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Abstract

The German Commission for the Investigation of Health Hazards of Chemical Compounds in the Work Area
has evaluated di(2-propylheptyl) phthalate [53306-54-0] considering all toxicological endpoints. Available
publications and unpublished study reports are described in detail. Critical effect is the peroxisome proliferat-
ing activity in the liver which has also been observed with other phthalates. Di(2-propylheptyl) phthalate is less
potent as a peroxisome proliferator than the structurally very similar di(2-ethylhexyl) phthalate, which is a rat
liver carcinogen. No carcinogenicity study has been performed on di(2-propylheptyl) phthalate but due to the
similarity to di(2-ethylhexyl) phthalate, liver carcinogenicity cannot be excluded. Therefore, di(2-propylheptyl)
phthalate is classified in Category 3B for suspected carcinogens. Di(2-propylheptyl) phthalate is not genotoxic
in vitro; in vivo data are missing. Only a 5-day inhalation study has been performed. Possible long-term effects
on larynx, trachea or goblet cell hyperplasia which are target organs of di(2-propylheptyl) phthalate and of
other phthalates cannot be evaluated based on this study. No maximum concentration at the workplace (MAK
value) can be derived. Di(2-propylheptyl) phthalate shows no developmental toxicity in rats up to an oral dose
of 1000 mg/kg body weight and day which is toxic to the dams. Skin contact is not expected to contribute
significantly to systemic toxicity. Limited data show no sensitization.
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Di(2-propylheptyl) phthalate

MAK value -

Peak limitation -

Absorption through the skin -
Sensitization -
Carcinogenicity (2014) Category 3B
Prenatal toxicity -

Germ cell mutagenicity -

BAT value -
Synonyms phthalic acid bis (2-propylheptyl)ester
Chemical name (CAS) Bis(2-propylheptyl) phthalate
CAS number 53306-54-0
Structural formula (‘Z3H7
CO,—CH,—CH—HCH ;),—CH3
©:COZ—CH 2-CHACH )4=CH5
CsH;
Molecular formula CyHu60,
Molecular weight 446.67
Melting point —-8°C (BASF AG 2000 a)
Boiling point at 7 hPa 251-253°C (BASF AG 1995 e)
Density at 20°C 0.9624 g/cm? (BASF AG 1995 a)
Vapour pressure at 20°C 3.7-108hPa (BASF AG 1999)
log Kow" at 25°C >6.0 (BASF AG 1995 a)
Solubility at 25°C <0.1 pg/l water (BASF AG 1995 a)
1 ml/m3 (ppm) £ 18.53 mg/m3 1 mg/m3£ 0.054ml/m? (ppm)

1) octanol/water partition coefficient
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Di(2-propylheptyl) phthalate is used as a plasticizer in PVC, polyurethane and
epoxide resin adhesives, contact adhesives, printing inks, anti-corrosion paints,
antifouling paints and as a component in lubricants. It is produced via the di-
merization of n-valeraldehyde and hydration to 90% 2-propylheptanol with 10%
2-propyl-4-methylhexanol and subsequent esterization with phthalic acid anhy-
dride. In this process, >99.5% of the phthalic acid ester with C10 alcohol is pro-
duced (BASF SE 2014).

Di(2-propylheptyl) phthalate is a phthalic acid dialkylester with a branched C10 al-
cohol chain. This consists of the main isomer 2-propylheptanol and a process-relat-
ed byproduct, 2-propyl-4-methylhexanol. The type of branch is therefore closely de-
fined, and no other isomers occur. Thus, di(2-propylheptyl) phthalate consists of 81%
di(2-propylheptyl) phthalate, 18% asymmetric 2-propylheptyl-2'-propyl-4-methyl-
hexyl phthalate and 1% di(2-propyl-4-methylhexyl) phthalate. Because of this nar-
row, closely defined isomer spectrum, di(2-propylheptyl) phthalate differs from dii-
sodecyl phthalate (DIDP), which consists of more complex isomer mixtures of C9 to
C11 alcohols. Inversely, as a result of the process, no di(2-propylheptyl) phthalate is
contained in the isomer mixture of diisodecyl phthalate (BASF SE 2014).

As a di(2-propylheptyl) phthalate isomer mixture is always formed during pro-
duction, the percentage of di(2-propylheptyl) phthalate itself is given in the studies
if this has been reported.

1 Toxic Effects and Mode of Action

Toxicologically, di(2-propylheptyl) phthalate behaves in a way similar to that of
diisodecyl phthalate (documentation “Diisodecyl phthalate, mixture of isomers”
2011). The substance differs considerably, however, from di(2-ethylhexyl) phthalate
(DEHP) and di-u-butyl phthalate (DBP) with regard to various end points (see doc-
umentation “Di(2-ethylhexyl)phthalate (DEHP)” 2009; documentation “Di-n-butyl
phthalate” 2013). For example, di(2-propylheptyl) phthalate does not cause testicu-
lar toxicity, endocrine effects or prenatal toxicity.

After inhalation exposure of rats to aerosol concentrations of 1000 mg/m? for 5
days, increases in liver and lung weights, macrophage overloading, foam cell infil-
trates and epithelial hyperplasia in the terminal bronchi, a lymphoreticular reaction
in the mediastinal lymph nodes and hyperplasia in the trachea were observed. At
250 mg/m?, the effects in the respiratory tract were much less pronounced. At con-
centrations of 50 mg/m?® and above, the incidence of goblet cells in certain areas of
the nasal conchae was increased in all animals more or less regardless of the test
concentration.

