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ABSTRACT

Until recently, the safety of excipients had not received much attention, as they were considered pharmacologically indifferent and were included in
medicinal products solely to facilitate production or to enhance ease of use. In recent years, excipients have come under greater scrutiny regarding
their potential adverse effects on the body, which may have implications for patient safety during routine and long-term use. This article addresses
certain aspects of the regulatory framework for excipients in the United States as well as in the countries of the European and Eurasian Unions.
Various sources of information on the physicochemical and biological properties of pharmaceutical excipients are examined, along with examples of
adverse effects associated with several widely used excipients. Descriptions of electronic databases containing information on excipients in the
context of their application are provided, considering dosage, route of administration, dosage forms, and potential biological targets. A comparison

of these databases is also provided.
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INTRODUCTION

To gather information, an analysis of scientific databases such as
PubMed, Scopus, Web of Science, and Google Scholar was conducted.
The search was performed using the following keywords: excipients
adverse effects, excipients safety, excipient toxicity, excipients
biological targets. The included articles cover the period from 2000
to 2024. The main selection criteria were the presence of
information on adverse reactions and clinically or
pharmacovigilance-confirmed data. To evaluate existing excipient

databases, a search was conducted using Google using the following
keywords: excipient databases and European excipient databases.
The goal was to identify publicly available and specialized resources
that provide comprehensive information on excipients, including
their safety profiles and regulatory status.

Excipients are included in the formulations of almost all drugs,
performing specific and very important tasks related to the quality
of the drugs. The main groups of excipients and their functions are
presented in table 1.

Table 1: Excipients functions in drug products

Excipient function Examples Ref.
Creation of the actual dosage form. For Bases in soft dosage forms and suppositories [1]
several dosage forms, the use of such Fillers in tablets
excipients is mandatory Propellants in aerosols
Ensuring pharmaceutical technology Anti-adhesion excipients to prevent tablet mass from sticking to punches [1]
Lubricants to ensure the flowability of tablet mass
Ensuring stability of pharmaceutical forms Preservatives to ensure microbiological purity [1]
during storage and use Antioxidants to inhibit oxidative processes
Plasticizers and Opacifiers for coatings on solid dosage forms
Surfactants in liquid dosage forms
Improvement of organoleptic characteristics Dyes, sweeteners, flavorings, etc. [1]

Modification of Active Pharmaceutical
Ingredients (APIs)release

Polymeric and high molecular weight excipients necessary for creating the desired
structure of pharmaceutical forms (e. g, matrix, coatings on solid dosage forms, etc.)

Absorption promoters that enhance the absorption of APIs

According to the Biopharmaceutical (BP) Doctrine proposed in the
second half of the 20t century, excipients are not entirely indifferent
substances. The data in the table shows that while performing their
functions in dosage forms, they can influence not only the
manufacturing process and stability but also the release and
absorption of Active Pharmaceutical Ingredients (APIs), thereby
determining the efficacy of the drug. The mass of excipients in a
dosage form often significantly exceeds the mass of the APIs. As
essential components of drugs, excipients must meet certain quality
criteria and be standardized and stable.

Quality of excipients

The quality of many excipients is regulated by pharmacopoeias.
Thus, the United States Pharmacopeia (USP) includes a whole

section dedicated exclusively to excipients, the United States
Pharmacopeia-National Formulary (USP-NF). European
Pharmacopoeia, Japanese Pharmacopoeia and Pharmacopoeia of the
Eurasian Economic Union contain monographs on several
excipients. Specific pharmacopoeia monographs on excipients
include standards of their physicochemical parameters and test
methods. The quality of excipients not described by pharmacopoeias
is generally regulated by the manufacturer's standards. However,
modern requirements for the quality of pharmaceutical products no
longer fit within the framework of pharmacopoeia standards alone.

Certain aspects of the regulatory framework for excipients

When submitting documents on drugs to regulating authorities for
examination, information on excipients is a mandatory part of the
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dossier. In the Eurasian Economic Union (EAEU), in addition to
certificates and specifications with justification and description of
test methods, the following is required: justification for the use of
excipients in the formulation, reports on the study of compatibility
of excipients with APIs and for buffering agents, substances with
antimicrobial activity-confirmation of the effective concentration
[2]. For new excipients a complete description of production,
properties, and control, as well as preclinical and clinical safety data
is required.

In the United States, excipients do not have a regulatory status and
cannot be used in pharmaceutical products without Food and Drug
Administration (FDA) approval. The pharmaceutical product dossier
includes a section related to the manufacturing of inactive
ingredients, covering key technical details. The submission of a
separate Drug Master File (DMF) for excipients is not required by
law. The approval of a pharmaceutical product's formulation
considers the excipient dosage, which, without strong justification,
cannot exceed the dosage specified in the database maintained by
the FDA since 1987. This database contains information on each
excipient included in the formulations of approved pharmaceutical
products. In drug development, priority is given to excipients listed
in this database [3].

