


Review Article
A COMPHRENSIVE SYSTEMATIC REVIEW OF Tridax procumbens. L on WOUND HEALING AND ITS PHARMACOLOGICAL ASPECTS

ABSTRACT
Tridax procumbens.Linn is a well-known medicinal plant found all over India. It contains flavonoids, alkyl esters, sterols, pentacyclic triterpenes, fatty acids and polysaccharides, and various chemical constituents naturally. The extracts obtained from Tridax leaves promote wound healing activity with VEGF (Vascular Endothelial Growth Factor) signaling pathway. The wound healing is induced by increased lysyl oxidase activity (encoded by LOX gene) by Tridax. This study reveals the stages of wound healing activity includes fibroblastic proliferation and muco polysaccharides production, replacement of muco polysaccharides with collagen molecules and cross-linking of collagen fibers, and collagen fiber shrinkage. Its effects such as anti-cancer, anti-fungal and anti-hypersensitive activity are discussed briefly. The aqueous, methanolic and ethanolic extract of Tridax procumbens has a significant anti-diabetic activity. The chloroform extract from the aerial parts of the plant plays a pivotal role as a curative drug for liver damage with increased levels of Aspartate transaminase (AST), lactate dehydrogenase, gamma-glutamyl transferase and bilirubin.
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1. INTRODUCTION
“Your wound is probably not your fault, but your healing is your responsibility”, said Shraddha. Nowadays, wounds are a major problem faced by people that will result in scars. Healing of wounds takes more time so it is a major issue for the busy-running humans in the world. Wounds are breaks in the integrity of the skin and tissues. They may be superficial cuts, scrapes, or scratches but also includes deeper cuts, punctures, and burns. It will affect the epidermis of the skin. The major concerns for the public sectors are skin wounds and compromised wound healing. The series of actions that occurs to heal wounds is known as a wound healing process. Tridax procumbens. Linn, commonly known as coat buttons, is a medicinal plant that is used for various disorders mainly concerned with wound healing activity. Many herbal extracts are used for wound healing whereas this type of herbal has high wound healing activity when compared to others. It is a widespread weed and common pest plant mainly grown in tropical lands. In ancient days, Tridax procumbens are used for wound healing and acted as an anticoagulant, antifungal, and insect repellent. It is also an ayurvedic (or Unani) medicine for liver disorders and hepato-protection, heartburns, and gastritis (Choudhary and Maheswari, 2009). Tridax procumbens is also used for the treatment of boils, blisters, and cuts in many parts of India. The phytochemical screening study reveals that it contains several chemical constituents such as flavonoids, alkaloids, carotenoids, and tannins. The proximate profile says that it contains sodium, potassium, and calcium (Mirsa et al., 2017). So it is cheaper to manufacture the drug or ointment to cure wounds because of its widespread nature. In this review, we will study the pharmacological properties of Tridax procumbens. Linn in brief.Combination of Tridax procumbens extract, gelatin-stabilized silver nanoparticles, and a biosurfactant yielded a nano-herbal ointment. Prepared a film for wound dressings by blending Tridaxprocumbens extract with carboxymethylcellulose (Sarkaret al.,2025).
2. TridaxProcumbens. Linn
