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Abstract:

Over-the-counter cyclooxygenase inhibitors are used to relief fever and various types of acute pain like headache, toothache, ear-
ache, sore throat, as well as postoperative and menstrual ones. They are also major ingredients in cold and flu mixtures. Unlike well-
known organ toxicological profile, their prenatal toxicity was not fully established. For a long time, acetaminophen was considered
as a relatively safe antipyretic and analgesic drug during pregnancy. However, a new data indicate that it may increase the risk of
cryptorchidism and asthma during childhood as well as preeclampsia, preterm birth, maternal phlebothrombosis and pulmonary
embolism. Contrary to acetaminophen, non-selective cyclooxygenase inhibitors (non-steroidal anti-inflammatory drugs — NSAID;
i.e., diclofenac, ibuprofen, naproxen) may induce intrauterine growth retardation, ductus arteriosus constriction with secondary per-
sistent pulmonary hypertension, reduced fetal renal perfusion that led to oligohydramion, prolonged pregnancy as well as increase
prevalence of intracranial bleeding in newborns. Furthermore, a higher risk of miscarriage, stillbirth and some congenital malforma-
tions (cardiac and diaphragmatic defects, celosomy — gastroschisis and umbilical hernia) was reported for non-selective inhibitors, in
particular high doses of acetylsalicylic acid (aspirin).
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refilling station, press kiosk, etc. They are used to treat
various common discomforts, including pregnancy-
related ones i.e., nausea, heartburn, congestion, con-
stipation, pain and fever [10, 48, 49, 55]. Among all
such pharmaceutical products, the most commonly
purchased are antipyretic and analectic ones. Most of
them contain at least one non-selective cyclooxyge-
nase (COX) inhibitors, previously known as non-
steroidal anti-inflammatory drugs (NSAID) [5, 10, 17,
48, 49]. Such drugs have also antithrombotic, chemo-
protective, neuroprotective and tocolytic activity [5,
11, 24, 53] but they are not free of side-effects [12, 14,
35, 46, 49, 50].

According to Glover et al. [18] as much as 92.6%
of pregnant woman consume OTC medication but
20% of them ingested at least five different products.
In 76% cases such drugs are used to treat headache,
backache and groin pain [22]. Based on US National
Birth Defect Prevention Study and the Boston Univer-
sity Slone Epidemiology Center Birth Defects Study,
acetaminophen is the most commonly administered
OTC analgesic during pregnancy [18]. Approximately
65.5% of the interviewed mothers (out of 23.000)
took the drugs at least ones during pregnancy, while
ibuprofen and aspirin were consumed infrequently
(15 and 4%, respectively).

Acetaminophen, unlike other drugs from that group,
is a selective COX-3 inhibitor, without anti-inflam-
matory activity in therapeutic doses [5, 19]. With ex-
ception to high dose of aspirin (325 mg), prenatal tox-
icity of COX inhibitors is low and they have been
considered as relatively safe for embryo and fetus [2,
10, 33]. However, in-utero exposure may be compli-
cated by the intrauterine growth retardation, ductus
arteriosus constriction with secondary persistent pul-
monary hypertension, reduced fetal renal perfusion
that led to oligohydramion, prolonged pregnancy as
well as increase prevalence of intracranial bleeding in
newborns [10, 24, 33]. A high risk of miscarriage,
stillbirth and some congenital malformations (celo-
somy, cardiac and diaphragmatic defects) was also re-
ported [33]. Most of adverse reactions are secondary
to disturbance of the local cellular physiology by inhi-
bition of eicosanoid synthesis and influence activity
of transcriptional nuclear factor kB (NF-xB). Geno-
toxicity and mutagenicity are less likely since they
were not observed after therapeutic doses of the drugs

1 odds ratio
295% confidence interval
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[2, 33, 49]. However, according to the general tera-
tological principles, some other mechanisms of prena-
tal toxicity of COX inhibitors should be also
discussed.

Is a maternal fever and pain a big
problem for embryo and fetus?

