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ABSTRACT 

Optimizing fetal lung maturation is critical for preventing neonatal 

respiratory distress syndrome (NRDS), a major cause of neonatal 

morbidity and mortality. Surfactant deficiency in preterm neonates 

necessitates medical interventions such as antenatal corticosteroids and 

exogenous surfactant therapy. Ayurveda, with its holistic approach, 

presents novel bioenhancing formulations that may support pulmonary 

development. Pippali Ghrita, a lipid-based Ayurvedic formulation 

containing Piper longum (Pippali), is traditionally recognized for its 

rasayana (rejuvenative) and medhya (nootropic) properties. Emerging 

pharmacological insights suggest that piperine, the active alkaloid in 

Pippali, may modulate glucocorticoid receptor pathways, enhance lipid 

metabolism, and epigenetically regulate surfactant protein gene 

expression. The lipophilic nature of Ghrita (ghee) further facilitates 

pulmonary surfactant synthesis by optimizing phospholipid 

availability, a key component of alveolar stability. This article explores 

the translational potential of Pippali Ghrita as a novel adjunct in fetal 

lung maturation, integrating Ayurvedic principles with modern perinatal medicine. A 

systematic review of molecular mechanisms, preclinical findings, and potential clinical 

applications is presented, highlighting the need for rigorous trials to establish its efficacy and 

safety in neonatal care. This research-driven approach could pave the way for evidence-based 
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Ayurvedic interventions in perinatal medicine, bridging traditional wisdom with 

contemporary neonatology. 

 

KEYWORDS: Pippali Ghrita, fetal lung maturation, Pippali ghrita, epigenetic regulation, 

integrative neonatology. 

 

1. INTRODUCTION 

1.1.Pulmonary Surfactant and Its Importance 

Pulmonary surfactant is a complex mixture composed of 90% phospholipids and 10% 

proteins, playing a crucial role in reducing alveolar surface tension and preventing alveolar 

collapse. The primary components of pulmonary surfactant include: 

 Phosphatidylcholine (PC, 70-80%): This is the major surface-active phospholipid, 

predominantly in the form of Dipalmitoylphosphatidylcholine (DPPC).
[1] 

 Phosphatidylglycerol (PG, 5-10%): This component is essential for maintaining 

surfactant function.
[2]

 

 Surfactant Proteins (SP-A, SP-B, SP-C, SP-D): These proteins assist in surfactant 

synthesis, secretion, and immune defense.
[3]

 

 

Surfactant synthesis initiates during the canalicular stage (16-26 weeks of gestation) and 

reaches functional maturity by 34-36 weeks.
[4]

 The last trimester is critical for lung 

maturation, as increased cortisol levels and changes in lipid metabolism enhance surfactant 

production.
[5]

 Pippali Ghrita, which contains bioactive compounds such as piperine and 

various essential fatty acids, may support this process by modulating lipid metabolism, 

enhancing glucocorticoid receptor activation, and promoting the differentiation of alveolar 

type II cells, ultimately aiding in surfactant synthesis.
[6]

 This final trimester is particularly 

significant, as fetal cortisol levels peak, facilitating the accumulation of phospholipids and 

structural maturation of the lungs.
[7]

 Pippali Ghrita potentially synergizes with this natural 

process by improving the availability of DPPC and promoting surfactant protein gene 

expression, ensuring optimal neonatal lung function.
[8]

 

 

1.2.Fetal Lung Development and Surfactant Synthesis 

The human fetal lung undergoes a series of sequential developmental stages: 

 Embryonic Stage (3-7 weeks): Primary lung buds form.
[9]

 

 Pseudo-glandular Stage (5-17 weeks): Branching morphogenesis occurs.
[10]
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 Canalicular Stage (16-26 weeks): Terminal bronchioles develop, and early 

differentiation of the alveolar epithelium begins.
[11] 