Di(2-propylheptyl) phthalate is a peroxisome proliferator, although its effect is
markedly weaker than that of di(2-ethylhexyl) phthalate. In a 13-week feeding study
with rats, increased liver weights (relative weights in the males and absolute weights
in the females) and an increase in the activity of cyanide-insensitive palmitoyl-CoA
oxidase, the marker enzyme for peroxisome induction, were found after doses of
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196 mg/kg body weight and day and above. In addition at this dose, changes in the
thyroid and hypertrophy of the follicular tissue occurred, there was an increase in
basophilic thyrotropic cells in the anterior lobe of the pituitary gland, serum albu-
min and the urine volume were increased, the haemoglobin level was decreased,
and, in the male animals, also the haematocrit value.

In a 2-generation study with di(2-propylheptyl) phthalate in the diet, effects on
the liver and kidneys were observed in rats after doses of 200 mg/kg body weight
and day and above.

No adverse effects on the sexual organs of rats were observed in a 90-day feed-
ing-study in which the animals were given di(2-propylheptyl) phthalate in doses of
up to 1266 mg/kg body weight and day, or in a developmental toxicity study with
doses up to 1000 mg/kg body weight and day, or in a 2-generation study with doses
up to 600 mg/kg body weight and day.

In an oral 2-generation study with rats, no effects on fertility were observed up
to doses of 600 mg/kg body weight and day. In a prenatal toxicity study with rats
(gavage), there was an increase in soft tissue and skeletal variations, and early re-
sorptions at 1000 mg/kg body weight and day; this dose was also slightly toxic to
the dams.

Di(2-propylheptyl) phthalate was not found to be irritating to the skin or eyes of
rabbits, nor sensitizing in a patch test with guinea pigs.

In vitro, di(2-propylheptyl) phthalate was not mutagenic in Salmonella typhimuri-
um and in an HPRT test in CHO cells (a cell line derived from Chinese hamster ova-
ry). The substance does not lead to chromosomal aberrations in V79 cells. There are
no studies available for the in vivo genotoxicity and carcinogenicity of the substance.

2 Mechanism of Action
2.1  Mechanisms of the effects on the liver and kidneys

In the rat liver, di(2-propylheptyl) phthalate induces peroxisome proliferation. The
activity of the marker enzyme for peroxisome proliferation, cyanide-insensitive pal-
mitoyl-CoA oxidase, was increased in the 13-week feeding study with rats at the
middle dose of 196 mg/kg body weight and day and above. This was accompanied
by an increase in the absolute and relative liver weights and histological examina-
tion revealed hypertrophy of the liver cells in these animals (BASF AG 1995 d).

The slight nephrotoxicity found in both sexes in the 2-generation study, the eo-
sinophilia in the proximal tubules and the increased kidney weights at 200 mg/kg
body weight and day and above could be related to renal peroxisome proliferation
(BASF SE 2009 b).

Peroxisome proliferation is mediated by the activation of the peroxisome prolif-
erating receptor a (PPARa). In rodents, the increase in these cell organelles is ac-
companied by an increase in the incidence of mitosis in hepatocytes, which can
be observed after only a few days. The liver remains enlarged during the entire ex-
posure period as a result of the disturbance in hepatocyte growth control and the
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inhibition of apoptosis. The breakdown of fatty acids is metabolically intensified,
whereby an increased amount of H,0, and heat is produced, unlike during mito-
chondrial fatty acid catabolism. In rodents, this metabolic situation can result in
the development of liver carcinomas (Ashby et al. 1994; Cattley et al. 1998). It is
necessary to distinguish, however, between weaker and stronger peroxisome pro-
liferators. Indicators of later carcinogenic effects are, in particular, induction at low
dose levels, pronounced organ enlargement, persistent cell proliferation and a long
half-life of the agonists. Detailed descriptions of the effects produced by PPAR in-
teraction can be found in the relevant documentation for di(2-ethylhexyl) phthal-
ate and di-n-butyl phthalate (documentation “Di(2-ethylhexyl)phthalate (DEHP)”
2009; documentation “Di-n-butyl phthalate” 2013).

The data available at present indicate that the peroxisome proliferation in the liver
of rodents activated by the PPAR« receptor is generally of little relevance for hu-
mans. In in vitro studies conducted with primary hepatocytes, phthalic acid esters
had no effects in guinea pigs and primates (Elcombe et al.1996). In addition, the
PPAR« receptor is found in the human liver in considerably lower concentrations
(1% to 10%) than those found in the liver of rats and mice (Palmer et al. 1998).

2.2 Mechanisms of the effects on the thyroid and pituitary glands

In the 13-week study with rats, hypertrophy of the follicular epithelial cells in the
thyroid gland and an increase in the number of basophilic (thyrotropic) cells in
the anterior lobe of the pituitary gland were observed at doses of 196 mg/kg body
weight and day and above (BASF AG 1995 d). In other studies with rats, similar
effects were found with other phthalic acid esters (Hinton et al. 1986; Howarth et
al. 2001; Poon et al. 1997; Price et al. 1988) and, in addition, reduced T4 levels in
serum (Hinton et al. 1986). In humans, there is evidence of an inverse relationship
between the urinary elimination of the di(2-ethylhexyl) phthalate metabolite mono-
ethylhexyl phthalate (MEHP) and free T3 and T4 in serum (Meeker et al. 2007). In
view of the high standard deviation, this still has to be confirmed in further studies,
however. Whether this can be considered to be the sequel of phase II enzyme in-
duction (with increased glucuronidation and the elimination of T3/T4 and subse-
quent stimulation of the hypothalamus—pituitary—thyroid gland axis) has, as yet,
not been experimentally confirmed. In vitro, various phthalic acid esters also lead
to a reduction in the uptake of iodine by thyroid follicle cells (Wenzel et al. 2005).
No data for this are available for di(2-propylheptyl) phthalate.