One of the mechanisms that led to the congenital ab-
normalities is so-called maternal toxicity [25, 43]. Ac-
cording to the experimental and clinical observations,
any serious and/or chronic disturbance of maternal
physiology may influence fetal development [6, 8, 25,
43]. Such data were also collected for symptoms that
are treated with COX inhibitors as well as side-effects
seen during drugs administration [6, 8, 25, 32, 45]. It
is especially important for various upper respiratory
tract infections complicated by prolonged fever and
pain [1, 3, 27, 45]. Unlike previous data [15, 26, 28],
Li et al. [27] reported that neural tube defects are
strongly associated with maternal flu and fever (OR!:
3.93; 95% CI2: 2.48-6.23). Moreover, the incidence
of anomalies in children delivered by mothers with
both syndromes who also ingested antipyretics
showed a significantly higher adjusted odds ratio for
anencephaly (14.75 vs. 4.52), spina bifida (16.30 vs.
3.85) and all the neuronal defects (13.91 vs. 4.04) than
offspring of women with flu or fever who did not use
any COX inhibitors. Schizophrenia is associated with
prenatal maternal influenza [3] and prenatal use of
COX inhibitors as well [47]. The strongest effect was
found in population exposed to analgesics during sec-
ond trimester (OR: 4.75, 95% CI: 1.9-12.0) but the
risk was higher in female (OR: 4.94, 95% CI:
1.6-16.4) than male (OR: 3.77, 95% CI: 1.5-9.6). In
recently published paper, Oster et al. [32] revealed
significant associations of maternal fever and influ-
enza with congenital heart anomalies such as right-
sided obstruction (fever OR: 2.04, 95% CI. 1.27-
3.27; influenza OR: 1.75, 95% CI: 1.16-2.62) and
atrioventricular septal defects in infants with Down
syndrome (fever OR: 1.92, 95% CI: 1.10-3.38; influ-
enza OR: 1.66, 95% CI: 1.04-2.63). It is worth to
mention that aspirin, acetaminophen and other COX
inhibitors decrease these associations.
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Developmental toxicity of COX inhibitors
— new and same old data

Feldkamp et al. [16] indicate that acetaminophen in-
take — among women reporting infection and fever in
the first trimester of gestation — was associated with
a significantly decreased risk for anencephaly or cra-
niorachischisis (OR: 0.35, 95% CI: 0.08-0.80), en-
cephalocoele (OR: 0.17, 95% CI: 0.03-0.87), anotia
or microtia (OR: 0.25, 95% CI: 0.07-0.86), cleft lip
with or without cleft palate (OR: 0.44, 95% CI:
0.26-0.75), and gastroschisis (OR: 0.41, 95% CI:
0.18-0.94). On the other hand, exposure to aceta-
minophen during the first and second trimesters was
also associated with an increased incidence of cryp-
torchidism (OR: 1.33, 95% CI: 1.00-1.77) [20].
A higher occurrence (OR: 1.38, 95% CI: 1.05-1.83)
was found when the drug was ingested for more than
four weeks during the gestational weeks 8-14, in
which testicular descent occurs. However, an expo-
sure to ibuprofen and acetylsalicylic acid was not as-
sociated with cryptorchidism. Such finding is espe-
cially important since aspirin directly blocks the an-
drogen response to human chorionic gonadotropin —
the hormone that in-utero stimulates androgen pro-
duction and plays a crucial role in physiological de-
scending of the testis [13]. Moreover, Rebordosa et al.
[41] indicate that exposure to acetaminophen during
the third trimester of pregnancy increased risk of
preeclampsia (OR: 1.40, 95% CI: 1.24-1.58), particu-
larly before the 32nd gestational week (OR: 1.47,
95% CI: 1.12-1.93), severe preeclampsia (OR: 1.51,
95% CI: 1.15-2.00) or chronic hypertension (OR:
1.44, 95% CI: 1.13-1.83). The drug administration
during the second and third trimester was associated
with an increased risk of maternal pulmonary embo-
lism (OR: 3.02, 95% CI: 1.28-7.15) and phle-
bothrombosis (OR: 2.15, 95% CI: 1.06—4.37). In a si-
multaneously performed study an increased risk of the
preterm birth (OR: 1.14, 95% CI: 1.03—1.26) in popu-
lation ingested the drug during the third trimester of
pregnancy was revealed [38]. The risk was higher for
mothers with preeclampsia (OR: 1.55, 95% CIL:
1.16-2.07) but insignificant increase was also found
for patients with a normal blood pressure (OR: 1.08,
95% CI: 0.97-1.20). However, in offspring exposed
to acetaminophen during the first trimester an in-
creased prevalence of congenital abnormalities (OR:
1.01, 95% CI: 0.93-1.08) was not found, except for

