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Wound healing property of saponins isolated from selected medicinal herbs
Abstract
A combined study was conducted on five important medicinal plants: Centella asiatica (L.) Urban (1), commonly known as Brahmi, a perennial herbaceous creeper; Calotropis procera (Br.) (2), a small, hardy, pubescent, evergreen, erect and compact shrub that grows wild in South-Eastern Asia; Mentha piperita L. (3), one of the most economically important aromatic and medicinal crop worldwide; Sida cordifolia (Linn). (4), a perennial subshrub native to India; and Euphorbia neriifolia L. (5), a species of spurge found in West Bengal and other regions of India. On the basis of their importance in traditional systems of medicine, we have chosen these plants for screening in excision and incision wound studies. The phytochemical analysis of the aerial parts yielded five types of crude saponin extracts. After performing preliminary tests to confirm the presence of saponins in the crude extracts, we conducted experiments to analyse the effects of crude saponins 1, 2, 3, 4, and 5 on biochemical and pathological changes in Wistar rats. Fractions 1, 2, and 3 were found to enhance cellular proliferation and collagen synthesis at the wound site, as indicated by increased DNA synthesis and protein content. The post-wound tissues were removed on the fourth, eighth, twelfth, and fourteenth days and subsequently analysed for specific assays. We found that all five crude extract fractions (1, 2, 3, and crude saponin) were more effective than the other fractions. Treatments with fractions 1, 2, and 3 significantly decreased the levels of lipid peroxides (LPs), while the activities of the enzymes superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx) were significantly increased compared to the control. The results further support the authenticity and beneficial effects of fractions 1, 2, and 3, all of which are responsible for augmented wound healing and potential antioxidant activity. These triterpenoid saponin fractions enhanced the wound healing, possibly due to their effect on cellular mediators involved in the process, thereby creating a microenvironment conducive to tissue repair and remodeling. 
Keywords:
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1. Introduction
The connection between human beings and traditional systems of medicine was established in ancient civilizations. The majority of compounds isolated from medicinal plants having different kind of active constituents are used worldwide. Approximately 25% of therapeutic drugs in developing countries are plant derivatives and their medicinal use is well-known in many countries (Xudong et al., 2016).The most intricate organ of our body is the skin. It acts as a physical shield and wound healing is a process driven by numerous cellular mediators that aim to restore the skin's condition (Dhilleswara et al., 2017).  In developed nations, wound complications are a major public health issue costing millions of dollars. These issues often stem from microbiological complications and the increasing side effects of modern medicines, which can cause local or apparent infection, poor healing and the development of multi-resistant bacteria (Pazyar et al., 2014). Traumatic wounds create problems for demographics at the two opposite ends of the age spectrum, namely infants and the elderly (Daeschlein, 2013). As the population ages, chronic lower limb wounds place a greater burden on healthcare services all over the world (Serra et al., 2018). Acute wounds disrupt the restoration of the anatomical and functional integrity of the skin, whereas chronic wounds can stall the healing process (Howell-Jones et al., 2005). The wound healing process involves interconnected phases: homeostasis, inflammation, proliferation, re-epithelialization, and remodeling. Starting from the homeostasis phase, damaged blood vessels rapidly contract after injury and a blood clot forms as part of coagulation to achieve homeostasis (Lazarus et al., 1994; Rodrigues et al., 2019).
Platelets are packed with cytokines and growth factors. These chemicals activate and attract neutrophils, which subsequently recruit macrophages, endothelial cells and fibroblasts, all of which act as repair agents in the wound-healing cascade (Wilkinson & Hardman, 2020).The inflammatory phase begins with an early inflammatory response that triggers neutrophil aggregation in the wound area, where their primary function is to act as wound cleaners. After 48–72 hours, wound macrophages continue the phagocytosis process. Growth factors, fibroblasts and endothelial cells contribute to the production of cytokines, proteases, reactive oxygen species and coagulation factors (Velnar et al., 2009).
Herbal medicines (HM), also known as traditional, complementary and alternative medicines around the world, have been used to treat medical ailments and promote wellness through their bioactive ingredients and active chemical constituents (Abd Jalil et al., 2017). There are many examples where humans have discovered that certain plant species are more effective in treating specific illnesses than allopathic medicines. The use of herbal medicine is a standard practice in traditional system of medicine such as Ayurveda, Unani, Russian herbalism and others, where botanicals are often applied topically to treat wounds and various dermatological problems. Moreover, the pharmacological effects of botanicals arise from the biological functions of their secondary metabolites, such as triterpenoid saponins (Enioutina et al., 2017). Many nations and international organizations have adopted a One Health strategy in their action plans to address antibiotic resistance, recognizing that improvements in antimicrobial usage policies and regulations, infection control, sanitation and the development of alternatives to antimicrobials are all necessary measures (Quave, 2018). Persistent antimicrobial resistance is associated with an increased likelihood of treatment failure and recurrent infections. As a result, it plays a significant role in rising mortality rates and contributes to major healthcare challenges in developed countries. Unlike antibiotic resistance, antibiotic persistence is difficult to measure and is often overlooked, which can lead to ineffective or inappropriate treatment (McEwen & Collignon, 2018).
According to the World Health Organization (WHO), nearly 80% of the world’s population depends on traditional medicine, which involves the use of active or plant-based constituents isolated from various plant extracts. Research on plants and the identification of wound-healing agents is an emerging field that integrates microbiology and ethnobotany. Triterpenoid saponins are particularly useful in traditional medicine systems. Saponin-containing triterpene acids and their sugar esters—among which asiatic acid, madecassic acid, and asiaticoside are considered the most important—have been identified as substances with therapeutic potential in Centella asiatica (Alavijeh & Sharma, 2012).
Asiatic acid and oleanolic acid, which are the chief constituents of the alcoholic (ethanolic) extract of the herb, have been reported to induce the expression of TNFAIP6, a hyaladherin involved in extracellular matrix remodeling, DNA formation and modulation of inflammatory responses in humans (Huemer et al., 2020). This in turn enhances collagen synthesis (Somboonwong et al., 2012), which plays a major role in wound healing. Type I collagen, along with another important component of the extract, asiaticoside, has also been reported to exhibit healing properties in gastric ulcers and leprosy (Coldren et al., 2003).
The universal fact is that the skin is the largest organ of the human body and is prone to various types of injuries, including surgical and accidental injuries such as burns. These injuries not only increase the risk of infection but also compromise skin aesthetics and homeostasis. In this study, we demonstrated the healing potential of the triterpenoid saponin-rich fraction derived from Centella asiatica, Calotropis procera, Mentha piperita, Sida cordifolia, and Euphorbia neriifolia on excision wounds inflicted on rat skin. The study has implications for the treatment of surgical wounds, as the fraction was found to enhance tissue repair and regeneration by modulating the activity of certain biomarkers.
1.1 Plant Species and Their Potential Therapeutic Interests
1) Centella asiatica
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FIGURE 1. Centella asiatica
Description of the plant:
Centella asiatica which is a clonal, perennial herbaceous creeper belonging to the family Umbelliferae (Apiaceae) is found throughout India growing in moist places. The whole plant is used for medicinal purposes. In Western medicine, alcoholic extracts of Centella asiatica have been reported to be used as a treatment for leprosy and other diseases (Shukla et al., 1998).
Active Constituents
The primary active constituents of Centella asiatica are saponins, mainly asiaticoside — in which a trisaccharide moiety is linked to the aglycone asiatic acid — madecassoside, and madasiatic acid (Kashmira et al., 2010). These triterpene saponins and their sapogenins are primarily responsible for the wound-healing and vascular effects by regulating collagen production at the wound site. The crude extract containing the glycosides isothankuniside and thankuniside has shown antifertility activity in mice. Centelloside and its derivatives have been found effective in the treatment of venous hypertension. In addition, the total extract contains plant sterols, flavonoids, and other components with no known pharmacological activity (Vaidya, 1997), along with an alkaloid (hydrochotine), a bitter compound (vallerine), fatty acids (linoleic, linolenic, oleic, palmitic, and stearic acids), and oleanolic acid.
1) Calotropis procera
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FIGURE 2. Calotropis procera

