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    Natural products always play an important role in the process of drug discovery and the development of modern medicine. Drug discovery aiming to find robust and viable lead candidates is a challenging and time taking process that involves the participation of experts from various fields. Screening of natural products to a new molecule or new biological effect of an existing drug candidate requires expertise, experience and modern techniques. Natural products and their structural analogues are used as a lead in the drug discovery process and have always played an imperative role in pharmacotherapy. However, drug discovery from natural products is always challenging because of technical issues, such as screening, isolation, characterization, identification and optimization, which results in a decline in their pursuit by pharmaceutical companies. Over the past few decades, the demand for natural products has been increasing, and researchers have concentrated on drug discovery from natural sources, predominantly focusing on traditional medicinal information. Plants are an abundant source of chemically vastly diverse secondary metabolites, which upon screening, exhibited different biological functions and are still far from being comprehensively investigated. Scientific awareness in natural product-based drug discovery leads to concentrating the focus on finding a new strategy for isolation, identification, characterization, screening of natural products and resupply of biologically active compounds being developed, which are the necessity of the future. Drug discovery from medicinal plants can be considered a hot spot of research. A large number of drugs were obtained from the medicinal plant, and several others have been discovered by using phytochemicals as lead. Plants have historically proven their value as a major source of bioactive molecules, and still represent an imperative tool for the discovery of novel drug leads. Intrinsic complexity involved in drug discovery from plant sources necessitates extremely integrated interdisciplinary approaches. Scientific developments and technological advancement, including sophisticated analytical tools, engineering strategies, in silico approach, etc., are opening up new opportunities to reestablish natural products as a key source for drug discovery and find new drugs quickly. Volume 2 of this series of the book entitled “Natural Medicine: New Avenues in Drug Discovery and Bioactive Natural Products” is devoted to the current research in drug discovery from natural sources, modern analytical and scientific approaches, the bioactivity of isolated phytochemicals and their analogues. This volume is a collection of important research on this field which will strengthen scientific advancement on natural product-based drug discovery and will be helpful for the scientific community.
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      Abstract




      Nature contains a huge array of unique phytomolecules, many of which have previously evolved into lead compounds and have been transformed into herbal formulations or are currently undergoing clinical studies. Plant-based pharmaceuticals account for 25% of all drugs on the market, either directly or indirectly. The herbal drug sector has gotten a lot of attention in recent years, which has resulted in its exponential rise. People increasingly prefer herbal treatments to synthetic drugs, highlighting their safety and efficacy. Standardization of these herbal medications has become a significant component of the process involved in herbal drug development, not just for Asians but also for westerners, due to increased interest. The role of various analytical methods, such as chromatographic methods, spectroscopic methods, metabolomics, DNA barcoding, and so on, has been explored in this chapter. These methods aid in not only authentication but also quality assurance during the herbal medicine research process.
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      INTRODUCTION




      Most active components in today's medicines are derived from nature, a rich source of new compounds. Medicinal plants have had a significant impact on global health. The therapeutic characteristics of many plants are still unknown to us, and have yet to be investigated; nonetheless, despite enormous developments in modern medical science, they continue to play a vital role in health sciences [1]. In this world, there are around 400,000 species of plants [2].




      Plants are thought to manufacture up to 200,000 phytochemicals among their many and varied species [3]. Higher plants are considered to be the source of around 25% of all contemporary are even in use in the present day. There are no beneficial synthetic alternatives that have the same potency and pharmacological specificity to a specific condition [4]. About 60% of currently marketed medicines and those on the edge of final clinical trials, such as antitumoral and antibacterial treatments, are derived from natural compounds, primarily from higher plants [5]. In recent years, some traditional plant-based medicines have seen their market share significantly eroded by the introduction of synthetic alternatives, while others have been given new investigational or therapeutic status [6]. According to a recent analysis, approximately sixty percent of the anticancer and anti-infective agents that are currently either commercially available or in the late stages of clinical trials are derived from natural product sources [7]. Plants provide primary health care to about 65–80 percent of the world's population in poor areas [8]. Antimicrobial, antiparasitic, anticancer, antiviral, anti-inflammatory, immunomodulatory, and neuroprotective compounds can all be found in marine natural products [9, 10]. More than 50,000 natural products of microbial origin are also used in drug development [11]. It is also seen that there is an increased interest in higher plants as potential sources of novel lead structures, as well as the production of standardized phototherapeutic compounds with evince efficacy, quality as well as safety [12, 13]. Between 2000 and 2005, natural ingredients were responsible for the launch of more than 20 new pharmaceuticals around the world [14]. Because of their natural origins and lesser side effects or dissatisfaction with synthetic drug results, there has been the utilization of a number of preparations originating from traditional herbal medicines in both developing and developed countries for thousands of years. However, whether they are single plants or groupings of herbs in composite formulae, all herbal medicines are extracted by utilizing boiling water during the process of decoction, which is one of the distinctive qualities of eastern herbal medicine preparations. This could be one of the reasons for the major challenge in terms of quality control for eastern herbal medicines when compared with western medicines. Traditional medicine has not been formally acknowledged in most nations, despite its long history, widespread use, and popularity and widespread use in the recent decade. As a result, education, training, and research in this field have received little attention and funding. Traditional medicine's safety and efficacy studies are insufficient in quantity and quality to meet the requirements required to support its use globally. The paucity of research data is owing to a lack of suitable or acceptable research techniques that aid in the evaluation of traditional medicines, in addition to healthcare regulations [15, 16]. Patients were previously treated individually, and drugs were prepared in accordance with their requirements; however, there is a change in the landscape, and herbal medicines are now being manufactured on a large scale. Manufacturers are confronted with various issues, such as the availability of high-quality raw materials, the authentication of raw materials, the availability of standards, proper standardization methodology of single drugs and formulations, quality control parameters, and so forth. The existence of therapeutically relevant elements in plant chemistry is frequently linked with a large number of inert compounds (coloring agents, cellulose, lignin, etc.). For their specific pharmacological activity, the active ingredients are isolated from the plants and refined for medicinal use. As a result, quality management of herbal crude medications and their ingredients is critical in today's medical system. Adulterated herbs arise due to a lack of suitable standard standards for the standardization of herbal preparation and various cases of substandard herbs. Standardization of herbals is required to meet the rising wave of curiosity [17-21]. As a result, every individual herb must be verified for quality to ensure that it meets all quality requirements and consistently offers the desired qualities. Quality, efficacy, performance, and safety are all assured through standardization since it ensures that items are consistent in their characteristics. However, it has been found that the pharmaceuticals available in the marketplace are commonly contaminated and do not meet the quality requirements established for genuine drugs.