complex abnormalities of the ear, face and neck,
known as medial cysts (OR: 2.15, 96% CI: 1.17-3.95)
[39]. Based on data bank of Danish National Birth
Cohort, it was possible to state that prenatal exposure
to acetaminophen significantly increased occurrence
of bronchial asthma or bronchitis among children at
18 months (OR: 1.17, 95% CI: 1.13—1.23) and 7 years
(OR: 1.15, 95% CI: 1.02—1.29) [40]. The highest risk
was reported for the first trimester exposure and per-
sistent wheezing (OR: 1.45, 95% CI: 1.13-1.85). On
the other hand, COX inhibitors, in particular aspirin,
may induce asthma in adult persons [50].

Because of dualistic role of antipyretics and anal-
gesics, in case of maternal low-intensive pain and fe-
ver, a traditional, less invasive methods should be rec-
ommended e.g., rest, cold or worm compress, drink-
ing of herbal or fruit infusions etc. However, when
expected therapeutic effect is not achieved, a proper
drug has to be ordered. It is the general rule that all
the medications should be ingested in the lowest
therapeutic doses to decrease potential risk for the
embryo and fetus [2, 34, 42]. It is especially important
for acetaminophen, that is one of the most common
causes of poisoning worldwide [36]. The drug can not
be administered for a long period, especially for pa-
tients with a low amount of the hepatic glutathione.
The hepatotoxicity results from the drug metabolite,
i.e., N-acetyl-p-benzoquinoneimine, that depletes the
liver antioxidant glutathione and directly damages he-
patocytes. The highest risk of the liver failure is re-
ported in advanced fasting, prolonged fever, anorexia,
cachexy and chronic alcohol or isoniazid intake. The
drug has to be prescribed with caution also for emo-
tionally instable patients since its interval between the
therapeutic and toxic doses is low [12, 23, 36]. There
are number of reports on fatal complication of aceta-
minophen overdose for both mother and fetus [29, 36,
54, 56]. However, an early treatment with N-acetylcy-
steine may significantly improve pregnancy outcome
[29, 36]. Because of potential acetaminophen hepato-
toxicity in prolonged fever, ibuprofen seems to be
better choice. The drug tolerability especially in low
doses is high. Beside, it has anti-inflammatory activ-
ity that is not present in therapeutic dose of aceta-
minophen [19, 36, 37]. Diclofenac and naproxen are
not recommended since both drugs do not present
high antipyretic activity [2, 42].

Unlike acetaminophen [36, 44], prenatal toxicity of
ibuprofen and other COX inhibitors has not been ex-
tensively studied. Most data came from studies that
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Tab. 1. Incidence of total and major six congenital malformations among offsprings in-utero exposed to over-the-counter available cyclooxyge-
nase inhibitors in a surveillance study of Michigan Medicaid [2]

RF! No. of Number of anomalies (observed/expected)
exposures
Total  Cardiovascular ~ Oral Spina  Polydactyly Limb Hypospadiasis
clefts bifida reduction
Acetaminophen B 9146 423/416 87/91 16/16 417 30/27 14/16 16/22
Aspirin C 1709 83/73 19/17 2/3 01 3/5 1/3 6/4
Diclofenac B 51 1/2 0/0 0/0 0/0 0/0 0/0 0/0
Ibuprofen B 3178 143/129 33/30 7/5 3/2 11/9 5/5 4/8
Naproxen B 1448 70/62 14/14 2/2 01 3/4 2/2 3/3

