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Abstract:

Background: The impact of teratogenic drugs on fetal development remains a critical concern for
pharmaceutical workers and healthcare professionals. These drugs, including neurological, antimicrobial,
and hormonal medications, can cause structural, functional, or growth anomalies during pregnancy,
particularly in the first trimester, a crucial phase of organogenesis.

Aim: This review highlights updated knowledge on teratogenic medications, focusing on their mechanisms,
risks, and outcomes, to aid healthcare professionals in safeguarding maternal and fetal health.

Methods: The study synthesizes findings from recent literature on various classes of teratogenic drugs,
their pharmacological actions, and their specific effects on fetal development. Regulatory frameworks like
the U.S. Food and Drug Administration's Pregnancy and Lactation Labeling Rule (PLLR) are also discussed.

Results: Neurological medications such as antiepileptics (e.g., valproate and carbamazepine) exhibit high
teratogenic potential, leading to neural tube defects, craniofacial malformations, and growth delays.
Antimicrobial agents, including tetracyclines and fluoroquinolones, have been associated with skeletal
growth suppression and renal toxicity. Hormonal drugs like diethylstilbestrol have caused genital
anomalies and adenocarcinomas, while excessive vitamin A intake leads to neural tube and cardiovascular
malformations. Regulatory categories of drug safety emphasize the importance of balancing maternal
benefits against fetal risks.

Conclusion: Teratogenic drugs pose significant risks, necessitating careful risk-benefit assessments and
multidisciplinary management during pregnancy. Education on safer alternatives and adherence to
regulatory guidelines are vital to minimize fetal harm while addressing maternal health needs.

Keywords: Teratogenic drugs, pregnancy, fetal anomalies, neurological medications, antimicrobial drugs,
hormonal drugs, pharmaceutical workers.
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Introduction:

Over recent decades, the medical community has developed a deeper understanding of the
potential detrimental effects of certain drugs on fetal development, particularly when administered during
pregnancy. A notable example is thalidomide, initially marketed as a safe over-the-counter remedy for
morning sickness, which resulted in severe outcomes for the fetus, including miscarriages and congenital
deformities [1]. In 2015, the US Food and Drug Administration (FDA) advanced its drug safety framework
by replacing the traditional "A, B, C, D, X" pregnancy labeling system with the Pregnancy and Lactation
Labeling Rule (PLLR) [2]. The severity of fetal defects depends on the gestational age at exposure, with the
first trimester, a critical phase of organogenesis, being especially vulnerable to major malformations [3]. An
in-depth understanding of teratogenic drugs’ mechanisms, risks, and outcomes is essential for healthcare
professionals to safeguard maternal and fetal health.
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Figure 1: Teratogenicity.
Issues of Concern: Neurological Medications

Neurological medications rank among the most teratogenic drug categories. Antiepileptic drugs
(AEDs), widely prescribed for managing seizures, neuropathic pain, migraines, and psychiatric conditions,
exhibit significant teratogenic risks. At lower doses, AEDs may impair cognitive development, while higher
doses are linked to structural abnormalities [4]. Phenobarbital, for instance, induces CYP450 2B and 3A
gene activity, genetics that cause DNA base transversions. Clinically, this translates to inhibited growth,
delayed motor development, and increased fetal mortality [5][6]. Similarly, valproate poses substantial
teratogenic risks, leading to cardiac defects, neural tube anomalies such as spina bifida, and developmental
delays. It has been associated with fetal valproate syndrome, characterized by distinct facial dysmorphisms,
limb defects, cleft palate, and urinary tract abnormalities [7][8][9]. These outcomes are mediated by folate
inhibition, histone deacetylase disruption, and reactive oxygen species accumulation [10][11].
Carbamazepine, used for epilepsy and bipolar disorder during pregnancy, metabolizes into carbamazepine-
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10,11-epoxide, which damages DNA and is associated with craniofacial anomalies, reduced IQ, and growth
delays [9][12]. Lamotrigine, although deemed one of the safer mood stabilizers for pregnancy, presents a
heightened risk for fetal facial malformations, particularly cleft defects [13][14]. Phenytoin exposure in
utero elevates the risk of fetal phenytoin syndrome (FHS), characterized by growth deficiencies, intellectual
impairments, and facial abnormalities such as a short nose with anteverted nostrils. This teratogenicity
arises from free radicals generated through prostaglandin H synthase bioactivation, leading to oxidative
DNA damage [15][16]. Topiramate, another AED used for epilepsy and migraines, has been associated with
hypospadias and oral clefts in infants, particularly when administered in high doses during pregnancy
[17]]18].