    




    

      DEVELOPMENTS IN MEDICINAL PLANT RESEARCH AND ANALYTICAL TECHNOLOGY




      Instead of a single component or simple mixture of multiple components, traditional medicine, and herbal items are typically made from plants and contain hundreds of unknown constituents. As a result, a large number of the components are scarce. Usually, the active ingredients which are found responsible for eliciting the pharmacological effect are not known to the investigators or the public. Usually, an assumption is made that there is the presence of a number of active components, both macro and micro, which are responsible for the potential therapeutic effects, and hence multiple component examinations are more justifiable for the process of quality control. Furthermore, herbal medications are a complex matrix of chemicals with no one active element responsible for total efficacy. As a result, quantitative measurement of several components which are active is one of the most direct and also a crucial tool for quality assurance. Rarely do phytochemical research succeed in identifying and characterizing all secondary metabolites contained in a plant extract, despite the availability of sophisticated analytical instrumentation techniques given in Fig. (1) [22]. Moreover, only about 10% of plants originating from the higher species have been described chemically to a significant degree. The complexity of the chemical makes the quality control process far more difficult. However, chemical profiling of plant-based products is necessary for greater scientific as well as clinical acceptance along with global placement. Traditional medicines are not officially recognized in most countries, despite their long history and widespread use. Traditional medicines' safety and efficacy evidence do not satisfy the standards required to justify their widespread usage over the world [15].




      All phytochemical elements of traditional medicines must be identified to verify the credibility of pharmacological research and comprehend their bioactivities and probable adverse effects [20, 21, 23]. We also know that traditional medicines work because of a complicated mixture in their crude form, making it difficult to assess their relationship. Biological assays can be connected to a chemical fingerprint to ensure their efficiency and repeatability. However, the current study falls far short of meeting the minimum standards. The primary goal of phytochemical research is to isolate the active components in plant extracts in sufficient concentrations to perform spectral and biological experiments. Rapidly identifying and quantifying physiologically active natural compounds are critical in the phytochemical examination of crude plant extracts, and it is becoming increasingly important. Also, the dereplication of crude extracts prior to separation activity helps minimize lengthy component isolation tasks. To ensure the resemblance of the extract originated from the plant and hence the resultant product or the formulation, recent breakthroughs in purification, isolation, and structural elucidation have allowed for adequate quality control and standardization of procedures. Analytical methods for phytochemical, pharmacological, and quality control studies have been developed over the years. Analysis can be divided into two categories: (a) the analysis of targeted compounds, which is the analysis of a single compound; or (b) group-specific analysis, in which all of a given group's compounds are analyzed; and metabolite profiling, which aims in identifying the primary as well as the secondary metabolites in the extract, that can include carbohydrates, lipids, and amino acids. In place of individual (target) metabolites, the term “metabolomics” refers to the study of the entire metabolome, which is comprised of all detectable low and intermediate molecular mass substances, as opposed to individual (target) metabolites. When it comes to the field of metabolomics, many methods, such as metabolite profile analysis and metabolic fingerprinting, are employed [24].
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Fig. (1))


      Analytical approaches employed in natural product research. UV=Ultraviolet; NMR=Nuclear magnetic resonance; IR=Infrared; LC= Liquid Chromatography; MS= Mass spectroscopy; GC= Gas Chromatography; CE= Capillary electrophoresis; HPLC=High performance liquid chromatography; HPTLC=High performance thin layer chromatography; SFC= Supercritical fluid chromatography.

    




    

      HERBAL MEDICINE CHROMATOGRAPHY AND CHEMICAL FINGERPRINTS




      A number of factors influence the herbal drugs quality:





      

        	Herbal medications typically comprise a variety of different ingredients.




