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Abstract: Easy access to over-the-counter (OTC) drugs makes it possible to procure active substances
that normally used in therapeutic doses do not raise health problems. The use of high doses of OTC
drugs containing codeine, loperamide, pseudoephedrine, diphenhydramine or dimenhydrinate, as
well as the use of benzidamine systemically raises concerns regarding the increase in units sold.
These drugs are used for recreational or euphorizing purposes, including by young women of
childbearing age, psychoactive substance users representing a risk group in terms of the possibility
of an unplanned pregnancy. Abusive consumption of OTC products during pregnancy is harmful,
with consequences for both fetal and late development that can occur in the infant. This literature
review presents the risks (teratogenicity, fetal toxicity, neonatal abstinence syndrome, etc.) associated
with the use of potentially psychoactive OTC drugs to emphasize the importance of re-evaluating
OTC classification and dispensing.

Keywords: over-the-counter drugs; codeine; pseudoephedrine; loperamide; diphenhydramine;
dimenhydrinate; benzydamine

1. Introduction

Over-the-counter (OTC) drugs are pharmaceutical products that are dispensed from
pharmacies without a prescription. More and more people turn to self-medication due to
the easy access to treatment and the speed with which a minor condition can be treated
because it does not require medical consultation beforehand. Another advantage of self-
medication is represented by reducing the pressure exerted on the medical system by
decreasing the number of patients seeking medical advice [1]. Because these products can
be purchased very easily, and, in the absence of a control of the number of units sold, the
risk of abuse/misuse is increased. Used in therapeutic doses over short periods of time
in the standard indications set out in the Summary of Product Characteristics (SPC), they
are risk-free. However, their use for purposes other than therapeutic, usually to obtain a
psychostimulant effect, raises major problems considering their pharmacological features.

Things become more complicated, however, if misuse occurs, or does not stop, during
pregnancy, because, in addition to maternal risks, there is the possibility that the medication
could affect pregnancy, in utero development of the fetus or present late risks in the child
after delivery. In addition, the risk of an unplanned pregnancy is higher in psychoactive
substance users [2,3]. It should not be overlooked that the consumption of psychotropic
substances, unfortunately, can start in adolescence. The risk of an unplanned pregnancy is
increased among sexually active minors mostly due to lack of sexual education. In these
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cases, in addition to the risks associated with the consumption of the active substances, there
are also risks specifically associated with uterine immaturity such as preeclampsia, preterm
labor, spontaneous abortion, premature birth, low birth weight or neonatal death [4].

Among the active substances released OTC, there are some where the frequency of mis-
use, outside the indications provided by the manufacturer, is higher, such as codeine, lop-
eramide, pseudoephedrine, benzydamine, diphenhydramine, and dimenhydrinate [5–7].
Unfortunately, there is no data on the abuse of OTC drugs during pregnancy. In 2022, the
U.S. Department of Health and Human Services, published the National Survey on Drug
Use and Health: Women, in which references have been made to the use of substances for
euphoric purposes by pregnant women. In 2020, only the consumption of marijuana (8%),
opioids (0.4%) and cocaine (0.3%) were reported [8]. Precisely the lack of data regarding
the abuse of OTC preparations should draw attention to the accessibility of these products,
but also to the associated risks.

The purpose of this review is to present the possible consequences of the abusive use
of OTC products containing the above-mentioned active substances, including the possible
consequences of their use during pregnancy.

2. Getting High on Over-the-Counter Opioid Drugs

Opioid drugs are misused/abused to achieve a euphorizing effect. These compounds
are µ (mu), κ (kappa), and δ (delta) opioid receptor agonists. The physiological agonists of
these receptors are the endogenous opioids (enkephalins, dynorphins, and endorphins).
Opioid receptors are located both centrally and peripherally, their stimulation contributing
to the occurrence of central (e.g., analgesia, miosis, respiratory depression, euphoria) and
peripheral (e.g., decreased intestinal transit, urinary retention) effects [9]. The euphoriz-
ing effect of opioid derivatives is associated with the release of dopamine at the reward
system [10].

