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Abstract 48 

Parabens are esters of para-hydroxybenzoic acid that have been used as preservatives in 49 

many types of products for decades including agrochemicals, pharmaceuticals, food and 50 

cosmetics. This illustrative case study with propylparaben (PP) demonstrates a 10-step 51 

read-across (RAX) framework in practice. It aims at establishing a proof-of-concept for the 52 

value added by new approach methodologies (NAMs) in read-across (RAX) for use in a 53 

next-generation risk assessment (NGRA) in order to assess consumer safety after exposure 54 

to PP-containing cosmetics. In addition to structural and physico-chemical properties, in 55 

silico information, toxicogenomics, in vitro toxicodynamic, toxicokinetic data from PBK 56 

models, and bioactivity data are used to provide evidence of the chemical and biological 57 

similarity of PP and analogues and to establish potency trends for observed effects in vitro. 58 

The chemical category under consideration is short (C1-C4) linear chain n-alkyl parabens: 59 

methylparaben, ethylparaben, propylparaben and butylparaben. The goal of this case study 60 

is to illustrate how a practical framework for RAX can be used to fill a hypothetical data gap 61 

for reproductive toxicity of the target chemical PP.  62 

 63 

  64 
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Introduction  65 

Parabens are esters of para-hydroxybenzoic acid (pHBA) and are used widely as 66 

preservatives in many types of products from diverse product sectors including 67 

agrochemical, pharmaceutical, food and cosmetics where product preservation is essential 68 

for safety reasons and to prevent microbiological spoilage. Short-chain n-alkyl parabens 69 

have been used in cosmetic products for decades. Consumers may use different types of 70 

cosmetic products daily that contain propylparaben (PP). Therefore, an estimate of total 71 

aggregate external exposure to PP from cosmetic products is considered, and further refined 72 

by using internal dose metrics from physiologically-based kinetic (PBK) modelling as 73 

relevant to humans. To perform a NGRA, a point of departure (POD) needs to be defined on 74 

the basis of hazard data with which to compare the exposure estimate. This case study 75 

shows how RAX can be used and how a point of departure is defined also as an internal 76 

dose metric, in order to derive a margin of internal exposure (MoIE). The current case study 77 

assumes, hypothetically, that there are no in vivo reproductive toxicity data available for PP.  78 

Due to the implementation of the ban on animal testing for cosmetics products that came 79 

into force in the EU in March 2013 it is generally not possible to generate any new in vivo 80 

animal data to fill data gaps or refine knowledge for cosmetic ingredients marketed in the 81 

European Union (EU). Therefore, new ways must be found to provide evidence for the safety 82 

of cosmetics ingredients without animal testing. 83 

 84 

The 10-step RAX framework is followed, as described in our accompanying paper 85 

(Alexander-White et al 2020) and is based on the outcome of the EU SEURAT-1 project 86 

(Berggren et al., 2017), to show how the safety of PP as used in cosmetics can adequately 87 

be assessed, without the need to generate new animal testing data. In this example, in vivo 88 

data have been used to draw upon existing information on systemic toxicity, i.e. data that 89 

have been generated prior to the March 2013 ban on animal testing in the EU. A tiered 90 

approach (Tiers 0, 1 and 2) is taken in the 10-step RAX framework where all existing 91 
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information on the target chemical, PP, is reviewed and source analogues selected based on 92 

properties related to chemical structure as well as a hypothesised mechanism of action and 93 

an understanding of systemic exposure. As a result of performing chemical similarity 94 

profiling, analogue searches and hypothesis generation in Tier 0, three related short (C1-C4) 95 

linear chain n-alkyl parabens come under consideration as the best category based on PP 96 

being part of a homologous series in this case study, namely methylparaben (MP), 97 

ethylparaben (EP), PP and butylparaben (BP). In Tiers 1 and 2, we show as a proof of 98 

concept how NAMs, including toxicogenomics, bioavailability, kinetic data, and other 99 

biological assay data, can be integrated to consider the biological similarity, substantiate the 100 

mechanism of action and assess relative potency differences of the chemicals in the 101 

parabens category, and how this evidence can be applied in a NGRA for low toxicity 102 

chemicals.  103 

 104 

The goal of this case study is therefore, primarily to demonstrate how NAMs can be used to 105 

support RAX, integrating both toxicodynamic and toxicokinetics data. Specifically, the case 106 

study highlights employing PBK modelling to estimate internal concentrations in both the 107 

hazard and exposure assessment and provides an example of the concept of evaluating 108 

potency across a category using NAMs.  109 

 110 

  111 

Jo
urn

al 
Pre-

pro
of



 

5 

  

Applying the 10-step RAX framework in a NGRA for Propylparaben 112 

This NGRA approach follows the recommendations of the SEURAT-1 project (Berggren et al., 113 

2017); the tiered 10-step RAX framework (Alexander-White et al 2020) that is applied in this 114 

case study for performing a NGRA for PP is shown in Figure 1. This paper walks through the 115 

framework and how it is applied in practice to reach a human safety decision for the safety of 116 

PP in cosmetic products, with the focus on reproductive toxicity endpoints. 117 

Problem Formulation 118 

For all NGRA it is important to begin with clear problem formulation. In this case, human safety 119 

of the target substance PP has to be assured despite the (hypothetical) lack of in vivo data on 120 

reproductive/developmental toxicity, as this is considered the pivotal endpoint on the basis of 121 

an assumed endocrine-related MOA. It has to be decided what represents an acceptable ‘safe’ 122 

concentration in a product, without the need for new animal testing. A tiered approach is 123 

followed to assess dermal exposure to PP in cosmetics, as would be applied in the SCCS 124 

Notes of Guidance (2018). The 10-step RAX framework is adopted to perform a NGRA based 125 

on NAMs for reproductive endpoints. Tier 0 utilizes the threshold of toxicological concern 126 

(TTC) (Munro et al 1996), and if consumer exposure estimates exceed the TTC level for PP, 127 

an appropriate reproductive/developmental toxicity POD is needed for safety assessment. In 128 

that case, subsequent tiers will be followed to conduct a RAX informed by NAM to address 129 

the data gap. NAMs (PBK modelling) will also be used to better understand the systemic 130 

exposure to parabens. At this point in time, TTC involves external exposure doses, but work 131 

is underway to consider a potential future internal dose TTC approach (Ellison et al 2019). 132 

  133 
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a)  134 

b) 135 

10-Step Framework for Read-Across (RAX) in Next Generation Risk Assessment (NGRA) 136 

Figure 1 A tiered 10-step framework (as in Alexander-White et al (2021)) to enable a human safety 137 
decision to be made using NAMs and RAX, which in (a) diagrammatically builds on the SEURAT 1 138 
workflow (Berggren et al., 2017) to perform a next generation risk assessment (NGRA) without new 139 
animal data; the steps are tabulated in (b).  140 

Tier 0 

Step 1:  Identify exposure/use scenarios for target chemical 

Step 2:  Identify molecular structure of target chemical & its major metabolites 

Step 3:  Collate supporting data on target chemical & its major metabolites and define data gap(s) 

Step 4:  Analogue(s) a) Identify, b) collate existing data, c) determine similarity hypothesis  

End Tier 0 → Potential to move to Steps 8-10 if data are sufficient  

Tier1 

Step 5:  Systemic bioavailability/ADME (internal concentration) of target chemical and analogues 

Step 6:  Supporting a Similar Mode/Mechanism of Action (MoA) hypothesis 

End Tier 1 → Potential to move to Steps 8-10 if data are sufficient 

Tier 2 

Step 7:  a) Perform targeted testing using New Approach Methodology assays to strengthen 

hypotheses and/or b) Biokinetic refinements of target chemical and analogues 

Step 8:  Performing a read-across (RAX) to derive a point of departure (POD) 

Step 9:  Performing a margin of safety (MOS) evaluation  

Step 10 Assessing the level of confidence for establishing if the MOS is acceptable 
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Tier 0 - steps 1 to 4 of Next Generation Read-Across (NGRA) 141 

The first tier of the framework involves defining exposure for PP, searching for existing data 142 

and identifying analogue(s) for a RAX hypothesis. At the start of the process, as PP is an 143 

existing cosmetic ingredient, a deterministic or probabilistic exposure estimate can be 144 

provided based on known cosmetic product use.  145 

 146 

Step 1) Identify Exposure/Use scenario for PP in cosmetic products 147 

The initial step for this case study is to derive an external dermal exposure dose metric for 148 

PP in cosmetics products. PP is used in cosmetic products at a maximum concentration of 149 

0.18% (N.B. this is a current regulatory maximum in the EU for PP, and has been used in 150 

this case study for illustration, as it has been defined by previous regulatory assessment in 151 

the EU for parabens; SCCS 2013).  152 

 153 

A simple deterministic consumer exposure estimate for PP in adults includes the maximum 154 

allowed use concentration of 0.18% PP, and a maximum estimated daily exposure level for  155 

 different cosmetic products of 17.4 g/day per SCCS Notes of Guidance (SCCS, 2018). This 156 

aggregate exposure scenario for dermally applied products (based upon the data in SCCS 157 

2018) results in an external dose estimate of 0.53 mg PP/kg bw/day. This is a theoretical 158 

worst-case scenario as it assumes all cosmetic products contain the maximum PP level and 159 

are used by all persons at a high amount per use, at a high frequency per day, 160 

simultaneously, which is clearly not a realistic scenario (SCCS, 2018). Nonetheless it is a 161 

simple set of conservative assumptions to begin, and taking this approach may in some 162 

cases lead to an acceptable risk assessment outcome.  163 

 164 

As comprehensive survey data across the EU Cosmetics Industry in 2016 were available on 165 

real use levels and occurrence data of PP in cosmetic products, a higher tier probabilistic 166 
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external dose exposure assessment was performed  on the basis of real European 167 

consumers’ habits & practices (H&P) data in the Creme Care and Exposure model 168 

(https://www.cremeglobal.com/; and as exemplified in Tozer et al 2015 for zinc pyrithione 169 

and (in Tozer et al 2019) for vitamin A exposure. Moving to a probabilistic and subject-170 

oriented model can provide refinement of the estimates of exposure. This probabilistic 171 

modelling also allowed for the use of statistical distributions to characterise substance 172 

concentrations and the use of product occurrence data to account for the presence of 173 

chemicals in some, but not all products.  174 

Four scenarios were considered in Creme Care and Exposure modelling:  175 

a. Paraben always present, max concentration as per regulation  176 

b. Paraben always present, concentration at current use range according to Cosmetic 177 

Europe Product Preservation Survey (2016)  178 

c. Using paraben occurrence data according to Mintel GNPD, max concentration in 179 

regulation  180 

d. Using paraben occurrence data according to Mintel GNPD, concentration at current use 181 

range according to Cosmetic Europe Product Preservation Survey (2016). 182 

 183 

The external dermal exposure dose metrics for PP as calculated in the Creme Care and 184 

Exposure Model for each scenario (p95) were (in mg/kg/day) a) 0.154, b) 0.057, c) 0.084 185 

and d) 0.014. Of these, scenario (d) represents the most realistic exposure scenario for PP 186 

exposure through use of cosmetic products.  187 

 188 

  189 
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Step 2) Identify molecular structure of PP and its major metabolite(s) 190 

The target substance PP is a white crystalline solid at room temperature and has the 191 

chemical structure as shown in Figure 2. PP is the propyl (C3 n-alklyl) ester of pHBA. It is 192 

stable in air and does not hydrolyse in hot or cold water or in acidic conditions.  193 

 194 

Figure 2 Chemical structure of propyl paraben (C10H12O3; CAS RN 94-13-3: SMILES 195 
CCCOC(=O)C1=CC=C(C=C1)O) 196 

The structure shows that PP can be hydrolysed to propanol and pHBA. 197 

Step 3) Collate supporting data for PP and its major metabolite(s) With the best possible 198 

exposure estimate (from Step 1) and a knowledge of the chemical structure of the target 199 

substance and its major metabolite(s) (from Step 2) to address whether there are any known 200 

toxicity alerts according to Cramer classification, it is possible to exit the framework, if 201 

exposure is less than a TTC (Kroes et al 2007; Yang et al 2017; EFSA, 2019; Mahony et al 202 

2020). Using a deterministic dermal exposure metric for PP in cosmetics products of 0.53 203 

mg/kg/day (see Step 1 above), a TTC approach is not possible as this estimated intake is 204 

higher than the threshold level for Cramer class I (stated as 0.042 mg/kg/day (Yang et al 205 

2017) or 0.03 mg/kg/day (EFSA, 2019)) to which PP is allocated due to its simple chemical 206 

structure with no alerting functional groups and simple ester hydrolysis leading to innocuous 207 

end products (propanol and pHBA) suggesting a low order of general toxicity. The output 208 

from the Creme Care and Exposure probabilistic model for PP from scenario (d) in step 1 209 

yields an exposure for PP of 0.014 mg/kg/day, which would enable the use of the TTC 210 

approach at this point, as this exposure is lower than the required TTC threshold of 0.03 211 

mg/kg/day. 212 
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However, to illustrate the 10-step RAX framework and show how even more assurance can 213 

be given for the safety of PP using exposure based NGRA, we progress on to Step 3 of a 214 

RAX. In Step 3, we collate all existing data on the target substance, including physico-215 

chemical parameters, relevant toxicology information and existing assay data etc.  216 

The physico-chemical properties of PP are as described below in Table 2. For illustration in 217 

this case study, as to how chemical similarity as a first step drives analogue selection, we 218 

have assumed there is no in vivo toxicity data for PP at this point in the process.  219 

Using the chemistry information, a search for similar analogues is performed.    220 

 221 

Step 4) Identify analogue(s) and basis for selection (a):collate existing data (b)  222 

a) Identify analogues and basis for selection 223 

Suitable analogues were identified using the expert-judgement based method of Wu et al. 224 

(2010) which relies on consideration of similarity in structure, metabolism, reactivity and 225 

physical chemical properties.  Substructure searching is performed using a defined 226 

molecular scaffold with required functional groups.  For the parabens, analogues must 227 

possess a phenyl ring with a hydroxyl group and a carboxylic acid group esterified to an 228 

aliphatic alcohol of variable chain length. Tanimoto comparisons of molecular fingerprints 229 

also may be considered and may be used in combination with substructure searching for 230 

identifying potential analogues, however, structural similarity scores alone should not be 231 

used to justify the suitability of an analogue for RAX and must be combined with 232 

considerations of metabolism, reactivity and physical chemical properties (Lester et al., 233 

2018).   234 

The three short-chain parabens MP, EP and BP are identified as potential source analogues 235 

for PP and are displayed in Table 1.  Structural similarity scores are included in the table and 236 

were calculated using a Tanimoto algorithm for comparing molecular fingerprints generated 237 
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using the proprietary 960 structural keys from Biovia Corp (https://www.3ds.com/products-238 

services/biovia/).  Structural differences between the three analogues and PP include 239 

differences in the alcohol chain length which is C1 for MP, C2 for EP, C3 for PP and C4 for 240 

BP.  The calculated similarity scores comparing the structures of MP, EP and BP with PP 241 

are 0.81, 0.93 and 0.94, respectively and are consistent with small differences in structure.   242 

 243 

 244 

Table 1 Chemical structures, molecular weight and Tanimoto similarity of category members in the 245 
homologous series of parabens 246 
 247 

Target 

and Source 
Chemicals 

Chemical 
Name 

CAS 

No. 

