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Abstract: Expectorant phytomucolytic syrups are widely used pediatric OTC-medicines. Physi-
cians, pediatricians, and pharmacists are traditionally concerned with the efficacy of the active in-
gredients in cough syrups, and rarely consider the safety aspects of excipients that however are not
absolutely “inactive” and are proved to initiate some negative reactions and interactions with other
drugs. This paper presents a review, categorization, and comparative analysis of the safety profile
of excipients contained in the 22 best-selling OTC pediatric phytomucolytic syrups available in
pharmaceutical markets in Ukraine and Germany and proposes an approach to the consideration
of the excipients’ safety risks for a pharmacist in the process of pharmaceutical care. The study has
revealed that only one of the twenty-two analyzed syrups does not contain any potentially harmful
excipients. The results of this analysis were used for developing a specific decision tool for pharma-
cists that can be used for minimizing excipient-initiated reactions when delivering OTC phytomuco-
lytic syrups for children.
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1. Introduction

The cough syrup market size was estimated globally at USD 5232.73 million in 2019
and is expected to reach USD 6108.25 million by 2027 [1]. In Ukraine, syrups are one of
the most sold drug formulations with more than 27 million EURO sales in 2019 [2]. Be-
cause syrups predominantly are a pediatric medical form, the largest portion of these syr-
ups is used by children [3]. A large proportion of pediatric syrups are OTC cough medi-
cines that are highly popular among parents and are prescribed or bought in a pharmacy
to relieve cough symptoms in children [4-6].

The NY Times wrote that around 60% of parents give cough syrups to their children
because they help to reduce the discomfort of cold and flu [6]. The common reasons for
the wide use of cough syrups are that parents “have to do something,... that will relieve
their children’s distress” [6]. In addition, cough syrups have a long history of use and they
“figure in many parents’ memories of their own sick days...when they all took these med-
ications themselves” [6]. Thus, it is obvious that pediatric cough syrups are traditionally
perceived as a key cold medication.

Technically, syrup is a solution that uses sucrose for the production of viscous prep-
aration [3]. Some syrups may substitute sucrose-based syrup with a solution of polyols,
such as sorbitol, or a mixture of polyols, such as sorbitol and glycerin [7]. Overall, the key
functional components of a cough syrup include active ingredients and excipients: thick-
eners, flavors, colors, antimicrobials, and buffers [8]. Most of these excipients are additives
used in the food and beverage industry [9].
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In general, pharmaceutical excipients are pharmacologically inactive components of
a drug playing a supporting role in the production of a designed dosage form as well as
in its delivery [10,11]. However, in syrups, these excipients are crucial, as they can signif-
icantly contribute to both their efficacy and safety, some of them can even play the role of
the active ingredient of the cough medicine [12,13]. Moreover, according to biopharma-
ceutic principles, the optimal and rational composition of both active ingredients and ex-
cipients is essential to provide the efficacy of a medicine [14,15].

The safety of excipients included in pediatric medicines will continue to be a concern
for many years and has been discussed by a range of authors. The comprehensive review
of Eccles presents the analysis of over 100 excipients in OTC cough medicines including
pediatric ones [8]. The use of excipients in the pediatric population is critically reviewed
by Rouaz et al. [16], the issues of using coloring agents are reviewed by Pérez-Ibarbia et
al. [9], and the potential side effects of sweeteners are thoroughly discussed in works of
Eccles, Humaid, Christensen, Ruiz-Ojeda et al., Saraiva et al. [7-9,17-25]. Occasionally
these concerns were confirmed by reports about bans of authorized pediatric cough syr-
ups due to risky additives found [26].

While there is a growing warning about using pediatric cough medicines with syn-
thetic agents (Acetylcysteine, Carbocysteine, Abroxol, Dextromethorphan, Guaifenesin)
especially in young children, the herbal expectorants are still highly used by parents and
present a range of advantages [4,5,27,28]. According to the literature analyzed, these in-
clude prolonged and complex action, ease of symptoms, and improvement of quality of
life in both children and parents that take care of a child in distress [4].

The phytomucolytics in syrup formulation perfectly match the expectations of par-
ents concerning cold and cough therapy for their children and are perceived as safe and
non-toxic medicines. Thus, little attention is given to the risks of these medications as well
as to the fact that some negative effects could be initiated by excipients that are essential
components of the syrup.

Physicians, pediatricians, and pharmacists are traditionally concerned with the effi-
cacy of active ingredients in cough syrup and rarely consider the safety aspects of excipi-
ents that, however, are not completely “inactive” and are proved to initiate some negative
reactions and interactions with other drugs [8]. The latter becomes highly significant, as
in practice respiratory infections in children are treated with the usage of several drugs in
complex therapy. Considering that cough syrups are highly appreciated by patients as
cold medicines, it is possible to assume that a child that has up to 6-8 cases of cold every
year regularly consumes large volumes of syrups, becoming exposed to a high risk of ad-
verse reactions and overdose by either active substances or excipients. Hence, it is appar-
ent that the practical aspects of assuring the safety of therapy with pediatric cough syrups
remain extremely important and should be carefully considered by medical specialists,
especially for young children and those having additional risk factors (allergic disorders,
chronic diseases like diabetes, renal and liver dysfunction) [5].

The use of any excipient, as well as the active ingredient of the medicine, must be
driven by a risk-based assessment that takes into account factors such as the pediatric age
group, frequency of dosing, and duration of treatment [3,29,30]. The EMA guideline
warns pharmaceutical manufacturers as well as researchers about the necessity to give
special safety considerations on any excipient in pediatric preparations [29,31]. It is im-
portant to note that no excipient is inert and that they can alter the treatment outcomes
when above a certain concentration. One of the risks that must be carefully avoided is
allergy and sensitization, as these conditions are more easily arise in early childhood than
in adults. Thus, the EMA emphasizes the importance of avoiding excipients with a known
potential to cause sensitization or allergies to avoid this negative effect and to broaden
possibilities of allergic children therapy [29,32].

