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Preliminary Study on Polyherbal Formulation as a Postpartum Health Intervention: Insights into Wound Healing, Inflammation Modulation, and Lactation Support

ABSTRACT
The time after conceptus birth when the mother's physiological and anatomical alterations revert to their pre-pregnancy state, is known as the postpartum period. Topical medications and antimicrobials can reduce the risk of infection during the healing process. Antibiotics have been less and less effective in recent years due to the emergence of resistant bacteria. Medicinal plants have long been integral to traditional healthcare systems, especially in developing countries where plant-derived remedies remain widely utilised. This study explores the formulation and evaluation of a poly-herbal powder composed of 21 medicinal herbs aimed at enhancing postpartum health by reducing inflammation and improving lactation. Soxhlet extraction using methanol, hexane, and ethyl acetate was employed to obtain phytochemical-rich extracts, which were analysed through Gas Chromatography-Mass Spectrometry (GC-MS). The extracts were further evaluated for their antioxidant activity via DPPH assay and anti-inflammatory potential through protein denaturation assays. The methanol and ethyl acetate extracts demonstrated significant antioxidant and anti-inflammatory activities. In silico ADME analysis and molecular docking studies against six postpartum-related proteins revealed strong binding affinities and favourable pharmacokinetic profiles for several ligands. The GC-MS analysis of the poly-herbal extracts obtained using methanol, hexane, and ethyl acetate solvents revealed 143 distinct profiles of bioactive compounds. The anti-inflammatory activity of polyherbal powder extract was assessed with measurements taken at 600 nm. Overall, methanol proved to be the most effective solvent for extracting anti-inflammatory compounds, followed by ethyl acetate and then hexane. These findings highlight the therapeutic potential of the poly-herbal formulation and support further pre-clinical investigations for its application in postpartum care.
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1.INTRODUCTION
Since ancient times, medicinal plants have played a significant role in human civilisation by acting as essential weapons in the fight against a variety of illnesses. They are an important and reasonably priced source of unique phyto-constituents that are widely used in the creation of medications that treat a variety of illnesses. Hundreds of plant genera have been used in traditional medical systems throughout many cultures, and their effectiveness has persisted over time. Traditional plant-based treatments continue to be essential components of healthcare for a sizable section of the world's population, despite the advances in modern medicine. According to the World Health Organisation, almost 80% of people on the planet mostly use traditional medicines made from plant extracts or active ingredients. Interestingly, about 25% of pharmaceuticals in industrialised countries like the US are made from plants, whereas up to 80% of pharmaceuticals in quickly developing nations like China and India are made from plants. As a result, medicinal plants have a very high economic value, particularly in countries like India. Herbal medicine has attracted increased attention worldwide in recent decades because of its economic feasibility, natural origin, and alleged superior safety profiles with few or no side effects. Indigenous or local communities, particularly in developing countries, frequently depend on traditional forms of postpartum care established in social and cultural traditions due to barriers to accessing modern healthcare and resource constraints (Mulyanto et al., 2024).  
The time after conceptus birth when the mother's physiological and anatomical alterations revert to their pre-pregnancy state, is known as the postpartum period. After the placenta is expelled, the postpartum phase, sometimes referred to as the puerperium, begins and lasts until all organ systems have fully recovered physiologically (Iwueke & Chukwu, 2020). Three arbitrary periods make up the postpartum period: the acute phase, which lasts for the first 24 hours following placenta delivery; the early phase, which lasts for up to 7 days; and the late phase, which lasts for up to 6 weeks to 6 months. Every stage presents different clinical issues and difficulties (Romano et al., 2010). Post-partum clinical issues associated with postpartum recovery, haemorrhage, lactation, tonic, restoration of health, fever, abdominal pain and uterus cleaning (Kuladeep et al., 2025). 
Postpartum physical weariness is frequent, with initial spikes in pulse rate usually caused by pain or excitement that usually subside on the second day. While a severe decline (>20% from baseline) may suggest septic shock or postpartum haemorrhage, and persistently high blood pressure may indicate preeclampsia, elevated blood pressure might be caused by discomfort or excitement (Bystrova K, 2007). Muscle contractions that cause metabolite absorption lead to an elevated postpartum temperature (37.2 °C or 99°F) (Matthys LA, 2007). Episiotomy causes a postpartum delay in the healing of wounds. This could result in uterine wall infection. One effective tactic to stop bacterial development and encourage wound healing is the use of natural antimicrobial compounds that have been separated from plant extracts. Numerous cultures worldwide practice unique postpartum customs and traditions aimed at preventing future health issues. These traditional practices vary from one country to another and among various ethnic communities (Tiquio et al., 2024). Topical medications and antimicrobials can reduce the risk of infection during the healing process. Antibiotics have been less and less effective in recent years due to the emergence of resistant bacteria. Numerous studies on the use of several herbs to cure episiotomy wounds have been carried out (Hadizadeh-Talasaz et al., 2022).
This study focuses on preparing a poly-herbal powder involving a combination of multiple herbal products. The poly-herbal powder is prepared with the intention of reducing inflammation and improving lactation in postpartum women. A total of 21 herbal ingredients possessing the desired properties have been selected for the poly-herbal powder formulation. (Table 1.) By integrating phytochemical analysis, bioassays, and molecular docking studies, we aim to provide a comprehensive understanding of this polyherbal formulation and its potential role in managing postpartum health.
Table 1. List of Herbal Ingredients
	Scientific Name
	Common Name
	Family
	Pharmacological Properties