Molecular 
Formula 

Molecular 
Weight 

Chemical Structure Similarity 
(Tanimoto 
coefficient) 

Source 1 Benzoic acid, -4- 99- C8H8O3 152 
 

 

0.81 

 hydroxy-, methyl ester 76-3    

 (Methylparaben; MP)     

Source 2 Benzoic acid, -4- 120- C9H10O3 166 
 

 

0.93 

 hydroxy-, ethyl ester 47-8    

 (Ethylparaben; EP)     

Target Benzoic acid, -4- 94- C10H12O3 180  1 (target) 

 hydroxy-, propyl ester 13-3    

 (Propylparaben; PP)     

Source 3 Benzoic acid, -4- 94- C11H14O3 194  0.94 

 hydroxy-, butyl ester 26-8    

 (Butylparaben; BP)     

Common 4-Hydroxybenzoic acid 99- C7H6O3 138  Not 

Metabolite (pHBA) 96-7   applicable 

 248 

Similarity in biotransformation pathways must be considered when determining the suitability 249 

of an analogue for RAX.  The predominant metabolic pathway for the short-chain parabens 250 

listed in Table 1 is known to be hydrolysis of the ester bond to form the common primary 251 

metabolite pHBA, its glycine conjugate p-hydroxyhippuric acid (pHHA) and the 252 

corresponding alcohol (CIR 2008; Shin et al 2019; Géniès et al 2019).  Studies in humans 253 

have shown that parabens also can be excreted as glucuronide and sulfate conjugates (Soni 254 

et al. 2005).   255 
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 256 

Analogue suitability also depends on the values of physicochemical properties relative to 257 

those for the target chemical.  Physicochemical properties can affect bioavailability and 258 

consequently biological responses observed in vitro or in vivo. The key physicochemical 259 

properties which could affect bioavailability (Lipinski et al 2001) of the four parabens are 260 

listed in Table 2. 261 

 262 

Table 2 Comparison of physico-chemical properties of the target substance propyl paraben and 263 
analogues methyl paraben, ethyl paraben, butyl paraben. Measured or a: predicted from EPA EPI 264 
Suite version 4.1; b: predicted from OECD QSAR Toolbox v4.2. 265 
 266 
 267 

Parameter MP EP PP BP 

Molecular weight* 152.15 (a) 166.17 (a) 180.2 (a) 194.23 (a) 

Melting Point (°C) 131°C (b) 117°C (b) 97°C (b) 68.5°C 

Volatility 

(mmHg at 25°C)* 

 
0.000855 (a) 

 
0.0000929 (a) 

 
0.000307 (a) 

 
0.000251 (a) 

 

LogP 
1.96 (a);  
1.66 - 1.91 (b) 

2.47 (a);  
1.81 - 2.57 (b) 

3.04 (a),  
2.34 - 3.04 (b) 

 

3.57 

pKa at 25°C 8.34-8.87 (b) 8.18 - 8.9 (b) 7.91 - 8.87 (b) 8.34 

Aqueous solubility 

(mg/L) 

2500 at 25°C (a) 885 at 25°C (a);  
885 (b) 

500 at 25°C (a, b)  

207 at 20°C 

 268 
* calculated values  269 
 270 
In review of the results in Table 2, it can be seen that with increasing length of nonpolar side 271 

chains the logP increases steadily and water solubility decreases. Although in the case of 272 

propyl versus the three paraben analogues, the differences are within admitted experimental 273 

variation for solubility properties (Dearden & Worth 2007). These properties can impact the 274 

relative bioavailability of the parabens, particularly when considering the bioavailability after 275 

dermal application. In general, lipophilic substances with a logPOW above 3 show a lower 276 

skin penetration rate than more hydrophilic substances with a logPOW between -1 and 3 due 277 

to deposition in the lipophilic matrix of the skin such as the dermis (Danish EPA, 2009). The 278 

predicted volatility of all four parabens is very low. From the pKa values, the acid/basic 279 
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behaviour of all four parabens is essentially the same. As they all have a pKa of ~8 280 

associated to an acidic function, these short linear chain parabens would be expected to 281 

show similar patterns of bioavailability. 282 

 283 

 284 
 285 
b) Collation of existing data for the selected analogues 286 

Legacy in vivo data 287 

One approach to substantiate analogue(s) for the purposes of using a suitable human-288 

relevant toxicological POD in a risk assessment is to source the available reproductive / 289 

developmental toxicity data, and assess the quality of the study and the confidence in the 290 

POD. 291 

The key in vivo reproductive / developmental toxicity studies on the three parabens (MP, EP 292 

and BP) and pHBA source chemicals (conducted prior to 2013) were reviewed and are 293 

presented in Table 3.  294 

In addition, in vivo screening studies such as the uterotrophic assay are summarised in 295 

Table 4. It has to be noted that the uterotrophic assay in either immature or ovariectomised 296 

rodents is a short-term screening assay on biological (oestrogenic) activity of the respective 297 

substance. The measured endpoint is an increase in uterus weight which presents no 298 

evidence of an endocrine-mediated adverse effect.  299 
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Table 3 Legacy reproductive and developmental toxicity data for source chemicals methylparaben, ethylparaben and butylparaben and primary metabolite 300 
pHBA, and with suitable quantitative data to define a point of departure, either as a no observed (adverse) effect level (NOAEL/NOEL) or a lowest observed 301 
adverse effect level (LOAEL). 302 

Study Details, Klimisch Score  Results NOAEL 
mg/kg/day 

LOAEL 
mg/kg/day 

Reference 

Methyl paraben 

Reproductive toxicity studies – male reproduction 

Non-guideline bespoke study investigating effects 
on male reproduction. Male rats fed diets 
containing 10000 ppm MP from day 22 of age for 
56 days. Weekly measurement of serum LH, FSH 
and testosterone. After 56 days animals were 
sacrificed, sex organs were weighed and 
evaluated by histopathology including tubular 
staging of testis. Sperm evaluations were 
conducted including concentration and 
motility,daily sperm production, and morphology. 
GLP; Klimisch 1 

No effects observed on male 
reproductive organs or parameters up 
to the top dose (1000ppm). 

10000 ppm in 
the diet 
 
(equivalent to 
1088 mg/kg/day) 
(Top dose) 

N/A Hoberman et al (2008) 

MP was administered to groups of eight 3-week-
old male Wistar rats at doses of 0%, 0.1%, and 
1.0% each in the diet for eight weeks, 
corresponding to average intakes of 103 and 1030 
mg MP/kg bw/day. 
Non-guideline, nonGLP; Klimisch 3. 

No effects were observed on weights of 
the reproductive organs, on sperm 
counts in the testes and epididymides, 
and on the morphological examinations 
of spermatogonia, spermatocytes, 
round spermatids and elongated 
spermatids. In addition, serum 
concentrations of testosterone, 
LH and FSH were not affected. 

1030  N/A Oishi et al (2004) 

Ethyl paraben 

Reproductive toxicity studies – male reproduction 

EP was administered to groups of eight 3-week-
old male Wistar rats at doses of 0.00%, 0.1%, and 
1.0% each in the diet for eight weeks, 
corresponding to average intakes of 103 and 1030 
mg methyl paraben/kg bw/day and 103 and 1043 

No effects were observed on weights of 
the reproductive organs, on sperm 
counts in the testes and epididymides, 
and on the morphological examinations 
of spermatogonia, spermatocytes, 
round spermatids and elongated 

1043 N/A Oishi et al (2004) 
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mg ethyl paraben/kg bw/day, respectively. Non-
guideline, nonGLP; Klimisch 3 

spermatids. In addition, serum 
concentrations of testosterone, 

LH and FSH were not affected. 

Propyl Paraben – theoretical data gap (Target Chemical) 

Butyl paraben 

Reproductive toxicology – male reproductive effects 

Non-guideline bespoke study investigating effects 
on male reproduction. Male rats fed diets 
containing 10000 ppm MP from day 22 of age for 
56 days. Weekly measurement of serum LH, FSH 
and testosterone. After 56 days animals were 
sacrificed, sex organs were weighed and 
evaluated by histopathology including tubular 
staging of testis. Sperm evaluations were 
conducted including concentration and 
motility,daily sperm production, and morphology. 
GLP; Klimisch 1 

No effects observed on male 

reproductive organs or parameters up 

to the top dose (1000ppm). 

10000 ppm in 
the diet 
 
(equivalent to 
1088 

mg/kg/day) 

(Top dose) 

N/A Hoberman et al (2008) 

Developmental effects 

OECD 414 Prenatal Developmental Toxicity Study 
in Sprague Dawley rats at oral (gavage) doses of 
10, 100 and 1000 mg/kg/day. GLP; Klimisch 1 

Decreased maternal weight gain at 
highest dose tested. No differences in 
developmental parameters 

100 (maternal) 

1000 (fetal) 

1000 (maternal) 

N/A (fetal) 

Daston et al (2004) 

BP was administered to groups of eight 3-week-
old male Wistar rats at doses of 0.00%, 0.01%, 
0.10% and 1.00% in the diet for eight weeks, 
corresponding to average butyl paraben intakes of 
10, 100 and 1000 mg/kg/day. Non-guideline, 
nonGLP, study refuted by Hoberman et al. (2008); 
Klimisch 3 

The weights of the epididymides were 
significantly decreased in the mid- and 
high-dose groups. The cauda 
epididymal sperm reserve of all treated 
groups was decreased. The sperm 
count of the high dose group was 
58.2% of the control value. The daily 
sperm production in the testis was also 
significantly lower in all treated groups. 
Serum testosterone was significantly 
decreased at the mid and high doses. 

N/A 10 mg/kg/day Oishi (2001) 

BP was administered to groups of 
eight 4-week-old male Crj:CD-1 mice at doses of 
0.00%, 0.01%, 0.10% and 1.00% in the diet for 10 

The weights of the epididymides were 
significantly increased in the high-dose 
group. A dose-dependent decrease of 

14.4 mg/kg/day 146 mg/kg/day Oishi (2002) 
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weeks, corresponding to average butyl paraben 
intakes of 14.4, 146 and 1504 mg/kg bw/day, 
respectively. Non-guideline, nonGLP; Klimisch 3 

both round and elongated spermatid 
counts was observed in the 
seminiferous tubules. The number of 
spermatogonia and spermatocytes 
were not different from the controls. 
Serum testosterone was significantly 
decreased at the highest dose 

Single dose. Neonatal Wistar rats were 
administered by SC injection with 2mg/kg/day BP 
in corn oil on PNDs 2-18. Animals were sacrificed 
on day 18 and the testes and epididymides 
removed. Testis weights were 
recorded. AQP-1 immunoexpression was 
measured and excurrent duct morphology 
examined. Non-guideline, nonGLP; Klimisch 3 

No alteration in testis weights when 
compared to control animals at day 18. 
 

No effects at the only 

tested dose of 2 

mg/kg/day, the 

NOEL/NOAEL cannot 

be determined as   
only one dose tested 

N/A Fisher et al 1999 

Non-guideline study where pregnant Sprague-
Dawley rats were injected subcutaneously with 
100 or 200 mg/kg of BP from gestation day (GD) 6 
to postnatal day (PND) 20. 
 

In the group exposed to 200 mg/kg of 
BP, the proportion of pups born alive 
and the proportion of pups surviving to 
weaning were decreased. The body 
weights of female offspring were 
significantly decreased at PND 49. The 
weights of testes, seminal vesicles and 
prostate glands were significantly 
decreased in rats exposed to 100 
mg/kg of BP on PND 49. In contrast, 
the weights of female reproductive 
organs were not affected by BP. The 
sperm count and the sperm motile 
activity in the epididymis were 
significantly decreased at doses of 100 
and 200 mg/kg of BP. 

  Kang et al (2001) 

Para-hydroxybenzoic acid (primary metabolite) 

OECD combined repeated dose and 
reproductive/developmental toxicity screening 
test. 4-Hydroxybenzoic acid was administered by 
gavage at doses of 40, 200 and 1,000 mg/kg for 
45 days in males and from 14 days before mating 
to day 3 of lactation in females. Klimisch 1 

No adverse effects on copulation, 
fertility, maintenance of pregnancy, 
parturition and lactation, as well as 
viability, sex ratio, body weights and 
morphological appearance of pups at 
all treated groups.  

 
1,000 mg/kg/day 

(parent and offspring) 

N/A MHW, Japan (1997) 

Oral toxicity study (day 11 of gestation) was 
performed in pregnant Sprague-Dawley rats at 
single doses of 333, 667, 1,000 mg/kg. 
EPA; Klimisch 2 

No maternal toxicity, including death 
and change in body weight gain at 24 
and 72 hours after treatment. In 
addition, no developmental toxicity was 

1,000 mg/kg/day N/A Kavlock et al (1990) 
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observed, including change in litter 
size, pup weight, and total litter weight 
at 1 and 6 days after birth, and overt 
malformation. 

 303 

 304 

  305 
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Table 4 Legacy uterotrophic assay data for target and source chemicals methyl paraben, ethyl paraben and butyl paraben and the primary metabolite pHBA 306 
(Klimisch score 1 or 2). ND = not determined. 307 

Study details/Klimisch 
score 

Methyl Paraben Ethyl Paraben Butyl Paraben Para-Hydroxy 
Benzoic Acid 

Reference 

Appears compliant with OECD 
440 Uterotrophic Study. 
ovariectomised CD1 mice, SC 
doses for 3 days. NonGLP, 
Klimisch 2 

Weak oestrogenic 
activity observed at  55 
and 165 mg/kg/day 

Weak oestrogenic 
activity observed at 60 
and 180 mg/kg/day 

Weak oestrogenic activity 
observed at  70 and 210 
mg/kg/day 

ND Lemini et al 2004 

Appears compliant with OECD 
440, immature rats and mice 
and ovariectomised mice. 
SCdoses for 3 days. NonGLP,  
Klimisch 2 

Weak oestrogenic 
activity observed at 16.5 
- 165 mg/kg/day, no 

activity at  5.5 mg/kg/day 

Weak oestrogenic 
activity observed at 6 - 
180 mg/kg/day, no 
activity at  0.6 
mg/kg/day 

Weak oestrogenic activity 
observed at 7 - 70 
mg/kg/day, no activity at 7 

mg/kg/day 

ND Lemini et al 2003 

Appears compliant with OECD 
440 Uterotrophic Study. 
immature female B6D2F1 
mice,  oral and SC doses for 3 

days. NonGLP, Klimisch 2 

No effects of MP at any 
dose tested 

NOEL 100 mg/kg/day  
(oral and SC) 
(top dose) 

No effects of EP at any 
dose tested 

NOEL 100 (SC) 

NOEL 1000 (oral) 

(top dose) 

Weak oestrogenic activity 
observed 

NOEL 400 (SC) 

LOAEL 600 (SC) 

No effects of pHBA at 
any dose tested 

NOEL 100 mg/kg/day  
(oral and SC) 
(top dose) 

Hossaini et al 2000 

Appears compliant with OECD 
440 Uterotrophic Study. MP 
administered orally and SC 
(up to 800 mg/kg/day) and BP 
orally (up to 800mg/kg/day) 
and SC (up to 1200 
mg/kg/day) to immature 
female Alpk:AP rats. NonGLP, 

Klimisch 2. 

No increase in uterine 
weights at any dose up 
to  800 mg/kg/day  
(oral and SC) 

 

ND Weak oestrogenic activity 
observed at 1200 
mg/kg/day (oral), no 
activity at  800 mg/kg/day 
(oral) 
and 40 mg/kg/day (SC), 
approximately 100,000 
times less potent than 17 

beta-estradiol 

ND Routledge et al 1998 

308 
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Overall, the valid (Klimisch score 1 and 2; Klimisch et al 1997) in vivo reproductive / 309 

developmental toxicity data in Table 3 demonstrate no relevant adverse reproductive effects 310 

for MP, EP and BP at oral (diet, gavage) doses up to 1000 mg/kg/day. A POD of 1000 311 

mg/kg/day has been used for MP and EP in regulatory risk assessment for the past two 312 

decades, and there is no concern over the safety of these paraben analogues. The results 313 

from the studies by Oishi (2001, 2002) are not regarded as valid (Klimisch score 3), as they 314 

were derived from non-guideline and non-GLP studies where the documentation was neither 315 

sufficient nor the effects regarded as biologically plausible. In addition, other working groups 316 

using the same test protocol and rat strain as those used in the studies by Oishi failed to 317 

reproduce these effects at a dose up to 1000 mg/kg bw/day although a larger number of 318 

animals and additional reproductive endpoints were included (Hoberman et al 2008). Also, 319 

no adverse effect of BP was reported after the rats received a SC injection of 2 mg/kg bw 320 

(Fisher et al 1999). The POD for BP of 2 mg/kg/day is derived from a sub-cutaneous (SC) 321 

route of exposure. It has to be emphasised that the SC route of exposure circumvents the 322 

skin barrier. The skin is known to metabolise parabens effectively by skin esterases 323 

(Williams, 2008). SC dosing may considerably increase the internal bioavailability of parent 324 

paraben compared to dermal exposure (Aubert et al 2012). As dermal application is the 325 

major exposure route for cosmetic products, dermal absorption and metabolism need to be 326 

considered for the safety assessment of PP.  327 

As this was the only dose tested in this chosen pivotal study for this case illustration, it is an 328 

extremely conservative POD as the NOEL may (and indeed has been proven to) be much 329 

higher than this. It was nevertheless selected as a NOEL by the Scientific Committee for 330 

Consumer Safety in the opinion on parabens (SCCS, 2013) in the absence of further robust 331 

information at that time. The SCCS acknowledged that the choice of this POD was very 332 

conservative and unusual in terms of the SCCS Notes of Guidance and general principles of 333 

risk assessment, thus, this low and not well established POD was considered provisional at 334 
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the time, aiming at protecting the consumers in a very conservative manner until further data 335 

became available.   336 

 337 

The uterotrophic assay data (Table 4) show that the parabens are broadly similar in terms of 338 

the weak biological activity, if any, determined in this kind of in vivo screening assay. The 339 

metabolite pHBA showed no effects in reproductive/developmental toxicity studies nor in in 340 

vivo screening assays for endocrine activity such as the uterotrophic assay, and therefore it 341 

was considered that any adverse effects observed would not be due to this shared main 342 

metabolite (Kavlock, 1990; MJW Japan 1997; OECD SIDS 1999; Hossaini et al 2000).  343 

 344 

The findings of the available in vivo studies on parabens and pHBA prompted the 345 

consideration of whether existing NAM data (in silico profiling and in vitro data) particularly 346 

related to endocrine activity, focused on e.g. Oestrogenic, Androgenic, Thyroidal, 347 

Steroidogenic (EATS), could help to provide mechanistic hypotheses in principle for this 348 