        	In the preponderance of situations, the active ingredient(s) is (are) unknown.




        	Possibilities are high regarding the commercial unavailability of already selected reference substances or already developed analytical methods.




        	Plant materials are highly varied in chemical composition and natural variability.




        	The raw material's source and quality are both subject to change.


      




      Chemical elements in component herbs in herbal products might differ based on the collection stage, plant portions gathered, harvest periods, plant origins, drying techniques, and also in other factors. To assure both the reliability and repeatability of phytochemical and pharmacological research, to comprehend their bioactivities and contraindications of potential active chemicals, and for the enhancement of product quality control, it appears that most phytochemical elements of herbal products must be determined. Thus, numerous analytical techniques, such as HPLC, GC, CE, and TLC, can be used as quality evaluation procedures. Phyto equivalence was established in Germany to verify herbal product consistency. A herbal product's chemical profile should be built and compared to a clinically validated reference product's profile. For the purposes of this description, a chromatographic fingerprint of herbal medication is a pattern formed by the extraction of some common chemical constituents that are pharmacologically active and/or have chemically distinguishing properties. The extraction and sample preparation processes used to develop good herbal medication fingerprints are also quite important. It is noteworthy that a large number of natural constituents may be present in a single herbal medicine. Also, combining several herbs may yield possible interactions among the different constituents during the extraction process. As a result, chromatographic equipment-generated fingerprints may present a reasonably good integral representation of different active compounds of herbal medicines, which in turn may be useful [25-29].




      

        Thin-layer Chromatography




        Before the development of instrumental chromatography methods such as gas chromatography and high-performance liquid chromatography, thin-layer chromatography (TLC) was the most widely used and preferred method for herbal analysis. Although TLC is no longer widely employed in herbal medicine research, it has been for many years due to the existence of different pharmacopeias that includes the Indian herbal pharmacopeia, the Ayurvedic pharmacopeia, the American Herbal Pharmacopoeia (AHP), the Chinese drug monographs and analyses, and the Pharmaceuticals of the People's Republic of China, among other publications. As opposed to instrumental chromatography, TLC is used as a simpler method of preliminary evaluation with a semi-quantitative evaluation in conjunction with other available chromatographic techniques because there is a comparatively minimal change associated with the simple TLC separation in relevance to herbal medicines than there is in the separation of herbal medicines using instrumental chromatography.




        TLC is an analytical method in which a solute is dispersed between two phases. The stationary phase, which acts via the principle, involves the dispersion of a solute among two phases: the solid phase or the stationary phase, which acts via the principle of adsorption, whereas the mobile phase comes in the form of a liquid. The stationary phase that acts as the adsorbent is prepared by applying a uniform thin coating of dry powder on a support made up of glass, plastics, or sometimes metal sheets. The most prevalent type of plate is glass. Separation can also be accomplished using partition or conjunction of partition and adsorption, depending upon the nature of support, how it is prepared, and how it is used with various solvents [30, 31].




        The identification of the reference as well as the unknown sample, which are chromatographed on the same plate, can be accomplished by observing spots with identical Rf values and around equal magnitude. Semi-quantitative estimation is commonly done by comparing the size and intensity of the spots visually.




        When it comes to evaluating herbal remedies, TLC offers a wide range of detection options. TLC is also relatively easy and can be used to analyze many samples. More than 30 spots of samples can be analyzed at the same time on each plate. As a result, TLC is still widely used to test herbal remedies. HPTLC is a sophisticated instrumental approach that utilizes all of TLC's capabilities. It is the most adaptable, dependable, and cost-effective separation method. This sophisticated analytical tool is capable of obtaining chromatographic data from complex mixes of pharmaceuticals, natural substances, clinical specimens, foods, and other materials. The created TLC plate can be used to obtain meaningful qualitative and quantitative data using the CAMAG video storage system (CAMAG, Switzerland) and TLCQA-UV techniques. According to research conducted by China and Japan, the four Cordyceps Sinensis samples from the joint products of China and Japan had the most valuable medical effect. Also, by utilizing the analysis of images and digital techniques that are evolved in the field of computing science, the resemblance of non-identical samples can be assessed.




        The ease, flexibility, high speed, specific sensitivity, and convenience of preparation of a sample of TLC/HPTLC for the construction of herbal remedies fingerprints are among the advantages of this approach to fingerprint construction. As a result, TLC is a practical approach for identifying the standard of herbal medicines and the possibility of adulteration. Moreover, new TLC methods, such as forced-flow planar chromatography (FFPC), over-pressured-layer chromatography (OPLC), and electro-planar chromatography, are being developed and implemented (EPC). An easy-to-use but effective preparative forced-flow method was also described; this technology applies hydrostatic pressure to raise the velocity of the mobile phase. For the examination of a mammoth sample size (up to 216) in order to achieve a high throughout the screening and also in the analysis of particular complexed matrices, the parallel, and the serially-coupled layers offer up entirely new vistas [32-35].


