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Spironolactone, a potassium-sparing diuretic, is used to treat hypertension, heart
failure, and certain hyperandrogenic disorders. Its use during pregnancy is not
recommended due to the risk of feminizing male fetuses, primarily because of its
antiandrogenic activity. However, human data remain scarce and largely
inconclusive. Here, we present the first case of a 25-year-old pregnant
woman, at 16 weeks of gestation, who was inadvertently exposed to
spironolactone (240 mg/day) for 1 week due to a pharmacy dispensing error.
The patient subsequently delivered a healthy male infant with normal genitalia at
38 weeks of gestation following vaginal delivery. Current follow-up shows that
the infant is healthy and developing normally. This article summarizes the
potential causes of spironolactone-induced anomalous genital development
and explores the safety of new-generation mineralocorticoid receptor
antagonists  (MRAs)  during  pregnancy. The mechanisms behind
spironolactone-induced anomalous genital development in male fetuses have
not been fully elucidated. Spironolactone competes with dihydrotestosterone for
binding to androgen receptors and inhibits enzymes involved in androgen
biosynthesis, which may partly explain its antiandrogenic effects. Recent
advancements in MRAs have led to the development of compounds with
higher selectivity for the mineralocorticoid receptor, thereby reducing the
incidence of antiandrogen side effects. These new-generation MRAs may be
effective alternatives during pregnancy, but more data are needed to establish
their safety in pregnant women. This case contributes to the limited but growing
body of literature on the safety profile of spironolactone in pregnancy, providing
insights into its effects during a critical period of fetal development.
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Introduction

Spironolactone, a steroid that functions as both a potassium-sparing diuretic and an
antiandrogen, has been widely used to manage various conditions, including hypertension
(Tian et al, 2024), heart failure (Pantelidis et al., 2018), and certain hyperandrogenic
disorders (Carmina et al., 2022; Sabbadin et al., 2023). Its use during pregnancy is not
recommended due to potential teratogenic effects, primarily stemming from its
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FIGURE 1

4D ultrasound of genital development at 24 weeks in the spironolactone-exposed pregnancy. The ultrasound shows no obvious abnormalities in

the fetus.

antiandrogenic activity. Animal studies have indicated that exposure
to spironolactone during critical periods of fetal development can
lead to the feminization of male offspring (Hecker et al., 1980;
Liszewski and Boull, 2019). However, human data remain scarce and
largely inconclusive.

Against this backdrop, we present a case of mid-gestation
exposure to spironolactone resulting from a pharmacy dispensing
error. This case highlights the issue of pharmacy dispensing errors,
particularly within the vulnerable population of pregnant women.
Our case study aims to provide valuable reference data on
spironolactone exposure during pregnancy, aiding patients and
informed decisions while

healthcare providers in making

navigating the delicate balance of benefits and risks.

