by the numerous systemic carboxylesterases
(CES) in mammalian systems (e.g., esterases in the intestinal, liver, lung, nasal mucosa, skin,
and/orblood compartments) into BAand EGBE. BA and EGBE will be subsequently metabolized
to their corresponding metabolites. Therefore, the toxicity of 2-BEB in mammalian systems can
be evaluated based on the esterase hydrolysis products (EGBE and BA), which are dependent on
the CESs presentin varioustissues from the correspondingexposure routes suchas oral, inhalation,
or dermal exposure. As explained in the discussion of subparts 2(a) and (b) below, CES activity
can be found in human lungs, nasal mucosa, liver, blood/plasma, and skin, supporting that the low
levels of 2-BEB thatwould be released into the environmentwould be rapidly hydrolyzedto EGBE
and BA in humans via oral, inhalation, and/or dermal exposure as has been seen in oral studies
with rats.
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Brief review of data supporting the rapid carboxylesterase hydrolysis metabolic pathways
of 2-BEB in rats via the oral route

In vivo metabolism study via oral gavage administration in rats

o No 2-BEB (parent) was detected in Cpa rat blood samples from oral gavage
administration at dose levels of 25 mg/kg or 250 mg/kg 2-BEB.

An assessment of pharmacokinetics and metabolism was performed with
radiolabeled 2-BEB (where the radiolabeled position was on the glycol ether
portion of 2-BEB) to evaluate absorption, distribution, metabolism, and excretion
(ADME) (Zhang 2016). Inthat study, animals were dosed by oral gavage either
once (25 and 250 mg/kg body weight (bw)) or daily for 14 days (25 mg/kg bw).
Cmax blood samples were collected from the study and analyzed by high-
performance liquid chromatography (HPLC) separation with in-line radiochemical
detection (RAM). In addition, collection of fractions with liquid scintillation
spectrometry (LSS) followed by HPLC with electrospray ionization and accurate
mass/time-of-flight mass spectrometry detection (LC/ESI/TOF-MS) was used for
metabolite identification. The results indicated that no detectable parent (2-BEB)
was present in any of the Cn blood samples. The most abundant Cpax blood
metabolite was identified as 2-butoxyacetic acid, which was formedfromthe glycol
ether (EGBE) portion of 2-BEB.

The absence of 2-BEB and presence of the most abundant 2-butoxyacetic acid in
Cmax blood samples clearly indicated that 2-BEB was initially quickly hydrolyzed
via CESs to BA and EGBE once it was absorbed. The formed EGBE was then
subsequently metabolized to 2-butoxyacetic acid (the most abundant metabolite)
and other metabolites.

o Similaroralgavage dose recoverieswere observedin excretaand CO,from ADME
studiesatequal molar dose levelsin rats for both 1*C-2-BEB (radiolabeled position
was on the 2-butoxyethanol portion) and 4C-2-butoxyethanol (radiolabeled
position was the same as in 14C-BEB).

The percentages (based on total radioactivity) of the dose recovered in excreta and
CO;, fromthe ADME study on 2-BEB [dose level 250 mg/kg (1.1 mmol/kg) (Zhang
2016)]and aprevious ADME study on 2-butoxyethanol [dose level 125 mg/kg (1.1
mmol/kg) (Ghanayem, Burka etal. 1987)] are summarized in Table 1, below.

As shown in Table 1, very similar percentages of dose recoveries in excreta and
CO; were observed for 2-BEB and EGBE at the same mmol/kg dose levels and
collection time points after oral gavage dosing. As the same “C-radiolabeled
positionswere labeled in both testsubstances, the results in Table 1 clearly indicate
that 2-BEB was rapidly hydrolyzed via CESs to EGBE and BA after dosing, and
subsequently the formed EGBE exhibited the similar toxicokinetics to the directly
administered EGBE in rats.
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Similar major metabolite profiles were observed in urine from both oral gavage
ADME studies of 14C-2-BEB (radiolabeled position was on the 2-butoxyethanol
portion) and 4C-2-EGBE (radiolabeled position was the same as in 14C-2-BEB) at
equal molar dose levels in rats.

