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ABSTRACT

INTRODUCTION: Over the last decade, there has been a significant increase in the scientific knowledge
about cancer, which has accordingly led to the development and increase of interest in new medicines and
therapeutic approaches with potential applications in oncology. Activity research and the identification of
potential therapeutic and toxic effects of bexarotene-like structures underpin the development of new ap-
proaches to the treatment of a number of untreated diseases.

This requires a further and in-depth study of the potential of newly synthesized compounds to produce ac-
tive metabolites.

AIM: In view of the potential for dermal administration of bexarotene, the potential for toxic metabolism
in the skin needs to be investigated.

MATERIALS AND METHODS: For the purpose the OECD (Q) SAR Application Toolbox was used. It is a
software application for evaluating the properties of chemicals based on their molecular structure.

RESULTS: The application of the model for predicting metabolic changes makes it possible to assess the risk
based on the chemical structure of the compounds.

CONCLUSION: The skin metabolic prediction of new hydrazones of third-generation retinoid bexarotene
indicates that not one of them predicts binding to DNA or proteins.
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ment of acute promyelocytic leukemia (APL), cuta-
neous T-cell lymphoma (CTCL), and the prevention
of malignancies in the high-risk cancer process (1-4).

CTCL is an uncommon type of cancer that be-
gins with damage to white blood cells called T cells
(T lymphocytes). These cells normally help your
body’s germ-fighting immune system. In CTCL, the
T cells are changing and develop abnormalities that
make them attack the skin (5-9).

Bexarotene is a third-generation retinoid that is
used to treat early CTCL. This medication can stop
or slow the growth of cancer cells. In treatment, bex-
arotene, 1% gel is used. The structure of bexarotene
is presented on Fig. 1.

Fig. 1. Structure of bexarotene

The skin, like other organs in the human body,
contains numerous enzymes that are capable of me-
tabolizing endogenous substances and xenobiotics.
In the past, the skin has been considered only as a
physical barrier. Nowadays, it is well known that the
skin also has the potential to metabolize substances
whit a different nature. Although the topical admin-
istration of drugs offers several advantages compared
to traditional routes it is necessary to be well aware of
the possibility of metabolism in the skin. The study
of skin metabolism is of major importance not only
in the field of transdermal drug delivery systems but
also for the safe and efficient local skin treatment
with topically applied substances (10).

Skin metabolism, in turn, can affect a num-
ber of processes, including skin toxicity, absorption,
maintenance of homeostasis, delivery of dermal dos-
age forms, and efficacy. Due to the potentially wide-
ranging effects that skin metabolism may affect, in-
terest in it is increasing. This has led to the develop-
ment of in vitro methods for predicting the poten-
tial of various substances to produce skin metabo-
lites. Given the possibility of using bexarotene as a

gel, an analysis was conducted to determine its po-
tential skin metabolism, as well as the ability of its
analogs to metabolize in the skin (11-15).

Recently, the possibility of the metabolism of
medicinal products in the skin has been the subject
of numerous studies. The barrier functions, absorp-
tion, and distribution of chemicals into and through
the skin have been studied long ago. Now it is known
that skin metabolism plays a key role in toxicity
processes.

To evaluate the risk of drug use, many factors
have to be considered. Of these, the absorption and
permeability of the skin to different molecules, as
well as the possibility of metabolic changes, are of
particular importance. The risk of dermal metabo-
lite production should be thoroughly monitored in
order to assess the safety and minimize the potential
for toxic reactions.

AIM

The present study considers the possibility of
dermal metabolism in some of the newly synthesized
hydrazones of the antineoplastic drug bexarotene.

MATERIALS AND METHODS

The OECD (Q) SAR Application Toolbox is a
software application for evaluating the properties of
chemicals based on their molecular structure. The
application has the potential to provide information
on the dangers of various chemicals while reducing
testing time, monetary costs, and testing on experi-
mental animals. During the OECD (Q) SAR Appli-
cation Toolbox analysis, an HP-Prodesck computer
configuration using an Intel Core i3-8th Gen proces-
sor was used (16).