According to EU-GMP requirements, manufactures must assure the quality of the
excipients used in finished medicine, which should be accompanied by a formalized as-
sessment of excipient risks [33,34]. All these requirements nevertheless do not cover the
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entire scope of risks associated with the real-world practice of pediatric cough medicines
use. As phytomucolytic syrups belong to OTC-drugs indicated for reducing one of the
most prevalent cold symptoms—cough—there is a high risk of unreasonable and uncon-
trolled use of phytomucolytic syrups in children by their parents. Moreover, the review
of excipients side effects allows the assumption that some of them should be used with
caution in particular categories of pediatric patients, e.g., those having diabetes mellitus,
gastrointestinal, allergic diseases, CNS and behavioral disorders.

For example, even though the risk assessment profile of excipients relevant for one
dosage unit/unit of pharmaceutical product (a bottle of syrup) is satisfied, consistent over-
dosing or long-term use of cough syrups might augment the potential safety risks of ex-
cipients and make them clinically significant—especially for children in risk categories. In
the case of self-treatment, consumers often ignore warnings given in package leaflet in-
formation which might also be unclear to them. Moreover, excipients labeling require-
ments vary in different countries, and therefore the safety risks of some potentially harm-
ful excipients remain to be unaddressed in clinical practice.

Thus, the paper highlights that despite the importance of quality assurance measures
applied by a manufacturer and the relevant excipients labeling regulations, a range of
risks posed by excipients is not eliminated in some phytomucolytic herbal syrups that
could be a result of insufficient risk identification, e.g., lack of data on clinical use specifics,
lack of standardized and controlled production of herbal products, and gaps in herbal
pharmaceutical products regulation. It is worth mentioning that these issues are elimi-
nated in phytoneering products with sound scientific technological design and preclinical
and clinical research backgrounds, as will be demonstrated later in this paper. However,
some pediatric phytomucolityc syrups remain to be a source of safety risks caused by ex-
cipients, which is a hidden threat to children’s health. Thus, these risks should be ad-
dressed at the “post-production” stage by specialists guiding the therapy process. In this
paper, the emphasis is placed on the pharmacist as the one most likely to be the first
healthcare professional contacted by parents in the case of cough symptoms in their chil-
dren.

A pharmacist, as a healthcare specialist, commonly provides advice on OTC-medi-
cines for treating cold and might contribute to evaluating and minimizing the risks asso-
ciated with pharmaceutical excipients for children. To assure the safety of the treatment,
a pharmacist should go beyond the effects of their active ingredients and consider the
specific features of the drug excipients in parallel, i.e., toxicity (according to the recent
relevant evidence), tolerability (risk of allergies/sensitization, cariogenicity, gastrointesti-
nal osmotic effects and metabolic fate, caloric contribution), the patient’s age, the patient’s
susceptibility (diabetic patients, patients with allergies, etc.), and possible cumulative ef-
fect with excipients in concomitant medications [23].

To empower a pharmacist with the ability to consider the effects of excipients on the
therapy outcome, specific algorithms are required that describe the logic of drug excipi-
ents evaluation and further actions in a particular case. These algorithms should be intro-
duced into the process of pharmaceutical care to significantly advance pharmacist’s deci-
sion-making, assuring a better and more precise choice of OTC drugs for an individual
patient.

Additionally, the issue arises when a pharmacist receives a physician’s prescription
for a drug containing excipients that could be harmful to a patient or, at least, are highly
controversial.

An interesting practice was demonstrated by the ESNEE project (European Study of
Neonatal Exposure to Excipients) that studied the possibility of avoiding neonatal expo-
sure to potentially harmful excipients by product substitution with alternative excipients-
of-interest free formulations available in Europe. It is notable that such an approach led
to a 44% reduction in the number of neonates receiving such potentially harmful excipi-
ents as parabens, polysorbate 80, propylene glycol, benzoates, saccharin sodium, and sor-
bitol [35]. These results confirm that it is reasonable to evaluate the risk of additives
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contained in a pediatric formulation and consider all possible therapeutic alternatives try-
ing to minimize the use of potentially harmful excipients by children, especially those of
young age group and those having additional health risks.

According to Good Pharmacy Practice, preventing harm from medicines is one of the
components of a pharmacist’s mission [36]. A pharmacist should evaluate all prescriptions
“considering the therapeutic, social, economic and legal aspects of the prescribed indica-
tion(s) before supplying medical products to the patient...Where possible, generic substi-
tution is recommended”[36]. Thus, if evaluation of therapeutic aspects of a drug including
active ingredients and excipients as well as the patient’s characteristics results in an unfa-
vorable risk/benefit ratio a pharmacist should minimize the harmful effects of the therapy.
One of the reasonable solutions could be initiating safer and more effective substitution
where it is possible.

This paper presents a review of excipients of the OTC pediatric phytomucolytic syr-
ups, analysis of their safety issues and proposes an approach to the consideration of the
excipients’ safety risks for a pharmacist in the process of pharmaceutical care. The results
of this analysis will be used for developing a specific decision tool for a pharmacist that
can be used for enhancing pharmaceutical care when delivering OTC phytomucolytic syr-
ups for children.

