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Relaxing Effects of Paracetamol on Uterine Spontaneous
Contraction in Rats in Vitro
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Abstract

Aim: Paracetamol is a commonly used drug in acute and chronic pain. It is known that paracetamol, which is a pain reliever and
antipyretic drug, is safe to use during pregnancy. The aim of this study was to investigate the effects of paracetamol on the uterine
smooth muscle contraction- relaxation mechanism in female rats in diestrus.

Material and Methods: Wistar-albino intact female rats were used in the study. Longitudinal strips of myometrium obtained from
animals at the diestroeus stage. Stripes were suspended in an isolated organ bath containing crebs solution under 1 g passive tension.
After the regulation period, paracetamol were added non-cumulatively at 1000pM and 2000pM concentrations. Before and after the
application, the area under the curve (AUC) and peak to peak (p-p) values were normalized as % change.

Results: Paracetamol caused a statistically significant decrease in p-p and area under the curve parameters of spontaneous uterine
contractions at 1000 and 2000 pM doses (p <0.001).

Conclusion: Paracetamol causes uterine relaxation by inhibiting uterine contraction. This effect should be taken into account in clinical
use.
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Oz

Amag: Parasetamol akut ve kronik agrida yaygin olarak kullanilan bir ilagtir. Agri kesici ve ates diisiirlicti bir ilag olan parasetamoliin
gebelikte kullaniminin gilivenli oldugu bilinmektedir. Bu galismanin amaci, didstrustaki disi siganlarda parasetamoliin uterus diiz kas
kasilma gevseme mekanizmasi tizerindeki etkilerini arastirmaktir.

Materyal ve Metot: Galismada Wistar-albino intak disi siganlar kullanildi. Longitudinal miyometriyum seritleri didstrustaki
hayvanlardan elde edildi. Seritler, 1 g pasif gerilim altinda krebs sollisyonu igeren izole organ banyosuna asildi. Regiilasyon
periyodundan sonra, parasetamol 1000uM ve 2000uM konsantrasyonlarda kiimiilatif olmayan sekilde eklendi. Uygulama &ncesi ve
sonrasi egri altinda kalan alan (AUC) ve zirveden zirveye (p-p) degerleri % degisim olarak normalize edilmistir.

Bulgular: Parasetamol spontan uterus kontraksiyonlarinin p-p ve egri altinda kalan alan parametrelerinde 1000 ve 2000 uM dozlarda
istatistiksel olarak anlamli azalmaya neden oldu (p <0.001).

Sonuglar. Parasetamol uterus kasilmasini inhibe ederek uterus gevsemesine neden olur. Klinik kullaniminda bu etki g6z 6niinde
bulundurulmalidir.

Anahtar Kelimeler: Parasetamol, uterus, izometrik kontraksiyon, sigan

INTRODUCTION bridge action of myosin ll-based thick and F-actin-based

thin filaments. Myosin activity is significantly stimulated
Smooth muscles line the walls of hollow organs, including by regulatory light chain (RLC) phosphorylation in
vessels, gastrointestinal tract, uterus, and bladder, and contact with actin (2). Therefore, smooth muscle RLC
respond to signals and maintain the homeostasis (1). phosphorylation by calcium/calmodulin-dependent
Smooth muscle contraction is initiated by the cross- myosin light chain kinase is required mainly for smooth
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muscle contraction and physiological activities of organs
lined with smooth muscle (3,4). It is known that the
uterus, which is a smooth muscle, shows spontaneous
contraction and many hormones and drugs affects their
activity.

Paracetamol (acetaminophen) is a commonly used drug
in acute and chronic pain in the world (5). The mechanism
of action of paracetamol is related to the inhibition of
cyclooxygenases and the endocannabinoid system and
serotonergic pathways (6). Paracetamol is widely used
for the relief of a number of acute pain conditions such
as dysmenorrhea, muscle and joint pain, headache and
toothache. Unlike non-steroidal anti-inflammatory drugs,
paracetamol has no anti-inflammatory activity and is
thought to exert antipyretic and analgesic effects through
various mechanisms, including activation of selective
and variable inhibition of prostaglandin synthesis and
serotonergic pathways and cannabinoid receptors (7-9).
Due to World of Health Organization's inclusion of this drug
in the analgesic drug step (10) and also due to its decades
of clinical experience, it is frequently prescribed in chronic
pain conditions such as low back pain and osteoarthritis.
Recently, meta-analyzes of randomized controlled trials
covering these conditions have shown that effect sizes
are moderate but still statistically significant compared to
placebo (11-14).