In the case of thyroid gland stimulation as a result of a relative deficiency in T3/
T4, pronounced differences are found between rats and humans (US EPA 1998).

While inductors of the xenobiotic metabolism in the liver are able to increase the
TSH levels in rodents, it was shown in human studies with phenobarbital, rifampi-
cin and other substances that although serum T4 concentrations may decrease, the
TSH concentrations nevertheless remain in the normal range (Capen 2001; Curran
and DeGroot 1991; Meek et al. 2003).
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3 Toxicokinetics and Metabolism
3.1 Absorption, distribution, elimination

There are no studies in humans available for the absorption of the substance after
inhalation.

In a 5-day inhalation study with rats, there was an increase in the absolute and
relative liver and lung weights at concentrations of 1000 mg/m? (BASF SE 2013),
which indicates that the substance can be absorbed by inhalation.

Di(2-propylheptyl) phthalate is also absorbed via the oral route. In 1 male and 5
male volunteers given oral doses of 50 mg D4-labelled di(2-propylheptyl) phthalate
(deuterium labelling on the aromatic ring), on average 24% to 34% of the dose was
eliminated within 48 hours with the urine as specific degradation products (Leng et
al. 2012; Wittassek and Angerer 2008). Also in rats, systemic effects were found in
studies with repeated oral administration especially in the liver and thyroid gland
(BASF AG 1995 d), so that absorption can be assumed. As this is not complete in
humans (see above), also for rats only 50% oral absorption is assumed.

There are no studies available for the dermal penetration of di(2-propylheptyl)
phthalate. Studies available with other phthalic acid esters show that the size of the
molecules plays an important role. Therefore, studies with the isomer diisodecyl
phthalate are used. In a study in rats with occlusive epicutaneous application for
one day of 0.1 ml undiluted *C-labeled diisodecyl phthalate, corresponding to a
dose of 5 to 8 mg/cm?, 0.04% of the applied radioactivity was eliminated within 24
hours. 82% +12% of the radioactivity was recovered (Elsisi et al. 1989).From the
0.04% of the dose absorbed, an absorption rate of 0.13 pg/cm? and hour can be cal-
culated; that means 0.26 mg is absorbed from an exposed area of skin of 2000 cm?

Furthermore, in vitro tests with undiluted di(2-ethylhexyl) phthalate show that
the absorption rate in the steady state is 4 times higher in rats than for human skin
(Scott et al. 1987, 1989). A similar difference can be expected also for di(2-propyl-
heptyl) phthalate.

3.2 Metabolism

Humans

The aim of the studies with volunteers was not to obtain an overview of all the me-
tabolites, but to identify a suitable urinary metabolite that can be used for biological
monitoring.

After the ingestion of di(2-propylheptyl) phthalate by a volunteer, 34% of the dose
was recovered in the urine within 61 hours in the form of the secondary metabolites
mono(2-propyl-6-hydroxyheptyl) phthalate, mono(2-propyl-6-oxoheptyl) phthal-
ate and mono(2-propyl-6-carboxyhexyl) phthalate. Less than 1% was eliminated
with the urine in the form of mono(2-propylheptyl) phthalate. No information was
given for other routes of elimination (faeces) (Wittassek and Angerer 2008).
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In another study, single oral doses of about 50 mg D4-di(2-propylheptyl) phthalate
were given to 5 male volunteers. Afterwards, individual urine samples were col-
lected over a period of 48 hours. An average 24.7% of the dose was recovered in
the urine within 48 hours, most of which (22.9%) was eliminated during the first
24 hours. Less than 1% of the dose was eliminated in the form of mono(2-pro-
pylheptyl) phthalate (MPHP). As secondary metabolites, 13.52% of the dose was
eliminated with the urine as mono(2-propyl-6-oxoheptyl) phthalate (oxo-MPHP),
10.7% as mono(2-propyl-6-hydroxyheptyl) phthalate (OH-MPHP) and 0.5% as
mono(2-propyl-6-carboxyhexyl) phthalate within 48 hours after administration
(Leng et al. 2012, 2014).

Animals

There are no animal studies available for the kinetics and metabolism of di(2-pro-
pylheptyl) phthalate.

It can be assumed, however, that the extensively investigated kinetic profile of
di(2-ethylhexyl) phthalate after oral administration also applies for di(2-propyl-
heptyl) phthalate. After ingestion, the substance is accordingly cleaved to a large
extent to form a semi-ester by the esterases in the small intestine. At this stage,
the cleavage remains without further change; the second ester bond is, for steric
or electrostatic reasons, no longer accessible to the enzyme. The molecule would
therefore be absorbed as mono(2-propylheptyl) phthalate and then degraded from
the end of the chain in the liver with the help of peroxisomal enzymes, during which
process omega and omega-1-hydroxylation and their further oxidation and deg-
radation products would dominate. These metabolites would be eliminated either
directly or in glucuronated form with the urine and in part also be passed through
enterohepatic circulation. Degradation to phthalic acid would occur in part, which,
in turn, like the other metabolites, can be eliminated both with the urine and with
the faeces (see documentation “Di(2-ethylhexyl)phthalate (DEHP)” 2009).

4 Effectsin Humans

There are no studies available.