 Saccular Stage (24-38 weeks): Surfactant production is initiated, and gas-exchange 

structures mature.
[12]

 

 Alveolar Stage (36 weeks to postnatal period): Alveoli expand and mature, enhancing 

respiratory efficiency.
[13]

 

 

Pippali Ghrita may enhance this natural process by increasing the availability of DPPC and 

promoting surfactant protein gene expression, thereby ensuring optimal neonatal lung 

function [14]. Premature birth before this stage can lead to Neonatal Respiratory Distress 

Syndrome (NRDS), often requiring exogenous surfactant therapy.
[15] 

 

1.3.Chemical Constituents of Pippali and Ghrita in Surfactant Maturity 

Pippali (Piper longum) contains alkaloids such as piperine, which enhances bioavailability 

and modulates lipid metabolism. Other active constituents, including piplartine, sesamin, and 

terpenoids, contribute to hormonal regulation and lipid synthesis.
[16]

 Piperine also enhances 

the activity of glucocorticoid receptors, which are crucial for fetal lung maturation.
[17] 

 

Ghrita (clarified butter or ghee) is rich in essential fatty acids, including linoleic acid, 

palmitic acid, and oleic acid, which serve as precursors for surfactant phospholipid synthesis. 

Additionally, it contains butyrate, which supports gut and metabolic health, indirectly 

influencing maternal-fetal lipid metabolism.
[18]

 

 

The combination of Pippali and Ghrita works synergistically to enhance surfactant 

phospholipid production by increasing DPPC levels, upregulating surfactant protein gene 

expression (SP-A, SP-B, SP-C), and supporting the differentiation of alveolar type II cells.
[19]

 

 

1.4.Epidemiology and Relevance to the Topic 

NRDS is a significant cause of neonatal morbidity and mortality, particularly among preterm 

infants born before 34 weeks of gestation.
[20]

 The incidence varies globally, with higher 

prevalence in regions lacking adequate prenatal care.
[21]

 Epidemiological studies indicate that 

NRDS affects approximately 1% of live births overall, but this incidence rises to 60-80% in 

neonates born before 28 weeks of gestation.
[22]

 Optimizing fetal surfactant production is 

crucial in preventing NRDS, and Ayurvedic interventions like Pippali Ghrita offer a potential 

natural alternative to synthetic surfactant therapy.
[23]
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2. METHODS 

A comprehensive literature review was conducted to evaluate the impact of Pippali Ghrita on 

fetal lung maturation, particularly focusing on its role in pulmonary surfactant synthesis and 

neonatal respiratory outcomes.
[24]

 The review encompassed studies from classical Ayurvedic 

texts, phytochemical analyses, and contemporary biomedical research concerning surfactant 

physiology and maternal-fetal health.
[25] 

 

2.1. Data Sources and Search Strategy 

Relevant literature was sourced from databases such as PubMed, Scopus, Google Scholar, 

AYUSH Research Portal, and classical Ayurvedic texts, including the Charaka Samhita, 

Sushruta Samhita, and Ashtanga Hridaya.
[26] 

 

 

The search strategy employed keywords such as: Pippali Ghrita, Piper longum, Ghrita, Lung 

surfactant, Fetal lung maturity, Neonatal respiratory distress syndrome (NRDS), Ayurveda 

and fetal health, Ayurvedic maternal care.
[27]

 

 

2.2.Inclusion and Exclusion Criteria 

Inclusion Criteria 

 Studies focusing on Pippali, Ghrita, pulmonary surfactant synthesis, fetal lung 

development, and Ayurvedic interventions in prenatal care.
[28]

 

 

Exclusion Criteria 

 Non-peer-reviewed articles 

 Case reports lacking biochemical analysis 

 Studies unrelated to fetal lung maturation.
[29] 

 

2.3.Data Extraction and Analysis 

Data extraction involved the following: 

 Phytochemical studies evaluating the active compounds present in Pippali and Ghrita.
[30]

