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1 ABSTRACT 

In the evolving landscape of modern medicine, teratogenicity 

has gained renewed attention due to the rising prevalence of 

drug exposure during pregnancy, both intentional and 

unintentional. With the advancement of pharmacotherapy, 

women of reproductive age are increasingly prescribed 

complex medication regimens, leading to a higher risk of fetal 

developmental toxicity. Teratogenic effects arise when drugs 

interfere with normal embryonic or fetal development, resulting 

in congenital anomalies, growth retardation, or functional 

disorders. The outcome largely depends on the timing of 

exposure—where the embryonic period (3
rd

 to 8
th

 week) is most 

critical for organ formation, while the fetal stage is sensitive to 

functional and growth disturbances. This review explores the 

stage specific teratogenic mechanisms of diverse drug classes 

such as antiepileptics, retinoids, anticoagulants, ACE inhibitors,  

antibiotics, and chemotherapeutic agents. It further highlights recent trends emphasizing the 

role of pharmacogenomics, artificial intelligence, and predictive modeling in identifying 

teratogenic risks before clinical manifestation. Additionally, emerging issues like 

polypharmacy, selfmedication, and environmental drug contamination are discussed as novel 

contributors to developmental toxicity. The unique perspective of this review lies in 

connecting classical teratogenic knowledge with modern predictive science to support safer 

drug design and personalized therapy during pregnancy. Future research focusing on 
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molecular biomarkers and AI-driven teratogen screening could revolutionize prenatal drug 

safety and minimize preventable birth defects.
[1,2,3]

 

 

KEYWORDS: Teratogenicity, Pregnancy, Pharmacogenomics, Artificial intelligence, 

Polypharmacy, Congenital anomalies, Predictive toxicology, Pharmacovigilance, Digital 

health. 

 

2 INTRODUCTION 

Teratogenicity refers to the ability of an agent (drug, chemical, infection, or physical factor) 

to produce congenital malformations or functional deficits in the developing embryo or fetus. 

Druginduced teratogenesis remains a major concern in clinical practice and public health 

because many pregnant patients require medication for chronic or acute conditions, and 

prenatal exposure can lead to lifelong disability, neurodevelopmental impairment, or fetal 

loss. A review that examines how different drugs exert teratogenic effects at specific stages 

of pregnancy helps clinicians balance maternal benefit against fetal risk, informs counselling, 

and guides safer prescribing. 

 

Teratogenicity refers to the ability of an agent such as a drug, chemical, infection, or physical 

factor to produce congenital malformations or functional deficits in the developing embryo or 

fetus Drug-induced teratogenesis remains a major concern in clinical practice and public 

health, as many pregnant women require medication for chronic or acute medical conditions. 

Prenatal exposure to certain drugs can lead to irreversible outcomes such as growth 

retardation, structural malformations, neurodevelopmental impairment, or even fetal loss. 

Therefore, understanding drug safety during pregnancy is essential to ensure both maternal 

well-being and fetal protection. 

 

The susceptibility of the embryo or fetus to teratogenic agents largely depends on the stage of 

pregnancy at the time of exposure. During the pre-implantation stage, drug exposure may 

cause ―all-or-none‖ effects, whereas the organogenesis period (3
rd

–8
th

 week) poses the 

highest risk for major congenital malformations. Exposure during the fetal stage (after the 8
th

 

week) generally results in growth retardation or functional deficits rather than gross structural 

defects. Various drugs including antiepileptics, retinoids, anticoagulants, and antineoplastic 

agents are known to produce teratogenic outcomes through mechanisms such as interference 

with cell differentiation, DNA synthesis, or oxidative stress. Hence, this review focuses on 

evaluating the teratogenic potential of different drugs across the stages of pregnancy, 
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emphasizing mechanisms, clinical consequences, and strategies for safer pharmacotherapy in 

pregnant women.
[4,5]

 

 

3 WHAT IS A TERATOGEN? 

A teratogen is any substance, drug, chemical, infection, or physical agent that can cause 

structural or functional abnormalities in a developing embryo or fetus when exposure occurs 

during pregnancy. The severity and type of defect depend on factors such as the dose, timing of 

exposure, genetic susceptibility, and maternal health conditions.
[6,7,8] 

 