Description of the plant:
Calotropis procera is a shrub or small tree, growing up to 2.5 m (and sometimes reaching a maximum height of 6 m). The stem is usually simple, rarely branched, woody at the base and covered with fissured, corky bark. The branches are somewhat succulent and densely white-tomentose becoming glabrescent early. All parts of the plant exude a white latex when cut or broken (Abbas et al., 1992).
Active constituents
Nutritional analysis of shade-dried leaves of Calotropis procera shows they contain 94% dry matter, 43% acid detergent fibre, 20% ash, 19% crude protein, 19% neutral detergent fibre, 5% magnesium, 2% oil, 0.59% phosphorus, 0.2% zinc, 0.04% iron and 0.02% calcium (Ambasta, 1986).
The principal active constituents are asclepin and mudarin. Other compounds have been reported to exhibit bactericidal and vermicidal activities. The latex, used as laxative, contains a proteolytic enzyme called calotropaine. The twigs are used in the preparation of diuretics, stomach tonics & anti-diarrheals and are also employed in the treatment of asthma. Additionally the plant is used as an abortifacient, anthelmintic and for conditions such as colic, cough, whooping cough, dysentery, headache, lice infestation, jaundice, sore gums and mouth, toothache, sterility, swellings and ulcers (Murti et al., 2010).
1) Mentha piperita
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FIGURE 3. Mentha piperita