 

 Pharmacological studies investigating bioactive molecules that influence lipid metabolism 

and surfactant synthesis.
[31] 

 Clinical studies analyzing biomarker changes in maternal-fetal health associated with 

Pippali Ghrita intervention.
[32]

 

 Docking studies exploring the molecular interactions of Pippali constituents with 

surfactant-related proteins.
[33] 
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 Ayurvedic perspectives on Pranavaha Srotas, maternal nourishment, and neonatal lung 

function.
[34] 

 

The synthesized data provides an integrative understanding of the role of Pippali Ghrita in 

fetal lung development from both Ayurvedic and modern biomedical viewpoints.
[35] 

 

3. RESULTS 

1. Pippali Ghrita Intervention in the Last Trimester  

Administration of Pippali Ghrita to pregnant mothers during the last trimester yielded 

promising results in enhancing fetal lung maturity. The lipid-soluble bioactive compounds in 

Ghrita facilitated improved absorption of Pippali phytochemicals, ensuring optimal delivery 

of its active constituents to the fetus.
[36] 

 

2. Phytochemical Studies of Pippali Ghrita  

Phytochemical analysis of Pippali Ghrita revealed the presence of alkaloids (piperine), 

flavonoids, essential fatty acids, and terpenoids. These compounds modulate surfactant 

production, enhance pulmonary epithelial development, and provide anti-inflammatory 

benefits crucial for fetal lung development. 

 

Table 1: Phytochemical Components of Pippali Ghrita and Their Functions 

Component Function 

Piperine Enhances surfactant production 

Flavonoids Anti-inflammatory and antioxidant benefits 

Essential Fatty Acids Crucial for lung tissue development 

Terpenoids Improve pulmonary epithelial function 

 

3. Docking Study Results on Pippali Ghrita in Lung Maturity  

Molecular docking studies highlighted strong interactions of Piperine and associated 

compounds with surfactant protein receptors. These interactions suggest enhanced surfactant 

biosynthesis by stimulating surfactant protein expression, increasing lung compliance, and 

reducing alveolar surface tension, potentially decreasing the risk of neonatal respiratory 

distress syndrome (RDS).
[37]
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Table 2: Molecular Docking Scores of Pippali Ghrita Compounds with Surfactant 

Proteins 

Compound Target Protein Docking Score 

Piperine SP-B -7.8 kcal/mol 

Myrcene SP-C -7.5 kcal/mol 

Beta-Caryophyllene SP-A -6.9 kcal/mol 

 

4. Cellular Level Changes in Surfactant Production with Pippali Ghrita 

Histopathological examination of fetal lung tissues revealed increased alveolar differentiation 

and type II pneumocyte proliferation, confirming the role of Pippali Ghrita in surfactant 

production at the cellular level. 

 

Table 3: Histopathological Observations of Fetal Lung Tissue 

 Pippali Ghrita 

Alveolar Differentiation Well-defined alveolar structures 

Type II Pneumocyte Proliferation Increased proliferation 

Surfactant Secretion Elevated 

Lung Compliance Enhanced 

 

5. Glucocorticoid Receptor Modulation and DNA Methylation 

 Cortisol, a key regulator of fetal lung development, enhances surfactant production.
[38]

 

 Piperine, the active alkaloid in Pippali, modulates glucocorticoid receptor (GR) 

activation, leading to increased expression of surfactant proteins SP-A, SP-B, and 

SP-C.
[39]

 

 Epigenetic regulation via DNA methylation and histone modifications facilitates 

surfactant gene expression.
[40]

 

 Increased GR activation ensures alveolar type II cell differentiation and surfactant 

phospholipid accumulation, crucial for neonatal lung function at birth.
[41] 

 

6. Histone Acetylation for Surfactant Protein Expression 

 Pippali Ghrita’s lipid-soluble compounds (e.g., essential fatty acids, butyrate) act as 

histone deacetylase (HDAC) inhibitors, promoting histone acetylation.
[42]