      




      

        High-performance Liquid Chromatography




        HPLC, also known as high-pressure liquid chromatography, is a type of column chromatography where the adsorbent or stationary phase comprises particles of minute sizes (3-50m), which are finally packed together in a column, maintaining a diameter of 2-5mm. In this process, the end of part of the column is connected to a source of pressurized eluent that is mostly liquid and is commonly known as the mobile phase. Ion exchange, partition, and adsorption are the three most common types of high-performance liquid chromatography.




        For the examination of herbal medicines, high-performance liquid chromatography (HPLC) is a common method due to its simpler operation technology and the fact that it is not affected because of the volatility or the stability of the sample ingredient. In general, high-performance liquid chromatography (HPLC) may be used to examine practically all of the chemicals found in herbal remedies. As a result, throughout the past several decades, widespread utilization of high-performance liquid chromatography (HPLC) has been seen in examining herbal medicines. Reversed-phase (RP) columns are among the most widely utilized types of columns in the analytical separation of herbal medicines.




        Many aspects must be considered for achieving the best HPLC separation conditions, such as different mobile phases and pH adjustments, pump pressures, and so on. Consequently, a well-designed experiment for optimal separation is required in all cases. In liquid chromatography research, certain novel approaches have recently been created to achieve greater separation, among which some major techniques are reversed-phase ion-pairing HPLC, micellar electrokinetic capillary chromatography, and high-speed counter-current chromatography. They will open up new avenues for extracts of some herbal medications to be properly separated. As a result of this, HPLC's adaptability for the investigation of chemical components in herbal medicines appears to be hindered by the use of a conventional HPLC detector, such as a single wavelength UV detector, which appears to be ineffective for the purpose. Evaporative light scattering detection (ELSD) is an effective approach for the examination of non-chromophoric substances, as proven by a substantial increment in the utilization of HPLC analysis paired with ELSD in the last decade. It is now possible to analyze herbal medicines directly using HPLC, as the ELSD detector responds to the parameters like the shape and size, and number of particles evaluated, rather than the analytical anatomy and/or the analytes chromophores. The fingerprints of herbal medications are particularly well suited to this method. Furthermore, HPLC-IR, HPLC–MS, and HPLC–NMR are all techniques that require hyphenated HPLC for the investigation of herbal medicines; hence HPLC-IR, HPLC–MS, and HPLC–NMR cannot be used for simple HPLC analysis [36-39].


      




      

        Gas Chromatography




        GLC or gas-liquid chromatography (GC) is an analytical technique that utilizes the redistribution of components between the stationary phase or support material (liquid, solid, or a combination of both) and the gaseous mobile phase to separate mixtures into components. Many of the active ingredients in herbal remedies are known to be volatile chemical molecules. When it comes to testing herbal remedies, the gas chromatography method is essential. Numerous benefits can be reaped from doing a GC analysis on volatile oils. First, this “fingerprint” can be utilized in recognizing the plant using the volatile oil GC. The volatile oil is unique to each plant, and the existence of contaminants may be easily recognized. A second advantage is that GC-MS analysis can be used to quickly identify the volatile oils' constituents and standardize extraction procedures.




        When evaluating or monitoring the qualities of herbal remedies, the relative quantities of the constituents might be employed. In addition, changes in the chemical makeup of the volatile oil can be used in detecting oxidation, its enzymatic alterations, and fermentation in microbes. The excellent sensitivity in terms of detection of practically all volatile chemical substances is unquestionably one of the most significant advantages of gas chromatography. This is notably verifiable for conventional FID detection as well as GC–MS analysis. Furthermore, the capillary columns also provide greater selectivity, which allows for the separation of a large number of volatile chemicals at the same time within a very short period. As a result, during the decades of the past, GC has become a favored and helpful analytical instrument in the areas of natural medicine research. Particularly with the use of a hyphenated gas chromatography-mass spectrometry apparatus, credible data on the identity of the chemicals are also available. The most important limitation of GC, on the other hand, is that it is not appropriate for the analysis of samples containing polar and nonvolatile organic molecules. This necessitates the adoption of time-consuming sample preparation techniques that might include derivatization. Because of this, liquid chromatography becomes a vital instrument for us to use in the application of thorough investigation of herbal medicines [40]. Scott and colleagues built the world's first fully automatic online gas chromatography-infrared system. Each of the solutes that were eluted was made to adsorb on a cooled, packed tube before being regenerated thermally and injected into an infrared vapour cell to complete the reaction. Following the acquisition of the infrared spectrum, a tiny sample of the vapour was extracted from the IR cell and transferred to a mass spectrometer of low resolution, where the mass spectrum was also captured [41-43].