RAX category and help in affirming analogue identification. Comparing the mechanistic 349 

profiles and potencies of the target and source compounds in relevant NAM assays would 350 

help in defining the POD and how it can be applied in the risk assessment.  351 

 352 

Existing in silico profiling data for parabens with a focus on reproductive toxicity and related 353 

endocrine activity 354 

 355 

In addition to the evaluation of physicochemical properties and available in vivo data, an 356 

analysis of in silico data with focus on the respective RAX endpoint is important in 357 

determining the similarity and suitability of analogues. In this case study, the in silico alerts 358 

relating to the reported weak in vivo endocrine activities were evaluated. Based on the 359 

working hypothesis that all analogues are converted to the same metabolite: pHBA and it’s 360 

in silico alerts were also investigated. Firstly, the profilers that the OECD QSAR Toolbox 361 

highlights as pertinent for reproductive toxicity – i.e. the DART scheme, Oestrogen Receptor 362 
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Binding, Retinoic Acid Receptor Binding – and the rtER Expert System were evaluated to 363 

examine the similarity among the category members (OECD, 2018).  The in silico profiling 364 

results of the four parabens in the category and their common ester hydrolysis metabolite 365 

pHBA are listed in Table 5. MP, EP, PP, BP and the metabolite pHBA exhibited binding 366 

propensities for the oestrogen receptor; however, they were outside the applicability domain 367 

of the RAR-profiler. The ER profilers indicate that the short linear chain n-alkyl parabens 368 

displayed a small increasing trend in the order MP<EP<PP<BP regarding strength of binding 369 

affinity to the oestrogen receptor, as a function of alkyl chain length. The common metabolite 370 

pHBA was an outlier with respect to the parabens. These ER profilers only provide 371 

theoretical binding alert predictions, but do not translate into in vivo effects due to the 372 

absence of relevant exposure of the respective target organs. However, these predictions 373 

may support the category grouping.  374 

Table 5 In Silico Profilers Relevant to Reproductive Toxicity. Profiling results obtained from OECD 375 
QSAR Toolbox v 4.2 376 
 377 

 
Chemical 

 
DART scheme 

Oestrogen 

Receptor Binding 

Retinoic Acid 

Receptor Binding 

rtER Expert 

System - 

USEPA 

pHBA  
Not known precedent reproductive 

and developmental toxic potential 

Weak binder, OH 

group 

Not possible to 

classify according to 

these rules 

No alert 

found 

MP Known precedent reproductive and 

developmental toxic potential >> 4- 

alkylphenol-like derivatives (2b-3) 

Weak binder, OH 

group 

Not possible to 

classify according to 

these rules 

Parabens 

EP Known precedent reproductive and 

developmental toxic potential >> 4- 

alkylphenol-like derivatives (2b-3) 

Weak binder, OH 

group 

Not possible to 

classify according to 

these rules 

Parabens 

PP Known precedent reproductive and 

developmental toxic potential >> 4- 

alkylphenol-like derivatives (2b-3) 

Moderate binder, 

OH group 

Not possible to 

classify according to 

these rules 

Parabens 

BP Known precedent reproductive and 

developmental toxic potential >> 4- 

alkylphenol-like derivatives (2b-3) 

Moderate binder, 

OH group 

Not possible to 

classify according to 

these rules 

Parabens 

 378 

 379 
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In a second step, to further explore oestrogen receptor binding propensities of the parabens, 380 

docking simulations were performed using the online docking tool ‘Endocrine Disruptome’ 381 

(http://endocrinedisruptome.ki.si/). 382 

The Endocrine Disruptome provides predictions of binding probabilities as a function of 383 

atomic-level information that is extracted from the three-dimensional structures of the ligand 384 

and the included nuclear receptors (Kolšek, 2014). Therefore, the Endocrine Disruptome has 385 

a very large applicability domain while providing semi-quantitative predictions. These 386 

properties, together with the possibility of inspecting docked poses, makes it a more 387 

insightful tool than other QSAR models that usually simply discriminate between binders and 388 

non-binders. The docking simulations were used to characterize the binding propensities of 389 

short linear chain n-alkyl parabens and their common ester hydrolysis metabolite pHBA 390 

towards the sixteen structures, belonging to twelve nuclear receptors. The structure of the 391 

chemical was drawn using the graphical interface of the tool and then submitted to docking 392 

simulations. 393 

 394 
Docking simulations were repeated five times for each chemical and a visual inspection of 395 

the docked poses highlighted plausible binding modes. Docking scores are a sum of 396 

intermolecular and intramolecular contributions within the ligand binding pocket and the 397 

underlying algorithm attempts to identify the global minimum of such a sum (Trott and Olson, 398 

2010). The key-assumption of any virtual docking approach is that docking scores are 399 

effective in discriminating binders (low docking scores) from non-binders (high docking 400 

scores). More precisely, the Endocrine Disruptome tool established three thresholds for the 401 

AutoDock docking scores that enables the classification of binding propensities into four 402 

probability classes (Kolšek et al., 2014). These thresholds were established according to a 403 

conservative approach as Kolšek and co-authors decided that the true-positive rate was 404 

more important than the true-negative rate for the division of the probability classes. The 405 

arithmetic mean of the five docking scores was retained as the final score for the 406 
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quantitative description of the binding affinities of chemicals. These final scores were then 407 

compared to critical score thresholds (specific for each receptor) and associated with color-408 

coded binding probability classes: green, yellow, orange and red. These colours indicate 409 

low, low intermediate, high intermediate and high binding probabilities, respectively. 410 

 411 
The docking simulation results are in Table 6. They show that all four parabens as well as 412 

their shared main metabolite pHBA are associated with a low binding probability class (green 413 

colour) for all receptors except a low intermediate outcome for the androgen receptor (AR) in 414 

antagonistic conformation (AR an.) (yellow colour). To provide comparison, five 415 

phytoestrogens Zeralenone (ZL, two stereoisomers), Coumestrol (CE), Genistein GE), 416 

Daidzein (DD), Apigenin (AG) were also analysed whose experimental characterisation 417 

highlighted affinities for the ER (Kuiper et al., 1998).   All these chemicals are associated 418 

with docking scores highlighting an enhanced affinity (i.e. a lower docking scores) for the 419 

ERs and other targets (Table 6). We also added BPA that, as highlighted by the docking 420 

scores (Table 6) is characterized by stronger interactions with the estrogen receptors and a 421 

pronounced affinity for ERb. According to these comparison with control chemicals, the 422 

docking results suggest an overall negligible disrupting potential of short-chain parabens.   423 

 424 

Overall, this in silico data support the lack of a relevant endocrine-related activity and the 425 

comparability of the data of the four parabens and the shared metabolite strengthens the 426 

selection of these category members.  427 

  428 
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Table 6 Docking scores towards sixteen structures belonging to twelve nuclear receptors for pHBA 429 
and short chain parabens. Docking simulations performed using the online docking tool ‘Endocrine 430 
Disruptome’ (http://endocrinedisruptome.ki.si/). Green and yellow indicate low and intermediate 431 
binding probabilities respectively. The code “an.” indicates receptors in antagonistic conformations. 432 
AR = androgen receptor; ER = oestrogen receptor; GR = glucocorticoid receptor; LXR = Liver X 433 
receptor; PPAR = peroxisome proliferator-activated receptor; RXR = retinoid X receptor; TR = thyroid 434 
hormone receptor. Zeralenone (ZL, two stereoisomers), Coumestrol (CE), Genistein GE), Daidzein 435 
(DD), Apigenin (AG), bisphenol-A (BPA).  436 
 437 

 438 

 439 

The absence of relevant endocrine-related in silico activity is corroborated by in vitro data on 440 

parabens using oestrogen receptors.  Routledge et al. (1998) tested MP, EP, PP, BP and 4-441 

n-dodecyl paraben, as well as pHBA, in the in vitro recombinant yeast oestrogen screen and 442 

found the butyl, > propyl, > ethyl and > methyl ester to be weakly positive, whereas 4-n-443 

dodecyl paraben and 4-hydroxybenzoic acid were without activity. Overall, the potencies of 444 

the parabens were several magnitudes below the endogenous natural substrate 17β-445 

oestradiol, e.g. approximately 2,500,000-fold below for MP.  446 

 447 

Okubo et al. (2001) found that the overall weak in vitro ooestrogenic activity of parabens 448 

increased in the order MP>EP>PP>BP>isopropyl paraben >isobutyl paraben by assaying 449 

oestrogen receptor dependent proliferation of human MCF7 breast cancer cells. Overall, 450 

endocrine-related in vitro activity was several magnitudes (10-5 to 10-7 times) lower for all 451 

Jo
urn

al 
Pre-

pro
of



 

25 

  

four n-alkyl parabens compared to that of natural endogenous substrates such as 17β-452 

oestradiol. 453 

 454 

c) Summary of the outcome of Tier 0 & determining the similarity hypothesis 455 
 456 
 457 
The following conclusions can be made at the end of Tier 0: 458 

TTC : The TTC concept could be applied for PP dermal exposure as the calculated exposure 459 

from the Creme Care and Exposure model scenario (d) leads to an aggregate exposure 460 

value of 0.014 mg/kg/day which is lower than the respective regulatory Cramer Class I TTC 461 

threshold value  0.03 mg/kg/day (EFSA 2019) or 0.042 mg/kg/day (Yang et al 2017). 462 

However, to illustrate the process we continue with RAX.  463 

 464 

Chemical structure similarity: In terms of Tanimoto similarity, MP (0.81), EP (0.93) and BP 465 

(0.94) were identified as the closest analogues to the target PP, which sits in between EP 466 

and BP in the homologous series. 467 

 468 

Physicochemical properties: While there are some slight differences that may influence oral 469 

and dermal bioavailability with increasing side chain length, comparison of the 470 

physicochemical properties across the four parabens overall substantiates the suitability of 471 

the category as a similar set of homologues. 472 

 473 

In vivo data: Overall, in vivo reproductive and developmental toxicity studies generally 474 

demonstrate no relevant adverse effects for MP, EP and BP up to 1000 mg/kg/day (Table 3). 475 

A POD of 1000 mg/kg/day is used in regulatory risk assessments for MP and EP (SCCP 476 

2006; EFSA 2004).  For BP, the SCCS selected a subcutaneous dose of 2 mg/kg/day as the 477 

POD for their safety evaluation.  However, it is considered extremely conservative to define 478 

this dose as a legitimate NOEL/NOAEL for BP as it was the only dose tested in the 479 

respective rat study; a NOEL could well have been much higher than this in this study. Other 480 
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state-of-the-art reproductive/developmental toxicity studies show a NOAEL up to and 481 

including 1000 mg/kg/day (Daston et al., 2004; Hoberman et al., 2008; Hubbard et al 2020 482 

(US NTP studies performed in 2011)). However, for the illustrative purposes of working 483 

through the complete 10-step framework, we have continued in this RAX based NGRA, with 484 

the knowingly conservative POD of 2 mg/kg/day for BP.  485 

 486 

In vivo screening studies such as the uterotrophic assay indicated no or at most weak 487 

oestrogenic activity of the parabens, which presents no evidence of an endocrine-related 488 

adverse effect according to the OECD Framework for Testing and Assessment of Endocrine 489 

Disrupters (OECD, 2012).  490 

 491 

Overall, the in vivo data support the suitability of the category as a similar set of 492 

homologues, with general low or no toxicity (Category III in terms of the scientific basis of the 493 

RAX (see Alexander-White et al 2020)). 494 

 495 

In silico alerts and docking simulations: Overall, in silico profiling and docking simulations 496 

indicate a homogenous profile of very weak binding activity for the receptors considered by 497 

the Endocrine Disruptome tool, further substantiating the suitability of the four parabens to 498 

form one category of similar analogues. 499 

 500 

Tier 0 exit: Step 4 → Step 8 Selection of a systemic toxicity point of departure  501 

At this point, from the perspective of deriving a human relevant health guidance value, one 502 

could in principle move to Step 8, if one were confident that a POD could be selected using 503 

RAX that was representative and suitably conservative. Using the external exposure dose 504 

metric generated in Step 1, a risk assessment (Step 9) could be performed.  505 

Step 8: Performing a RAX to derive a point of departure. 506 
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In the absence of data for PP, the assumption is made based on the chemical and biological 507 

similarity profiles in Tier 0, that the experimental POD for a paraben analogue can also be 508 

used conservatively for the PP in a MOS calculation. The question remains here as to 509 

whether PP is closer in biological similarity to MP and EP, each with an experimental POD of 510 

1000 mg/kg/day or whether PP is more similar to BP that has been assigned a considerably 511 

lower and highly unrealistic POD (2 mg/kg/day) from a Klimisch 3 rated study (SCCS, 2013). 512 

At this point, in this approach the most conservative of these values should be taken forward 513 

unless there is improved evidence of greater similarity to MP or EP to use a higher value. 514 

Step 9 Performing a margin of safety evaluation  515 

Using the POD for BP chosen by the SCCS (i.e. 2 mg/kg/day)) and dividing it by the worst 516 

case initial deterministic aggregate exposure estimate for PP in all cosmetics products (0.53 517 

mg/kg bw/day), then the Margin of Safety (MOS) = 2/0.53 = 4. This MOS is clearly not 518 

sufficiently high to provide assurance at this point in the process as an acceptable MOS in 519 

this situation is typically expected to be 100 or more (WHO IPCS 2005; SCCS, 2018).  520 

However, this does not mean that parabens are unsafe, but at this point there is not enough 521 

data, evidence and realistic accuracy in the risk assessment, as we have taken highly worst 522 

case assumptions in both POD and exposure estimates. Therefore, further refinement is 523 

needed. When using the outcomes for PP exposure estimation using probabilistic modelling 524 

from the Creme Care and Exposure model, in the scenarios outlined in Step 1 above, the 525 

MOS are: a) 2/0.154 = 13; b) 2/0.053 = 38; c) 2/0.07 = 29, d) 2/0.014 = 143. However, it 526 

should be noted that when using the most realistic probabilistic exposure scenario (d), the 527 

MOS is acceptably high at 143.  528 

.  529 

Based on the deterministic exposure value, the margin of exposure is not sufficient to 530 

sustain the use scenario. A next step in the 10-step RAX framework is to move to Tier 1 531 

(Steps 5 and 6) to define systemic bioavailability and assess whether there are areas of 532 
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greatest mechanistic similarity between the target and the analogues to refine the NGRA 533 

further.  534 

Tier 1  535 

Step 5. Systemic bioavailability/ADME of PP and analogues 536 

Understanding absorption, distribution, metabolism, and excretion (ADME) properties and 537 

the relative rate and extent of biotransformation across the short chain linear parabens is an 538 

important aspect in the examination of potential potency differences between analogues. In 539 

this case study, the ADME data generated from NAMs is used to compare the behaviour of 540 

the four parabens in the category using similar in vitro conditions and to provide information 541 

that is helpful in the selection of the most appropriate source chemical for the read-across. 542 

 543 

The metabolism of parabens in humans is well-studied (Abbas et al., 2010; Janjua et al., 544 

2008; Ozaki et al 2013; Moos et al., 2016). It is understood that after oral and dermal 545 

exposure, parabens undergo ester hydrolysis to form a common primary metabolite, pHBA, 546 

and a corresponding linear aliphatic alcohol. This understanding was the starting point for 547 

the in vitro ADME and toxicokinetics (TK) evaluations performed to compare these 548 

characteristics across the paraben category in the context of this case study. It is useful to 549 

consider in what amount PP penetrates across the skin following dermal application and 550 

absorbs into the systemic circulation and in what form.  551 

 552 

a) Ex vivo absorption and metabolism in human skin 553 

To best understand dermal bioavailability, potential first-pass metabolism in the skin should 554 

be considered as well as the dermal penetration (Manwaring et al., 2015). Experiments 555 

(following OECD guideline 428 for skin penetration (OECD 2004)) in which PP was applied 556 

to viable human skin explants and incubated for 24 h showed that it is extensively 557 

metabolised by cutaneous enzymes, such that, after 24 h, nearly all PP applied to human 558 
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skin was subsequently present in the medium as metabolites (Table 7; Géniès et al 2019). 559 

The mass balance recovery of the applied dose in the experiment with human skin was 91.8 560 

± 6.6% and the % of total radioactivity in the culture medium after 24 h was 66.0 ± 9.2%; 561 

27.6% total radioactivity was found in the skin. The majority of radioactivity in the medium 562 

(42%) was pHBA, indicating the action of carboxylesterases in the skin and 5.6% was 563 

sulphonated PP. Twelve metabolites were detected (see Table 7 in Géniès et al 2019) and 564 

only 0.2% of the administered dermal dose was measured after 24 h in receptor fluid as 565 

parent PP.  566 

 567 

These ex vivo and in vitro studies indicate that (i) very low amounts of parent paraben enter 568 

the systemic circulation after topical application of PP due to first-pass metabolism in the 569 

skin, and (ii) the major metabolite entering the systemic circulation is pHBA (Géniès et al 570 