'RF — risk factors according to FDA classifications of medications in pregnancy [2]. Category A — Controlled studies in women fail to demon-
strate a risk to the fetus in the first trimester (and there is no evidence of a risk in later trimesters), and the possibility of fetal harm appears re-
mote. Category B — Either animal-reproduction studies have not demonstrated a fetal risk but there are no controlled studies in pregnant
women, or animal-reproduction studies have shown an adverse effect (other than a decrease in fertility) that was not confirmed in controlled
studies in women in the first trimester (and there is no evidence of a risk in later trimesters). Category C — Either animal studies have revealed
adverse effects on the fetus and there are no controlled studies in women, or studies in women and animals are not available. Drugs should be
given only if the potential benefit justifies the potential risk to the fetus. Category D — There is positive evidence of human fetal risk, but the bene-
fits from use in pregnant women may be acceptable despite the risk (e.g., if the drug is needed in a life-threatening situation or for a serious dis-
ease for which safer drugs cannot be used or are ineffective). Category X — Animals or human studies have demonstrated fetal abnormalities,
or there is evidence of fetal risk based on human experience or both, and the risk of the use of the drug in pregnant women clearly outweighs
any possible benefit. The drug is contraindicated in women who are or may become pregnant. Category A according to Congenital Abnormali-
ties Sub-committee of the Australian Drug Evaluation Committee (the group contains drugs which have been taken by a large number of preg-
nant women and women of childbearing age without an increase in the frequency of malformations or other direct or indirect harmful effects on

the fetus having been observed). Cathegory D if used in 3rd trimester or near delivery

evaluate common, simultaneous effects of various
NSAIDs, ingested in high anti-inflammatory doses [2,
33, 42]. The final results vary on the size of examined
populations, different socio-economics factors and
applied procedures. The first important results came
from US observations involving 229,101 completed
pregnancies, but only in some cases prenatal exposure
to over-the-counter COX inhibitors and developmen-
tal abnormalities were found (Tab. 1) [2]. Major
congenital malformations were revealed in offspring
delivered by mothers treated with aspirin (4.9%),
naproxen (4.8%), acetaminophen (4.6%) and ibupro-
fen (4.5%). Among 1462 pregnant Danish women
who ingested COX inhibitors thirty days before the
conception and during pregnancy as well as 17,259
untreated ones, an increase prevalence of all malfor-
mations was reported (OR: 1.27, 95% CI: 30.93-1.73)
[30]. A prevalence to preterm delivery (OR: 1.05,
95% CI: 0.8-1.39) and intrauterine growth retardation
was also observed (OR: 0.79, 95% CI: 0.45-1.38).
A similar data — without specific to any COX inhibi-
tor — was found for all structural abnormalities (OR:
1.04, 95% CI: 0.84-1.29) among offspring delivered
by 2557 Swedish women [15]. However, higher risk
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was reported for the orofacial cleft (OR: 2.61, 95%
CI: 1.01-6.78) and cardiac malformations (OR: 1.86,
95% CI: 1.32-2.62). As a continuations of that study,
a higher incidence of cardiac defects was found in
newborns exposed in-utero to naproxen (OR: 1.7,
95% CI: 1.14-2.54) [21]. An insignificant increase
was established for ibuprofen (OR: 1.08, 95% CI:
0.78-1.50), diclofenac (OR: 1.3, 95% CI: 0.78-2.16),
aspirin (OR: 1.01, 95% CI: 0.76-1.33), as well as all
the examined COX inhibitors (OR: 1.24, 95% CI:
0.99-1.55). A higher risk for all the congenital
anomalies (OR: 2.21; 95% CI: 1.72-2.85) was also
noted in a Canadian study involving 36,387 pregnant
women exposed to various COX inhibitors [31].
Similarly to previous experimental [7, 14] and epide-
miological observations [21, 27, 33, 37], an increase
prevalence was revealed for the cardiac septal defects
(OR: 3.34; 95% CI: 1.87-5.98). It should be also
pointed that higher risk of gastroschisis (OR: 2.37,
95% CI: 1.44-3.88) was observed exclusively for as-
pirin by Kozer et al. [26] and for the aspirin (OR: 4.7,
95% CI: 1.2-18.1) and ibuprofen (OR: 4.0, 95% CI:
1.0-16.0) by Torfs et al. [S1]. The aspirin data were
partially confirmed by Martinez-Frias et al. [28] (OR:
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3.33, 95% CI: 1.05-9.80) but in all studies results
were highly dependent on maternal age and smoking.