      




      

        Supercritical Fluid Extraction




        In the category of innovative extraction techniques, SFE is included because it is an eco-friendlier method of extracting indigenous substances from sustainable sources such as herbs, spices, and aromatic and medicinal plants that have applications in a variety of industries. Supercritical fluids are used in this advanced technology to isolate and remove bioactive substances targeted for extraction. Baron Charles Cagniard de la Tour made the first known observation of the supercritical phase in 1822 when he observed changes in the behaviour of a solvent at a specific pressure and temperature [44, 45]. Thomas Andrews created the terminology “critical point” in 1869 as a consequence of his investigations on the effects of pressure and temperature on a partially liquefied carbonic acid in a closed glass tube. He defined it as the point on the phase equilibrium curve where the critical temperature and critical pressure coincide and the persistence of two phases vanishes [44, 46]. The SFE method application was discovered by Hannay and Hogarth a few years later, and the fundamentals of this CO2 supercritical state technology were created in 1960 by them. A few years later, in Australia, the extraction of oils from hops utilizing liquid CO2 was established as the first practical implementation of supercritical fluids. It wasn't until the 1980s that industrial applications for both of these technologies were discovered and widely embraced. The technique is currently being used to generate a wide range of products approved worldwide [47, 48].




        A simple SFE process consists of extraction and segregation as the primary phases. A variety of solid and liquid samples can be utilized in the extraction process; however, solid samples are far more common than liquid samples. Columns containing dried and solid milled samples are loaded with pressurized supercritical solvents, which dissolve extractable chemicals from the solid matrix and remove them from the solution. Separation is carried out via diffusion, with pressure or temperature reductions or both used to separate the dissolved chemicals from the solvent mixes [48-50]. Because of their special properties, supercritical fluids are widely used in the extraction process. Table 1 shows that a number of substances, including hydrocarbons and certain gases, have been classified as SCFs. CO2 is the most commonly used solvent in SCF because of its several advantages [51].




        

          Table 1 Supercritical fluid extraction (SFE) chemical solvents and their critical properties.




          

            

              

                	Solvent



                	Molecular Weight (g/mol)



                	Critical Temperature (K)



                	Critical Pressure (MPa)



                	Critical Density (g/cm3)

              


            



            

              

                	Carbon dioxide



                	44.01



                	304.1



                	7.38



                	0.469

              




              

                	Acetone



                	58.08



                	508.1



                	4.70



                	0.278

              




              

                	Ethylene



                	28.05



                	282.4



                	5.04



                	0.215

              




              

                	Ethane



                	30.07



                	305.3



                	4.87



                	0.203

              




              

                	Water



                	18.02



                	647.3



                	22.12



                	0.348

              




              

                	Methane



                	16.04



                	190.4



                	4.60



                	0.162

              




              

                	Propylene



                	42.08



                	364.9



                	4.60



                	0.232

              


            

          




        


      




      

        Electrophoretic Methods




        This technology was launched in the early 1980s as a powerful analytical as well as a separation technique, and it has subsequently grown at an almost exponential rate since its introduction. It makes it possible to document the purity and complexity of a sample effectively, and it can handle nearly any type of charged sample component, ranging from basic inorganic ions up to DNA. As a result, there has been significant growth in the use of electrophoretic technologies, particularly capillary electrophoresis, in the investigation of herbal remedies over the previous few decades. Historically, the somewhat rapid growth of capillary electrophoresis since its debut has closely tracked the evolution of liquid chromatography to a significant degree. The most commonly employed are capillary zone electrophoresis, capillary gel electrophoresis, and capillary isoelectric focusing techniques. CE holds great promise as a segregation and analysis method for active components in herbal medicines because it requires only a small quantity of standards and can test samples quickly while exhibiting exceptional separation capability. Additionally, because it has the technical properties of liquid chromatography, it is an excellent tool in the generation of herbal medicine's chemical fingerprints. In the past few years, various studies involving herbal remedies have been published, with particular emphasis placed on two types of medicinal chemicals, alkaloids and flavonoids, which have been widely researched. As a whole, CE is a versatile and effective separation method that provides great efficiency in separation and specificity when assessing mixtures of constituents owing to low-molecular-mass. However, rather than improving reproducibility and absolute precision, capillary electrophoresis's rapid advancement has resulted in improved resolution and throughput. One technique that has been found beneficial in improving reproducibility considering both the mobility and integral data has been the use of internal standards. However, despite several publications being published, they only provided a restricted picture of the true potential of CE in the domain of fingerprinting herbal remedies. It is possible to gain a deeper knowledge of the solution behavior of herbal medicines by using CE and capillary electrochromatography methods, particularly when paired with strong spectrometric detectors [52, 53].


      




      