2. Materials and Methods

Our idea is to analyze two samples of pediatric phytomucolytic syrups available in
the pharmaceutical markets of two different countries to eliminate the dependence of the
results on the local regulations. Another reason was to confirm our assumption that the
safety issues related to the excipients present in pediatric phytomucolytic syrups are not
a local health system problem but might be relevant to other countries. Thus, this study
determines the need for special approaches and guidelines development that can mini-
mize health risks and ensure the safety of phytomucolytic syrups use in children. We an-
alyzed pharmaceutical excipients contained in two samples of pediatric phytomucolytic
syrups, chosen from the twenty best-selling cough syrups available in the Ukrainian and
German pharmaceutical markets respectively. Each sample contained 12 pediatric phyto-
mucolytic syrups. Two syrups in each sample have both Ukrainian and German authori-
zation with the same composition of both active ingredients and excipients. According to
the leaflet information, the age indications of the syrups varied; the youngest age indica-
tion threshold was 1-year-old children. The recommended duration of treatment indi-
cated in the leaflets’ information corresponded with the general concept of symptomatic
treatment and varied in a range of 7 + 3 days.

The safety aspects of excipients in analyzed medications were reviewed using the
data of the most authoritative databases and the evidence present in the relevant litera-
ture. The information about the list of excipients was obtained from the official leaflets
provided at the website of the Ministry of Health of Ukraine as well as official databases
and German medical database center DIMDI [37-39]. The analysis of the listed excipients
involved the search for its status in FDA Inactive Ingredients Guide (IIG), FDA Food ad-
ditives database, EU database on Food Additives, Codex General Standard for Food Ad-
ditives (FAO/WHO) [40-43]. Additionally, the EuFPI STEP database was used as a useful
resource of clinical and non-clinical evidence of excipients safety as well as regulatory
status information [44]. The review of EMA and WHO guidelines as well as other litera-
ture sources on the safety of excipients in pediatric medicines was performed to elicit the
key points to consider for pharmaceutical care when dispensing pediatric phytomucolytic
syrups [3,21,29,32,45]. The detailed analysis data are available in the supplementary ma-
terial.

The second stage of the study was a microscopic examination of the most popular
products from the group of phytomucolytic syrups with Ukrainian authorization. The
sample for microscopic examination was 50% of the group, meaning 6 from 12 syrups.
The microscopic examination was aimed at evaluating the homogeneity and the presence
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of incidental inclusions of herbal material and other residuals. Microscopic examination
of the syrups was performed with unchanged micro preparations made by standard slides
and coverslips. Before making micro preparations, all syrups were manually shaken. For
this purpose, a modular light field microscope of research class B-1000BF (Optika, Italy)
with a digital camera Optikam HDMI Pro (Optika, Italy) was used. The elements of the
ground herbal material in the microscope’s field of view were evaluated in 10 micro prep-
arations for each experimental object using special software Optika IsView v. 3.9.0.602
(Optika, Italy). The magnification was set in the range of 100-400 times depending on the
current objectives and conditions of the study.

3. Results
3.1. Review of the Composition of the Active Substances and Excipients

Most of the analyzed syrups contained traditional herbal extracts. Two syrups (Syrup
11 and Syrup 12) were authorized at both the Ukrainian and German markets and thus
are represented in both the analyzed samples. One syrup was a phytoneering product
containing thyme and ivy extract BNO 1201 (Syrup 11). Phytoneering is a scientific and
production concept, implying the creation of herbal medicines with a constant and con-
trolled biochemical composition of biologically active substances of medicinal plants [39].

All excipients identified in the analyzed syrups generally belong to the following
functional categories: sweeteners, preservatives, flavors, solvents, emulsifiers, coloring,
stabilizing, buffering, solubilizing and viscosity-increasing agents. Most excipients were
preservatives and sweeteners (Table 1).

Our analysis identified several excipients with safety issues contained by analyzed
syrups: natural sweeteners with high cariogenic effect and glycemic index, a sweetener
with osmotic activity and laxative effect in high doses, artificial sweeteners, synthetic col-
oring agents, parabens, glycerin, propylene glycol and others. According to the literature
data, synthetic coloring agents, propylene glycol, parabens have been associated with the
major negative reactions on the human body initiated by excipients. The most relevant
safety concerns for potentially harmful excipients are reviewed below.

3.1.1. Sweeteners

Sweeteners are the key component of pediatric medications that significantly con-
tribute to compliance and palatability [7,8]. However, the use of sweeteners is related to a
range of safety issues. Firstly, sweeteners use is highly restricted in children with specific
therapeutic conditions such as diabetes, severe renal insufficiency, and food intolerance
[17,46]. As for other children, the preference also should be given to sweeteners with a
low glycemic index or no glycemic response. The significant safety issue in the case of
short-term use is the cariogenic effect of some sugars that commonly remain to be the
primary hidden risk of pediatric syrups for parents and dentists as well [19,47,48]. Sweet-
eners with a high glycemic index also provide additional calories when cough syrup is
consumed by a child. In the case of short-term use of the drug this may not be significant
for a child with a normal body mass index; however, the caloricity of a diet is to be strictly
considered for children with excessive weight.

Last but not least is the potential of the laxative effect caused by some non-digestible
polyols, which is dose-dependent. In high concentrations, sorbitol and mannitol might
lead not only to discomfort but to compromised drug bioavailability. This negative effect
varies depending on the pharmaceutical properties of the corresponding active ingredient
[10,49]. For example, it becomes a critical issue in the case of complex therapy or a therapy
with antibiotics or other drugs requiring strict dosing. Currently, the most reports of the
laxative effect as an adverse reaction are available for sorbitol [17].
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Table 1. Analysis of excipients safety in analyzed samples of pediatric phytomucolytic syrups marketed in Ukraine (1 =
10), in Germany (1 = 10), and syrups with equivalent authorization in Ukraine and Germany (1 = 2).