Case presentation

A 25-year-old woman, previously in good health with no history
of drug use, family history, infectious disease, or genetic disease,
presented at 16 1/7 weeks of gestation with abnormal liver function
tests (LFTs) detected at an external hospital: alanine aminotransferase
(ALT) 209 IU/L and aspartate aminotransferase (AST) 85 IU/L. She
had irregular menstruation and was gravida 1, para 0 (G1P0). Upon
discharge, she was prescribed glucuronolactone tablets (200 mg) and
vitamin C tablets (200 mg), each to be taken three times daily (tid).
During a follow-up visit at 17 1/7 weeks of gestation, her LFTs showed
further escalation (ALT 237 IU/L, AST 76 IU/L). The prescribed
regimen of glucuronolactone 200 mg tid was continued. However,
upon returning home, she noticed a discrepancy in the medication
packaging and discovered that the tablets dispensed at 16 1/7 weeks
were not glucuronolactone but spironolactone 80 mg tid (240 mg/d).
By then, she had inadvertently consumed a total of 84 spironolactone
tablets over 1 week.
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Subsequent obstetric examination and fetal ultrasound
assessment revealed normal development of the fetal genitalia
(Figure 1). After being informed of the risks associated with
inadvertent spironolactone exposure, particularly the potential for
feminization of a male fetus, the patient chose to continue with the
pregnancy. As her pregnancy progressed, her LFT's improved, with
ALT and AST levels decreasing to 155 IU/L and 47 IU/L respectively
by 21 4/7 weeks of gestation and returning to the normal range by
24 1/7 weeks of gestation. During this period, routine obstetric
examinations, fetal ultrasound assessments, Down’s syndrome
screening, and non-invasive DNA prenatal screening were
performed and were normal. Consequently, glucuronolactone
tablets were tapered down to 100 mg tid and eventually
discontinued. At 38 1/7 weeks of gestation, the patient was
admitted to the hospital with spontaneous rupture of membranes
and loss of amniotic fluid. The patient delivered a male infant
weighing 3,400 g, with an Apgar score of 10/10 at 1 and 5 min. The
delivery was uncomplicated, with no obstetric issues. A highly
experienced neonatologist conducted a thorough physical
examination of the newborn. The neonate was alert and active
with a body temperature of 36.5°C, a heart rate of 140 beats per
minute, a respiratory rate of 50 breaths per minute, a length of
50.5 cm, and a head circumference of 34 cm, with no rashes or
petechiae. Breath sounds were clear bilaterally with no rales, and the
heart rate was regular with no murmurs. The abdomen was flat and
soft, without hepatosplenomegaly. The limbs were active with
normal primitive reflexes. The external genitalia were normal
with bilaterally descended testes and well-formed scrotal folds,
with no signs of hypospadias or other malformations. Complete
blood count and blood biochemistry results showed no significant
head, heart,
abdomen, urinary system, and scrotum showed no abnormalities.

abnormalities. Ultrasound examinations of the

Unfortunately, the placenta tissue was not collected and evaluated
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TABLE 1 Time course of laboratory parameters in relation to the administration of spironolactone.

ALT
(Iu/L)

AST
(1lu/L)

Gestation period

Days after stopping

(week) spironolactone

16 1/7 0 209 85 Initiated spironolactone 240 mg/day

17 1/7 0 237 76 Error identified

17 2/7 1 224 80 Ceased spironolactone, commenced glucuronolactone
600 mg/d

21 4/7 24 155 47 Reduced glucuronolactone to 300 mg/d

24 1/7 42 24 17 Discontinued glucuronolactone

38 1/7 243 6 10 Birth of healthy male infant

ALT, alanine aminotransferase; AST, aspartate aminotransferase.

A pregnant woman accidental treated with
spironolactone in mid-gestation
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FIGURE 2

The entire treatment and monitoring process from spironolactone exposure to postnatal follow-up in the spironolactone-exposed pregnancy.
Following spironolactone exposure, the prenatal testing plan includes hepatitis screening (week 16), Down's syndrome screening (week 17), and non-
invasive DNA testing with a biochemical exam (week 21). Routine blood tests and biochemical assessments are planned for weeks 24 and 33. A thorough
evaluation at week 38 includes routine blood tests, biochemical analysis, coagulation checks, blood grouping, irregular antibody screening, and

preoperative immunization.

due to the request of the patient’s family. Follow-up interviews were
conducted until 3 months after delivery. Based on the medical
examination results, the infant showed no abnormalities from
birth, including both genital appearance and blood parameters.
The mother remained in good health and continued to breastfeed
consistently. The progression of laboratory parameters following
spironolactone administration is detailed in Table 1. The entire
treatment and monitoring process from spironolactone exposure to
postnatal follow-up in the spironolactone-exposed pregnancy is
outlined in Figure 2.

