


Review Article
Integrating ethnomedicinal knowledge and pharmacological insights of Curcuma caesia Roxb.: An economic perspective





	Curcuma caesia Roxb., belonging to the Zingiberaceae family, is known to be a valuable medicinal herb native to northeast and central India. One of its peculiar features is the bluish coloration of its rhizomes, which makes it easily recognizable. The plant has been used traditionally to treat various ailments such as fever, wounds, asthma, inflammation, piles, vomiting, gastric ulcers or constipation. In addition, the plant’s extract has been reported to be useful in treating diabetes, cancer, and bronchitis, suggesting the presence of various bioactive compounds with potential therapeutic roles. However, it is only during recent years when scientific studies have begun to validate the ethnomedicinal claims associated with this species. This review aims to consolidate the available information on ethnobotanical studies and also recent scientific studies on the pharmacological potentials of this plant, especially the antimicrobial, antioxidant, anti-inflammatory, anticancer, antidiabetic, etc. activities of this plant. Furthermore, this paper discusses the economic potential and cultivation prospects of this important medicinal species.
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1. INTRODUCTION 
Curcuma is a prominent genus of the family Zingiberaceae that is native to the Indo-Malayan region. However, at present, its distribution has expanded worldwide. Among 100 recognized species, over 40 are endemic to India [1]. A unique characteristic of the Curcuma genus is its yellow coloration, attributed to the presence of curcumin. Whereas the black-bluish rhizome color of Curcuma caesia makes it a unique and distinct characteristic from other Curcuma species. This plant is endemic to the northeastern region of India; however, it is also found sporadically in other parts of the country, including central India and certain areas of southern India, particularly Andhra Pradesh. Many vernacular names like kola halodhi (Assamese), kalo haldi (Bengali), Yaingang Amuba or Yaimu (Manipur), Nallapasupa (Telugu), Kariarishina (Kannada), etc., have been used by the different ethnic groups of India [2]. 
Since ancient times, ethnic communities have been using rhizomes to treat a wide range of physiological disorders such as rheumatoid arthritis, gonorrheal discharge, inflammation, bronchitis, fever, wounds, vomiting, piles, stomach ache, gastric ulcer, dysentery, insect bites [3-5]. Nonetheless, a systematic scientific investigation is needed to validate this ethnomedical knowledge. Some recent studies verified that rhizomes possess antifungal, antibacterial, anti-inflammatory, anthelmintic, anti-cancer, and anti-diabetic properties [6-9]. The graphical representation of the pharmacological activities and economic potential of C. caesia is presented in Figure 1. Moreover, modern computational biology approaches like molecular docking, molecular dynamics, gene networking, etc., will help to prove those ethnomedicinal claims by different ethnic groups. But, as of now, very little scientific attention has been drawn towards the identification and utilization of these plant metabolites in modern medicine. In a recent study, Shamnewadi et al. [10] reported the presence of promising medicinal metabolites in C. caesia with potential anti-arthritic properties. However, further drug discovery research is required to translate these findings into modern medical applications. Therefore, this review summarizes the ethnobotanical knowledge along with the advancement of research towards modern medicine and highlights the potentiality of this plant in modern plant-based medicine and its economic relevance.
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Fig. 1. Pharmacological properties and economic potential associated with Curcuma caesia.
2. PHARMACOLOGICAL PROPERTIES 
Medicinal plants possess organic compounds, which provide definite physiological action on the human body [11]. The medicinal plant C. caesia has become popular because of its potential as a source for developing novel drugs to fight against health ailments. This species has bioactive compounds such as alkaloids, phenols, flavonoids, tannins, and glycosides, which are attributed to many biological properties such as anti-inflammatory, hypocholesterolemic, choleric, antimicrobial, insect-repellent, antirheumatic, antifibrotic, antivenomous, antiviral, antidiabetic, antihepatotoxic, and anticancer effects [12]. The pharmacological properties reported from different extracts of C. caesia are presented in Table 1.
2.1 Antimicrobial properties
Microbial food contamination by bacteria and fungi has caused infectious diseases in humans, which have become a major problem worldwide. Since ancient times, medicinal plants have served an excellent source of antimicrobial agents [13]. In recent years, there has been a burgeoning fascination with the utilization of plant components as antimicrobial agents, stemming from the reduced effectiveness of synthetic antibiotics owing to increasing resistance in the human body [14].