Issues of Concern: Antimicrobial Medications

Antimicrobial drugs, extensively prescribed during pregnancy and lactation, warrant careful
attention due to pharmacokinetic changes in pregnant women and potential fetal harm. Chloramphenicol,
which inhibits bacterial protein synthesis by binding to the 50S ribosomal subunit, can cause dose-
dependent bone marrow suppression and gray baby syndrome, particularly in premature infants with
underdeveloped renal and hepatic metabolism [19][20]. Tetracyclines, known to bind to the 30S ribosomal
subunit, are contraindicated in pregnancy due to risks of liver necrosis, skeletal growth suppression, and
dental defects. Their capacity to cross the placenta and form calcium complexes can result in bone
discoloration and hypoplastic tooth enamel [23][24]. Fluoroquinolones, acting on bacterial DNA gyrase and
topoisomerase IV enzymes, are linked to renal, cardiac, and central nervous system toxicity. Studies have
demonstrated dose-dependent cartilage damage and limb development impairment in embryonic tissues
[21][22]. Streptomycin, an aminoglycoside, is associated with irreversible congenital deafness and should
be avoided, particularly in the first trimester. Other aminoglycosides, such as gentamicin, tobramycin, and
amikacin, may be cautiously administered when the benefits outweigh the risks.
Sulfamethoxazole/trimethoprim poses risks of fetal malformations in early pregnancy and kernicterus in
late gestation, while nitrofurantoin, although generally safe, has been linked to hemolytic anemia in glucose-
6-phosphate dehydrogenase-deficient mothers [21]. Rifampin, safe at recommended doses, can cause fetal
malformations and newborn bleeding at higher dosages [21]. Azole antifungals, particularly fluconazole at
doses exceeding 400 mg/day, have been linked to craniofacial anomalies resembling Antley-Bixler
syndrome, highlighting the need for caution with antifungal prescriptions during pregnancy [25].

Issues of Concern: Anticoagulants

Coumarin derivatives, such as warfarin, are widely recognized for their teratogenic effects during
pregnancy. These compounds function as vitamin K antagonists, disrupting the y-carboxylation of glutamyl
residues, a critical process for normal skeletal development. This impairment often leads to significant fetal
anomalies, including skeletal malformations, nasal hypoplasia, and central nervous system abnormalities.
The most severe manifestation, known as fetal warfarin syndrome (FWS), is particularly likely to occur
when exposure happens between gestational weeks 6 and 9 [26][27]. During this period, the fetus is highly
susceptible to teratogenic insults, making careful management of anticoagulation therapy essential for
pregnant individuals. Alternative anticoagulants with a safer profile, such as low molecular weight
heparins, are often recommended to mitigate these risks. Monitoring maternal coagulation parameters,
alongside a tailored therapeutic approach, is critical to minimize fetal harm while maintaining maternal
health. This underscores the importance of a multidisciplinary team in managing high-risk pregnancies.

Issues of Concern: Antithyroid Medications

Antithyroid drugs, including propylthiouracil (PTU) and methimazole (MMI), are pivotal in
managing hyperthyroidism during pregnancy but present significant teratogenic risks. These medications
inhibit thyroperoxidase, reducing thyroid hormone synthesis. However, they have been associated with
fetal complications such as aplasia cutis and structural anomalies like choanal or esophageal atresia, though
evidence regarding these effects remains contentious [28][29]. Clinical guidelines recommend PTU during
the first trimester due to its relatively lower risk profile compared to MMI, which is preferred later in
pregnancy. Despite these precautions, thyroid dysfunction in pregnancy requires a delicate balance

5497
https://reviewofconphil.com



between controlling maternal hyperthyroidism and minimizing fetal risks. Frequent monitoring of thyroid
hormone levels is essential to adjust dosages appropriately. Ongoing research aims to refine therapeutic
strategies to ensure both maternal and fetal safety while addressing the complex interplay of thyroid
dysfunction and teratogenesis.