2019). A pragmatic value of 1% can be used in risk assessment for the systemic delivery of 571 

parent PP by the dermal route. The measured value for skin penetration through human skin 572 

was 0.2 ± 0.2% but to allow for uncertainty and variability, given small sample numbers in 573 

this study and the potential for a very small amount residual in the skin tissue that could go 574 

on to be absorbed, a value of 1% is considered appropriately conservative. 575 

 576 

b) Metabolism in in vitro liver S9, primary human hepatocytes and Episkin S9 577 

Once entering the systemic circulation, a compound can be further metabolised by the liver. 578 

The in vitro intrinsic clearance was examined for the parabens in both Episkin (pool of 5 579 

donors) and human liver S9 (pool of 200 donors, mixed gender), as well cryopreserved 580 

primary human hepatocytes (pool of 5 donors, mixed gender). Relative to reference 581 

compounds the intrinsic clearance (CLint, in vitro) in primary human hepatocytes (PHH) 582 

indicated that all four parabens are high hepatic clearance compounds (Table 7). Assuming 583 

1.29 million PHH is equivalent to 1 mg S9 (based on Lipscomb et al., 1998), the CLint, in vitro 584 
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values were comparable in PHH and liver S9. CLint, in vitro values were over 70-fold lower in 585 

EpiSkin S9 than liver S9. 586 

 587 

Table 7 CLint, in vitro values for parabens and pHBA incubated with primary human hepatocytes 588 
(PHH), human liver S9 and EpiSkin S9. Incubations with PHH were run alongside reference 589 
compounds for high (naloxone), medium (midazolam) and low (tolbutamide) clearance compounds.  590 
 591 

Compound PHH 

µL/min/million cells 

Liver S9 

µL/min/mg protein 

EpiSkin S9 

µL/min/mg protein 

MP 73.8 ± 8.0 129.1 ± 3.5 73.8 ± 8.0 

EP 60.0 ± 3.4 94.2 ± 2.4 60.0 ± 3.4 

PP 73.6 ± 15.5 84.4 ± 3.0 73.6 ± 15.5 

BP 42.6 ± 0.2 105.0 ± 2.3 42.6 ± 0.2 

pHBA <1 (t1/2 >180 min) Not metabolised Not metabolised 

Naloxone (high) 9.8 ± 1.9 Not done Not done 

Midazolam (medium) 4.1 ± 0.5 Not done Not done 

Tolbutamide (low) 1.0 ± 0.1 Not done Not done 

 592 

 593 

As with metabolism in ex vivo skin (Géniès et al 2019), in incubations with PHH, pHBA 594 

accounted for the majority of metabolite formed (Table 7), as depletion of parent was 595 

concomitant with an increase in pHBA formation. These findings are in accordance with 596 

others who have studied the metabolism of several parabens in human liver microsomes 597 

(Abbas et al., 2010).  598 

 599 

The metabolism of parabens in liver S9 and EpiSkin S9 were compared under the same 600 

incubation conditions. These incubations were undertaken as a screening assay to provide 601 

an indication of the metabolic stability of the chemicals in liver and skin. In addition, this 602 

assay provided some comparative information on the xenobiotic metabolising enzymes that 603 

were responsible for paraben metabolism in liver- and skin-based models (Eilstein et al, 604 
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2019). The rate of metabolism of the four parabens was much higher (between 70- and 210-605 

fold higher) in liver than in EpiSkin S9 (Table 7). The reason for the lower rate of metabolism 606 

of short linear chain parabens in EpiSkin S9 compared to the liver S9 may be attributed to 607 

the carboxylesterase isoform, carboxylesterases-2 (CES2), known to be mainly expressed in 608 

the skin (Fagerberg et al., 2014). CES2 prefers lipophilic substrates with a large alcohol 609 

group (Laizure et al., 2013; Taketani et al., 2007) rather than small alcohol groups as are 610 

present in the parabens. It is likely that the metabolism of the parabens in EpiSkin S9 is 611 

mediated by CES2. There were two detected metabolites common to PHH, liver S9 and 612 

EpiSkin S9, namely pHBA and a direct sulfate conjugate of the parabens S9. Oxidation 613 

(most likely of the alkyl-chain of the molecule rather on the ring moiety (Moos et al., 2016)), 614 

was evident in incubations with PHH and liver S9 but not in EpiSkin S9. This is expected 615 

considering the much lower abundance and activities of CYP enzymes in skin compared to 616 

the liver (Hewitt et al., 2013). When pHBA was incubated with liver or EpiSkin S9, it was not 617 

metabolised and no conjugates were detected. This finding again indicates that pHBA is the 618 

major metabolite via the action of esterases and cytochrome P450 enzymes are insignificant 619 

for parabens metabolism. 620 

 621 

c) Metabolism in plasma 622 

 623 

In addition to undergoing metabolism in the liver, some esters are hydrolysed by esterases 624 

in the plasma (Fu et al., 2016). As human plasma is reported not to contain 625 

carboxylesterases (Li et al.,2005), the parabens may be substrates for other esterases 626 

known to be present e.g. butyrylcholinesterase, paraoxonase, and albumin esterase (Li et 627 

al., 2005). However, when incubated with human plasma, all four parabens were stable in 628 

plasma and less than 6% of the parabens were hydrolysed to pHBA. The degree of plasma 629 

protein binding was high and increased with increasing paraben chain length (Table 8). The 630 

fraction bound suggests that the free fraction in vivo could vary between 26% for MP to only 631 

4% for BP. Despite the high extent of protein binding, this did not prevent the parabens from 632 
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being metabolised, suggesting that the binding affinity was low enough to release the 633 

compound for metabolism. The observed binding of p-HBA to plasma proteins was much 634 

lower than that of any of the parent chemicals. 635 

 636 

Table 8 Plasma protein binding (PPB) and stability of parabens (10 μM) in human plasma. The % 637 
recovery of the parent chemical in the assay is also shown. Mean ± SD, n=3. 638 
 639 

   Stability control  

Paraben PPB [%] % Recovery % parent 

remaining after 

1 h 

nM pHBA formed at 1 h 

(% parent metabolised) 

MP 73.62 ± 1.92 92.0 96.4 158 ± 35 (1.6%) 

EP 83.35 ± 0.54 90.9 94.3 109 ± 30 (1.1%) 

PP 91.74 ± 0.06 88.0 85.6 550 ± 55 (5.5%) 

BP 96.29 ± 0.25 82.7 97.3 0.0 ± 0.0 (0%) 

pHBA 37.61 ± 3.13 101.1 97.9 NA 

Warfarin  

(positive control) 

 

97.86 ± 0.24 

 

93.5 

 

Not determined 

 

NA 

 640 

Step 6. Supporting a Similar Mode/Mechanism of Action (MOA) hypothesis  641 

The working hypothesis for this category is that, based on their highly similar chemical 642 

structure, the target chemical PP will have similar biological activity and bioavailability to the 643 

source chemicals MP, EP, and BP.  644 

The key aspects of the hypothesis are as follows: 645 

i) Similar chemical structure and physicochemical characteristics will result in similar 646 

bioavailability, metabolism, and reactivity, which results in similar biological and 647 

functional effects. 648 

ii) The available in vivo systemic toxicity data generally demonstrate similar biological 649 

activity across the category.  650 

iii) The parent category members are metabolised by ester hydrolysis via endogenous 651 

esterases in the skin or systemically after absorption, with all four parabens 652 
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producing a common and major primary metabolite, pHBA, and similar 653 

corresponding short linear chain alcohols. At the levels of exposure to parabens in 654 

cosmetics, the alcohols generated are not of concern toxicologically.  655 

iv) The rate and extent of ester hydrolysis is similar across parabens, resulting in 656 

similar exposures to the common metabolite pHBA, which is not toxic  657 

v) Chain length differences across the parabens may result in a predictable potency 658 

trend in observed effects across category members with increasing alkyl chain 659 

length e.g. in in vitro assays and uterotrophic assays etc. 660 

 661 

To investigate and support the hypothesis further and to explore biological similarity, US EPA 662 

ToxCast data were analysed. 663 

 664 

Bioactivity in ToxCast (potential Mode of Action (MoA) of parabens) 665 

 666 

To explore biological activity and survey potential MoAs, efforts to find biological data for PP 667 

and similar chemicals were undertaken using ToxCast (US EPA). ToxCast data was of 668 

particular interest also to increase confidence in the similarities of the structurally related 669 

chemicals in the category. As PP was not tested in all ToxCast assays this approach cannot 670 

be considered to afford a comprehensive biological coverage; nonetheless, results from 656 671 

assays can give some meaningful insights into MoA and potential similarities. 672 

Initially, a structure similarity search utilising Accelrys Isentris (v4.0) was employed to identify 673 

molecules similar to PP, the target for read-across, that also had ToxCast data. Specifically, 674 

the structurally similar compounds were defined on the basis of 960 specific structural 675 

features pulled back from GRASP (Graphical Structure Project), a proprietary P&G platform, 676 

whereby the degree of structural similarity depends on the number of searchable keys that a 677 

stored structure has in common with the query, compared to the total number of searchable 678 

keys. For the purpose of this exercise a similarity cut-off of >50 keys was used. A total of 24 679 

chemicals were identified with eight of these being parabens of varying chain lengths 680 
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including the three source chemicals in the category (identified earlier in Step 1 by Tanimoto 681 

and expert chemical review) and the common metabolite pHBA. 682 

Analysis of the ToxCast data associated with MP, EP, PP, BP and pHBA was undertaken. 683 

The analysis focused on assay hits with no flags as reported by the US EPA. Flags 684 

associated with response data from ToxCast assays indicates potential issues with the fit 685 

model (false positive/false negative) as identified by the US EPA, and this can result in 686 

significant uncertainties in the interpretation of the data. Therefore, for this case study, only 687 

response data without flags were included. No data on pHBA was included as there were no 688 

hits without flags, and the results for the parabens are listed in Table 9.  689 

 690 

Table 9 ToxCast assay hit counts for parabens 691 

 
Name 

 
CAS 

ToxCast 

Chemical ID 

Similarity 

Cutoff 

(Isentris) 

Result 

Count 

all 

assays 

Result 

Count 

hits 

% hits 

relative 

to all 

assays 

PP 94-13-3 22527 100 656 31 4.73 

BP 94-26-8 20209 >80 1357 95 7.00 

EP 120-47-8 22528 >70 1279 38 2.97 

MP 99-76-3 22529 >60 783 9 1.15 

 692 

 693 

Based on the percentage of hits relative to total number of assays in which the compounds 694 

were tested, MP (1.15%) and EP (2.97%) appear to have lower bioactivity in ToxCast 695 

assays than PP (4.73%) and BP (7.00%). Next the assay hits across the parabens were 696 

compared, which showed that commonality was consistently observed in relation to the 697 

oestrogen receptor activity.  698 

 699 

Due to this convergence, the ToxCast oestrogen receptor model was explored further 700 

(personal communication with US EPA). Full details of the oestrogen receptor model are 701 

described elsewhere (Browne et al., 2015). Briefly, the results from 18 oestrogen receptor 702 
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ToxCast high-throughput screening assays, measuring different points along the signalling 703 

pathway with different assay technologies, are integrated into a computational model to 704 

discriminate chemicals on the basis of their relative oestrogen receptor bioactivity. For this 705 

analysis of the parabens, the resulting oestrogen receptor activity is shown alongside a 706 

known oestrogen receptor agonist, 17beta-estradiol, for comparison. Results (see Figure 3) 707 

demonstrate that the rank order of potency, albeit low, for oestrogen receptor activity is MP < 708 

EP < PP < BP, with the reference substance showing, as expected, much greater oestrogen 709 

receptor activity overall.  710 

 711 

  712 
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Figure 3 Relative oestrogen receptor bioactivity in ToxCast. AC values are shown in the 713 

table below the graph. 714 

 715 

  
MP 

 
EP 

 
PP 

 
BP 

17Beta- 

estradiol 

AC50.median 1.81 1.43 1.31 0.67 -2.63 

AC50.min 1.78 0.81 0.26 -0.08 -7.24 

AC10.median 1.41 0.95 0.50 0.18 -3.07 

AC10.min 1.02 0.13 -1.21 -1.69 -6.84 

 716 

 717 

The AC10 and AC50 values listed in Figure 3 were derived by R. Judson at the US EPA 718 

(personal communication). BP is associated with the lowest concentrations for both AC10 719 

and AC50 in comparison to the other parabens. Thus, it is assigned a potency of 1 relative to 720 

the other category members (see Table 10).  721 
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 722 

ToxCast data traditionally rely on the concentration of chemical associated with 50% of 723 

maximum activity, i.e. AC50. However, because this assay response could reflect agonist 724 

effects on the oestrogen receptor, increasing concentrations could trigger increasing 725 

oestrogenic activity. The AC10 relates to concentrations associated with 10% of maximum 726 

activity or effect on oestrogen receptor, and they are lower concentrations than those at the 727 

AC50. Therefore, using the AC10 value is more conservative in the case of a risk 728 

assessment and it can be considered more protective. As a result, the AC10 median data 729 

were selected as the basis for the potency comparisons of the parabens. Relative to BP, 730 

which is the most potent in the category and assigned a scaling factor of 1, PP is assigned a 731 

scaling factor of 0.37, followed by EP and MP, with scaling factors of 0.2 and 0.13, 732 

respectively.   733 

Table 10 Calculation of potency scaling factors from ToxCast oestrogen receptor activity data 734 
 AC10.median. Calculated Scaling (potency) Factor* 735 
 736 

 AC10.median Calculated Scaling (potency) Factor* 

BP 0.184926581 1 

PP 0.503476501 0.37 

EP 0.946787935 0.20 

MP 1.405220807 0.13 

 737 

These calculated relative potency scaling factors are employed later in the case study for the 738 

subsequent safety assessment. 739 

 740 

 741 

Toxicogenomics data  742 

The results of the toxicogenomics analyses using MCF7 cells (Figure 4), indicate that each 743 

of the parabens is able to elicit changes in the expression of a large number of genes (FDR 744 

< 0.05, fold change +/- 1.2>), as compared to controls, particularly at the highest dose 745 

tested. The use of MCF7 cells offers a reasonable in vitro system to assess the broad 746 
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biological activity of the parabens as well as further explore their endocrine activity potential 747 

because these cells express multiple nuclear hormone receptors as well as other regulatory 748 

proteins. With regard to establishing biological similarity, the transcriptional profile elicited by 749 

each of the parabens shares a high degree of similarity across the category members.  750 

 751 

  752 
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Figure 4 Heat map of the genes whose expression was modified in MCF7 cells treated with MP, EP, 753 
PP and BP. Up-regulated genes in red; down-regulated genes in blue.  754 
 755 

 756 
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A significant number of genes whose expression is up-or down-regulated by MP, EP or BP is 757 

also regulated in the same direction (up- or down-regulated) by PP (the target chemical) 758 

(FDR < 0.05, fold change +/- 1.2>). This is shown in the Eisen diagram heat map (Figure 4) 759 

of the genes (up-regulated in red; down-regulated in blue) whose expression was modified in 760 

the MCF7 cells exposed to the indicated parabens (at the highest doses tested) for 6 h. In 761 

the case of comparing the gene changes elicited by pHBA to those elicited by the parent 762 

parabens, there are clearly fewer genes affected by pHBA. Figure 4 also demonstrates that 763 

there are increased gene changes in MCF7 cells across the parabens as the chain length 764 

increases. This is a general indication that the biological activity of the short linear chain 765 

parabens increases with increasing chain length.  766 

 767 

Comparing the toxicogenomic data across the four parabens, there are 133 common genes 768 

identified whose expression is modified by each of the parabens in a significant manner and 769 

in the same direction (66 genes up-regulated and 67 genes down-regulated). In order to 770 

more closely examine the similarities of the differentially expressed genes between the 771 

potential source chemicals for the read across and the target chemical, a one to one 772 

comparison of the transcriptional profiles of each source paraben (MP, EP, and BP) was 773 

made against the transcriptional profile of PP. When compared to PP, MP elicited changes 774 

in the expression of 360 common genes, EP elicited changes in expression of 256 common 775 

genes, and BP elicited changes in expression of 634 common genes. The results indicate 776 

highest numbers of commonly affected genes were between BP and PP, where 319 genes 777 

were up-regulated and 315 genes were down-regulated. 778 

The main metabolite of these parabens, pHBA, also elicited significant gene expression 779 

changes at the highest concentration evaluated (615 genes total, 312 were up-regulated and 780 

303 down-regulated). However, the gene expression changes from pHBA are mostly 781 

different than the ones elicited by any of the parabens. Comparing the transcriptional profile 782 

pHBA with that of each of the parabens, the expression of only 45 genes was modified in the 783 

same direction (19 up-regulated and 26 down-regulated), although at a different magnitude 784 
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(details on these results are published in the OECD IATA report: ENV/JM/MONO(2020)16 785 