OTC release of codeine and loperamide is possible due to a favorable benefit/risk
ratio in therapeutic doses, the two substances being considered to have no serious side
effects, in the age categories for which they are recommended by the manufacturers, based
on existing safety data. When misused, doses which exceed the recommended ones are
used [11]. This predisposes to risks that will be detailed further.

2.1. Codeine
2.1.1. Pharmacological Features of Codeine

Codeine is an opioid receptor agonist with increased affinity for the µ opioid receptor
and lower affinity for κ and δ receptors. Due to the higher affinity for µ receptors, codeine
is indicated as cough suppressant (in doses of 15 mg, max 45 mg/24 h) or analgesic (in
doses of 15–30 mg, max 90 mg/24 h) [11].

Structurally, codeine is a morphine derivative, the only structural difference between
the two compounds being a methoxy group in position 3 of morphinan nucleus in the case
of codeine. Codeine has a complex metabolism with many active metabolites, including
morphine, a compound known to have addictive potential (Figure 1). Precisely because of
these metabolic transformations, in doses above 100 mg, codeine has a euphorizing effect,
if used in doses exceeding the maximum recommended daily intake of 240 mg [12].
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Figure 1. Chemical structure of codeine and its metabolites (modified after [11]). The potency of 
codeine and its active metabolites compared to morphine (according to WHO Guidelines for the 
Pharmacological and Radiotherapeutic Management of Cancer Pain in Adults and Adolescents 
[13]). 

In OTC products recommended for the control of low and/or moderate pain, codeine 
is frequently associated with acetaminophen (paracetamol) or ibuprofen, substances with 
analgesic effect, with the aim of obtaining a drug synergism. Thus, by combining two or 
more analgesics, an action of superior intensity and duration is obtained [14]. In addition 
to products with analgesic effects, in some countries, codeine is also found in cough syr-
ups, also sold OTC. These syrups have been identified as the main source of codeine mis-
used by students of medical faculties (medicine, pharmacy) in Nigeria [15]. 

Since they can be purchased from the pharmacy at the request of the patient, the ex-
istence of OTC drugs with codeine facilitates the access of the population to this opioid. 
In a prospective study conducted in 2021, Richards GC et al. reported sales of 31.5 billion 
units of OTC codeine containing products between 2013–2019 in 31 countries, including 
Argentina, Belgium, Brazil, Bulgaria, Canada, Croatia, Estonia, Finland, France, Germany, 
Greece, Ireland, Italy, Japan, Latvia, Lithuania, Mexico, the Netherlands, Poland, Portugal, 
Romania, Russia, Serbia, Slovakia, Slovenia, South Africa, Spain, Switzerland, Thailand, 
the UK, and the USA [16]. The alarming increase in the sold number of OTC units con-
taining codeine has led to changes in the regime for the release of these products in many 
countries [17]. 

Although the abuse of OTC drugs containing codeine are recognized worldwide, in 
many countries there is no data on the prevalence of the use of these products. The scarce 
number of articles report the prevalence of non-medical consumption of codeine from 
OTC products, this being 6.3% in Spain (in 2018), 4.5% in the UK (in 2018) [18] 2.4% in 
Nigeria (in 2017) [19]. 

  

Figure 1. Chemical structure of codeine and its metabolites (modified after [11]). The potency of
codeine and its active metabolites compared to morphine (according to WHO Guidelines for the
Pharmacological and Radiotherapeutic Management of Cancer Pain in Adults and Adolescents [13]).

In OTC products recommended for the control of low and/or moderate pain, codeine
is frequently associated with acetaminophen (paracetamol) or ibuprofen, substances with
analgesic effect, with the aim of obtaining a drug synergism. Thus, by combining two or
more analgesics, an action of superior intensity and duration is obtained [14]. In addition
to products with analgesic effects, in some countries, codeine is also found in cough syrups,
also sold OTC. These syrups have been identified as the main source of codeine misused
by students of medical faculties (medicine, pharmacy) in Nigeria [15].