Issues of Concern: Vitamin A

Vitamin A, essential for embryonic development, becomes teratogenic when consumed in excessive
amounts through diet or supplements. Retinoic acid, a metabolite of vitamin A, plays a vital role in
embryogenesis but may cause severe malformations if dysregulated. High doses of vitamin A during
pregnancy have been linked to neural tube defects, cardiovascular anomalies, and craniofacial
malformations. These effects are attributed to the interaction of retinoids with cranial neural crest cells and
specific cellular groups within the central nervous system, leading to developmental disruptions [30][31].
Pregnant individuals are advised to limit vitamin A intake, adhering to recommended daily allowances to
avoid teratogenic thresholds. Awareness campaigns and prenatal counseling emphasize the risks
associated with over-the-counter supplements containing high doses of vitamin A or retinoids. The
development of safer alternatives, such as non-teratogenic vitamin A analogs, is ongoing. These measures
underscore the need for vigilant prenatal care and education regarding the teratogenic risks of excessive
vitamin A consumption.

Issues of Concern: Hormonal Medications

Hormonal medications during pregnancy, particularly diethylstilbestrol (DES) and androgenic
steroids, have demonstrated significant teratogenic potential. DES, a synthetic estrogen once prescribed to
prevent miscarriages, is now linked to adverse outcomes, including vaginal and cervical adenocarcinomas
and genital tract anomalies in offspring exposed in utero [32][33]. Its ability to cross the placenta and
metabolize into reactive intermediates amplifies its teratogenic effects. Similarly, androgenic steroids
administered during the first trimester can lead to masculinization of female fetuses, presenting as
clitoromegaly or labial fusion [34]. These findings have prompted regulatory agencies to restrict the use of
such medications during pregnancy. In contemporary practice, hormonal therapies are employed with
caution, ensuring their necessity outweighs potential risks. Genetic counseling and detailed fetal
monitoring are integral to managing pregnancies where hormonal interventions are unavoidable.
Enhanced understanding of hormonal teratogenic mechanisms has also driven advancements in developing
safer therapeutic options for at-risk pregnancies.

Fetal Development and Teratogenic Drugs:

Teratogenic drugs are classified based on their potential to cause harm to a developing fetus.
Regulatory authorities, including the U.S. Food and Drug Administration (FDA), have established categories
to guide healthcare professionals in assessing the risks associated with drug use during pregnancy. These
categories provide a framework for determining the degree of teratogenic risk:

Category A: Drugs in this category have been studied in pregnant women and have demonstrated no risk
to the fetus in the first trimester or later stages of development. These medications are considered safe
when used appropriately.

Category B: Animal studies have shown no evidence of harm to the fetus, but well-controlled studies in
pregnant women are lacking. Alternatively, some animal studies may indicate adverse effects, but human
studies have not confirmed these risks.

Category C: Drugs in this category lack adequate human studies, and animal studies have revealed potential
adverse effects. These medications should only be used if the benefits to the mother outweigh potential
risks to the fetus.

Category D: Evidence from human studies or post-market surveillance indicates a risk to the fetus.
However, these drugs may be considered if the benefits of treatment for life-threatening conditions
outweigh the risks.
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Category X: Medications in this category are contraindicated during pregnancy due to significant evidence
of fetal abnormalities or adverse outcomes. The risks associated with these drugs far outweigh any potential
benefits. By understanding these classifications, healthcare providers can make informed decisions
regarding the use of medications during pregnancy, balancing maternal health needs with fetal safety.

Common Drug-Induced Fetal Anomalies:

Teratogenic drugs are known to cause a variety of fetal anomalies, depending on the type of
medication, the timing of exposure during pregnancy, and the dose administered. These anomalies often
result from interference with normal developmental processes, leading to structural, functional, or growth
abnormalities.

Central Nervous System (CNS) Defects: Drugs such as antiepileptics, including valproate and
carbamazepine, are associated with neural tube defects, including spina bifida. Valproate, in particular,
disrupts folate metabolism, a critical factor in neural tube development, resulting in incomplete closure of
the spinal column.

Cardiovascular Anomalies: Lithium, used to treat bipolar disorder, has been linked to congenital heart
defects, particularly Ebstein’s anomaly. This condition involves the malformation of the tricuspid valve,
impairing cardiac function.