Total Frequency of Po-
Excipient Cate- o E Frequency Total Frequency  tentially I-.Iarmful Excip-
gory Excipient Name Code ients
UKR/ UKR/ UKR/
1 2
UKR! GER GER UKR GER GER UKR GER GER
Maltitol E%5 - 2 1
Honey * - 1 - -
Sucrose (involving inverted sugar 7 5
syrup, sugar syrup, etc) *
Sweeteners Sorbitol * E420 3 4 i 11 13 2 11 11 1
Xylitol * E%7 - - 1
Sucralose * E955 - 1 -
Sodium saccharin * E954 - 1 -
Sorbic acid E200 1 - -
Potassium sorbate E202 3 3 1
Citric acid monohydrate/anhy- £330 4 5 5
drous
Preservatives. an Sodium benzoate E211 2 1 -
.. ’ Methyl parahydroxybenzoate * E 218 4 2 1 17 10 5 7 4 2
tioxidants
Propyl parahydroxybenxoate * E216 1 2
Sodium methyl parahydroxyben- E219 1 ) i
zoate *
Sodium propyl parihydroxyben— E217 1 ) i
xoate
Natural-based - 3 3 1
Flavors Flavors with risk components ” 1 5 4 1 2 1 -
(PG 3, ethanol) *
Natural-based - - - 1
Coloring agents ' .Synthetlc E133 1 ) ) 1 - 1 1 - -
(Brilliant blue FCF) *
Vi v Acacia E 414 - - 1
1sci§51;7 1errllctzeas Maltodextrin - - 1 2 1 3 2 1 1
678 Xanthan gum * E415 2 1 1
Ethanol in a safe amount - 1 4 1
Ethanol in a risk amount * - 1 2 -
Solvent Glycerin * E 422 2 1 3 10 1 3 6 -
E
* - -
Propylene glycol 1520 3
Solubilizing,
© igle;ltmg Hydroxypropyl betadex - - - 1 - - 1 - - -
Buffering agent Sodium citrate E331 1 1 - 1 1 - - - -
Stabilizing agents Hydroxyethylcellulose * - - 2 - - 2 - - 2 -
Macrogol glyceryl hydroxystea-
rate
Emulsifi - - 2 - - 2 - - - -
mister (Polyoxyl 40 Hydrogenated Cas-
tor Oil)
* —potentially harmful excipients, ! UKR — Ukrainian authorization, 2GER —German authorization, 3 PG—propylene
glycol.

The advantage of syrups containing a high concentration of natural-based sugars is
that they do not require additional pharmaceutical preservatives [10]. Non-glycogenic
polyhydric alcohol or lower sucrose concentration are more preferable sweeteners for pe-
diatric syrups, however, they require the use of preservatives [10].
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3.1.2. Parabens: Methyl parahydroxybenxoate (Methyl paraben) and Propyl parahy-
droxybenxoate (Propylparaben)

The analysis shows that five of ten phytomucolytic syrups with only Ukrainian au-
thorization contained parabens, and two of ten German syrups and one syrup with
Ukrainian and German authorization did also. Some studies demonstrated that parabens
bind to estrogen receptors making an agonistic effect, which has become a source of nu-
merous concerns and debates on parabens safety [45]. Methylparaben did not influence
animals’ male and female reproductive organs, however, there are animal data available
indicating that propylparaben possesses some estrogenic activity (increased uterus
weight, accelerated onset of puberty). Another toxicity study of propylparaben revealed
a negative effect on spermatogenesis in male rats (a decrease in the testicular and epidid-
ymal quantity of spermatozoids) [45,50]. Some studies have been reported that parabens
stimulate the proliferation of breast cancer cells [51]. The potential relation of estrogenic
activity of parabens and breast cancer development has been discussed in a range of re-
sources because estrogen is considered to be a substantial factor in a majority of human
breast cancer development [51].

According to the animal research data reviewed by EMA Committee for Medicinal
Products for Human Use (CHMP), lack of a clear NOAEL and potential impairment of
reproductive organs propylparaben could be a concern for human safety [45]. Therefore,
based on EFSA’s opinion dated July 2004 propylparaben was banned for use as a food
additive within the European Union since 2006 (Directive 2006/52/EC). For oral pharma-
ceutical formulations, methylparaben is allowed in oral formulations up to 0.2% of the
product, and, after re-evaluation in 2015, a conservative NOEL of 100 mg/kg/day has
been determined for propylparaben which corresponds to a possible daily intake of 2
mg/kg/day of propylparaben in adults and pediatric patients [45]. Propylparaben is also
mentioned by the WHO among pediatric medicines excipients that mostly caused prob-
lems in children [3].

There is a range of data showing the association between parabens exposure and al-
lergic sensitization [52]. In addition to medications, parabens are widely used as preserv-
atives in cosmetics, personal care products, and food [53]. In one study that involved 455
children, it was proved that exposure to propylparaben is related to aeroallergen sensiti-
zation and an increase of Eczema Area and Severity Index (EASI) score [52]. Several stud-
ies also confirm that parabens are significantly associated with allergic diseases develop-
ment [54,55]. Considering these data and the fact that paraben-sensitive individuals might
be consistently exposed to parabens in everyday life by various products, the use of para-
bens in pediatric medicines should be avoided. This conclusion is completely consistent
with the EMA position regarding parabens as sensitizing agents [56].

3.1.3. Synthetic Coloring Agents

One of the analyzed syrups with Ukrainian authorization contained synthetic color-
ing agent Brilliant Blue FCF. This coloring agent is not approved either by FDA or GSFA.
It may cause hypersensitivity and hyperkinetic activity, especially among children. In
general, the WHO states that the use of coloring agents in pediatric medicines is generally
discouraged, especially for infants and young children [57]. EMA requires that the use of
any coloring agent must be justified properly in terms of its allergenic potential and min-
imal toxicological implications in the target age group [29]. These requirements are based
on concerns regarding the safety of synthetic coloring agents that have been increasing for
many years [9]. One of the most serious issues is a range of study data presenting clear
evidence that synthetic dyes affect the behavior of children including those with food al-
lergies, hyperactivity, Attention-Deficit/Hyperactivity Disorder (ADHD), and even chil-
dren without any allergic or behavioral disorder [58,59].
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3.1.4. Solvents: Propylene Glycol (PG), Glycerin, Ethanol

