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Abstract
Formalin, a commonly used preservative and disinfectant, presents significant risks to biological systems, particularly through inhalation exposure. This study aimed to investigate the teratogenic effects of prenatal exposure to formalin vapors on fetal development in Sprague-Dawley rats. Eighteen pregnant rats were divided into three groups: a control group (no exposure), a 3-hour exposure group, and a 6-hour exposure group, with each group receiving daily exposure to 10% formalin vapor throughout gestation. The results demonstrated notable developmental impairments in the fetuses and placentas of the exposed groups, including placental discoloration, subcutaneous hematomas, and skin abnormalities in the fetuses. Furthermore, multiple stillborn and poorly developed fetuses were observed, and some placentas were underdeveloped, with no visible fetus associated. These findings highlight the potential teratogenic risks of formalin inhalation during pregnancy, underscoring the need for reassessment of occupational and environmental exposure standards to safeguard maternal and fetal health.
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1. Introduction
Formalin, an aqueous solution of formaldehyde, is widely used across laboratories and various industries. It serves as a powerful disinfectant and is commonly employed to preserve biological specimens for histological and pathological examination (Subasi 2020). In embalming fluids, formalin acts as a preservative to delay decomposition. Though regulated due to health concerns, formaldehyde is also found in small amounts in certain antiseptics, medicines, cosmetics (Malinauskiene et al. 2015), and even some food products as a preservative (Nayak et al. 2024). In research and education, formalin is essential for preserving tissues, organs, and entire specimens, allowing for detailed microscopic study and display (Arora 2014). Beyond its biological applications, formaldehyde—the active component of formalin—is a critical ingredient in the production of polymers such as Bakelite and urea-formaldehyde resins (Fabris and Knauss 1989), which are used in making household and industrial products (Tang et al. 2009). Additionally, formaldehyde has some niche uses, including treating warts (Ahmad, Abdel-Azim, and Abdel-Aziz 2018), controlling external parasites in aquariums (Buchmann 2022), and being incorporated into fertilizers to protect plants and prevent disease (Guo et al. 2023). However, its potential teratogenic effects when inhaled, particularly during pregnancy, raise significant health concerns. Exposure to formalin has been associated with respiratory problems, carcinogenicity, and reproductive toxicity. Rats are one of the most widely used model organisms in experimental research aimed at understanding human biology and disease. This study aims to explore the effects on placental integrity and fetal viability in rats, thereby providing essential data for toxicological risk assessments.
2. Materials and Methods
2.1 Animals and Housing
Male and female Sprague-Dawley rats, aged 5 months and weighing 250–300 g, were obtained and housed in the animal facility of the Faculty of Veterinary and Animal Sciences (FVAS), Rajiv Gandhi South Campus, Banaras Hindu University (BHU). Animals were kept under standard laboratory conditions with a 12:12 h light–dark cycle, controlled room temperature, and had free access to food and water.
2.2 Ethical Considerations
All procedures were conducted in accordance with the guidelines of the Committee for Control and Supervision of Experiments on Animals (CCSEA), Government of India, and approved by the Institutional Animal Ethics Committee (IAEC) of Rajiv Gandhi South Campus.
2.3 Mating and Gestation
Animals were allowed to acclimate for 7 days prior to mating. Female rats were placed with males in a 3:1 ratio (three females to one male) overnight. The presence of sperm in vaginal smears the next morning was considered as day 0 of gestation.
2.4 Experimental Design
Eighteen confirmed pregnant rats were randomly assigned to three groups (n=6 per group):
· Group I (Control): No exposure to formalin.
· Group II (3h Exposure): Exposed to 10% formalin vapor for 3 hours daily.
· Group III (6h Exposure): Exposed to 10% formalin vapor for 6 hours daily.
Exposure was administered via inhalation chambers throughout the gestation period.
2.5 Sacrifice and Examination
At term, all pregnant rats were humanely sacrificed. Placenta and offspring were examined for morphological developmental anomalies.
3. Results and Discussion
3.1 Morphological Anomalies
Prenatal formalin exposure significantly impacted fetal development in both exposed group-II and group-III. And following observations were recorded:
· The colour of placenta and conceptus were dark black coloured. 
· A reduced number of conceptuses per uterus was observed in exposed groups.
· Multiple ill-developed, stillborn fetuses were recorded.
· Some placentas were underdeveloped with no visible associated fetus. . These findings were in line with findings of others (Al-Kalaa et al. 2019) .
· Increased numbers of dead fetuses and presence of two or more resorption sites per uterus were noted.
· Gross deformities included subcutaneous hematomas and depletion of subcutaneous fat.
· Corrugated skin appearance was a distinct morphological anomaly observed in several neonates.
The above-mentioned anomalies were more pronounced in 6h Exposure (group-III).