Craniofacial Malformations: Isotretinoin, a retinoid used for severe acne, is a potent teratogen known to
cause craniofacial deformities such as cleft palate and micrognathia. Its mechanism involves disruption of
cranial neural crest cell migration and differentiation.

Limb Defects: Thalidomide, historically prescribed as a sedative, is infamous for causing phocomelia, a
condition characterized by shortened or absent limbs. This occurs due to impaired angiogenesis during
limb bud development.

Skeletal Abnormalities: Warfarin, an anticoagulant, impairs vitamin K-dependent y-carboxylation of
proteins essential for bone development. This can lead to nasal hypoplasia and stippled epiphyses, hallmark
features of fetal warfarin syndrome.

Endocrine Disruptions: Diethylstilbestrol (DES), a synthetic estrogen, is associated with vaginal
adenocarcinoma and reproductive tract malformations in female offspring. Its teratogenic effects are linked
to altered hormonal signaling pathways.

Gastrointestinal Malformations: Methimazole, an antithyroid drug, is implicated in choanal and
esophageal atresia, conditions that obstruct normal airway and digestive tract development.
Miscellaneous Anomalies: Nonsteroidal anti-inflammatory drugs (NSAIDs) such as ibuprofen can cause
premature closure of the ductus arteriosus, leading to pulmonary hypertension in the neonate. The severity
of these anomalies underscores the necessity for healthcare providers to exercise caution when prescribing
medications to pregnant women. By understanding the teratogenic potential of specific drugs, clinicians
can implement preventive strategies, prioritize alternative treatments, and counsel patients effectively to
reduce fetal risks.

Role of Pharmacists in Dealing with Pregnancy and Teratogenic Drugs:

Pharmacists play a pivotal role in ensuring the safe and effective use of medications during
pregnancy, particularly in the context of teratogenic drugs. Their unique expertise in pharmacology and
patient counseling equips them to mitigate the risks associated with teratogens while prioritizing both
maternal and fetal health. This responsibility encompasses various aspects, including medication
management, patient education, risk assessment, and interprofessional collaboration.

Medication Management and Risk Mitigation

Pharmacists are at the forefront of managing medications for pregnant women, particularly in
cases where teratogenic drugs are involved. Their responsibilities include conducting thorough reviews of
patients’ medication histories to identify and mitigate potential risks. Pharmacists ensure that medications
prescribed during pregnancy align with established safety guidelines and regulatory classifications, such
as the FDA's pregnancy categories. They also assess the appropriateness of drug therapy, considering the
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balance between maternal health needs and fetal safety. When necessary, pharmacists recommend
alternative therapies with lower teratogenic risks or suggest dose adjustments to minimize fetal exposure
while maintaining therapeutic efficacy for the mother.

Patient Education and Counseling

Patient education is a cornerstone of pharmacists’ role in dealing with teratogenic drugs. Pregnant
women may lack awareness of the potential risks associated with specific medications. Pharmacists are
instrumental in providing clear, evidence-based information about the teratogenic potential of drugs,
including possible fetal anomalies and developmental effects. They counsel patients on the importance of
adhering to prescribed regimens, avoiding over-the-counter medications without professional guidance,
and understanding the consequences of noncompliance. This guidance empowers pregnant women to
make informed decisions regarding their medication use, thereby reducing the likelihood of inadvertent
exposure to teratogens.

Risk Assessment and Preconception Planning

Pharmacists play a critical role in risk assessment, particularly for women of childbearing age who
are planning pregnancy or are at risk of unplanned pregnancies. By reviewing medication profiles and
medical histories, pharmacists can identify teratogenic risks and engage in preconception counseling. For
women on teratogenic drugs, pharmacists may collaborate with physicians to implement pregnancy
prevention programs, such as prescribing contraceptives or initiating patient education on effective birth
control methods. These strategies are essential for minimizing unintended teratogenic exposure during the
critical early stages of fetal development.

Monitoring and Pharmacovigilance

Pharmacists actively participate in monitoring and reporting adverse drug reactions associated
with teratogenic drugs. This pharmacovigilance role involves tracking maternal and fetal outcomes in cases
where teratogenic medications are used. By maintaining meticulous records and contributing to post-
market surveillance data, pharmacists help refine safety profiles for medications and support evidence-
based decision-making in clinical practice. Monitoring efforts also enable early identification of potential
teratogenic effects, facilitating timely interventions and adjustments to treatment protocols.