Since they can be purchased from the pharmacy at the request of the patient, the
existence of OTC drugs with codeine facilitates the access of the population to this opioid.
In a prospective study conducted in 2021, Richards GC et al. reported sales of 31.5 billion
units of OTC codeine containing products between 2013–2019 in 31 countries, including
Argentina, Belgium, Brazil, Bulgaria, Canada, Croatia, Estonia, Finland, France, Germany,
Greece, Ireland, Italy, Japan, Latvia, Lithuania, Mexico, The Netherlands, Poland, Portugal,
Romania, Russia, Serbia, Slovakia, Slovenia, South Africa, Spain, Switzerland, Thailand,
the UK, and the USA [16]. The alarming increase in the sold number of OTC units con-
taining codeine has led to changes in the regime for the release of these products in many
countries [17].

Although the abuse of OTC drugs containing codeine are recognized worldwide, in
many countries there is no data on the prevalence of the use of these products. The scarce
number of articles report the prevalence of non-medical consumption of codeine from OTC
products, this being 6.3% in Spain (in 2018), 4.5% in the UK (in 2018) [18] 2.4% in Nigeria
(in 2017) [19].

2.1.2. Over-the-Counter Codeine Drugs and Pregnancy Risks

Codeine is one of the most prescribed opioids during pregnancy for high intensity
pain, either alone [20,21] or in combination with acetaminophen [22]. However, the safety
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of codeine in pregnant women has not yet been fully elucidated. In a study published in
2019, Fishman B et al. report that intrauterine exposure to codeine could not be associ-
ated with an increase in the risk of major malformations, but a 4-fold increase in the risk
of spina bifida could be identified [23]. In other studies, codeine administration during
pregnancy was associated with increased risk of minor abnormalities (hemangioma, pla-
giocephaly, ankyloglossia), and major ones such as ventricular septal, pulmonary artery
stenosis or hypertrophic pyloric stenosis [24]. An increase in the risk of developing cardiac,
musculoskeletal, or chromosomal abnormalities has also been reported by Brogly S et al.,
(2023) [21], as well as an increase in the risk of gastrointestinal abnormalities, namely
ankyloglossia, reported by Bowie A et al. (2022) [24]. Regarding delivery outcome, codeine
consumption in the last trimester of pregnancy was associated with an increased risk
of acute cesarean delivery and postpartum hemorrhage [25]. Since the CYP2D6 isoform
exhibits genetic polymorphism, the metabolic activation of codeine, and, implicitly, the
intensity of the effects varies depending on the type of metabolizer, rapid, intermediate, or
poor metabolizer. European Caucasians and their descendants are generally poor metabo-
lizers [26]. Thus, in slow metabolizers, it can be inferred that the risks of taking codeine
during pregnancy is lower.

Nor should it be overlooked that opioids, as µ receptor agonists, increase the tone
of intestinal smooth muscles having a constipating effect, as well as having emetic effect.
All these side effects raise problems for a pregnant woman, pregnancy being anyway
associated with these symptoms [20]. The constipating effect is due to stimulation of
peripherally located µ receptors, in myenteric and submucosal plexus neurons, G-protein-
coupled receptors (Gi/Go). As a result of stimulation of these receptors the level of cyclic
3′,5′ adenosine monophosphate (cAMP) decreases, Ca2+ channels are inhibited, and K+

channels are opened. The consequence of these changes is inhibition of acetylcholine and
prostaglandins release from enteric nerves, as well as inhibition of the nerve impulse as a
result of membrane hyperpolarization, a decrease in peristalsis and an increase in intestinal
transit time [27,28]. Pregnant women may suffer from constipation as a result of an increase
in progesterone levels, a decrease in motilin levels, and an increase in the amount of water
absorbed from the intestine. All these lead to a decrease in intestinal transit as well as slow
bowel propulsive movement [29].