2.1.1 Antifungal properties
Due to the presence of many bioactive components, the extracts of C. caesia exhibit antifungal properties [15]. Ethanolic extracts of this species demonstrated significant antifungal activities against Aspergillus flavus, Fusarium solani and A. niger. Methanolic extracts exhibited the strongest inhibition against Paecilomyces variotii but could not inhibit P. afertile and Trametes hirsute [13]. In comparison with Curcuma amada, the ethanolic extracts of C. caesia exhibited stronger inhibition against C. albicans and A. fumigatus at a dose of 200 mg/mL [17]. Terpenoid is also found to have antifungal properties. One such instance is (Z)-7-methoxy-1,5-dihydrobenzo[c]oxepine, having an antifungal activity against Botrytis cinerea, Fusarium oxysporum, and Rhizopus oryzae [18]. The combined extracts of C. caesia with Ixora coccinea exhibited more synergistic inhibition against Botrytis cinerea than the extracts individually [19]. Not just the plant extracts, but also, the essential oils of leaves and rhizomes have shown antifungal activity against Saccharomyces cerevisiae, Aspergillus fumigatus, A. niger, and Candida albicans [6,16].
2.1.2 Antibacterial properties
Numerous studies have found that the extracts of C. caesia exhibit antibacterial effects against Gram-positive and Gram-negative bacteria. Both Dichloromethane and ethanolic extracts inhibited the growth of Gram-positive bacteria like Staphylococcus aureus, S. epidermidis, Streptococcus pyogenes and Gram-negative bacteria, such as Pseudomonas aeruginosa and Escherichia coli [17, 20]. Moreover, the isolated monoterpenoid (Z)-7-methoxy-1, 5 -dihydrobenzo [c] oxepine exhibited antibacterial activity against Serratia marcescens, Erwinia herbicola, Xanthomonas spp., and Arthrobacter chlorophenolicus [18]. Multiple investigations have demonstrated that both ethanolic and methanolic extracts exhibit the most significant inhibition against Pseudomonas chlororaphis and Serratia marcescens, Bacillus subtilis, S. aureus, Pseudomonas fluorescens, and E. coli [21-23]. Some studies reported that the methanolic extract exhibited inhibition against Gram +ve bacteria such as, Bacillus cereus, B. subtilis, and S. agalactiae, while Gram-negative bacteria like Pseudomonas aeruginosa, E. coli, and Shigella flexneri exhibited resistance due to their thick protective murein layer in the outer membrane [24]. Leaf and rhizome essential oil have shown antibacterial properties against B. subtilis, B. cereus, S. aureus, and S. typhimurium. However, the best antibacterial activity is shown against S. aureus [16, 25]. A study by Pandey and Gupta [26] revealed the antibacterial property of the root extract against Gram +ve bacteria (B. cereus and B. subtilis) and Gram –ve bacteria (K. pneumoniae), while P. aeruginosa was found to be resistant to the root extract. They also reported that leaf and stem extracts were found to have comparatively less antimicrobial activity.
2.1.3 Anti-actinobacterial properties
Ethanolic extract of C. caesia showed the highest anti-actinobacterial activity against Nocardia tenirefensis [23]. Moreover, supercritical fluid extract produced at 50°C and 15 MPa exhibited substantial activity against Mycobacterium smegmatis strains MTCC06 and MTCC994 [27].
2.2 Antioxidant properties
Reactive oxygen and nitrogen species (ROS/RNS) are the primary contributors to oxidative stress [28]. Such species can also disturb important biomolecules such as proteins, lipids and DNA leading to mutations and eventual diseases like diabetes and coronary heart disease [29]. Synthetic antioxidants such as butylated hydroxytoluene (BHT) and butylated hydroxyl anisole (BHA) along with naturally occurring phenolic antioxidants including ascorbic acid have been extensively used as lipid oxidizers in food industry. Their use has however declined due to concerns that they are toxic and unstable. Thus, the interest in finding and utilizing naturally occurring antioxidants increased [28].