4 HISTORICAL BACKGROUND OF TERATOLOGY 

The study of birth defects, or teratology, dates back to ancient civilizations, where congenital 

anomalies were often attributed to supernatural or moral causes. Modern scientific teratology 

began in the 20
th

 century, particularly after the thalidomide tragedy (1950s–1960s), which led 

to thousands of infants born with limb deformities due to prenatal drug exposure. This event 

marked a turning point, prompting stricter drug safety regulations, establishment of 

pregnancy risk categories, and deeper investigation into developmental toxicology.
[9,10]

 

 

 

 

5 ETIOLOGY OF TERATOGENESIS (TRENDING AND UNIQUE) 

Teratogenesis is a multifactorial phenomenon resulting from the complex interplay between 

genetic predisposition, environmental exposure, and maternal physiological conditions. The 

etiological factors of teratogenesis have evolved from being viewed as purely chemical or 

drug- induced to involving intricate molecular, cellular, and epigenetic mechanisms that 

disrupt the highly coordinated process of embryonic development.
[14,16]
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Fig. 1: Etiology of the Teratogenicity. 

 

• Etiology of Teratogenicity (with Percentage Contribution) 

Teratogenicity results from a wide variety of causes that interfere with normal embryonic or 

fetal development. Epidemiological data suggest that most congenital malformations are 

multifactorial, involving both genetic and environmental influences. The approximate 

contribution of different etiological factors is as follows:
[18,20]

 

 

 

Fig. 2: Percentage Distribution of Etiological Factors in Teratogenesis. 

 

6 WHY TIMING MATTERS: CRITICAL WINDOWS OF DEVELOPMENT 

Embryonic and fetal development proceeds through well-defined stages. The timing of 

exposure to a teratogen is at least as important as the dose or the agent itself 
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• Pre‑implantation (conception to ~2 weeks) — often called the ―all‑or‑none‖ period: 

high‑dose insults typically cause embryonic loss, while surviving embryos are usually not 

malformed. 

• Embryonic period (approx. Weeks 3–8) — the period of organogenesis and the most 

sensitive window for structural malformations. Exposure to teratogens during this 

window commonly produces major congenital anomalies (e.g., limb, cardiac, craniofacial 

defects). 

• Fetal period (approx. Week 9 to term) — continued growth and functional maturation. 

Teratogenic exposures in this stage tend to cause growth restriction, impaired organ 

maturation, neurodevelopmental disorders, or functional deficits rather than gross 

structural malformations.
[22,25]

 

 

 

Fig. 3: Timeline of fetal development and critical window. 

 

7 PRINCIPLES OF TERATOLOGY (TRENDING AND UNIQUE PERSPECTIVES) 

The study of teratology revolves around understanding how various factors disrupt normal 

embryonic development and lead to congenital anomalies. Modern research has evolved 

beyond classical observations and now integrates genomics, epigenetics, molecular signaling, 

and environmental toxicology to explain how teratogens act. The following are six trending 

and uniquely redefined principles of teratology that reflect today’s scientific understanding. 
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• Principle 1: Genetic–Epigenetic Susceptibility 

The response of the embryo to a teratogen is determined by its genetic makeup and epigenetic 

regulation. Teratogens can alter gene expression through DNA methylation, histone 

modification, or non-coding RNAs, leading to long-term developmental effects. 

 

Example: Valproic acid modifies histone acetylation, disturbing neural tube formation. 

 

• Principle 2: Developmental Stage–Dependent Sensitivity 

The timing of exposure defines the type and severity of the defect. During organogenesis (3–

8 weeks), structural malformations are most likely, while later exposure may affect function, 

growth, or neurobehavior. 

 

Example: Thalidomide exposure during limb bud formation leads to phocomelia. 

 

• Principle 3: Molecular Pathway Interference 

Each teratogen acts through specific cellular and molecular pathways—such as interference 

with cell signaling, oxidative stress, apoptosis, or angiogenesis. 

 

Example: Isotretinoin disrupts retinoic acid signaling, impairing craniofacial development. 

 

• Principle 4: Dose, Duration, and Combined Exposure Relationship 

Teratogenic effects follow a dose–response relationship; higher doses or longer exposures 

cause more severe outcomes. Modern studies also emphasize polyteratogenic exposure, where 

multiple mild agents together produce significant effects. 