In the EU, manufacturers are responsible for the safety of their
products and must ensure that these undergo a scientific safety
assessment by experts before being sold [4]. As in the United States,
the pharmaceutical product dossier includes an excipient data file in
the ICH Common Technical Document (CTD) format. This file
typically contains specifications, test methods for raw materials,
intermediates, and the final excipient, safety data, packaging
description, and labeling information. Manufacturers and suppliers
of excipients are also advised to monitor safety-related aspects such
as raw material origin, viral safety, degradation products, residual
catalysts (heavy metals), preservatives, and processing aids [5].

There is no official list of excipients approved across the European Union
(EU). During pharmaceutical development, priority is given to excipients
whose quality is described in pharmacopoeias. However, since
pharmacopoeias do not provide information on the safety of substances
or their suitability for specific routes of administration, pharmaceutical
developers must refer to scientific literature. In some European Union
(EU) member states, national reference collections list approved
excipients and their applications. For example, in France, this is the
Dictionnaire Vidal; in Germany, Die Rote Liste; and in the UK, The
Electronic Medicines Compendium (EMC). European manufacturers are
also recommended to use the FDA Inactive Ingredient Database and the
Handbook of Pharmaceutical Excipients as reference guides [1].

In Japan, the Ministry of Health, Labor and Welfare prioritizes the use of
ingredients described in the Japanese Pharmacopoeia and in a reference
book known as the Japanese Pharmaceutical Excipients Dictionary.
These manuscripts provide information on the various excipients
previously used in drugs in the country, describing their characteristics
and maximum doses for different routes of administration [6].

Development and harmonization of standards, provision of useful
information about new excipients, development, implementation
and manufacturing conditions, transfer of experience and
recommendations on excipients are the areas of activity of the
International Pharmaceutical Excipients Council (IPEC).

IPEC includes manufacturers, distributors, end-users of excipients
and pharmaceutical products, and regulatory authorities. Regional
associations of pharmaceutical excipients manufacturers are located
in North and South America, Europe, Japan, China and India. IPEC
includes Quality and Regulatory Committee, Good Distribution
Practice Committee, and Events Committee [7].

The strict quality requirements for excipients make it a challenge to
manufacture them in accordance with Good Manufacturing Practice
GMP. IPEC has developed Guidelines regarding the quality,
standardization, stability, manufacturing, and distribution of
excipients. The Guidelines consider physical, chemical,
microbiological properties, composition, and stability as criteria for
the evaluation of excipients [8-14].
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The Guidelines are intended to be used on a voluntary basis and are
not regulatory requirements. They are developed to achieve a
modern level of quality assurance of excipients and to demonstrate
the best international practices to provide manufacturers with up-
to-date directions on this topic.

As already mentioned, neither pharmacopoeias nor IPEC
recommendations provide information on the biological properties
of excipients, their safe dosages, permissible routes of drug
administration, and dosage forms in which formulations a particular
excipient can be used. Pharmacopoeias and regulatory documents
do not provide data on how excipients interact with other excipients
or Active Pharmaceutical Ingredients (APIs).

These aspects of excipients become particularly relevant for
researchers and professionals involved in pharmaceutical
development and drug manufacturing. They are also important for
clinicians and consumers, as there is an increasing number of
publications in scientific literature reporting adverse events caused
by excipients. Since drug products typically contain multiple
excipients, there is concern that their combined presence may
increase undesirable effects in sensitive patients.

Until recently, the safety issues of excipients have not been paid
attention to, as they were considered pharmacologically indifferent
and were included in medicinal products only to facilitate
manufacturing or to enhance the convenience of use.

Modern drug products are often not simple mixtures of ingredients.
They are complex products that have been technologically processed
to impart specific properties to the drug. Their structure varies and
may represent an engineered design combining several ingredients,
such as therapeutic systems, Nano drugs, modified-release forms,
and so on. Inactive components of the dosage form may interact with
each other, change their properties during the production of dosage
forms under high temperatures, crystallization processes,
hydrolysis, oxidation, and improper storage conditions and as a
result have effects on consumers that will increase with prolonged
administration in large quantities [6].

Therefore, excipients have received more attention in recent years
in the context of studying their adverse effects on the body, which
may have implications for patient safety during routine and long-
term use. The causes of adverse effects from excipients include the
toxic effect of the excipient itself, improper substitution with a
cheaper substance, patient intolerance, and allergic reactions.

Examples of adverse effects of some excipients

Classic examples of excipients with inherent toxic effects include
preservatives and some antioxidants.