Discussion

To our knowledge, the case of a pregnant woman accidentally
treated with spironolactone due to pharmacy dispensing errors has
not been previously reported. There has been insufficient study on
the rate of pharmacy dispensing errors. However, a recent
systematic review and meta-analysis quantified the worldwide
prevalence of dispensing errors across communities, hospitals,
and other pharmacy settings in literature published between
2010 and 2023. The prevalence of dispensing errors ranged from
0% to 33.3%, and the pooled prevalence for dispensing errors was
1.6% overall (Um et al, 2024). Beyond that, the incidence of
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pharmacy dispensing errors in the pregnant population is
unknown. The consequences of medication errors can be severe,
especially in pregnant women. As a result of this pharmacy error, the
pregnant woman developed an adverse drug reaction such as
oligohydramnios (Grincevic¢iené et al, 2016), abdominal pain,
constipation (Einarson et al., 1999), gallbladder disease (Mertl
and Kelly, 1999), and even spontaneous abortion (Einarson et al.,
1999). Concern about dispensing errors in pregnancy must focus not
only on the pregnant woman but also on the fetus, who is placed at
potential risk for a wide range of adverse effects. These errors serve
to remind pharmacists that they need to take great care when
dispensing drugs, especially for pregnant women. Fortunately, in
our case, the mother experienced no pregnancy complications, and
the male infant was healthy and exhibited no signs of feminization.

Spironolactone, a potassium-sparing diuretic, operates by
competitively binding to aldosterone receptor sites in the distal
renal tubules, facilitating increased sodium chloride and water
excretion and the conservation of potassium and hydrogen ions.
Its broad spectrum of clinical applications includes the treatment of
primary aldosteronism (Forestiero et al., 2023), hypertension (Tian
et al, 2024), heart failure (Kjeldsen et al, 2020), and various
androgen-mediated skin disorders such as acne, hirsutism,
female-pattern baldness (Bienenfeld et al, 2019; Burns et al,
2020), androgenetic alopecia (James et al., 2022), and Bartter
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syndrome (Konrad et al., 2021). Its use during pregnancy is
controversial due to reports of teratogenic effects in animal
models (Hecker et al, 1980; Jaussan et al, 1985). A systematic
review reported that feminization of exposed males was mentioned
in six of nine animal studies, and five studies used more than the
human equivalent doses of 200 mg/day (Liszewski and Boull, 2019).
However, human data remain scarce and largely inconclusive. To
our knowledge, only two cases of males born with ambiguous
genitalia following maternal exposure to spironolactone have
been documented (Shah, 2011; Levy et al., 2023). The first case
reported at the 2011 Endocrinology Annual Meeting describes an
instance where a male newborn presented with feminization
attributed to the mother’s use of spironolactone from the
beginning of pregnancy up to the fifth week of gestation (Shah,
2011). The other recent case report noted genital anomalies in a
newborn linked to maternal exposure to spironolactone and
dutasteride until 8 weeks of gestation (Levy et al., 2023). By
contrast, several cases in which mothers were treated with
spironolactone during their pregnancies reported no adverse
effects on the newborns (Groves and Corenblum, 1995; de Arriba
et al., 2009; Pieper, 2015). Notably, a woman with Bartter’s
syndrome treated with up to 400 mg/day of spironolactone
through her first and second trimesters delivered two healthy
male infants and one healthy female infant. Both boys exhibited
no signs of feminization, and the oldest child was followed up to age
thirteen. Both boys appear to have a mild learning disability but have
otherwise progressed well (Groves and Corenblum, 1995). This case
might indicate that prenatal spironolactone exposure could have
cognitive or behavioral effects on children, but further research is
required. Unfortunately, based on the available information, it is not
clear what potential long-term effects or developmental delays in the
fetus may result from pregnancy spironolactone exposure. Our
current follow-up outcome shows that this infant is healthy and
developing normally. Follow-up should continue to assess long-term
outcomes according to the maternal and child health system of the
city. In addition, further research is needed to better understand the
risks and long-term implications of spironolactone exposure
during pregnancy.