5 Animal Experiments and in vitro Studies
5.1 Acute toxicity

5.1.1 Inhalation

Five male and 5 female albino rats were exposed in whole-animal chambers for
one hour to di(2-propylheptyl) phthalate aerosol in concentrations of 20.5 mg/l
(20500 mg/m?; 3 to 5 um MMAD; 100% dipropylheptyl phthalate isomers (contain-
ing 91.3% di(2-propylheptyl) phthalate)). Clinical symptoms were a wet coat and
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piloerection, restlessness and breathing noises. The rats recovered after 24 hours.
The observation period was 14 days. No deaths occurred, and histopathological
examination did not yield any substance-related findings. The 1-hour LC;, for rats
was greater than 20500 mg/m? (BASF SE 2009 a; ECHA 2014).

5.1.2 Oral administration

Groups of 5 male and 5 female fasting Sherman Wistar rats were given doses of
5000 mg di(2-propylheptyl) phthalate isomers/kg body weight (containing 91.3%
di(2-propylheptyl) phthalate) by gavage. The recovery period was 14 days with daily
observation. There were no deaths, no behavioural abnormalities or externally visi-
ble effects. The oral LDy, was greater than 5000 mg/kg body weight (BASF SE 2009
a; ECHA 2014).

5.1.3 Dermal application

A dose of 2000 mg di(2-propylheptyl) phthalate isomers/kg body weight (contain-
ing 91.3% di(2-propylheptyl) phthalate) was applied to the dorsal skin of 3 male and
5 female albino rats, and the area was covered with gauze. Excess substance and the
gauze were removed after 24 hours. There were no deaths, no noticeable changes
in behaviour or gross pathological findings. The dermal LDy, in the rat was greater
than 2000 mg/kg body weight (BASF SE 2009 a; ECHA 2014).

5.2  Subacute, subchronic and chronic toxicity

5.2.1 Inhalation

In a 5-day inhalation study, groups of 10 male Wistar rats were exposed to di(2-pro-
pylheptyl) phthalate aerosol in concentrations of 0, 50, 250 or 1000 mg/m? for 6
hours a day. The dew point, which designates the transition from the vapour phase to
an aerosol, is 0.0007 mg/m? in the case of di(2-propylheptyl) phthalate and thus far
below the lowest test concentration; aerosols were therefore present at all exposure
concentrations. The highest concentration of 1000 mg/m? led to an increase in the
absolute and relative liver (+30%) and lung weights (+37%). The following second-
ary effects can be seen as sequels of the overloading of the lungs and macrophages
with the oily, insoluble material: foam cell infiltrations in the terminal bronchioles
and slight to moderate alveolar histiocytosis, combined with a slight to moderate
lymphoreticular reaction in the mediastinal lymph nodes. In addition, there was
slight to moderate hypertrophy in the terminal bronchial epithelium and in the tra-
chea. These effects, although much weaker, could be observed also at 250 mg/m?,
but not at 50 mg/m?. Independent of this, exposure to di(2-propylheptyl) phthalate
aerosol produced goblet cell hyperplasia, the increased presence of goblet cells in
plane of section III of the nasal conchae, in all concentration groups and in all ex-
posed animals, but not in the controls. At the high concentration of 1000 mg/m?,
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the formation of mucus was increased, and hypertrophy of the goblet cells was found
in 7 of 10 animals. Effects, for which severity levels were established, were found
in the lungs, trachea, liver, mediastinal lymph nodes and tracheobronchial lymph
nodes, but not in the nose. Only in the lungs were the following effects observed
also in the middle concentration group: grade 1 inflammation, grade 2 histiocytosis
and grade 1 and 2 bronchiolar hyperplasia (BASF SE 2013, 2014; ECHA 2014). The
increased presence of goblet cells is a physiological reaction to an overload phenom-
enon as a reaction to the impaction of the oily particles and does not represent a
substance-specific adverse effect, but is an adaptive process, resulting in prolifera-
tive effects. The increased differentiation of stem cells in the basal epithelial layer to
form goblet cells (instead of cylinder cells) is a physiological process that serves to
produce more mucus as a reaction to the aerosol impaction, which is reversible over
a long period of time (Renne et al. 2009; Rogers 1994). However, it is not known how
such findings develop over longer exposure periods.

In this 5-day study with di(2-propylheptyl) phthalate, no effects on the larynx oc-
curred, such as had been found with di-n-butyl phthalate in a 28-day inhalation
study (documentation “Di-n-butyl phthalate” 2013). As there were no clinical find-
ings after exposure to di(2-propylheptyl) phthalate, adverse effects on the larynx
are probably not to be expected. This can, however, not be confirmed on the basis
of the available data. It can be assumed from the grade 1, squamous cell-like meta-
plasia in the larynx following exposure to di-n-butyl phthalate that these effects do
not increase in severity even after long-term exposure. This can be assumed from
the flat dose—response relationship obtained in the 28-day inhalation study with
di-n-butyl phthalate, and was additionally confirmed in 2 and 13-week inhalation
studies with glycerol (Renne et al. 1992) and in inhalation studies with butynediol
(documentation “2-Butin-1,4-diol” 2012, available in German only). For the latter
two substances, the severity of the grade 1 to 2 squamous cell-like metaplasia in the
larynx did not increase in inhalation studies over the course of the exposure period.
Squamous cell metaplasia in the larynx of grade 1 to 2 is regarded as an adaptive
effect (Kaufmann et al. 2009), and therefore not used for the derivation of the MAK
value.