The antimicrobial preservative thimerosal isa mercury compound
registered in 1929 and marketed under the trade name Merthiolate [15,
16]. It has toxic effects when ingested and in contact with the skin.
Despite being removed from children's vaccines in the United States in
1999, it is still used in some countries, including the U. S,, in the industrial
production of influenza vaccines for adults, and in some developing
countries, it is even used in vaccines for children [17-19]. Recent studies
have shown that thimerosal and ethylmercury have an affinity for the
dopamine D3 receptor. Rats receiving thimerosal postnatally had
impaired motor functions, increased anxiety in the open-field test, and
changes in social behavior, i. e, all side effects that are well known for
dopamine receptor ligands were demonstrated [20].

Butylparaben, or butyl p-hydroxybenzoate, a preservative widely
used in cosmetic and pharmaceutical products, has been known as a
pharmaceutical ingredient since 1924. It may decrease sperm
function and cause endocrine disruption with undesirable effects on
reproductive function [21].

Propyl gallate, a propyl ester of gallic acid, is used as an antioxidant
in food and pharmaceutical industries. It hasan antiproliferative
effect on fB-and T-cells, smooth muscle cells of coronary arteries,
endothelial cells, and fibroblasts. Propyl gallate has cellular activity
associated with inflammation and immunosuppressant activity and
is an estrogen antagonist [22].
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Glycerin is a classic example of an excipient that, in some cases, is
replaced by a cheaper "analog"—Diethylene Glycol (DEG). DEG is a
colorless, sweet-tasting, odorless liquid used as a cheap filler in
brake fluids, paints, and household chemicals. In 1937, the poisoning
of children with a sulfanilamide elixir containing DEG as a solvent
resulted in the death of 105 patients. This case received widespread
public attention and as a result, The United States Federal Food,
Drug, and Cosmetic Act was passed. Unfortunately, the use of DEG in
pediatric formulations did not stop.

Between 1992 and 2022, poisoning incidents occurred in Nigeria,
Bangladesh, Indonesia, the Marshall Islands, Pakistan, Panama,
Gambia, India (twice), Uzbekistan, and Cameroon, following the use
of cough syrups and other medications containing cheap DEG
instead of glycerin. It is now well known that diethylene glycol is
nephrotoxic and can lead to Multiple Organ Dysfunction Syndrome
(MODS), particularly in children [23]. Due to its physical properties,
it can serve as a cheap substitute for propylene glycol.

Allergic reactions to excipients are real and can have serious
consequences for patient safety. Information on such reactions is
extremely important for clinicians and patients themselves and can
severely limit the choice of drugs for appropriate drug therapy.

In [18], a review of scientific publications is presented, describing
allergic reactions in patients to excipients after the administration of
drugs containing Polyoxyethylene (PEG) and its derivatives: PEG-
sorbitans (polysorbates), PEG-castor oil (e. g, Cremophor), and PEG
copolymers with propylene glycol (poloxamers), as well as
carboxymethylcellulose (CMC), gelatin, and Propylene Glycol (PG). It
has been shown that these excipients can cause an immediate
hypersensitivity reaction-anaphylactic reaction. Although the
incidence of such reactions to excipients is extremely low, it raises
serious concerns for patients due to the high risk associated with
their occurrence.

Polyoxyethylene (PEG) is a water-soluble nonionic polymer also
known as Macrogol. It is widely used in pharmaceuticals as a
component of bases for suppositories, soft dosage forms, and in the
formulations of PEGylated nanomedicines [24]. PEG is present in
many products. There have been reports of anaphylactic reactions to
PEG 3350, PEG 4000, and PEG 6000. It has been shown that antibody
avidity increases with the molecular weight of PEG. For a patient,
there may be a lower molecular weight limit below which they do
not react to PEG; for example, a skin test for PEG 300 may show a
negative result, while PEG with a higher molecular weight triggers
an anaphylactic reaction. Therefore, the use of medications
containing PEG with a higher molecular weight is contraindicated in
such patients. PEGylated liposomes may be relevant allergens and a
contraindication for the use of this class of drugs in patients allergic
to PEG. Cases of anaphylaxis have been reported with the use of
PEGylated perflutren [25].

Polysorbates (PS) are nonionic surfactants that are esters of fatty
acids (hydrophobic part) and polyoxyethylated sorbitan
(hydrophilic part). They are widely used in the food, cosmetic, and
pharmaceutical industries. Structurally similar to PEG, they can
cause anaphylactic reactions, inflammation, and urticaria at the
injection site. Despite their stabilizing effect on APIs, polysorbates
themselves are susceptible to oxidative degradation, leading to the
formation of residual peroxides and other active oxidation forms
[26]. Polysorbates also act as photoenhancers, which can lead to
photooxidation, meaning they are subject to degradation due to the
combined effects of light and oxygen [27, 28].