External genitalia development is complete at 14 weeks of
gestation (Jost, 1966). During embryogenesis, testosterone (T)
and dihydrotestosterone (DHT) are the two main androgens that
determine the embryologic development of the male reproductive
organs and genitalia (Pinson et al, 2023). In the presence of the
enzyme 5alpha-reductase, T is converted to the more potent DHT,
which has a greater binding affinity for androgen receptors (AR)
(Murashima et al., 2015). Complex signaling pathways via AR signal
the development of sexual organs and genitalia from both the
epithelium and mesenchymal fetal structures (Levy et al., 2023).
The mechanism by which spironolactone causes estrogenic effects is
not fully understood. One convincing explanation is that
spironolactone competes with DHT for the intracellular AR sites
in vivo (Bonne and Raynaud, 1974; Corvol et al, 1975).
Furthermore, spironolactone acts as an antiandrogen in the liver,
decreasing both AR and male-specific estrogen binder levels in male
rate experiments, resulting in a significant decrease in plasma T
levels (Francavilla et al., 1987). Another possible mechanism is that
spironolactone reduces the activity of 17-hydroxylase by decreasing
microsomal cytochrome P450 in the adrenal and testis, which affects
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T synthesis (Menard et al, 1974). Additionally, an alteration of
testosterone-estrogen balance may partly explain the antiandrogenic
actions of spironolactone (Chopra et al., 1973). The reduction of
androgens during pregnancy may have detrimental effects on the
development of the fetus’s external genitalia. Fortunately, this
patient was exposed to spironolactone after 14 weeks of
gestation, and the genitalia of the fetus were normal. Our case
indicates that the antiandrogenic effects of spironolactone may
primarily impact the critical developmental period of external
genitalia. After this period, the impact may be less significant.
However, more research is needed to support our findings.

Due to the adverse effects of spironolactone, there has been a
drive to find more selective mineralocorticoid receptor antagonists
(MRAs) with fewer adverse effects. The second generation of
steroidal MRAs, such as eplerenone (FDA pregnancy category B)
(Craft, 2004), may be more specific to the mineralocorticoid receptor
(MR), reducing off-target effects (Agarwal et al., 2021) and appears
to be a safe and effective alternative in managing primary
aldosteronism during pregnancy (Riester and Reincke, 2015).
Compared with spironolactone, treatment with eplerenone is
associated with a lower rate of hormonal side effects due to its
increased MR specificity (Struthers et al., 2008). Recent research has
focused on nonsteroidal MRAs, which are highly selective for MR
without antagonistic actions on glucocorticoid, androgen, or
progesterone receptors (Pandey et al., 2022). Esaxerenone and
finerenone are the only two approved for treatment globally in
various regions (Kolkhof et al., 2021). Recently, a case was reported
of a pregnant woman treated safely with esaxerenone, despite her
advanced maternal age and diagnosis of idiopathic
hyperaldosteronism (IHA) and superimposed preeclampsia (SPE)
(Yamashita et al., 2022). There are no available data on the use of
finerenone in pregnancy to evaluate the drug-associated risk of
major birth defects, miscarriage, or adverse maternal or fetal
outcomes (Dey et al., 2024). Fetal toxicity has been observed with
the use of this drug in animal models (Finerenone Kerendia for
chronic kidney disease, 2021). Further research is needed to
determine the safety of MRAs use during pregnancy.

Our case study comes with several noteworthy limitations. Firstly,
it is merely a single case report, which limits the breadth of its
implications. Secondly, the unintended use of spironolactone in a
pregnant woman experiencing liver function abnormalities during
mid-pregnancy has reignited debates concerning the medication’s
safety during gestation. Lastly, although maternal androgen transfer to
the fetus occurs through the placenta, our study did not assess
hormone levels in the placenta and amniotic fluid, thereby missing
potentially crucial data on endocrine interactions.

Conclusion

This case study presents a 25-year-old pregnant woman at
16 weeks of gestation who was inadvertently exposed to
spironolactone (240 mg/day) for 1 week due to a pharmacy
dispensing error. The patient delivered a healthy male infant with
normal genitalia at 38 weeks of gestation following vaginal delivery.
Spironolactone competes with dihydrotestosterone for binding to
androgen receptors and inhibits enzymes involved in androgen
biosynthesis, which may partly explain its antiandrogenic actions.
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Compared to spironolactone, eplerenone has increased MR specificity
and appears to be a safe and effective alternative during pregnancy.
Esaxerenone and finerenone are the only two approved non-steroidal
MRAs. However, more data are needed to confirm the safety of these
drugs in pregnant women. This single case shows that pregnant
women exposed to spironolactone in early and mid-gestation may
not be at as high a risk as previously thought on animal research.
However, this does not mean that monitoring for potential adverse
outcomes should be reduced throughout pregnancy. This case
contributes to the limited but growing body of literature on the
safety profile of spironolactone in pregnancy, providing insights into
the drug’s effects during a critical period of fetal development.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary Material, further inquiries can be directed
to the corresponding author.