Most of the data reported in the literature on the safety of codeine during pregnancy
relate to exposure to therapeutic doses. When misused for recreational purposes, maternal
doses are much higher, and the risks are more difficult to assess. In addition to teratogenic
effects, intrauterine exposure to opioids can also have late side effects, manifested in
offspring such as withdrawal syndrome [20,30] or neurobehavior disorders [31,32].

Because it is less potent than other opioids used as pain relievers, infant withdrawal
syndrome is less likely to occur at therapeutic doses. In high doses it can produce with-
drawal syndrome similar to more potent opioids manifested by respiratory depression,
sedation, sucking disorders, irritability, inability to regulate body temperature, tremor
and diarrhea, symptoms that appear in the first day’s post-partum and last for several
weeks [20].

There are several mechanisms proposed in the literature that explain the neurobehav-
ioral teratogenicity of opioids, that affect fetal brain development [33]. Previous studies
have shown that exposure to heroin during intrauterine life contributes to a decrease in
the diameter of axons and the density of nerve fibers [34]. The substance also directly
influences the myelination process with connectivity disorders identified between different
brain regions such as the cortical regions and the amygdala. These abnormalities in signal
transmission between different regions of the brain may be the consequence of myelination
disorders. Opioids appear to have opposite effects on the myelination process depend-
ing on the dose. Thus, in therapeutic doses it causes the formation of compact myelin
sheaths around oligodendrocytes, more precisely an accelerated maturation of immature
pro-oligodendrocytes, while in high doses it inhibits the myelination process [35]. These
results were obtained in animal models therefore extrapolation of the results to the human
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species should be made with caution. Moreover, there is a major difference between the
potency of codeine and heroin, for this reason the results may be relevant in the context of
OTC drug abuse only to explain the mechanism of neurotoxicity.

2.2. Loperamide
2.2.1. The Pharmacological Features of Loperamide

Loperamide is an OTC oral antidiarrheal agent. Structurally, loperamide is a synthetic
phenylpiperidine opioid receptor agonist [36]. Even if it is an opioid derivative, in thera-
peutic doses it possesses only peripheral effects because it is a substrate for P-glycoprotein
(P-gp), an efflux pump that manages to remove the substance from the central nervous
system after it crosses the blood-brain barrier. However, in doses exceeding therapeutic
recommendations, due to the saturation of the transport capacity of P-gp, loperamide also
has central effects [37].

Among the pharmacological possibilities by which the central effect of loperamide
can be potentiated is the concomitant administration of P-gp inhibitors, thus increasing the
amount of substance that crosses the blood-brain barrier and is available to stimulate opioid
receptors in the central nervous system. Among the P-gp inhibitors reported in the literature
as being used simultaneously with loperamide are dextromethorphan, diphenidramine,
omeprazole, and cimetidine [38]. In the presence of enzyme inhibitors, the pharmacokinetic
profile of loperamide undergoes changes. If in doses of max 16 mg the reported elimination
half-life is 4–20 h, depending on the pharmaceutical form ingested [39,40], in high doses
its elimination occurs more slowly due to distribution in several water compartments as a
result of inhibition of P-gp [41]. The oral bioavailability of loperamide is decreased due
to the fact that it is metabolized by the CYP3A4 and CYP2C8 pathways during the first
hepatic passage with the formation of desmethylloperamide. However, hepatic metabolism
of loperamide may be inhibited, thereby increasing its bioavailability [42].

The antidiarrheal effect is due to the agonist action on receptors located in the myen-
teric and submucosal plexus neurons thus increasing the tone of the smooth muscles and
implicitly diminishing intestinal peristalsis, as previously described in codeine [27]. The
recommended dosage of loperamide is 4 mg (2 tablets) after the first loose bowel move-
ment, followed by 2 mg after each loose stool, but not exceeding 8 mg/day [36]. Abusive
consumption, however, involves ingesting doses of up to 1600 mg/day [43–45].

Between 2005–2017, approximately 2000 cases of adverse drug reaction related to lop-
eramide misuse, abuse, addiction, or withdrawal were reported in the European Medicines
Agency (EMA) EudraVigilance database [38].