Plants are the major source of natural antioxidants that scavenge free radicals, suppress lipid peroxidation, and modulate the immune system. Moreover, the phenolic compounds are considered to be the primary cause of antioxidant activities. Krishnaraj et al. [30], have reported that C. caesia had a higher reducing power, superoxide, ABTS and DPPH radical scavenging activity compared to C. amada. Also, the methanolic rhizome extract possessed the antioxidant activity with the IC50 of 862.35 ugm of 2 ml of 500 uM of the DPPH [31]. Similarly, Karmakar et al. [32] also added that methanolic extract exhibited good scavenging ability against DPPH, nitric oxide, superoxide, hydroxyl, peroxynitrite and hypochlorous acid in a dose dependent manner. Studies have confirmed dose dependent radical scavenging activities of C. caesia. Yadav and Saravanan [33] observed DPPH radical scavenging activity with an IC50 of 170.81 µg/mL. The methanolic extracts at 100 µg/mL showed antioxidant activity that was similar to vitamin C and TBHQ in MTT assay along with an intermediate lipid peroxidation inhibition [34]. In addition, methanolic extracts exhibited antioxidant activity with the strongest inhibition against ABTS+ and superoxide anions (SOD) [35].
Numerous studies have analyzed the antioxidant activity of C. caesia using different solvent extracts. Heisanam et al. [36] indicated the presence of an antioxidant activity in ethyl acetate, methanolic, aqueous, and ethanolic extracts, with the highest inhibition (86.91% inhibition at 800 µg/mL) in the ethanolic extract with an IC50 of 418 µg/mL. Methanolic, ethanolic, ethyl acetate, and acetone extracts demonstrated the properties of free radical scavenging activities. Among these, methanolic extract demonstrated maximum inhibition in FRAP assay, while ethanolic extracts exhibited strong antioxidant activity in DPPH and ABTS [23]. Similarly, Chaturvedi et al. [22] observed radical scavenging properties of both methanolic and ethyl acetate extract, with the methanolic extract having the highest antioxidant activity (80.56 ± 0.96%). This extract also showed strongest reducing capacity, inhibitory effect, and metal ion chelating activity. Significant correlations between total phenolic content and DPPH, as well as between total flavonoid content and β-carotene were observed.
Besides the use of solvent extracts, essential oil of rhizomes and leaves has shown the presence of substantial antioxidant activity. Rhizome essential oil demonstrated potent antioxidant activities against DPPH, ABTS, H2O2, and NO free radicals [25, 37]. Similarly, essential oil obtained from the leaves of this species revealed the presence of excellent antioxidant activities, accounted for its high phenolic and flavonoid contents with a concentration-dependent increase in reducing power [16]. Supporting these research findings, an in vivo study by Majumder et al. [9] revealed that the methanolic extract had significant radical scavenging activity against superoxide, hydroxyl ions, and lipid peroxidation through reduction of TBARS levels towards normal in STZ-induced diabetic rats, thereby highlighting a potentiality in improving oxidative-stress related complications of diabetes.
2.3 Anti-inflammatory, Anti-asthmatic, and Anti-ulcerogenic properties