Tridax procumbens. Linn is a well-known medicinal plant found all over India. It is a generic name which is derived from Greek.  It is a widespread pest weeds grown in roadsides, railroads, riverbanks, etc. Their native is tropical America and exported to tropical Africa, Asia, and India (Mundada et al., 2010). It is a week herb with about 12-24 long stems with few leaves (Choudhary and Maheswari, 2009).Tridax is employed as indigenous medicine for a variety of diseases. Skin infections are also cured by their leaf extracts. Tridax species include T. angustifolia, T. serboana, T. bicolor, T.accedens and some of them are medicinally important worldwide (Mirsa et al., 2017).It has numerous pharmacological properties which include anti-oxidant, antimicrobial (Gbadamosi et al., 2024), anti-hepatotoxic, immune modulatory, anti- diabetic, antifungal, anti-inflammatory, and soon. In Alabama, Florida, Minnesota, North and South Carolina, it is classified as an oxious weed. It can be found in either dry or damp soil and on the cultivated ground from sea level to 2300m (poll, 2005).It is also used to treat anemia, colds, and hepatopathies in Central America (Mundada et al., 2010). In Guatemala, Tridax is used to cure vaginitis, stomach pain, diarrhoea, and mucosal inflammations. The bleeding can be stopped by leaf juices of Tridax and induces healing of wounds. It is traditional and complementary medicine is being highly recognized as an integrative approach to health care in various countries.Their seeds can germinate at high temperatures (35/25 & 30/20℃) in the presence of 58 to 78% light. These plants are sensitive to water stress and salt concentration (Chauhan and Johnson, 2008). They have 36 (diploid) and 18 (haploid) chromosome numbers in gametes (Raghavan and Venkatasubbhan, 1941). The stem has a 37% dry weight of lipid and carbohydrate, respectively (Ikewachi et al., 2009).
3. Overview of phytochemical constituents
Tridax procumbens contains flavonoids, alkyl esters, sterols, pentacyclic triterpenes, fatty acids and polysaccharides, and various chemical constituents naturally. A new flavonoid is extracted from the aerial part of the plant named 3, 6-dimethoxy-5, 7, 2’, 3’,4’-Penta hydroxy flavone 7-O-β-D-glucose-pyrazinamide by spectroscopic techniques[8]. It also contains alkaloids, carotenoids, tannins and is rich in saponins. Tridax leaves contain 26% of crude proteins, 17% of crude fiber, 39% of soluble carbohydrates, calcium oxide, luteolin, glucoluteolin, quercetin, and isoquercetin are extracted from flowers (Varma and Gupta, 1988). Oleanolic acid, a potential antidiabetic agent was obtained in Tridax when it is tested against a glucosidase (Ali et al., 2002). Daucosterol was also reported which works against gram-positive and gram-negative bacteria (Subramaniam et al., 2014). Ethyl acetate was extracted from T.procumbens, which effect against E.coli and Pseudomonas aeruginosa. Ethyl acetate has higher antioxidant activity compared to petroleum ether extract. WSTP-IA and WSTP-IB are the two water-soluble polysaccharides that were purified from the leaves of Tridax procumbens. Linn by mild delignification and size-exclusion chromatographic methods (Raju and Davidson, 1994). It also contains 8,3’- dihydroxy-3,7,4’-trimethoxy-6-O-D-glucopyranosyl flavone and 6,8,3’- trihydroxy-3,7,4’- trimethoxyflavone which are two new flavones isolated from Tridax, associated with four compounds namely puerarin, esculetin, oleanolic acid, and betulinic acid. These structures were identified by spectral methods such as IR, 1D and 2D NMR, ESI-MS, HR-ESI-MS (Xu et al., 2010).
Table 1.Various Extracts of Tridax and their pharmacological properties.