Ethics statement

The studies involving humans were approved by the Medical
Ethics Committee of Wenling Maternal and Child Health care
Hospital. The studies were conducted in accordance with the
local legislation and institutional requirements. Written informed
consent for participation in this study was provided by the
participants’ legal guardians/next of kin. Written informed
consent was obtained from the individual(s) for the publication
of any potentially identifiable images or data included in this article.

Author contributions

ND: Data curation, Formal Analysis, Funding acquisition,

Investigation, Visualization, Writing-original draft,

References

Agarwal, R., Kolkhof, P., Bakris, G., Bauersachs, J., Haller, H., Wada, T., et al.
(2021). Steroidal and non-steroidal mineralocorticoid receptor antagonists in
cardiorenal medicine. Eur. Heart J. 42 (2), 152-161. doi:10.1093/eurheartj/
ehaa736

Bienenfeld, A., Azarchi, S., Lo Sicco, K., Marchbein, S., Shapiro, J., and Nagler, A. R.
(2019). Androgens in women: androgen-mediated skin disease and patient evaluation.
J. Am. Acad. Dermatol 80 (6), 1497-1506. doi:10.1016/j.jaad.2018.08.062

Bonne, C., and Raynaud, J. P. (1974). Mode of spironolactone anti-androgenic action:
inhibition of androstanolone binding to rat prostate androgen receptor. Mol. Cell.
Endocrinol. 2 (1), 59-67. doi:10.1016/0303-7207(74)90012-4

Burns, L. J., De Souza, B., Flynn, E., Hagigeorges, D., and Senna, M. M. (2020).
Spironolactone for treatment of female pattern hair loss. J. Am. Acad. Dermatol 83 (1),
276-278. doi:10.1016/j.jaad.2020.03.087

Carmina, E., Dreno, B., Lucky, W. A,, Agak, W. G, Dokras, A., Kim, J. ., et al. (2022).
Female adult acne and androgen excess: a report from the multidisciplinary androgen
excess and PCOS committee. J. Endocr. Soc. 6 (3), bvac003. doi:10.1210/jendso/bvac003

Chopra, L ], Tulchinsky, D., and Greenway, F. L. (1973). Estrogen-androgen
imbalance in hepatic cirrhosis. Studies in 13 male patients. Ann. Intern Med. 79 (2),
198-203. doi:10.7326/0003-4819-79-2-198

Corvol, P., Michaud, A., Menard, J., Freifeld, M., and Mahoudeau, J. (1975).
Antiandrogenic effect of spirolactones: mechanism of action. Endocrinology 97 (1),
52-58. doi:10.1210/endo-97-1-52

Frontiers in Pharmacology

05

10.3389/fphar.2024.1404251

Writing-review and editing. JZ: Data curation, Formal Analysis,
Writing-original draft, Writing-review and editing. ZD: Data
curation, Investigation, Writing—original draft, Writing-review
and editing. MC: Data curation, Investigation, Writing—original
draft, ~ Writing-review editing. LY: Investigation,
Writing-original ~ draft, and HL:
Investigation, Writing-original draft, Writing-review and editing.

