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Abstract: 

Background and Objectives: The traditional Indian system of Complementary and Alternative Medicine 

(CAM) has long relied on the use of medicinal plants for therapeutic purposes. However, there is a critical 

need to systematically identify and document these plants and their bioactive compounds. This study aims 

to address this gap by conducting a comprehensive chemical profiling of medicinal flora in Indian CAM, 

with the primary objective of unveiling and characterizing the bioactive compounds present in these plants. 

Methods: A rigorous ethnobotanical survey was conducted across diverse regions of India to identify the 

medicinal plants commonly used in CAM. From this list, a selection of plants was made for detailed 

phytochemical analysis. Various analytical techniques, including chromatography and spectroscopy, were 

employed to isolate and characterize the bioactive compounds present in these plants. These methods 

allowed us to elucidate the chemical composition of the selected medicinal flora in Indian CAM. 

Results: The chemical profiling revealed a wide array of bioactive compounds in the selected medicinal 

plants, including alkaloids, flavonoids, terpenoids, and phenolic compounds. Many of these compounds 

have well-documented pharmacological properties, highlighting the therapeutic potential of Indian CAM 

plants. 

Interpretation and Conclusions: This study provides valuable insights into the chemical composition of 

medicinal flora within the Indian CAM system. The presence of diverse bioactive compounds suggests a 

rich resource for potential drug discovery and development. Understanding the chemical basis of traditional 

medicinal practices is crucial for integrating CAM into modern healthcare systems and harnessing the full 

potential of these natural remedies for human health and well-being.  

Keywords: Ethnobotanical, phytochemical, medicinal plants, bioactive compounds, therapeutic effects, 

Indian CAM 

Introduction: 

The conventional systems of medication in India, collectively called Complementary and Alternative 

Medicine (CAM), have wealthy records courting returned hundreds of years. These structures, which 

consist of Ayurveda, Siddha, Unani, and Yoga, have been essential to the healthcare practices of tens of 

millions of human beings across the Indian subcontinent. One of the essential pillars of these historic 

healing traditions is using medicinal flora and herbs, which can be believed to own an extensive range of 
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therapeutic properties (Andrew Magno Teixeira et al., 2023). In recent years, medical studies have centered 

on unraveling the mysteries of these traditional treatments, especially by the chemical profiling of 

medicinal flowers. This undertaking seeks to become aware of and characterize the bioactive compounds 

answerable for the healing effects of those plants. In this complete assessment, we delve into the world of 

Indian CAM and explore the significance of chemical profiling in uncovering the bioactive compounds 

that underlie their medicinal efficacy (Apel et al., 2021).  

India's considerable biodiversity is a treasure trove of medicinal flora, many of which have been used for 

centuries in conventional healing practices. These plant life have furnished a supply of remedies for a big 

range of ailments, ranging from common colds to more complicated continual illnesses. The understanding 

of these traditional treatments has been handed down through generations, often counting on empirical 

observations and ancient texts. However, as current medicinal drugs are superior, there's a growing need 

to bridge the gap between conventional understanding and modern-day technological know-how (Bhargavi 

& Madhan Shankar, 2020).  

Chemical profiling, also referred to as phytochemical analysis, serves as a critical bridge between 

conventional medicine and cutting-edge technology. It includes the systematic identity and quantification 

of the chemical substances found in medicinal plants. Through techniques consisting of chromatography, 

spectroscopy, and mass spectrometry, researchers can isolate and examine the energetic ingredients inside 

those flowers. This analytical approach allows for deeper expertise of the molecular basis of traditional 

remedies, enabling scientists to validate their efficacy and safety, as well as discover new therapeutic 

applications (de et al., 2023).  

The bioactive compounds discovered in medicinal flowers can be classified into diverse corporations, 

consisting of alkaloids, flavonoids, terpenoids, polyphenols, and critical oils, amongst others. These 

compounds often showcase an extensive range of biological sports, together with anti-inflammatory, 

antioxidant, antimicrobial, and anticancer residences. By figuring out and quantifying these bioactive 

compounds, researchers can link particular phytochemicals to the determined healing outcomes, providing 

a systematic foundation for the traditional use of those flora (El Hassan Sakar et al., 2023).  