        Mass Spectroscopy




        A common misconception is that this technique is simply an alternative to other available techniques, such as ultraviolet/visible spectroscopy, fluorescence spectroscopy, flame ionization techniques, and electrochemical detection methods. This is not the case. According to its detection principle, which is based on the analysis of specific mass-to-charge ratios, this system can be used purely as an independent method for separation rather than as a detection technique [54-56]. However, despite its numerous advantages, the use of a mass spectrometer on its own is extremely difficult owing to the complexity of samples evolving in various fields such as environmental, toxicological, and biomarker discovery studies, where there is a requirement for highly selective and sensitive measurements in order to avoid interfering with the results. To substantiate the foregoing, it should be remembered that trace element analysis in complicated matrices such as wastewater, blood samples, or urine samples is always a huge difficulty to complete. Also worthy of mention is the fact that, when compared to other available methods, this analytical method is now playing a significant role and is quickly becoming a required tool in the analysis of phytochemicals due to its outstanding characteristics, such as high sensitivity and also because of its unrivaled detection limits for a complex mix of natural compounds. Moreover, it should be remembered that mass spectrometry (MS) technology has undergone unending improvement ever since J.J Thomson initially collected and analyzed mass spectra for oxygen, nitrogen, carbon dioxide, and chlorine in the year 1912. During the intervening period, this technique has undergone at least two revolutions, both of which were accomplished prior to its availability for the analysis of phytochemicals. The first significant step forward was achieved in 1958 with the combination of mass spectrometry (MS) and gas chromatography (GC), which ushered in a new era in examining volatile molecules found in natural products and other substances. The linking of the soft ionization method with MS was also discovered in 1980, and this has permitted MS to be used in the investigation of nonvolatile components since that time. Taking these two technological revolutions into consideration, the emergence of mass spectrometry (MS) in the analysis of phytochemicals has been developed. As a result, the novel MS instrumentation that has been developed has become a prototyping tool that provides considerably more comprehensive and significant information regarding complicated mixes of natural products even in a single run than was previously not possible. The MS run generates information on the molecular weight of the sample using a small quantity of sample, but it also generates rich insights about the structural data of the sample through the fragments without the need for any prior derivatization or separation of the sample. Consequently, when these characteristics are combined with other existing methodologies, they have the potential to yield a wealth of useful information on the research topic of interest.




        Because of the rapid advancements in technology and the availability of apparatus, tandem mass spectrometry (MS) has risen to become the standard method for examining herbal medicines. MS instruments such as the triple quadrupole (QqQ), linear ion trap time of flight (LITTOF), quadrupole time of flight (QTOF), TOFTOF, linear trap quadrupole Orbitrap (LTQOrbitrap), and quadrupole Orbitrap (QOrbitrap) can also provide a rapid analysis with improved accuracy as well as increased sensitivity and resolution [57-60].




        According to Wang et al. (2014) [61], they conducted a study in which they reviewed the deployment of Ultra high-performance liquid chromatography-mass spectroscopy (UHPLC-MS) in the analysis of phytoconstituents derived from medicinal plants, and the team of researchers went on to emphasize the advantages of UHPLC-MS by providing some illustrative instances. It was also discovered that the use of nano-electrospray in herbal phytoconstituent analysis resulted in an increase in the ionization efficiency of MS due to the smaller droplet size, which was achieved through the use of nano-electrospray in plant phytoconstituent analysis. However, to allow for the matching of the nano-electrospray with the LC, it is necessary to utilize columns with a smaller inner diameter (less than 0.1 mm) simultaneously [62].




        Testudines Carapacis ET Plastri Colla, Cervi Cornus Colla, & Testudinis Carapacis ET Plastri Colla, for example, are all gelatinous Chinese medications that are difficult to distinguish from one another. Researchers Yang et al. [63] devised an innovative approach that included enzymatic digestion accompanied by nanoflow HPLC–MS analysis. For the categorization of these gelatinous Chinese medicines, a total of fourteen enzymatic digested peptides were solely chosen as biomarkers for differentiation. GC–MS is mostly employed as a supplement toLC–MS for analysing volatile compounds in medicinal plants. They are also utilized for the investigation of lipids in medicinal plants. After derivatization, GC–MS can be used to analyze a wide range of nonvolatile chemicals, including amino acids, fatty acids, organic acids, sugars, pyrimidine, and purine. The identification of compounds by low-resolution GC–MS is still problematic, despite the availability of standard spectrum libraries (such as NIST and Wiley). Because of the high confidence in identification provided by high-resolution GC–MS (i.e., TOF), high-resolution GC–MS is becoming extremely prevalent in medicinal plant research. A study conducted by Bell et al. [64] examined the volatile composition of rocket salad during post-harvest storage using a thermal desorption GC-TOFMS technique (Eruca sativa). 42 compounds were discovered, with 35 of them being the first time they were discovered in rocket salad. Statistically significant changes in the composition or quantity of volatiles were found in each of the accessions, offering an important tool for determining shelf life in this particular example.




        2D GC–MS has numerous uses for the investigation of medicinal plants, including untargeted and targeted compound identification, quality evaluation, and fingerprinting. For example, this method was used by Jiang and colleagues to analyze the volatile chemicals in saffron [65]. New methods for determining retention indices values were devised by constructing alkanes' isovolatility curves, which improved the accuracy of the analysis. The first-dimensional retention indices (1 I) and 2 I values were within 20 index units of the reference values, and the match scores 750 (mass accuracy of the molecular ion) were used to identify 114 chemicals tentatively.




        One of the most pressing concerns in analytical chemistry is the development of a miniaturized complete analysis system, which the development of a microfluidic chip can partially address. A microfluidic chip, also known as a “lab on a chip,” is a miniaturized laboratory technique that integrates various tasks, such as sample preparation, segregation, and detection on a single chip [65]. Incorporating a microfluidic chip with a mass spectrometer has the potential to reduce sample consumption while increasing sensitivity, allowing for parallel sample processing and high throughput analysis [66]. Separations performed on microfluidic chips are based primarily on LC, GC, or CE processes, depending on the application. The most extensively used chip-based LC equipment is manufactured by commercial corporations such as Agilent Technologies, Waters Corporation, and Eksigent, among others [67]. Meanwhile, a large number of microfluidic chips that have been specially created have been employed for targeted analysis [68-70].