and
Writing-review editing.
JH: Data curation, Writing-original draft, Writing-review and
ET: Methodology,
administration, Writing-original

editing. Conceptualization, Project

Supervision, draft,

Writing-review and editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. The authors’
work is supported by the Clinical Pharmacy Special Research Grant
Project (Chiatai Taianqing Special) of Taizhou Medical Association
(grant no LCYXZZ202006).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Craft, J. (2004). Eplerenone (Inspra), a new aldosterone antagonist for the treatment
of systemic hypertension and heart failure. Proc. (Bayl Univ. Med. Cent) 17 (2), 217-220.
doi:10.1080/08998280.2004.11927973

de Arriba, G., Sdnchez-Heras, M., and Basterrechea, M. A. (2009). Gitelman
syndrome during pregnancy: a therapeutic challenge. Arch. Gynecol. Obstet. 280 (5),
807-809. doi:10.1007/s00404-009-0994-3

Dey, S., Garg, J., Wang, A., Holzner, E., Frishman, W. H., and Aronow, W. S. (2024).
Finerenone: efficacy of a new nonsteroidal mineralocorticoid receptor antagonist in
treatment of patients with chronic kidney disease and type 2 diabetes. Cardiol. Rev. 32
(3), 285-288. doi:10.1097/CRD.0000000000000548

Einarson, A., Bailey, B., and Koren, G. (1999). Pregnancy outcome of women exposed
to pinaverium due to a dispensing error. Ann. Pharmacother. 33 (1), 112-113. doi:10.
1345/aph.18175

Finerenone (Kerendia) for chronic kidney disease (2021). Finerenone (Kerendia) for
chronic kidney disease. Med. Lett. Drugs Ther. 63 (1631), 131-132.

Forestiero, V., Sconfienza, E., Mulatero, P., and Monticone, S. (2023). Primary
aldosteronism in pregnancy. Rev. Endocr. Metab. Disord. 24 (1), 39-48. doi:10.1007/
s11154-022-09729-6

Francavilla, A, Di Leo, A., Eagon, P. K., Polimeno, L., Guglielmi, F., Fanizza, G., et al.
(1987). Effect of spironolactone and potassium canrenoate on cytosolic and nuclear
androgen and estrogen receptors of rat liver. Gastroenterology 93 (4), 681-686. doi:10.
1016/0016-5085(87)90428-8

frontiersin.org


https://doi.org/10.1093/eurheartj/ehaa736
https://doi.org/10.1093/eurheartj/ehaa736
https://doi.org/10.1016/j.jaad.2018.08.062
https://doi.org/10.1016/0303-7207(74)90012-4
https://doi.org/10.1016/j.jaad.2020.03.087
https://doi.org/10.1210/jendso/bvac003
https://doi.org/10.7326/0003-4819-79-2-198
https://doi.org/10.1210/endo-97-1-52
https://doi.org/10.1080/08998280.2004.11927973
https://doi.org/10.1007/s00404-009-0994-3
https://doi.org/10.1097/CRD.0000000000000548
https://doi.org/10.1345/aph.18175
https://doi.org/10.1345/aph.18175
https://doi.org/10.1007/s11154-022-09729-6
https://doi.org/10.1007/s11154-022-09729-6
https://doi.org/10.1016/0016-5085(87)90428-8
https://doi.org/10.1016/0016-5085(87)90428-8
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1404251

Deng et al.

Grincevitien¢, S., Volochovi¢, J., and Grincevicius, J. (2016). Lack of pharmacist-
physician communication associated with nimesulide-induced oligohydramnios during
pregnancy. Int. J. Clin. Pharm. 38 (2), 196-198. doi:10.1007/s11096-016-0267-8

Groves, T. D., and Corenblum, B. (1995). Spironolactone therapy during human
pregnancy. Am. J. Obstet. Gynecol. 172 (5), 1655-1656. doi:10.1016/0002-9378(95)
90549-9

Hecker, A. Hasan, S. H., and Neumann, F. (1980). Disturbances in sexual
differentiation of rat foetuses following spironolactone treatment. Acta Endocrinol.
(Copenh) 95 (4), 540-545. doi:10.1530/acta.0.0950540

James, J. F., Jamerson, T. A,, and Aguh, C. (2022). Efficacy and safety profile of oral
spironolactone use for androgenic alopecia: a systematic review. J. Am. Acad. Dermatol
86 (2), 425-429. doi:10.1016/j.jaad.2021.07.048