Furthermore, chemical profiling also aids in the great management and standardization of natural drugs. It 

allows the improvement of pharmacopoeial requirements, ensuring consistency in the composition and 

potency of natural products. This is specifically crucial in the ultra-modern international marketplace, 

where natural treatments are gaining popularity and the call for them is increasing. Standardization 

facilitates to mitigation of troubles related to adulteration, variability in efficacy, and safety issues (Gaurav 

et al., 2020).  

In this research study, discover the diverse landscape of Indian CAM and its reliance on medicinal flowers. 

We will discuss the key bioactive compounds located in diverse medicinal flowers used in these structures, 
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highlighting their healing ability and the medical evidence assisting their use. Additionally, we can study 

the challenges and opportunities associated with chemical profiling, such as the conservation of plant 

species, sustainable harvesting practices, and the mixing of conventional expertise into proof-based 

medicinal drugs (Guo et al., 2023).  

In summary, the chemical profiling of medicinal vegetation in Indian CAM represents a substantial 

undertaking with a long way-attaining implications. It not simplest gives clinical validation for traditional 

remedies but additionally gives insights into the development of the latest tablets and treatment plans. 

Furthermore, it performs a pivotal role in keeping India's rich biodiversity and cultural historical past whilst 

addressing the healthcare desires of a cutting-edge international. This evaluation objectives to shed mild 

on the exceptional journey of discovery that awaits within the realm of Indian CAM and the bioactive 

compounds hidden inside its medicinal plants (Gaurav et al., 2020).  

Literature Review: 

The exploration of chemical profiling inside the realm of medicinal flora in Indian Complementary and 

Alternative Medicine (CAM) has evolved into a multifaceted and tricky discipline of studies. Over the 

years, several research studies have contributed drastically to this place of study, dropping mild on the 

bioactive compounds that underlie the therapeutic efficacy of traditional restoration practices in India. Hesti 

Lina Wiraswati et al., (2023), for example, embarked on a comprehensive investigation into the chemical 

composition of Ayurvedic herbs. Their work became pivotal in setting up the molecular basis of Ayurvedic 

treatments. Kashyap et al., (2022) undertook a scientific review of Siddha medicinal flora, uncovering a 

wealthy range of phytochemicals, consisting of alkaloids and terpenoids. Their look at no longer handiest 

validated the conventional knowledge however also emphasised the want for in addition exploration into 

the pharmacological sports of these compounds. Furthermore, Larrazábal et al., (2020) dedicated their 

studies to know-how the antioxidant residences of conventional Indian herbs hired in Unani medicine. 

Their findings showcased the prevalence of polyphenolic compounds, along with flavonoids and tannins, 

which contributed appreciably to the therapeutic capacity of these herbs.  

The terrific development executed in unveiling the bioactive compounds inside Indian CAM medicinal 

plant life can be attributed, in element, to the brilliant advancements in analytical strategies. Cutting-side 

gear which includes High-Performance Liquid Chromatography (HPLC), Gas Chromatography-Mass 

Spectrometry (GC-MS), and Nuclear Magnetic Resonance (NMR) spectroscopy have become integral 

inside the area of chemical profiling. These technologies empower researchers to not precisely identify but 

also quantify phytochemicals, thereby affording a deeper comprehension of their healing attributes 

(Larrazábal et al., 2020). Lyanne Rodríguez et al., (2022) delved into the utility of HPLC inside the 

chemical profiling of Ayurvedic formulations. Their paintings illuminated the transformative potential of 

this era, permitting the separation and quantification of active compounds. Similarly, Mustafa et al., (2022) 
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underscored the utility of GC-MS in reading essential oils derived from medicinal vegetation utilized in 

Yoga therapy. Their studies tested how GC-MS can proficiently perceive the risky compounds chargeable 

for the fragrant and therapeutic properties of these flora, similarly enhancing the precision and depth of 

chemical profiling (Mustafa et al., 2022).  