It is well-known that COX inhibitors are contrain-
dicated in the last trimester of pregnancy, especially
near delivery due to the tocolytic activity as well as
increased risk of prenatal closure of the ductus arte-
riosus. However, continuous drug administration may
also result in higher incidence of prolonged bleeding
during labor [2, 33, 42]. It is especially important for
high dose of aspirin that may be complicated with an
intracerebral bleeding.

The second mechanism that should be also pointed
in this paper is so-called placental toxicity [43]. Based
on rodent studies with various COX inhibitors, it is
hypothesized that local placental disturbance of
eicosanoids synthesis may led to decrease of the vas-
cular labyrinth and injury the placental barrier in an
ischemic-reperfusion mechanism [9]. However, until
now such data are not fully proved in clinical and epi-
demiological observations.

Most of the presented data were collected for the
single xenobiotic, not for mixed formula medications
that are also available over-the-counter. It seems rea-
sonable that all mixtures with two or more COX in-
hibitors (e.g., acetaminophen + aspirin + caffeine)
should be contraindicated and replaced by single drug
treatment to reduce the potential risk of toxicity for
both fetus and mother. It is especially important for
products with propyphenazone (isopropylantipyrine),
which does not has any human data and animals ob-
servations are sparse [4].

Conclusion

Acetaminophen is (or rather was) elected as the safest
antipyretic and analgesic drug for pregnant women.
We all have believed in such dogma until the various
Danish, above presented observations were published
[20, 38—41]. Nowadays, it is probably true only for
short administration period (as all the over-the-counter
pharmaceuticals should be ingested) and for mothers
without any additional risk of the liver injury and hy-
pertension. In case of high and prolonged fever or any
other serious symptoms of infection, low doses of
ibuprofen should be taken but the medical consulta-
tion is strongly suggested. However, an additional
epidemiological study regarding prenatal tolerability

of low doses of ibuprofen will be desirable. One of
the best recommendations for COX inhibitors admini-
stration during pregnancy was prepared by Monika
Ostensen in concomitant with the international multi-
disciplinary expert group [33]. Even that the rapport
focuses on rheumatic disorders, the data should be
simply applied for over-the-counter antipyretic and
analgesic medications, especially since it was pre-
pared in a new narrative style that is presently pre-
ferred by FDA and replaced the old Risk Factor (A, B,
C, D, X) [52]. The conclusions and recommendations
are as follows [33]:

1) non-selective and selective COX inhibitors can
prevent or retard ovulation but frequency of ovulation
inhibition is unknown;

2) non-selective COX inhibitors are not teratogenic
and can be continued during the first and second
trimester of pregnancy;

3) after gestational week 20, all non-selective COX
inhibitors (except aspirin at doses less than 100 mg/
day) can cause constriction of the ductus arteriosus
and impair fetal renal function;

4) all non-selective COX inhibitors except low-dose
of aspirin (less than 325 mg/day) should be with-
drawn at gestational week 32;

5) the aspirin treatment should be stopped one week
before delivery with epidural anesthesia or could be
prolonged until the end of pregnancy in patients with
antiphospholipid syndrome.

Based on presented data it is not easy to answer
question from the title. Yes, the acetaminophen is rela-
tively safe when administered as a single ingredient for
short period. However, as all the xenobiotics, it is not
free of the adverse reactions, including developmental
and reproductive toxicity. The drug administration has
to be monitored and in same cases, replaced with other
COX inhibitors. From among the non-selective com-
pounds available also as over-the counter medicines,
application of ibuprofen should be considered. In any
controversial cases, an Organization of Teratology
Information Services (http://www. otispregnancy.org)
could be contacted.
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