Interprofessional Collaboration

Effective management of teratogenic drugs during pregnancy requires collaboration among
healthcare professionals, and pharmacists are integral members of this interprofessional team. They work
alongside physicians, nurses, and other specialists to develop individualized care plans for pregnant
patients. Pharmacists contribute their expertise in drug interactions, pharmacokinetics, and teratogenicity
to inform prescribing decisions and optimize patient outcomes. Additionally, pharmacists play a key role in
educating other healthcare providers about the safe use of medications in pregnancy, fostering a unified
approach to minimizing teratogenic risks.

Ethical Considerations and Patient Autonomy

Pharmacists are bound by ethical responsibilities to prioritize patient safety and autonomy. When
dealing with teratogenic drugs, they must navigate complex scenarios involving potential risks to the fetus
while respecting the mother’s right to make informed choices about her treatment. Pharmacists ensure that
patients are fully informed of the benefits, risks, and alternatives to their prescribed medications, enabling
them to weigh their options and make decisions aligned with their values and circumstances. This ethical
approach fosters trust between pharmacists and patients and reinforces the importance of patient-centered
care.

Role in Emergency Situations

In cases where a pregnant woman inadvertently takes a teratogenic drug or experiences
complications related to medication use, pharmacists provide critical support. They assess the severity of
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potential fetal harm and collaborate with the healthcare team to determine appropriate interventions.
Pharmacists may recommend diagnostic tests, such as ultrasounds or amniocentesis, to evaluate fetal
development and guide clinical decision-making. Their expertise in managing drug-related emergencies
ensures timely and effective responses, reducing the likelihood of adverse outcomes.

Research and Continuing Education

Pharmacists contribute to advancing knowledge in the field of teratology through research and
participation in continuing education programs. By staying abreast of emerging data on teratogenic drugs,
pharmacists ensure that their practice reflects the latest scientific evidence. They may also engage in clinical
studies investigating the safety and efficacy of medications during pregnancy, furthering the understanding
of teratogenic risks and informing future guidelines.

Policy Development and Advocacy

Pharmacists play a role in shaping policies and advocating for regulations that promote safe
medication use during pregnancy. They may collaborate with healthcare organizations, regulatory agencies,
and advocacy groups to develop guidelines for prescribing teratogenic drugs and implementing risk
management programs. Through their advocacy efforts, pharmacists help raise awareness of teratogenic
risks and emphasize the importance of preventive measures at both individual and systemic levels. In
conclusion, pharmacists serve as essential healthcare providers in managing the complexities of teratogenic
drug use during pregnancy. Their multifaceted role encompasses medication management, patient
education, risk assessment, interprofessional collaboration, and advocacy. By leveraging their expertise and
commitment to patient safety, pharmacists play a critical role in safeguarding maternal and fetal health
while addressing the unique challenges posed by teratogenic drugs.

Clinical Significance

The importance of addressing teratogenic drugs in clinical practice cannot be overstated, as their
potential to cause significant harm to a developing fetus represents a critical concern in healthcare. Medical
professionals are tasked with the responsibility of understanding the profound implications these
substances have on pregnancy outcomes. Exposure to teratogenic agents during gestation is associated
with a spectrum of adverse effects, including congenital anomalies, developmental delays, pregnancy loss,
and enduring health complications for the child. This necessitates a rigorous approach to prescribing,
underscored by informed decision-making on the part of both healthcare providers and expectant mothers.
Comprehensive knowledge of teratogenic mechanisms, along with emerging research findings, is
fundamental to designing effective prevention strategies. Such strategies aim to mitigate risks and enhance
the safety of maternal and fetal health, ensuring the highest standards of care for pregnant individuals.