Paracetamol is preferred over other analgesics, such as
non steroid anti inflamatory drugs, which have a less
favorable risk profile and aspirin, concerning about its
effect on the fetus with limited use in pregnant women
(15,16). Paracetamol is considered to be safe to use at
all stages of pregnancy, making it the first-choice pain
reliever and antipyretic drug for pregnant women (17). In
addition, the United States Food and Drug Administration
has classified paracetamol as Pregnancy Category B, and
supports that these drugs can be used without maternal
health and fetal development concerns (18). Paracetamol
crosses the placenta freely and creates a direct effect on
the fetus (19). It decreases the production of prostacyclin
both in the culture of endothelial cells isolated from
umbilical vessels and in the third trimester of pregnancy
(20). It has been used by pregnant women for years
without any obvious harmful effects on the developing
baby. Therefore, paracetamol is generally recommended
as the first choice among pain relievers and antipyretic
drugs for pregnant women (21).

In recent years, there has been an increasing review
regarding the safety of paracetamol in pregnancy. Various
embryo-fetal and neonatal effects of paracetamol
have been demonstrated depending on the duration of
treatment, dose, and trimester of exposure. Large cohort
studies have not found a relationship between maternal
paracetamol use in the first trimester and congenital
malformations or adverse pregnancy outcomes (22,23).
A recent study has shown that when paracetamol was
administered to a pregnantrat at dosesin the clinical range
used in patients, approximately 40% of the drug levels in
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the maternal circulation reached the fetus by crossing the
placenta (24). Thus, the placenta provides of protection
for the developing fetus, but the mechanisms involved
or the effects of paracetamol on placental functions are
not yet understood (24). Besides these known effects of
paracetamol, its effects on the uterine smooth muscle
contraction-relaxation mechanism are unknown. For this
purpose, this study aimed to investigate the effects of
paracetamol on the contraction-relaxation activity of rat
uterine strips in diestrus.

MATERIAL AND METHOD

Animals and Tissue Preparation

In the study, intact female wistar rats (200-220 g) in
diestrus were used. All procedures were approved by the
Local Ethics Committee of Firat University Experimental
Animals (14.04.2021, Issue:07). Rats were housed in the
Firat University Experimental Animal Unit at 12: 12-h
light-dark cycle, in rooms that were regularly ventilated at
21°C room temperature. Animals were given free access
to standard rat feed and tap water. All experiments on
rats were carried out during the diestrus phase to control
the reproductive cycle and endocrine hormones. Oestrus
cycle was determined by taking a vaginal smear with a
pasteur pipette in the every morning. On the day of the
experiment, rats were euthanized without anesthesia. The
abdominal cavities of the animals were quickly opened
and their uterus rapidly excised. The excised uterine
tissues were taken into Krebs solution and the connective
tissue was carefully cut and cleaned. The uterine tissues
were removed and divided into strips of 1.2x2x1 mm along
its longitudinal axis. Cumulative data from 8 strips were
collected.

Isometric Contraction

The myometrial sections were immediately suspended
from each end in the isolated organ bath using surgical
thread. Each strip of myometrium was suspended in a
double wall tissue bath (MAY I0BS 99) filled with Krebs
solution. System was continuously ventilated with a
mixture of 95% 02 and 5% CO2 at 37°C. The upper side
of the uterine strip was connected to an isometric power
transducer and the other end was attached to a fixed hook
under the tissue bath. To establish the basal tension-
contraction relationship, the uterine strips were suspended
under 1 g tension. The isometric power transducer senses
the physical forces caused by isometric contractions in
the smooth muscle strands in the chambers and converts
them into electrical signals. These signals are delivered to
the amplifier simultaneously. Amplified electrical signals
are transmitted to the recording unit as frequency and
amplitude parameters compatible with those in the original
trace. Then the data were analyzed on the computer.