Loperamide can also be used with the aim of relieving the symptoms of opioid
withdrawal syndrome in doses greater than 100 mg. In even higher doses, the euphorizing
effect is manifested, including loperamide dependence and withdrawal syndrome on
cessation. Unfortunately, in these doses, side effects related to cardiac episodes are also
visible [11,46]. As early as 2016, the FDA published a safety announcement concerning
the cardiotoxicity of loperamide describing prolongation of the corrected QT interval
(QTc), torsade de pointes, ventricular fibrillation, and sudden cardiac death [47]. The
exact mechanism by which loperamide produces heart rhythm disturbances has not been
elucidated, but since it is a piperidine derivative it may behave similarly to Vaughan-
Williams class IA, III, and IV antiarrhythmics. It blocks hERG/Ikr potassium channel,
cardiac sodium channels, and L-type calcium channels [48]. Blocking these ion channels
causes changes on the electrocardiogram, prolongation of the QRS complex due to sodium
channel blockade, and prolongation of the QTc interval by blocking hERG potassium
channels, which explains the cardiac toxic effects reported for loperamide [49].

2.2.2. Loperamide and Pregnancy Risks

The safety of loperamide in pregnant women has not yet been fully elucidated and
data reported in the literature are inconsistent. In some studies, no significant differences
in the risk of major malformations were identified between the loperamide-exposed group
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in the first trimester of pregnancy and the control group. However, a low risk of harmful
effects for gestational age could be identified [50]. Another study proved an increased risk
of hypospadias, placenta previa, large for gestational age and caesarean section [51]. If
these are the risks reported for therapeutic doses, there are no data on the risks in pregnant
women who consume high doses of loperamide for recreational purposes. First, as also
described in codeine, a problem is represented by the decrease in intestinal transit which is
anyway affected during pregnancy. Loperamide in high doses also poses cardiac risks; there
has been a reported case of acute heart failure mimicking peripartum cardiomyopathy as a
result of loperamide misuse during pregnancy. The condition required prompt delivery of
the fetus [52]. In the absence of precise data it is difficult to estimate the degree of exposure
of the fetus to loperamide, since P-gp is also found in the placenta [53] which would limit
the distribution of the substance in the fetal compartment. However, as described above, in
high doses, the P-gp transport capacity is exceeded, as a result, loperamide can remain in
the fetal compartment with consequences on fetal cardiac function.

Even if the use of loperamide for recreational purposes is widely recognized, the risks
in pregnant women are still unclear.

3. Getting High on Over-the-Counter Pseudoephedrine
3.1. The Pharmacological Features of Pseudoephedrine

Pseudoephedrine, the stereoisomer of ephedrine, is used in therapy as an oral de-
congestant. Both are vasoconstricting agents, even though there are differences in their
mechanism of action and potency. Ephedrine is a directly acting and indirectly acting sym-
pathomimetic. The direct action refers to the ability of the substance to bind to alpha- and
beta-adrenergic receptors whereas the indirect effect involves inhibition of norepinephrine
reuptake from the synaptic cleft. Norepinephrine will stay longer at in the synaptic cleft
and stimulate postsynaptic receptors. In the case of pseudoephedrine, the main mechanism
is the indirect one [54].

Pseudoephedrine is completely absorbed after oral administration reaching its maxi-
mum plasma concentration in less than 2 h and it crosses the blood-brain barrier [55].

There are scarce data in the literature on the misuse of pseudoephedrine, most of
which are case studies. The information is presented in Table 1.

Table 1. Data on misuse of pseudoephedrine for recreational purposes.