Inflammation is a complex biological process brought on by microbes, harmful chemical and mechanical agents, and autoimmune responses. Despite the fact that the human body uses inflammation as a protective mechanism, a compromised immune response can lead the system to a chronic state, ultimately leading to chronic asthma, rheumatoid arthritis, inflammatory bowel disease, and psoriasis [38, 39]. Nonsteroidal anti-inflammatory drugs (NSAIDs), steroids, and immunosuppressant pharmaceuticals are some of the conventional therapies for inflammatory disorders; however, these medications have a number of undesirable side effects, such as ulceration, perforation, gastritis, hematochezia, angioedema, acute liver failure, hemolytic anemia, hyperglycemia, osteoporosis, and immunodeficiency-related disorders [40]. The synergistic and cumulative effects of individual elements have led to the use of phytochemicals derived from several herbal plants as curative drugs, taking into account the limitations of both synthetic and biologic medications [38].
The inflammatory process strongly depends on prostaglandins. Moreover, the inhibition of cyclooxygenase, or COX-1 and COX-2 isozyme expression, which are responsible for the formation of prostaglandins and thromboxanes could control the inflammatory processes in the body and the associated pain. Both the methanolic and hexane extracts of C. caesia showed COX-2 enzyme inhibition but not the COX-1 enzyme activity [34]. A study conducted in vivo showed that the methanolic extract of 200 and 400 mg/kg demonstrated anti-inflammatory action by suppressing the paw edema induced by carrageenin in the late stage of the Wistar rats through the mediators of the effect via the prostaglandin and leukotrienes. Moreover, the extract demonstrated notable activity by lowering the dry weight of granuloma in the cotton pellet-induced granuloma model [39]. Essential oil of leaves and rhizomes also possesses significant anti-inflammatory activity [16, 25]. 
Asthma is a chronic inflammatory condition characterized by intermittent and reversible airway constriction caused by bronchial spasm, heightened mucous secretion, and mucosal edema. Although, antiasthma drugs have been in use, there are certain drawbacks, such as their side effects, and medical expenses. Hence, it is crucial to create anti-asthma medications derived from medicinal plants, which offer reduced side effects and are more cost-effective [41]. 
Methanolic extract of C. caesia exhibited significant protection against histamine induced bronchospasm, and also significantly lengthen the latent period of convulsions followed by exposure to histamine aerosol. Furthermore, the extract showed maximum protection as compared to chlorpheniramine maleate (standard) indicating its H1 receptor antagonistic activity [42]. In fact, mast cells are the major reservoir of histamine that is crucial in causing allergic reactions. This is done by cross-linking their surface receptors to IgE that leads to degranulation and release of vasoactive, pro-inflammatory and pain causing mediators. The ethanolic extract of C. caesia rhizomes exhibited significant mast cell protection against degranulation at different doses as compared to petroleum ether and water extracts [43].
Gastrointestinal ulcer is a prevalent pathological condition, which is defined by the breakdown of the stomach and duodenal linings, which results in local tissue damage as a result of the constant inflammation. These ulcers are broadly categorized as ulcerative colitis (lower) and peptic ulcers (upper) depending on the location of infection [44]. Several factors contribute to the development of gastric ulcers, which are overproduction of acid-pepsin secretion, loss in the buffering capacity of bicarbonate, reduced mucus secretion, and lesions in the mucosal layer [45].