During the pandemic, Pfizer-BioNTech and Moderna vaccines
containing  SARS-CoV-2 mRNA received emergency use
authorization. Since the nature of cross-reactivity among excipient
allergens remains largely unknown, the presence of PS80 and PEG-
2000 in the lipid nanoparticle, which acts as a carrier system for the
SARS-CoV-2 spike, may have been one of the reasons for
hypersensitivity reactions in patients. Moreover, the mRNA of the
protein itself may also act as an allergen [29].

Colliphor, also known as Cremophor, is polyoxyethylated castor oil, used
as a surfactant in dosage forms with poorly soluble APIs. It can cause
severe immediate anaphylactic reactions, potentially hyperlipidemia,
neurological complications, and encephalopathy [29-31].
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Carboxymethylcellulose (CMC) is a semi-synthetic water-soluble
polymer used to regulate viscosity in liquid and soft pharmaceutical
formulations, as well as in food products. It has been associated with
immediate anaphylaxis as an allergen in barium sulfate suspensions
(a contrast medium for X-rays) and topical gels [29]. It can also
trigger anaphylaxis when consuming ice cream [32].

Propylene glycol, structurally different from PEG, is used as an
emulsifier and emollient in cosmetics, pharmaceuticals, and food
products. It also serves as a non-aqueous solvent in liquid
pharmaceutical formulations, including injectable solutions, and is
included in intravenous nitroglycerin solutions in many countries (e.
g., the UK, Netherlands, USA, France, etc.). When taken orally in low
and moderate concentrations used in pharmaceuticals, it is safe for
human health. However, when administered intravenously, it can
cause Central Nervous System (CNS) depression, hypotension,
bradycardia, ECG changes, hemolysis, and seizures [33]. It is often
found in formulations that cause delayed hypersensitivity reactions.
For this reason, it was named "Allergen of the Year" in 2018 by the
American Contact Dermatitis Society [18].

Additionally, some examples of adverse effects of commonly used
excipients in pharmaceuticals are provided in table 2.

The European Medicines Agency (EMA) has compiled a list of 115
excipients with known biological effects, along with patient
information that must be included in the package leaflet for
pharmaceutical products in the EU. Warning labels are provided for
pharmaceutical products with different excipient dosages, routes of
administration and for patients of various age groups. For pediatric
pharmaceutical products, age categories are specified as follows:
under 2y, 2 to 12 y, 12 to 18 y, and over 18 y, if necessary. The
information is available in 26 European languages and is
periodically updated. Unfortunately, this list covers only a small part
of the current excipient nomenclature [37].

The EMA also provides a list of allergens and fragrances used in the
EU, the names of which must be included in the labeling of cosmetic
and cleaning products. This list includes many essential oils, as well
as anisyl alcohol, benzyl alcohol, benzyl benzoate, benzyl cinnamate,
benzyl salicylate, and citral, which are used in pharmaceutical
products as preservatives and flavoring agents [37].

In pediatric dosage forms, the safety of excipients is of particular
importance. Due to the specific metabolism of children and the age-
related heterogeneity of pharmacokinetic and pharmacodynamic
parameters, some excipients that are acceptable in adult
pharmaceutical products may not be suitable for use in pediatrics. In
the absence of pediatric-specific dosage forms, a pediatrician
prescribes medication for a child by dividing the adult dosage based
on the child's age and weight. However, certain excipients used in
adult pharmaceutical products (such as benzyl alcohol, ethanol,
propylene glycol, and parabens) cannot be used in the treatment of
children, even at the lowest concentrations, as they have
toxicological effects on a child's body. Some examples of excipients
that cause adverse reactions in a child's body are provided in table 3.

It should be noted that in the USA, EU countries, and EAEU countries,
guidelines have been adopted regarding the development of
pediatric medicinal products [42]. A more detailed discussion of the
issue of creating medicines for childrenas well as for the elderly
deserves considerable attention and could be presented in a
separate publication.

Biological activity of excipients

Not all approved excipients have obvious toxicity or cause
appreciable side effects at the dosages used in dosage form.
However, this does not mean that they are completely indifferent to
the organism. Approved excipients with no obvious physiologic
effects may have specific activity against molecular targets,
impairing their function and the function of the cellular networks in
which they are involved.

Various popular artificial intelligence methods are used to assess the
predictive potential of excipient activity and drug safety [43]. The
authors of the study [29] applied the chemoinformatics Similarity
Ensemble Approach (SEA) [44, 45], which is based on the study of



N. Demina et al.

the interaction of excipients with the target according to the target-
ligand principle.