Description of the plant:

Mentha piperita is a medicinally significant plant of family Lamiaceae, is a hybrid of Mentha aquatica & Mentha spicata and is commonly known as peppermint. Although Mentha piperita is native to the Mediterranean region, it has spread worldwide for its use in fragrance, flavour and pharmaceutical applications. It is also used in the treatment of toothache, sterility, swellings and ulcers (Anonymous, 1962).
Active constituents

The plant contains over 40 distinct chemical compounds, including menthol, menthone and menthyl acetate and its consumption safety has been confirmed through toxicological investigations. The differences in essential oil composition among members of this genus provide a diversity of strains with high contents of menthone, menthol, carvone, linalool and other valuable terpenoid components synthesized via the mevalonic acid pathway. Moreover, the medicinal importance of mint has been recognized since ancient times, dating back to Egypt, Greece and Rome, where they were commonly used as stomach soothers. Its analgesic activity is attributed to its main ingredients such as limonene, carvone and menthol. Mint may also exert effects on the central nervous system (CNS) (Nair, 2001). Additionally, it has been reported to possess antidiabetic, hepatoprotective, anti-inflammatory & antioxidant activities and has shown effectiveness as an alternative treatment for irritable bowel syndrome in humans (Turner & Croteau, 2001).

1) Sida cordifolia
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FIGURE 4. Sida cordifolia
Description of the plant:
Sida cordifolia grows well throughout the plains of India, especially in damp climates. The leaves are heart-shaped, serrate, and truncate. The flowers are small, yellow or white in colour, solitary, and axillary. The fruits are the size of moong seeds, about 6–8 mm in diameter. The seeds known as Bijabanda in Ayurveda, are grayish-black in colour and smooth. The plant flowers from August to December and fruiting occurs from October to January (Agharkar, 1991).
Active constituents
The aerial parts contain ephedrine, pseudoephedrine, palmitic acid, stearic acid, β-sitosterol, hexacosanoic acid, 6-phenylethylamine, carboxylated tryptamines, quinazoline, hypaphorine, and vasicinol. It has been used as a folk medicine in India since time immemorial. According to traditional medicinal systems, its bark is considered cooling. It is useful in treating disorders related to the blood, throat, urinary system, piles, phthisis, and insanity (Ghosal et al., 1975). The plant possesses analgesic, anti-inflammatory, and tonic properties. It affects the central nervous system and provides relief from anxiety. It helps regulate blood pressure and improves cardiac irregularities. It is also useful in treating fever, fits, ophthalmic conditions, rheumatism, colic, and nervous disorders. Additionally, it has been reported to improve sexual strength. Sida cordifolia oil is applied topically to relieve sore muscles and joints affected by rheumatism and arthritis. A cataplasm made from crushed leaves can be applied to alleviate local pain and due to its astringent properties, to aid in the healing of external wounds or skin imperfections (Haller & Benowitz, 2000).