 

Example: Co-exposure to alcohol and nicotine enhances fetal growth restriction. 

 

• Principle 5: Maternal and Placental Mediation 

Teratogenic effects are influenced by maternal metabolism, placental transfer, and nutritional 

status. The placenta is not just a barrier but an active modulator of fetal exposure. 

 

Example: Drugs with high lipid solubility like alcohol or isotretinoin cross the placenta easily 

and affect fetal organs. 

 

• Principle 6: Spectrum of Developmental Manifestations 

Teratogenesis produces a continuum of outcomes, ranging from cell death to functional or 

behavioral abnormalities. New technologies like AI-based fetal imaging and 
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neurodevelopmental biomarkers are improving early detection. 

 

Example: Prenatal exposure to antiepileptic drugs may cause cognitive or behavioral 

impairments in later childhood.
[28,29]

 

 

 

Fig. 4: Sensitivity to teratogens during pregnancy. 

 

8 TERATOGENIC DRUG 

1. Lenalidomide  

2. Isotretinoin 

3. Valproic Acid 

4. Methotrexate 

5. Misoprostol 

6. Warfarin 

7. Mycophenolate mofetil 

8. Thalidomide 

9. Topiramate 

10. ACE inhibitors (e.g., Enalapril, Lisinopril). 
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Table: Teratogenic drug and their effect on fetus.
[30,31,32]

 

 

 

9. SELECTED DRUGS KNOWN TO POSE TERATOGENIC RISKS DURING 

PREGNANCY AND THE SPECIFIC FETAL EFFECTS LINKED TO THEIR 

EXPOSURE 

 

1. Lenalidomide and Pregnancy 

• Historical Background 

Lenalidomide was developed in the late 1990s as a safer derivative of thalidomide, the 

drug responsible for the1960s global tragedy of birth defects (phocomelia). 

 

Scientists modified thalidomide’s chemical structure hoping to retain its anti-cancer. and 

immunomodulatory benefits while reducing teratogenicity. 

 

However, animal studies and post-marketing surveillance later confirmed that lenalidomide 

remains highly teratogenic, with effects similar to or worse than thalidomide in embryonic 

development. 

 

This led to strict pregnancy prevention programs and REMS (Risk Evaluation and Mitigation 

Strategy) systems worldwide. 

 

• Lenalidomide Syndrome 

The term ―Lenalidomide Syndrome‖ refers to the cluster of congenital abnormalities seen in 

fetuses exposed to lenalidomide in utero — similar to, but distinct from, thalidomide 

embryopathy. 

 

Typical features include 

• Limb reduction defects (shortened or missing limbs) 
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• Facial anomalies (low-set ears, cleft palate) 

• Cardiac defects 

• Urogenital malformations 

 

It is considered a modern variant of thalidomide embryopathy, caused by the same Cereblon 

mediated pathway. 

 

 

Fig. 5: Lenalidomide syndrome. 

 

2 Isotretinoin and pregnancy 

• Historical background 

1982: Isotretinoin (brand name Accutane) was introduced for severe acne. 

 

Early 1980s: Soon after its approval, reports appeared of infants born with severe 

congenital malformations when mothers had taken isotretinoin during pregnancy. 

1985 onward: Multiple case studies linked isotretinoin with a characteristic pattern of birth 

defects — termed Isotretinoin Embryopathy or Isotretinoin Syndrome. 

 

As a result, strict pregnancy prevention programs such as iPLEDGE (U.S.) were established 

to control its use. 

 

• Isotretinoin Syndrome (Retinoid Embryopathy) 

Isotretinoin Syndrome, also known as Retinoid Embryopathy, refers to a distinct pattern of 

congenital malformations that occur in fetuses exposed to isotretinoin (a retinoid derivative of 
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vitamin A) during early pregnancy, particularly during organogenesis (first trimester). 

 

 

 

Fig. 6: Isotretinoin Syndrome (Retinoid Embryopathy). 

 

3. Valproic Acid and pregnancy 

• Historical background 

1967: Valproic acid introduced as an antiepileptic agent. 

1980s: First reports emerged linking valproic acid use in pregnancy to neural tube defects 

(NTDs) such as spina bifida. 