More than 600 molecular excipients were computer screened and a list
of potential protein targets was compiled for each of them based on its
value in SEA. Next, commonly used excipients were experimentally
tested against clinical toxicity targets. The authors studied the
interaction of 73 commonly used excipients with 28 targets related to
clinical drug safety, including biologically relevant targets involved in
drug pharmacokinetics. Among the investigated excipients were palmitic
acid, oleic acid, propylparaben, methylene blue, sodium lauryl sulfate,
tartrazine (FD and C Yellow No. 5), aspartame, cetylpyridinium chloride,
etc. It was shown that 38 excipients are active against one or more
targets. In total, 134 activities were identified among the excipients
studied, specifically; butylparaben showed activity related to
inflammatory processes. Propyl gallate was found to potentially cause
sinus congestion and pain, and to exhibit immunomodulatory and
inflammatory cellular activity.

A key observation from this study is that many “inactive ingredients”
commonly found in pharmaceuticals have direct activity against
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biologically relevant enzymes, receptors, ion channels and
transporters under in vitro conditions. Consequently, excipients,
which are often present in large quantities in drug formulations, can
have significant effects on medically relevant targets. Therefore,
excipients that demonstrate biological activity in vitro and reach
significant systemic concentrations upon administration require
more detailed study for a comprehensive assessment of their safety.”

Meanwhile, regulatory authorities allow substitution of approved
excipients in drug formulations as long as they do not affect the
pharmacokinetics of APIs. However, such substitution may affect the
activity of the drug, as different excipients are expected to have
different target activities, affecting the overall side effects of the
drug.

The motivation for testing the biological activities of excipients may
be the similarity of the structures of some APIs and excipients. This
can be seen in fig. 1, where the first row shows the formulas of
commonly used excipients, and the second row shows the formulas
of approved APIs. Some excipients are also active substances, such
as the antiseptic benzethonium chloride.

Table 2: Examples of adverse effects of some excipients

Excipients by their functions Additional Adverse effects Ref.
function
Preservatives [6, 26, 35]
Benzyl alcohol Hypersensitivity reactions, effects on the respiratory system
In newborns: respiratory distress syndrome, metabolic acidosis, hemorrhages,
neurological disorders, and death due to immature metabolism
Benzalkonium chloride surfactant Bronchospasm when used in combination with asthma medications. Ear damage
Chlorhexidine (all salts) Biocides Hypersensitivity reactions, conjunctival irritation and corneal damage at high
concentrations
Parabens Reports of estrogenic effects, especially propylparaben. Also, hypersensitivity
reactions and anemia in newborns
Solvents [6, 26, 35]
Ethanol co-solvent Intoxication
Propylene glycol CNS effects, lactoacidosis, especially in children under 4 y of age
Sweeteners [26]
Saccharin Hypersensitivity and photosensitization
Glucose and sucrose Tooth decay
Aspartame Breaks down into phenylalanine, asparagic acid and methanol. Contraindicated in
patients with phenylketonuria, may cause headache and seizures
Menthol Inhalation in large quantities causes ataxia and CNS depression. Hypersensitivity
reactions have been reported
Antioxidants [6, 26]
Sodium and potassium bisulfites, Bronchospasm, itching, urticaria, chest pain, angioedema, and arterial hypotension,
sodium and potassium sometimes leading to unconsciousness, are characteristics for hypersensitivity
metabisulfites, sodium sulfites, reactions. These reactions usually occur in patients who have a history of
and sulfur dioxide asthma attacks
Sodium metabisulfite Wheezing and chest tightness in children with asthma
Fillers [34, 36]
Lactose diluent In lactose intolerant individuals, cramps, diarrhea and flatulence
Mannitol Shortens the transit time through the small intestine compared to sucrose.
Compared to sucrose, which has no such effect.
PEG 400 (polyethylene glycol) stimulates peristalsis of the gastrointestinal tract and accelerates passage through
the small intestine
Sorbitol In sensitive patients may decrease
bioavailability of APIs with high
permeability
Gelatin in vaccines, rectal Thickener, Possible anaphylaxis and seizures in patients with epilepsy
suppositories, and dietary binder in solid
supplements dosage forms
Dyes [29]
Titanium dioxide Opacifier Nanoparticles lead to changes in mitochondrial morphologyand decreased
mitochondrial membrane potential
Dyes (e. g, azo dyes) Sensitivity reactions. Some reports of hyperactivity in children
Iron oxide Increases the predisposition to seizures in patients with epilepsy
Other [26, 36]
Shellac Coating material ~ Seizures in patients with epilepsy

Silicon dioxide

Hydrogenated castor oil
derivatives

Stabilizer,
gelling agent,
adsorbent
Solubilizer,
surfactant

Possible anaphylaxis in patients with epilepsy

Anaphylaxis
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Table 3: Examples of the effects of certain excipients on a child's body

Name of excipient

Adverse events in pediatrics

Ref.