1) Euphorbia neriifolia
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FIGURE 5. Euphorbia neriifolia
Description of the plant
Euphorbia neriifolia is a xerophytic, erect, prickly, succulent, fleshy, and large shrub that is much-branched and sometimes grows into a small tree, reaching a height of 2–6 metres or more, with rounded branches. The plant resembles a cactus in appearance. Euphorbia neriifolia grows widely in the dry, rocky and hilly areas of northern, central, and southern India. Euphorbia neriifolia Linn. (Euphorbiaceae) is distributed throughout the Deccan Peninsula of India (Chinmayi & Sathish, 2017).
Active constituents

In one of the studies, the hydroalcoholic extract of Euphorbia neriifolia was found to contain sugars, tannins, flavonoids, alkaloids, and triterpenoidal saponins on preliminary phytochemical analysis. Several triterpenoids such as glut-5-en-3β-ol, glut-5(10)-en-1-one, taraxerol, and β-amyrin have been isolated from the powdered plant, stem, and leaves of Euphorbia neriifolia. Antiquorin has been isolated from the ethanolic extract of the fresh root of Euphorbia neriifolia. Neriifolione, a triterpene, and a new tetracyclic triterpene named nerifoliene, along with euphol, were isolated from the latex of Euphorbia neriifolia.

Euphorbia neriifolia predominantly contains sugars, tannins, flavonoids, alkaloids, and triterpenoidal saponins. The compound 9,9-cyclolanost-20(21)-ene-24-ol and 8,24-euphadien-3β-ol-3-one (neriifolione) have also been reported. Fresh latex yields 10.95% solids, containing 18.32% total resinous matter, and 24.50% and 16.23% of total diterpenes and triterpenes, respectively (Shaikh et al., 2011).
Saponins are a group of natural organic compounds that, due to their chemical structure, are classified as glycosides and possess high surface activity. The term “saponin” is derived from the Latin word sapo, meaning “soap-like.” The term was first suggested by Malon in 1819 for a substance that had been isolated from soapwort by Scheidler in 1811. They form colloidal solutions in water that foam upon shaking. They have a bitter, acrid taste and are usually sternutatory or irritating to the mucous membranes. These compounds are widely distributed throughout the plant kingdom, with the presence of saponins reliably established in about 70 plant families. Steroidal saponins are commonly found in members of the families Liliaceae, Amaryllidaceae, Dioscoreaceae, Scrophulariaceae, and Zygophyllaceae. Triterpenoid saponins are more broadly distributed, occurring in about 150 genera. The majority of triterpenoidal saponins are found in families Fabaceae, Caryophyllaceae, Asteraceae, Equisetaceae, Araliaceae, and Lamiaceae (Rubio-Moraga et al., 2013).

Saponins have a high molecular weight, and their isolation in a pure state presents certain difficulties. Upon hydrolysis, they yield an aglycone, known as a sapogenin, and a sugar moiety. The sapogenin portion may be either triterpenoidal (C₃₀) or steroidal (C₂₇). Saponin molecules exhibit hydrophobic/hydrophilic asymmetry due to the presence of the aglycone (hydrophobic) and sugar (hydrophilic) portions, respectively. This property results in their ability to lower surface tension in aqueous solutions and produce foam upon shaking. They are typically glycosylated at the C-3 position, and in some cases, the alkyl side chain is converted into a carboxyl (COOH) group, which may be esterified with a sugar moiety. The sugar portions of saponins often contain uronic acids or acyl residues (Tian et al., 2021).

Use of Saponins:

Steroidal sapogenins are used in the production of cortisone and sex hormones. Saponins exhibit a diverse range of medicinal uses, including acting as expectorants, immunostimulants, and in the control of schistosomiasis-carrying snails. They are also used for cleaning industrial equipment and fine fabrics, and serve as powerful emulsifiers (Tatia et al., 2022).
2. Materials and Methods
2.1 General
Melting points were determined on a Perfit apparatus without correction. Infrared (IR) spectra were recorded in KBr pellets using a Bio-Rad FT‑IR spectrometer. Ultraviolet (UV) spectra were obtained in methanol on a Lambda Bio 20 spectrometer.
¹H (400 MHz) and ¹³C (100 MHz) NMR spectra were recorded on a Bruker Spectrospin spectrometer using CDCl₃ and DMSO‑d₆ (Sigma‑Aldrich, Bangalore, India) as solvents, with tetramethylsilane (TMS) as an internal standard. Electrospray ionization mass spectrometry (ESI‑MS) analyses were performed on a Waters Q‑TOF Premier mass spectrometer (Micromass MS Technologies, Manchester, UK). Column chromatography separations were carried out on silica gel (Merck, 60–120 mesh, Mumbai, India). Precoated silica gel plates (Merck, Silica gel 60 F₂₅₄) were used for thin‑layer chromatography (TLC) and visualized by exposure to iodine vapours and ultraviolet light.