1990s–2000s: Increasing evidence of developmental delays, autism spectrum disorders, and 

craniofacial defects in exposed children. 

 

This led to major regulatory warnings and pregnancy prevention programs for women of 

reproductive age taking valproate. 

 

• Valproic Acid Syndrome (Fetal Valproate Syndrome) 

Valproic Acid Syndrome (VAS) — also known as Fetal Valproate Syndrome (FVS) — refers 

to a distinct group of congenital malformations and neurodevelopmental defects that occur in 

babies born to mothers who took valproic acid during early pregnancy, especially during the 
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first trimester (3
rd

–8
th

 week of gestation). 

 

 

Fig. 7: Valproic Acid Syndrome (Fetal Valproate Syndrome). 

 

4 Methotrexate and pregnancy 

• Historical background 

1940s: Developed as one of the first antifolate chemotherapeutic drugs (by Sidney Farber). 

1950s–1960s: Widely used for malignancies and autoimmune diseases. 

1970s: Reports emerged of fetal malformations and growth retardation in infants exposed in 

utero. 

1980s: Recognized as a definite human teratogen, leading to classification as Pregnancy 

Category X. 

Today: Use during pregnancy is strictly contraindicated, except for intentional pregnancy 

termination or ectopic pregnancy management 

 

• Methotrexate Syndrome (Fetal Methotrexate Syndrome) 

Methotrexate Syndrome, also known as Fetal Methotrexate Syndrome (FMS), refers to a 

characteristic pattern of congenital malformations, growth restriction, and 

developmental abnormalities that occur when the fetus is exposed to methotrexate during 

early pregnancy, particularly during the critical period of organogenesis (6–8 weeks of 

gestation). 
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Fig. 8: Methotrexate Syndrome (Fetal Methotrexate Syndrome. 

 

5 Misoprostol and pregnancy 

• Historical background 

1980s: Misoprostol introduced for prevention of NSAID-induced gastric ulcers. 

Soon after, it was recognized for its uterotonic property, leading to widespread use in medical 

abortion. 

1990s: Reports emerged from Brazil and Latin America of babies born with congenital 

anomalies following failed abortion attempts with misoprostol. 

This led to the recognition of a distinct pattern of fetal abnormalities called the 

Misoprostol Syndrome. 

 

• Misoprostol Syndrome (Fetal Misoprostol Syndrome) 

Misoprostol Syndrome, also known as Fetal Misoprostol Syndrome (FMS), refers to a 

distinct pattern of congenital malformations that occur when a fetus is exposed to misoprostol 

during early pregnancy, especially in failed abortion attempts. 

 

The abnormalities arise due to vascular disruption and uterine ischemia rather than direct 

genetic damage. 
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Fig. 9: Misoprostol Syndrome (Fetal Misoprostol Syndrome). 

 

6. Warfarin and pregnancy 

• Historical background 

1940s: Warfarin developed as a rodenticide and later as a therapeutic anticoagulant in humans. 

1950s: Reports began emerging of fetal malformations and miscarriages in mothers taking 

warfarin. 

1960s–1970s: Characteristic pattern of defects recognized and named Fetal Warfarin 

Syndrome (Warfarin Embryopathy). 

 

Since then, strict recommendations have been made to avoid warfarin in pregnancy, 

especially during the first trimester. 

 

• Warfarin Syndrome (Fetal Warfarin Syndrome) 

Warfarin Syndrome (FWS) — also called Warfarin Embryopathy — is a congenital 

malformation syndrome caused by maternal use of warfarin during early pregnancy, typically 

between the 6
th

 and 12
th

 weeks of gestation.
[34,35] 

 

 

Fig. 10: Warfarin Syndrome (Fetal Warfarin Syndrome). 



Bajarang et al.                                                                    World Journal of Pharmaceutical Research 
 

www.wjpr.net    │    Vol 15, Issue 1, 2026.    │   ISO 9001: 2015 Certified Journal      │ 

 

 

 

 

1569 

7. Mycophenolate mofetil and pregnancy 

• Historical background 

1995: Mycophenolate mofetil was approved for clinical use in transplant patients. 

Early 2000s: Case reports and registry data began showing increased rates of spontaneous 

abortions and birth defects among women exposed during pregnancy. 

2007: The U.S. FDA issued a black box warning for teratogenicity and mandated a pregnancy 

prevention program. 