Jaussan, V., Lemarchand-Béraud, T., and Gomez, F. (1985). Modifications of the
gonadal function in the adult rat after fetal exposure to spironolactone. Biol. Reprod. 32
(5), 1051-1061. doi:10.1095/biolreprod32.5.1051

Jost, A. (1966). Problems of fetal endocrinology: the adrenal glands. Recent Prog.
Horm. Res. 22, 541-574. doi:10.1016/b978-1-4831-9825-5.50017-8

Kjeldsen, S. E., von Lueder, T. G., Smiseth, O. A., Wachtell, K., Mistry, N., Westheim,
A. S, et al. (2020). Medical therapies for heart failure with preserved ejection fraction.
Hypertens. (Dallas, Tex 1979) 75 (1), 23-32. doi:10.1161/HYPERTENSIONAHA.119.
14057

Kolkhof, P., Joseph, A., and Kintscher, U. (2021). Nonsteroidal mineralocorticoid
receptor antagonism for cardiovascular and renal disorders - new perspectives for
combination therapy. Pharmacol. Res. 172, 105859. doi:10.1016/j.phrs.2021.105859

Konrad, M., Nijenhuis, T., Ariceta, G., Bertholet-Thomas, A., Calo, L. A., Capasso, G.,
etal. (2021). Diagnosis and management of bartter syndrome: executive summary of the
consensus and recommendations from the European rare kidney disease reference
network working group for tubular disorders. Kidney Int. 99 (2), 324-335. doi:10.1016/j.
kint.2020.10.035

Levy, B., Teplitsky, S., Kalaitzoglou, E., Kahler, S., Matheny, J. P., and Saltzman, A. F.
(2023). Exogenous" 5 alpha reductase deficiency: a case report. Urology. 178, 147-150.
doi:10.1016/j.urology.2023.05.001

Liszewski, W., and Boull, C. (2019). Lack of evidence for feminization of males
exposed to spironolactone in utero: a systematic review. J. Am. Acad. Dermatol 80 (4),
1147-1148. doi:10.1016/j.jaad.2018.10.023

Menard, R. H., Stripp, B., and Gillette, J. R. (1974). Spironolactone and testicular
cytochrome P-450: decreased testosterone formation in several species and changes in
hepatic drug metabolism. Endocrinology 94 (6), 1628-1636. doi:10.1210/endo-94-6-
1628

Frontiers in Pharmacology

06

10.3389/fphar.2024.1404251

Mertl, S. Y., and Kelly, W. N. (1999). Calcium-channel blocker withdrawal in a
pregnant woman. Am. J. Ther. 6 (1), 61-66. doi:10.1097/00045391-199901000-00009

Murashima, A., Kishigami, S., Thomson, A., and Yamada, G. (2015). Androgens and
mammalian male reproductive tract development. Biochim. Biophys. Acta 1849 (2),
163-170. doi:10.1016/j.bbagrm.2014.05.020

Pandey, A. K., Bhatt, D. L., Cosentino, F., Marx, N., Rotstein, O., Pitt, B., et al. (2022).
Non-steroidal mineralocorticoid receptor antagonists in cardiorenal disease. Eur. Heart
J. 43 (31), 2931-2945. doi:10.1093/eurheartj/ehac299

Pantelidis, P., Sideris, M., Viigimaa, M., Avranas, K., Deligkaris, P., Zogra.fou, 1, etal
(2018). The mechanisms of actions of aldosterone and its antagonists in cardiovascular
disease. Curr. Pharm. Des. 24 (46), 5491-5499. doi:10.2174/1381612825666190215100502

Pieper, P. G. (2015). Use of medication for cardiovascular disease during pregnancy.
Nat. Rev. Cardiol. 12 (12), 718-729. doi:10.1038/nrcardio.2015.172

Pinson, K., Melber, D. J., Nguyen, N.-H., Montaney, L., Basu, R,, Mims, J., et al.
(2023). The development of normal fetal external genitalia throughout gestation.
J. Ultrasound Med. 42 (2), 293-307. doi:10.1002/jum.16080