  2.2 Plant Material
Leaves of Calotropis procera were collected from the herbal garden of Jamia Hamdard, New Delhi, and authenticated by Dr. H. B. Singh, Scientist F and Head, Raw Materials Herbarium and Museum, National Institute of Science Communication and Information Resources (NISCAIR), New Delhi. A voucher specimen (Ref. No. NISCAIR/RHMD/Consult/2008‑09/1169/201) was deposited in the NISCAIR herbarium.

2.3 Extraction and Isolation
The air‑dried aerial parts (2 kg each) of Calotropis procera, Centella asiatica, Mentha piperita, Sida cordifolia, and Euphorbia neriifolia were coarsely powdered and extracted exhaustively in a Soxhlet apparatus with methanol for 72 hours. Preliminary phytochemical screening for saponins was conducted on the methanolic extract. The extract was then concentrated under reduced pressure to obtain a dark brown viscous mass.
A portion of the extract was subjected to chemical analysis for detection of various constituents. The material was subsequently concentrated with 500 mL of solvent and partitioned with an equal volume of n‑butanol. The resulting n‑butanol fraction, containing the saponin-rich components, was evaporated to dryness under reduced pressure using a rotary evaporator. The dried extract was stored in pre‑sterilized, airtight containers at 4 °C until further use. In certain cases, saponins were also detected in completely methanolic or hydroalcoholic fractions (Horbone, 1973).

2.4 Characterization of wound healing assessment using biophysical and biochemical parameters.
The evaluation of wound healing activity has been performed using two different models: the excision wound model and the incision wound model.
2.4.1 Excision wound induction
The animals were weighed individually. The skin on their dorsolateral flank area was cleaned with 70% alcohol before wound preparation. A 1 cm × 1 cm area of skin was measured and cut on the right dorsolateral flank area. The resulting skin wound was measured using vernier calipers that had been previously sterilized with an 80% alcohol solution.
Hemostasis was secured, and the Compound was applied at 30 mg per kg body weight at intervals until complete wound re-epithelialization occurred. The time for this varied for all treatments (Nayak et al., 2007).
After complete healing, blood samples were withdrawn for biochemical estimations. Skin samples from the different treatments were stored at -80° C.
2.4.2 Measurement of wound contraction period/ measurement of period of                epithelialization in excision wound model
The contraction mainly contributing to wound closure was studied using vernier calipers. Wound measurements were taken on the 4th, 8th, and 12th days, and continued until the wounds were completely covered with epithelium34. Wound contraction was calculated as the percentage change in the initial wound size, i.e.
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WC (%)     =      Initial wound size – specific day wound size    
                                                       Initial wound size
Epithelialization period was monitored by noticing the number of days required for eschar to fall away, leaving no raw wound area behind (Manjunatha et al., 2005).

2.4.3 Histopathological studies
Rats were sacrificed under light ether anaesthesia, and the liver and skin were removed and washed with normal saline. Skin tissue specimens from the healed wounds of each treated group in the excision wound model were collected and fixed in 10% neutral buffered formalin. Paraffin sections of 5 µm thickness were then prepared and stained with hematoxylin and eosin (H&E) for histopathological examination (McManus & Mowry, 1965). 

2.4.4 Incision wound induction and measurement of tensile strength
Lightly anesthetized the animal with an intraperitoneal injection of ketamine hydrochloride, and clipped the hair from the entire trunk. All animals to be studied were shaved before proceeding with the wounding protocol. After induction of surgical anesthesia, each animal was quickly placed onto the operating board. The operating board had been covered with a sterile surgical sheet. Positioned the animal in a prone position, with the animal's head pointed caudally towards the operator. Prepared the skin by applying 75% alcohol.