Table:1 Showing comparison of different groups of rats

	Parameter
	Control Group
	  3h Exposure
	 6h Exposure

	Avg. no. of conceptuses/uterus
	High
	Moderate
	Low

	Stillbirths
	None
	Few
	Many

	Fetal resorptions
	None
	1-2
	≥2 per uterus
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Figure 1: Uterine Examination Following Formalin Exposure
(a) Control Group: Healthy, well-developed fetuses uniformly distributed along the uterine horns. No signs of hemorrhage or resorption.
(b) 3h Formalin Exposure: Slight discoloration of placental tissues and the presence of resorption sites. Reduced number of visible conceptuses.
(c) 6h Formalin Exposure: Multiple underdeveloped, darkened fetuses with pronounced resorption zones and abnormal uterine contents. Signs of fetal demise are evident
3.2 Visual Confirmation of Anomalies
Photographic evidence supports the recorded data, clearly illustrating the increasing severity of developmental anomalies with longer exposure durations:
· Control group (Figure 1a) showed uniformly developed fetuses with normal uterine anatomy.
· 3h exposure group (Figure 1b) displayed mild signs of fetal resorption and slightly darkened placental regions.
· 6h exposure group (Figure 1c) revealed substantial fetal resorption, placental atrophy, and presence of abnormal dark tissues, suggesting intrauterine death.
These images visually reinforce dose-dependent teratogenic impact of formalin vapors.
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Diagram 1: Uterine exposure to formalin at different intervals
The placenta is vital for fetal growth and survival, taking on critical roles of many organs before birth. Disruptions to its function can lead to impaired fetal growth, developmental issues, malformations, or stillbirth. There is growing evidence that some long-term conditions, particularly neurologic disabilities, may stem from prenatal placental injury (Baergen, Gersell, and Kraus 2018). Formalin induces notable alterations in placental structure in experimental studies (Monfared 2014; Myllynen, Pasanen, and Pelkonen 2005).
The observed developmental anomalies suggest a correlation between prenatal exposure to formalin and teratogenic effects in neonatal rats. Formaldehyde's ability to quickly cross placental barriers can harm mammalian fetal tissue. (Thrasher and Kilburn 2001) The dose-dependent increase in severity of anomalies in the 6h exposure group compared to the 3h exposure group supports the hypothesis that duration and concentration of formalin exposure are critical factors (Al-Kalaa et al. 2019). A notable rise in subcutaneous hemorrhage rates in the cranial, abdominal, and thoracic regions was observed in fetuses of formalin-treated female rats (Al-Kalaa et al. 2019) similar to this we reported subcutaneous hematomas in exposed group. Formaldehyde exposure is associated with increased risks of congenital anomalies and preterm birth (Xu et al. 2017). These findings align with previous studies reporting formaldehyde-induced embryotoxicity (Thrasher and Kilburn 2001; Costa et al. 2016) and highlight the need for regulatory oversight in occupational settings. 
4. Conclusion
Prenatal inhalation exposure to 10% formalin for extended periods induces developmental anomalies in rat neonates. This study underscores the importance of minimizing formalin exposure during pregnancy and encourages further research into underlying mechanisms of formalin-induced teratogenicity.
Note: *This study is a component of the author's Ph.D. research work
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