Some of the analyzed syrups contained propylene glycol as the solvent of coloring
and flavoring agents (two Ukrainians and one German syrup). Three syrups from the
group of German authorization contained PG as a solvent. A range of side effects of PG
has been reported in the literature. This excipient is extensively metabolized in the liver
and large volumes (8-40 g/kg orally) are associated with adverse effects most commonly
on the central nervous system (depression), especially in neonates and children [10,60,61].
Seizures have been reported following ingestion of propylene glycol used as a vehicle to
administer vitamin D [20]. Some data show the ethanol-like apoptotic neurodegeneration
develops in the nervous system of the mouse after one single dose of PG starting at doses
2 g/kg [61]. Other adverse reactions reported for high doses of PG include: ototoxicity,
respiratory arrest and dyspnoea, multisystem organ dysfunction, cardiovascular effects,
seizures, hyperosmolarity, and lactic acidosis, both of which occur most frequently in pa-
tients with renal impairment [10]. Adverse effects are more likely to occur following the
consumption of large quantities of PG or the administration to neonates, children under
4 years of age, pregnant women, and patients with hepatic or renal failure. Interestingly,
that American Contact Dermatitis Society (ACDS) has recognized PG to be the “Allergen
of the Year” [62]. PG becomes to be present in an extremely large number of products and
dermatologists estimate that propylene glycol allergy ranges from 0.8% to 3.5% [62]. The
most likely allergic reaction is atopic dermatitis, but it can be systemic if the patients take
PG orally [63]. In this case, a rash most likely develops within 3 to 16 h of ingestion. Pa-
tients who have atopic dermatitis may be at the highest risk of this allergy. According to
the EMA report, the dose limits for PG which are acceptable for short-term use are 50
mg/kg for children from 1 month to 5-years-old, and 500 mg/kg for children older than
5 years. Additionally, the EMA warns about co-administration of PG with other drugs
containing PG or any substrate for alcohol dehydrogenase, such as ethanol because this
may induce adverse effects in children less than 5-years-old [63]. Medical monitoring is
required for patients with renal or liver diseases because of reported risk of acute tubular
necrosis, acute renal failure and liver dysfunction [61].

It is worth pointing out that one of the analyzed pediatric phytomucolytic syrups
contains PG as well as ethanol—one from the group of syrups with German marketing
authorization which is indicated for use by children from 3 years and one Ukrainian syrup
indicated for children from 2 years. Ethanol could be considered safe only if its use in a
syrup is properly substantiated and it is contained in the acceptable amount mentioned
by specific regulations [64,65]. This is not the case for one Ukrainian and two German
syrups which are indicated for young children and contain ethanol in potentially harmful
concentration.

Oral intake of glycerin has a demulcent and mild laxative effect, in large doses it can
initiate headache, thirst, nausea, and hyperglycemia. Adverse effects of glycerin are
mainly due to the dehydrating properties of glycerin [10].

3.2. The Comparative Analysis of Excipients with Safety Concerns Found in Phytomucolytic
Syrups with Ukrainian and German Marketing Authorization

To facilitate the analysis of excipients in pediatric phytomucolytic syrups, we de-
cided to categorize all the excipients under consideration into four categories depending
on the extent and severity of their effect on a child’s body. The first category (no risk) are
excipients that are proved to be safe when using in all categories of patients. In our anal-
ysis this category involves maltitol, sorbic acid, potassium sorbate, citric acid monohy-
drate and anhydrous, sodium citrate, sodium benzoate, natural-based coloring agents and
flavors, acacia, maltodextrin, hydroxypropyl betadex, ethanol in an acceptable and safe
amount, macrogol glyceryl hydroxystearate.

The second category (high-risk) encompasses excipients of high safety risk which can
induce long-term, irreversible, severe negative reactions requiring special treatment or
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significantly deteriorating the body functions. According to the available evidence re-
viewed above, the risk of such reactions could not be eliminated with regards to the fol-
lowing excipients present in analyzed syrups: parabens, synthetic coloring agents, PG.

The third category (specific risk) includes the excipients that do not have a risk of
severe harm to the general pediatric population, but which could lead to significant neg-
ative responses in particular patients or large doses, and, thus, have specific contraindica-
tions and safety considerations. In our analysis these are natural sugars with a high gly-
cemic index that must be strictly considered when administering the phytomucolytic syr-
ups to children with diabetes; honey and sodium saccharin with risk of allergic reactions;
ethanol in the amount that can be harmful to children of young age or with concomitant
diseases; glycerin which can overdose in young children or specific categories; sorbitol,
and xylitol which could bring on significant negative reactions for children with associ-
ated risk factors (e.g., gastrointestinal diseases, concomitant medications).

Finally, the fourth category (low risk) involves the excipients which do not expose
children to significant risk but do not have GRAS status or have unclear/few safety data
available. In our analysis, this category includes xanthan gum, hydroxyethyl cellulose,
sucralose. Using this categorization, we made the comparison of the number of excipients
regarding their safety concerns in analyzed syrups available in Ukrainian and German
pharmaceutical markets (Figure 1). The level of cumulative risks is represented on a neg-
ative scale at the y axis corresponding with the number of excipients with any safety risks.
The syrups that have both Ukrainian and German marketing authorization are repre-
sented in the center and labeled as Syrups 11 and 12.