	Curcuma longa
	Turmeric
	Zingiberaceae
	Antioxidant, Anti-inflammatory, Antimicrobial (Unlu et al., 2016)

	Piper longum
	Long pepper 
	Piperaceae
	Antioxidant, Anti-inflammatory, Antimicrobial (Salehi et al., 2019)

	Zingiber officinale Roscoe
	Dry ginger
	Zingiberaceae
	Antioxidant, Anti-tumor (Bluden et al., 2006)

	Lepidium sativum
	Garden cress
	Cruciferae
	Antioxidant, Anti-inflammatory, Antimicrobial (Adera et al., 2022)

	Anethum graveolens
	Dill seeds
	Apiaceae
	Antioxidant, Anti-inflammatory, Anti-spasmodic, Antibacterial (Noumi et al., 2023)

	Piper nigrum
	Black pepper
	Piperaceae
	Antioxidant, Anti-inflammatory, Antimicrobial (Fernández-Lázaro et al., 2020)

	Cuminum cyminum
	Cumin seed
	Ranunculaceae
	Antioxidant, Anti-inflammatory, Anti-spasmodic, Antibacterial (Trigui et al., 2019)

	Trachyspermum ammi
	Ajwain seed
	Apiaceae
	Antioxidant, Antibacterial, Anti-inflammatory (Alshammari et al., 2022)

	Coriandrum sativum
	Coriander seed
	Apiaceae
	Anti-inflammatory, Anti-diabetic, Antioxidant (Luna et al., 2016)

	Trigonella foenum-graecum
	Fenugreek seed
	Fabaceae
	Anti-inflammatory, Anti-diabetic, Antioxidant (Salarbashi et al., 2019)

	Anacyclus pyrethrum
	Pellitory
	Urticaceae
	Used to treat indigestion and urinari tract infections (Jawhari et al., 2020)

	Glycyrrhiza glabra
	Licorice
	Fabaceae
	Anti-inflammatory, Antimicrobial, Anti-cancer, Anti-viral (Leite et al., 2022)

	Rhus chinensis
	Nutgall
	Anacardiaceae
	Antibacterial, Anti-viral, Anti-inflammatory (Singh et al., 2023)

	Myristica fragrans
	Nutmeg
	Myristicaceae
	Anti-inflammatory, Antimicrobial, Antioxidant, Aphrodisiac properties (Sindhusha et al., 2023)

	Terminalia chebula
	Inknut
	Combretaceae
	Anti-inflammatory, Anti-diabetic, Antioxidant (Ratha K, 2013)

	Acorus calamus
	Sweet flag
	Acoraceae
	Anti-inflammatory, Anti-spasmodic, Anti-convulsant

	Zingiber officinale
	Ginger flower
	Zingiberaceae
	Antioxidant, Anti-inflammatory, Antimicrobial (Zhang M, 2020)

	Phalaris canariensis
	Canary dried seeds
	Poaceae
	Antioxidant, Anti-diabetic, Anti-hypertensive

	Piper cubeba
	Tailed pepper
	Piperaceae
	Antioxidant, Anti-inflammatory, Antimicrobial, Anti-diabetic, Anti-cancer, Anti-parasitic, Hepatoprotective, Nephroprotective (Alqadeeri, 2020)

	Embelia ribes
	False black pepper
	Primulaceae
	Anti-parasitic, Anti-inflammatory, Antioxidant, Antibacterial, Antidepressant, Laxative (Karpakal, 2014)