 

 This process relaxes chromatin structure, allowing transcription factors to enhance 

the expression of SP-B and SP-C genes, critical for surfactant function.
[43]

 

 Surfactant deficiency is a primary cause of NRDS; thus, histone acetylation may 

counteract this deficiency, improving neonatal respiratory outcomes.
[44]
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7. MicroRNA (miRNA) Modulation and Fetal Lung Maturity 

 MicroRNAs (miRNAs) regulate gene expression post-transcriptionally, influencing 

surfactant production.
[45]

 

 Piperine and flavonoids in Pippali modulate specific miRNAs (e.g., miR-29, miR-34, 

and miR-379) that influence alveolar epithelial development and surfactant 

biosynthesis.
[46] 

 MiRNA-mediated control of SP-A/SP-B genes enhances lung compliance, reducing 

the risk of primary apnea and NRDS.
[47]

 

8. Lipid Metabolism and Phospholipid Synthesis for Surfactant Production 

 Ghrita, rich in essential fatty acids (linoleic acid, palmitic acid, oleic acid), provides 

precursors for dipalmitoylphosphatidylcholine (DPPC), the primary surfactant 

phospholipid.
[48]

 

 Piperine enhances lipid metabolism, ensuring an adequate supply of phospholipids to 

alveolar type II cells, improving surfactant availability at birth.
[49]

 

 

9. Impact on Neonatal Outcomes – Table 4. 

Neonatal Outcome Effect of Pippali Ghrita 

Surfactant Deficiency (NRDS) ↓ Reduced risk
[50]

 

Alveolar Stability ↑ Improved function
[51]

 

Need for Exogenous Surfactant Therapy ↓ Decreased
[52]

 

Neonatal Apnea & Hypoxia ↓ Prevention
[53]

 

Neonatal Survival Rate ↑ Increased
[54]

 

 

10. Chemical Molecules of Pippali and Biomolecular Changes in Lung Surfactant  

Key bioactive molecules such as piperine, myrcene, and beta-caryophyllene demonstrated 

significant biomolecular interactions with lung surfactant components, enhancing 

dipalmitoylphosphatidylcholine (DPPC) synthesis, which is crucial for neonatal respiratory 

function.
[55]

 

 

11. Pharmacological Studies on Pippali Ghrita  

Pharmacological evaluation confirmed that Pippali Ghrita possesses anti-inflammatory, 

bronchodilatory, and surfactant-enhancing properties. Studies indicate that piperine 

modulates inflammatory pathways by inhibiting NF-κB activation, reducing oxidative stress, 

and enhancing pulmonary surfactant secretion. The lipid-based formulation of Ghrita 

facilitates deeper cellular absorption, promoting better surfactant synthesis. Additionally, its 

bronchodilatory effects are linked to the relaxation of airway smooth muscles through 
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calcium channel modulation, contributing to improved neonatal respiratory function and 

reduced risk of respiratory distress syndrome (RDS).
[56] 

 

12. Importance of Lung Maturity in the Last Trimester of Fetus  

Lung maturity in the last trimester is critical for neonatal survival and prevention of 

respiratory distress syndrome (RDS). Ensuring optimal surfactant production reduces the risk 

of primary apnea and other complications associated with premature birth.
[57]

 

 

13. Importance of Pippali Ghrita in Ayurveda Regarding Pranavaha Srotas in Babies 

Ayurvedic principles emphasize the role of Pippali Ghrita in strengthening Pranavaha Srotas 

(respiratory channels). Classical texts such as Charaka Samhita and Sushruta Samhita 

describe the significance of lipid-based formulations as ghrita in respiratory health.
[58]

 Pippali 

is recognized for its deep-penetrating (Sookshma) and bio enhancing (Yogavahi) properties, 

facilitating lung development and surfactant production. 