 

These findings led to the recognition of a distinct pattern of birth defects — now termed 

Mycophenolate Mofetil Embryopathy (MMF Syndrome). 

 

• Mycophenolate Mofetil Syndrome (Embryopathy) 

Mycophenolate Mofetil Syndrome (MMF Embryopathy) refers to a distinct pattern of 

congenital malformations seen in fetuses exposed in-utero to Mycophenolate Mofetil (MMF) 

or its active metabolite Mycophenolic Acid (MPA), especially during the first trimester of 

pregnancy. 

 

 

Fig. 11: Mycophenolate Mofetil Syndrome (Embryopathy). 

 

8. Thalidomide And pregnancy 

• Historical background 

1957: Thalidomide was first marketed in West Germany as a safe over-the-counter sedative 

and anti-nausea drug (brand name Contergan). 

1959–1961: Thousands of infants were born with severe limb and organ malformations — a 

global medical disaster. 

1961: Dr. William McBride (Australia) and Dr. Lenz (Germany) identified thalidomide as the 
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cause of these birth defects. 

 

Following this, thalidomide was withdrawn from the market worldwide. 

 

This tragedy led to the foundation of modern drug regulation and teratology research. 

 

• Thalidomide Syndrome (Phocomelia or Thalidomide Embryopathy 

Thalidomide Syndrome, also called Thalidomide Embryopathy or Phocomelia, refers to a 

specific pattern of congenital malformations seen in infants whose mothers took thalidomide 

during early pregnancy (especially between 20
th

 and 36
th

 day after conception).
[35,36] 

 

 

Fig. 12: Thalidomide Syndrome (Phocomelia or Thalidomide Embryopathy. 

 

9. Topiramate and pregnancy 

• Historical background 

1996: Topiramate approved as an anticonvulsant. 

Early 2000s: Case reports began linking prenatal exposure to cleft lip and palate. 

2011: FDA issued a safety alert confirming increased risk of oral clefts in infants exposed 

during the first trimester. 

 

Since then, it has been classified as Pregnancy Category D, meaning positive evidence of 

human fetal risk. 

 

• Topiramate Syndrome (Fetal Topiramate Syndrome) 

Topiramate Syndrome, also called Fetal Topiramate Syndrome (FTS), refers to a distinct 

pattern of congenital malformations and developmental abnormalities seen in infants exposed 

to Topiramate during early pregnancy. 

It is categorized as a drug-induced teratogenic syndrome caused by prenatal exposure to the 
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antiepileptic drug Topiramate. 

 

 

Fig. 13: Topiramate Syndrome (Fetal Topiramate Syndrome). 

 

10. ACE inhibitors (e.g., Enalapril, Lisinopril) and pregnancy 

• Historical background 

1970s: ACE inhibitors were first introduced as antihypertensive drugs. 

1980s: Case reports began describing fetal renal failure and skull ossification defects in 

babies born to mothers taking ACE inhibitors. 

1981–1985: Several studies confirmed a clear link between second and third-trimester 

exposure and fetal toxicity (renal and skeletal abnormalities). 

 

The term ―ACE Inhibitor Fetopathy‖ or ―ACE Inhibitor Syndrome‖ was coined to describe 

this pattern of defects. 

 

Subsequently, ACE inhibitors were labeled Pregnancy Category D/X, and alternative 

antihypertensives (like methyldopa or labetalol) were recommended. 

 

• ACE Inhibitor Syndrome (ACE Inhibitor Fetopathy) 

ACE Inhibitor Syndrome, also known as ACE Inhibitor Fetopathy, refers to a distinct pattern 

of fetal and neonatal abnormalities that occur when Angiotensin-Converting Enzyme (ACE) 

inhibitors (e.g., Enalapril, Lisinopril, Captopril) are used by pregnant women — particularly 

during the second and third trimesters of pregnancy.
[37,38] 
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• ACE Inhibitor Side Effects 

• Cough 

• Angioedema / Agranulocytosis 

• Proteinuria / Potassium excess (hyperkalemia) 

• Taste change 

• Orthostatic hypotension 

• Pregnancy contraindication (fetal renal damage) 

• Renal artery stenosis contraindication 

• Increases renin 

• Leukopenia / Liver toxicity 

 

10 MODERN FDA FRAMEWORK FOR EVALUATING DRUG-INDUCED FETAL 

RISKS ACROSS PREGNANCY STAGES 

The U.S. Food and Drug Administration (FDA) plays a key role in evaluating the teratogenic 

potential of drugs used during pregnancy. Initially, in 1979, the FDA introduced the 

Pregnancy Risk Category System (A, B, C, D, X) to classify drugs according to fetal risk 

based on available human and animal studies.
[54,55]

 

Category A: Controlled studies show no fetal risk. 