      




      

        NMR Spectroscopy




        Nuclear magnetic resonance (NMR) spectroscopy is a powerful supplement to mass spectrometry (MS) that can be utilized in the identification and quantitative investigation of plant metabolites in the in vivo process or in tissue extracts. For example, metabolite fingerprinting, multivariate analysis of unassigned 1 H NMR spectra, comparing wild-type, mutant, and transgenic plant material, as well as assessing the influence of stress on the plant metabolome, is employed in this technique. Using NMR fingerprinting to distinguish between a set of similar samples is a rapid, convenient, and effective method for identifying the essential parts of the spectrum for further study. Methylation profiling is a second method that uses the 1H NMR spectra of tissue extracts to identify up to 40 different compounds in an unfractionated sample. When comparing groups of samples, metabolite concentrations can be utilized to hypothesize about the root causes of their segregation, and this can be done using these profiles. Additional information from other techniques, such as nuclear magnetic resonance (NMR) spectroscopy, may be valuable in expanding the coverage of the metabolome. MS has positioned itself as the method of choice. For the most part, the plant metabolome has been studied using either MS or NMR, and the interaction between the two has been overlooked. Aside from the fact that NMR and MS datasets are relevant in their own right, this may be due to the analytical skills of researchers and scientists, as well as the difficulty in reconciling and processing huge datasets from two techniques that rely on dissimilar physical principles. Furthermore, examining the viability of NMR as a source of plant metabolomics data and reviewing the growing applications of NMR in metabolomics is instructive in considering this topic. To be detected by the NMR technique, every molecule that contains one or more atoms with a nonzero magnetic moment must have at least one nonzero magnetic moment atom. Chemical shifts, intensity, fine structures, and magnetic relaxation qualities are all characteristics of the environment in which the nucleus was found to be present. As a result, NMR spectra may be used to detect and quantify metabolites in biological samples since they include a plethora of information about the molecules in the sample. Despite this straightforward conclusion, the NMR technology can be used in a variety of ways for metabolite analysis. One of the most important advantages of NMR is that it may be used to study plant tissue, cell suspensions, as well as extracts and purified metabolites [71, 72]. There is a wide range of detection systems that can be adapted to the sample and its metabolic condition [73]. A tissue extract and metabolite composition can all be studied using NMR. It's important to note, however, that NMR measurements for these activities are substantially different in terms of hardware requirements, detection schemes, and sensitivity [73]. To make matters worse, there is a low natural abundance of several of the biologically important magnetic isotopes, making it possible to use these isotopes as labels in a metabolic system prior to NMR research. This lowers the detection threshold for these atoms, but more crucially, it enables the analysis of metabolic pathways, resulting in qualitative and quantitative information on the linkages among labeled precursors with their products and metabolic fluxes [74-76].


      




      

        Infrared Spectroscopy (IR)




        Plant constituents can be measured using an infrared spectrophotometer, which produces an infrared spectrum of the plant's constituents. The measurement can be performed either in solution (chloroform or carbon tetrachloride) or in the solid-state (by mixing with potassium bromide), with or without the use of a mulling agent (nujol), or in any combination of the above. Because of the vibrations of particular bonds or functional groups undergoing investigation, spectral bands or peaks appear above the region in the infrared spectrum between 1200 cm-1 and 1300 cm-1. The vibration of the entire molecule causes the presence of peaks in the infrared spectrum below 1200 cm-1, and this region is referred to as the 'Fingerprint region.' The intensities of the different bands are rated arbitrarily on a simple scale as either strong (S), medium (M), or weak (W) based on their perceived strength (W).




        When it comes to determining the sorts of chemical bonds (functional groups) present in a substance, a Fourier Transform Infrared Spectrophotometer (FTIR) is the most powerful tool available. As can be observed in the annotated spectrum, the wavelength of light absorbed is a property of the chemical bond that has formed. It is possible to determine the chemical bonds present in a molecule by reading the infrared absorption spectra.