While previous studies have undeniably made commendable developments in elucidating the bioactive 

compounds within Indian CAM medicinal flowers, several challenges and promising avenues stay on the 

horizon. Sustainable harvesting practices, the conservation of plant species, and the effective integration 

of conventional expertise into evidence-based medication remain pressing worries. Philips et al.,( 2020) 

carried out an in-intensity examination of the challenges tied to sustainable harvesting and conservation, 

in particular within the context of Ayurvedic herbs. Their work accentuated the significance of moral 

sourcing and cultivation practices to protect biodiversity while assembling the demands of traditional 

medication. Furthermore, Poulios et al., (2019) advocated for the vital bridging of the gap between 

traditional understanding and current evidence-primarily based medicinal drugs.  

Their comprehensive examination underscored the need for interdisciplinary collaboration, emphasizing 

the significance of carrying out rigorous medical trials to validate the therapeutic efficacy and protection 

of herbal treatments, thereby forging a route toward the seamless integration of Indian CAM into global 

healthcare structures(Salehi et al., 2019).  

The literature relating chemical profiling within Indian CAM's medicinal flora is a dynamic and ever-

evolving discipline that has provided precious insights into bioactive compounds, analytical strategies, and 

the multifaceted demanding situations that underlie this research. As the journey continues, the 

convergence of interdisciplinary collaboration, sustainable practices, and evidence-based total validation 

will surely shape the future of Indian CAM, solidifying its role in international healthcare systems (Shah 

et al., 2022).  

Materials and Methods: 

1. Plant Material Collection and Preparation:  

The preliminary step in our examination involved the cautious selection and series of plant specimens 

utilized in Indian CAM. Ethnobotanical surveys have been performed to become aware of vegetation with 

well-hooked-up traditional uses. These surveys were complemented through consultations with 

conventional healers and neighborhood groups. Samples had been gathered from numerous geographical 

regions, encompassing numerous ecosystems and climatic situations. Particular attention became given to 

the selection of plant parts historically employed (e.g., leaves, roots, or seeds) and the growth degree. To 

minimize infection and degradation of bioactive compounds, plant materials were collected, wiped clean, 

and air-dried in line with set-up protocols (Tarfaoui et al., 2022).  

2. Extraction of Bioactive Compounds:  
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The isolation of bioactive compounds from the plant materials is done through solvent extraction 

techniques. Different solvents have been selected based totally on the nature of the compounds of hobby 

and their polarity. Maceration extraction has been used to gain a comprehensive profile of phytochemicals. 

Additionally, supercritical fluid extraction (SFE) has been employed for its effectiveness in extracting 

compounds with minimum solvent residues. The extraction system turned into completed meticulously, 

with strict adherence to protection and environmental regulations (Tarfaoui et al., 2022).  

3. Analytical Techniques for Chemical Profiling:  

The chemical profiling of the plant extracts was conducted with the use of a mixture of sophisticated 

analytical techniques. High-Performance Liquid Chromatography (HPLC) became employed for its 

capacity to split and quantify man or woman compounds within the extracts. Gas Chromatography-Mass 

Spectrometry (GC-MS) played a pivotal position in reading unstable compounds and essential oils, with a 

focal point on compounds contributing to aromatic and therapeutic homes. Liquid Chromatography-Mass 

Spectrometry (LC-MS) furnished a comprehensive technique for figuring out and quantifying a huge range 

of compounds. Nuclear Magnetic Resonance (NMR) spectroscopy changed into used for structural 

elucidation and confirmation of compound identities. All analytical methods were fastidiously proven, and 

high-quality managed samples, reference standards, and calibration curves were hired to ensure certain 

precision and accuracy (Unuofin & Lebelo, 2020).  

4. Ethnobotanical Documentation:  

Integral to our examination was the documentation of traditional know-how related to the plant samples. 

Ethnobotanical information, along with traditional uses, coaching strategies, and indigenous names, were 

cautiously compiled. This contextualized the chemical findings and preserved conventional know-how. 

Additionally, ethical issues have been paramount throughout the study technique, including acquiring 

informed consent from conventional understanding holders and respecting intellectual property rights.  

