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Abstract 
In our daily lives, we are exposed to many chemicals 
originating from products such as cosmetics, cleaning 
products, and food. These substances may be 
potential carcinogens and endocrine disruptors. In 
recent years, BMHCA (3-(4-(tert-butyl) phenyl)-2-
methylpropanal, Lilial) and its derivatives have 
attracted much attention. These substances are 
generally used in products for fragrance purposes. 
BMHCA has been published in the EU Cosmetic 
Products Regulation and banned in cosmetic products 
offered in the EU and Northern Ireland markets. In 
this study, the toxic effects of 2-(4-tert-butylphenyl) 
propanal, 3-(4-tert-butylphenyl)-2-methylpropanal, 
and Lilal were determined by in silico analysis. 
According to the results obtained, it was determined 
that the molecules had moderate and high toxicity 
levels. The common features of all these compounds 
include their ability to cross the blood-brain barrier 
(BBB) at a high rate and their potential to be 
moderately to highly carcinogenic. Our study is a 
preliminary study and needs to be supported by in 
vitro and in vivo studies. 
 
Keywords: BMHCA(Lilial), Carcinogens, Obstetrics 
and Gynaecology, Pregnancy, Toxicity.  
 

 
Öz 
Günlük hayatımızda kozmetik, temizlik, gıda gibi 
ürünler kaynaklı pek çok kimyasal maddeye maruz 
kalmaktayız. Bu maddeler, potansiyel kanserojen ve 
endokrin bozucu olabilirler. Son yıllarda BMHCA (3-
(4-(tert-butil) fenil)-2-metilpropanal, Lilial) ve 
türevleri çok dikkat çekmektedir. Bu maddeler 

genellikle koku verme amacıyla ürünlerde 
kullanılmaktadır. BMHCA, AB Kozmetik Ürünler 
Yönetmeliği'nde yayımlanarak AB ve Kuzey İrlanda 
pazarında sunulan kozmetik ürünlerde 
yasaklanmıştır. Bu çalışmada 2-(4-tert-butilfenil) 
propanal, 3-(4-tert-butilfenil)-2-metilpropanal ve 
Lilal'ın toksik etkileri in silico analiz ile belirlenmiştir. 
Elde edilen sonuçlara göre, moleküllerin orta ve 
yüksek toksisite düzeylerine sahip olduğu 
belirlenmiştir. Tüm bu bileşiklerin ortak özellikleri 
arasında kan-beyin bariyerini (BBB) yüksek oranda 
geçebilme ve orta-yüksek düzeyde kanserojen olma 
potansiyeli de yer almaktadır. Bizim çalışmamız, ön 
çalışma niteliği taşımakta olup in vitro ve in vivo 
çalışmalarla desteklenmesi gerekmektedir.  
 
Anahtar Kelimeler: BMHCA (Lilial), Karsinojenler, 
Kadın Doğum, Gebelik, Toksisite.  
 

 
1. Introduction 
The widespread and increasing use of chemical 
products in modern daily life has raised significant 
concerns regarding their potential adverse effects on 
maternal health and fetal development during 
pregnancy. Products such as hand and face creams, 
deodorants, hair dyes, nail polishes, sunscreens, 
cream-based deodorants, and colognes—particularly 
those formulated with synthetic floral fragrances—
constitute major sources of exposure to potentially 
harmful chemicals. In particular, the frequent use of 
colognes has markedly intensified following the 
global COVID-19 pandemic, further increasing the risk 
of exposure during pregnancy (Özdemir et al., 2022). 
The escalating use of chemical products in everyday 
life has emerged as a significant public health concern, 
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particularly regarding maternal and fetal well-being 
during pregnancy. Among these products are hand 
and face creams, deodorants, hair dyes, nail polishes, 
sunscreens, cream-based deodorants, and colognes, 
with particular concern surrounding colognes 
containing synthetic floral fragrances. Following the 

onset of the COVID-19 pandemic, the widespread use 
of colognes has markedly increased, further elevating 
the potential for chemical exposure among pregnant 
women (Özdemir et al., 2022). 
 