Tannins, alkaloids, and terpenoids are phytochemical components that have been identified as gastroprotective. These antiulcer effects of tannins are mainly because of their astringent properties that lead to protein precipitation and vasoconstriction of the ulcer site to create a protective layer that inhibits leakage of gastric fluid and exposes the mucosa to irritants. Alkaloids and terpenoids, on the other hand, are shown to have reduced stress-induced gastric lesions [46]. In an in vivo experiment, Das et al. [47] reported that ethanol extracts of C. caesia (500 mg/kg) caused a significant decrease in ulcer index, gastric acid volume, pepsin concentration, and free and total acidity in addition to increased mucus secretion. These effects were similar to those of the conventional antiulcer medicine ranitidine and the extract had a broad margin of safety (LD50 > 2000 mg/kg).
2.4 Anticancer properties
Cancer is a complex group of diseases associated with abnormal uncontrolled cell growth that proliferates throughout the body, initiating abnormal growth at other sites [48]. It has been a major challenge globally with a lot of development in cures and preventative therapies [49]. Due to this, chemoprevention has emerged as a primary approach to control malignancy. While synthetic anticancer drugs are commonly employed in cancer therapy, they are accompanied by side effects, and the development of drug-resistant cancer cells in patients hinders their widespread utilization [3]. As a result, extracts of plants are increasingly used as potential chemopreventive agents. A number of studies have indicated that secondary metabolites of plants have the ability to inhibit carcinogenic processes through multiple targets thus enhancing the effectiveness of chemopreventive treatment [50]. 
Methanolic extracts have shown anticancer activity against the Ehrlichs ascites carcinoma (EAC), with significant reduction in the tumor volume, tumor weight and viable cell count, accompanied by higher survival rate of EAC treated mice by 57.14% and 88.09%. The anticancer activity is attributed to direct cytotoxicity and a free radical scavenging activity [3]. It further shows a chemopreventive effect against diethylnitrosamine (DEN)-induced liver cancer in BALB/c mice and this is mainly through boosting of the level of antioxidants which are free radical scavengers that normalize the activities of alanine aminotransferase (ALT), alkaline phosphatase (ALP), aspartate aminotransferase (AST), and acetylcholine esterase (AChE) [51]. Additionally, Hadem et al. [52] found that C. caesia has hepatic tissue repairing effect because DEN-induced hepatic tissue injury is inhibited by the extract due to anti-inflammatory and antitumor effects [52]. The growth of human tumor cells including HCT-116 (colon), SF-268 (CNS), MCF-7 (breast), NCI-H460 (lung), AGS (gastric), MIA PaCa-2 (pancreatic), LNCaP (prostate), and DU145 (prostate) have been reported to be inhibited by the use of hexane and methanolic rhizome extracts [34].
A study by Mukunthan and Satyan [8] further showed the anticancer activity of hexane rhizome extract by inhibiting the human liver adenocarcinoma (HepG2) cell proliferation with a very low IC5o value of 0.97 µg/mL, a high selective index, and induction of cell arrest at S and G2/M phase, followed by caspase 3-mediated apoptosis. Although the extract at 1 µg/mL upregulated the pro-apoptotic proteins (Bax and Bim), the anti-apoptotic Bcl-2 and Bcl-xl proteins were downregulated. Apart from antitumor activity, the rhizome extracts of C. caesia showed strong anti-mutagenicity against the indirect-acting mutagen cyclophosphamide [36]. They also regulate the cell cycle of neoplastic cells by diminishing the viability of cancer cells and arresting their progression at the initial checkpoint through increased p21 protein expression, decreased mitochondrial membrane potential, and alterations in cell morphology consistent with apoptosis in the oropharynx cancer cell line (FaDu) [53].Table 1. Pharmacological activities of Curcuma caesia extracts and essential oils