Figure 1 demonstrates the lack of significant differences in the number of the excipi-
ents with safety concerns between the two groups of the analyzed syrups (having Ukrain-
ian and German marketing authorization). In each group, almost half of the syrups have
at least one excipient of the high-risk category. In addition, in the group of the syrups
marketed only in Ukraine one syrup includes two high-risk excipients and one syrup con-
tains three excipients of the high-risk category. In the group of the syrups marketed only
in Germany, we found two syrups each containing two excipients of the high-risk cate-
gory. Syrup 12 with both Ukrainian and German authorizations has two high-risk excipi-
ents. The excipients assigned to the specific risk category were contained by ten syrups
with only Ukrainian marketing authorization and by eight syrups available only in the
German market. Syrup 12 contains one specific risk excipient. Finally, the excipients of
low risk, assigned to the fourth category, are present in compositions of two syrups with
only Ukrainian authorization and three syrups licensed only in Germany. Syrup 11 with
both Ukrainian and German authorizations does not contain any risk excipients.

Based on the number of excipients with a safety risk, each of the analyzed groups
have one syrup with the maximum cumulative risk (risk level is -5). Three syrups licensed
only in Ukraine have cumulative risk level -3, and all others have -1 or -2 risk level. Two
syrups licensed only in German have cumulative risk —4, two syrups have the risk level —
3, and five syrups have -1 or -2 risk levels. It is remarkable that only Syrup 11, which is a
phytoneering product, contains 5 excipients that all are safe and do not present any safety
risk to all categories of patients to whom this phytoneering syrup can be prescribed.
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Figure 1. The cumulative safety risk of excipients present in analyzed syrups with Ukrainian and German marketing

authorization.

Based on this comparative analysis we can assume that the issue of safety risks re-
lated to the pharmaceutical excipients contained by pediatric phytomucolytic syrups is
relevant for many countries regardless of differences in regulation, the coverage, and se-
verity of regulative documents. Therefore, the development of approaches and guidelines
for considering the risks of excipients that are present in pediatric phytomucolytic syrups
are highly significant for assuring the safety of the treatment and quality pharmaceutical
care.

3.3. Microscopic Examination of Cough Syrups

The modern concept of pharmaceutical excipients has significantly extended their
biological role beyond merely assuring technological aspects and quality of a medical
product as a physicochemical system. To date, pharmaceutical excipients are considered
as a medium and a regulator of the biological activity of a pharmaceutical product which
also corresponds to biopharmaceutical aspects. One of the key features important for
achieving proper bioavailability of the herbal preparation is homogeneity.

To examine the consistency, homogeneity, and presence of any inclusions, particles,
or aggregations of the studied syrups a microscopic evaluation has been carried out. The
studied sample included Syrups 01, 02, 03, 10, 11, and 12 from the group of products with
Ukrainian authorization.

Some herbal medicinal products containing extracts can produce sediments that are
appropriately labeled by the producers [66]. In this case, a product should have acceptable
re-dispersibility to restore the homogeneity and ensure appropriate biopharmaceutic pro-
file. Thus, all the evaluated cough syrups were manually shaken before the microscopic
examination and the sample was made from the liquid obtained after shaking. Such a
procedure represents in the best way the homogeneity state of a syrup in the moment of
consuming by a child. Nevertheless, it was found that only one product (Syrup 11) had a
homogeneous structure with single non-significant sediments which are foreseen by the
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manufacturer (Figure 2). In contrast, other syrups (Syrups 01, 02, 03, 10, and 12) were not
homogeneous and contained inclusions, evaluated by the morphologist as being of or-
ganic and non-organic origin as well as the residuals of herbal material. These elements
are marked with red ovals and narrows (Figure 2b—f).The inclusions found do not qualify
as suspended particles of herbal product and must have been eliminated in the process of
extraction according to the good herbal processing practices [57]. Inclusions found in mi-
croscopic samples of Syrups 01, 02, 03, 10, and 12 can be assumed as a result of shortcom-
ings in the technology of extract production. The poor homogeneity also might be the
result of inadequate excipients or their combination.

(c) (d)

(e) ()
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Figure 2. The microscopic examination of the syrups: (a) Syrup 11; (b) Syrup 01; (c) Syrup 02; (d)
Syrup 03; (e) Syrup 10; (f) Syrup 12.

The presence of inclusions might negatively influence the biopharmaceutical features
of studied medicines as well as influence their safety and efficacy [57]. It is worth men-
tioning that the homogeneity of the phytoneering product Syrup 11 is a result of the spe-
cific technology used for its production—a low-temperature vacuum extraction in a
closed cycle that prevents quantitative and qualitative changes of active components and
assures production of the standardized extract [67].

3.4. A "Vicious Circle” of Inadequate Excipient Composition: A Hidden Threat for Clinical Out-
comes

It should be mentioned that besides the negative effect, excipients have a potential
for enhancing the medication efficacy. For example, it was shown that the sweet taste of
cough syrups is responsible for placebo-effect and cough relief that can even overweigh
the pharmacological action of the active components [8]. It is a well-known fact that syrup
viscosity also has a very important contribution to the placebo effect [12,13]. Viscous syr-
ups can stick to oral mucosa and teeth and prolong sweet taste and flavor sensation mak-
ing a positive sensory impact in general [8,68]. Thus, pharmaceutical producers often use
high concentrations of glucose and other sugars, glycerol, and other excipients to increase
viscosity and sweetness. However, the attempt to provide the best organoleptic features
contributing to the placebo effect, compliance, and product attractiveness, can negatively
affect the biopharmaceutics, efficacy, and safety profile of the cough syrup.

For instance, gums (maltodextrin, acacia, xanthan gum) are commonly used for in-
creasing the viscosity of phytomucolytic syrups [10]. However, they are subject to bacte-
rial and enzymatic degradation requiring additional antimicrobial preservatives. Acacia
solution may be preserved by methylparaben and propylparaben mixture which have
questionable safety profiles, especially when using in children. Maltodextrin solutions
may require the addition of an antimicrobial preservative. Moreover, there is a place for
unintentional interaction of gums and active ingredients, for example, acacia is incompat-
ible with several substances including thymol which is the main component of many
herbal expectorant syrups [10]. In our analysis, such incompatible ingredients were pre-
sent in Syrup 12 which is available both at the Ukrainian and German markets (Figure 1).