Mannitol

Ethanol

Glycerin

Sorbitol

Aspartame

Saccharin

Dyes

Propylene glycol

Parabens (methtyl,
ethyl-, propyl-,
butyl-)

It may cause hypersensitivity reactions and anaphylactic reactions after intravenous infusion of 10% or 20%
(w/v) solutions. When taken orally, it can create high osmotic pressure in the intestine, leading to severe
diarrhea, which in turn reduces transit time in the small intestine and decreases the absorption of certain
medications

It has very high permeability to the Blood-Brain Barrier (BBB). Side effects are observed at a dose of 100 mg/dL,
including hyperglycemia and acidosis. High concentrations lead to coma, respiratory depression, cardiovascular
collapse, and hyperglycemic seizures

Due to its strong osmotic properties, it contributes to the development of serious side effects: diarrhea,
electrolyte imbalances, headache, and stomach disorders

It is not absorbed in the gastrointestinal tract. Side effects may include: a laxative effect at high concentrations,
significantly reducing the absorption of other medications, causing abdominal pain, bloating, and osmotic
diarrhea. In severe cases, it can lead to liver damage. Sorbitol is metabolized to fructose. Therefore, it is
contraindicated in pediatric patients with hereditary fructose intolerance

Its sweetening ability is more than 150-200 times greater than sucrose. It contains phenylalanine, which is
contraindicated in patients with phenylketonuria and epileptogenic disorders. Side effects may include reduced
insulin sensitivity, neurological disturbances (neurotoxicity, headache, panic attacks), hypersensitivity reactions
(vascular and granulomatous panniculitis), and cross-reactivity with sulfonamides

Its sweetening ability is approximately 300 times greater than sucrose. It has carcinogenic effects in pediatric
groups (bladder cancer in children often occurs when large amounts of saccharin are consumed). It can cause
insomnia, irritability, and cross-sensitivity to sulfonamide medications

Azodyes: cross-sensitivity to acetylsalicylic acid, sodium benzoate, and indomethacin. For this reason, azodyes
should not be used in pediatrics. Contact dermatitis is common with quinoline dyes. Triphenylmethane dyes can
cause bronchospasm, skin rashes, erythema, and anaphylaxis. Xanthine dyes can also cause photosensitivity and
carcinogenicity in children

It is rapidly absorbed through the gastrointestinal tract and damaged skin. It may accelerate irreversible deafness
in premature infants (+5.2%). Cases of biochemical disturbances have been reported, including hyperosmolality,
lactic acidosis, and increased levels of creatinine and bilirubin, after taking 3g/day of propylene glycol for 5
consecutive days. Clinical symptoms then appeared, including seizures and bradycardia

They affect the binding of bilirubin to albumin (risk of serious complications in newborns with
hyperbilirubinemia). They may cause cross-sensitivity reactions in patients allergic to aspirin. Paraben-
containing medications should be contraindicated in newborns with jaundice

(18]

[36]

(39]

[38, 39]

[39-41]

[39-41]

[39-41]

[39-41]

[39-41]
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Fig. 1: Similarity of structures of some APIs and excipients, A - excipients, B-drugs [29]

Data on the safety of excipients found in scientific publications are
scattered and not systematized, often focusing on a small group of
excipients within the context of drug products for specific diseases.
The extensive nomenclature of modern excipients requires a
systematic organization of their characteristics.

One of the most authoritative, world-renowned publications
containing extensive information on pharmaceutical excipients is the
Handbook of Pharmaceutical Excipients [5], which has undergone
several editions. The authors of the 9th edition (2020) were more
than 160 scientists from different countries who are experts in the
manufacturing, analysis, and use of excipients. The handbook
contains more than 420 monographs on excipients, which contain
not only a description of the functions of excipients in drug
formulations, but also: information from the pharmacopoeias of the
UK, Europe, Japan, and the USA; chemical names and structure,
Chemical Abstracts Service (CAS) registration numbers, empirical
formulas, molecular weight; data on incompatibility, safety, stability,
storage; biological sections on excipients used in pediatric,
injectable, oral solid, and inhalation drug products.

Monographs are cross-referenced and many include infrared, Raman
and Near-infrared Spectroscopy (NIR).

Databases on excipients

Electronic databases on excipients have become highly valuable for
researchers, manufacturers, and regulatory authorities, offering
extensive information on a wide range of excipients.