	Plant parts
	Type of extract/Oil
	Pharmacological activity
	References

	Rhizome
	Essential oil
	Antifungal, antibacterial, anti-inflammatory, antioxidant
	[6]

	Leaf
	Essential oil
	Antifungal, antibacterial
	[16]

	Rhizome
	Ethanolic and methanolic extract 
	Antifungal
	[13]

	Rhizome
	Ethanolic extract
	Antifungal, antibacterial
	[17]

	Rhizome
	Ethanolic and methanolic extract 
	Antibacterial, anti-actinobacterial, antioxidant
	[23]

	Rhizome
	Methanolic extract
	Antibacterial
	[24]

	Rhizome
	Methanolic extract
	Antioxidant
	[32]

	Rhizome
	Methanolic extract
	Antioxidant, anti-inflammatory, anticancer
	[34]

	Rhizome
	Methanolic extract
	Antiasthmatic
	[42]

	Rhizome
	Ethanolic extract
	Antiulcerogenic
	[47]

	Rhizome
	Hexane extract
	Anticancer
	[8]

	Rhizome
	Ethanolic and methanolic extract
	Antioxidant, anticancer
	[53]


 3. TRADITIONAL KNOWLEDGE 
Humans have been using various herbs and natural products for the prevention and cure of various ailments since time immemorial. The World Health Organization (WHO) has defined traditional medicine as the sum of all knowledge, skills, and practices that are derived from theories, beliefs, and experiences indigenous to various cultures and whether explainable or not, and with which people use in the maintenance of health and the prevention, diagnosis, improvement, or treatment of physical and mental illness. About 80% of the rural population in developing Asian and African countries use herbal plants for their primary healthcare [54]. Moreover, several countries have invested a huge percentage of their total health budget to produce plant-based medicines, and such drugs are assumed to have a beneficial effect on health with minimal side effects, cost effective, and safe to use [55].
Presently, medicinal plants have attracted attention for their therapeutic potential. An example of such a plant is C. caesia Roxb., which has a long history of use in traditional medicine across numerous Asian countries [53]. C. caesia rhizomes have been found to have their use in cancer treatment, impotency, fertility, allergies, skin diseases, such as boils and carbuncles, inflammation, and gout by local herbal practitioners [51]. Meanwhile, application of crushed fresh rhizomes as a paste on the forehead is used for controlling migraine, while application on the body is done for treating sprains and bruises [21]. In Manipur, the rhizomes are used in treating leucoderma, asthma, tumors, piles, bronchitis, fever, skin cancer, diabetes, gastric ulcers, tonsillitis, sprains, bruises, epilepsy, jaundice, dysentery, diarrhoea, cough, constipation, and for good urination [56]. Furthermore, the plant is used in controlling inflammation caused by snake and insect bites by applying the mixture of dried rhizome powder with powdered seeds of Andrographis paniculata, fresh rhizome juice with mustard oil consumed daily for dysentery, and rhizome paste for wound healing, and it is also used as an anti-asthmatic [57]. Similarly, many ethnic groups of Northeast India use this plant to treat insect and snake bites, dysentery, stomach ache, indigestion, constipation, worm infections, gastric disorders, toothache, skin diseases, itching, sprains, facial hair removal, diarrhoea, and various stomach-related ailments. It is also used for managing vomiting of blood, wounds, pox, tumors, cough and cold, fever, ringworm, jaundice, and several other traditional health conditions [58-62] (Table 2).
Traditional medicine plays a vital role in tribal society and among forest dwellers, particularly in Asian and African countries. Moreover, certain ethnic communities in India continue to uphold the practices of Ayurveda, successfully preserving traditional herbal knowledge and passing this legacy from one generation to the next [61]. Medicinal plants hold an important position in the socio-cultural, spiritual, and medicinal arena of the Northeast Indian people [54]. Further, the herbal healers of Northeast India (Bejes, Bejinis, Boidyo, Kobiraj, Maiba, Maibi, and Nong Ai Dawai Kynbat use natural products for healing various ailments, despite the advancement of the modern system of medicine [5, 57]. Hence, local healers serve as the link connecting indigenous medicinal wisdom with the contemporary drug discovery system [61].

 Table 2. Traditional uses of Curcuma caesia in ethnomedicine
	Plant parts
	Traditional uses
	Mode of use
	Region 
	References

	Fresh rhizome 
	Migraine; 
Sprain and bruise
	Paste applied on forehead; applied on affected area
	Central India
	[21]

	Rhizome
	Skin diseases, ringworms, and jaundice
	Crushed rhizome applied on affected area
	Chhattisgarh
	[61]

	Rhizome
	Skin diseases, itching, sprains, and removal of hair on face
	Topical application
	Assam
	[58]

	Rhizome
	leucoderma, asthma, tumor, piles, bronchitis, fever, skin cancer, diabetes, gastric ulcer, tonsillitis, sprains, bruises, epilepsy, jaundice, dysentery, cough, constipation.
	Application or consumption of paste or decoction 
	Manipur
	[56]