The chemically similar phthalate, di(2-ethylhexyl) phthalate, which does not dif-
fer greatly from di(2-propylheptyl) phthalate as regards its physico-chemical prop-
erties and membrane permeability, was investigated earlier in a 28-day inhalation
study in rats given concentrations of 0, 10, 50 or 1000 mg/m? Concentrations of
1000 mg/m? led to increased lung and liver weights. No effects were observed after
50 mg/m?. The nasal cavities (4 planes of section) were also investigated, but no
adverse effects were found. No information is given regarding an increase in goblet
cells (Klimisch et al. 1992). In addition, over the 20-year period, the findings were
not recorded in exactly the same manner. Neither was the larynx histologically ex-
amined in this study. It can be assumed that dose-dependently increasing effects in
the larynx would have become clinically visible at 1000 mg/m?>. It was reported in a
review that larynx metaplasia of mild severity can also be induced by particles in the
inhaled air after dehydration by alcohols or by dry air (Osimitz et al. 2007).
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Summary

In the 5-day inhalation study with male rats, di(2-propylheptyl) phthalate pro-
duced grade 1 to 2 goblet cell hyperplasia in plane of section III of the nasal con-
chae only in the exposed animals at the lowest exposure concentration of 50 mg/
m?® and above. No effects were found in the larynx or in other target organs. In a
28-day inhalation study with di(2-ethylhexyl) phthalate, a no observed adverse ef-
fect concentration (NOAEC) of 50 mg/m? is given; the study report gives no details
regarding goblet cells, the larynx was not investigated (Klimisch et al. 1992). In a 28-
day inhalation study with rats exposed to di-n-butyl phthalate concentrations of
1.18 mg/m?, grade 1 to 2 goblet cell hyperplasia and grade 1 larynx metaplasia were
found in planes of section II to IV of the nasal conchae (documentation “Di-n-butyl
phthalate” 2013). Larynx metaplasia is not regarded as an adverse effect up to grade
2 (Kaufmann et al. 2009). The development of these effects after prolonged expo-
sure periods is not clear, however. From inhalation studies with glycerol (2 and 13
weeks; Renne et al. 1992) and butynediol (documentation “2-Butin-1,4-diol” 2012,
available in German only) it can be concluded that the grade 1 to 2 larynx metapla-
sia does not change in severity even after prolonged exposure. Larynx metaplasia at
this level of severity does not therefore need to be taken into account for the deriva-
tion of a MAK value. There are no investigations and comparative studies available
for the development of goblet cell hyperplasia after prolonged exposure. No state-
ment can be made as to whether the grade 1 to 2 goblet cell hyperplasia develops
into higher levels of severity after prolonged exposure; if this should be the case, it
would then have to be taken into consideration for the derivation of a MAK value.

5.2.2 Oral administration

In a range-finding study, groups of 5 male and 5 female Wistar rats were given doses
of 0, 1000, 10000 or 20000 ppm di(2-propylheptyl) phthalate with the diet (0, 92,
920 or 1500 mg/kg body weight and day for the males and 0, 100, 1020 or 2050 mg/
kg body weight and day for the females) for 14 days. At the high dose, food con-
sumption and body weights were decreased by 17% in the male rats and by 9% in
the females. In this dose group, piloerection was observed in 2 animals per sex. In
the animals of the middle and high dose groups, the activity of cyanide-insensitive
palmitoyl-CoA oxidase in the liver was increased. At the low dose of 92 or 100 mg/
kg body weight and day, no substance-specific effects occurred (BASF AG 1995 d).

In the subsequent 13-week study carried out according to OECD Test Guideline
408, groups of 10 female and 10 male rats were given concentrations of 0, 500, 2500
or 15000 ppm di(2-propylheptyl) phthalate (corresponding to 0, 39, 196 or 1266 mg/
kg body weight and day) with the diet. In the high dose group, there was a decrease
in body weights up to day 91 of 6% and 8% in females and males, respectively, and in
body weight gains of 11% and 17%; in addition, the absolute and relative liver weights
were increased. In the middle dose group, the relative liver weights were increased
in the male rats and the absolute liver weights in the females. In the two high dose
groups, peroxisome proliferation and liver cell hypertrophy were observed. The cya-
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nide-insensitive palmitoyl-CoA oxidase level was increased 8 to 10-fold throughout
in the high dose group. In the middle dose group the increase was 1.5-fold (signifi-
cant only in the female animals). In 8 male rats of the high dose group, there was an
increase in basophilic (thyrotropic) cells in the anterior lobe of the pituitary gland.
Hypertrophy of the follicular thyroid gland tissue was found in both sexes. In the
middle dose group, the changes in the pituitary gland could be found in 3 males
and the follicular effects in 8 male and 4 female animals. Effects on the reproductive
organs were not found in any of the dose groups. Clinico-chemical investigations
revealed decreased serum triglycerides in the males at the high dose and decreased
serum glucose levels in females. This is associated with the lipid-lowering effects of
peroxisome proliferation. In addition, there was an increase in serum albumin and
the urine volume in both sexes, a decrease in haemoglobin and, in the male rats, in
the haematocrit value; creatinine levels were increased in the females (BASF AG
1995 d; ECHA 2014). The latter could indicate slight kidney damage, as was found
also in the 2-generation study, where increased kidney weights were determined in
the males at 600 mg/kg body weight. In this oral 13-week study with rats, the no
observed adverse effect level (NOAEL) was 39 mg/kg body weight and day.

In a study carried out in 1997, di(2-propylheptyl) phthalate doses of 0, 40, 420 or
1000 mg/kg body weight and day were given to groups of 12 male and 12 female
rats with the diet for 14 weeks. Some of the animals from the control group and the
high dose group were observed for another 4 weeks (recovery period). There was a
dose-dependent increase in liver weights and in the enzymes of peroxisome prolif-
eration in all exposed animals, which was not significant at the low dose. At doses of
420 mg/kg body weight and day and above, the cyanide-insensitive palmitoyl-CoA
oxidase level was increased and the resulting signs of liver damage could be seen;
at the same time, the serum triglycerides were decreased, as were the haemoglobin
and haematocrit levels. Food consumption was reduced at 1000 mg/kg body weight
and day and the body weight gains were reduced by about 20%. The NOAEL was 40
mg/kg body weight and day (ECHA 2014).