Interprofessional Team Interventions

The ethical and judicious management of teratogenic drugs relies on a cohesive interprofessional
healthcare team equipped with specialized expertise and a commitment to patient-centered care. By
fostering collaboration among clinicians, nurses, pharmacists, and other healthcare professionals, the risks
associated with teratogenic drug use can be minimized while optimizing maternal and fetal outcomes.
Healthcare providers must maintain a high level of proficiency and understanding of teratogenic drugs.
Prior to prescribing, obtaining a comprehensive medication history is essential to avoid clinically significant
drug interactions. Physicians and advanced practice providers should have an in-depth comprehension of
potential risks and pharmacological interactions. Pharmacists play a pivotal role in medication
reconciliation, addressing questions, and supporting team decision-making. Additionally, nurses and allied
health professionals must demonstrate competence in drug administration, ongoing monitoring, and
patient education to safeguard both mother and child. A robust strategy for managing teratogenic drug use
is indispensable. The interprofessional team should collaborate to establish standardized protocols
encompassing prescribing, monitoring, and patient education. These protocols should emphasize risk
assessment and foster a culture of patient safety. Engaging the pregnant patient in discussions about the
potential risks of medication therapy is critical. The principles of informed consent and patient autonomy
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should guide these interactions, with the shared goal of prioritizing the health of both the mother and the
fetus. Transparent and empathetic communication ensures that patients are empowered to make well-
informed decisions about their treatment, reinforcing trust and partnership in the care process.

Conclusion:

Teratogenic medications continue to present challenges for healthcare professionals tasked with
ensuring both maternal and fetal well-being. Understanding the mechanisms, risks, and outcomes
associated with these drugs is essential for minimizing adverse effects. Neurological medications, including
antiepileptics such as valproate and carbamazepine, exemplify the dangers posed by teratogens, with
outcomes ranging from neural tube defects to developmental delays. These risks underscore the need for
individualized risk assessments and alternative therapies when managing conditions like epilepsy and
bipolar disorder in pregnant patients. Antimicrobial agents, widely prescribed during pregnancy, also
require cautious use. Drugs like tetracyclines and fluoroquinolones, though effective, are linked to skeletal
and renal anomalies, emphasizing the necessity of prescribing safer alternatives whenever possible.
Hormonal medications and excessive vitamin A intake further highlight the complex interplay between
maternal health needs and fetal safety. Historical cases, such as diethylstilbestrol, have demonstrated the
long-term consequences of teratogenic exposure, influencing modern regulatory frameworks and
prescribing practices. Regulatory systems, such as the U.S. FDA's Pregnancy and Lactation Labeling Rule,
play a pivotal role in guiding healthcare professionals by categorizing drugs based on their teratogenic
potential. These frameworks enable informed decision-making, balancing the benefits of treatment against
the risks of fetal harm. Moreover, the classification of teratogens into categories (A through X) offers a
structured approach to evaluate and mitigate risks. To ensure optimal care, interdisciplinary collaboration
among obstetricians, pharmacists, and other healthcare providers is crucial. Ongoing education for
pharmaceutical workers and healthcare professionals can enhance awareness of teratogenic risks and
foster the adoption of safer therapeutic options. Personalized counseling for pregnant patients and
meticulous monitoring of drug use are vital components of prenatal care. Future research should focus on
refining therapeutic strategies and developing non-teratogenic alternatives to address maternal health
needs without compromising fetal development. In conclusion, the management of teratogenic medications
demands a nuanced understanding of their pharmacological actions, coupled with adherence to regulatory
guidelines. By prioritizing maternal and fetal safety, healthcare professionals can contribute to reducing the
burden of drug-induced fetal anomalies while advancing maternal healthcare outcomes.

References:

Thalidomide Teratogenic Effects Linked to Degradation of SALL4: After 60 years, researchers have now
shed light on the mechanism underlying thalidomide's devastating teratogenic effects. Am ] Med Genet
A.2018 Dec;176(12):2538-2539.

Alem G, Awuonda M, Haastrup D, Anyiwo A, Daftary M, Wingate L, Ettienne E. Evaluation of knowledge of
the new Pregnancy and Lactation Labeling Rule among pharmacists and physicians. ] Am Pharm Assoc
(2003). 2022 Mar-Apr;62(2):427-431.

Kennedy MLH. Medication management of bipolar disorder during the reproductive years. Ment Health
Clin. 2017 Nov;7(6):255-261.

Tomson T, Sha L, Chen L. Management of epilepsy in pregnancy: What we still need to learn. Epilepsy Behav
Rep. 2023;24:100624.

Ornoy A. Neuroteratogens in man: an overview with special emphasis on the teratogenicity of antiepileptic
drugs in pregnancy. Reprod Toxicol. 2006 Aug;22(2):214-26.