OECD Series on Testing and Assessment No. 320).  786 

 787 

To determine the most important biological activities (based on these gene changes) of each 788 

of the parabens in the category, the transcriptional profile identified for each of the parabens 789 

was analysed for pathway enrichment. Looking broadly across the four parabens, there was 790 

significant overlap in the affected pathways, indicative of their overall biological similarity and 791 

thus the validity of the read-across category. The top Hallmark pathways that are most up-792 

regulated by the parabens are: oestrogen response early and late, TNFA signaling via 793 

NFKB, unfolded protein response, hypoxia, androgen response, glycolysis, epithelial 794 

mesenchymal transition, IL2 STAT5 and MTORC1 signalling.  795 

 796 

Comparison of the results from the gene expression and pathway analyses demonstrates 797 

that similar transcriptomic responses are elicited by exposure to the parent parabens. The 798 

toxicogenomics data provides evidence of strong concordance in the biological activity of the 799 

category members as identified by transcriptional profiling of MCF7 cells exposed to the 800 

parabens. In addition, the transcriptomic profiles of the parabens clearly demonstrate they 801 

share an ability to up-regulate oestrogen response genes in MCF7 cells. These 802 

transcriptomic results support the read-across category hypothesis with regard to broad 803 

biological similarity in vitro, and more specifically provide evidence that the parabens share 804 

potential MoAs.  805 

 806 

Tier 1 exit: Step 6 → Step 8 Selection of a systemic toxicity point of departure  807 

At the end of Tier 1, ADME data indicate similarity of bioavailability for the parabens and 808 

data from ToxCast and toxicogenomics data in MCF7 cells above further increases 809 

confidence in the biological similarity of the analogues in in vitro assays and increases the 810 

confidence in the assumption at the end of Tier 0, about the use of the highly conservative 811 
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POD for PP as read across from the POD currently in use for BP (2 mg/kg/day). The data 812 

suggest that PP is likely to be less biologically active than BP and the relative potency 813 

factors from the oestrogen receptor assays can be used in the final risk assessment. Further 814 

evidence on parabens activity using targeted testing and refinement to exposure estimates 815 

can still be made if we continue to Tier 2, with the use of PBK modelling data to determine 816 

internal dose metrics.  817 

Tier 2 818 

In Tier 2, toxicogenomics analysis and data available in ToxCast suggest that further 819 

targeted testing could be useful in exploring relative potency and biological similarity further. 820 

The bioavailability data also suggest that a PBK model can be built using available data on 821 

MP, EP and BP, which can then be used to generate estimate of PP kinetics and internal 822 

dose metrics.  Therefore, we can progress to using Steps 7a and 7b. 823 

 824 

Step 7a Perform Targeted Testing: Exploring CALUX assays with parabens 825 

In investigating potential MoAs for reproductive toxicity, an obvious consideration is steroid 826 

hormones and their receptors, particularly the androgen and oestrogen receptors. These 827 

receptors can be modulated in their activity by synthetic chemicals and other xenobiotics, as well 828 

as by endogenous molecules. Based on this notion, the low binding alerts and binding activity of 829 

the parabens observed in the molecular docking and in silico profilers and the bioactivity 830 

(ToxCast) data already gathered, specific CALUX® transactivation assays (OECD 2016) were 831 

selected to examine the similarities and differences in the endocrine activity of parabens. As 832 

endocrine activities represent molecular initiating events rather than more downstream key 833 

events in some reproductive toxicity adverse outcome pathways (AOPs), evaluating endocrine 834 

activity is a way to survey many potential AOPs simultaneously. As such, interaction with 835 

receptors for oestrogen-, androgen-, thyroid signaling and steroidogenesis (EATS) are relevant to 836 

potential MoAs based on in vitro endocrine activity. A range of CALUX assays, complemented 837 
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with specific assays to measure thyroid- and steroidogenesis interferences, was selected to 838 

create a complete EATS panel in which the parabens were evaluated. The outcomes of the 839 

CALUX assays are listed below. 840 

a) Cytotoxicity assay 841 

In the cytotoxicity CALUX assay (data not shown), toxicity was only observed for the two 842 

longest chain parabens at concentrations >10-4M. In the presence of rat liver S9 the 843 

cytotoxicity decreased, indicating that the metabolites are less cytotoxic than the parent 844 

compounds. This is supported by the fact that their main metabolite, pHBA, shows no 845 

cytotoxicity on the cytotox CALUX up to 1x10-3 M. 846 

b) Oestrogen and Androgen receptor assays 847 

All parabens showed oestrogenic activity in the absence of rat liver S9, but no anti-848 

oestrogenic activity was observed (Figure 5). The oestrogenic potency increased with chain 849 

length; most compounds had a PC10 value in the lower- or sub-micromolar range. In the 850 

presence of a metabolic fraction, however, most parabens were metabolised into less potent 851 

oestrogens. The metabolite, pHBA, was inactive in all cases. These results were in 852 

agreement with observations by Watanabe et al (2013) on 17 parabens with the ERα and 853 

ERβ receptors. 854 

The AR CALUX assay showed that none of the compounds had androgenic activity, while 855 

they did show anti-androgenic activity (Figure 6). The observed activity was in the lower 856 

micromolar range for all parabens, but not for the metabolite, pHBA. Similar to that observed 857 

for oestrogenic activity, the anti-androgenic activity also decreased in the presence of rat liver 858 

S9. 859 

c) Thyroidogenic activity 860 

No significant thyroidogenic activity was detected for any of the compounds, and anti-861 

thyroidogenic activity was observed for MP. Also, for the second thyroid-related assay, hTPO 862 
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inhibition, little activity was observed. MP showed a 20% decrease in signal only at the 863 

highest tested concentration. Inhibition of T4 binding to transthyretin (TTR) was observed for 864 

all four parabens. The potency of all compounds was similar, with PC20 values in micromolar 865 

range. Only MP was 10- to 100-fold less potent. The metabolite pHBA did not show any 866 

activity on the thyroid hormone receptor β (TRβ) and TTR binding assays, but TPO inhibition 867 

was observed for this compound at high concentration. 868 

d) Steroidogenic activity 869 

All four parabens affected steroidogenesis following exposure of H295R cells and subsequent 870 

quantification of 17beta-estradiol and/or testosterone production using the ERα and AR 871 

CALUX bioassay (OECD 2011). The effect most often observed was an increase in the 872 

oestrogen production. EP and PP additionally decreased the production of androgens. 873 

However, according to OECD guidelines, two consecutive active concentrations are required 874 

to identify a compound as ‘positive’; using this definition, none of these parabens significantly 875 

decreased testosterone production, and only MP, EP and PP significantly increased 876 

oestrogen production. The metabolite, pHBA, resulted in marginally increased oestrogen 877 

production at the highest tested concentration, and as such would also score ‘negative’. 878 

Summary of the EATS assays 879 

Importantly, incubations with S9 in all cases decreased bioactivity in the EATS panel (Table 880 

11). This is consistent with the fact that the major metabolite, pHBA, is devoid of significant 881 

biological activity and only shows slight activity in the TPO- and H295R assay at millimolar 882 

concentrations. Conversely, the four parabens tested were shown to be active in vitro, acting 883 

as oestrogens and anti-androgens. Little direct effect on thyroid receptor signalling and 884 

hTPO inhibition was observed but TTR binding was found positive and the parabens were 885 

able to influence steroid production according to the H295R assay. The parent parabens all 886 

exhibited measurable activity as agonists in the oestrogen receptor assay when tested at 887 

high concentrations (Figure 5), while being antagonists in the AR assay at high 888 
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concentrations (Figure 6). This linked activity has been noted before in other endocrine 889 

active substances. While it can be argued that anti-androgenic activity in some cases may 890 

contribute to the oestrogenicity of a substance in vivo, in the case of the short linear chain 891 

parabens the anti-androgenic activity observed in the EATS panel is of comparatively low 892 

potency relative to the observed oestrogenic activity. Both the oestrogenic and anti-893 

androgenic effect of the parabens decreased significantly in the presence of rat liver S9, 894 

suggesting that the parabens are readily metabolised to inactive metabolites. The EATS 895 

results generally demonstrate that endocrine activity increases in vitro with increasing chain 896 

length, suggesting a trend in potency across the category. The results from the EATS 897 

assays, with and without metabolic activity, supported the earlier findings of ER activity from 898 

in silico alerts and ToxCast data, where for the latter differences are greater in the absence 899 

of metabolism. However, it has to be emphasised that in all EATS assays, parabens are 900 

many orders of magnitude less potent compared to the natural oestrogen 17β-estradiol 901 

(Golden et al., 2005). 902 

 903 

 904 

  905 

Jo
urn

al 
Pre-

pro
of



 

46 

  

 906 

Figure 5. ERα CALUX results. Receptor activation (% of maximum) is plotted against compound 907 
concentration (LogM) final in well. The assay was performed in the absence (blue) and presence of 908 
metabolic enzymes (rat liver S9 fraction). Samples were prepared in triplicate and cells were exposed to 909 
test substance for 24h. The threshold of activity (10% activity compared to reference compound 17β-910 
estradiol (E2), PC10) is indicated as a dotted line. The reference curve is presented in black (no S9) and 911 
purple (with S9).  912 
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 914 
Figure 6 Anti-AR CALUX results. Activity (% compared to EC50-agonist response) is plotted against 915 
compound concentration (LogM) final in well. The assay was performed in the absence (blue) and 916 
presence of metabolic enzymes (rat liver S9 fraction). Samples were prepared in triplicate and cells 917 
were exposed to test substance for 24h. The threshold of activity (20% inhibition of activity, PC20) is 918 
indicated as a dotted line. The reference curve is presented in black (no S9) and purple (with S9). 919 

 920 

 921 

  922 
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Table 11 Summary of EATS testing results. PC10 (for agonistic tests)/PC20 (for antagonistic 923 

tests) values are shown in -Log M; the color indicates the potency (yellow < orange < red). 924 

 925 

 926 

Step 7b.  Biokinetic refinement 927 

Physiologically-based kinetic (PBK) models are mathematical models used to quantify the 928 

absorption, distribution, metabolism and excretion of a chemical inside the body following 929 

exposure. They are constructed as an interconnected system of compartments representing 930 

various tissues described by mass balance differential equations that are solved to predict 931 

the amount of chemical in each compartment over time. The physiological basis of this 932 

modeling approach allows internal concentrations resulting from external exposures to be 933 

predicted, allowing comparisons including across species and exposure routes.  934 

 935 

The physiological structure of PBK models provides a particularly useful framework for 936 

conducting cross species extrapolations. The application of PBK models to support 937 

interspecies extrapolation depends on the concept of target tissue exposure equivalence; 938 

Jo
urn

al 
Pre-

pro
of



 

49 

  

that is, in the absence of pharmacodynamic (susceptibility) differences, the toxicity of a 939 

chemical in different species is expected to be associated with similar concentrations of the 940 

chemical (or its toxic metabolite) in the tissue where the toxicity is observed. In cases of 941 

general systemic toxicity, or where the target tissue has not been identified, the 942 

concentration in the blood can be used to represent the target tissue exposure. While acute 943 

effects may depend on the maximum concentration achieved in the tissue, longer-term 944 

toxicity is generally associated with the average concentration over time, which can be 945 

calculated as the area under the curve (AUC) divided by the duration of the exposure. The 946 

toxic mode of action determines whether the concentration of interest is that of the parent 947 

chemical, a stable metabolite, or a reactive metabolite. To apply a PBK model for 948 

interspecies extrapolation, the model is first used to simulate the exposure of interest (dose, 949 

route, and duration) in the experimental species, and the internal dose metric (peak or 950 

average concentration) is calculated. The parameters in the PBK model are then changed to 951 

those for the target species of concern and the dose is adjusted until the same internal dose 952 

metric is achieved. The dose that produces the same internal dose metric is then considered 953 

the kinetically equivalent dose.  954 

 955 

The details of the PBK model applied in this case study to estimate internal concentrations of 956 

parabens resulting from external (applied) exposures in humans (from dermally applied 957 

cosmetics) and rat (from subcutaneous injection) are provided in the OECD IATA report for 958 

propylparaben case study (ENV/JM/MONO(2020)16 OECD Series on Testing and Assessment No. 959 

320). An overview of the model structure is shown in Figure 7.  960 

  961 
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 962 

Figure 7 PBK model schematic for parabens. Parent compound may be hydrolysed in the liver, 963 
skin, and gastrointestinal (GI) tissue, and conjugated (glucuronidation and sulfation) in the liver. 964 
Parent and metabolites may be excreted in urine. A fat compartment is included as a storage tissue. 965 

 966 

Various guidance documents for the application, use, best practice and reporting of PBK 967 

models have been published (WHO, 2010; USEPA, 2006; USFDA, 2018; EMA, 2016). 968 

Additionally, in order to address the credibility of PBK models for new chemicals on the 969 

market for which in vivo data cannot be generated for evaluation, an international effort at 970 

the OECD has delivered a guidance document the characterisation, validation and reporting 971 

of physiologically based kinetic models (PBK) for regulatory purposes (Sachana, 2019 and 972 

OECD, 2021).  A number of recent reviews of PBK modelling in environmental risk 973 

assessment are available (Clewell 2005; Clewell and Clewell 2008, Campbell et al. 2012, 974 

Clewell et al. 2014) and a paper on parabens PBK modelling (Campbell et al 2015).  975 

976 
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a) PBK modelling in consumer exposure to parabens from dermally applied cosmetics  977 

Exposure estimates generated using the Creme Global exposure model were used as input 978 

to the PBK model (Table 12). For PP, the internal exposure estimates were Cmax of 0.022 979 

μM, the AUC was 0.370 μmole*h/L and the Cavg was 0.016 μM from the SCCS deterministic 980 

consumer exposure estimates; Cmax of 0.018 μM, the AUC was 0.310 mmole*h/L and the 981 

Cavg was 0.013 μM from the Crème deterministic (worst case) consumer exposure 982 

estimates; and Cmax of 0.0006 μM, the AUC was 0.010 μmole*h/L and the Cavg was 983 

0.0004 μM from the Crème probabilistic (realistic) consumer exposure estimates. 984 

b) PBK modelling in rats after subcutaneous exposure to parabens 985 

Based on read-across from BP, the conservative POD of 2.0 mg/kg/day is used for risk 986 

assessment (although much higher estimates exist) of reproductive toxicity potential for PP. 987 

The results of simulating the exposure scenario in the rat toxicity study identifying the BP 988 

NOEL of 2.0 mg/kg/day is shown in Figure 8. The dose of 2 mg/kg/day BP was administered 989 

by SC injection in rats. The simulation results show the plasma time-course curve and 990 

summary pharmacokinetic parameters. From these, the values representing the POD are:  991 

Cmax 2.1 μM, AUC 3.0 μmole*h/L and Cavg 0.13 μM. 992 
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 994 

Figure 8 Rat plasma time-course simulation of exposure in the study. Rats were injected 995 
subcutaneously with 2 mg/kg/day BP. Only one day is shown as the clearance of parent compound is 996 
complete in less than 12 hours 997 

 998 

  999 
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Table 12 Summary of human plasma data for the PBK simulations of exposures estimated with the 1000 
Creme Care and Exposure modelling tool. 1001 

Chemical Exposure (Creme Global) Cmax AUC Cavg 

  Scenario mg/kg/d µg/cm2
 µmole/L µmole*h/L µmole/L 

 
MP 

 
a 

 
0.368 

 
0.80 

 
1.4E-02 

 
2.8E-01 

 
1.2E-02 

EP a 0.262 0.57 1.1E-02 1.8E-01 7.7E-03 

PP a 0.154 0.33 6.4E-03 1.1E-01 4.6E-03 

BP a 0.091 0.20 3.4E-03 6.1E-02 2.5E-03 

 
MP 

 
b 

 
0.111 

 
0.24 

 
4.1E-03 

 
8.4E-02 

 
3.5E-03 

EP b 0.059 0.13 2.6E-03 4.2E-02 1.7E-03 

PP b 0.053 0.11 2.2E-03 3.8E-02 1.6E-03 

BP b 0.037 0.08 1.4E-03 2.5E-02 1.0E-03 

 
MP 

 
c 

 
0.183 

 
0.40 

 
6.8E-03 

 
1.4E-01 

 
5.8E-03 

EP c 0.078 0.17 3.4E-03 5.5E-02 2.3E-03 

PP c 0.07 0.15 2.9E-03 5.0E-02 2.1E-03 

BP c 0.045 0.10 1.7E-03 3.0E-02 1.3E-03 

 
MP 

 
d 

 
0.059 

 
0.13 

 
2.2E-03 

 
4.5E-02 

 
1.9E-03 

EP d 0.019 0.04 8.0E-04 1.3E-02 6.0E-04 

PP d 0.014 0.03 6.0E-04 1.0E-02 4.0E-04 

BP d 0.018 0.04 7.0E-04 1.2E-02 5.0E-04 

 1002 

 1003 

Step 8 Performing a RAX to derive a point of departure (POD)  1004 

At the end of Tier 2, there was no further strong evidence at this time that PP was 1005 

toxicologically more similar to MP (with a POD of 1000 mg/kg/day) than to BP (with a 1006 

conservative POD of 2 mg/kg/day selected by the SCCS). Given data available post the 1007 