In 1987, the FDA published a paper-based Guide to Inactive
Ingredients in Drug Formulations. The aim of the guide was to
systematize and provide additional information on excipients. Since
2003, this information has been available online in the FDA's
database, which now includes data on all excipients used in
approved drug products. This database provides information on the
dosage forms and routes of administration for each excipient, as well
as maximum single and daily doses within these contexts [46, 47].
The FDA excipient database is continuously updated, allowing
researchers specializing in pharmaceutical development to
determine the applicability of specific excipients for dosage forms
and routes of administration. The dosage information provided is
considered safe, as it is based on formulations of drug products
already approved by the FDA, which have undergone toxicity
studies, preclinical and clinical trials. According to the authors, this
information indicates the safety of the excipients under the specified
conditions of use.
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The provided information on excipient dosages is used in the evaluation
of new drug products. If these dosages are exceeded, the FDA may

IID Basics

Inactive Ingredient

C (ALLYL TOPICAL CREAM

OLYMER TYPE C (ALLYL PICA CREAM
CROSSLINKED) AUGMENTED

TOPICAL EMULSION

OPICAL GEL

ICAL LOTION

R TYPE C (ALLYL TOPICAL OINTMENT,
LINKED) AUGMENTED

/ record
sasafowzTe 2.25%w
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request justification and additional safety data for the drug, including
pharmacokinetic profiles. A screenshot of the webpage is shown in fig. 2.

Maximum Daity Record a
per unit dose ¥ | Exposure [MDE) Updated ¥

w

www.fda.gov

CAS is the Chemical Abstracts Service Registry Number
UNIl is a unique code assigned by SRS 7

Fig. 2: FDA inactive ingredient database web page [48]

However, this database does not provide information on the
compatibility of individual excipients and their mixtures with other
ingredients of dosage forms, including APIs [46].

The European Pediatric Formulation Initiative (EuPFI), in
collaboration with the United States Pediatric Formulation Initiative
(USPFI), has developed the STEP database, which stands for Safety
and Toxicity of Excipients for Pediatrics. The STEP database is a free
resource that contains information on the safety and toxicity of
excipients, manually extracted from selected information sources
[49, 50]. The aim of this project is to provide important information
on excipients for practical use and scientific research. STEP offers
public access to a database of information on the safety and toxicity
of excipients for pharmaceutical industry scientists, healthcare
professionals, and regulatory authorities, becoming a practical tool
for all scientific communities involved in pediatric drug
development.

For each excipient, the STEP resource provides general information,
including chemical name, CAS registration number, synonyms and
functions, and in vitro characteristics. Clinical data includes type of
study, age category, route of administration/application site, and
effect on an organ/system. Preclinical data contains all information
on animal toxicity with references to original publications.

STEP database allows you to search for characteristics by the name
of the excipient and, conversely, to select suitable excipients
according to the target characteristics of the drug to be developed
(route of administration, dosage form, age category, etc.). Based on
the target quality profile, having set the search criteria for the
product to be developed, on the page “Search results” the resource
provides information about the corresponding excipient, its
chemical name, CAS registration number, its pharmacopoeial,
regulatory status, synonyms, acceptable daily dosage.

Thus, the STEP database, in which toxicity and safety information
can be searched in both directions, makes it highly convenient to
find the information you need. The pilot version of the STEP
database was launched in 2014 and is currently being continuously
updated.

To systematize and summarize scientific data from various sources,
researchers at Zhejiang University (China) developed a database in
2022 called "ACDINA: biological activities of drug inactive
ingredients” [51, 52]. This database was created by analyzing
information from publications on more than 2,000 FDA-approved
drug products, reviewing 23,949 dosage forms. The biological

activity of these drugs and their corresponding biological targets
were studied based on literature sources and open databases
(including UniProt, PubChem, NCBI Gene, ChEMBL, etc.) [53-56]. A
comprehensive set of artificial intelligence methods (machine
learning, ML) was employed to process the information for
predictive assessment of the biological activity of excipients, with
the results implemented in Python (version 3.7.11). This allowedto
create a database that describes the largest number of excipients,
APIs, and dosage forms, providing comprehensive data on their
biological activity. All users can freely access ACDINA. A screenshot
of the webpage for the excipient benzoic acid is shown in fig. 3.

The top of the table provides general information about benzoic
acid, while the complete list of Biological Targets (DBT) regulated by
it is shown below. All biological targets are classified according to
their biochemical families. Data on the biological activity of
excipients (highlighted in color) and a hyperlink to additional
information in other available databases are provided below the
text. By clicking the "DBT Information" button, you will be
redirected to a new page containing data on synonyms of the
excipient, biochemical family, tested organism, gene name, and more
[50]. This format is used for information on APIs and drugs.

The information in the databases on excipients varies in nature and
scope. A brief comparative description is provided in table 4.

Databases on excipients have enormous practical value in scientific
research, for developers and manufacturers, clinicians, and
regulatory authorities. It is important to continuously update them
with new information that meets the current needs of professional
communities in the field of pharmaceutical products. This includes
data on the compatibility of individual excipients and their mixtures
with other ingredients of dosage forms, including Active
Pharmaceutical Ingredients (APls), as well as information on
possible impurities and technological additives that need to be
monitored, the stability of ingredients during processing, and more.