Dose Symptoms References

52.5 mg/day − anorexia, insomnia, accelerated thinking, increasing energy, euphoria

[56]
80 mg/day − auditory and visual hallucinations, persecutory delusions, disorganized

thought patterns (imaginary husband and child)

Approx. 600 mg/day
(weekends) − pleasant perceptual changes (sounds seemed louder and colors more vivid) [57]

300–1800 mg/day − auditory and visual hallucinations, passivity feeling [58]

480 mg (one dose) − mixed bipolar disorder [59]

60 mg (IV) − visual and tactile hallucinations, fear, agitation [60]

The risk of developing hallucinations is increased in patients prone to mental disor-
ders [59] even in therapeutic doses [61]. The symptoms experienced by patients taking high
doses of pseudoephedrine are similar to those found in patients suffering from schizophre-
nia and can be explained based on the increase in the availability of norepinephrine in the
central nervous system. Even if in the etiology of schizophrenia, the excess of dopamine
and/or serotonin was initially incriminated, nowadays the noradrenergic theory, and the
interrelations between the noradrenergic and serotonergic system are increasingly being
considered [62].
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Regarding the consumption of pseudoephedrine, risks are reported even when taking
therapeutic doses. At the request of the French Medicines Agency (under Article 31 of
Directive 2001/83/EC), on 10 February 2023 EMA’s safety committee (PRAC) “has started a
review of medicines containing pseudoephedrine following concerns about the risk of pos-
terior reversible encephalopathy syndrome (PRES) and reversible cerebral vasoconstriction
syndrome (RCVS)”, as posted on the EMA website [63].

These side effects are explainable by the mechanism of action. As an alpha 1-adrenergic
receptors agonist, it produces vasoconstriction (which also explains its nasal decongestant
action) [64]. In addition, the action on beta-1 adrenergic receptors explains cardiovascular
side effects such as tachycardia [65].

It should also be mentioned that pseudoephedrine can be oxidized in the presence of
potassium permanganate to ephedrone, which is considered a psychostimulant “designer
drug” [66]. It also can be used as a precursor in methamphetamine synthesis [67] or as an
anorexigenic drug [68].

3.2. Over-the-Counter Pseudoephedrine Drugs and Pregnancy Risks

Even though about 25% of pregnant women are exposed during pregnancy to pseu-
doephedrine [69], the associated risks are still unclear. Older studies suggest that therapeu-
tic doses are risk-free [64], but there are also data reported regarding the consequences of
exposure to pseudoephedrine during pregnancy, as shown in Table 2.

Table 2. Pseudoephedrine and risks of birth defects reported in the literature.

Type of Study Time of Exposure Risk References

Case-control
(surveillance program) First quarter Gastroschisis [70]

Case-control study Early pregnancy

Gastroschisis
Small intestinal atresia

(alone or in combination
with acetaminophen)

[71]

Case-control study First quarter Gastroschisis [72]

Case-control study
(multicenter) First quarter Hemifacial microsomia [73]

As follows from Table 2, the main risk during pregnancy is represented by gastroschisis,
a paraumbilical abdominal wall defect through which loops of intestines (sometimes
stomach) can protrude [74]. One of the theories that explains this malformation, postulated
since the 1980s, would be the impairment of the vascular function of the omphalomesenteric
artery that irrigates the abdominal wall during intrauterine life [75].

This theory can explain the risk observed in the case of taking pseudoephedrine during
pregnancy, especially since the substance produces vasoconstriction, the risks are obviously
higher with the use of high doses for recreational purposes.

4. Getting High on Over-the-Counter Antihistamines

Antihistamines, due to their ability to antagonize histaminergic H1 receptors, are
recommended for the relief of symptoms associated with various types of allergies, kine-
topathies/vertigo (only those that also possess anticholinergic effects) [76]. OTC antihis-
tamines include loratadine (low-lipophilic antihistamine with no central effect at ther-
apeutic doses), dimenhydrinate and diphenhydramine (high-lipophilic antihistamines
with sedative and anticholinergic effects). The first-generation antihistamines, due to
their increased lipophilicity, cross the blood-brain barrier and have central effects even in
therapeutic doses [77].

