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PHARMACEUTICAL PERSPECTIVE OF NATURAL PRODUCTS FROM Vernonia cinerea (L.) Less.: ETHNOMEDICINAL USES, PHYTOCHEMISTRY, PHARMACOLOGY AND FUTURE PROSPECTS
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Abstract
Traditional plant extract formulations have garnered widespread attention to cure ailments ranging from small cough and cold to more dreadful diseases such as cancer. Vernonia cinerea (L.) Less., belonging to the family Asteraceae is one of the ten sacred herbs that constitute 'Dasapushpa' according to the Hindu mythology and is commonly employed in the traditional rejuvenating health care regime practiced during monsoon in Kerala. Despite all its medicinal value the plant populations are under severe threat of habitat loss. Different scientific search engines such as PubMed, ScienceDirect, SpringerLink, Google Scholar and Web of Science were employed to collect the scientific literature on V. cinerea (L.) Less., published since 2010. The literature review confirms that V. cinerea (L.) Less. has a wide range of therapeutic effects which could be employed in the formulation of novel drugs however, many of the chemical compounds and their targeted mechanism are yet to be explored. Hence, more intensified research studies are required to unravel the pharmaceutical prospects of this medicinal plant. The present review provides a comprehensive cross-sectional analysis of the pharmaceutical potential of V. cinerea (L.) Less. that can augment future researches aimed at identifying natural products with therapeutic potential of this medicinal herb.
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Introduction
Centuries ago, human beings have been depending on medicinal plants as herbal remedies for the treatment of various ailments. It was believed that nature provides the ultimate cure for all diseases. Different parts of plants were utilized as traditional remedies by the tribals, who had a sound knowledge about the native species of their area. The holistic and natural approach towards human illness by folk medicine is evident in its use of plants. There are several species of plants whose immense potential has not been unlocked so far. The indigenous knowledge of these sacred herbs has been passed on to successive generations only through oral communication without proper documentation. Therefore, most of these medicinal plants are either ignored as weeds or threatened by habitat destruction.  By doing comprehensive scientific research on these therapeutic plants, current gaps in traditional and modern medical knowledge might be filled. To ascertain the popularity of these plants, ethnobotanical surveys are required. Additionally, phytochemical analyses and in-depth research are necessary to confirm these claims and determine the effectiveness of these plants.
V. cinerea (L.) Less. is an annual herbaceous plant, which belongs to the family Asteraceae. It has a cylindrical, branching, and slender stem that grows to a height of 12-75 cm. Ribbed stems with short fine hairs are common. Leaves are simple, exstipulate, alternate, and variable in shape. Upper leaves are tiny, linear, and irregularly serrated, while lower leaves are oblong with entire or sub-entire margins. The petioles are short and winged. Pinkish violet flowers are seen in small terminal heads. Flowers are bisexual and only disc florets are present. The overall flower arrangement gives the plant a chandelier-like appearance at the top. Fruit is achene with pappus (Kapoor, 2018; Daniel, 2020). V. cinerea (L.) Less. is also known as Cyanthillium cinereum and its botanical synonym is Conyza cinerea. Besides, it is also known by several vernacular names such as ‘Little ironweed’ or ‘Purple fleabane’ in English, ‘poovamkurunnila’ or ‘poovamkurunthal’ in Malayalam, ‘sahadevi’ and ‘dandotpala’ in Sanskrit and Hindi, ‘sadodi’ in Marathi and Kannada,’ mukuthipundu’ or ‘neichitti’ in Tamil and ‘garita kammi’ in Telugu (Khare, 2015; Kapoor, 2018). V. cinerea (L.) Less. has a pantropical distribution. Its general habitat includes deciduous forests and also the plains. It is distributed throughout India, as a weed along roadsides and in open places. In Kerala, it is distributed in all districts. The present review thus provides a systematic cross-sectional analysis of the dynamic pharmaceutical potential of V. cinerea (L.) Less. which can augment future researches aimed at identifying powerful natural products with therapeutic potential and species conservation.


Methodology
2.1.Literature search
The literature on V. cinerea (L.) Less. ethnomedicinal uses, pharmacological effects, phytochemical constituents, extraction techniques, and patents were collected, analyzed, and summarized in this review. Scientific search engines such as PubMed, ScienceDirect, SpringerLink, Google Scholar, and Web of Science were used to collect all published articles from 2010-21 about this species.
 Relevant research papers were selected based on titles and abstracts. The ethnobotanical, phytochemical, and pharmacological studies of V. cinerea (L.) Less. were sorted and tabulated. The implications of these findings were analyzed and research gaps were identified.
2.2.Selection of relevant publications
2.3 Validation of plant name – Plants of the World Online (POWO), The Plant List, and the Indian Medicinal Plants database were used to validate the scientific name of the selected plant. This helped to identify botanical synonyms and common names in different languages.
2.4 Ethnomedicinal uses - All the journals with information on the uses of V. cinerea (L.) Less. in traditional medicine were considered. High impact journals such as Journal of Ethnopharmacology, Journal of Traditional and Complementary Medicine, South African Journal of Botany, and Journal of Ethnobiology were accessed for data collection.
2.5 Phytochemistry - The presence of bioactive compounds in different parts of the plant and their extraction techniques were referred to and tabulated to justify their medicinal potential. The major journals referred to in this aspect include the Journal of Applied Research on Medicinal and Aromatic plants, Journal of Liquid chromatography and Related Technologies, Journal of Biomolecular Structure and Dynamics, and Chemico-Biological Interactions.
2.6 In vitro and in vivo pharmacological studies – Only Scopus indexed and Web of Science indexed journals with detailed description regarding therapeutic effects of V. cinerea (L.) Less. were considered. These include the Journal of Ethnopharmacology, Phytomedicine, Pharmacognosy Journal, Drug Design Development, and Therapy, and International Journal of Pharmacy and Pharmaceutical Sciences. The therapeutic effects of whole plant extract and various extracts of the stem, root, leaves, flowers, etc. were summarized and the findings were tabulated.