	Vigna mungo
	Urad dal
	Leguminosae
	Antioxidant, Anti-diabetic, Antimicrobial,  Diuretic, Laxative, Aphrodisiac



2. MATERIALS AND METHODS
2.1. Extraction of Plant Compounds
The initial stage in assessing the characteristics of the 21 herbal ingredients involves converting them into a fine powder mixture. This powder is then subjected to Soxhlet extraction using three different solvents: hexane, ethyl acetate, and methanol. The Soxhlet extraction method, which is widely used for efficiently extracting bioactive compounds from plant materials, involves repeatedly washing the powder with the chosen solvent until the extraction is complete. This results in the continuous extraction of the desired compounds, yielding three distinct extracts. These extracts undergo Gas Chromatography-Mass Spectrometry (GC-MS) analysis to identify their chemical constituents, referred to as ligands.
2.2. Gas Chromatography-Mass Spectrometry (GC-MS) Analysis
Gas Chromatography-Mass Spectrometry (GC-MS) is a powerful analytical technique that combines the capabilities of gas chromatography and mass spectrometry to identify various compounds present in a given sample. This method plays a crucial role in contemporary analytical chemistry laboratories, with applications ranging from pharmaceutical research and purity analysis to environmental assessment and food and flavour evaluation. By using GC-MS, the chemical profiles of the extracts from the polyherbal powder were accurately determined, providing detailed spectra that facilitated the identification of molecular structures and compositions.
2.3. DPPH Assay
The DPPH assay is widely used to assess antioxidant activity in various fields, including pharmaceutical research for evaluating medicinal plants and drug candidates. In the study of the polyherbal powder, this assay is crucial for determining the antioxidant potential of its extracts (Ethyl Acetate, Hexane, and Methanol). The antioxidant activity of methanol, ethyl acetate and n-hexane root extract of polyherbal compound was measured on the basis of stable 1, 1- diphenyl 2-picrylhydrazyl (DPPH) radical scavenging activity (Burits and Bucar, 2000). One mL of 0.1 mM DPPH solution in methanol, ethyl acetate and n-hexane was separately mixed with 1 mL of various concentrations (10-60 μg/mL) of root extract. The mixture was then allowed to stand for 30 min incubation in the dark. Ascorbic acid was used as the reference standard. One mL of methanol, ethyl acetate and n-hexane was mixed separately with 1 mL of DPPH solution was used as the control. The decrease in absorbance was measured at 517 nm. Ascorbic acid was used as the standard reference. The percentage of inhibition was calculated as:
                         % of DPPH˙ radical inhibition =   Control – Sample   × 100 
                                                                                        Control
2.4. Anti-Inflammatory Test
To evaluate the anti-inflammatory activity of the polyherbal powder extracts, the herbal ingredients were extracted using methanol, ethyl acetate, and hexane. Denaturation of proteins is a well-documented cause of inflammation. As part of the investigation on the mechanism of the anti-inflammation activity, the ability of polyherbal extract to inhibit protein denaturation was studied. The reaction mixture consisted of the test extract at different concentrations and 1% aqueous solution of bovine albumin fraction. pH of the reaction mixture was adjusted using a small amount of 1N HCl. The samples were incubated at 37 °C for 20 minutes and then heated at 57 °C for 20 minutes. After cooling the samples, the turbidity was measured using a spectrophotometer at 660 nm. The experiment was performed in triplicate.
Per cent inhibition of protein denaturation was calculated as follows: 
Percentage inhibition = (Abscontrol – Abssample) × 100
                                                     Abscontrol
2.5. Protein Preparation
[bookmark: _5wmetf8zoocm]Six target proteins associated with postpartum inflammation and milk secretion were selected for molecular docking studies: 1HIB, 1RW5, 5F19, 5GW9, 6T4B and 6TPK. These proteins were prepared using Discovery Studio for accurate docking. 
2.6. Ligand Preparation
Following GC-MS analysis, the identified ligands from the three extracts were prepared for computational studies using Discovery Studio. The ligands were prepared to maintain the structural integrity and chemical properties, ensuring they were suitable for subsequent pharmacokinetic and pharmacodynamic evaluations.