The efficacy of parabens mixture (usually methyl hydroxybenzoate and propyl hy-
droxybenzoate) can be impaired by the presence of hydrophilic polymers (generally em-
ployed to enhance viscosity) because of interaction [10]. To avoid this effect, producers
increase the overall preservative concentration which becomes a safety concern again.

Choosing an effective and at the same time a safe preservative is an especially im-
portant issue in herbal cough syrups production as they are particularly susceptible to
microbial growth. The susceptibility to microbial growth will increase with the presence
of different inclusions, e.g., accidental part of plants coming in the process extraction as it
has been found in Syrups 01, 02, 03, 10, and 12. Thus, the shortcoming of the extract pro-
duction procedure will lead to the necessity of using preservatives or other pharmaceuti-
cal excipients to enhance the physical and chemical features of the medicine and increas-
ing the shelf-life.

The situation described is considered as a negative consequence of excipients: instead
of promoting the effect of active substances, pharmaceutical excipients are added to herbal
syrups for amendment of shortcomings in the production of active components—herbal
extracts.

An increase in the number and concentrations of excipients used is a risk factor for
their negative effects that include allergic and toxic ones, and exacerbation of chronic dis-
eases. Elevated risk of adverse reactions on the one hand and despaired biopharmaceuti-
cal profile on the other will result in alteration of clinical response in a child. Lack of effi-
cacy and safety of medicine used might lead to cough intensification, other symptoms
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aggravation, and overall worsening of a child’s state. It is not surprising that a common
scenario, in this case, is prescribing additional medicines including another phytomuco-
lytic syrup which might expose a child to the same risks once again. The situation de-
scribed presents a “vicious circle” where hidden technological and biopharmaceutical is-
sues underlay significant negative clinical outcomes that remain to be inadequately diag-
nosed (Figure 3).

Syrup inactive components profile

characteristics

High organoleptic and consumer Technological properties Maintaining the activity of the therapeutic agents

Presence
of sweeteners,
coloring agents,

flavors,

vicosity-increasing agents

New medications
prescribing

(commonly -
another syrup)

Presence Biopharmaceutical
of preservatives, features,
solubility agents safety profile
Cough intensity, Risk
new symptoms of adverse reactions,

low efficacy

The clinical response and outcomes

Figure 3. The mechanism of the “vicious circle” initiated by inadequate excipients composition of phytomucolytic syrup.

Children who have more than 6-8 episodes of cold per year are at especially high
risk. Considering the fact that the high popularity of cough syrups among parents leads
to their uncontrolled use, a lot of children receive cough syrup in each case of a cold, be-
coming a category of a specially increased risk of sensitization and other negative effects.
After years of recurrent respiratory diseases, some of these children develop a chronic
condition —bronchial asthma, chronic rhinosinusitis. It would be unfair to ignore the po-
tential contribution of pharmaceutical excipients to the development and progressions of
such conditions. To date, there is lack of data concerning this potential contribution, which
is an important subject for further research.

The issue described might be common for many phytomucolytic syrups because gen-
erally, most herbal medicines lack standardization, stability assurance and quality control,
as well as the possible interaction with a pharmaceutical excipient might be unknown [57].
However, this problem can be avoided by strict standardization of extracts production
and quality control at each stage of manufacturing. According to the literature data, to
date, strict applications of such approaches in herbal medicines production was demon-
strated by phytoneering products, one of which is presented in the studied sample of syr-
ups as a Syrup 11 [67].

Thus, the implementation of more stringent requirements for herbal medicines au-
thorization (strengthening the analysis of composition and its substantiation, require-
ments for high production standardization and quality control) could contribute to
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mitigating safety risks posed by some phytomucolytic syrups excipients. Well-designed
phytomucolytic products in which both active ingredients and excipients are properly
substantiated, synergetic, and compatible demonstrate the best practice with regards to
safety and efficacy assurance. In this case, it becomes possible to avoid excessive excipi-
ents and to assure high efficacy and safety while achieving optimal organoleptic and user
advantages. It is worth mentioning that only one of analyzed syrups has no potentially
harmful excipients. The excipients of Syrup 11 (an international proprietary name BNO
1201), which has both Ukrainian and German authorizations, were as follows: potassium
sorbate, maltitol, citric acid monohydrate, hydroxypropyl betadex, ethanol in a safe
amount.

For example, maltitol, present in Syrup 11, is a non-cariogenic sweetener with a low
calorific value that at the same time provides necessary viscosity and prevents syrup crys-
tallization [10,19]. Maltitol is very close to sucrose by relative sweetness and is the most
widely used sugar alcohol both in pharmaceutical and food production [47]. Maltitol can
be considered as one of the safest, nonallergenic sweeteners because of its natural origin
and absence of cariogenic activity. Additionally, maltitol has a low glycemic index and
can, therefore, under medical supervision, be included in diets of diabetic patients. As it
is not metabolized by oral bacteria, maltitol has an advantage over sorbitol as it does not
cause decay of teeth [7,47,48]. Maltitol does not crystallize, easily providing better solu-
bility of the syrup and preventing such negative usage events as sticking at the bottle’s
top (“cap locking”) [8,10]. Thymol as an active element of the Syrup 11 extract serves also
as a preservative making the Syrup 11 “self-preservative” that prevents the necessity to
use more preservatives with questionable safety status [69]. Potassium sorbate is generally
recognized as safe according to FDA and has no adverse events reported for its oral ad-
ministration [10]. The reviewed literature does not present evidence for risks of potassium
sorbate toxicity or allergic reactions resulted from the intake of phytomucolytic syrups
even in the case of overdosing. According to the EFSA Panel opinion, updated in 2015, the
ADI of potassium sorbate was changed from 3 mg/kg bw per day to 11 mg/kg bw per day,
which also allows concluding that potassium sorbate does not present a risk of high tox-
icity [70]. Citric acid is a nontoxic natural antioxidant that is commonly consumed as a
part of a normal diet. It is important to note that ethanol used as a solvent is contained in
an acceptable amount in compliance with all international guidelines [64,71]. The safety
of hydroxypropyl betadex has been shown in numerous animal toxicity studies, and it is
now approved for use in food products and orally administered pharmaceuticals in many
countries [10]. The clinical data also demonstrate very good tolerability of Syrup 11 in
real-world practice that confirms the safety of the excipients contained in this medicine
[72]. What is more, the proven efficacy evidence of phytoneering products allows avoid-
ing long-term treatment and, thus, overuse of a phytomucolytic syrup.