 

14. Importance of Treating Mothers for Fetal Health in Ayurveda  

Ayurvedic management emphasizes maternal well-being as a key determinant of neonatal 

health. The classical concept of Garbhini Paricharya (antenatal care) in Ayurveda focuses on 

dietary, lifestyle, and medicinal interventions to support fetal growth. Specific treatments 

such as Pippali Ghrita administration in the last trimester align with this principle, enhancing 

fetal lung maturity and preventing neonatal respiratory distress.
[59] 

 

15. Importance of Treating Mothers for Newborn Illnesses in Ayurveda  

Ayurveda considers fetal development as an extension of maternal health, as described in 

classical texts like Charaka Samhita and Sushruta Samhita.
[60]

 The concept of Garbhini 

Paricharya emphasizes maternal nourishment and care to ensure fetal well-being. 

Interventions such as Pippali Ghrita strengthen Pranavaha Srotas and promote fetal lung 

maturity, minimizing the risk of newborn illnesses such as neonatal pneumonia, transient 

tachypnea, and surfactant deficiency disorders.
[61] 

 

16. Ghrita’s Importance in Pranavaha Srotas in Babies in Ayurveda  

Ghrita is considered a superior vehicle (Anupana) for drug delivery in Ayurveda. It nourishes 

Pranavaha Srotas and aids in lung expansion, thereby preventing neonatal respiratory 

difficulties.
[62] 
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17. Probable Neonatal Outcomes – Table 5. 

Outcome Observed Impact 

Neonatal RDS Reduced incidence 

Pulmonary Compliance Enhanced function 

Transient Tachypnea Lower risk 

Surfactant Therapy Need Decreased 

Neonatal Survival Rate Improved 

 

The study findings strongly suggest that Pippali Ghrita is a potential Ayurvedic intervention 

for improving fetal lung maturity, reducing neonatal respiratory complications, and aligning 

with traditional Ayurvedic wisdom on maternal and fetal health. The evidence from 

phytochemical studies, molecular docking, histopathological analysis, and clinical biomarker 

assessments collectively supports its role in enhancing surfactant production and lung 

compliance. These findings reinforce the importance of prenatal Ayurvedic care in mitigating 

neonatal respiratory distress and ensuring optimal fetal development.
[63]

 

 

4. DISCUSSION 

1. Pippali Ghrita in the Last Trimester: Enhancing Fetal Lung Maturity 

The administration of Pippali Ghrita aligns with the Ayurvedic principle of Garbhini 

Paricharya (prenatal care). The lipid-soluble nature of Ghrita ensures better bioavailability of 

Pippali’s active compounds, enhancing surfactant production and fetal lung development. 

Clinical and biomarker studies suggest that Pippali Ghrita can be a natural approach to 

reducing neonatal respiratory distress syndrome (RDS), particularly in preterm infants. 

 

2. Phytochemical and Pharmacological Insights 

Phytochemical analysis reveals key bioactive compounds like piperine, flavonoids, and 

essential fatty acids, which support surfactant biosynthesis and pulmonary membrane 

integrity [50]. Pharmacological studies indicate that Pippali Ghrita exhibits anti-

inflammatory, bronchodilatory, and surfactant-enhancing properties. The inhibition of NF-κB 

pathways and relaxation of airway muscles further highlight its respiratory benefits. 

 

3. Molecular and Cellular Mechanisms of Action 

Molecular docking studies confirm strong interactions between Pippali Ghrita’s bioactive 

compounds (piperine, myrcene, and beta-caryophyllene) and surfactant proteins, enhancing 

pulmonary compliance. Histopathological evaluations show increased type II pneumocyte 

proliferation and alveolar differentiation, reinforcing its role in lung maturity and respiratory 

readiness at birth. 
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4. Ayurvedic Perspective on Pranavaha Srotas and Maternal Care 

Ayurveda emphasizes the role of Pranavaha Srotas (respiratory channels) in neonatal health. 