Accordingto the urinary metabolite profiling results on the 2-BEB ADME study in
rats at the dose level of 250 mg/kg (1.1 mmol/kg, (Zhang 2016)), no parent 2-BEB
was detected in the urine samples, and three major metabolites were detected and
identified as 2-butoxyacetic acid (BAA, most abundant), 2-butoxyethanol
glucuronide (the second most abundant), ethylene glycol (EG, the third most
abundant peak; this peak was eluted in solvent frontand had the same retention
time as radiolabeled 1*C-EG). Similarly, three major metabolites were detected in
the urinary samples from an oral gavage ADME study in rats at a dose level of 125
mg/kg [(1.1 mmol/kg) on 2-butoxyethanol (EGBE), (Ghanayem, Burka et al.
1987)]. These three metabolites were identified as BAA (most abundant), 2-
butoxyethanol glucuronide (the second most abundant), and a third most abundant
peak, which was eluted in solvent front and was not identified in the Ghanayem et
al. (1987) study. Dow assumesthat this unidentified third peak was not discemed
due to the state of analytical methodology and instrumentation at the time of the
study (i.e., 1987). A much more recent study by Zhang et al. (2016), using current
state of the art instrumentation and methodology, identified a similar early eluting
peak as EG, assumed to be the unidentified peak seenin the Ghanayem etal. (1987)
study (Zhang 2016).

Based on the major urinary metabolite profiling results, the proposed metabolic
pathways of both 2-BEB and EGBE are depicted in Figure 1, below (which can be
found following Tables 1 and 2).

As shown in Figure 1, the similar major urinary metabolite formation patterns as
between 2-BEB and EGBE further indicate that 2-BEB was quickly hydrolyzed via
CESs to form EGBE and BA after oral gavage administration in rats. The resulting
EGBE was subsequently further metabolized to the major metabolites as directly
orally administered EGBE in rats.

EPA information request 2(a): “Enzymes involved, levels of these enzymes in lungs and
blood and a comparison of these levels to levels in the liver (for oral exposure) and skin (for
dermal exposure).”

EPA information request 2(b): “Any differences in metabolism of 2-BEB that are expected
following oral versus inhalation exposure.”

Dow response: Information requests 2(a) and 2(b) are addressed together, as follows:

Numerous studies have shown that various CESs are presentin a wide variety of

organs and tissues in many mammalian species, including human and rat (Satoh and Hosokawa
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1998). These CESs are present notonly in tissues related to oral exposure (such as liver, blood,
and plasma) butalso in tissues (such as lung, nasal mucosa, and skin, alongwith blood and plasma)
relevant to other routes of exposure (inhalation or dermal). Such CESs will rapidly hydrolyze 2-
BEB to EGBE and BA regardless of exposure route (i.e., oral, inhalation, or dermal).

CESs are a large family of enzymes that are responsible for the metabolism of
various xenobiotics. Several members of the large family of enzymes, including CES1, CES2,
CES3, CES4A, and CES5A have been detected in various human tissues. Accordingto the Human
Protein Atlas, CES1 is a major metabolism enzyme and is enriched in liver and lung.? CES2 is
enriched in the gastrointestinal tract and also expressed at high levels in liver, kidney, testis, and
bone marrow and lymphoid tissues.2 CES3 is expressed in colon, trachea, and brain and also
expressed at high levels in liver, kidney, and bone marrow and lymphoid tissues.® The CES
activities have been assayed with various ester substrates, including p-nitrophenyl acetate, 1-
naphthyl acetate, procaine, alkylparaben, and phenyl salicylate. Based on published data, CES
hydrolytic activity in various tissues (such as lung, nasal mucosa, liver, and skin) of both human
and ratare summarized in Table 2. Asshown in Table 2, the CES activities were approximately
630 and 250 nmol/min/mg protein in human lung microsomes and cytosol, respectively, around
3,720 and 430 nmol/min/mg protein in human liver microsomes and cytosol, respectively, and 84
— 99 and 52 — 120 nmol/min/mg protein in human skin microsomes and cytosol, respectively,
based on the hydrolysis of p-nitrophenyl acetate. The levels of CES activities in human blood and
plasma were approximately 230 and 46 nmol/min/ml, respectively, based on the hydrolysis of 1-
naphthyl acetate. In addition, as shown in Table 2, numerous carboxylate esters have been shown
to be hydrolyzed by these esterases to form the corresponding alcohol and acid (Bogdanffy and
Taylor 1993, Bogdanffy, Randall et al. 1987, Mattes and Mattes 1992, Nambu, Miyazaki et al.
1987, Gaustad, Sletten etal. 1991, McCracken, Blain etal. 1993, Dean, Zhang et al. 1995, Satoh
and Hosokawa 1998, Prusakiewicz, Ackermann et al. 2006, Jewell, Ackermann et al. 2007,
Rudakova, Boltnevaet al. 2011, Imai, Takase et al. 2013, Ozaki, Sugihara et al. 2013, Ozaki,
Sugihara et al. 2015, Tokudome, Katayanagi et al. 2015, Gabriele, Puccini et al. 2018). The
presence of esterases in blood, plasma, lung, nasal mucosa, and skin clearly indicates that once
carboxylate esters are exposed to humans or rats via dermal and inhalation exposures, they will be
quickly hydrolyzed via these CESs similar to oral exposure scenarios. Therefore, it is expected
that 2-BEB will be quickly hydrolyzed to EGBE and BA once humans or rats are exposed to 2 -
BEB, regardless of the route of exposure.