Mantovani A, Calamandrei G. Delayed developmental effects following prenatal exposure to drugs. Curr
Pharm Des. 2001 Jun;7(9):859-80.

Kennedy D, Koren G. Valproic acid use in psychiatry: issues in treating women of reproductive age. ]
Psychiatry Neurosci. 1998 Sep;23(4):223-8.

Ornoy A. Valproic acid in pregnancy: how much are we endangering the embryo and fetus? Reprod
Toxicol. 2009 Jul;28(1):1-10.

5502
https://reviewofconphil.com



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.

Nie Q Su B, Wei ]. Neurological teratogenic effects of antiepileptic drugs during pregnancy. Exp Ther
Med. 2016 Oct;12(4):2400-2404.

DiLiberti JH, Farndon PA, Dennis NR, Curry C]. The fetal valproate syndrome. Am ] Med Genet. 1984
Nov;19(3):473-81.

Andrade C. Valproate in Pregnancy: Recent Research and Regulatory Responses. ] Clin Psychiatry. 2018
May/Jun;79(3)

Hansen DK, Dial SL, Terry KK, Grafton TE. In vitro embryotoxicity of carbamazepine and carbamazepine-10,
11-epoxide. Teratology. 1996 Jul;54(1):45-51.

Cunnington M, Tennis P, International Lamotrigine Pregnancy Registry Scientific Advisory Committee.
Lamotrigine and the risk of malformations in pregnancy. Neurology. 2005 Mar 22;64(6):955-60.

Tennis P, Eldridge RR. International Lamotrigine Pregnancy Registry Scientific Advisory Committee.
Preliminary results on pregnancy outcomes in women using lamotrigine. Epilepsia. 2002 Oct;43(10):1161-
7.

Allen RW, Ogden B, Bentley FL, Jung AL. Fetal hydantoin syndrome, neuroblastoma, and hemorrhagic
disease in a neonate. JAMA. 1980 Sep 26;244(13):1464-5.

Parman T, Chen G, Wells PG. Free radical intermediates of phenytoin and related teratogens. Prostaglandin
H synthase-catalyzed bioactivation, electron paramagnetic resonance spectrometry, and photochemical
product analysis. ] Biol Chem. 1998 Sep 25;273(39):25079-88.

Hunt S, Russell A, Smithson WH, Parsons L, Robertson I, Waddell R, Irwin B, Morrison PJ], Morrow ], Craig J.,
UK Epilepsy and Pregnancy Register. Topiramate in pregnancy: preliminary experience from the UK
Epilepsy and Pregnancy Register. Neurology. 2008 Jul 22;71(4):272-6.

Hernandez-Diaz S, Huybrechts KF, Desai R], Cohen JM, Mogun H, Pennell PB, Bateman BT, Patorno E.
Topiramate use early in pregnancy and the risk of oral clefts: A pregnancy cohort study. Neurology. 2018
Jan 23;90(4):e342-e351.

Andrade SE, Gurwitz JH, Davis RL, Chan KA, Finkelstein JA, Fortman K, McPhillips H, Raebel MA, Roblin D,
Smith DH, Yood MU, Morse AN, Platt R. Prescription drug use in pregnancy. Am ] Obstet Gynecol. 2004
Aug;191(2):398-407.

Cummings ED, Kong EL, Edens MA. StatPearls [Internet]. StatPearls Publishing; Treasure Island (FL): Aug
28, 2023. Gray Baby Syndrome.

Bookstaver PB, Bland CM, Griffin B, Stover KR, Eiland LS, McLaughlin M. A Review of Antibiotic Use in
Pregnancy. Pharmacotherapy. 2015 Nov;35(11):1052-62.

Yefet E, Salim R, Chazan B, Akel H, Romano S, Nachum Z. The safety of quinolones in pregnancy. Obstet
Gynecol Surv. 2014 Nov;69(11):681-94.

Newman BG. Tetracycline in pregnancy? Ann Intern Med. 1971 Oct;75(4):648-9.

Beckman DA, Brent RL. Mechanisms of teratogenesis. Annu Rev Pharmacol Toxicol. 1984;24:483-500.
Pilmis B, Jullien V, Sobel ], Lecuit M, Lortholary O, Charlier C. Antifungal drugs during pregnancy: an updated
review. ] Antimicrob Chemother. 2015 Jan;70(1):14-22.