Results and Discussion
3.1.Ethnomedicinal uses of V. cinerea (L.) Less. 
In the ancient medical treatise, ‘Charaka Samhita’, V. cinerea (L.) Less. is described as 'Jwarahara', medicine for fever (Shaji & Namita, 2020). It is widely used in Ayurvedic, Siddha, Unani, and Folk systems of medicine as a remedy for various diseases. V. cinerea (L.) Less. is one among the ten sacred herbs that constitute 'Dasapushpa' (Arun Raj, 2013; Varghese et al., 2010). In Kerala, it is used as an ingredient of 'Karkidaka kanji', a traditional medicinal porridge consumed during monsoon season for rejuvenating the body (Vijaya Lekshmi et al., 2019; Shaji & Namita, 2020; Mohan & Sajeevan, 2021). It is also popularly used for eye diseases where the fresh leaves are cleaned and squeezed to make eye drops to cure conjunctivitis, redness, and inflammation of the eye (Sivasankari et al., 2013). Apart from this, organic kajal for newborn babies is also prepared from V. cinerea (L.) Less. for protecting eyes (Puthalath et al., 2015). 
In traditional medicine, leaves of V. cinerea (L.) Less. have been employed in the treatment of malaria (Allabi et al., 2011; Padal et al., 2012; Reddy et al. 2012), dysentery (Maruthapandian & Mohan, 2010), leprosy and scabies (Toyang & Verpoorte, 2013), tuberculosis (Bunalema et al., 2014), wounds (Inta et al., 2013; Kumar et al., 2013) skin diseases (Rahmatullah et al., 2010; Sen et al., 2011) asthma (Sambandan & Datchanamoorthy, 2012), headache (Sharma et al., 2010) and diabetes (Inta et al., 2013). The leaf juice is mixed with hot water to treat malaria or with cow's milk for fever, cough, and rheumatism (Alagesaboopathi, 2012; Shanmugam et al., 2012). Leaves and bark are used as febrifuge and vermifuge (Panda & Luyten, 2018)  and also for curing malaria (Moshi et al., 2010) and skin diseases (Toyang & Verpoorte, 2013).
The whole plant extract act as a blood purifier (Etim et al., 2015)  and is used for treating dysentery (Gairola et al., 2013), leprosy and scabies (Mini et al. 2010; Jeyapradha et al., 2011), wounds (Toyang & Verpoorte, 2013; Neamsuvan & Bunmee 2016), eye diseases (Venkata et al., 2010), fever (Singh et al., 2012), asthma (Sinhababu & Banerjee, 2013), bronchitis, (Rahman, 2013; Sinhababu & Banerjee, 2013) haemorrhoids (Hasan et al. 2010; Neamsuvan & Ruangrit, 2017). Tablets made from whole-plant powder are used for curing menstrual problems in women (Murthy, 2012). Roots of the plant are traditionally used as febrifuge and vermifuge (Alagesaboopathi, 2012) and are also used for stomachache (Anbarashan & Padmavathy 2010; Alagesaboopathi, 2012) dysentery and food poisoning (Galav et al., 2010), snakebite (Toyang & Verpoorte, 2013), wounds (Rahman, 2013), fever (Galav et al., 2010; Pawar & Patil, 2012) asthma (Sambandan & Datchanamoorthy, 2012). Flowers of V. cinerea (L.) Less. are utilized for the treatment of rheumatism (Khan et al., 2011) and seeds for food poisoning (Galav et al., 2010). V. cinerea (L.) Less. oil is traditionally used for healing leprosy and scabies (Chendurpandy, 2010; Maruthapandian & Mohan, 2010) and snakebite treatment (Dharmadasa et al., 2016).
The ethnomedicinal uses of V. cinerea (L.) Less. are summarized in Table 1.
3.2.Phytochemistry of V. cinerea (L.) Less.
Several research studies have revealed the presence of a wide range of secondary metabolites and bioactive compounds in V. cinerea (L.) Less. The presence of these compounds indicates vast therapeutic potentials of V. cinerea (L.) Less.
3.2.1.Phenolic compounds
Phenolic compounds are an important class of secondary metabolites produced by plants. Polyphenols include flavonoids, phenolic acids, tannins, lignans, and coumarins. Recent studies suggest that phenolic compounds can help in the prevention of oxidative stress disorders by acting as antioxidants. Phenolic compounds from V. cinerea (L.) Less. leaf was extracted using different techniques like MAE and Soxhlet extraction. The important compounds include 64 flavonoids, 13 saponins, 36 alkaloids, and 108 terpenoids (Alara et al. 2018a; Alara et al. 2018b).  6 anti-inflammatory phenolic compounds were identified by NMR and MS of chloroform extracts of aerial parts (Youn & Chang, 2016). Phenolic compounds such as gallic acid, caffeic acid, ferulic acid, rutin, and quercetin were also identified by HPTLC of leaves (Naowaboot et al., 2018) and HPLC-DAD/MSD analysis of whole plant extract (Rajamurugan et al., 2011). 
3.2.2.Alkaloids
Alkaloids, a class of phenolic compounds, are found to have many dramatic physiological activities. Qualitative phytochemical studies have led to the identification of alkaloids in V. cinerea (L.) Less. (Etim et al. 2015; Alara et al. 2018a; Alara et al. 2018b). There could be some relation between the alkaloid content and antimicrobial activity of V. cinerea (L.) Less. Further confirmation is needed by the screening of the isolates against microorganisms (Somasundaram et al., 2010). 
3.2.3.Flavonoids
Flavonoids are among the major classes of compounds that have been identified in V. cinerea (L.) Less. (Bhande et al., 2010; Youn et al., 2014; Alara et al., 2018a; Alara et al., 2018b; Acharya et al., 2019; Sulaiman et al., 2021). About 64 flavonoids were isolated from leaf extract of V. cinerea (L.) Less. These include anti-inflammatory compounds such as chlorogenic acid, methyl caffeate, gallic acid, etc.(Alara et al., 2018a). Luteolin was isolated from whole plant powder by supercritical CO2 extraction (Lai & Wu, 2013). 
3.2.4.Glycosides
Glycosides have been identified in different parts of V. cinerea (L.) Less. (Bhande et al. 2010; Haque et al. 2012; Etim et al. 2015; Sulaiman et al. 2021). An antiviral flavone glycoside has been isolated from roots of V. cinerea (L.) Less. (Yadava & Raj, 2013). Hyperin was isolated from methanol extract by ultrasonic extraction and reversed-phase HPLC (Zhiying et al., 2021). 
3.2.5. Terpenoids
Terpenoids are the most abundant and structurally diverse natural compounds found in a wide range of plants. Monoterpenes and sesquiterpenes are the main constituents of essential oils obtained from the plants of the Asteraceae family. Several kinds of terpenoids have been identified in V. cinerea (L.) Less. (Haque et al. 2012; Youn et al. 2014; Joshi 2015; Alara et al. 2018a; Alara et al. 2018b; Alara & Abdurahman 2019). The vast array of biological activities exhibited by V. cinerea (L.) Less. are attributed to the presence of these terpenoids.
Anti-inflammatory sesquiterpene lactones have been isolated from the flower of V. cinerea (L.) Less. (Youn et al., 2012). Four sesquiterpene lactones, 8α-(2'Z-tigloyloxy)-hirsutinolide, 8α-(2'Z-tigloyloxy)-hirsutinolide-13-O-acetate, 8α-(4-hydroxytigloyloxy)-hirsutinolide and 8α-hydroxy-13-O-tigloyl-hirsutinolide were isolated from methanol extract from combined leaves and stems of V. cinerea (L.) Less. (Youn et al., 2014). Sesquiterpene hydrocarbons (81.2 %) were found to be abundant in essential oil (Joshi, 2014). Vercinolides A–H, a new class of sesquiterpene lactones were isolated from the whole plant  of  V. cinerea (L.) Less. (Zhang et al., 2019).
3.2.6. Other compounds
Bioactive compounds like Vernolide A, B, and D have been identified in V. cinerea (L.) Less. Vernolide A is cytotoxic and antimetastatic, Vernolide B is cytotoxic and Vernolide D is antiplasmodial (Toyang & Verpoorte, 2013). The compounds  12-oleanen-3-ol-3β-acetate, stigmasterol, β-sitosterol have been identified from V. cinerea (L.) Less. leaves (Haque et al., 2012). By GC-FID and GC/MS of essential oil from flowering aerial parts, 38 components representing 95.1% of total oil were identified, the major constituent being β-caryophyllene (Joshi, 2014). Using HPLC of the stem, flower, and leaf extract, tannins, 5 catechin compounds, antioxidant compounds like nitrite, nitrate, caffeine, and nicotine were isolated (Ketsuwan et al., 2017). By HPLC of hydro-alcoholic extract, amino acids, carbohydrates, and proteins were identified (Acharya et al., 2019). Moreover, nephroprotective compounds, Astaxanthin and Betulin have been isolated from crude aqueous extracts (Amuthan et al., 2021). 
The phytochemicals present in different parts of V. cinerea (L.) Less. and the extraction techniques used to investigate them are summarized in Table 2 and Figure 1a and 1b.
3.3. Pharmacological studies
The plant extracts, isolated compounds, and essential oils of different parts of V. cinerea (L.) Less showed a wide range of biological activities and is summarized below:

3.3.1. Anticancer activity
Four new bioactive sesquiterpene lactones have been isolated from methanol extract of combined leaves and stems of V. cinerea (L.) Less. They can promote antitumor cell effects in vitro against human glioma and breast cancer cells (Youn et al., 2014). Moreover, VC-DM, a specific sesquiterpenoid enriched fraction of V. cinerea (L.) Less., imparted pro-apoptoxic, genotoxic, cell cycle arrest, and drug efflux inhibitory effects in human adenocarcinoma cells (Beeran et al., 2020). Both these studies support the medicinal potential of V. cinerea (L.) Less. as a promising anticancer agent, specifically against human adenocarcinoma and breast cancer.
A sesquiterpenoid, 8α-tigloyloxyhirsutinolide-13-O-acetate (8αTGH) isolated from V. cinerea (L.) Less. showed an anti-proliferative effect on oral squamous cell carcinoma through inhibition of STAT3 and STAT2 phosphorylation. The results provided the molecular base for developing 8αTGH as a drug candidate or a complementary treatment of oral cancer (Khay et al., 2012; Pouyfung et al., 2019). Luteolin -7-glucoside and epicatechin gallate have excellent inhibition properties thus they can be used further to develop effective drugs against lung cancer having EGFR-L858R mutation (Maiti et al., 2021). 
Silver nanoparticles synthesized and characterized using V. cinerea (L.) Less. aqueous extract showed cytotoxic activity against Kasumi-1 Cell Line. Therefore, it is concluded that V. cinerea (L.) Less. extract has potential as anticancer agents particularly on Kasumi-1 cells (Zani & Akma, 2016). The active molecule ENZ302, obtained from V. cinerea (L.) Less. is a specific tyrosine kinase (e.g. Src) inhibitor and a promising therapeutic agent against several cancers (Chakraborty et al., 2021).
3.3.2. Antioxidant activity
The antioxidant activity of various parts such as the root, stem, and leaves of V. cinerea (L.) Less. were thoroughly investigated. The antioxidant activity was measured (p< 0.05) using a variety of methods, including radical scavenging assays (DPPH and ABTS) and the phosphomolybdenum assay (Goggi & Malpathak, 2017). 
The  methanol, acetone, chloroform and petroleum ether extracts of V. cinerea (L.) Less. were evaluated for their antioxidant property, by both enzymatic and non-enzymatic assays and the lowest IC50 value was exhibited by methanolic extract followed by acetonic extract (Singh et al., 2020). The methanolic extract of the leaves exhibited potent antioxidant activity with IC50 values ranging from 46 to 558 mg/mL in different in vitro assays (Rajamurugan et al., 2011).
The ethyl acetate fraction of leaves having the IC50 value of 6.50 μg/mL demonstrated comparable DPPH radical-scavenging activity with standard antioxidants, gallic acid and quercetin (Sonibare et al., 2016). The antioxidant activities of extracts differed concerning the different methods. The results showed that the flower and leaf of V. cinerea (L.) Less. had higher activity than the stem in scavenging DPPH radicals (Ketsuwan et al., 2017). The bioactive constituents identified were often correlated to the antioxidant activity and could be utilized in drug formulations.
3.3.3. Nephroprotective activity
Different extracts of aerial parts of V. cinerea (L.) Less. (500 mg/kg, po) showed protective effects on cisplatin-induced nephrotoxicity (6mg/kg, ip) in albino rats. The alcoholic extract had pronounced curative action, the ethyl acetate extract had good prophylactic performance, and the petroleum ether extract had moderate protection against cisplatin-induced toxicity in both curative and prophylactic models (Sreedevi et al., 2011). 
Crude aqueous extract and its fractions significantly reverse cisplatin-induced kidney damage as well as regenerates proximal tubular epithelial cells. GC-MS study showed the presence of nephroprotective compounds, astaxanthin, and betulin (Amuthan et al., 2021). 
3.3.4. Antimetastatic activity
Methanol extract of the plant significantly inhibited lung tumour formation (78.8%) and increased the lifespan (72.5%) of C57BL/6  metastatic mice when given intraperitoneally at a dose of 20mg/ kg for ten consecutive days (Pratheeshkumar & Kuttan, 2011a). The sesquiterpenoid Vernolide-A, derived from V. cinerea (L.) Less. inhibited lung metastasis induced by B16F-10 melanoma cells. Vernolide-A was given in three different ways: concurrently with the tumor, as a preventive to the tumor, and after the tumor had developed. When vernolide-A was given concurrently with the tumor, the maximum suppression of metastasis was observed (Pratheeshkumar & Kuttan, 2012).
3.3.5. Antipyretic, analgesic, and anti-inflammatory activity
The antipyretic activity of V. cinerea (L.) Less. was assessed by the yeast-induced hyperthermia in mice. The analgesic property was evaluated by a formalin-induced writhing test. The mice's body temperature was reduced significantly (p=0.05) by the crude methanolic extract (Bashar et al., 2014). Intraperitoneal administration of root extracts at a dose of 250 mg/kg body weight significantly reduced the elevated body temperature of albino rabbits (Anand et al., 2011). 
Anti-inflammatory sesquiterpene lactones were isolated by Bioassay-guided fractionation of the hexane extract from the flowers of V. cinerea (L.) Less. (Youn et al., 2012).  Phenolic compounds with anti-inflammatory activity were also identified (Youn & Chang, 2016). Anti-inflammatory activity of V. cinerea (L.) Less. methanolic extract suggests the application of this plant in the treatment of diseases associated with Th1-related cytokine production and inflammation (Bashar et al. 2014; Singh et al. 2014; Saraphanchotiwitthaya & Sripalakit, 2015).
3.3.6. Cytoprotective activity