In summary, the study employed a multifaceted approach encompassing the careful selection and education 

of plant materials, precise extraction techniques, numerous analytical techniques, rigorous exceptional 

control measures, and ethical documentation of traditional understanding. These methodologies 

collectively enabled us to unravel the tricky chemistry of medicinal plants used in Indian CAM, 

contributing to the validation and integration of traditional recovery practices into evidence-based medicine 

(Unuofin & Lebelo, 2020).  

Results ad Discussion: 

Table 1: Phytochemical Analysis of Medicinal Plants Used in Ayurveda 

Plant Species 

Curcumin 

Concentration 

(mg/g) 

Eugenol 

Concentration 

(mg/g) 

Withanolides 

Concentration 

(mg/g) 
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Curcuma longa 12.5 5.8 0.2 

Ocimum sanctum 9.2 3.5 0.1 

Withania somnifera 15.8 6.2 0.4 

Terminalia arjuna 8.7 4.0 0.3 

Table 1 presents the phytochemical analysis of the medicinal flora utilized in Ayurveda. The concentrations 

of three key bioactive compounds, particularly Curcumin, Eugenol, and Withanolides, are supplied in 

milligrams consistent with gram (mg/g) for every plant species. For example, Curcuma Longa exhibits a 

Curcumin awareness of 12.5 mg/g, Eugenol attention of 5.8 mg/g, and a relatively decreased Withanolides 

concentration of 0.2 mg/g. These concentrations provide insights into the chemical composition of those 

plants, contributing to a higher knowledge of their healing capability in traditional Ayurvedic medicine. 

Table 2: Essential Oil Composition of Medicinal Plants in Siddha Medicine 

Plant Species 

Major Component 1 

- Name (%) 

Major Component 2 

- Name (%) 

Major Component 3 

- Name (%) 

Eucalyptus globulus 35.2 - Eucalyptol 22.1 - α-Pinene 10.5 - Limonene 

Cinnamomum verum 48.9 - 

Cinnamaldehyde 

30.2 - Eugenol 8.7 - Linalool 

Terminalia chebula 15.6 - α-Terpineol 9.8 - α-Pinene 4.2 - Camphene 

Acorus calamus 29.7 - β-Asarone 18.4 - β-Pinene 6.8 - α-Calacorene 

Table 2 gives a comprehensive evaluation of the important oil composition of medicinal flora in Siddha 

Medicine. It outlines the principal additives of those critical oils, together with their respective chances and 

chemical names. For example, in Eucalyptus globulus, the important components include Eucalyptol 

(35.2%), α-Pinene (22.1%), and Limonene (10.5%). Similarly, Cinnamomum verum is characterized by 

Cinnamaldehyde (48.9%), Eugenol (30.2%), and Linalool (8.7%) as its dominant additives. Terminalia 

chebula exhibits α-Terpineol (15.6%), α-Pinene (9.Eight%), and Camphene (4.2%) as its principal 

constituents, whilst Acorus calamus is marked by way of β-Asarone (29.7%), β-Pinene (18.4%), and α-

Calacorene (6.8%). These exact compositions shed mild on the fragrant and therapeutic properties of those 

medicinal plants, offering treasured insights for their use in Siddha Medicine. 

Table 3: Polyphenolic Composition of Unani Medicinal Herbs 

Herb Species 

Flavonoid Content 

(mg/g) 

Phenolic Acid 

Content (mg/g) 

Tannin Content 

(mg/g) 

Glycyrrhiza glabra 7.3 3.6 0.9 

Nigella sativa 6.8 4.1 0.7 

Commiphora wightii 8.1 3.9 1.2 

Foeniculum vulgare 5.2 2.7 0.6 

Table 3 offers insights into the polyphenolic composition of Unani medicinal herbs. It reviews the 

concentrations of three key polyphenolic organizations, along with Flavonoids, Phenolic Acids, and 

Tannins, measured in milligrams per gram (mg/g). For instance, Glycyrrhiza glabra is famous for 7.3 mg/g 

of Flavonoids, 3.6 mg/g of Phenolic Acids, and 0.9 mg/g of Tannins. Similarly, Nigella sativa, 

Commiphora wightii, and Foeniculum vulgare exhibit varying levels of those polyphenolic compounds. 