	Fresh rhizome
	Vomiting of blood
	Consuming half a glassful of the crushed rhizome mixed with little water drops before meal
	Manipur
	[60]

	Dried rhizome and Andrographis paniculata seeds; fresh rhizome
	Inflammation caused by snake and insect bites; dysentery; wound healing
	Application of mixed powder on affected side; consumed fresh rhizome juice with mustard oil; topical application of paste
	Northeast India
	[57]

	Fresh rhizome
	Diarrhoea 
	Decoction consumed
	Arunachal Pradesh
	[59]


4. ECONOMIC POTENTIAL 
Medicinal plants are an intrinsic part of our healthcare system, and the rural population relies on such plants in a self-help mode. In fact, Ayurveda, the ancient medical system of the Indian subcontinent, has documented approximately 2,000 species of medicinal plants. In contemporary times, roughly a quarter of medications originate from plant sources, and a substantial number of others are synthetic derivatives modeled after prototype compounds identified, refined, and characterized from various plant species within modern pharmacopoeia [63]. Over the last few decades, plants and plant-based products have gained recognition globally due to their therapeutic potentials. Curcuma caesia possesses nutrients and biochemicals like carbohydrates and proteins [7] that play a primary role for energy and life processes in the human body. Protection against free radicals can be increased by intakes of dietary antioxidants, and studies have reported that the antioxidant activity of black turmeric is well correlated with the content of their phenolic and flavonoid compounds [16, 22]. Due to the free radical scavenging activity, it also acts as a good chemopreventive agent [3]. C. caesia extracts exhibited inhibition of α amylase and reduction of blood glucose level, thereby showing its anti-diabetic activities [64]. The plant extract improves the normal functioning of the kidney [65], fights against microbial diseases and worms, heal wounds, and reduces stress and anxiety on extract administration [25]. Thus, the plant is considered an important herb in pharmaceutical, nutraceutical, and cosmetic industries. It generates income for ayurvedic manufacturers, exporters, herb gatherers, local traders, and local herbal practitioners. 
As per the World Health Organization (WHO), the global demand for medicinal plants is currently around 14 billion US dollars per year, and it is projected to exceed 5 trillion US dollars by the year 2050 [63]. Over the years, phytopharmaceuticals have been considered a foundation in the world of trade and economics. An estimate of the global market of herbal drugs is approximately 18 billion US dollars in 2005 [66]. Export statistics have given an estimate of the export value of ayurvedic and herbal products amounting to about 628 million U.S. dollars from India in fiscal year 2023. In addition to government agencies, the medicinal plant trade sector involves various stakeholders, including herb collectors, local and urban traders, wholesalers, manufacturers, exporters, and herbal practitioners [63]. 
However, the marketing system is largely unregulated, and they are traded through illegal channels. Not only the illegal trade but also the economic success depends on sustainable sourcing and production. Nevertheless, production of herbal-based products is facing huge challenges because of climate instability, overexploitation, the long gestation period of the plant, poor management of the value chains, shortage of suitable cultivation technology, unscientific harvesting, paucity of research on high-yielding cultivars, and poor marketing infrastructure [67].
5. CONCLUSION
Since ancient times, people have been using plant secondary metabolites for the treatment of many diseases. However, over time, people began to rely more on modern drugs. Recently, due to the secondary effects of modern medicines, there has been a renewed interest in plant-based metabolites for treatment. C. caesia has been traditionally used by many ethnic communities since ancient times, demonstrating the comprehensive ethnobotanical knowledge of this species. Most of the earlier investigations conducted were mainly on the ethnobotanical aspects of this species, however very limited analyses have been carried out for the discovery of drug development. To completely harness the therapeutic potentials of its bioactive components, advanced computational biological methods such as molecular docking, molecular dynamics, and network pharmacology are required. This review summarizes the traditional knowledge and pharmacological studies, along with the economic significance of this valuable medicinal herb, highlighting its essential phytochemical constituents that could play a major role in the creation of promising modern drugs and warrant further research interest.
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