Using toothed forceps, elevated the starting point of the incision at the lower left posterior flank, approximately 1 cm lateral to the spine. With sharp–blunt scissors, made a small cut through the full thickness of the skin. Inserted the blunt tip of the scissors through the cut into the loose areolar tissue. Repositioned the forceps to hold the tissue at the incision site, and “push-cut” the skin with the scissors along the paraspinous longitudinal line until a 4 cm incision was made.  Positioned the animal’s head to the left of the operator; grasped both ends of the wound with forceps to create a wound pocket, and applied the test material as per the experimental plan. While holding one end of the wound under tension, approximated the wound margins with three evenly spaced cotton bandages. Removed the bandage after 5 days of applying the pure compound twice a day (Baie & Sheikh, 2000).
Table 1. EXPERIMENTAL ANALYSIS OF EXCISION AND INCISION WOUND INDUCTION GROUPS
	Groups
(n=6)

	Treatment
	Dose of drug

	Group -1

	Control (negative control)

	Normal saline treatment


	Group-2

	Feramycetin treated group
(Standard)

	30 mg /Kg body weight

	Group-3

	    1
	30 mg /Kg body weight

	Group-4

	    2

	30 mg /Kg body weight

	Group -5
	    3
	30 mg /Kg body weight


	Group-6
	    4
	30 mg /Kg body weight


	Group-7
	    5
	30 mg /Kg body weight



The drug were applied topically once in a day. On 5th day bandage will removed and applied drugs till the wound will cover completely. 
2.4.5 Tensile Strength Measurement
Tensile strength is the resistance to breaking under tension. It indicates how much the repaired tissue resists breaking under tension and may partly reflect the quality of the repaired tissue. For this purpose, the newly repaired tissue, including the scar, was excised to measure tensile strength. The tensile strength of the wound was determined in all groups on the 20th day using a texture analyzer.
The rats were lightly anesthetized with ether, and the skin was removed 1 cm on each side of the wound. The tensile strength was measured using a texture analyzer (TA XT2), and the increase in tensile strength served as an indicator of wound healing. Tensile strength was determined using the following equation (McManus & Mowry, 1965).
Tensile strength = Breaking load (force)/Area
Area= Thickness× Width
2.4.6 Sample collection and tissue preparations
At the end of complete epithelialization of the wound, or when the wound was fully covered with epithelium, the rats were anesthetized and sacrificed to measure the zero-time-point parameters. Blood was collected from the retro-orbital plexus using capillary tubes, and serum was separated by centrifugation at 4000 rpm for 5 minutes at 4°C. The serum from each rat was aliquoted into 0.5 ml fractions and stored at −20°C.
Biochemical Parameters
Protein and DNA from wet granulation tissue (100 mg wet weight of tissue) were extracted using a 5% trichloroacetic acid (TCA) solution. Protein estimation was performed according to the method described by Lowry et al. (Lowry et al., 1951). To 1 ml of sample tissue, 0.1 ml of chilled 10% TCA was added. The samples were incubated for 30 minutes to allow protein precipitation and then centrifuged at 3000 rpm for 10 minutes. The supernatants were decanted and discarded. The resulting pellet was dissolved in 2 ml of 1N NaOH and incubated at 30°C in a water bath for 20 minutes. Aliquots of 0.2 ml, in duplicate, were taken, followed by the addition of 0.8 ml of distilled water and 2.5 ml of alkaline copper sulfate reagent. After 10 minutes of incubation at 25°C to allow complex formation, 0.25 ml of Folin’s reagent was added, and the mixture was incubated for 30 minutes at room temperature. The optical density of the final product was measured at 660 nm.
Hexosamine Estimation: 
Hexosamine content was determined following the protocol described by (Burton, 1956; Saha et al., 1997; Elson & Morgan, 1933; Woessner, 1961). Aminosugars or hexosamines are formed when an amino group is introduced into a hexose molecule. This compound is commonly found in complex polysaccharides, primarily as the acetyl derivative N-acetylglucosamine, which is a constituent of various glycoproteins in connective tissues. Therefore, glucosamine was used as the standard for measuring hexosamine.
This is a colorimetric method based on the color developed when pyrrole derivatives condense with p-dimethylaminobenzaldehyde. The conversion of glucosamine into pyrrole derivatives—namely, ethyl ester of 2-methyl-5-tetrahydroxybutylpyrrole-3-carboxylic acid and 3-acetyl-2-methyl-5-tetrahydroxybutylpyrrole—is achieved by the action of ethyl acetoacetate and acetyl acetone, respectively. When glucosamine hydrochloride is boiled in an alkaline solution with either ethyl acetoacetate or acetyl acetone, the resulting solution, upon treatment with Ehrlich’s reagent in the presence of alcohol, develops a stable red color. The color obtained from the condensation product of acetyl acetone was found to be more intense and was therefore selected as the basis for the colorimetric determination of hexosamine.
The procedure was carried out in test tubes with a final volume marked at 10 ml. Standard solutions containing 0.5–3.0 mg of glucosamine hydrochloride were pipetted into the test tubes. The acetyl acetone reagent was then added, and the tube walls were washed with 1 ml of double-distilled water. The tubes were heated in boiling water, cooled, and ethanol was added to bring the total volume to approximately 2 ml below the 10 ml mark. Samples of varying standard concentrations were analyzed. The solutions were treated with 1 ml of freshly prepared 2% acetylacetone in 0.5 M Na₂CO₃ in capped tubes and placed in a boiling water bath for 15 minutes. After cooling under tap water, 5 ml of 95% ethanol and 1 ml of Ehrlich’s reagent were added and mixed thoroughly. The purple-red color developed was measured after 30 minutes at 530 nm.
Total collagen estimation: 
The total collagen content was determined as described by (Adam et al., 1968). Collagen was estimated with respect to L-hydroxyproline. Samples of varying concentrations were taken for analysis. Hydroxyproline was oxidized by adding 1 mL of Chloramine T to each tube. The contents were mixed thoroughly and allowed to stand for 20 minutes at room temperature. Then, 1 mL of 70% perchloric acid was added to each tube to destroy the excess Chloramine T. The contents were mixed and allowed to stand for 5 minutes. Finally, 1 mL of PDAB (p-dimethylaminobenzaldehyde) solution was added, and the developed color was measured spectrophotometrically at 557 nm. The collagen content was calculated by multiplying the hydroxyproline content by a factor of 7.46 and expressed as mg per 100 mg of the dry weight of the sample.
Superoxide dismutase: 
SOD activity was measured according to the protocol adopted from reference 26. The auto-oxidation of pyrogallol by superoxide radicals (O₂⁻) generated through the univalent reduction of oxygen is inhibited by superoxide dismutase (SOD) (Marklund & Marklund, 1974).
Catalase: 
Catalase activity has been measured as per protocol adopted from. 25 The reaction mixture consisted of 1.95 ml of phosphate buffer (0.1 M, PH 7.4), 1 ml H2O2 (0.09 M) and 0.05 ml PMS (10% w/v) in a final volume of 3 ml. Change in absorbance after 3 minutes was recorded at 240nm. Catalase activity was calculated in terms of nmol H2O2 Consumed /min/mg protein (Claiborne, 1985).
SOD 
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3. Results and discussion
Phytochemical investigation of methanolic, hydroalcoholic, and crude saponin extracts from the leaves of Centella asiatica, Calotropis procera, Mentha piperita, Sida cordifolia, and Euphorbia neriifolia resulted in the isolation of fractions 1, 2, 3, 4, and 5. All these compounds were isolated from the plants for the first time. This study has enhanced the understanding of the phyto-constituents present in these plants. These compounds may serve as chromatographic markers for the standardization of the plant leaves. Further research on the bioactivities of the isolated phytoconstituents and leaf extracts is recommended to substantiate the medicinal properties of these plants.