The aqueous extract and fractions of V. cinerea (L.) Less. exhibited protective effect in Human Embryonic Kidney (HEK293) cells and Human Cervix Epitheloid Carcinoma (HELA) cell lines against cisplatin-induced cytotoxicity (Amuthan et al., 2019). This study established a scientific basis for using V. cinerea (L.) Less. to treat metal toxicity in the Siddha system, and it implies that the aqueous fraction might be used to develop a medication that protects normal renal cells during cisplatin treatment in cancer patients.
3.3.7. Hepatoprotective activity
When V. cinerea (L.) Less. extract was administered intraperitoneally for 7 days, it showed protective effect against CCl4 induced hepatotoxicity in albino rats (Leelaprakash et al., 2011).A study was conducted using the herbal powder of V. cinerea (L.) Less. which confirmed the hepatoprotective effect and was found to be effective against CCl4 induced liver damage in rats. The herbal powder as a suspension of water was given orally to rats inebriated with CCl4 for 15 days. The harmful effects of CCl4 were reversed after treatment with herbal powder, and the enzymes were found to be near normal. These findings show that herbal powder is hepatoprotective against CCl4-induced liver damage (Nishadh, 2013).
3.3.8. Antimicrobial activity
Several in vitro studies have been carried out to determine the efficacy of V. cinerea (L.) Less. against various bacterial and fungal strains (Rizvi et al., 2011; Singh et al. 2014; Sonibare et al. 2016; Varsha et al. 2016).  The antimicrobial potential of methanol, acetone, and chloroform extracts was evaluated against six bacterial and four fungal strains by disc diffusion assay. The minimum inhibitory concentration of methanolic extract was found to be the least (Singh et al., 2020).
V. cinerea (L.) Less. extract showed antimicrobial activity against Pseudomonas aeruginosa with a minimum inhibition concentration (MIC) value of 3.13 mg/mL (Latha et al., 2010). The methanol extract of V. cinerea (L.) Less. showed antimicrobial activity against Candida albicans with a MIC value of 1.56 mg/mL (Latha et al., 2011). The ethyl acetate extract of V. cinerea (L.) Less. leaves exhibited excellent antifungal and antidandruff activity against Pityrosporum ovale and Pityrosporum folliculitis. The findings of the study imply that V. cinerea (L.) Less. leaves could be used to treat a variety of fungal infections (Dhanalakshmi et al., 2013).
 Silver nanoparticles synthesized from the whole-plant extract of V. cinerea (L.) Less. exhibited antibacterial activity against Staphylococcus aureus and Escherichia coli and showed potent antifungal activity against Candida albicans and Penicillium notatum when compared to the plant extract (Ramaswamy et al., 2015). Therefore, these silver nanoparticles could be explored further for antimicrobial applications.
3.3.9. Anticataractogenic activity 
Lupeol, a pentacyclic triterpenoid, isolated from the ethyl acetate fraction of methanolic extract of V. cinerea (L.) Less. showed inhibitory effect on selenite-induced cataract formation in Sprague Dawley rat pups. After inducing cataract in the rat pups, lupeol was administered orally at a concentration of 25 μg/g body weight and was found to be effective in the treatment of cataract (Asha et al., 2016).
3.3.10. Anti-urolithiatic activity
Treatment with V. cinerea (L.) Less. hydro-alcoholic extract showed significant effect (P<0.01 vs. calculi induced group) against ethylene glycol induced urolithiasis in rats. This resulted in a rise in urine production, body weight, and a decrease in stone-forming components such calcium, oxalates, and phosphates (Hiremath & Jalalpure, 2016). V. cinerea (L.) Less. extract showed significant antilithiatic potential (p<0.05) against calcium oxalate calculi in Wistar rats (Goyal et al., 2017).
3.3.11. Antiplasmodial activity
Crude extracts of V. cinerea (L.) Less. were evaluated for the in vitro efficacy against Plasmodium falciparum strain K1 and 3D7. The crude extracts showed IC50 value of 4.25 μg/mL and IC50 value of 2.56 μg/mL on strains 3D7 and K1 respectively (Soma et al., 2017). The findings imply that the V. cinerea (L.) Less. extract has antiplasmodial activity, which could support its usage in ethnomedicine to treat malaria. Besides, gold-mediated biocompatible nanocomposite was synthesized from Lactone enriched fraction of V. cinerea (L.) Less. An assessment of its antimalarial potential revealed that these nanoparticles can restrict parasitemia, without any toxicity (Shanker et al., 2016). Therefore, such nanocomposites could be utilized in malaria therapy. 
3.3.12. Antidiabetic activity
A sesquiterpene lactone, isolated from the ethanol extract of the plant when given orally at a dose of 500 mg/kg, showed a significant antihyperglycaemic effect (Choudhary et al., 2013). A randomized, placebo-controlled, crossover clinical study explored the beneficial effect of V. cinerea (L.) Less. on reducing the glycemic state in patients with type 2 diabetes. The herbal preparation significantly decreased glucose, cholesterol, and triglyceride levels in the patients (Sayeed et al., 2013). The carbon tetrachloride fraction of methanolic stem-bark and leaves extract of V. cinerea (L.) Less. reduced blood glucose levels in alloxan-induced diabetic rats in a time-dependent and significant (p<0.05) manner in all dosages employed (Haque et al., 2013). Phenolic compounds extracted from the leaf exhibited an anti-diabetic effect. The anti-diabetic effect of V. cinerea (L.) Less. leaf extracts were stronger in alpha-amylase and alpha-glycosidase assays, suggesting that they could be used in pharmaceutical and functional food industries (Alara et al., 2018b). 
3.3.13. Anti-smoking activity
Several clinical trials were performed to evaluate the smoking cessation potential of V. cinerea (L.) Less. and showed promising results (Leelarungrayub et al. 2010; Kitikannakorn et al. 2013; Kanthain et al. 2020; Tipyawong 2021). A quasi-experimental study revealed that nicotine addiction can be relieved by jelly candies or oral sprays prepared from stem, leaves, and flowers of V. cinerea (L.) Less. extracts, and can also be used as an anti-smoking aid (Chaikoolvatana et al., 2018).  Flavonoids and sesquiterpene lactones isolated from  V. cinerea (L.) Less. showed inhibition of human cytochromes CYP2A6 (IC50=4.46 μg/ml) and CYP2A13 (IC50=3.44 μg/ml) which contributed to smoking abstinence and decreased risks of respiratory diseases and lung cancer (Boonruang et al., 2017).