In some countries, diphenhydramine is available as an OTC for seasonal allergies,
motion sickness, or insomnia. Short-term side effects are directly related to its anticholiner-
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gic effect, with patients experiencing confusion, impaired vision, coordination, or urinary
hesitancy. In the long-term use, coordination/tremor and vision disorders may worsen. In
addition, cardiovascular side effects such as heart rhythm disturbances and hypotension
can also occur. In case of overdose, in addition to the symptoms already mentioned (with
greater intensity this time), the following may also occur: tinnitus, mydriasis, convul-
sions, delirium, paranoia, marked sedative effect, nausea, and vomiting [78]. Withdrawal
syndrome has been described after sudden discontinuation of treatment characterized by
tremor, convulsions, hallucinations, hypersalivation, diaphoresis, mydriasis, hypomimia,
dysarthria, and hypophonia [79].

Although there are no data on the safety of misuse of diphenhydramine during preg-
nancy, the fetal risk from exposure to high doses can be assessed from case reports in which
the substance has been used for suicidal purposes. Thus Shenai N. (2014), reported the case
of a 19-year-old woman, 27 weeks pregnant who ingested 3000 mg of diphenhydramine
that led to the vaginal delivery of a stillborn fetus. In addition to the miscarriage, detected
on sonography at the time of admission, respiratory failure, wide QRS complex, tachycar-
dia, psychomotor agitation, and confusion (aggravated on the second day after admission
to the intensive care unit) were also reported. These symptoms are due to the fact that,
in high doses, selectivity for histaminergic receptors is lost and anticholinergic effects
predominate (delirium, hallucinations, psychosis, especially in patients with other mental
disorders). Premature onset of labor can be attributed to the oxytocin-like effect of diphen-
hydramine [80]. Increase in uterine contractions was reported after a diphenhydramine
overdose at 26-week gestation [81]. If administered close to the time of birth, the newborn
may suffer withdrawal syndrome characterized by respiratory depression and sedation.
This was observed after taking 25 mg doses of diphenhydramine at 4 h, which confirms the
distribution of the substance in the fetal compartment even in low doses [82]. Fortunately,
in cases of overdose, parenteral administration of physostigmine can antagonize maternal
and fetal cardiovascular side effects and improve mental status [80,83].

Dimenhydrinate is an antihistamine recommended for the treatment of motion sick-
ness or vertigo. Structurally, it is the chlorotheophylline salt of diphenhydramine, and is
considered safe in therapeutic doses being recommended for the management of nausea
and vomiting during pregnancy [84].

In the 1950s and 60s, dimenhydrinate was used to induce labor for its presumable
oxytocin-like effect. However, its use as a useful labor and delivery medication has been
discontinued due to its uncontrollable and dose-dependent effect on the uterine muscula-
ture, with cases of prolonged uterine tetany associated with fetal distress [81], although
Watt LO, 1961, showed that it is effective and safe as antiemetic and oxytocic in doses up to
1000 mg [85].

5. Getting High on Over-the-Counter Local Antiseptic (Benzydamine)

Benzydamine is a compound with anti-inflammatory properties used locally (mouth-
washes, oral sprays, vaginal solutions, vaginal solution powder, etc.) for the symptomatic
treatment of oropharyngeal or vaginal condition. In recent years, pharmaceutical products
have been diverted and used, orally, for recreational purposes [86].

The psychoactive effects of benzydamine, characterized as hallucinations and non-
specific sensory changes after oral administration [87–91] occur in doses greater than 100
mg/day; numerous cases of misuse of doses up to 3000 mg have been described in the
literature [89,92].

Although the exact mechanism of these hallucinations is still unclear, due to the
structural similarity of benzydamine with serotonin and lysergic acid diethylamine (LSD),
it is assumed that it mimics the effect of the psychedelic compound at the level of serotonin
receptors, the hallucinations being a result of the stimulation of 5-HT2A receptors [93,94].
This pathway leads to dopamine release in nucleus accumbens.