Graph 1. Post wounding reduction in percentage and period of epithelization of five isolates.*
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Graph 2.  Post wounding reduction in percentage and period of epithelization of five isolates.


Graph 3.  Tensile strength of all the five triterpenoid saponin fractions.

Graph 1: Post-wounding reduction per day and the period of epithelization were evaluated for five isolates. Fraction 1 showed a faster rate of wound contraction compared to the control, with the period of epithelization significantly reduced from eighteen to twelve days. The Fraction 2-treated group also exhibited good wound contraction relative to the control, and the epithelization period decreased significantly from eighteen to thirteen days. Fraction 3 demonstrated a period of epithelization of seventeen days. Fraction 4 showed relatively normal wound contraction, with the period of epithelization reduced from eighteen to seventeen days. The Fraction 5-treated group showed very slow wound contraction, and the period of epithelization ranged from eighteen to nineteen days, similar to the control group.
Graph 2:  Showed tensile strength of all five triterpenoid saponins fractions.
Tensile strength significantly increased in the healing of the fraction-1, fraction-2, fraction-4, and fraction-5 treated groups compared to the control. A slight decrease was observed in the fraction-3 and fraction-5 treated groups.
Graph 3: Post wounding reduction in percentage and period of epithelization of five isolates shows excellent results.
After complete epithelialization the activity of serum enzyme ALT and AST was measured, and the liver was found to be normal.
3.1 BIOCHEMICAL PARAMETER ANALYSIS ON 4TH 8TH AND 12TH DAY
Graph 4.  Total collagen analysis