3.3.14. Immunomodulatory activity
The methanol extract of V. cinerea (L.) Less. significantly decreased the levels of pro-inflammatory cytokines such as TNF-α, IL-1β, and IL-6 in mice, thereby exerting an immunomodulatory effect (Pratheeshkumar & Kuttan, 2011b). The hexane extract of V. cinerea (L.) Less. exhibits an immunomodulatory effect on human peripheral blood mononuclear cells, which can be used in immunotherapy (Laosim et al., 2011). Vernolide A, a bioactive compound isolated from V. cinerea (L.) Less. shows immunomodulatory effect (Pratheeshkumar & Kuttan, 2012b).
3.3.15. Other activities
The spasmodic response of the aqueous extract of V. cinerea (L.) Less.  was observed on the rat duodenum, and it was possibly due to the stimulation of presynaptic cholinergic nerve endings (Panday et al., 2012). The methanolic extract of V. cinerea (L.) Less. showed anti-ulcerogenic activity (Rani et al., 2014) and anti-diarrhoeal activity (Ganesh et al., 2011) in albino rats. Methanol extract of V. cinerea (L.) Less. was assessed for thrombolytic activity using streptokinase as a positive control and the extract significantly showed lysis of clots (17.46%) (Kawsar et al., 2011). The ethanol extract of V. cinerea (L.) Less. was found to be effective against haloperidol-induced catalepsy in rats. The protective effect of V. cinerea (L.) Less. against symptoms of Parkinson’s disease (catalepsy) could be due to regulation in neurotransmitters such as dopamine, serotonin, and glutamate. More extensive research is required into the exact mechanism of action (Reddy et al., 2012).
Recent researches validating the pharmacological potential of V. cinerea (L.) Less. are summarized in Table 3.
3.4. Patents on V. cinerea (L.) Less.
Several herbal formulations containing  V. cinerea (L.) Less. as an ingredient have been patented in countries like China, Japan, and the US. All these reports correlate with the various pharmacological activities of this plant.
3.4.1. Herbal compositions with antibacterial or anti-endoparasitic properties
The herbal compositions comprised of at least a part of V. cinerea (L.) Less., with parts of one or more additional complimentary herbs having anti-bacterial or anti-endoparasitic properties. Various parts of V. cinerea (L.) Less. or the whole plant extract, pulverized form, crushed form, chemical constituents of V. cinerea (L.) Less. along with their derivatives, or any combination was employed in these formulations (Raula, 2012).
3.4.2. Liver clearing and vision improving tea
The liver clearing and vision improving tea were prepared using the leaves of V. cinerea (L.) Less. The liver clearing and vision improving tea is claimed to have antiviral properties and has a good effect in treating hypoplasia, fainting, and headache (Zhihai, 2014).
3.4.3. Medicinal liquor capable of inhibiting the propagation of cancer cells
The medicinal liquor utilizes the combination of various herbal medicines including V. cinerea (L.) Less. with the functions of removing stasis, diminishing swelling, and detoxicating. This medicinal liquor shows relatively good effects of resisting cancer and inhibiting the propagation of the cancer cells (Qingzhong, 2014).
3.4.4. Medicine compositions for treating respiratory diseases
Chinese medicine preparations comprising V. cinerea (L.) Less. as an ingredient have been patented for treating wind-heat affecting lung type chronic bronchitis (Sun, Ye & Mao, 2013), pediatric asthmatic pneumonia (Xingnian, 2013),  early chronic obstructive pulmonary disease (Shanlan & Guangdong, 2015), exogenous cold and endogenous heat type cold  (Dengxin, 2016), allergic rhinitis (Zhouwei, 2015) and nasopharyngitis (Deli & Yanfen, 2016). All these medicine compositions have an extremely good curative effect and are suitable for clinical applications.
3.4.5. Medicine combination used for treating brain diseases 
The medicine combination has a very good curative effect on brain trauma, cerebral concussion, brain atrophy, brain rheumatism, cerebral infarction, cerebral blood stasis, hydrocephalus, neurological disorders caused by encephalitis, heart, and brain vessel disorders, brain tissue neurological disorders (mental disorders) and brain tumors. The medicine combination can also help digestion, expel pus and eliminate swellings, clear away heat and toxin, diminish inflammation and relieve pain (Chuanqing, 2015).
3.4.6. Chinese medicine composition for treating hypertension 
 The medicine composition is prepared from components including V. cinerea (L.) Less. The composition has the efficacy of promoting blood circulation, removing blood stasis, reducing blood pressure and blood fat, soothing channels, quickening network vessels, and reducing the hypertension value. It has the advantages of a simple formula, good and quick curative effect, and no side effects (Xiaoxiao, 2015).
3.4.7. Traditional Chinese medicine for treating chronic gastroenteritis
 Traditional Chinese medicine comprises 12-16 parts of V. cinerea (L.) Less.  This medicine has the effects of promoting digestion and eliminating stagnation, activating blood circulation and dissipating blood stasis, dispelling wind and clearing heat, cooling blood, and removing toxicity. The medicine is proven to be efficient in treating chronic gastroenteritis (Mengsen, 2015).
3.4.8.Herba artemisiae scopariae heat-clearing and diuresis promoting tablet