EPA information request 2(c): “Any differences in metabolism of 2-BEB in rat versus
human.”

Dow response: Based on the available data, there are no predicted qualitative differences in the
metabolism of 2-BEB in rat versus human or between the different organs.

1 Human Protein Atlas -- CES1, available at
https://www.proteinatlas.org/ENSG00000198848-CES1/tissue.

2 Human Protein Atlas -- CES2, available at
https://www.proteinatlas.oro/ENSG00000172831-CES2/tissue.

3 Human Protein Atlas -- CES3, available at
https://www.proteinatlas.org/ENSG00000172828-CES3/tissue.
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As discussed above (referencing Table 2), CESs are active in blood (plasma), liver,
skin, nasal mucosa, and lung of both humanand rat. Carboxylesterases, whether human or rat or
found in different organs, have the same metabolic hydrolysis reaction (Figure 1):

Ester (2-BEB) + Water (H,O) — Alcohol (EGBE) + Carboxylate (BA)

Therefore, these CESs will rapidly hydrolyze 2-BEB to EGBE and BA, following
absorption in either human or rat via oral, inhalation, or dermal exposures. The formed EGBE and
BA will then be converted to the corresponding metabolites. BA has been shownto be metabolized
primarily to hippuric acid in both rat and human (Panel 2001). EGBE has also been demonstrated
to be metabolized to primarily 2-butoxyacetic acid in both humans and rats (Ghanayem, Burka et
al. 1987, Corley, Bormettetal. 1994, Gift2005). Based onthe ester hydrolysis of 2-BEB followed
by the further metabolism of benzoic acid and EGBE, it is to be expected that 2-BEB will be
metabolized similarly in both humans and rats. The proposed metabolic pathways of 2-BEB are
shown in Figure 1.

EPA Request 2(d): “Evidence of rapid hydrolysis following ex posure to structurally similar
esters (for read across).”

Dow response: Several glycol ethers have an acetate attached via an ester bond, which is rapidly
hydrolyzed by CESs to form the glycol ether alone and acetic acid. This occurs through the same
CES hydrolysis that occurs with 2-BEB to form EGBE and BA. The glycol ether, once the acetate
is hydrolyzed to acetic acid, is further metabolized to the acid metabolite, as is seen with both
EGBE and 2-BEB (Figure 1).

a. Glycol ether acetate metabolism comparison between ratand human via various
routes/matrices.

Ethylene glycol ethyl ether acetate (EGEEA) has been shown to be rapidly
metabolized in vitro using rat plasma to ethylene glycol ethyl ether (EGEE)
(Hoffmann and Jackh 1985). An inhalation study with humans has shown that
EGEEA is metabolized to the acid metabolite (ethoxyacetic acid) (Groeseneken et
al. 1987a, b), which would have occurred through the same metabolic pathway, via
CESs, that 2-BEB is metabolized to BAA in rats, thus supporting the existence of
this pathway via inhalation in humans. Another glycol ether acetate, propylene
glycol methyl ether acetate (PGMEA), was shown to be rapidly hydrolyzed in vitro
with rat and human blood and liver homogenates (Domoradzki etal. 2003). This
further supports the rapid CES hydrolysis of glycol ethers and an acid linked viaan
ester bond in both rats and humans.

b. The major toxicity data for 2-butoxyethyl acetate was established based on EGBE
and acetic acid (AA) formed from hydrolysis of 2-butoxyethanol acetate via CESs
in both human and rat.
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As a carboxylate ester, 2-butoxyethyl acetate (EGBEA) is expected to be rapidly
hydrolyzedto 2-butoxyethanol (EGBE) and AA via CESs in both humans and rats.
The rapid hydrolysis of EGBEA to EGBE was the basis of the read-across for
EGBEA registration (and lack of associated toxicity of AA) (Bureau 2006).
Specifically, EGBE data were used for:

I. Repeated dose toxicity of EGBEA (oral, inhalation, or dermal exposures)
in both humans and animals (such as rats);

ii. Mutagenicity data of EGBEA,;

iii. Carcinogenicity data of EGBEA; and

V. Toxicity for reproduction of EGBEA.
Conclusions

Based on the discussion above and the supporting study data, 2-BEB is clearly
rapidly hydrolyzedto EGBE and BA in rats after oral administration. Furthermore, as shown by
the evidence referenced in this response to information request #2, it is expected that 2-BEB will
be similarly metabolized via the CESs present in various tissues (i.e., blood, liver, lung, and skin)
after inhalation or dermal exposures in humans. As BA has been shown to have minimal toxicity
(BA is widely used as a preservative in the food industry), it is expected that the toxicity of 2 -BEB
is driven solely by the hydrolysis product EGBE. It should also be noted that based on the
conservative estimates in The Dow Chemical Company’s delisting petition (highest daily
exposures of 1.82E-5 mg/m3, 6.01E-14 mg/kg bw/day and 4.92E-14 mg/kg bw/day by inhalation,
dermal and oral routes, respectively), these very low concentrations of 2-BEB would be
metabolized rapidly by CESs in humans.
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Table 1. Percentages of Dose Recoveriesin Excreta and CO»

Dose Level Percentage of Dose Recoveries in Excreta and CO2 'V"”'m"?"
Test Absorption
Material ma/k mmol/ In 24-hr In 24-hr In 48-hr In 48-hr % of the References
9/kg kg urine CO2 CO2 Feces Dose
2-BEB? 250 11 61-62 11-14 13-15 2 88-95 Zhang etal. 2016
EGBEP 125 11 64 14 18 2 >88 Ghanayem etal. 1987

@Both excretaand CO2 were collected through 168 hr after dosing.
bBoth excreta and CO, were collected through 48 hr after dosing.

Table 2. Carboxylesterase Activity in Blood, Liver, Lung, and Skin of Both Human and Rat

Carboxylesterase Activity

Tissue Types References
P nmol/min/mg protein pmol/min/mL
0.23£0.11 (based on
Human blood hydrolysis of 1- (Rudak;)I\/z;,oli(il)tneva et
naphthylacetate) '
3.59+£0.43 (based on
Rat blood hydrolysis of 1- (Rudakova, Boltnevaet

naphthylacetate) al. 2011)

44 + 1 (based on naphthyl
acetate hydrolysis)

(Prusakiewicz,
Ackermann etal. 2006)

Human plasma 0.046 +0.002 (based
on hydrolysis of 1-

naphthylacetate)

(Rudakova, Boltnevaet
al. 2011)

3.69 +£0.15 (based on
hydrolysis of 1-
naphthylacetate)

(Rudakova, Boltnevaet
al. 2011)

0.02-0.15 (based on 4-
hydroxybenzoic acid
formation from
alkylparaben)

(Ozaki, Sugihara et al.
2013)

Rat plasma 230 + 10 (based on para- (Prusakiewicz
nitrophenylacetate '

hydrolysis Ackermann etal. 2006)
190 =10 (based on naphthyl (Prusakiewicz,

acetate hydrolysis) Ackermann etal. 2006)

(Ozaki, Sugihara et al.
2015)

1.2 (based on phenyl
salicylate)

{00470.013 /111 /00319783.DOCX 3} Page 7 of 15

General Business



Table 2. Carboxylesterase Activity in Blood, Liver, Lung, and Skin of Both Human and Rat
(continued)

Tissue Types

Carboxylesterase Activity

picomol/min/g tissue

nmol/min/mg protein

References

2 to 95 (based on 4-
hydroxybenzoic acid
formation from
alkylparaben)

(Ozaki, Sugiharaetal.
2013)

Human liver 3,720 £90 (based on the (Prusakiewicz
microsomes hydrolysis of p-nitrophenyl Ackermann et al. 2'006)
acetate)
6-99@3%%(522? on (Jewell, Ackermann et
procaine) 21, 2007)
0'39h§/3-r%)?y(ski):f)i‘d on (Jewell, Ackermann et
procaine) 21, 2007)
Human liver cytosol 430 + 30 (based on the (Prusakiewicz
hydrolysis of p-nitrophenyl Ackermann et al. 2’006)
acetate)

Rat liver
microsomes

8,800 + 300 (based on the
hydrolysis of p-nitrophenyl
acetate)

(Prusakiewicz,
Ackermann etal. 2006)

1.2 (based on phenyl
salicylate)

(Ozaki, Sugihara et al.
2015)

0.2 -0.8 (based on 4-
hydroxybenzoic acid
formation from
alkylparaben)

(Ozaki, Sugihara et al.
2013)