The myometrium strips exhibited spontaneous contractile
activity of uneven frequency and intensity while washing
every 10 minutes until equilibrated in crebs solution for
90 minutes. After the regulation period, paracetamol was
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applied non-cumulativelyintwo separate doses of 1000uM
and 2000puM. The effects of paracetamol on spontaneous
uterine contractions were measured by mean peak to peak
changes (p-p) and area under the contraction curve (AUC).
Duringthecontrolperiod,contractionactivity(meanp-pand
AUC) was taken as 100%. Before and after the application,
the AUC and p-p values were normalized as% change.

Statistical Analysis

Statistical analysis of the data was evaluated using the
paired sample T test in the SPSS 22.0 program. All values
were determined as mean t standard deviation (mean %
SD). For all analysis, p <0.05 was considered statistically
significant.
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RESULTS

Paracetamol exerted a relaxing effect on spontaneous
contraction of uterine smooth muscle at 1000 pM and
2000 pM doses. Relaxing effects were statistically
significant at 1000 pM and 2000 pM doses (p<0.00T,
Figure 1 and Figure 2). AUC and p-p values of spontaneous
myometrial contractions were measured as 100z0.
The mean values of p-p and AUC were 40.2+22.5 and
23.2+19.5, respectively, after the application of 1000 uM
dose in uterine contraction. The mean values of p-p and
AUC were 12.6+23.8 and 8.9+16.5, respectively, after
uterine contraction at a dose of 2000 uM. Measurements
were given as percent inhibition of the control period. The
original traces obtained in the isolated organ bath at 1000
pUM and 2000 pM doses were shown in Figure 3 and Figure
4, respectively.
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Figure 1. Effects of paracetamol on the area under the contraction curve (AUC) measurements in myometrial contractions. *p <0.001
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Figure 2. Effects of paracetamol on the peak to peak (p-p) measurements in myometrial contractions. *p<0.001
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Figure 3. Original trace obtained when a 1000 pM dose of
paracetamol was administered in an isolated organ bath

A

Figure 4. Original trace obtained when a 2000 pM dose of
paracetamol was administered in an isolated organ bath

DISCUSSION

The study showed that paracetamol has aninhibitory effect
on uterine spontaneous contractions. It was observed that
the inhibitory effect was greater as the dose increased.
In a study, it was shown that paracetamol exposure in
female rats was associated with a significantly longer
gestational period (mean 2.8 days) and a trend towards a
lower incidence of preterm labor (4.7% versus 0.7%) (25).
Notably,in a retrospective study, a similar increase in mean
gestational age and a significant decrease in preterm
births were reported in babies exposed to paracetamol
during pregnancy, but no difference was observed
between female and male babies (26). The authors
predicted that paracetamol could prolong pregnancy
through a decrease in prostacyclin synthesis, consistent
with the findings of a randomized controlled trial that
showed that low-dose aspirin (another cyclooxygenase
inhibitor) also reduced preterm labor (27). However,
another observational study did not find a significant
association between paracetamol and preterm labor (28).
One large prospective study reported that women taking
paracetamol in their third trimester had a significantly
increased risk of preterm labor, and analysis showed that
this only applies to mothers with preeclampsia who took
paracetamol for hypertension-related headache (22).
Today, preterm birth is an important problem in obstetrics
and accounts for 70% of perinatal deaths and almost half
of long-term neurological morbidity (29,30). Therefore,
prevention of spontaneous onset of preterm labor or
rupture of membranes (31) will be of great public health
importance. In the literature, it has been reported that
the risk of preterm birth (26) and stillbirth (32) decreases
after the use of paracetamol, and no association with
miscarriage has been reported (33).The imbalance
between Prostaglandin 12 (PGI2), or prostacyclin and
Thromboxane A2 (TXA2, a vasoconstrictor) and inhibition
of PGI2 synthesis has been proposed as an explanation
for this situation (26,33).

It has been shown that paracetamol can be used after
gynecological surgical procedures (34). Preoperative or
intraoperative intravenous paracetamol was administered
to hysterectomy patients and postoperative analgesic
effects were evaluated. Paracetamol has been shown to
providesignificantpostoperativeanalgesiawithareduction
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in morphine consumption and minimal side effects (35).
Similarly, the pain score was significantly decreased by
using paracetamol in the postoperative period of suction
curettage (36). In our study, the inhibition of rat uterine
contractions with paracetamol may shed light on the
molecular causes underlying the results obtained in these
studies. It can be said that paracetamol, which can also be
used during pregnancy, can be reliable in pregnancies with
clinical miscarriage risk and preterm birth risk.