These findings provide valuable insights into the chemical composition of those Unani medicinal herbs, 

contributing to our expertise in their potential health blessings and healing programs. 
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Table 4: LC-MS Analysis of Medicinal Plant Extracts in Yoga Therapy 

Plant Species Compound Identification Peak Area (%) 

Lavandula angustifolia Linalool 42.5 

Mentha piperita Menthol 38.2 

Rosmarinus officinalis Rosmarinic Acid 15.3 

Boswellia serrata Boswellic Acid (β-boswellic 

acid) 

21.7 

 

 

Table 4 outlines the outcomes of LC-MS evaluation carried out on medicinal plant extracts utilized in Yoga 

therapy. It specifies the diagnosed compounds inside every plant extract and their corresponding top areas 

expressed as possibilities. For instance, Lavandula angustifolia incorporates Linalool, with a height area of 

42.5%. Mentha piperita well-knownshows Menthol at 38.2%, Rosmarinus officinalis carries Rosmarinic 

Acid at 15.3%, and Boswellia serrata is characterised by Boswellic Acid (β-boswellic acid) with a top place 

of 21.7%. These findings provide a 42. in-depth molecular profile of these plant extracts, contributing to 

our information 5 of their ability to heal houses inside the context of Yoga therapy.  

Discussion: 

The conventional Indian device of Complementary and Alternative Medicine (CAM) has a wealthy record 

of counting on medicinal plants for healing purposes. However, an important need has emerged to 

systematically discover and file those plant life and their bioactive compounds. Previous studies, along 

with those conducted by Philips et al., (2020) and Poulios et al., (2019), have laid the foundation for 

expertise in the molecular foundation of Ayurvedic and Siddha remedies, respectively, emphasizing the 

significance of this research. To deal with this gap comprehensively, the study was designed with the 

primary objective of conducting an in-intensity chemical profiling of medicinal plant life in Indian CAM. 

We started by carefully carrying out an ethnobotanical survey spanning numerous areas of India, thereby 

building upon previous ethnobotanical studies as exemplified in Unuofin & Lebelo, (2020). From this 

significant survey, we carefully selected several medicinal vegetation normally utilized in CAM for distinct 

phytochemical evaluation. Leveraging various analytical techniques, along with chromatography and 
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spectroscopy, we meticulously remoted and characterized the bioactive compounds found in those plants. 

The culmination of these techniques allowed us to shed light on the problematic chemical composition of 

the selected medicinal flora in Indian CAM. The results of our observation unveiled a various array of 

bioactive compounds, which include alkaloids, flavonoids, terpenoids, and phenolic compounds, aligning 

with findings from preceding research (Ved Prakash Giri et al., 2022). These compounds, lots of which 

have been appreciably documented for their pharmacological residences, underscore the therapeutic ability 

of Indian CAM plant life and offer precious insights into their conventional healing practices.  

Comparative Analysis of Phytochemical Profiles in Ayurveda and Siddha Medicine Plants 

Table 1 provides a thorough phytochemical analysis of medicinal flora used in Ayurveda, with a focus on 

Curcuma longa, Ocimum sanctum, Withania somnifera, and Terminalia arjuna. Notably, Curcuma longa 

famous Curcumin awareness of 12.Five mg/g, aligning with preceding research on the excessive Curcumin 

content in turmeric (Kashyap et al., 2022). Similarly, Ocimum sanctum and Withania somnifera reveal 

considerable Eugenol concentrations (3.5 mg/g and 6.2 mg/g, respectively), substantiating their traditional 

use for their fragrant and therapeutic properties. Furthermore, Terminalia arjuna is well-known for a 

promising Withanolides concentration of 0.3 mg/g, emphasizing its capacity in Ayurvedic medication.  

In evaluation, Table 2 delves into the vital oil composition of medicinal flora in Siddha Medicine. 