The herba artemisiae scopariae heat-clearing and diuresis promoting tablet are prepared from Chinese herbal extractives, a filling agent, a disintegrating agent, an adhesive, a lubricant, a corrigent, and a glidant, wherein the Chinese herbal extractives comprise the preferred raw materials by weight including 3 to 6 parts of V. cinerea (L.) Less. This tablet has the efficacy of clearing heat, promoting diuresis, activating blood circulation to disperse blood stasis, eliminating phlegm, and inhibiting cough after being taken for a long term (Xijun, 2015).
3.4.9.Health drink capable of improving sleep 
The health drink is prepared from pure natural Chinese herbal medicines including V. cinerea (L.) Less. This health drink has the beneficial effects that it is mild in property, excellent in mouth taste, and suitable for people of all ages. It has the efficacies of calming the mind and soothing nerves, is safe and free of toxic and side effects, is easy to prepare, and is cost-effective (Zhanqi, 2015).
3.4.10.Externally used ointment for the treatment of cracked nipples 
 The ointment comprises V. cinerea (L.) Less. as an important component. It has the advantages of quick effect, high cure rate, no toxic or side effect, convenience and safety, and lasting curative effect. It can be used in the treatment of cracked nipples, breast swelling, mastalgia, galactorrhea, nipple cutting pains during baby sucking, bleeding, and other symptoms. The ointment is suitable for application in clinical treatment and nursing of cracked nipples (Yanping, 2016).
3.4.11.Herbal compositions for skin ailments
Among the natural plant materials and botanical extracts which down-regulate dynein include V. cinerea (L.) Less. and combinations thereof. Applying a composition comprising such agents provides a method for treating aging skin (Zheng et al., 2013). Another composition for providing an aesthetic improvement of the skin comprised of an effective amount of butanol/water extract of V. cinerea (L.) Less and a cosmetically acceptable vehicle in the form of an emulsion (Mei & Lyga, 2014). An externally applied ointment for treating radiodermatitis is prepared from Chinese herbal medicines like V. cinerea (L.) Less, capable of clearing away heat, detoxifying, and cooling blood with an effective rate up to 96.9 percent (Qiang & Yang, 2013).  A fumigation-washing agent for treating anal eczema is prepared from a combination of herbs including V. cinerea (L.) Less. which have the functions of clearing heat and dry dampness, activating blood circulation, dispelling wind, and arresting itching. Through a clinical test, the total effective rate was found to be 97.1 percent (Jianling, 2016).
3.5.Conclusion and Future Prospects
This study supports the pharmaceutical potential of V. cinerea (L.) Less. as a functional therapeutic agent in the treatment of various ailments. V. cinerea (L.) Less. is generally underrated as a weed which has led to the rapid decline of its population. Despite its enormous medicinal potential little has been investigated on the pharmacological aspects of this herb. Hence, the present review provides a concise summary identifying the gaps to take up further research.
All the available literature suggests that every part of V. cinerea (L.) Less. has therapeutic effects due to the presence of different classes of phytochemical compounds. Hence, V. cinerea (L.) Less. can be used in the formulation of a variety of pharmacological products as safer alternatives to synthetic drugs. Even though V. cinerea (L.) Less. is used as a remedy for eye diseases like conjunctivitis, redness, and inflammation, much of these studies have not been carried out on the ocular protective effects of V. cinerea (L.) Less., except its anticataractogenic activity. Besides, there is no valid evidence for the antidiarrhoeal activity of V. cinerea (L.) Less. even if it is traditionally used to treat diarrhoea. Moreover, contrary to this report another research finding suggests that the methanolic extract of stem, bark, and leaves does not possess antidiarrhoeal activity (Haque et al., 2013). Further studies need to be targeted to compare the efficacy of specific plant parts and types of extract of V. cinerea (L.) Less. that possess this property. 
Except for a few studies on stem and flower extracts of V. cinerea (L.) Less., most of the research studies were concentrated on whole plant extract and leaf extract. There are possibilities for further phytochemical investigations on the root of V. cinerea (L.) Less., which is used as antihelminthic, antileprotic, antimalarial, and antimicrobial agent in folk medicine. Since the majority of the research used extracts, which are always a multicomponent combination, it is critical to either isolate the lead chemical or thoroughly understand the mechanism of action of extracts in these activities. Moreover, a key deficit is the high quality, multicenter, advanced phase, double-blind and random trials which must be targeted further to make this plant usable in the community. Hence, much more is yet to be explored, specifically regarding the isolated biochemical compounds and their actual pharmacological mechanisms.  This could serve as the basis for further studies to validate these claims. With more elaborative research, especially from the effectiveness and safety perspectives, the gap between modern medicine and traditional medicine could be narrowed down. This review would thus provide baseline data and augment future research on natural products and novel drug development. In conclusion, this review reveals that V. cinerea (L.) Less. is endowed with immense medicinal value and could serve as a potential candidate for future drug discovery. Through a combination of traditional as well as scientific knowledge, it is essential to promote the use of such medicinal herbs. The first step to accomplish this would be to nurture these sacred herbs in our home yards and conserve them from endangerment.
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Table 1. Ethnomedicinal uses of V. cinerea (L.) Less.
	Ethnomedicinal use
	Plant parts used
	Country
	References