 
   Table 1: Cosmetic Products (Sade & Özkan, 2020) 
 

Cosmetic Products Application Area Purpose of Use Product Structure 

• Applied to the outer part 
of the human body 

• Applied to the skin • Cleansers • Solutions 

• Applied to hair, fibers, 
and nails 

• Applied to external 
genital organs 

•Moisturizers and 
emollients 

• Suspensions 

• Applied to teeth and oral 
cavity 

• Anti-wrinkle agents • Nourishers • Emulsions 

 • Spot removers • Tanning agents • Creams 
 • Sunscreens • Baby cosmetics • Pastes 
   • Gels 
   • Powders 

Pregnancy is a period characterized by tightly 
coordinated hormone-mediated events that cause 
changes in maternal physiology to adapt to the 
developing fetus, prepare for childbirth, and facilitate 
breastfeeding. During this time, dramatic changes in 
the mother's metabolism, reproductive organs, 
endocrine activity, and immune system increase 
sensitivity to chemical substances. The literature has 
reported serious side effects and diseases associated 
with exposure to chemicals and their impacts on 
women's health (ACOG Committee Opinion No. 575; 
Varshavsky et al., 2020; Wang et al., 2016). 
Endocrine-disrupting chemicals (EDCs) can enhance 
biological changes during pregnancy and affect 
hormone levels by mimicking or blocking cell 
signaling and interfering with hormone production or 
degradation (Gore et al., 2015). EDCs are commonly 
found in consumer and personal care products; 
however, safety oversight in the United States is 
limited. It has been reported that EDCs and other 
chemicals contribute to a high body burden among 
pregnant women and children in the U.S. (Hendryx et 
al., 2018; Varshavsky et al., 2020). 
Flavors and fragrances are defined as substances that 
directly stimulate taste and smell receptors in the 
mouth and nose. They are incorporated into many 
pharmaceutical and personal care products (PPCPs) 
— including perfumes, creams, lotions, detergents, 
and various personal and household products — to 
enhance or alter their scents and/or flavors and are 
released into the environment as pollutants due to 
human activities (Di Sotto et al., 2014). 

The number of aromatic compounds used in everyday 
products is quite extensive. The Scientific Committee 
on Cosmetic Products and Non-Food Products 
(SCCNFP) has a list containing 2,750 entries for 
fragrance and aromatic raw materials. The European 
Food Safety Authority (EFSA) has reported a list of 
compounds for which additional toxicity data is 
required to identify safely usable fragrances in food 
materials (EFSA, 2011; Di Sotto et al., 2014). 
Among these compounds, aldehydes are defined as a 
group of potentially reactive substances due to the 
presence of polarized carbon-oxygen double bonds in 
their structures. Because of their reactivity, certain 
aldehydes can interact with electron-rich biological 
macromolecules, leading to adverse health effects 
such as general toxicity, allergic reactions, 
genotoxicity, and carcinogenicity (Langton et al., 
2006). 
BMHCA(Lilial), used as a synthetic fragrance in 
cosmetic products and recently banned in the EU, falls 
under the aldehyde group. Commonly used chemical 
substances in daily life include perfumes, colognes, 
cosmetic products, and cleaning agents. BMHCA (3-
(4-(tert-butyl)phenyl)-2-methylpropanal) is utilized 
in these products as a synthetic fragrance. This 
substance is also known as lyal, lilac, and lily aldehyde. 
Today, its use has been banned in most countries due 
to its classification as a strong allergen (skin 
sensitizer) and reproductive toxicant (CMR1B 
classification) (ECHA, 2023; Jablonská et al., 2023). 
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Figure 1. Chemical Structure of 3-(4-(tert-butyl)phenyl)-2-methylpropanal 

 
Lilial®, also known as BPMP and 2-4-tert-
butylphenylpropionaldehyde, is a compound within 
the aldehyde group that includes a structure prone to 
oxidation and is responsible for cell and DNA damage. 
It is chemically characterized by a floral scent and is 
used as an ingredient in personal care and household 
products, as well as an additive in the food and 
pharmaceutical industries (Di Sotto et al., 2014; 
Jablonská et al., 2023). 
Hydroxycinnamic aldehydes (HCA) and p-tert-butyl-
alpha-methylhydrocinnamic aldehyde (BMHCA) are 
widely used as flavoring compounds in medical and 
consumer products, food, beverages and desserts. 
Chemically, these compounds are synthetic aldehydes 
characterized by carbonyl groups containing 
polarized carbon-oxygen double bonds. The 
electronegativity difference between the oxygen and 
carbon atoms in the carbonyl group allows these 
compounds to react with electron-rich biomolecules 
such as DNA and proteins, thereby causing adverse 
health effects such as toxicity, allergenic reactions, 
mutagenicity and carcinogenicity (Garaycoechea et 
al., 2012). In addition, BMHCA has been reported to 
pose a potential health risk due to its metabolism to a 
reactive α,β-unsaturated intermediate (Usta et al., 
2013; Di Sotto et al., 2014). 
Studies have shown that HCA and BMHCA do not 
cause genotoxic effects. In the presence of an 
exogenous metabolic activation system, a lack of point 
mutations such as frameshifts and oxidative damage 
was observed in bacteria, indicating that a genotoxic 
derivative was not produced during CYP450-
mediated biotransformations. In some cases, the 
presence of the metabolic activator reduced the 
toxicity of the tested substances. No damage was 