Graph 5. Hexosamine analysis.**
Graph 6.  Protein analysis.**
Graph 7. DNA analysis.**

Graph 4:  shows total collagen analysis pattern of five fractions which is found significantly increased in fraction 1, 2, 4 & 5.

Graph 5: shows hexosamine of five fractions, hexosamine found significantly increased in fraction 1, 2, 4 & 5.

Graph 6: shows protein analysis of five fractions, protein found significantly increased in fraction 1, 2, 4 & 5.

Graph 7: shows DNA analysis of five fractions, DNA found significantly increased in fraction 1, 2, 4 & 5.

In our study, treatment with the isolated crude saponin fractions 1, 2, and 3 in both excision and incision wound models significantly increased the rate of wound contraction and epithelialization. In contrast, fractions 4 and 5 showed slightly decreased wound contraction. The significant increase in the dry granulation tissue content of wounds in the fraction 1, 2, and 3 treated animals suggests higher collagen content compared with the control. The crude saponin fractions isolated from five important medicinal plants may be responsible for promoting collagen formation during the proliferative stage of wound healing.
The apparent greater number of myofibroblasts observed in the fraction 1, 2, and 3 treated wounds may be partially responsible for the faster wound contraction. The protein and DNA contents of granulation tissue indicate the levels of protein synthesis and cellular proliferation. The higher protein and DNA contents observed in the treated wounds, compared with the untreated control, suggest that these fractions, through an as yet unknown mechanism, stimulated cellular proliferation relative to fractions 4 and 5.
Estimation of the total collagen-to-DNA ratio in granulation tissue from the fraction 1, 2, and 3 treated groups indicated increased collagen synthesis per cell compared with the control, whereas fractions 4 and 5 showed a significant decrease. Glycosaminoglycans and proteoglycans synthesized by fibroblasts in the wound area form a highly hydrated gel-like ground substance—a provisional matrix within which collagen fibers are embedded. Treatment with the hydroalcoholic extract of Stachytarpheta jamaicensis leaves increased the content of ground substance in granulation tissue. As collagen accumulated, hexosamine levels also increased, showing a concomitant relationship between collagen and hexosamine content (Burns et al., 2003).
Hexosamine acts as a key matrix molecule and forms the ground substratum responsible for the synthesis of new extracellular matrix. The early increase in hexosamine suggests that fibroblasts actively synthesize the ground substratum upon which collagen is deposited. It has been reported that the levels of these components increase during the early stages of wound healing and return to normal during later stages (Hu et al., 2003; Nithya et al., 2003). A similar trend was observed in fraction 1, 2, and 3 treated wounds. The hexosamine levels increased up to the eighth day.
Collagen molecules synthesized at the wound site gradually become cross-linked to form fibers. Wound strength is gained through both remodeling of collagen and the formation of stable intra- and intermolecular cross-links (Nayak et al., 2007). A significant increase in tensile strength was observed in the fraction 1, 2, and 3 treated groups (Cheng et al., 2011).
It is well documented that the healing process begins with the clotting of blood and concludes with the remodeling of the skin’s cellular integrity. However, wound healing can be hindered by reactive oxygen species or microbial infection, since neutrophils are among the first cells recruited to the site of injury. These cells play a crucial role in antimicrobial defence but may also cause cellular damage through the peroxidation of membrane lipids (Sen et al., 2002; Anand et al., 2010; Pattanaik et al., 2012).
4. Conclusion
Our study clearly showed that the saponin fractions isolated from Centella asiatica, Calotropis procera, and Mentha piperita exhibited better wound-healing properties compared with those isolated from Sida cordifolia and Euphorbia neriifolia. Therefore, this type of modern research could be very useful in the future.
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*Values are expressed as mean ± S.D. for six animals. All medians are significantly different at a = 0.05; b = 0.01 as compared with corresponding control using non-parametric Mann–Whitney U-test.
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