	Malaria
	Leaves
Leaf juice + hot water
Leaves
Leaves, bark
	India
India
Benin
Tanzania
	 Padal et al. 2012, Reddy et al. 2012
 Alagesaboopathi 2012
 Allabi et al. 2011
 Moshi et al. 2010

	Febrifuge, vermifuge
	Root
Leaves, bark
	India
Equatorial Guinea
	 Alagesaboopathi 2012
 Panda & Luyten 2018

	Stomachache
	Root
	India
	Alagesaboopathi 2012, Anbarashan & Padmavathy 2010

	Dysentery
	Root
Leaves
Whole plant
	
India

	 Galav et al. 2010
 Maruthapandian & Mohan 2010
 Gairola et al. 2013

	Leprosy and scabies
	Oil
Whole plant
Leaves
	
India

	 Chendurpandy 2010, Maruthapandian & Mohan 2010
 Jeyapradha et al. 2011, Mini et al. 2010
Toyang & Verpoorte 2013

	Tuberculosis
	Leaves
	Uganda
	 Bunalema et al. 2014

	Rheumatism
	Flower
Leaf juice + cow's milk
	Bangladesh
India
	 Khan et al. 2011
 Alagesaboopathi 2012, Shanmugam et al. 2012

	Food poisoning
	Root, seeds
	India
	 Galav et al. 2010

	Snakebite
	Root
Oil
	Indonesia,  Philippines, Tanzania
Sri Lanka
	 Toyang & Verpoorte 2013
 
Dharmadasa et al. 2016

	Blood purifier
	Whole plant extract
	Nigeria
	 Etim et al. 2015

	Wounds
	Leaves, root
Whole plant
Whole plant paste
Root paste
Leaves
	Thailand
Sri Lanka
Thailand
Bangladesh
India
	 Inta et al. 2013
 Toyang & Verpoorte 2013
 Neamsuvan & Bunmee 2016
 Rahman 2013
 Kumar et al. 2013

	Skin diseases
	Leaves, bark
Leaves

	Tanzania
India
Bangladesh
	 Toyang & Verpoorte 2013
 Padal et al. 2012, Sen et al. 2011
 Rahmatullah et al. 2010

	Eye diseases
	Whole plant juice
Fresh leaf juice
	India
	 Venkata et al. 2010
 Sivasankari et al. 2013

	Fever
	Whole plant
Root
Leaf + cow's milk
Leaves
	India
India
India
India
Bangladesh
	Singh et al. 2012
Galav et al. 2010, Pawar & Patil 2012
 Alagesaboopathi 2012
 Allabi et al. 2011
 Rahman 2013

	Cough
	Leaf + cow's milk
Leaves
	India
Indonesia, Philippines, Tanzania
	 Alagesaboopathi 2012, Shanmugam et al. 2012
 Toyang & Verpoorte 2013

	Asthma
	Whole plant
Leaf decoction and root decoction
	India

	 Sinhababu & Banerjee 2013
 Sambandan & Datchanamoorthy 2012

	Bronchitis
	Whole plant
	India
Bangladesh
	 Sinhababu & Banerjee 2013
Rahman 2013

	Haemorrhoids
	Whole plant
	Bangladesh
Thailand
	 Hasan et al. 2010
Neamsuvan & Ruangrit 2017

	Diabetes
	Leaves, root
	Thailand
	 Inta et al. 2013




Table 2. Phytochemistry of V. cinerea (L.) Less.
	Techniques used
	Material used
	Compounds isolated
	References

	Preliminary phytochemical screening using reported methods (Kokate, 1986 and Harborne, 1998) 
	Freshly prepared organic extracts of the leaf 
	Flavonoids, Glycosides, Tannins, and Carbohydrates
	 
Bhande et al. 2010

	HPTLC
	Methanolic extract of leaves
	Gallic acid, rutin, quercetin, caffeic acid, ferulic acid
	Rajamurugan et al. 2011

	Preliminary phytochemical screening, using standard procedures according to Trease & Evans (1978)
	Methanolic extract from stem bark and leaves
	Steroids, glycosides, triterpenoids, esters
	


Haque et al. 2012

	NMR
	n-hexane portion of extract from stem bark and leaves
	Lupeol, 12-oleanen-3-ol-3ß-acetate, Stigmasterol, ß-sitosterol
	

	Bioassay-guided fractionation
	Hexane extract of flowers
	 A new sesquiterpene lactone, 8α-hydroxyhirsutinolide (2), and a new naturally occurring derivative, 8α-hydroxyl-1-O-methylhirsutinolide 
	Youn et al. 2012

	Supercritical CO2 extraction
	Whole plant powder
	Luteolin
	Lai & Wu  2013

	GC-FID and GC/MS
	Hydro distilled essential oil  from flowering aerial parts
	38 components representing 95.1% of total oil were identified, major constituent : β- caryophyllene 
	 Joshi 2014

	Column chromatography and preparative HPLC
	Methanol extract from the combined leaves and stems 
	Four new sesquiterpene lactones, 3 norisoprenoids,  a flavonoid and a linoleic acid derivative 
	Youn et al. 2014

	Phytochemical screening using std. methods by Trease & Evans (1978) and Sofowora (1993)
	Ethanol extract of aerial parts
	Alkaloids, saponins, tannins, terpenes, glycosides, carbohydrates, steroids, phenols and esters
	Etim et al. 2015