Limitations and future directions

This comprehensive review brings together currently available data on
pharmaceutical excipient safety, offering a clear and complete analysis
of existing databases-making it an especially useful resource for
researchers and developers. While current tools help assess risks and
choose appropriate excipients, there are still major gaps. Many
excipients haven’t been thoroughly studied for long-term use, effects in
children, or interactions with active drug ingredients. Databases also
often miss key details on how excipients behave when combined.
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While these resources facilitate risk assessment and rational excipient
selection, significant limitations persist in the field. Many excipients
still lack comprehensive toxicological studies, especially concerning
long-term use, pediatric exposure, or interactions with active
ingredients. Additionally, existing databases often omit critical

General Information of DIG (ID: E00009)
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compatibility data between excipients and APIs. These identified gaps
not only highlight the importance of this review's all-encompassing
approach but also underscore the pressing need for standardized
testing protocols and expanded regulatory requirements to ensure
excipient safety in evolving drug formulations.

DIG Name Benzoic acid

Synonyms E Click to Show/Hide the Synonyms of This DIG
DIG Function Antimicrobial preservative

PubChem CID 2430

Full List of Biological Targets of DIG (DBTs) Regulated by This DIG

= G-protein coupled receptor (GPCR)

[ DBT Name: Glutamate receptor mGLUS (mGluRS)

Oxidoreductase (ORase)

= DBT Name: D-amino acid oxidase (DAAO)

Lyasel/isomeraselligase (L//G)

& DBT Name: FHA-HIT-interacting protein (NAPRT)

Primary active transporter (PAT)
[ DBT Name: Bile salt export pump (BSEP)

Detailed Information

ick to Show/Hide

Click to Show/Hide

Show/Hide

ok to Show(Hide

click to show the detail info of this DB

Experiment for Assessing the Biological Activity of the Studied DIG on This DBT

Biological Activity Ki = 260 uM (tested by experiment)

Tested Species Homo sapiens (Human)

UniProt 1D ABCBB_HUMAN =

I

Fig. 3: Web page describing a drug called benzoic acid [50]

Table 4: Comparative aspects of excipient databases

Database information Application Ref.
FDA inactive ingredient database [48]
Contains information about all excipients included in the It allows determining the suitability of a specific excipient for a
formulations of medicinal products approved by the FDA. For given dosage form and route of administration. The excipient
each excipient, the dosage form and route of administration are dosages listed in the database are considered safe based on the
provided, as well as the maximum single and daily doses in these  fact that medicinal products containing them have been
medicinal products approved, serving as guidelines for the development of new

products and in the evaluation of new medicinal products. The

dataset does not contain information on the biological activity

of substances, including adverse effects or potential

interactions with other ingredients in medicinal products
STEP safety and toxicity of excipients for pediatrics [49,
Developed by the European Pediatric Formulation Initiative (EuPFI) in collaboration with the United States Pediatric 50]
Formulation Initiative (USPFI)
For each excipient, the following information is provided: It allows searching for physicochemical and clinical
general information, including chemical name, CAS registration characteristics of an excipient by name and vice versa, as
number, pharmacopoeial and regulatory status, synonyms, well as selecting suitable excipients based on the target
acceptable daily dosage, functions, and in vitro characteristics. properties of the drug being developed in the context of
Clinical data include type of study, age group, route of route of administration, dosage form, age group, etc.,
administration/application, and effect on organ/system. making it very convenient for finding the needed
Preclinical data includes all information on animal toxicity with information. The dataset information is intended for
references to original publications pediatric drug products
ACDINA biological activities of drug inactive ingredients [51,
Zhejiang University (China) 52]

It describes not only excipients but also APIs and drug products
(2000 FDA-approved drug products). It contains general
information about the substance a complete list of biological
targets regulated by it.

All biological targets are classified by their biochemical families.
Data on the biological activity of the substance are provided,
along with hyperlinks to additional information in other
available databases. It includes data on substance synonyms,
biochemical families, the tested organism, and gene names

clinicians

It provides comprehensive data on the biological activity of
substances, manually gathered from open scientific
information sources. Data on the predictive activity of
substances on biological targets is obtained from scientific
publications using artificial intelligence technology. The
data set allows for searching the most complete, diverse,
and up-to-date information for drug developers and
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CONCLUSION

Sources of information on physicochemical parameters of
pharmaceutical  excipients include  pharmacopoeias  and
manufacturers' quality standards, which do not contain information
on acceptable routes of administration and dosage forms for each
specific excipient. In recent years, due to the emergence of
publications on the adverse effects on the body of several excipients,
information on the biological activity of excipients is widely
demanded both in clinical studies and practice and in the
pharmaceutical industry. To systematize and generalize scientific
data from different sources to deliver important information about
excipients for practical use and in scientific research, electronic
databases have been created. These databases provide the consumer
with information about excipients in the context of their use,
including adverse effects and \or biological targets with which
excipients can interact.
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