2013 animal testing ban was not used in principle in this NGRA, it was concluded that the 1008 

more conservative POD of 2 mg/kg/day for BP would have to be used as a comparative 1009 

POD for PP in this RAX-based risk assessment. The benefit of using this lower value is 1010 

however, that due to this highly conservative choice there is high confidence that the overall 1011 
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outcome is protective of human safety. It is assumed that in reality the POD is much higher 1012 

than 2 mg/kg/day as explained earlier.  1013 

Step 9 Next Generation Risk Assessment: Perform a Margin of Internal Exposure 1014 

(MoIE) assessment using PBK data 1015 

From the PBK modelling in Step 7b, it has been concluded that external SC exposure in rats 1016 

to 2 mg/kg/day of BP (the POD from step 8 determined after Tier 0) results in an internal 1017 

exposure Cmax of 2.1 μM. Similarly, using PBK modelling, the human exposure simulation 1018 

suggests an internal exposure of 0.022 μM to the target chemical PP (Table 12) when using 1019 

deterministic values. When using the refined probabilistic consumer exposure evaluation for 1020 

the realistic exposure scenario (i.e. scenario d), the human exposure simulation suggests an 1021 

internal exposure of 0.018 μM for conservative exposure assumptions (scenario a) and 1022 

0.0006 μM for realistic exposure assumptions (scenario d) (see Table 12).  1023 

 1024 

Based on the relative potency information on the parabens that was gained in the NAM 1025 

evaluations in Step 5, the internal exposure can further be adjusted for relative potency as 1026 

appropriate, prior to calculating the risk ratio. The relative potency trends observed in 1027 

multiple NAM data sets supported that the biological activity of the parabens is broadly 1028 

similar but activity increases with increasing alkyl chain length, and quite markedly from 1029 

propyl to butyl. This was particularly demonstrated based on NAM evaluations of the weak 1030 

endocrine activity of parabens, in particular in ER activity evaluated in ToxCast assays. As 1031 

the risk assessment endpoint is reproductive / developmental toxicity, endocrine activity may 1032 

be a potential MoA. Therefore, the relative ER bioactivity based on ToxCast AC10 values 1033 

(see Table 10) is used as a basis for the potency adjustment. The scaling potency factor for 1034 

the target chemical PP as compared to the source chemical contributing the animal POD, 1035 

BP, is 0.37. Taking this approach, the MoIE is calculated using the equation:  1036 

MoIE = Cmaxrat BP/[(Cmaxhuman PPx (Relative Potency of PP/BP)] 1037 

The resulting MoIEs are shown in Table 13 1038 
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Table 13 Margin of Internal Exposures (MoIE) using PBK modelling outputs for the POD and 1039 
estimated human exposures of parabens in cosmetic products 1040 

Following a deterministic consumer exposure estimate, the internal 
MoIE is calculated: 

 

POD Internal exposure Relative Potency MoIE 
Cmaxrat for BP: 2.1μM Cmaxhuman PP:2.2x10-2

 

μM 
Factor for PP:0.37 MoIE = 2.1/(2.2x10-2* 

0.37) =258 

 1041 

Following probabilistic consumer exposure estimates for worst case and realistic scenarios, the 
internal MoIE is calculated as:  
Creme model, Tier 1 deterministic (worst case scenario a)  

POD  Internal exposure  Relative Potency  MoIE  

Cmax rat for BP: 2.1 μM  Cmax human PP:  
1.8E-2 μM  

Factor for PP: 0.37  MoIE = 2.1 / (1.8E-2 * 
0.37) = 315  

Creme model, Tier 2 probabilistic (realistic scenario d)  

POD  Internal exposure  Relative Potency  MoIE  

Cmax rat for BP: 2.1 μM  Cmax human PP:  
6.0E-4 μM  

Factor for PP: 0.37  MoIE = 2.1 / (6.0E-4 * 
0.37) = 9459  

 1042 

When using deterministic values, the resulting MoIE is 258, whereas when using the 1043 

probabilistic Tier 1 and Tier 2 consumer exposure estimates according to the Creme Global 1044 

model, the MoIEs are 315 and 9459, respectively.  1045 

 1046 

A MoIE differs from a traditional margin of safety (MOS) in that it is calculated as the ratio of 1047 

a measure of internal exposure, such as blood/plasma concentration or target-tissue dose, 1048 

rather than a measure of external exposure concentration, total bolus dose or ingested dose 1049 

(Bessems et al., 2017). Thereby, the uncertainty in the risk assessment is considerably 1050 

reduced and the default uncertainty factor of 4 for interspecies differences in toxicokinetics 1051 

can be replaced (WHO, 2010). Thus, a MOIE of 25 is considered equivalent to the default 1052 

MOS of 100, but with greater precision for the target chemical. As all MoIEs derived in this 1053 

case study were largely above 25, they were considered sufficiently protective. 1054 

 1055 

  1056 
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Step 10 Assessing the Level of Confidence in the Risk Assessment 1057 

Overall, the level of confidence was considered high (Table 14) as the evidence provided by 1058 

the ADME and the toxicodynamic properties points to low/no toxicity based on the 1059 

considered exposure scenario. 1060 

Table 14 Assessing the level of confidence for the NAMs used in the parabens case study 1061 

 1062 
Data type/ 

Endpoint 

Assumptions Level of 

confidence 

(low, medium, 

high) 

Comments 

In vivo data The POD is appropriately 

conservative for the target 

substance 

High In vivo study was chosen because was used by 

SCCS. Study ranked Klimisch score 3 (non- 

guideline, no dose-response, single dose, no 

effects seen). The POD derived from a single 

dose SC study is 2 mg/kg/day for BP which is 

very conservative compared to other in vivo 

studies. 

Exposure data The exposure estimate finally 

used in the NGRA does 

overestimate consumer 

exposure in reality 

High Predicted exposure using a deterministic 

estimate that is highly conservative and much 

more than consumers are exposed to in reality 

NAM    

Molecular 

Docking/ER 

activity 

These docking simulations can 

characterize the binding 

propensities of short linear 

chain parabens and their 

common ester hydrolysis 

metabolite pHBA towards 

twelve nuclear receptors 

High Docking simulations indicate a homogenous 

profile of weak activity with for the receptors 

considered by the Endocrine Disruptome tool, 

further substantiating the suitability of the 

four parabens to form one category 

ToxCast/ 

Potency 

ToxCast can increase 

confidence in the similarities of 

the structurally related 

chemicals in the category and 

inform on MoA & potency 

Medium MP and EP appear to have lower bioactivity in 

ToxCast assays than PP and BP, and pHBA did 

not demonstrate any significant activity in the 

assays. Based on ToxCast oestrogen receptor 

activity assays relative potency scaling factors 

could be derived. Uncertainty remains 

regarding the coverage of ToxCast assays, the 

metabolic capacity and the fact that no data 

on pHBA could be included in the analysis. 

ADME 

Properties/pH 

BA activity 

pHBA, the main metabolite of 

parabens, does not contribute 

to the observed low 

reproductive toxicity potential 

associated with exposure to 

parabens 

Medium In silico predictions, EATS analysis and 

ToxCast evaluations differentiate pHBA from 

the parabens and support our assumption. 

pHBA toxicogenomics data demonstrated 

significantly less gene expression change as 

compared to the parabens (especially BP and 

PP). On the other hand, pHBA is not covered 

in the PBPK modelling and there is no 

estimate of internal exposure to pHBA which 

leaves some uncertainty. 
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CALUX 

assays/ER 

activity 

Assay provides good quality 

data for the target and source 

chemicals on the oestrogen 

receptor binding and 

activation. The assay provides 

a potency trend among target 

and source compounds and 

positive control. 

High The assay was perfomed according to OECD 

TG by an experienced lab with track record of 

high reproducibility, low variability. CALUX 

assays are based using U2-OS cells, which 

have no endogenous receptors. This makes 

the assay highly specific and reduces the 

uncertainty. U2-OS cells have limited 

metabolic capacity, which might lead to false 

negative results if active metabolite would be 

produced in vivo, or false positive results if an 

active parent molecule would be readily 

metabolised in vivo. This uncertainty was 

reduced by performing the assays +/- liver S9 

extract. Good quality data, with low potential 

to cause overestimation or underestimation 

Toxicogenomics Toxicogenomic data can 

inform on the gene expression 

changes and support the 

identification of the specific 

biologic activity of parabens. 

High The toxicogenomics studies were conducted 

under standardised conditions for the gene 

sets measured and for the cell type utilised 

with validated commercial transcriptional 

profiling platforms and statistical data 

analysis packages. While similar gene 

expression changes are observed in the MCF7 

cells treated with parabens, but not pHBA, 

how these changes relate to in vivo effects is 

not known at this point. There is also  

uncertainty in the toxicogenomics data in 

regard to biological coverage because only 

one cell line was used. 

PBK PBK model will provide the 

data on internal exposure of 

the target chemical based on 

different external exposure 

scenarios. Model will be used 

to calculate the internal 

exposure resulting from the 

POD of the in vivo study. 

Medium A PBK model was developed and used to 

estimate the internal plasma concentrations 

of MP, PP and BP following whole body 

exposure based on different exposure 

scenarios. The model has been previously 

published and validated. Internal exposure 

from the in vivo study was calculated. The 

ability to rely on a measure of internal rather 

than external exposure reduces the 

uncertainty in the risk assessment by 

incorporating chemical-specific information 

on the ADME parameters of the chemical in 

the experimental animal and the human. The 

rat SC injection dosing route has high 

uncertainty in the PBBK model because there 

are no rat SC kinetic data to address this 

uncertainty. 

* Key to direction and magnitude: 1063 

Medium, high level of confidence= uncertainty results minor or major conservatism in the safety assessment (i.e. 1064 
overestimation of risk). 1065 

Low level of confidence = uncertainty results in minor or major concerns in the safety assessment (i.e. underestimation 1066 
of risk). 1067 

 1068 

 1069 
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 1070 
Conclusion 1071 
 1072 
This case study for the target chemical propylparaben demonstrates the practical application 1073 

of the 10-step RAX framework for NGRA, as described in Alexander-White et al (2020). This 1074 

complements an accompanying case study for caffeine, which followed the same approach 1075 

(Bury et al., 2020) and has been reviewed by the OECD (2020).  1076 

 1077 

The data provided for parabens, illustrates how read-across can be used to fill the data gaps 1078 

on reproductive / developmental toxicity as a suspected pivotal toxicity endpoint for the 1079 

target chemical PP. Source chemicals MP, EP and BP were included in a category approach 1080 

to evaluate chemical and biological similarity and explore relative potency trends across the 1081 

category using in vitro assay data particularly related to oestrogenic activity, as suspected 1082 

biological activity. Multiple data streams were integrated in an IATA (Integrated Approach to 1083 

Testing and Assessment) to build a weight of evidence to support the appropriateness of 1084 

reading across a POD that can be used in confidence in risk assessment. While the in vivo 1085 

reproductive toxicity data gap for PP in this case study was theoretical (see Gazin et al 1086 

2013), the information gathered has shown that non-animal methods can be used today to 1087 

support the safety of short linear n-alkyl chain parabens as used in cosmetic products, even 1088 

when highly conservative assumptions are made in the safety assessment.  1089 

 1090 
Overall, the parabens are substances of low toxicity and all of the good quality studies 1091 

indicate a NOAEL of up to 1000 mg/kg/day after repeated oral dosing. This is supported by 1092 

new in vivo data on PP, generated to comply with EU REACH regulations, after daily oral 1093 

administration of doses up to 1000 mg/kg to juvenile rats from the neonatal period (PND 4) 1094 

through early adult life (PND 90) including uterotrophic assays and a full TK profile (ECHA 1095 

REACH dossier; Gazin et al 2013 reporting studies performed at Ricerca Biosciences). 1096 

There was no evidence of oestrogenic activity at any in vivo dose, and no effects on 1097 

reproductive organs or function, which fully supports the weak ER-agonist activity of PP 1098 
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determined in various in vitro systems (i.e. ER-binding assays, CALUX data, etc.). The 1099 

experimental NOAEL for PP in repeat dose OECD guideline studies is 1000 mg/kg/day. The 1100 

predominant metabolite pHBA contributed to 95% of the total exposure at 1000 mg/kg/day. 1101 

These data confirm the working hypothesis of this case study that all parabens are readily 1102 

hydrolysed by esterases and converted to the predominant metabolite, pHBA. A NOAEL of 1103 

1000 mg/kg/day as the highest dose tested was also identified in a 90-day repeated dose 1104 

oral toxicity study in rats according OECD 408 and in a developmental toxicity study in rats 1105 

according to OECD 414. Overall, there was no evidence of any adverse effects up to the 1106 

limit dose of 1000 mg/kg/day (Gazin et al 2013; studies performed in 2012).  1107 

 1108 

Based on conflicting results from the literature, there remain concerns that the parabens 1109 

possess oestrogenic activity in vivo. However, there is little convincing evidence of this and 1110 

oestrogenic activity observed in vitro is extremely weak (several magnitudes lower at 1111 

maximum concentrations compared to the endogenous substrate 17beta-estradiol). 1112 

Sporadic reports of alleged in vivo oestrogenic effects of parabens appear to be very weak 1113 

compared to dietary components or 17beta-estradiol. Therefore, although the parabens 1114 

exhibit weak endocrine activity in in vitro test systems, where metabolism is not at play, the 1115 

toxicological relevance for human safety continues to be unlikely. To date there is no in vivo 1116 

evidence of adverse effects in humans resulting from the weak endocrine activity of 1117 

parabens. Furthermore, the safety assessment conducted in this case study for 1118 

demonstration purposes resulted in margins of exposure for the parabens that would be 1119 

considered protective for human health.  1120 

 1121 

In conclusion, as demonstrated in this case study, NAM data can provide useful information 1122 

to facilitate the selection of the most appropriate analogue from a homologous series of 1123 

chemicals to read across to a target category member. In addition, NAMs can be used in 1124 

principle to investigate and inform on both the TK and TD properties of target and source 1125 

chemicals in a given read-across scenario and effectively establish their biological as well as 1126 
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the structural similarity. The margin of internal exposure derived here was shown to be 1127 

protective of human health. 1128 

Funding body information 1129 

This work was funded through the Long Range Science Strategy (LRSS) programme of 1130 

Cosmetics Europe (https://www.lrsscosmeticseurope.eu). 1131 

 1132 

Declaration of competing interest 1133 

No known competing financial interests or personal relationships that could have appeared 1134 

to influence the work reported in this paper. 1135 

 1136 

Acknowledgements 1137 

The authors would like to thank Annette Bitsch (Fraunhofer), Joan Fisher (P&G), Bastian 1138 

Selman (P&G) for their help in the preparation of data included in this manuscript.  1139 

 1140 

  1141 

Jo
urn

al 
Pre-

pro
of

https://www.lrsscosmeticseurope.eu/


 

61 

  

References  1142 
 1143 
Abbas, S., Greige-Gerges, H., Karam, N., Piet, M.H., Netter, P., Magdalou, J., 2010. 1144 

Metabolism of Parabens (4-Hydroxybenzoic Acid Esters) by Hepatic Esterases and Udp-1145 

Glucuronosyltransferases in Man. Drug Metab Pharmacokinet 25(6), 568-77. 1146 

 1147 

Alexander-White, C., Mahony, C., Bury, D., Cronin, M., Dent, M., Hack, E., Hewitt, N., 1148 

Kenna, G., Naciff, J., Ouedraogo, G., Shepky, A., 2022. A 10-Step Framework for Use of 1149 

Read-Across (RAX) in Next Generation Risk Assessment (NGRA) for cosmetics safety 1150 

assessment. Manuscript submitted to Regul. Toxicol. Pharmacol. Jan 3:105094. doi: 1151 

10.1016/j.yrtph.2021.105094. Epub ahead of print. PMID: 34990780. 1152 

Aubert, N., Ameller, T., Legrand, J.J., 2012. Systemic exposure to parabens: 1153 

pharmacokinetics, tissue distribution, excretion balance and plasma metabolites of [14C]-1154 

methyl-, propyl- and butylparaben in rats after oral, topical or subcutaneous administration. 1155 

Food Chem Toxicol. 50(3-4), 445-54. 1156 

 1157 

Berggren, E., White, A., Ouedraogo, G., Paini, A., Richarz, A.N., Bois, F.Y., Exner, T. et al., 1158 

2017. Ab Initio Chemical Safety Assessment: A Workflow Based on Exposure 1159 

Considerations and Non-Animal Methods. Comput Toxicol 4, 31-44. 1160 

https://doi.org/10.1016/j.comtox.2017.10.001 . 1161 

 1162 

Bessems, J. G. M., Paini, A., Gajewska. M., and Worth A., 2017. The Margin of Internal 1163 

Exposure (MoIE) Concept for Dermal Risk Assessment Based on Oral Toxicity Data - a 1164 

Case Study with Caffeine. Toxicology 392, 119-29. https://doi.org/10.1016/j.tox.2017.03.012. 1165 

 1166 

Browne, P., Judson, R.S., Casey, W.M., Kleinstreuer, N.C., and Thomas, R.S., 2015. 1167 