	Pharmacological activity
	Phytochemicals extraction
	Parts of the plant
	Citation

	Antifungal activity
	Flavonoids, monoterpenes and alkaloids
	Aerial parts
	(Miya et al., 2015).

	Anticancer activity
	5(alpha)-cholestane, monoterpenes (alpha and beta pinenes)
	Crude	flower aqueous and acetone extracts, essential oil extracts
	(Schever, 2012).

	Hepatoprotective activity
	Alkaloids flavonoids
	and
	Flowers, leaves and aerial parts
	(Patel et al.,2014)

	
Antidiabetic properties


	Saponins
	
	Ethanolic extract of whole plants
	(Petchi et al.,2013)

	Antihypertensive activity
	Flavonoids and alkaloids
	
	Ethyl acetate and dicloromethane fractions
	(Salahdeen et al.,2017)




	
4. Mechanism of Action in Wound Healing
The extracts of Tridax promoted wound healing activity in experimental male Wistarrats. The increased lysyl oxidase activity induced by the preparation is responsible for the activity of wound healing. The raised nucleic acid level shows that action at cellular levels (Udupa et al., 1991).The process involves broad interaction between the derma land epidermal cells, the ECM, controlled angiogenesis, and protein plasma associated with an array of cytokines and growth factors ((Udupa et al., 1991)). This plant opposes epithelisation and tensile strength depressing the effect of dexamethasone (healing suppressing agent) without harming the anticontraction and antigranulation action of dexamethasone. Dexamethasone 0.33mg/kg IM on the first day and half of this dose was given to the experimental animals routinely with continuous observation. Tridax induces an increase in adrenal weight and thymus weight which says that this plant exerts a healing effect along within direct anti-healing influences and it is mediated through their lease of adrenal steroids (Bhattet al., 2007). The drug has a dual role: direct effect in the initial phase of wound healing and another is an indirect effect in the later stage (Udupa et al., 1998). In the granulation tissues, this plant increases the lysyloxidase (LOX) along with protein and nucleic acid content which will be further increased in glycosamino glycan content (Udupa et al., 1998).
5. Stages of Wound Healing Activity
Normal wound healing is divided into three stages: (c) fibroblastic proliferation and muco polysaccharide production, (Faoagali, 1999) replacement of muco polysaccharides with collagen     molecules and cross-linking of collagen fibers, and (Peacock, 1963) collagen fibre shrinkage. Cross- linking between collagen molecules and the physical weave of collagen fibres are both important in contributing to wound tensile strength (Peacock, 1966).
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Fig. 1.Cutaneous wound healing
5.1. Where it all Started
Villagers use the juice of Tridax procumbens L. (Compositae) leaves to stop bleeding from cuts and bruises. An array of cytokines and growth factors such as VEGF, TGF-Beta 1, FGF-2[50] coordinate a complicated interplay between epidermal and dermal cells, the extracellular matrix, regulated angiogenesis, and plasma-derived proteins during wound healing (Faoagali, 1999). The aqueous extract, like ethanolic extract, helped enhance wound shrinkage, albeittoa lower extent. Another study discovered that the whole plant of Tridax had antibacterial action against a variety of bacteria types (Fujii et al., 2008). It is used to guard against human skin infection because of this function, and it may also help with wound healing. Not only did the plant boost granulation and hexosamine production, butital so showed a considerable rise in the hydroxyl proline content of the excision wound's granulation tissue, indicating rapid collagen creation. Both extracts had a rise in hexosamine content, which contributes faster wound healing (Talekar et al., 2012).
6. Experimental Analysis of Wound Healing in Mice
In the WPE treated mice, the dry weight of the granuloma tissue was dramatically reduced with AE, BF, and PEF, but was equivalent to controls. As shown by increases intensilestrength  andlysyl oxidase activity, the whole plant extract (WPE) appeared to have the most pro-healing activity. The aqueous extract (AE) was likewise effective at increasing lysyl oxidase activity, thought lesser extent than the WPE. The enzyme lysyloxidaseis important for collagen cross-linking and maturation. The use of EETP may have contributed to a faster rate of wound healing. Wound healing effects may be related to the regulation of collagen expression and an improvement intensile strength of wounds by limiting elevated levels of peroxides, according to the mechanism. Flavonoids have medicinal properties such as anti-inflammatory, anti-fungal, antioxidant, and wound healing. Furthermore, flavonoids and their derivatives have been shown to reduce lipid per oxidation by increasing vascularity and preventing lowing cell necrosis (Patil et al., 2012). It has been demonstrated to boost collagen synthesis, promote cross-linking, reduce soluble collagen degradation, speed up the conversion of soluble collagen to   insoluble collagen, and prevent soluble