Experimental Process

Organisation for Economic Co-operation and
Development (OECD) (Q)SAR Application Toolbox.
(Quantitative) Structure-Activity Relationships [(Q)
SARs]| are methods for estimating the properties of
a chemical from its molecular structure and have the
potential to provide information on the hazards of
chemicals, while reducing the time, monetary costs
and animal testing currently needed. To facilitate
practical application of (Q)SAR approaches in regu-
latory contexts by governments and industry and to
improve their regulatory acceptance, the OECD (Q)
SAR project has developed various outcomes such
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as the principles for the validation of (Q)SAR mod-
els, guidance documents as well as the QSAR Tool-
box (17).

In vivo and in vitro (predominantly, with liver
microsomes as experimental systems) studies were
used to analyze the metabolic fate of chemicals. Dif-
ferent sources, including monographs, scientific arti-
cles and public websites were used to compile the da-
tabase (18-20).
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In the present work, the dermal metabolites
of bexarotene and two of its hydrazones have been
modeled. Their structural formulas are presented on
Fig. 2.

RESULTS AND DISCUSSION

The application of the model for predicting
metabolic changes makes it possible to assess the risk
based on the chemical structure of the compounds.
In many cases, the parent chemical is not responsible
for the development of an adverse reaction or toxici-
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Fig. 2. Structures of bexarotene hydrazones

Table 1. Potential of bexarotene derivatives for the production of dermal metabolites
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ty. They are the result of their transformation and ac-
tivation (metabolic or chemical).

When a chemical changes as a result of metabo-
lism, it is possible to form biologically active metabo-
lites. Experimentally identifying metabolism oppor-
tunities is difficult, expensive, and often incomplete.
Therefore, the use of mathematical models to predict
metabolism opportunities is increasing.

For the purposes of this study, we have deter-
mined the potential for metabolism in the skin of
bexarotene and two of its hydrazone analogs. The re-
sults are presented in Table 1.

However, metabolic transformation may be dif-
ferent for different species, organs, and even differ-
ent cells.

The metabolic pathways documented in the da-
tabase of our application include the metabolism of
more than 200 organic substances in mammals. This
allows easy computer access to information on dif-
ferent classes of compounds, with various function-
al groups including aliphatic carbons, alicyclic and
furans rings, halogenated hydrocarbons, aromatic
structures, and haloaromatic compounds, amines,
nitro derivatives, etc., which can be used to predict
the potential for toxicity in which metabolic activa-
tion leads to a toxic effect.

All organisms foreign to the body (xenobiotics)
that enter the cell can react directly with the recep-
tor proteins or undergo metabolic biotransformation
into products that also interact with the receptors or
bind to the nucleophilic centers of the macromole-
cules (DNA, proteins), or smaller molecules (endog-
enous molecules such as glutathione).

DNA-cohesive structures may have genotoxic-
ity. When bound to proteins, the protein conjugates
may have a direct effect on the cell by disrupting its
basic functions or indirectly acting on the cell and
again causing damage.

Active metabolites may interplay with a vari-
ety of biological macromolecules (such as proteins or
DNA), resulting in an array of effects including skin
or respiratory sensibilization, mitochondrial toxic-
ity, or damage to DNA. The extent of injury elicit-
ed by a metabolite is a function of both the structure
and derivation and the longevity of the metabolite,
i.e. whether the metabolite persists for sufficient time

to cause a toxicological response or rapid clearance of
the metabolite, to obviate the response.

CONCLUSION

The skin metabolic prediction of new hydra-
zones of third-generation retinoid bexarotene indi-
cates that not one of them predicts binding to DNA
or proteins. The data obtained does not show the
possibility of potential adverse effects and the ability
to induce skin injury.

The combination of all this knowledge will en-
able more robust models to be developed, and a deep-
er study and will engender greater confidence in risk
assessments of medicinal substances following der-
mal exposure.
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