4. Discussion

Considering all of the above mentioned, pharmacists can significantly prevent the
risk and possible harm of phytomucolytic cough syrups by considering several important
aspects in the process of dispensing OTC pediatric cough syrup:

e Check the presence of sweeteners with glycemic potential in children with diabetes
or sweeteners that are individually non-tolerated;

e  Opt for natural sweeteners rather than artificial ones;

e Check for the presence of non-digestible sweeteners in high concentration (for exam-
ple, sorbitol) especially for children with gastrointestinal disorders;

. Minimize the use of medicines with cariogenic sweeteners, inform the parents about
measures to decrease the cariogenic effect;

e Avoid the use of synthetic coloring agents especially for allergic children;

¢ Avoid the use of medicines containing potentially harmful excipients with question-
able safety profile—these include parabens, PG;
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e  Check individual contraindications to some excipients.

Syrups containing any of the excipients that could be dangerous for a child in each
particular case should be avoided and substituted by a pharmacist according to principles

of pharmaceutical care.

The aspects revealed in our study lay the foundation for target safety features of pe-
diatric phytomucolytic syrup. Additionally, some cough syrup might contain some ingre-
dients requiring special labeling according to the EMA guidelines (e.g., glycerin, PG, su-
crose). It would be reasonable that a pharmacist provides essential information to parents
about these ingredients [32]. The decision tool for a pharmacist that encompasses the as-

pects mentioned above is presented in Figure 4.

...diabetes mellitus or/and yes
excessive body weight?

...gastro-intestinal

disorders?

Does a child have...

...a history of allergic re- yes

v

actions?

Avoid the sucrose,
choose the sweeteners
with low glycogenic ac-
tivity (e.g. maltitol)

Avoid sorbitol, xylitol,
glycerin, if not possible —
inform about potential

laxative effect

Avoid coloring agents,

parabens, flavors, honey,
sodium saccharin, syrups
containing a lot of excipi-

ents

...liver or/and kidney dis-

eases?

Avoid propylene glycol,
ethanol in risk amount

Is your child under
5 years?

Choose the syrup that best matches the targeted

Avoid propylene glycol
and ethanol in risk
amount, if not possible —
recommend to consult a
physician first and avoid
a combined use with

alcohol-containing drug

safety features

A

Provide the information on the safe use

Figure 4. A pharmacist decision-tool for dispense of pediatric phytomucolytic sough syrup.

5. Conclusions

The safety of pharmaceutical excipients used in OTC pediatric cough syrups remains
to be a controversial issue requiring specific attention. The analysis of the most popular
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22 phytomucolytic cough syrups for children in the Ukrainian and German pharmaceuti-
cal market has shown that only one—Syrup 11 with BNO 1201 as an active agent—does
not contain any potentially harmful excipients. From the 22 analyzed syrups, seven syrups
with only Ukrainian authorization, six syrups with German and one syrup with both
Ukrainian and German authorizations contain at least one excipient of the high-risk cate-
gory associated with severe side effects in children and other adverse events (parabens,
synthetic coloring agents, PG). These excipients should be avoided as they can induce
long-term, irreversible, severe negative reactions requiring special treatment or signifi-
cantly deteriorating the body functions.

The excipients of specific risk (ethanol in risk amount, sucrose, honey, and sodium
saccharin, glycerin, sorbitol, xylitol) were present in a composition of ten syrups with only
Ukrainian marketing authorization, eight syrups with only German marketing authoriza-
tion and one syrup available in both countries. These agents present a special hidden
threat for children with concomitant diseases and predisposition (allergic disorders, dia-
betes, liver, and kidney dysfunction, etc.). Two Ukrainian syrups, three German and one
syrup available in the both countries contain at least one low-risk excipients. Syrup 12
with both Ukrainian and German authorizations has two high-risk excipients. And only
one-Syrup 11 which is a phytoneering product with both Ukrainian and German author-
izations—does not contain any potentially harmful excipients.

Potentially harmful excipients and inadequate composition of both active ingredients
and excipients in a pediatric cough syrup create a “vicious” circle where technological
shortcomings result in poor biopharmaceutical and safety profiles, which, in turn, pro-
vokes a low efficacy of treatment and a higher risk of adverse reactions. The latter will
manifest as increased cough intensity and the appearance of new symptoms in a child. In
clinical practice, such outcomes commonly initiate new medical prescriptions with other
cough syrups, commonly containing the same controversial excipients. The risks de-
scribed could be effectively minimized by precautionary measures applied by a pharma-
cist at the stage of phytomucolytic syrup dispensing.

The paper also presents a pharmacist decision tool that addresses the most relevant
risk factors of excipients, considering individual pediatric patients’ characteristics. This
tool may be implemented in routine pharmacy practice without an excessive burden and
can optimize the choice of OTC phytomucolytic syrup for treating cough in children,
avoiding possible negative outcomes of the therapy and promoting the best therapeutic
results.

We expect that the issue reviewed in this paper will be mirrored in pediatric formu-
lations of other pharmaceutical groups (non-phytomucolytic cough syrups, anti-fever syr-
ups, etc.), thus making ground for further research within this framework.
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