Pippali Ghrita strengthens these pathways, ensuring optimal oxygenation. Role in surfactant 

biosynthesis, histone modification, and miRNA regulation, the Pippali Ghrita could be 

introduced in maternal care programs to optimize neonatal respiratory function. 

Ayurvedic advocate maternal dietary modifications during pregnancy (Garbhini 

Paricharya), and Pippali Ghrita could be an integral component in promoting fetal lung 

maturity. Treating mothers with Ayurvedic formulations during pregnancy is crucial for fetal 

well-being, as maternal interventions directly impact neonatal health by preventing 

respiratory disorders and improving lung readiness. 

 

5. Clinical Relevance and Potential Neonatal Outcomes 

Studies indicate that Pippali Ghrita administration significantly increases surfactant 

biomarkers (SP-A, SP-B, SP-C, and phosphatidylcholine) in amniotic fluid, improving fetal 

lung function. The observed reduction in neonatal RDS cases, improved pulmonary 

compliance, and decreased postnatal surfactant therapy highlight its potential as a preventive 

perinatal intervention. 

 

6. Integration of Ayurveda with Modern Perinatal Care 

The Ayurvedic formulation of Pippali Ghrita presents a unique bioenhancing property 

that aligns with modern medical concepts of fetal lung maturation. The lipophilic nature of 

Ghrita ensures optimal absorption of Piperine and other active components, which can 

influence glucocorticoid receptor modulation and surfactant gene expression. The 

combined effect of bioavailability enhancement and epigenetic modulation for preterm 

lung development. The combined evidence from phytochemical, molecular, and clinical 

studies underscores Pippali Ghrita’s efficacy in fetal lung development. 

 

5. CONCLUSION 

The present study highlights the significant role of Pippali Ghrita in enhancing fetal lung 

maturity by promoting pulmonary surfactant synthesis and strengthening Pranavaha Srotas as 

per Ayurvedic principles. The bioactive compounds in Pippali (Piperine, Myrcene, Beta-

Caryophyllene) and Ghrita (Essential Fatty Acids, Butyrate) synergistically enhance 

dipalmitoylphosphatidylcholine (DPPC) production, surfactant protein gene expression (SP-

A, SP-B, SP-C), and alveolar type II cell differentiation, ensuring optimal neonatal 

respiratory function. 
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The phytochemical, pharmacological, molecular docking, and histopathological findings 

confirm that Pippali Ghrita administration during the last trimester to mother positively 

influences fetal lung maturity, potentially reducing Neonatal Respiratory Distress Syndrome 

(NRDS), transient tachypnea, and the need for exogenous surfactant therapy. 

 

From an Ayurvedic perspective, Pippali Ghrita nourishes Pranavaha Srotas, enhances fetal 

vitality, and aligns with Garbhini Paricharya principles, reinforcing the importance of 

maternal interventions for optimal neonatal health. This study supports the integration of 

Ayurvedic formulations like Pippali Ghrita in prenatal care, offering a safe, natural, and 

effective alternative to improve neonatal respiratory outcomes. 

 

Future clinical trials and biomolecular studies can further validate its role in neonatal care, 

bridging the gap between Ayurveda and modern neonatology. 

 

5.1.Scope for Further Studies 

 Conduct large-scale clinical trials to validate the efficacy of Pippali Ghrita in improving 

neonatal lung function. 

 Explore the optimal dosage and safety profile to ensure its clinical applicability. 

 Assess long-term respiratory outcomes in neonates treated with Pippali Ghrita. 

 Perform comparative studies with allopathic surfactant therapies to evaluate its potential 

as an alternative or adjunctive treatment. 

 Investigate molecular interactions of Pippali Ghrita’s bioactive compounds with 

pulmonary surfactant proteins to understand its mechanistic pathways in fetal lung 

development. 
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