CONCLUSION

In conclusion, it can be said that the use of paracetamol
may have a potential preventive effect on preterm
labor and prevent the risk of miscarriage. This effect
may be associated with a decrease in the production
of paracetamol-induced prostacyclin in women during
pregnancy. However, the clinical effects of paracetamol
using can be supported by studies using larger animal
numbers of our findings. Although the findings of this
study are based solely on experiments conducted in the rat
uterus, must be careful when advising pregnant patients
on the use of paracetamol in pregnancy.

Financial disclosures: The authors declared that this study
hasn't received no financial support.

Conflict of Interest: The authors declare that they have no
competing interest.

Ethical approval: All procedures were approved by the
Local Ethics Committee of Firat University Experimental
Animals (14.04.2021, Issue:07).

REFERENCES

1. Somlyo AP, Somlyo AV. Signal transduction and regulation in
smooth muscle. Nature. 1994;372:231-6.

2. Rosenfeld SS, Xing J, Cheung HC, et al. Structural and kinetic
studies of phosphorylation-dependent regulation in smooth
muscle myosin. J Biol Chem. 1998;273:28682-90.

3. Qiao Y-N, He W-Q, Chen C-P, et al. Myosin phosphatase
target subunit 1 (MYPT1) regulates the contraction and
relaxation of vascular smooth muscle and maintains blood
pressure. J Biol Chem. 2014;289:22512-23.

4. He WQ, Qiao YN, Peng YJ, et al. Altered contractile
phenotypes of intestinal smooth muscle in mice deficient
in myosin phosphatase target subunit 1. Gastroenterology.
2013;144:1456-65.

5. Roberts E, Nunes VD, Buckner S, et al. Paracetamol: not
as safe as we thought? A systematic literature review of
observational studies. Ann Rheum Dis. 2016;75:552-9.

6. Przybyta GW, Szychowski KA, Gminski J. Paracetamol—
An old drug with new mechanisms of action. Clin Exp
Pharmacol Physiol. 2021;48:3-19.

7. Graham GG, Scott KF. Mechanism of action of paracetamol.
Am J Ther. 2005;12:46-55.

8. Anderson BJ. Paracetamol (Acetaminophen): mechanisms
of action. Pediatric Anesthesia. 2008;18:915-21.

169



DOI: 10.37990/medr.1027201

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Ottani A, Leone S, Sandrini M, Ferrari A, Bertolini A. The
analgesic activity of paracetamol is prevented by the
blockade of cannabinoid CB1 receptors. Eur J Pharmacol.
2006;531:280-1.

Jordan KM, Arden NK, Doherty M, et al. EULAR
Recommendations 2003: an evidence based approach to
the management of knee osteoarthritis: Report of a Task
Force of the Standing Committee for International Clinical
Studies Including Therapeutic Trials (ESCISIT). Ann Rheum
Dis. 2003;62:1145-55.

Saragiotto BT, Machado GC, Ferreira ML, et al. Paracetamol
for low back pain. Cochrane Database Syst Rev.
2016;6:CD012230.

Towheed T, Maxwell L, Judd M, Catton M, Het al.
Acetaminophen for osteoarthritis. Cochrane Database Syst
Rev. 2006;1:CD004257.

ZhangW, Nuki G, Moskowitz R, et al. OARSIrecommendations
for the management of hip and knee osteoarthritis: part
Ill: Changes in evidence following systematic cumulative
update of research published through January 2009.
Osteoarthritis Cartilage. 2010;18:476-99.

Zhang W, Jones A, Doherty M. Does paracetamol
(acetaminophen) reduce the pain of osteoarthritis?: a meta-
analysis of randomised controlled trials. Ann Rheum Dis.
2004;63:901-7.

Burdan F, Starostawska E, Szumito J. Prenatal tolerability of
acetaminophen and other over-the-counter non-selective
cyclooxygenase inhibitors. Pharmacol Rep. 2012;64:521-7.