Category B–D: Increasing levels of potential risk; benefits may outweigh harm. 

Category X: Proven fetal risk; contraindicated in pregnancy. 
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Although widely used, this letter-based system was criticized for oversimplification and 

failure to specify timing, severity, or type of developmental toxicity. For instance, certain 

drugs may cause malformations only during organogenesis (first trimester), yet the category 

gave no stagespecific information. 

 

To overcome these limitations, the FDA implemented the Pregnancy and Lactation Labeling 

Rule (PLLR) in 2015, marking a major shift from simple categorization to a datadriven, 

narrative labeling system. The PLLR provides detailed summaries under three main sections: 

1. Pregnancy – includes Risk Summary, Clinical Considerations, and Data sections with 

information about fetal effects, timing of exposure, and dose-related outcomes. 

2. Lactation – addresses excretion of the drug into breast milk and potential infant effects. 

3. Reproductive Potential – includes information on contraception, fertility, and pre- 

pregnancy testing.
[56,57] 

 

Current Trends and Level of Evidence 

• Modern FDA labeling emphasizes trimester-specific risk assessment by integrating 

human clinical data, animal studies, and post-marketing surveillance. 

• Studies show that around 89–90% of labels still rely mainly on animal data, while only 

10–12% include human pregnancy data, indicating a need for stronger evidence sources. 

• The FDA now encourages data from Pregnancy Exposure Registries and Real World 

Evidence (RWE) to improve understanding of stage-dependent teratogenic effects. 

• Integration of Artificial Intelligence (AI) and machine learning tools helps identify hidden 

patterns of fetal risk from large health databases. 

• Continuous updates of labeling information ensure dynamic risk communication, aligning 

with global trends in evidence-based pharmacovigilance. 

 

Significance 

The PLLR framework supports individualized risk evaluation, linking teratogenic outcomes 

with the specific developmental stage at which drug exposure occurs. This evolution reflects 

a global shift toward precision teratology, promoting safer prescribing practices and improved 

protection of maternal and fetal health.
[61,62]

 

 

11. PREVENTION AND CONTROL OF TERATOGENESIS 

The prevention and control of teratogenesis focus on reducing the risk of congenital 

malformations by eliminating or minimizing exposure to teratogenic factors during critical 
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stages of fetal development. Current strategies emphasize preconceptional planning, where 

genetic counseling, control of chronic maternal diseases, and folic acid supplementation play 

vital roles in preventing neural tube and other birth defects. During pregnancy, rational drug 

use, avoidance of alcohol, tobacco, and radiation, and adoption of a balanced diet free from 

high-mercury foods are strongly recommended. Regular prenatal screening and 

ultrasonographic monitoring help in early detection of anomalies, allowing timely medical 

intervention. From a regulatory perspective, the FDA’s Pregnancy and Lactation Labeling 

Rule (PLLR) has replaced the traditional A–X categories, providing detailed risk–benefit 

information for drug use in pregnancy. Additionally, pharmacovigilance systems, public 

awareness campaigns, and environmental safety measures are key components of modern 

preventive practice. Emerging trends include the development of non-teratogenic and 

targeted drug delivery systems, in-vitro and AIbased teratogenicity prediction models, and 

genomic screening to identify individual susceptibility to teratogens. Collectively, these 

evolving strategies reflect a proactive, technology-driven approach to safeguarding maternal 

and fetal health in the current era.
[62,63,64]

 

 

20. AYURVEDIC FORMULATIONS AND PREGNANCY: SAFETY 

CONSIDERATIONS IN THE CONTEXT OF TERATOGENICITY 

Ayurvedic medicine has traditionally described several herbal and herbo-mineral formulations 

for supporting maternal health and fetal growth. Preparations such as Madeephalarasayana, 

Sindurabhushanam, and Swarnamalinivasantarasa are commonly referenced in classical texts 

for improving digestion, strength, immunity, and pregnancy outcomes. Although these 

formulations hold cultural and therapeutic significance, their safety in pregnancy remains 

poorly established in the context of modern teratology. 