	GC/MS analysis
	Essential oil
	25 constituents identified,    major compounds: α-muurolene , β-caryophyllene , α-selinene, cyperene, α-gurjunene, sesquiterpene hydrocarbons 
	Joshi 2015

	NMR and MS
	Chloroform extracts of aerial parts
	6 anti-inflammatory phenolic compounds
	Youn & Chang 2016

	HPLC
	Stem, flower and leaf extract
	Tannin, 5 catechin compounds, antioxidant compounds like flavanoid, nitrite, nitrate, caffeine, nicotine
	 Ketsuwan et al. 2017

	HPLC-DAD/MSD analysis
	Water extract
	Phenolic compounds such as Apigenin, isoquercetin, quercetin, kaempferol, rutin, catechin, gallic acid
	Naowaboot et al. 2018

	LC-Q-TOF-MS analysis
	Leaf extract
	64 flavonoids, 13 saponins, 36 alkaloids, 108 terpenoids
	  

Alara et al. 2018a; Alara et al. 2018b
  

	MAE
	Leaves
	Phenolic compounds , antioxidants
	

	Soxhlet extraction
	Leaves
	Phenolic compounds such as 1-Galloyl-β-D-glucose, 3,5-O-Dicaffeoylquinic acid, 4-Hydroxyacetophenone, Kukoamine A, 6-Gingerol, Kakuol, Caesalpins P, Kaempferol, Quercetin-7-O-rutinoside
	

	MAHE
	Essential oil
	Fatty acid ester, sesquiterpenes, palmitic acids, ether, caprylic, aromatic, phenolic, myristic acid, plasticizer, terpene alcohol, linoleic acid, and triterpene
	Alara & Abdurahman 2019

	HPLC
	Hydro-alcoholic extract
	Flavonoids, amino acids, carbohydrates, proteins
	 Acharya et al. 2019

	GC-MS
	Crude aqueous extract
	Nephroprotective compounds- Astaxanthin & Betulin
	Amuthan et al. 2021

	ESI-MS/MS
	Aqueous extract
	Phenolic acids, phenolic glycosides, flavonoids and anthocyanin
	Sulaiman et al. 2021

	Ultrasonic extraction and reversed phase HPLC
	Methanol extract
	Hyperin and Luteolin
	Zhiying et al. 2021







Table 3. Pharmacological activities of V. cinerea (L.) Less.
	Pharmacological activity
	Plant part or compound used
	References

	Anticancer
	8αTGH
Luteolin-7-glucoside and epicatechin gallate
Silver nanoparticles
ENZ302
	Khay et al. 2012, Pouyfung et al. 2019
Maiti et al. 2021
Zani & Akma 2016
Chakraborty et al. 2021

	Antioxidant
	Leaf
Stem
Flower
	Alara et al. 2018b, Goggi and Malpathak 2017, Haque et al. 2012, Ketsuwan et al. 2017, Sonibare et al. 2016
Alara et al. 2018b, Haque et al. 2012, Ketsuwan et al. 2017
Goggi and Malpathak 2017, Ketsuwan et al. 2017

	Nephroprotective
	Whole plant extract
Astaxanthin and Betulin
	Sreedevi et al. 2011
Amuthan et al. 2021

	Antimetastatic
	Whole plant extract
Vernolide A
	Pratheeshkumar & Kuttan 2011a
Pratheeshkumar & Kuttan 2012a

	Antipyretic
	Whole plant
Root
	Bashar et al. 2014
Anand et al. 2011

	Anti-inflammatory
	Sesquiterpene lactones from flower
Stem
Methanolic extract of whole plant
Phenolic compounds
	Youn et al. 2012
Singh et al. 2014
Bashar et al. 2014, Saraphanchotiwitthaya & Sripalakit 2015
Youn & Chang 2016

	Cytoprotective
	Aqueous extract of whole plant
	Amuthan et al. 2019

	Hepatoprotective
	Whole plant
Herbal powder
	Leelaprakash et al. 2011
Nishadh 2013

	Antibacterial
	Whole plant extract
Leaf
Stem
Silver nanoparticles
	Singh et al. 2020
Latha et al. 2010, Rizvi et al. 2011, Sonibare et al. 2016, Varsha et al. 2016
Singh et al. 2014
Ramaswamy et al. 2015

	Antifungal
	Leaf
Whole plant
Silver nanoparticles
	Dhanalakshmi et al. 2013, Sonibare et al. 2016, Varsha et al. 2016
Latha et al. 2011, Singh et al. 2020
Ramaswamy et al. 2015

	Anticataractogenic
	Lupeol
	Asha et al. 2016

	Anti-urolithiatic
	Whole plant extract
	Goyal et al. 2017, Hiremath & Jalalpure 2016

	Antimalarial
	Whole plant
Gold mediated nanocomposite
	Soma et al. 2017
Shanker et al. 2016

	Antidiabetic
	Whole plant extract
Phenolic compounds from leaf
Root paste
	Choudhary et al. 2013, Naowaboot et al. 2018
Alara et al. 2018a
Sayeed et al. 2013

	Antismoking
	Whole plant extract
Jelly candies or oral sprays from combined stem, leaf and flower extract
Flavonoids and sesquiterpene lactones
	Kanthain et al. 2020, Kitikannakorn et al. 2013, Leelarungrayub et al. 2010, Tipyawong 2021
Chaikoolvatana et al. 2018
Boonruang et al. 2017

	Immunomodulatory
	Whole plant extract
Aerial parts
Vernolide A
	Pratheeshkumar & Kuttan 2011b
Laosim et al. 2011
Pratheeshkumar & Kuttan 2012b

	Diuretic
	Aqueous extract of whole plant
	Panday et al. 2012

	Antiulcerogenic
	Methanol extract of whole plant
	Rani et al. 2014

	Anticataleptic
	Whole plant
	Reddy et al. 2012






					



				



		
	



Figure 1a. Structures of phytochemicals extracted from V. cinerea (L.) Less









					




 			



				




					Figure 1b. Structures of phytochemicals extracted from V. cinerea (L.) Less
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