Rahul M, Shrivastava N, Tewari N, Mathur V. Dentofacial manifestations of fetal warfarin syndrome in a
paediatric patient. BM] Case Rep. 2022 Jan 17;15(1)

Birbal R, Olaniyi O, Clarke P. Extreme preterm neonate with fetal warfarin syndrome. Arch Dis Child Fetal
Neonatal Ed. 2023 May;108(3):293-294.

Manna D, Roy G, Mugesh G. Antithyroid drugs and their analogues: synthesis, structure, and mechanism of
action. Acc Chem Res. 2013 Nov 19;46(11):2706-15.

Azizi F, Amouzegar A. Management of hyperthyroidism during pregnancy and lactation. Eur ]
Endocrinol. 2011 Jun;164(6):871-6.

Soprano DR, Soprano K]. Retinoids as teratogens. Annu Rev Nutr. 1995;15:111-32.

Piersma AH, Hessel EV, Staal YC. Retinoic acid in developmental toxicology: Teratogen, morphogen and
biomarker. Reprod Toxicol. 2017 Sep;72:53-61.

Mittendorf R. Teratogen update: carcinogenesis and teratogenesis associated with exposure to
diethylstilbestrol (DES) in utero. Teratology. 1995 Jun;51(6):435-45.

5503
https://reviewofconphil.com



33.

34.

van Gelder MM, van Rooij 1A, Miller RK, Zielhuis GA, de Jong-van den Berg LT, Roeleveld N. Teratogenic
mechanisms of medical drugs. Hum Reprod Update. 2010 Jul-Aug;16(4):378-94.

Kanayama G, Pope HG. Illicit use of androgens and other hormones: recent advances. Curr Opin Endocrinol
Diabetes Obes. 2012 Jun;19(3):211-9.

Wagall § orbolal] Busms dan e : A2 ogddd Al | 29s

:QARJ.“

290%1 U3 3 Lay (a8 s (Slay Aumiall Ayle g Waiall Jlme G cnbolald 10 318 juimn il sas e La¥ o9l Al Byga¥l 3l oyt Aualst]
0995 Aol Ay aad ) Jo¥1 Elill G Bolse cJoodl 848 D5 said) G ol Audulsg of AlSen lag i carad o0f ¢ Auig el 2 9,Sl) ilslially Zuppaall
.r-Lfa.Cy‘

Bleyll 3 paimseall BueLud ety Lasbolins LT e ST ao ciua¥l o9 4 ual 2390%) Joo sl 2850l e e ginll 2|l sda Lalust Sudl
LS il gl (e Baaell Lal il causlgud) Llae ulilly a1l o5 8 Al 259591 (p0 2alisll liall Joo Ayt ool s cordl pomy? il
(PLLR).2S0,¥1 clgully ¢1dadl 5ylal Loliedl Aelin Ny Jad) Cagisms sacls Jto abasall Y adley

drgll lagddy guandl csudll Gsue ) o5 Len Adle 5545 503 (asbelylg ol g dlall Jia) gall clalian Jie dumasdl 291 oy lail mladd
Aiga ) A0a¥ Curad . IS Bpang o) (S g Jadny e niliglginSg yslally oSl Al o el g, Seall Baliall Jolgall cdayly . gaidl 15-lg prLazells
S35 Aedall Bgad) A g¥ly quanll ig¥ § cilagad I (1) cnelind Jolis 3 Lol 6ol Laiys (Bpue ol ygly ubuolis Silag i 3 J g fuesbine Jus) Il Jia
onimd) boliag a1 Wilgd oy o3leal) Badizes Aol 2o9aY Aadlad Apagdaiall luall

ol malatdl day . Josedl oLl cilimsmsedll Bauaze 8ylalg slgally Jlolieall 35,85 cilewsds o3l Lo (BuS ol ¥l o9t Al Auga¥ JSLAST Lol
A Amio il Lo | Al o il e s il s By, Bl Apanlacall loli il o 150919 Glol S sl

Aaall @ ogleladl casga sl &ﬂjﬂl cligySeall ssbiall &ﬂjf){\ cdnall 3\._9:5(1 conizdl Slagdd (Jasedl (il sg-ad) Aud] &9;}1\: ALl ol

5504
https://reviewofconphil.com