Screening Chemicals for Oestrogen Receptor Bioactivity Using a Computational Model. 1168 

Environ Sci Technol 49(14), 8804-14. https://doi.org/10.1021/acs.est.5b02641 . 1169 

 1170 

Bury, D., Alexander-White, C., Clewell III, H.J., Cronin, M., Desprez, B., Detroyer, A., 1171 

Efremenko, A., Firman, J., Hack, E., Hewitt, N.J., Kenna, G., Klaric, M., Lester, C., Mahony, 1172 

C., Ouedraogo, G., Paini, A., Schepky, A., 2020. New Framework for a Non-Animal 1173 

Approach Adequately Assures the Safety of Cosmetic Ingredients – A Case Study on 1174 

Caffeine. Manuscript submitted to Regul Toxicol Pharmacol Special Issue. 1175 

Jo
urn

al 
Pre-

pro
of



 

62 

  

Campbell, J. L., Yoon, M., and Clewell, H.J., 2015. A Case Study on Quantitative in Vitro to 1176 

in Vivo Extrapolation for Environmental Esters: Methyl-, Propyl- and Butylparaben. 1177 

Toxicology 332, 67-76. https://doi.org/10.1016/j.tox.2015.03.010 . 1178 

 1179 

Campbell, J.L. Jr., Clewell. R.A., Gentry, P.R., Andersen, M.E., and Clewell, H.J., 2012. 1180 

Physiologically Based Pharmacokinetic/Toxicokinetic Modeling. In Computational 1181 

Toxicology. Volume 1, Methods Mol Biol. , edited by B. Reisfeld and A.N. Mayeno, 439-99. 1182 

 1183 

Clewell, H. J., 2005. Use of Mode of Action in Risk Assessment: Past, Present, and Future. 1184 

Toxicol Pharmacol 42(1), 3-14. https://doi.org/10.1016/j.yrtph.2005.01.008 . 1185 

 1186 

Clewell, H.J, Clewell, R.A., and Andersen, M.A., 2014. Physiologically Based 1187 

Pharmacokinetic Modeling. In Principles and Methods of Toxicology, 6th Edition , edited by 1188 

W.A. Hayes: CRC Press, New York. 1189 

 1190 

Clewell, R. A., and Clewell. H.J, 2008 Development and Specification of Physiologically 1191 

Based Pharmacokinetic Models for Use in Risk Assessment. Regul Toxicol Pharmacol 1192 

50(1), 129-43. https://doi.org/10.1016/j.yrtph.2007.10.012 . 1193 

 1194 

Cosmetics Ingredient Review (CIR) 2008. Final amended report on the safety assessment of 1195 

Methylparaben, Ethylparaben, Propylparaben, Isopropylparaben, Butylparaben, 1196 

Isobutylparaben, and Benzylparaben as used in cosmetic products. International journal of 1197 

toxicology, 27 Suppl 4, 1–82. https://doi.org/10.1080/10915810802548359 1198 

 1199 

Danish EPA 2009. Dermal absorption of pesticides – evaluation of variability and prevention. 1200 

Pesticides Research No. 124. 1201 

 1202 

Daston, G. P., 2004 Developmental Toxicity Evaluation of Butylparaben in Sprague-Dawley 1203 

Rats. Birth Defects Research Part B: Developmental and Reproductive Toxicology 71(4), 1204 

296-302. https://doi.org/10.1002/bdrb.20016 . 1205 

 1206 

Dearden J, Worth A.,  2007 In Silico Prediction of Physicochemical Properties. EC JRC 1207 

Scientific and Technical Reports, Eur 23051 En. 1208 

 1209 

ECHA REACH dossier for Propyl Paraben Dossier. Available at: 1210 

https://echa.europa.eu/fr/registration-dossier/-/registered-dossier/13890/7/9/1 1211 

 1212 

Jo
urn

al 
Pre-

pro
of

https://doi.org/10.1080/10915810802548359
https://echa.europa.eu/fr/registration-dossier/-/registered-dossier/13890/7/9/1


 

63 

  

European Food Standards Authority (EFSA) 2004. Opinion of the Scientific Panel on Food 1213 

Additives, Flavourings, Processing Aids and Materials in Contact with Food on a Request 1214 

from the Commission related to para hydroxybenzoates (E 214-219). EFSA Journal 83, 1-1215 

26.  1216 

 1217 

EFSA 2019. Guidance on the use of the threshold of toxicological concern approach in food 1218 

safety assessment. EFSA Journal, Guidance adopted April. 2019. 1219 

doi:10.2903/j.efsa.2019.5708 1220 

 1221 

Eilstein, J., Grégoire, S., Fabre, A., Poupon. A., Arbey, E., Géniès, C., Duplan, H., Rothe, H., 1222 

Ellison, C., Cubberley, R., Schepky, A., Klaric, M., Hewitt, N.J., Jacques-Jamin, C., 2019. 1223 

Use of Human Liver and Episkin™ S9 Subcellular Fractions as a Screening Assay to 1224 

Compare the in Vitro Hepatic and Dermal Metabolism of 47 Cosmetics-Relevant Chemicals. 1225 

J Appl Toxicol 40(3):416-433. doi: 10.1002/jat.3914. 1226 

 1227 

Ellison, C. A., Blackburn, K.L., Carmichael. P.L., Clewell, H.J., Cronin, M.T.D., Desprez, B.,  1228 

Escher, S.E., et al. 2019. Challenges in Working Towards an Internal Threshold of 1229 

Toxicological Concern (Ittc) for Use in the Safety Assessment of Cosmetics: Discussions 1230 

from the Cosmetics Europe Ittc Working Group Workshop. Regul Toxicol Pharmacol 103, 1231 

63-72. https://doi.org/10.1016/j.yrtph.2019.01.016 1232 

 1233 

European Medicines Agency (EMA) 2016. Guideline on the qualification and reporting of 5 1234 

physiologically based pharmacokinetic (PBPK) modelling 6 and simulation. 1235 

EMA/CHMP/458101/2016. https://www.ema.europa.eu/en/documents/scientific-1236 

guideline/draft-guideline-qualification-reporting-physiologically-based-pharmacokinetic-pbpk-1237 

modelling_en.pdf 1238 

 1239 

Fagerberg, L., Hallstrom, B.M., Oksvold, P., Kampf, C., Djureinovic, D., Odeberg, J., Habuka 1240 

M., et al. 2014. Analysis of the Human Tissue-Specific Expression by Genome-Wide 1241 

Integration of Transcriptomics and Antibody-Based Proteomics." Mol Cell Proteomics 13(2), 1242 

397-406. https://doi.org/10.1074/mcp.M113.035600 . 1243 

 1244 

Fisher, J. S., Turner, K.J., Brown, D., and Sharpe, R.M. 1999. Effect of Neonatal Exposure 1245 

to Oestrogenic Compounds on Development of the Excurrent Ducts of the Rat Testis 1246 

through Puberty to Adulthood." Environ Health Perspect 107(5), 397-405. 1247 

https://doi.org/10.1289/ehp.99107397 . 1248 

 1249 

Jo
urn

al 
Pre-

pro
of

https://doi.org/10.1016/j.yrtph.2019.01.016
https://www.ema.europa.eu/en/documents/scientific-guideline/draft-guideline-qualification-reporting-physiologically-based-pharmacokinetic-pbpk-modelling_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/draft-guideline-qualification-reporting-physiologically-based-pharmacokinetic-pbpk-modelling_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/draft-guideline-qualification-reporting-physiologically-based-pharmacokinetic-pbpk-modelling_en.pdf


 

64 

  

Fu, J., Pacyniak, E., Leed, M.G.D., Sadgrove, M.P., Marson, L., and Jay, M. 2016. 1250 

Interspecies Differences in the Metabolism of a Multiester Prodrug by Carboxylesterases. J 1251 

Pharm Sci 105(2), 989-95. https://doi.org/10.1002/jps.24632 . 1252 

 1253 

Gazin, V., Marsden, E., Marguerite, F., 2013. Oral propylparaben administration to juvenile 1254 

male Wistar rats did not induce toxicity in reproductive organs. Toxicol Sci. 136(2):392-401. 1255 

doi: 10.1093/toxsci/kft211. Studies performed in 2012 at Ricerca Biosciences. 1256 

Géniès, C., Jamin, E.L., Debrauwer, L., Zalko, D., Person, E.N., Eilstein, J., Grégoire, 1257 

S., Schepky, A., Lange, D., Ellison, C., Roe, A., Salhi, S., Cubberley, R., Hewitt, N.J., Rothe, 1258 

H., Klaric, M., Duplan, H., Jacques-Jamin, C., 2019. Comparison of 1259 

the metabolism of 10 chemicals in human and pig skin explants. J Appl Toxicol.  39(2):385-1260 

397. doi: 10.1002/jat.3730.  1261 

Golden, R., Gandy, J., Vollmer, G., 2005. A review of the endocrine activity of parabens and 1262 

implications for potential risks to human health. Crit Rev Toxicol. 35(5), 435-58. 1263 

Hewitt, N. J., Edwards, R.J., Fritsche, E., Goebel, C., Aeby, P., Scheel, J., Reisinger, K., et 1264 

al. 2013. Use of Human in Vitro Skin Models for Accurate and Ethical Risk Assessment: 1265 

Metabolic Considerations. Toxicol Sci 133(2), 209-17. https://doi.org/10.1093/toxsci/kft080 . 1266 

 1267 

Hoberman, A.M., Schreur D.K., Leazer, T., Daston, G.P., Carthew, P., Re, T., Loretz L, 1268 

Mann P., 2008. Lack of Effect of Butylparaben and Methylparaben on the Reproductive 1269 

System in Male Rats." Birth Defects Research Part B: Developmental and Reproductive 1270 

Toxicology 83(2), 123-33. https://doi.org/10.1002/bdrb.20153 . 1271 

 1272 

Hossaini, A., Larsen, J.J., and Larsen, J.C., 2000. Lack of Ooestrogenic Effects of Food 1273 

Preservatives (Parabens) in Uterotrophic Assays. Food Chem Toxicol 38(4), 319-23. 1274 

https://doi.org/10.1016/s0278-6915(99)00160-x . 1275 

 1276 

Janjua, N. R., Frederiksen, H., Skakkebaek, N.E., Wulf, H.C., and Andersson, A.M., 2008. 1277 

Urinary Excretion of Phthalates and Paraben after Repeated Whole-Body Topical 1278 

Application in Humans. Int J Androl 31(2), 118-30. https://doi.org/10.1111/j.1365-1279 

2605.2007.00841.x . 1280 

 1281 

Kavlock R. J., 1990. Structure-activity relationships in the developmental toxicity of 1282 

substituted phenols: in vivo effects. Teratology 41(1), 43–59. 1283 

https://doi.org/10.1002/tera.1420410106 1284 

Jo
urn

al 
Pre-

pro
of

https://www.ncbi.nlm.nih.gov/pubmed/?term=Gazin%20V%5BAuthor%5D&cauthor=true&cauthor_uid=24068675
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marsden%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24068675
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marguerite%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24068675
https://www.ncbi.nlm.nih.gov/pubmed/24068675
https://www.ncbi.nlm.nih.gov/pubmed/?term=G%C3%A9ni%C3%A8s%20C%5BAuthor%5D&cauthor=true&cauthor_uid=30345528
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jamin%20EL%5BAuthor%5D&cauthor=true&cauthor_uid=30345528
https://www.ncbi.nlm.nih.gov/pubmed/?term=Debrauwer%20L%5BAuthor%5D&cauthor=true&cauthor_uid=30345528
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zalko%20D%5BAuthor%5D&cauthor=true&cauthor_uid=30345528
https://www.ncbi.nlm.nih.gov/pubmed/?term=Person%20EN%5BAuthor%5D&cauthor=true&cauthor_uid=30345528
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eilstein%20J%5BAuthor%5D&cauthor=true&cauthor_uid=30345528
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gr%C3%A9goire%20S%5BAuthor%5D&cauthor=true&cauthor_uid=30345528
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gr%C3%A9goire%20S%5BAuthor%5D&cauthor=true&cauthor_uid=30345528
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schepky%20A%5BAuthor%5D&cauthor=true&cauthor_uid=30345528
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lange%20D%5BAuthor%5D&cauthor=true&cauthor_uid=30345528
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ellison%20C%5BAuthor%5D&cauthor=true&cauthor_uid=30345528
https://www.ncbi.nlm.nih.gov/pubmed/?term=Roe%20A%5BAuthor%5D&cauthor=true&cauthor_uid=30345528
https://www.ncbi.nlm.nih.gov/pubmed/?term=Salhi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=30345528
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cubberley%20R%5BAuthor%5D&cauthor=true&cauthor_uid=30345528
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hewitt%20NJ%5BAuthor%5D&cauthor=true&cauthor_uid=30345528
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rothe%20H%5BAuthor%5D&cauthor=true&cauthor_uid=30345528
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rothe%20H%5BAuthor%5D&cauthor=true&cauthor_uid=30345528
https://www.ncbi.nlm.nih.gov/pubmed/?term=Klaric%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30345528
https://www.ncbi.nlm.nih.gov/pubmed/?term=Duplan%20H%5BAuthor%5D&cauthor=true&cauthor_uid=30345528
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jacques-Jamin%20C%5BAuthor%5D&cauthor=true&cauthor_uid=30345528
https://www.ncbi.nlm.nih.gov/pubmed/?term=Comparison+of+the+metabolism+of+10+chemicals+in+human


 

65 

  

 1285 

Klimisch, H. J., Andreae, M., and Tillmann, U., 1997. A Systematic Approach for Evaluating 1286 

the Quality of Experimental Toxicological and Ecotoxicological Data. Regul Toxicol 1287 

Pharmacol 25(1), 1-5. https://doi.org/10.1006/rtph.1996.1076 . 1288 

 1289 

Kolsek, K., Mavri, J., Sollner Dolenc M., Gobec, S., and S. Turk., 2014. Endocrine 1290 

Disruptome--an Open Source Prediction Tool for Assessing Endocrine Disruption Potential 1291 

through Nuclear Receptor Binding. J Chem Inf Model 54(4), 1254-67. 1292 

https://doi.org/10.1021/ci400649p . 1293 

 1294 

Kroes, R., Renwick, A.G., Feron, V., Galli, C.L., Gibney, M., Greim, H., Guy, R.H., 1295 

Lhuguenot, J.C., van de Sandt, J.J., 2007. Application of the threshold of toxicological 1296 

concern (TTC) to the safety evaluation of cosmetic ingredients. Food Chem Toxicol 45, 1297 

2533–2562. 1298 

 1299 

Kuiper GG, Lemmen JG, Carlsson B, et al. Interaction of estrogenic chemicals and 1300 

phytoestrogens with estrogen receptor beta. Endocrinology. 1998 Oct;139(10):4252-4263. 1301 

DOI: 10.1210/endo.139.10.6216. PMID: 9751507. 1302 

 1303 

Laizure, S. C., Herring, V., Hu, Z., Witbrodt, K., and Parker, R.B., 2013. The Role of Human 1304 

Carboxylesterases in Drug Metabolism: Have We Overlooked Their Importance? 1305 

Pharmacotherapy 33(2), 210-22. https://doi.org/10.1002/phar.1194 . 1306 

 1307 

Lemini, C., Jaimez, R., Avila, M.E., Franco, Y., Larrea, F., and Lemus, A.E., 2003. In Vivo 1308 

and in Vitro Oestrogen Bioactivities of Alkyl Parabens. Toxicol Ind Health 19(2-6), 69-79. 1309 

https://doi.org/10.1191/0748233703th177oa . 1310 

 1311 

Lemini, C., Hernandez, A., Jaimez, R., Franco, Y., Avila, M.E., and Castell, A., 2004. 1312 

Morphometric Analysis of Mice Uteri Treated with the Preservatives Methyl, Ethyl, Propyl, 1313 

and Butylparaben. Toxicol Ind Health 20(6-10), 123-32. 1314 

https://doi.org/10.1191/0748233704th202oa . 1315 

 1316 

Lester, C., Reis, A., Laufersweiler, M., Wu, S., Blackburn, K., 2018. Structure activity 1317 

relationship (SAR) toxicological assessments: The role of expert judgment. Regul Toxicol 1318 

Pharmacol 92, 390-406. doi: 10.1016/j.yrtph.2017.12.026.  1319 

 1320 

Jo
urn

al 
Pre-

pro
of



 

66 

  

Li, B., Sedlacek, M., Manoharan, I., Boopathy, R., Duysen, E.G., Masson, P., and Lockridge, 1321 

O., 2005. Butyrylcholinesterase, Paraoxonase, and Albumin Esterase, but Not 1322 

Carboxylesterase, Are Present in Human Plasma. Biochem Pharmacol 70, no. 11 (Nov 25 1323 