[bookmark: _x8avl6d6zsfu]2.7. ADME Prediction and Toxicity Analysis
The next phase involved predicting the Absorption, Distribution, Metabolism, and Excretion (ADME) properties of the ligands using Discovery Studio's in-built tools. Concurrently, a toxicity analysis was conducted to evaluate the safety profiles of the ligands. Each ligand was also evaluated against Lipinski's Rule of Five to determine its drug-likeness.
[bookmark: _2qhz8kkh2w2c]2.8. Molecular Docking
The molecular docking phase involved the interaction of the prepared ligands with the six target proteins 1HIB, 1RW5, 5F19, 5GW9, 6T4B and 6TPK using Discovery Studio. The ligands were docked into the active sites of these proteins using LibDock, and the resulting interactions were analysed. 
3. RESULTS
3.1. Differential Phytochemical Extraction from Plant Seeds via Soxhlet Method
The syrup preparation performed using Soxhlet extraction of 10 grams of polyherbal powder using methanol, hexane, and ethyl acetate (200 ml each) as solvents yielded 1 mL of extract for each solvent, suitable for GC-MS analysis. Multiple Soxhlet cycles were completed for each solvent, with noticeable colour changes indicating successful extraction. 
3.2. Preliminary Phytochemical Screening of Polyherbal Powder Extracts
Preliminary phytochemical screening confirmed the presence of phenolic compounds and flavonoids in the methanol extract, oils and fatty acids in the hexane extract, and a mix of flavonoids and terpenoids in the ethyl acetate extract, providing a comprehensive profile of the bioactive compounds suitable for further GC-MS analysis.
3.3. GC-MS Profiling of Bioactive Compounds in Poly-herbal Sample Extracts
The GC-MS analysis of the poly-herbal extracts obtained using methanol, hexane, and ethyl acetate solvents revealed 143 distinct profiles of bioactive compounds. The methanol extract was rich in phenolic compounds and flavonoids, the hexane extract contained high levels of fatty acids and lipids, and the ethyl acetate extract had a mix of flavonoids, terpenoids, and phenolic compounds. 
3.4. Antioxidant Activity: DPPH Assay
The antioxidant activity (Fig. 1,2,3) of the plant seed extracts obtained using methanol, hexane, and ethyl acetate solvents was evaluated by DPPH analysis at 517nm. Overall, the results confirm that the ethyl acetate extract possesses the most potent antioxidant properties among the three solvents used.
[image: ]
Fig. 1. Antioxidant activity of methanol extract
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Fig. 2. Antioxidant activity of ethyl acetate extract
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Fig. 3. Antioxidant activity of hexane extract
3.5. Anti-inflammatory Activity: Inhibition of albumin denaturation
The anti-inflammatory activity (Fig.4) of polyherbal powder extract was assessed with measurements taken at 600 nm. Overall, methanol proved to be the most effective solvent for extracting anti-inflammatory compounds, followed by ethyl acetate and then hexane.
[image: ]
Fig.4. Anti-inflammatory activity of hexane, ethyl acetate and methanol extracts
3.6 In silico ADME Evaluation of Poly-herbal Compounds using Discovery Studio
The in silico ADME evaluation using Discovery Studio identified a diverse range of ADME properties among the three types of poly-herbal compounds from the three extracts. This analysis provides valuable insights for prioritising promising candidates for further investigation Fig.5. From GC-MS analysis of Ethyl Acetate extract of the poly-herbal sample, 27 ligands from Ethyl Acetate, 78 from Hexane and 38 from methanol solvents were extracted. All these ligands were checked for ADME properties, and the corresponding plots were examined. ADME prediction was based on the exhibition of favourable HIA, low BBB permeability, and appropriate physicochemical properties that warrant further exploration in pre-clinical models to validate their therapeutic potential and assess their overall drug-likeness profile.
[image: C:\Users\welcome\Downloads\1751445076452.jpg]
Fig.5. ADME Plots
3.7 Docking Analysis of Target Protein and Poly-herbal Compounds
A total of 143 poly-herbal ligands were selected from all three extracts: Ethyl Acetate, Hexane, and Methanol were selected based on the ADMET and toxicity prediction. The 143 poly-herbal ligands were docked with the selected six target proteins - 1HIB, 1RW5, 5F19, 5GW9, 6T4B and 6TPK using LibDock in Discovery Studio (Table 2).
Table 2. Results of Docking Analysis
	S.No.
	Target Proteins
	Extracts
	Ligands
	LibDock Energy Score