observed at the chromosomal level in mammalian 
cells (Di Sotto et al., 2014). 
In vitro studies report that lilial does not exhibit 
genotoxicity and mutagenicity. It has been reported 
that it does not carry genotoxic and mutagenic 
potential in bacteria such as S. typhimurium, E. coli, 
CHO(Chinese hamster ovary) cell and Chinese 
hamster V79 cells (Bernauer et al., 2019). At 
concentrations up to 500 μM, lilialin did not cause 
genotoxicity (clastogenicity or aneuploidy) or DNA 
strand breaks at the chromosomal level (Di Sotto et 
al., 2014). However, in a study conducted in fertilized 
eggs of white turkeys (Meleagris gallopavo) in vivo, 
lilialin caused significant DNA breaks in the comet test 
(2.0-fold) (Kobets et al., 2018; Jablonská et al., 2023). 
The endocrine disrupting effects of lilialin have been 
reported by the European Chemicals Agency (ECHA, 
2023). In addition, lilialin has been shown to exhibit 
estrogenic activity in MCF-7 human breast cancer 
cells (Charles and Darbre, 2009). However, the effects 
of lilialin in some sensitive species are thought to be 
due to toxicity in seminiferous tissues rather than 
endocrine disrupting effects. Lilialin has also been 
shown to cause eye and skin irritation in rabbits in 
various studies (Bernauer et al., 2019; Jablonská et al., 
2023). Dermal absorption rates were determined as 
13.5% for hydroalcoholic-based fragrances and 
deodorant/antiperspirant products, 8.9% for oil-in-
water-based products, and 10.5% for water-in-oil-
based products. Lilialin has been reported to cause 
skin sensitization reactions at a concentration of 5% 
(Api et al., 2020; Lalko et al., 2004; Roberts et al., 
2007). In an in vitro study with Caco-2 cells, lilialin 
was reported to be 80% recovered by Caco-2 cells 
with high solubility and low metabolism (Jablonská et 
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al., 2023). Lilialin was observed to significantly reduce 
relative viability in HeLa9903 cells at a concentration 
of 100 nM. However, the relative viability above 80% 
at all concentrations (up to 100 µM) indicates that 
lilial is not cytotoxic (Jablonská et al., 2023). 
The European Union initially restricted the use of lilial 
due to its skin sensitizing properties. Lilial 
concentrations exceeding 0.001% in skin-retaining 
products and 0.01% in washable products must be 
declared on product labels. In 2022, the European 
Union banned the use of lilial in cosmetic products 
due to its CMR 1B classification (reproductive health 
hazardous substance). However, there are several 
studies in the literature that provide contradictory 
and inconsistent findings on the toxicological effects 
of lilial (Jablonská et al., 2023). 
Lilial is identified as one of the 26 fragrance 
ingredients that cause allergic contact dermatitis and 
must be declared as an ingredient in cosmetic 
products (Heisterberg et al., 2011). 
 
2. Material and Methods 
A comprehensive toxicity assessment study was 
conducted to investigate the potential toxic effects of 
Lilial and its structurally similar analog compounds. 
In this study, the freely accessible online tool available 
at https://tox.charite.de/ was employed to perform 
detailed toxicity predictions. To facilitate the analysis, 
the SMILES (Simplified Molecular Input Line Entry 
System) notations, which provide a standardized way 
to represent chemical structures in text form, were 

retrieved for Lilial and its analog compounds from the 
PubChem database 
(https://pubchem.ncbi.nlm.nih.gov/). Using these 
SMILES strings, the toxicity profiles of three selected 
compounds were comparatively examined. Various 
toxicological parameters, including mutagenicity, 
carcinogenicity, and potential for skin sensitization, 
were evaluated and compared across the compounds. 
This approach provided valuable insights into the 
toxicological characteristics of Lilial and its analogs, 
contributing to a better understanding of their 
potential risks for human health and environmental 
safety. 
 