2005): 1673-84. https://doi.org/10.1016/j.bcp.2005.09.002 . 1324 

 1325 

Lipinski, C.A., Lombardo, F., Dominy, B.W., and Feeney, P.J., 2001. Experimental and 1326 

computational approaches to estimate solubility and permeability in drug discovery and 1327 

development settings. Adv. Drug Deliv. Rev. 46, 3–26. 1328 

 1329 

Lipscomb, J. C., Fisher, J. W., Confer, P. D., and Byczkowski, J. Z., 1998. In vitro to in vivo 1330 

extrapolation for trichloroethylene metabolism in humans. Toxicol Appl Pharmacol, 152(2), 1331 

376–387. https://doi.org/10.1006/taap.1998.8485 1332 

 1333 

Mahony, C., Bowtell, P., Huber, M., Kosemund, K., Pfuhler, S., Zhu, T., Barlow, S., McMillan, 1334 

D.A., 2020. Threshold of toxicological concern (TTC) for botanicals - Concentration data 1335 

analysis of potentially genotoxic constituents to substantiate and extend the TTC approach 1336 

to botanicals. Food Chem Toxicol. 138:111-182. doi: 10.1016/j.fct.2020.111182. Epub 2020 1337 

Feb 10. PMID:32058013. 1338 

 1339 

Manwaring, J., Rothe, H., Obringer, C., Foltz, D.J., Baker, T.R., Troutman, J.A., Hewitt, N.J., 1340 

and Goebel C., 2015. Extrapolation of Systemic Bioavailability Assessing Skin Absorption 1341 

and Epidermal and Hepatic Metabolism of Aromatic Amine Hair Dyes in Vitro. Toxicol Appl 1342 

Pharmacol 287(2), 139-48. https://doi.org/10.1016/j.taap.2015.05.016 . 1343 

 1344 

Ministry of Health and Welfare (MHW) Japan 1997. Toxicity Testing Reports of 1345 

Environmental Chemicals 5. Testing Laboratory: Hatano Research Institute. Food and Drug 1346 

Safety Center, 729-5 Ochiai, Kanawaga, 257, Japan. 1347 

 1348 

Moos, R. K., Angerer, J., Dierkes, G., Bruning, T., and Koch, H.M., 2016. Metabolism and 1349 

Elimination of Methyl, Iso- and N-Butyl Paraben in Human Urine after Single Oral Dosage. 1350 

Arch Toxicol 90(11): 2699-709. https://doi.org/10.1007/s00204-015-1636-0 . 1351 

 1352 

Munro, I. C., Ford, R., Kennepohl, E., and Sprenger, J.G., 1996. Thresholds of Toxicological 1353 

Concern Based on Structure-Activity Relationships. Drug Metab Rev 28(1-2): 209-17. 1354 

https://doi.org/10.3109/03602539608994000 . 1355 

 1356 

Jo
urn

al 
Pre-

pro
of

https://doi.org/10.1006/taap.1998.8485


 

67 

  

OECD SIDS 1999. Initial Assessment Report: 4- Hydroxybenzoic Acid; Organization for 1357 

Economic Cooperation and Development (OECD), UNEP Publications. Available at: 1358 

http://www.inchem.org/documents/sids/sids/99967.pdf, 1999 1359 

 1360 

OECD 2004. Guideline Test No. 428: Skin Absorption: In Vitro Method. 1361 

doi: https://doi.org/10.1787/9789264071087-en . 1362 

 1363 

OECD 2011. Guideline Test No. 456: H295r Steroidogenesis Assay. 2011.  1364 

doi: https://doi.org/10.1787/9789264122642-en 1365 

 1366 

OECD 2012. Conceptual Framework for Testing and Assessment of Endocrine Disrupters 1367 

(as Revised in 2012). 1368 

 1369 

OECD 2016. Guideline Test No. 455: Performance-Based Test Guideline for Stably 1370 

Transfected Transactivation in Vitro Assays to Detect Oestrogen Receptor Agonists and 1371 

Antagonists. 2016. 1372 

doi: https://doi.org/10.1787/9789264265295-en . 1373 

 1374 

OECD 2018. The OECD QSAR Toolbox. http://www.oecd.org/chemicalsafety/oecd-qsar-1375 

toolbox.htm (accessed 19/01/2018). 1376 

 1377 

OECD 2020. ENV/JM/MONO(2020)16 - Series on Testing and Assessment No. 320: Case 1378 

Study on the use of an Integrated Approach to Testing and Assessment (IATA) and New 1379 

Approach Methods to inform a Theoretical Read-Across for Dermal Exposure to 1380 

Propylparaben from Cosmetics: 1381 

http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV/JM/MONO(2021382 

0)16&docLanguage=en 1383 

 1384 

OECD 2021. OECD Series on Testing and Assessment, No. 331: Guidance document on 1385 

the characterisation, validation and reporting of Physiologically Based Kinetic (PBK) models 1386 

for regulatory purposes:  1387 

https://www.oecd.org/chemicalsafety/risk-assessment/guidance-document-on-the-1388 

characterisation-validation-and-reporting-of-physiologically-based-kinetic-models-for-1389 

regulatory-purposes.pdf 1390 

 1391 

Oishi, S., 2001. Effects of butylparaben on the male reproductive system in rats. Toxicol Ind 1392 

Health. 17(1), 31-9. PubMed PMID: 12004923. 1393 

Jo
urn

al 
Pre-

pro
of

http://www.oecd.org/chemicalsafety/oecd-qsar-toolbox.htm
http://www.oecd.org/chemicalsafety/oecd-qsar-toolbox.htm
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV/JM/MONO(2020)16&docLanguage=en
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV/JM/MONO(2020)16&docLanguage=en


 

68 

  

 1394 

Oishi, S., 2002. Effects of propyl paraben on the male reproductive system. Food Chem 1395 

Toxicol 40, 1807-1813. 1396 

 1397 

Oishi, S., 2004. Lack of spermatotoxic effects of methyl and ethyl esters of p-hydroxybenzoic 1398 

acid in rats. Food Chem Toxicol. 42(11), 1845-9. PubMed PMID: 15350682. 1399 

Okubo, T., Yokoyama, Y., Kano, K., Kano, I., 2001. ER-dependent oestrogenic activity 1400 

of parabens assessed by proliferation of human breast cancer MCF-7 cells and expression 1401 

of ERalpha and PR. Food Chem Toxicol. 39(12), 1225-32. 1402 

Ozaki, H., Sugihara, K., Watanabe, Y., Fujino, C., Uramaru, N., Sone, T., Ohta, S., and 1403 

Kitamura, S., 2013. Comparative Study of the Hydrolytic Metabolism of Methyl-, Ethyl-, 1404 

Propyl-, Butyl-, Heptyl and 1405 

Dodecylparaben by Microsomes of Various Rat and Human Tissues. Xenobiotica 43(12), 1406 

1064-72. https://doi.org/10.3109/00498254.2013.802059 . 1407 

 1408 

Routledge, E. J., Parker, J., Odum, J., Ashby, J., and Sumpter, J.P., 1998. Some Alkyl 1409 

Hydroxy Benzoate Preservatives (Parabens) Are Oestrogenic. Toxicol Appl Pharmacol 1410 

153(1), 12-9. https://doi.org/10.1006/taap.1998.8544 . 1411 

 1412 

Sachana, M., 2019. An international effort to promote the regulatory use of PBK models 1413 

based on non-animal data. Computational Toxicology, 23-24. 1414 

https://doi.org/10.1016/j.comtox.2019.01.002 1415 

Scientific Committee on Consumer Products (SCCP) 2006. The Scientific Committee on 1416 

Consumer Products (SCCP) Opinion on  Parabens (Colipa n° P82), adopted during the 9th 1417 

plenary meeting of 10 October 2006. SCCP/1017/06. 1418 

https://ec.europa.eu/health/ph_risk/committees/04_sccp/docs/sccp_o_074.pdf 1419 

 1420 

Scientific Committee on Consumer Safety (SCCS) 2013. Opinion on Parabens. Updated 1421 

Request for a Scientific Opinion on Propyl- and Butylparaben Colipa N° P82. Adopted on 3 1422 

May 2013. SCCS/1514/13. 1423 

 1424 

Scientific Committee on Consumer Safety (SCCS), 2018. Notes of Guidance for the Testing 1425 

of Cosmetic Ingredients and Their Safety Evaluation 10th Revision. SCCS/1602/18. 1426 

Jo
urn

al 
Pre-

pro
of

https://www.ncbi.nlm.nih.gov/pubmed/?term=Okubo%20T%5BAuthor%5D&cauthor=true&cauthor_uid=11696396
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yokoyama%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=11696396
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kano%20K%5BAuthor%5D&cauthor=true&cauthor_uid=11696396
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kano%20I%5BAuthor%5D&cauthor=true&cauthor_uid=11696396
https://www.ncbi.nlm.nih.gov/pubmed/?term=okubo+2001+parabens
https://www.sciencedirect.com/science/article/pii/S2468111318301312
https://www.sciencedirect.com/science/article/pii/S2468111318301312
https://doi.org/10.1016/j.comtox.2019.01.002
https://ec.europa.eu/health/ph_risk/committees/04_sccp/docs/sccp_o_074.pdf


 

69 

  

Shin, M.Y., Shin, C., Choi, J.W., Lee, J., Lee, S., Kim, S., 2019. Pharmacokinetic profile 1427 

of propyl paraben in humans after oral administration. Environ Int. 130,104917. doi: 1428 

10.1016/j.envint.2019.104917. 1429 

Soni, M.G., Carabin, I.G., Burdock, G.A., 2005. Safety assessment of esters of p-1430 

hydroxybenzoic acid (parabens). Food Chem Toxicol. 43(7):985-1015. doi: 1431 

10.1016/j.fct.2005.01.020.  1432 

 1433 

Taketani, M., Shii, M., Ohura, K., Ninomiya, S., and Imai, T., 2007. Carboxylesterase in the 1434 

Liver and Small Intestine of Experimental Animals and Human. Life Sci 81(11), 924-32. 1435 

https://doi.org/10.1016/j.lfs.2007.07.026 . 1436 

 1437 

Tozer, S.A., Kelly, S., O'Mahony, C., Daly, E.J., Nash, J.F., 2015. Aggregate exposure 1438 

modelling of zinc pyrithione in rinse-off personal cleansing products using a person-1439 

orientated approach with market share refinement. Food Chem Toxicol 83: 103-110. 1440 

Tozer, S., O'Mahony, C., Hannah, J., O'Brien, J., Kelly, S., Kosemund-Meynen, K., and 1441 

Alexander-White, C., 2019. Aggregate exposure modelling of vitamin A from cosmetic 1442 

products, diet and food supplements. Food Chem Toxicol 131, 110549. 1443 

 1444 

Trott, O., and Olson, A.J., 2010. Autodock Vina: Improving the Speed and Accuracy of 1445 

Docking with a New Scoring Function, Efficient Optimization, and Multithreading. J Comput 1446 

Chem 31(2), 455-61. https://doi.org/10.1002/jcc.21334 . 1447 

 1448 

U.S. EPA. 2006 "Approaches for the Application of Physiologically Based Pharmacokinetic 1449 

(Pbpk) Models and Supporting Data in Risk Assessment (Final Report). U.S. Environmental 1450 

Protection Agency, Washington, D.C., Epa/600/R-05/043f. 1451 

 1452 

U.S. FDA. 2018. Physiologically Based Pharmacokinetic Analyses — Format and Content 1453 

Guidance for Industry. 1454 

 1455 

Watanabe, Y., Kojima, H., Takeuchi, S., Uramaru, N., Ohta, S., & Kitamura, S., 2013. 1456 

Comparative study on transcriptional activity of 17 parabens mediated by oestrogen receptor 1457 

α and β and androgen receptor. Food ChemToxicol 57, 227–234. 1458 

https://doi.org/10.1016/j.fct.2013.03.036 1459 

 1460 

WHO IPCS 2005. International Programme on Chemical, Safety Workshop on Incorporating 1461 

Uncertainty Variability into Risk, Assessment. Chemical-Specific Adjustment Factors for 1462 

Jo
urn

al 
Pre-

pro
of

https://www.ncbi.nlm.nih.gov/pubmed/?term=Shin%20MY%5BAuthor%5D&cauthor=true&cauthor_uid=31234001
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shin%20C%5BAuthor%5D&cauthor=true&cauthor_uid=31234001
https://www.ncbi.nlm.nih.gov/pubmed/?term=Choi%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=31234001
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20J%5BAuthor%5D&cauthor=true&cauthor_uid=31234001
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20S%5BAuthor%5D&cauthor=true&cauthor_uid=31234001
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20S%5BAuthor%5D&cauthor=true&cauthor_uid=31234001
https://www.ncbi.nlm.nih.gov/pubmed/31234001


 

70 

  

Interspecies Differences and Human Variability:Guidance Document for Use of Data in 1463 

Dose/Concentration-Response Assessment. Geneva: World Health Organization. 1464 

 1465 

WHO 2010. Characterization and Application of Physiologically Based Phamacokinetic 1466 

Models in Risk Assessment. Geneva: World Health Organization. 1467 

 1468 

Williams, F.M., 2008. Potential for metabolism locally in the skin of dermally absorbed 1469 

compounds. Hum Exp Toxicol 27, 277-280. 1470 

 1471 

Wu, S., Blackburn, K., Amburgey, J., Jaworska, J., and Federle, T., 2010. A Framework for 1472 

Using Structural, Reactivity, Metabolic and Physicochemical Similarity to Evaluate the 1473 

Suitability of Analogs for Sar-Based Toxicological Assessments. Regul Toxicol Pharmacol 1474 

56(1), 67-81. https://doi.org/10.1016/j.yrtph.2009.09.006 . 1475 

 1476 

Yang, C., Barlow, S.M., Muldoon Jacobs, K.L., Vitcheva, V., Boobis, A.R., Felter, S.P., Arvidson, K.B., 1477 

Keller, D., Cronin, M.T.D., Enoch, S., Worth, A., Hollnagel, H.M., 2017. Thresholds of Toxicological 1478 

Concern for cosmetics-related substances: New database, thresholds, and enrichment of 1479 

chemical space. Food Chem Toxicol 109, 170-193. 1480 

 1481 

 1482 

 1483 

  1484 Jo
urn

al 
Pre-

pro
of



 

71 

  

Figure Legends 1485 
 1486 
Figure 1 A tiered 10-step framework (as in Alexander-White et al (2022)) to enable a human safety 1487 
decision to be made using NAMs and RAX, which in (a) diagrammatically builds on the SEURAT 1 1488 
workflow (Berggren et al., 2017) to perform a next generation risk assessment (NGRA) without new 1489 
animal data; the steps are tabulated in (b).  1490 

Figure 2 Chemical structure of propyl paraben (C10H12O3; CAS RN 94-13-3: SMILES 1491 
CCCOC(=O)C1=CC=C(C=C1)O) 1492 

Figure 3 Relative oestrogen receptor bioactivity in ToxCast. AC values are shown in the table below 1493 
the graph. 1494 
 1495 
Figure 4 Heat map of the genes whose expression was modified in MCF7 cells treated with MP, EP, 1496 
PP and BP. Up-regulated genes in red; down-regulated genes in blue.  1497 
 1498 
Figure 5. ERα CALUX results. Receptor activation (% of maximum) is plotted against compound 1499 
concentration (LogM) final in well. The assay was performed in the absence (blue) and presence of 1500 
metabolic enzymes (rat liver S9 fraction). Samples were prepared in triplicate and cells were exposed to 1501 
test substance for 24h. The threshold of activity (10% activity compared to reference compound 17β-1502 
estradiol (E2), PC10) is indicated as a dotted line. The reference curve is presented in black (no S9) and 1503 
purple (with S9).  1504 

Figure 6 Anti-AR CALUX results. Activity (% compared to EC50-agonist response) is plotted against 1505 
compound concentration (LogM) final in well. The assay was performed in the absence (blue) and 1506 
presence of metabolic enzymes (rat liver S9 fraction). Samples were prepared in triplicate and cells were 1507 
exposed to test substance for 24h. The threshold of activity (20% inhibition of activity, PC20) is indicated as 1508 
a dotted line. The reference curve is presented in black (no S9) and purple (with S9). 1509 

Figure 7 PBK model schematic for parabens. Parent compound may be hydrolysed in the liver, 1510 
skin, and gastrointestinal (GI) tissue, and conjugated (glucuronidation and sulfation) in the liver. 1511 
Parent and metabolites may be excreted in urine. A fat compartment is included as a storage tissue. 1512 

Figure 8 Rat plasma time-course simulation of exposure in the study. Rats were injected 1513 
subcutaneously with 2 mg/kg/day BP. Only one day is shown as the clearance of parent compound is 1514 
complete in less than 12 hours 1515 
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Ouedraogo et al – Highlights 

• Application of a 10-step framework for applying read-across (RAX) and novel approach 

methods (NAM)  

• Increasing the confidence in using RAX and NAM in cosmetics safety assessment by using 

parabens as a case study 

• Incorporating toxicodynamic data to determine mode of action for effects of parabens 

analogues 

• Incorporating physiologically-based biokinetic (PBK) modelling to refine parabens exposure 

from cosmetics 

• Using NAMs for both toxicokinetics and toxicodynamics in tiered and integrated assessment 
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