	1.
	1HIB
	Ethyl acetate
Hexane

Methanol
	4,6-bis(ethylamino)-1H-1,3,5-triazin-2-one 
Diethyl-2-(3-chloro-2 hydroxypropyl)propanedioate
4,7-dimethoxy-5-prop-2-enyl-1,3-benzodioxole
	69.2455

64.627

50.6782

	2.
	1RW5
	Ethyl acetate
Hexane

Methanol
	1,3-dihydroxypropan-2-yl dodecanoate

N-(2-amino-2-oxoethyl)tetradec-2-ynamide
[(E)-3-phenylprop-2-enyl] cyclobutanecarboxylate
	88.537

98.4376

69.3149

	3.
	5F19
	Ethyl acetate
Hexane

Methanol
	2,3-dihydroxypropyl dodecanoate

N-(2-amino-2-oxoethyl)tetradec-2-ynamide
[(E)-3-phenylprop-2-enyl] cyclobutanecarboxylate
	103.355

105.513

86.6617

	4.
	5GW9
	Ethyl acetate
Hexane


Methanol
	2,3-dihydroxypropyl dodecanoate

2-[3-(4-tert-butylphenoxy)-2-hydroxypropyl]sulfanyl-4,6-dimethylpyridine-3-carbonitrile
2-Methyl-6-(4-methylphenyl)hept-2-en-4-one)
	109.375

119.512


92.2341

	5.
	6T4B
	Ethyl acetate
Hexane


Methanol
	1,3-dihydroxypropan-2-yl dodecanoate 

2-[3-(4-tert-butylphenoxy)-2-hydroxypropyl]sulfanyl-4,6-dimethylpyridine-3-carbonitrile
[(E)-3-phenylprop-2-enyl] cyclobutanecarboxylate
	89.3468

96.8404


79.1956

	6.
	6TPK
	Ethyl acetate
Hexane
Methanol
	2-(Acetoxymethyl)-3-(methoxycarbonyl)biphenylene
-
2-(2,4-Xylidino)-1,1,2-ethenetricarbonitrile; 23957-67-7
	103.31

-
94.744



4. DISCUSSION
Plants are rich in bioactive compounds such as tannins, flavonoids, and phenolic acids, which can inhibit pro-inflammatory cytokines and enzymes, reducing inflammation and potentially improving postpartum health in women. This experiment involved the Soxhlet extraction of polyherbal powder using methanol, hexane, and ethyl acetate as solvents, followed by GC-MS analysis and antioxidant and anti-inflammatory assays (Harborne, 1998). The ethyl acetate extract yielded a high concentration of polar compounds, which demonstrated the highest antioxidant and anti-inflammatory activities (Momodu et al., 2022) in the DPPH and TCA assays. In contrast, the hexane extract predominantly extracted nonpolar compounds. While this extract showed the lowest antioxidant activity, it still exhibited notable antimicrobial properties, making it useful for applications in the cosmetic and food industries (Afrin et al., 2019). The methanol extract provided a balanced extraction of both polar and non-polar compounds. This extract showed moderate antioxidant and anti-inflammatory activities, making it a versatile option for therapeutic uses.
In our antioxidant activity test using the DPPH assay on plant seed extracts, we observed significant variations in antioxidant capacity based on the solvent used for extraction. Ethyl acetate extracts exhibited the highest antioxidant activity, likely due to the efficient extraction of polar phenolic compounds and flavonoids known for their strong free radical scavenging properties. Because hexane is non-polar and largely removes lipids and non-polar chemicals that are less effective at neutralising free radicals, it exhibited the lowest antioxidant efficacy across extracts. Intermediate antioxidant activity was shown by methanol extracts.
Postpartum health is exacerbated by inflammation within tissues. The anti-inflammatory properties of the poly-herbal formulation can help mitigate these effects by reducing oxidative stress and promoting tissue repair. The in silico ADME evaluation and docking analysis highlight the drug-likeness and therapeutic potential of its compounds. Docking studies performed indicate significant binding interactions. These analyses highlight new applications of several promising ligands with favourable drug-like properties and strong target interactions, indicating the need for further pre-clinical studies to confirm their therapeutic potential. Future research should focus on validating these in silico predictions through pre-clinical and clinical studies. This will help to fully explore and confirm the therapeutic efficacy of the poly herbal extracts and pave the way for innovative natural product-based treatments, bridging the gap between traditional medicinal knowledge and modern pharmacological advancements.
5. CONCLUSION
The study demonstrates that the poly-herbal powder extracts exhibit notable efficacy in the treatment of postpartum wound healing. The research combined comprehensive computational methods with laboratory experiments to explore the medicinal benefits of these extracts. These combined findings underscore the diverse therapeutic potential of the poly-herbal extracts. The integration of computational analysis with experimental results not only enhances our understanding of these bioactive compounds but also supports the development of novel therapeutic agents. Future research should focus on validating these in silico predictions through pre-clinical and clinical studies.
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