5.2.3 Dermal application

There are no studies available.

5.3 Local effects on skin and mucous membranes

5.3.1 Skin

In accordance with OECD Test Guideline 404, 0.5 ml di(2-propylheptyl) phthal-
ate isomers (sum of isomers: 99.2%, containing 80.9% di(2-propylheptyl) phthal-
ate) was applied semi-occlusively to the intact skin of the flanks of 3 New Zealand
White rabbits for 4 hours. The application site was examined after 1, 24, 48 and 72
hours. Slight erythema was found (maximum score 0.1 of 4) one hour after appli-
cation in all animals which, however, had completely regressed after 48 hours at



348 MAK Value Documentations

the latest. Under these conditions, di(2-propylheptyl) phthalate was regarded as
non-irritating (BASF AG 2002 a; ECHA 2014).

In another study, under occlusive conditions, 0.5 g di(2-propylheptyl) phthalate
isomers (containing 91.3% di(2-propylheptyl) phthalate) was applied once to the
shaved dorsal skin and once to the abraded dorsal skin of 3 albino rabbits in each
case and covered with gauze. The gauze was removed 24 hours after application and
the treated site was evaluated using the Draize scale for erythema, eschar formation
and oedema. A second examination was carried out 72 hours later. Di(2-propylhep-
tyl) phthalate did not lead to erythema or oedema at any time, and it was regarded
as non-irritating (BASF SE 2009 a; ECHA 2014).

5.3.2 Eyes

In accordance with OECD Test Guideline 405, 0.1 ml di(2-propylheptyl) phthal-
ate isomers (sum of isomers: 99.2%, containing 80.9% di(2-propylheptyl) phthalate)
was instilled into one eye of 3 New Zealand White rabbits. The test substance was
washed off after 24 hours. Slight to moderate reddening of the conjunctiva with a
maximum average score of 0.3 on a scale up to 3 and slight lacrimation occurred.
These reactions were reversible after 48 hours. In this study, di(2-propylheptyl)
phthalate was not irritating to the eyes (BASF AG 2002 b; ECHA 2014).

In an earlier study, 0.1 g di(2-propylheptyl) phthalate isomers (containing 91.3%
di(2-propylheptyl) phthalate) was instilled into the right eye of 6 albino rabbits. The
test substance was not washed off. The eyes were examined over a period of up to
7 days after the instillation. Di(2-propylheptyl) phthalate did not produce reactions
at any time, and under these study conditions was not irritating to the eyes (BASF
SE 2009 a; ECHA 2014).

5.4 Allergenic effects

5.4.1 Sensitizing effects on the skin

The contact sensitization potential of di(2-propylheptyl) phthalate isomers (con-
taining 91.3% di(2-propylheptyl) phthalate) was investigated in an occlusive patch
test in only 5 female and 5 male albino guinea pigs. The animals were treated on
alternating days with ten 24-hour occlusive applications consisting of 0.5 g of the
undiluted test substance. After a 2-week interval, a challenge test with another 24-
hour application of the undiluted substance took place. No reaction occurred in any
of the animals after 24 or 48 hours (BASF SE 2009 a; ECHA 2014).

5.4.2 Sensitizing effects on the airways

There are no data available.

The MAK Collection for Occupational Health and Safety 2017, Vol 1, No 2



Di(2-propylheptyl) phthalate 349

5.5 Reproductive and developmental toxicity

5.5.1 Fertility

In a 2-generation study carried out according to OECD Test Guideline 416, di(2-pro-
pylheptyl) phthalate was administered with the diet in doses of 0, 40, 200 or 600 mg/
kg body weight and day to 25 male and 25 female Wistar rats. In animals of the FO
generation given 600 mg/kg body weight and day, food consumption was reduced
and body weight gains were delayed. Absolute and relative liver weights were in-
creased in both sexes, absolute and relative kidney weights only in the male animals.
These effects were observed also in the F1 parents. Hepatocellular hypertrophy and
peroxisome proliferation were histologically determined in the FO animals. In the
FO and F1 parents, clinical laboratory examinations revealed increases in transam-
inases and alkaline phosphatase, furthermore a reduction in triglycerides and cho-
lesterol. The increase in urea and several anaemic effects (decreased haemoglobin,
haematocrit and erythrocyte counts) occurred in association with renal effects. In
the F1 generation, the body weight gains were reduced in the parents at 600 mg/kg
body weight and day and the thyroid weights were increased in the female animals.
Histological examination yielded follicular hyperplasia or hypertrophy in 16 male
and 18 female animals. The number of basophilic cells in the anterior lobe of the
pituitary gland was increased in 7 male animals. In the FO generation given 200 mg/
kg body weight and day, the same effects were observed, but of weaker severity.
Effects on the liver and kidneys were found in the F1 parents of the middle dose
group; these were more pronounced than in the FO generation. The body weights of
the offspring of the F1 and F2 generations were reduced from day 14 and the body
weight gains were reduced from day 4 or 7 up to weaning. Morphologically, there
were no substance-related adverse effects in the offspring of the F1 and F2 gener-
ations. The dose of 40 mg/kg body weight and day did not cause substance-related
effects in either the FO or F1 parent generations or in the offspring of the F1 and
F2 generations. In all, this study demonstrated the subchronic effects on the liv-
er, kidneys and thyroid already known for di(2-propylheptyl) phthalate. However,
neither the fertility nor the reproductive parameters were affected, nor viability,
the sex ratio or sexual development. There were no irregularities in the anogenital
distance or in the anogenital index or the number of areolae in the males of the F1
and the F2 generations (BASF SE 2009 b; ECHA 2014). The NOAEL for systemic
toxicity was therefore 40 mg/kg body weight and day, as found also in the preceding
medium-term study. The NOAEL for fertility was the high dose of 600 mg/kg body
weight and day. There were no adverse effects on fertility or the offspring even in
the higher dose range, where effects on the target organs liver, kidneys and thyroid
gland were found.