3. Results and/or Discussion 
In the conducted study, the in silico toxicity of the 
molecules 2-(4-tert-butylphenyl) propanal, 3-(4-tert-
butylphenyl)-2-methylpropanal, and Lilial was 
investigated. 
In the toxicity assessment study conducted on 2-(4-
tert-Butylphenyl) propanal using the website 
https://tox.charite.de/, it was determined that this 
compound is a moderately to highly toxic substance 
with a toxicity level of 5 (Figure 2). The estimated 
LD50 dose was found to be 3500 mg/kg. Additionally, 
it was identified that 2-(4-tert-Butylphenyl) propanal 
possesses neurotoxic and carcinogenic properties, 
and is also a substance that can cross the blood-brain 
barrier (BBB) (Table 2). 
 
 

 

 
Figure 2. (4-tert-Butylphenyl) propanal 
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            Table 2. Toxicity Results of 2-(4-tert-Butylphenyl) propanal 
 

 
 
In the toxicity study conducted on 3-(4-Tert-
butylphenyl)-2-methylpropanal, it was determined 
that this compound is a level 4 toxic substance (Figure 
3). The estimated LD50 dose was calculated to be 
2000 mg/kg. Additionally, it was found that 3-(4-Tert-

butylphenyl)-2-methylpropanal can cross the blood-
brain barrier (BBB) and is an ecotoxic substance. This 
compound also plays an active role on the cytochrome 
CYP2C9 enzyme (Table 3). 
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Figure 3. Chemical Structure and Properties of 3-(4-Tert-butylphenyl)-2-methylpropanal 
 
 
                  Table 3. 3-(4-Tert-butylphenyl)-2-methylpropanal toxicity report. 

 

 
 
Investigations regarding Lilial have determined that 
this substance is moderately toxic (Figure 4). Our 
analyses conducted on the website 

https://tox.charite.de/ indicate that Lilial falls into 
toxicity class 4, with an LD50 value established at 
1390 mg/kg. Furthermore, it has been identified as an 

https://tox.charite.de/
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active compound that can cross the blood-brain 
barrier (BBB) and possesses carcinogenic properties 
(Table 4).  
 

 
Figure 4. Chemical Structure and Properties of Lilial 

 
Before a cosmetic product is introduced to the EU 
market, it is evaluated to determine its safety under 
foreseeable conditions of use (Regulation 1223/2009, 
Article 3). If the content of the cosmetic poses a risk to 
human health, safety must be assessed under 
foreseeable conditions of use. If toxicological 
concerns are serious for regulatory purposes, this 
issue is investigated by the Scientific Committee on 
Consumer Safety (SCCS), an independent advisory 
body (SCCS, 2021; Bialas, 2023). Moreover, every raw 
material used in cosmetics must meet the legal 
requirements of REACH and the Classification, 
Labelling, and Packaging (CLP) regulations. As of 
March 1, 2022, BMHCA (Lilial) has been banned in 
cosmetic products marketed in the EU and Northern 
Ireland following its publication in the EU Cosmetics 
Regulation (CPTA). 
Hydroxycinnamic aldehydes (HCA) and p-tert-butyl-
alpha-methylhydrocinnamic aldehyde (BMHCA) are 
widely used as flavoring compounds in medical and 
consumer products, as well as in food, beverages, and 
sweets. Chemically, these compounds are 
characterized as synthetic aldehydes containing 
polarized carbon-oxygen double bonds in carbonyl 
groups. The electronegativity difference between the 
oxygen and carbon atoms in the carbonyl group 
enables these compounds to react with electron-rich 
biomolecules such as DNA and proteins, potentially 
leading to adverse health effects including toxicity, 
allergic reactions, mutagenicity, and carcinogenicity 
(Garaycoechea et al., 2012). Additionally, it has been 
reported that BMHCA poses a potential health risk 