Collins E. Maternal and fetal effects of acetaminophen and
salicylates in pregnancy. Obstet Gynecol. 1981;58-62.

Stergiakouli E, Thapar A, Davey Smith G. Association of
Acetaminophen Use During Pregnancy With Behavioral
Problems in Childhood: Evidence Against Confounding.
JAMA pediatrics. 2016;170:964-70.

Thiele K, Solano ME, Huber S, et al. Prenatal acetaminophen
affects maternal immune and endocrine adaptation to
pregnancy, induces placental damage, and impairs fetal
development in mice. Am J Pathol. 2015;185:2805-18.

Rayburn W, Shukla U, Stetson P, Piehl E. Acetaminophen
pharmacokinetics: comparison between pregnant and
nonpregnant women. Am J Obstet Gynecol. 1986;155:1353-
6.

O'Brien WF, Krammer J, O'Leary TD, Mastrogiannis DS.
The effect of acetaminophen on prostacyclin production in
pregnant women. Am J Obstet Gynecol. 1993;168:1164-9.

Aleixo JF, Pereira MRF, Montagnini BG, et al. Effect of
paracetamol treatment on maternal care and reproductive
outcomes in female rat offspring. Reprod Fertil Dev.
2020;32:1311-25.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

170

Med Records 2022;4(2):166-70

Rebordosa C, Kogevinas M, Horvath-Puhd E, et al
Acetaminophen use during pregnancy: effects on risk
for congenital abnormalities. Am J Obstet Gynecol.
2008;198:178.

Rebordosa C, Kogevinas M, Bech BH, et al. Use of
acetaminophen during pregnancy and risk of adverse
pregnancy outcomes. Int J Epidemiol. 2009;38:706-14.

Koehn L, Habgood M, Huang Y, et alDeterminants of drug
entry into the developing brain. F1000 Research. 2019;8.

Fisher BG, Thankamony A, Hughes IA, et al. Prenatal
paracetamol exposure is associated with shorter anogenital
distance in male infants. Hum Reprod. 2016;31:2642-50.

Czeizel AE, Dudas |, Puho E. Short term paracetamol therapy
during pregnancy and a lower rate of preterm birth. Paediatr
Perinat Epidemiol. 2005;19:106-11.

Beroyz G, Casale R, Farreiros A, et al. CLASP-A randomized
trial of low-dose aspirin for the prevention and treatment
of preeclampsia among 9364 pregnant-women. Lancet.
1994;343.

Thulstrup AM, Sgrensen HT, Nielsen GL, et al. Fetal
growth and adverse birth outcomes in women receiving
prescriptions for acetaminophen during pregnancy. Am J
Perinatol. 1999;16:321-6.

McCormick MC. The contribution of low birth weight to
infant mortality and childhood morbidity. N Engl J Med.
1985;312:82-90.

Hack M, Fanaroff AA. Outcomes of extremely immature
infants--a perinatal dilemma. Mass Medical Soc. 1993.

Tucker JM, Goldenberg RL, Davis RO, et al. Etiologies of
preterm birth in an indigent population: is prevention a
logical expectation? Obstet Gynecol. 1991;77:343-7.

Pastore LM, Hertz-Picciotto |, Beaumont JJ. Risk of stillbirth
from medications, illnesses and medical procedures.
Paediatr Perinat Epidemiol. 1999;13:421-30.

Li D-K, Liu L, Odouli R. Exposure to non-steroidal anti-
inflammatorydrugs during pregnancy andriskof miscarriage:
population based cohort study. Bmj. 2003;327:368.

Yalcin N, Uzun ST, Reisli R, et al. A comparison of ketamine
and paracetamol for preventing remifentanil induced
hyperalgesia in patients undergoing total abdominal
hysterectomy. Int J Med Sci. 2012;9:327.

Arici S, Gurbet A, Turker G, et al. Preemptive analgesic
effects of intravenous paracetamol in total abdominal
hysterectomy. Agri. 2009;21:54-61.

Acmaz G, Aksoy H, Ozoglu N, et al. Effect of paracetamol,
dexketoprofen  trometamol, lidocaine spray, and
paracervical block application for pain relief during suction
termination of first-trimester pregnancy. Biomed Res Int.
2013;2013:869275.