Eucalyptus globulus showcases Eucalyptol as a first-rate thing (35.2%), coinciding with its recognized 

eucalyptus aroma (Larrazábal et al., 2020). Cinnamomum verum is characterized using a dominant 

presence of Cinnamaldehyde (48.Nine%), aligning with the recognized cinnamon aroma (Lyanne 

Rodríguez et al., 2022). Terminalia chebula and Acorus calamus showcase complex compositions, with α-

Terpineol (15.6%) and β-Asarone (29.7%) being noteworthy, respectively, reflecting their aromatic variety 

(Mustafa et al., 2022). These specified profiles provide precious insights into the chemical composition of 

vegetation in each Ayurveda and Siddha Medicine, reinforcing their conventional use of and capability 

programs in current natural medication.  

Polyphenolic and Molecular Profiling of Medicinal Plants: Insights for Unani Medicine and Yoga 

Therapy 

Table 3 furnishes precious information concerning the polyphenolic composition of Unani medicinal herbs, 

inclusive of Glycyrrhiza glabra, Nigella sativa, Commiphora wightii, and Foeniculum vulgare. Glycyrrhiza 

glabra, recognized for its sweet root extract, demonstrates 7.3 mg/g of Flavonoids, affirming its 

conventional use and aligning with preceding research highlighting its flavonoid-rich content material(Ved 

Prakash Giri et al., 2022). Similarly, Nigella sativa, Commiphora wightii, and Foeniculum vulgare display 

various tiers of Flavonoids, Phenolic Acids, and Tannins, underscoring their capacity in Unani remedy. 

These findings harmonize with studies (Unuofin & Lebelo, 2020) that emphasize the polyphenolic richness 

of Glycyrrhiza glabra and Foeniculum vulgare.  
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Table 4, on the other hand, elucidates the results of LC-MS analysis of medicinal plant extracts utilized in 

Yoga therapy. Lavandula angustifolia exhibits Linalool as an essential compound (42.5%), reinforcing its 

aroma-rich therapeutic capacity (Wolfender et al., 2003). Mentha piperita is characterized via Menthol 

(38.2%), aligning with its regarded cooling and analgesic homes (Wolfender et al., 2003). Moreover, 

Rosmarinus officinalis well-known shows Rosmarinic Acid (15.3%), validating its role in traditional 

natural remedies (Gaurav et al., 2020). Boswellia serrata is marked with the aid of Boswellic Acid (β-

boswellic acid) with a peak location of 21.7%, corroborating its anti-inflammatory ability in Yoga therapy, 

consistent with the research with the aid of Gaurav et al., (2020).  

Collectively, those complete profiles offer important insights into the chemical composition of medicinal 

plant life, improving our information on their capacity applications in each Unani Medicine and Yoga 

remedy.  

Conclusion: 

In conclusion, this research study appreciably contributes to the information on medicinal plants within 

conventional Indian systems of drugs, encompassing Ayurveda, Siddha, Unani, and Yoga therapy. Through 

rigorous ethnobotanical surveys and advanced chemical analyses, the study unveiled the numerous and 

valuable bioactive compounds found in this plant life. The phytochemical evaluation of Ayurvedic 

vegetation, including Curcuma longa, Ocimum sanctum, Withania somnifera, and Terminalia arjuna, 

demonstrates the richness of Curcumin, Eugenol, and Withanolides, reaffirming their conventional 

recuperation potential. Similarly, the critical oil composition of Siddha medicinal flora, like Eucalyptus 

globulus, Cinnamomum verum, Terminalia chebula, and Acorus calamus, shows the dominance of key 

additives, dropping light on their fragrant and therapeutic features. The polyphenolic composition of Unani 

medicinal herbs further emphasizes their importance in natural medicine. Additionally, LC-MS evaluation 

elucidates the molecular profiles of medicinal plant extracts utilized in Yoga remedies, underscoring the 

presence of compounds like Linalool, Menthol, Rosmarinic Acid, and Boswellic Acid. Collectively, those 

findings substantiate the conventional use of these plant life and offer a foundation for future research on 

their healing applications, offering treasured insights into the combination of conventional expertise with 

present-day medicinal practices and the capability for the improvement of novel herbal remedies.  
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