5.5.2 Developmental toxicity

In a range-finding study, 10 pregnant Wistar rats were given gavage doses of di(2-pro-
pylheptyl) phthalate in olive oil of 0, 40, 200 or 1000 mg/kg body weight and day on
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days 6 to 15 of gestation (OECD Test Guideline 414). Necropsy was carried out on
day 20 of gestation. Up to the highest dose, no substance-related effects on the dams
were found regarding body weights, food consumption, the weights of the liver, kid-
neys and uterus, clinico-chemical parameters and gross pathological findings. There
were no biologically relevant differences between the controls and rats treated with
the substance regarding the incidence of pregnancy, the average number of corpora
lutea, the total number of implantations, resorptions, live foetuses, pre and post-im-
plantation losses and placental weights. In the foetuses, there were no effects on body
weights and the sex ratio. External examinations and investigation of the soft tissue or
skeleton of the foetuses did not reveal any differences between the controls, including
historical controls, and the treated animals (BASF AG 1995 ¢; ECHA 2014).

In the subsequent prenatal developmental toxicity study carried out according to
OECD Test Guideline 414, gavage doses of di(2-propylheptyl) phthalate in olive oil
of 0, 40, 200 or 1000 mg/kg body weight and day were administered to groups of 25
pregnant Wistar rats on days 6 to 19 of gestation. This study, therefore, covers the
critical period for the effects of several phthalates from days 16 to 18 of gestation
(Carruthers and Foster 2005). In the low and middle dose groups, no substance-re-
lated effects on the dams, the pregnancy parameters or the foetuses were found. At
1000 mg/kg body weight and day, urine contaminated fur was observed in 5 preg-
nant rats on days 16 to 20 of gestation, from which an impairment in the well-being
of the dams can be concluded. Food consumption was decreased by 11% throughout
the entire treatment period, the mean body weights were decreased by 6% on day 20
of gestation and the corrected body weight gains were decreased by 30% compared
with in the control group. The mean uterus weights were decreased by 19% com-
pared with those in the controls; 3 animals had no litters, only very early resorptions.
The post-implantation losses therefore increased to 23.1% compared with 6.2% in
the control group. A slight, but significantly increased number of foetuses with vari-
ations such as dilation of the renal pelvis or ureter, non-ossified sternebrae and addi-
tional ribs was recorded. The decreased body weights in the high dose group at the
beginning of the treatment, which was accompanied by reduced food consumption,
indicates adverse effects on the dams with a simultaneous increase in early resorp-
tions. At this early point in pregnancy, the weights of the embryos or foetuses make
only a negligible contribution to the body weights of the dams. Only the reduced
body weights on days 19 to 20 of gestation and the reduced uterus weights at 1000
mg/kg body weight and day are associated with the increased incidence of resorp-
tion (BASF AG 2003; ECHA 2014). In this study, the NOAEL for maternal and de-
velopmental toxicity was 200 mg/kg body weight and day.

5.6 Genotoxicity

5.6.1 In vitro

In two mutation tests with Salmonella typhimurium strains TA98, TA100, TA1535
and TA1537, no increase in his* revertants was found up to di(2-propylheptyl)
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phthalate concentrations of 5 mg/plate in either the absence or presence of a met-
abolic activation system. Under these conditions, di(2-propylheptyl) phthalate was
therefore not mutagenic (BASF AG 1995 b; ECHA 2014).

In V79 cells, di(2-propylheptyl) phthalate did not induce chromosomal aberra-
tions in the absence and presence of a metabolic activation system and therefore
does not have clastogenic effects up to the highest concentration tested of 5.2 mg/
ml (BASF SE 2010 a; ECHA 2014).

In the HPRT test with CHO cells, di(2-propylheptyl) phthalate did not induce
point mutations in either the absence or presence of a metabolic activation system
up to the highest concentration tested of 5.2 mg/ml. At concentrations of 0.65 mg/
ml and above, some of the substance precipitated from the solution (BASF SE 2010
b; ECHA 2014).

Conclusion

In vitro, di(2-propylheptyl) phthalate does not have genotoxic effects in bacteria
and mammalian cells.

5.6.2 Invivo

There are no in vivo studies available for the genotoxicity of the substance.

5.7 Carcinogenicity

There are no data available for the carcinogenicity of di(2-propylheptyl) phthalate.
The NOAEL for peroxisome proliferation in the 90-day study was di(2-propylhep-
tyl) phthalate doses of 39 mg/kg body weight and day. At 196 mg/kg body weight
and day, the activity of cyanide-insensitive palmitoyl-CoA oxidation in the rat liver
was increased by a factor of 1.5. A 2 to 4-fold increase was found after di(2-eth-
ylhexyl) phthalate doses of 100 mg/kg body weight and day, and in animals aged
between 14 and 18 days even at doses as low as 10 mg/kg body weight and day
(Dostal et al. 1987). Aged rats are possibly more sensitive to peroxisome-related
tumour promotion (Kraupp-Grasl et al. 1991). Although carcinogenicity has not
been demonstrated for di(2-propylheptyl) phthalate, it can also not be excluded.