The safety of benzydamine in the pregnant woman is not yet established, in the ab-
sence of controlled studies it is difficult to hypothesize, even in therapeutic doses and
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local administration, the potential consequences of use during pregnancy. Older stud-
ies in rodents have shown that, after oral administration, benzydamine does not affect
organogenesis even in doses of 200 mg/kg body weight [95]. There are only a few case
reports that refer to the safety of the use of benzydamine during pregnancy, including
premature constriction of the fetal ductus arteriosus as a result of maternal treatment [96],
an effect similar to that of non-steroidal anti-inflammatory drugs (NSAIDs) in the last
trimester of pregnancy. The decrease in prostaglandin availability as a result of inhibition
of cyclooxygenase (COX1) by NSAIDs explains this side effect [97].

6. Additional Considerations

Since high doses of codeine or pseudoephedrine are required to achieve a psychoactive
effect, consumers take several tablets at once, which predisposes to a risk of overdosing of
the active drugs that are usually associated (e.g., acetaminophen, ibuprofen, acetylsalicylic
acid). Of the 3 analgesic substances, overdose of acetaminophen poses the greatest con-
cerns, because in doses greater than 4 g/day it can dramatically affect liver function. The
hepatotoxicity of acetaminophen occurs as a result of the accumulation of its hepatotoxic
metabolite N-acetyl-p-benzoquinone-imine (NAPQI), an oxidizing metabolite. Less than
10% of the ingested paracetamol dose is metabolized in the liver by the NAPQI-forming
cytochrome P450 (CYP450) isoform CYP2E1. In therapeutic doses, the liver antioxidant
systems (reduced glutathione—GSH) manage to reduce this oxidizing metabolite, but in
high doses (over 4 g/day in those without liver disease, respectively over 2 g/day in those
with impaired liver function), as a result of the existence of a limited available GSH, the
metabolite accumulates and damages hepatocytes [98]. Literature describes methods by
which codeine can be extracted from OTC products in order not to ingest increased doses
of paracetamol [99].

In high doses, ibuprofen also raises health concerns regarding gastrointestinal (gastric,
duodenal, and gastroduodenal ulcers), renal (acute and chronic renal failure) or cardiac
(acute coronary syndrome, heart failure and myocardial infarction) side effects [99]. In
short, they can be explained based on the mechanism of action of ibuprofen, namely the
non-selective inhibition of cyclooxygenases (COX1 and COX2) and implicitly the inhibition
of prostaglandin synthesis, mediators that have various physiological functions such as:
maintaining the integrity of the gastrointestinal mucosa (by stimulating the synthesis of
gastric protective mucus and inhibiting gastric acid secretion) or controlling the glomerular
filtration rate. Impaired renal function contributes to the appearance of hydro-electrolyte
imbalances, changes in arterial pressure with consequences on cardiac function. Although
in the case of ibuprofen hepatic toxicity is described less frequently, in cases of prolonged
use or over-therapeutic doses hepatic function should also be assessed [100,101]. In the last
trimester of pregnancy, a decrease in prostaglandin synthesis causes premature closure of
the ductus arteriosus and an increase in the risk of developing pulmonary hypertension in
the newborn [97].

The study has limitations because the risks associated with prenatal exposure to the
substances discussed in the manuscript have not been evaluated in epidemiological studies.
The data presented are mainly based on case reports or preclinical studies.

7. Conclusions

The easy availability of OTC products containing substances with psychoactive poten-
tial raises serious problems. Even though risks in the general population are studied, there
are limited data on maternal and fetal risks when ingested during pregnancy. Adverse
pregnancy outcomes vary depending on the substance used, from malformations in the
case of codeine (minor or major malformations) and pseudoephedrine (gastroschisis), to
fetal toxic effects in the case of loperamide (arrhythmias) and benzydamine (premature
closure of the ductus arteriosus) or withdrawal syndrome in the newborn (especially in
the case of codeine). At the same time, the substances can affect the pregnancy due to an
increased bleeding risk (codeine) or oxytocic effect (diphenhydramine and dimenhydrinate)
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which could lead to stillbirth and fetal death. For these reasons, we believe it is necessary
to re-evaluate the release of OTC drugs containing substances with psychoactive potential
to limit the population’s access to substances that possess increased toxicity at high doses.
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