Riester, A., and Reincke, M. (2015). Progress in primary aldosteronism:
mineralocorticoid receptor antagonists and management of primary aldosteronism
in pregnancy. Eur. ]. Endocrinol. 172 (1), R23-R30. doi:10.1530/EJE-14-0444

Sabbadin, C., Beggiao, F., Keiko Vedolin, C., Orlando, G., Ragazzi, E., Ceccato, F., et al.
(2023). Long-lasting effects of spironolactone after its withdrawal in patients with
hyperandrogenic skin disorders. Endocr. Metab. Immune Disord. Drug Targets 23 (2),
188-195. doi:10.2174/1871530322666220509051746

A. Shah (2011). “Ambiguous genitalia in a newborn with spironolactone exposure,” in
93rd Annual Meeting of the Endocrine Society: abstract, P3-226.

Struthers, A., Krum, H., and Williams, G. H. (2008). A comparison of the aldosterone-
blocking agents eplerenone and spironolactone. Clin. Cardiol. 31 (4), 153-158. doi:10.
1002/clc.20324

Tian, Z., Vollmer Barbosa, C., Lang, H., Bauersachs, J., Melk, A., and Schmidt, B. M.
W. (2024). Efficacy of pharmacological and interventional treatment for resistant
hypertension: a network meta-analysis. Cardiovasc Res. 120 (1), 108-119. doi:10.
1093/cvr/cvad165

Um, L. S, Clough, A., and Tan, E. C. K. (2024). Dispensing error rates in pharmacy: a
systematic review and meta-analysis. Res. Soc. Adm. Pharm. 20 (1), 1-9. doi:10.1016/j.
sapharm.2023.10.003

Yamashita, K., Morimoto, S., Inoue, Y., Hirata, K., Kimura, S., Seki, Y., et al. (2022). A
case of a pregnant woman with primary aldosteronism and superimposed preeclampsia
treated with esaxerenone. J. Endocr. Soc. 6 (8), bvac085. doi:10.1210/jendso/bvac085

frontiersin.org


https://doi.org/10.1007/s11096-016-0267-8
https://doi.org/10.1016/0002-9378(95)90549-9
https://doi.org/10.1016/0002-9378(95)90549-9
https://doi.org/10.1530/acta.0.0950540
https://doi.org/10.1016/j.jaad.2021.07.048
https://doi.org/10.1095/biolreprod32.5.1051
https://doi.org/10.1016/b978-1-4831-9825-5.50017-8
https://doi.org/10.1161/HYPERTENSIONAHA.119.14057
https://doi.org/10.1161/HYPERTENSIONAHA.119.14057
https://doi.org/10.1016/j.phrs.2021.105859
https://doi.org/10.1016/j.kint.2020.10.035
https://doi.org/10.1016/j.kint.2020.10.035
https://doi.org/10.1016/j.urology.2023.05.001
https://doi.org/10.1016/j.jaad.2018.10.023
https://doi.org/10.1210/endo-94-6-1628
https://doi.org/10.1210/endo-94-6-1628
https://doi.org/10.1097/00045391-199901000-00009
https://doi.org/10.1016/j.bbagrm.2014.05.020
https://doi.org/10.1093/eurheartj/ehac299
https://doi.org/10.2174/1381612825666190215100502
https://doi.org/10.1038/nrcardio.2015.172
https://doi.org/10.1002/jum.16080
https://doi.org/10.1530/EJE-14-0444
https://doi.org/10.2174/1871530322666220509051746
https://doi.org/10.1002/clc.20324
https://doi.org/10.1002/clc.20324
https://doi.org/10.1093/cvr/cvad165
https://doi.org/10.1093/cvr/cvad165
https://doi.org/10.1016/j.sapharm.2023.10.003
https://doi.org/10.1016/j.sapharm.2023.10.003
https://doi.org/10.1210/jendso/bvac085
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1404251

	Case report: A pregnant woman accidental treated with spironolactone in mid-gestation
	Introduction
	Case presentation

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