due to its metabolism into a reactive α,β-unsaturated 
intermediate (Usta et al., 2013; Di Sotto et al., 2014). 
Studies have shown that HCA and BMHCA do not 
cause genotoxic effects. In the presence of an 
exogenous metabolic activation system, a lack of point 
mutations, such as frameshift and oxidative damage in 
bacteria, was observed, indicating that no genotoxic 
derivatives are produced during CYP450-mediated 
biotransformations. In some cases, the presence of the 
metabolic activator has reduced the toxicity of the 
tested substances. Chromosomal-level damage has 
also not been observed in mammalian cells (Di Sotto 
et al., 2014). 
In Vitro Studies, Reports indicate that lilialin does not 
exhibit genotoxicity or mutagenicity. It has been 
documented that it does not carry genotoxic and 
mutagenic potential in bacteria such as S. 
typhimurium and E. coli, as well as in CHO and Chinese 
hamster V79 cells (Bernauer et al., 2019). It has been 
observed that lilialin does not lead to chromosomal-
level genotoxicity (clastogenicity or aneuploidy) or 
DNA strand breaks at concentrations up to 500 μM (Di 
Sotto et al., 2014). However, an in vivo study 
conducted on fertilized eggs of white turkey 
(Meleagris gallopavo) showed that lilial caused 
significant DNA strand breaks (2.0-fold increase) in 
the comet test (Kobets et al., 2018; Jablonská et al., 
2023). Endocrine-disrupting effects of lilialin have 
been reported by the European Chemicals Agency 
(ECHA, 2023).  
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 Table 4. Lilial Toxicity Report 
 

 
 
Additionally, it has been demonstrated that lilialin 
exhibits estrogenic activity in MCF-7 human breast 
cancer cells (Charles and Darbre, 2009). However, it is 
thought that the effects of lilialin in some sensitive 

species are more related to toxicity in seminiferous 
tissues rather than endocrine-disrupting effects. 
Various studies have also shown that lilialin causes 
eye and skin irritation in rabbits (Bernauer et al., 
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2019; Jablonská et al., 2023). Dermal absorption rates 
have been determined as 13.5% for hydroalcoholic-
based fragrances and deodorant/antiperspirant 
products, 8.9% for water-in-oil-based products, and 
10.5% for oil-in-water-based products. It has been 
reported that lilialin at a 5% concentration can cause 
skin sensitivity reactions (Api et al., 2020; Lalko et al., 
2004; Roberts et al., 2007). In an in vitro study with 
Caco-2 cells, it was reported that lilialin was 
recovered at 80% with high solubility and low 
metabolism (Jablonská et al., 2023). At a 
concentration of 100 nM, lilialin significantly reduced 
relative viability in HeLa9903 cells. However, the 
relative viability remained above 80% at all 
concentrations (up to 100 µM), indicating that lilialin 
is not cytotoxic (Jablonská et al., 2023). The European 
Union initially restricted the use of lilial due to its skin 
sensitization properties, requiring that products 
containing lilial at concentrations exceeding 0.001% 
in leave-on products and 0.01% in rinse-off products 
be labeled. In 2022, the European Union banned the 
use of lilial in cosmetic products due to its CMR 1B 
classification (substance hazardous to reproductive 
health). However, there are various studies in the 
literature that present conflicting and inconsistent 
findings regarding the toxicological effects of lilial 
(Jablonská et al., 2023). Lilial is identified as one of the 
26 fragrance components that can cause allergic 
contact dermatitis in cosmetic products (Heisterberg 
et al., 2011). The European Chemicals Agency's 
suspicions regarding lilial's potential as an endocrine 
disruptor remain controversial. 
 
4. Conclusion 
There has been a rapid increase in the global use of 
industrial products, and this rise has led to 
widespread undesirable effects on pregnant women 
and fetuses. This article discusses the BMHCA 
molecule and its derivatives, which were banned in 
the European Union in 2022 due to their negative 
effects on the reproductive system and pregnancy. 
Comparative toxicity studies were conducted using 
lilial and synonymous compounds obtained from 
PubChem. In these studies, 2-(4-tert-butylphenyl) 
propanal, 3-(4-tert-butylphenyl)-2-methylpropanal, 
and lilial were found to possess moderate to high 
levels of toxicity. Common characteristics of all these 
compounds include a high ability to cross the blood-
brain barrier (BBB) and a moderate to high potential 
for carcinogenicity. Due to the conflicting results in 
the literature and ongoing widespread exposure to 
this substance in daily life, further experimental 
studies are needed to clarify the toxicological effects 
of lilial. 
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