collagen catabolism. It was discovered that enhancing oxygen diffusion, lymphatic drainage, reducing oxygen-free radical overproduction, and increasing collagen synthesis all worked synergistically to enhance healing. The presence of flavonoids and phenolic acid derivatives in an ethanolic extract of Tridax procumbens L. leaves was discovered through phytochemical analysis. Flavonoids and phenolic acid derivatives are crucial for wound healingactivities.TLC was used to confirm that the various types of constituents are present in the extract of Tridax procumbens, and the yield of the EETP was found to be 3.57 percent based on the phytochemical screening results. Thus, the wound healing capacity of Tridax procumbens may be attributed to phyto constituents contained in the ethanolic extract of Tridax procumbens (L.) leaves, which may be owing to the individual or cumulative action in speeding up the wound healing process, most likely the proliferation phase. Increased DNA concentration and hydroxyl proline production are crucial factors in wound healing because they aid in the repair and restoration of normal structure, function, and physiology following tissue destruction. The elevated concentration of these biomarkers indicates that the healing process is more rapid than the typical wound healing process (Shrivastav et al., 2020). The aqueous extract increased lysyl oxidase to a lesser extent than a whole plant extract. Furthermore, in a dead space wound healing model, extract from this plant's leaves has been demonstrated to improve wound healing in both normal and immune compromised (steroid-treated) rats. The plant increased the concentration of lysyl oxidase, protein, and nucleic acid in the granulation tissue, most likely due to increasing lycosamino glycan content (Nia et al., 2003; Mundada et al., 2010). The original version of Tridax, Kalka, is the most effective for wound healing.This could be one of the reasons why new Tridax dosage forms haven't developed over time. Tridax's Ash is another beneficial dose type. Other dose formulations may also be administered on purposeto promote wound healing at various stages of wound repair (Ambulkar et al., 2020).
7. Effects ofTridaxProcumbens.Lin Wound Healing
Tridax inhibited the anti- epithelialization and tensile strength-lowering effects of dexamethasone (a well-known healing suppressant) without affecting dexamethasone's anticontraction and antigranulation effects (Kumar et al., 2012; Bhagat et al., 2019).  Both aqueous and ethanolic extracts of T. procumbens enhanced the tensile strength of the wound in Wistar rats in an excision and incision wound model. Wound healing indicators including hydroxyl proline, collagen, and hexosamine also increased significantly (Yaduvanshiet al., 2011; Kaushik et al., 2020). Tridax procumbens and Arecacatachu were utilized in Ayurveda for their antibacterial, antifungal, anti-inflammatory, wound healing, and other therapeutic properties (Lokesh Prasad et al., 2017).
The conventional assays to determine the efficacy of plant products for wound healing comprises painful invasive procedures in animal models. In-vitro assays described in this study enable us to screen the large number of plant products having antioxidant, cell mobilization, and angiogenic properties essential for wound healing. It was reported earlier that wound healing and antioxidant properties co-exist in plant products (Süntar et al., 2012). Most   often wound healing processes can be aided by the presence of antioxidants (Talekar et al., 2017). Tridax procumbens Linn. Has a lot of potential in terms of botany, phyto-chemistry, nutrition, and pharmacology. The plant has been extensively employed in the ancient system of medicine for many biological illnesses, and it possesses various prominent phyto- pharmacological activities, according to the review study and explanation.
8. Immunomodulatory Activity
The ethanolic extract of Tridax has an immunomodulatory property by enhancing the particulate matter uptake by phagocytes (Ingle et al., 2014). The methanol extract has the active compound ‘sesquiterpene lactone ’, which induces delayed-type hypersensitivity reaction. It increases phagocytic index, leukocyte count, and spleens can body-secreting cells and also has stimulation of humoral immune response was observed. It influences both humoral and cell-mediated immune systems (Tiwari et al., 2004). The active compound from the extract prevents BSA sensitized anaphylactic reaction by producing the IgG antibodies stopping the BSA–IgG interaction and inhibiting mast cell degranulation (Cai et al., 2017). These reactions were observed in P.aeruginosa infections (Oladunmoje, 2006). The phagocytic index, leukocytescount, and spleen can body- secreting cells were increased by dosing 0.25 and 0.5g/kg. Hypersensitivity reaction shows the activation of the cellular immune system. This study was based on in vivo (haemagglutination) and in-vitro (phagocytosis). Finally, it observed that the flavonoid and saponin extracts of Tridax stimulate the cell-mediated and immune systems. Andalso explored the phytochemicals essential for the Immunomodulatory potential of T.procumbens (Agarwal et al., 2010).