52.9 +5.6 (based on

(Jewell, Ackermann et

hydrolysis of al. 2007)
procaine) '
3.49+0.31 (pased on (Jewell, Ackermann et
hydrolysis of al. 2007)
Rat i | procaine) '
atfiver cytoso 660 + 30 (based on the (Prusakiewicz
hydrolysis of p-nitrophenyl ’
acetate) Ackermann etal. 2006)
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Table 2. Carboxylesterase Activity in Blood, Liver, Lung, and Skin of Both Human and Rat
(continued)

Carboxylesterase Activity

acetate)

Tissue Types - - - - References
pmol/min/g tissue pmol/min/mg protein

Human lung s%'k?s?;ria-ltgll-zn(i?riseﬁe%nl (Gabriele, Puccinietal.

microsomes P pheny 2018)

Human lung cytosol

0.25+0.07 (based on
substrate p-nitrophenyl
acetate)

(Gabriele, Puccini etal.
2018)

Rat lung microsomes

64 + 3 (using 4-nitrophenyl
butyrate)

(Gaustad, Sletten et al.
1991)

4.86 £ 3.1 (based on
phenylacetate
hydrolysis

(McCracken, Blain etal.
1993)

0.003-0.013 (based on 4-
hydroxybenzoic acid
formation from
alkylparaben)

(Ozaki, Sugihara et al.
2013)

Rat lung cytosol

14.2 £5.5 (based on
phenylacetate

(McCracken, Blain etal.

hydrolysis 1993)
. 84 + 6 (based on the _
> icrosomes hydrolysisof pitropheny! | e I 06y
acetate) '
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Table 2. Carboxylesterase Activity in Blood, Liver, Lung, and Skin of Both Human and Rat
(continued)

Tissue Types

Carboxylesterase Activity

picomol/min/g tissue

nmol/min/mg protein

References

Light human skin gghf/(:?rg?;z?sdo?npt-he (Prusakiewicz,
microsomes nitropheny| acetate) Ackermann etal. 2006)
Human skin 1.79£0.51 (based on (Jewell, Ackermann et
microsomes hydrolysis of procaine) al. 2007)

2.1 +4.3 (based on the

(Tokudome, Katayanagi

cytosol

nitrophenyl acetate)

Human skin cytosol _hydronS|s of p- etal. 2015)
nitrophenyl acetate)
Dark human skin 122 idErSO(IkJa}SsiE(l?n_the (Prusakiewicz,
cytosol [nydroly P Ackermann etal. 2006)
nitrophenyl acetate)
Light human skin S2%2 (basgd on the (Prusakiewicz,
hydrolysis of p-

Ackermann etal. 2006)

Human skin cytosol

1.35+0.35 (based on
hydrolysis of procaine)

(Jewell, Ackermann et
al. 2007)

Rat skin microsomes

0.5-2 (based on 4-
hydroxybenzoic acid
formation from
alkylparaben)

(Ozaki, Sugiharaetal.
2013)

84-99 (based on the
hydrolysis of p-
nitrophenyl acetate)

(Ozaki, Sugihara et al.
2013)

5.5 (based on the

(Tokudome, Katayanagi

nitrophenyl acetate)

hydrolysis of p-
nitrophenyl acetate) etal. 2015)
6 (based on phenyl (Ozaki, Sugiharaetal.
salicylate) 2015)
29,9h;_r/51 rg’é,t;?ss 2?: gn the (Tokudome, Katayanagi
Rat skin cviosol nitrophenyl acetate) etal. 2015)
at skin cytoso
38020 (ba_sed on the (Prusakiewicz,
hydrolysis of p-

Ackermann etal. 2006)

Rat skin S9

188 +30.3 (based on the
hydrolysis of p-
nitrophenyl acetate)

(Imai, Takase etal.
2013)
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Table 2. Carboxylesterases in nasal mucosa of both human and rat (continued)

Tissue types

Carboxylesterase Activity

Vmax (nmol/min/mg

References

vinylacetate)

substrate vinylacetate)

K M
m (WM) protein)
H | 60.8 £7.9 (based on 145.5 +11.3 (based on
uman nasa substrate a-naphthyl substrate a-naphthyl (Mattes and Mattes 1992)
mucosa
butyrate) butyrate)
50.0 £2.9 (based on 5007 £377 (based on
substrate a-naphthyl substrate a-naphthyl (Mattes and Mattes 1992)
butyrate) butyrate)
34100 + 3900 (based on 605 +£58 (based on
Rat nasal substrate p-nitrophenyl substrate p-nitrophenyl (Bogdanlfflyé;?andall et
mucosa butyrate) butyrate) al )
330 £50 (based on substrate | 88810 +3390 (based on (Bogdanffy and Taylor

1993)
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Figure 1. Proposed metabolic pathways of 2-BEB and EGBE in human and rat.
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