 

Many Ayurvedic rasayana and rasoushadhi preparations contain processed metals or minerals 

(e.g., gold, mercury, sulfur, or other bhasmas). When properly purified according to 

traditional methods (shodhana and marana), these substances are claimed to be safe; however, 

variability in manufacturing, lack of standardization, and potential contamination raise 

concerns. The first trimester (especially 3–8 weeks) represents the critical window of 

organogenesis, during which the fetus is highly sensitive to toxic exposures. Therefore, any 

product containing heavy metals, impurities, or unregulated ingredients may pose a 

theoretical risk of teratogenicity, growth restriction, or developmental delay. 
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Current scientific evidence regarding the teratogenic or fetotoxic effects of these specific 

formulations is extremely limited, and controlled clinical trials in pregnant women are 

lacking. Most available data are based on traditional practice, anecdotal use, or small 

observational studies that do not provide conclusive safety assurance. As a result, the use of 

complex herbo- mineral Ayurvedic preparations during pregnancy should be undertaken only 

under the supervision of trained practitioners, and commercial/unregulated products should 

be avoided. 

 

Overall, while Ayurvedic formulations have a long history of use in pregnancy-related 

conditions, their teratogenic risk cannot be fully ruled out without systematic toxicological 

and clinical evaluation. More research especially developmental toxicity studies, 

standardization protocols, and pregnancy safety trials is required to clarify their safety profile 

during critical stages of fetal development.
[65,66]

 

 

Madeephalarasayana  

Madeephalarasayana is a classical Ayurvedic preparation traditionally prescribed for 

pregnancyrelated nausea, vomiting (garbhini chhardi), and digestive discomfort. It is 

considered a rasayana that supports maternal digestive strength and reduces acidity 

 

• Ingredient  

Madiphala (acidic fruit-based extract, often Citrus species) Madhuka (Glycyrrhiza glabra 

licorice) 

Pippali (Piper longum) 

Dhanyaka (Coriandrum sativum) 

Ghee or honey as anupana 

 

• Dose:- 5–10 mL daily (as mentioned in classical usage; not an evidence-based clinical 

dose) 
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Fig. 14: Madeephalarasayana.
[68]

 

 

Sindurabhushanam 

Sindurabhushanam is an Ayurvedic herbo-mineral formulation traditionally used for nausea, 

vomiting, burning sensation, and discomfort during pregnancy. It is considered potent due to 

the presence of bhasma and sindura preparations. 

 

• Ingredient 

Abhrakabhasma (Sataputa) – purified mica 

Rasa Sindura – processed mercurial compound Suddha Gandhaka – purified sulfur 

Suddha Tankana – purified borax 

 

• Dose:- 1 g × 4 doses daily, mixed with dried jeeraka (cumin) powder Taken with 

Madeephalarasayana or Draksharishta as adjuvant 

 

 

 

 Fig. 15: Sindurabhushanam.
[69]
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13. CONCLUSION 

Teratogenicity remains a critical concern in maternal and fetal health, as drug exposure 

during pregnancy can result in structural or functional abnormalities depending on the timing, 

dosage, and nature of the drug. The susceptibility of the developing embryo or fetus varies with 

each stage of pregnancy ranging from implantation loss in the preembryonic stage to major 

organ malformations during organogenesis, and functional impairments in the fetal period. 

Understanding these stage-specific effects is essential for safe pharmacotherapy. Recent 

advancements such as the FDA Pregnancy and Lactation Labeling Rule (PLLR), genetic and 

molecular screening, and pharmacovigilance programs have improved awareness and safety 

in clinical practice. Moreover, the development of targeted and biodegradable drug delivery 

systems offers promising approaches to minimize fetal exposure while maintaining maternal 

efficacy. Overall, effective prevention of teratogenic effects requires a multidisciplinary 

approach, combining clinical judgment, patient education, and ongoing research to ensure 

safe and evidence-based drug use during pregnancy.
[70,71,72]
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