8.1. Anti-Diabetic Activity
Diabetes is a group of diseases that result in high sugar content in the blood. In diabetes, the patient passes sweet urine and releases sweetness all over the body in sugar form such as in sweat, mucous, urine, and so on. It is the top most disease in the world. So, it is necessary to treat these diseases with new herbals which has more anti-diabetic property. The aqueous, methanolic, and ethanolic extract of T. procumbens has anti-diabetic activity. It significantly decreases the blood glucose level in the body (Bhagwat et al., 2008).Alloxan- induced diabetic condition was decreased by the extracts in the wistar rat animal model by decreasing the blood glucose level given to them orally for 7 consecutive days. The pancreas has insulin producing beta cells that were destroyed by Alloxan because it is toxic to the beta cells, which induces cell necrosis. The beta cells were regenerated by the plant extracts and modulating utilization of peripheral glucose and glucogenic processes (Pareek et al., 2009). Petroleum extracts have weak anti-diabetic activity. It also increases the lipid metabolism, antioxidant status, and functions of capillaries in diabetes (Bailey and day 1989). Dihydroxy-olideisan active principle present in the hexane extracts of T. procumbens is responsible for the anti-diabetic effect. This compound causes the reduction of absorption of glucose and in Type II diabetes; it decreases the postprandial rise in blood glucose level (Ali et al., 2002). The glucometer is usedto determine blood glucose levels (Bhagwat et al., 2008). Poly and oligosaccharides are hydrolyzed into monomers by alpha-amylase and alpha-glucosidase enzymes. These enzymes are involved in many biological reactions. The plant has a number of the chemically distinct inhibitor [28]. The study shows that methanolic extract of this plant has this action of amylase inhibitory while petroleum and chloroform extract has fewer inhibitors [29-30]. Another interesting one is that the ethanolic extract of Tridax contains Quercetin. Alpha-amylase activity is bed to the Quercetin presence.
8.2. Hepatoprotective Property
In the human body, the liver is the major detoxifying organ. It contains various detoxifying enzymes involved in the mechanism. The enzymes are released into the blood stream when the hepatic cells are destroyed. The hepato cellular damage type is given by the serum marker enzymes (Hossain et al., 2008). Tridax shows a hepato protective property. The chloroform extract of aerial parts of Tridax procumbens decreases D-galactosamine-induced hepatitis and Lipopolysaccharide in the rat model due to the decrease in enzyme markers such as aspartate transaminase (AST), lactate dehydrogenase, gamma-glutamyltransferase, and bilirubin in the serum model. The extract initiated the parenchymal cell regeneration in the liver (Jain and Jain, 2012). The aqueous extract of Tridax coupled with chloroquine shows the same result (Viswanathan et al., 2005). It show hepato protective activity against hepatitis induced by d-GalN/LPS, Carbon tetrachloride, and oxidative stress. The TBARS (thiobarbituric acid re active substances) levels were increased, which leads to the decreased concentration of super oxide dismutase (SOD), catalase, glutathione peroxidase and glutathione-s-transferase. These compounds are non- enzymatic, detoxifying, and anti-oxidant defense systems in the body. Inflammatory infiltrate of the perivenular region and absence of cellular necrosis were shown by histopathological studies (Ugo Nwanjo, 2008). Hepatoprotective activity is present in the ethanolic extract and chloroform insoluble fractions of Tridax procumbens.
9. CONCLUSION
Tridax procumbens is a medicinal plant majorly used in the traditional days in India. It has many active compounds with various pharmacological properties. These compounds were used for the discovery of new pharmaceuticals. In-vitro and in-vivo studies are still going to know all the medical properties. Tridax plays a major role in wound healing and has a greater effect in mice. Tridax procumbens has a lot of potential in terms of botany, phytochemistry, nutrition, and pharmacology. The plant has been extensively employed in the ancient system of medicine for many biological illnesses,and it possesses various prominent phyto pharmacological activities. It has more than ten phytochemicals present in the Tridax procumbens Linn. It also possesses anti-arthritic property, anti-inflammatory property, anti-cancer activity, and soon. When compared to the synthetic molecules these phyto molecules are low toxic. This is why we are using this herbal to discover new drugs. Tridax procumbens extracts play an important role in medicine and curative drug for hepatoprotection. It is a good source of plant protein and potassium supplements and it also has vitamin A. The studies are under going to know about all the properties.
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