6 Manifesto (MAK value/classification)

Di(2-propylheptyl) phthalate is not irritating to the eyes of rabbits. The local effects
on the respiratory tract (which, for example, after aerosol exposure to di-n-butyl
phthalate lead to larynx metaplasia and goblet cell hyperplasia) cannot be estimated
for di(2-propylheptyl) phthalate as only one 5-day inhalation study is available. The
critical effect for the evaluation of its systemic toxicity is peroxisome proliferation
in rat liver after oral administration.
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Carcinogenicity. There are no carcinogenicity studies with di(2-propylheptyl)
phthalate available. Di(2-ethylhexyl) phthalate, which is similar in structure, was
found to be carcinogenic in the rat liver in long-term studies. It is known from stud-
ies of the mechanism of action and an oral 13-week study with rats that di(2-pro-
pylheptyl) phthalate induces peroxisome proliferation in the liver, which is, how-
ever, less pronounced than that caused by the structurally related di(2-ethylhexyl)
phthalate. In view of the similar mechanism of action of di(2-ethylhexyl) phthalate,
which is classified in Carcinogen category 4, and the fact that carcinogenicity af-
ter long-term exposure is suspected although no study exists, di(2-propylheptyl)
phthalate is classified in Carcinogen category 3B.

Germ cell mutagenicity. In vitro, di(2-propylheptyl) phthalate was not found to
be genotoxic in bacteria and mammalian cells. In vivo studies are not available.
Phthalates with a similar structure are not genotoxic in vivo. The substance is there-
fore not classified in one of the categories for germ cell mutagens.

MAK value and peak limitation. In a 13-week feeding study with rats, the
NOAEL for systemic toxicity was 39 mg di(2-propylheptyl) phthalate/kg body
weight and day. Peroxisome proliferation in the liver occurred at 196 mg/kg body
weight and day. In addition, effects on the kidneys and hypertrophy of the follicular
thyroid gland tissue, combined with changes in the pituitary gland and increased
basophilic or thyrotropic cells were found. The following toxicokinetic data are tak-
en into consideration for the extrapolation of the oral NOAEL in rats to a concen-
tration in workplace air: the daily exposure of the animals in comparison with the 5
days per week exposure at the workplace (7:5), the corresponding species-specific
correction values for the rat (1:4), the assumed oral absorption of 50%, the body
weight (70 kg) and respiratory volume (10 m?) of the person, and the assumed 100%
absorption by inhalation. The concentration calculated from this is 48 mg/m?. This
concentration seems to be too high, as local effects on the respiratory tract have
been found with other phthalates at lower concentrations.

To estimate the local toxicity in the respiratory tract after inhalation of di(2-pro-
pylheptyl) phthalate aerosol, a 5-day inhalation study is available in which grade 1
goblet cell hyperplasia occurred in plane of section III of the nasal conchae as the
only finding at the low concentration of 50 mg/m?®. Increased lung weights with
inflammatory infiltrates and with epithelial hyperplasia in the terminal bronchi-
oles occurred at concentrations of 250 and 1000 mg/m? (BASF SE 2013). No larynx
metaplasia occurred, such as was found with a severity of grade 1 after the exposure
of rats to di-z-butyl phthalate for 28 days. As described in Section 5.2.1, the severity
of the metaplasia in the larynx does not change after prolonged exposure. As grade
1 goblet cell hyperplasia was found, however, after the 28-day exposure of rats to the
physico-chemically similar di-n-butyl phthalate, and the development of this with
long-term exposure is not known, the local effects of di(2-propylheptyl) phthal-
ate in the respiratory tract cannot be assessed. Because of the very short exposure
duration of only 5 days, a MAK value cannot be derived from this study, and peak
limitation is not applicable.

Prenatal toxicity. No specifically foetal effects were found in a study carried
out according to OECD Test Guideline 414 in rats. The highest di(2-propylheptyl)
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phthalate dose tested was 1000 mg/kg body weight and day, maternal toxicity was
observed at 200 mg/kg body weight and day. Also in a 2-generation study, no ad-
verse effects on litter parameters and foetuses were observed up to doses of 600 mg/
kg body weight and day. As no MAK value can be derived, classification in one of
the pregnancy risk groups is not applicable.

Absorption through the skin. There are no data available for di(2-propylheptyl)
phthalate. The absorption through the skin of phthalates with higher chain lengths
(>4 C atoms) and branching is very low. From a study in rats with the isomer diiso-
decyl phthalate, an average absorption rate of 0.13 ug/cm? and hour can be calcu-
lated. The exposure of 2000 cm? for 1 hour would result in a dose of 0.26 mg per 70
kg body weight corresponding to 0.004 mg/kg body weight in humans. This dose
is considerably lower than the systemic NOAEL of 40 mg/kg body weight in the
13-week study, equivalent to a calculated dose of 7 mg/kg body weight in humans.
Di(2-propylheptyl) phthalate is therefore not designated with an “H” (for substanc-
es which can be absorbed through the skin).

Sensitization. There are no clinical findings available for sensitizing effects of the
substance on the skin or respiratory tract. An occlusive patch test with only 10
guinea pigs yielded a negative result with the undiluted substance. There are no
studies with experimental animals available for sensitizing effects on the airways.
Di(2-propylheptyl) phthalate is therefore not designated with “Sh” or “Sa” (for sub-
stances which cause sensitization of the skin or airways).
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