        The plant cells, their tissues, and their organs are made up of various biomolecules assembled in various architecturally different units that exhibit heterogeneity at the microscopic level. The ability to obtain molecular information about those constituents and their distribution in such a complex environment is extremely important, considering both basic as well as applied plant sciences. As a result, infrared imaging techniques offer an advantage over other conventional approaches for investigating heterogeneous structures in a plant that may provide quantitative and qualitative evaluations of the structures as well as information about their spatial distribution. This means that these technologies, in particular when used in conjunction with appropriate analytical methodologies and sampling methods, can provide valuable information for plant categorisation studies and understanding its physiology, ecology and genetics, pathology, and other associated areas. Understanding biomolecules as an amalgam of organs, tissues, and cells is crucial both in terms of basic and applied plant sciences and biotechnology and pharmaceutical research. In addition to microscopic and separation procedures, it can be obtained by a range of analytical approaches. Plant scientists commonly dissect and prepare samples to extract biochemical substances, making these measurements time-consuming, expensive, and even damaging to the samples themselves. IR spectroscopy is a valuable tool for quantitative and qualitative analysis because of the ability of plant components to allow interaction with infrared light. It has a number of advantages over other methods, including the fact that it is quickly performed, is non-destructive, is repeatable, and is simple to use [77]. Conventional infrared spectroscopy, on the other hand, can only furnish an average spectrum, with no counsel about the chemical composition of the sample's distribution. As a result, it is burdensome to differentiate if the components of relevance are derived from the sample's bulk or from a specific local location within a single sample collection. Therefore, this method of analysis needs to provide more information regarding the spatial localization in terms of molecular structures considering its tissue, its cellular, and its subcellular level. The information received by this approach may therefore be limited when the variability of plant structures is considered. As a result, the use of infrared imaging/microspectroscopy, which combines infrared spectroscopy with visibility, offers significant advantages for conducting a thorough investigation into the spatial distribution patterns of plant constituents [79, 80]. In particular, with the application of appropriate analysis techniques and sampling procedures, the techniques allow for direct and non-destructive evaluation of plant samples while conserving the indigenous anatomy of the samples, thereby eliminating the need for further extraction, cleansing, and partition steps from the plant samples. Even though they have lots of dominance, they are not a lone molecule detection approach due to the need for standardization, rigorous data collecting, and skill in chemometrics interpretation of infrared spectra.




        Many other imaging methods, such as Raman microspectroscopy, visible-light imaging, fluorescence imaging, 3D laser imaging, and tomographic imaging are also available to analyse plant structures [81, 82]. So, by employing such latest technology, it is possible to gain a deeper understanding of the basic plant study pertaining to the physical and chemical possessions of tissues and samples (for example, seeds and fruits and grains and the whole plants), as well as agricultural and horticultural sciences linked to the localization and quantification of molecules for the determinations of plant diseases, stress due to multiple reasons (e.g., temperature, water, and nutrients).


      




      

        UV-Visible Spectroscopy




        Ultraviolet spectroscopy techniques make use of wavelengths ranging from 200 to 800nm to measure the subject under investigation. The examination of coloured samples can be carried out in the wavelength range of 400-800nm, which is referred to as the visible area, whereas the analysis of colorless samples is carried out by scanning in the wavelength range of 200-400nm, which is referred to as the ultraviolet region. In a very dilute solution, the absorption spectra of plant constituents can be examined in comparison to a solvent blank to determine their composition. The wavelengths of the acquired maximum and minimum absorption spectra, as well as the intensity of the absorbance at the respective maximum and minimum wavelengths, are recorded. This approach is widely used in the preliminary investigation phase of phytoconstituent analysis, and it is particularly useful in the analysis of phenolic compounds. Based on the intensity of the color generated, the selection of the wavelength through which the measurement can be carried out can be made with greater or lesser success. However, in terms of reaching a conclusion, this strategy alone will not be as fruitful as others. Therefore, it is always required to complement this method with other recent analytical techniques in order to obtain a reliable estimation of phytoconstituents present in plant materials.


      




      

        Utilization of IR Spectroscopy in Plant Study




        This paper presents a straightforward demonstration of the application of infrared spectroscopy in investigating a plant-based research project. This investigation, conducted by Bordoloi et al. 2021 [78], involved the extraction of starch from the banana species Musa balbisiana in order to test for its mucoadhesive nature by forming it in terms of mucoadhesive microspheres [79, 80] and testing the results. First, starch was extracted from the fruit and characterized using infrared spectroscopy to determine whether any functional groups were present. The starch was then further characterized using IR spectroscopy to determine whether any functional groups were present. Infrared spectra of starch revealed a significant number of stretching and bending vibrations, as seen in Fig. (2). The potassium bromide (KBr) disc method is used in this approach, which entails inserting the disc in the sample holder and scanning it from 4000 to 400 cm-1 while maintaining the solution at 4 cm-1.
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Fig. (2))


        IR spectra of starch obtained from Musa balbisiana species.The FTIR spectra of the starch obtained from Musa balbisiana species [81] showed a characteristic peak at 3251.22 cm−1, attributions of which can be because of O–H stretching. At 2921.49 cm−1, the peak can be attributed considering C–H stretching, 1630 cm−1 is due to C–O that is associated with the OH group. There was also the occurrence of a prominent peak at 1334.76 cm−1 that is mostly attributed because of C–H symmetric bending. The peak obtained at 1148.55 cm−1 is likely because of C–O–C asymmetric stretching, while the one obtained at 1075.22 cm−1 is because of C–O stretching.



        Metabolomics is a new technology that aims to provide a thorough overview of metabolites in a biological specimen. It has the capacity to enhance the practice of targeted therapy and is still in its early stages. Although previously small numbers of metabolites were used to identify complex metabolic conditions and monogenic disorders, such as inherited metabolic disorders, current metabolomic technologies go well beyond the purview of standard clinical chemistry techniques and are capable of performing accurate analyses of hundreds or even thousands of metabolites at the same time.


      


    




    

      ROLE OF METABOLOMICS IN HERBAL TECHNOLOGY




      There are two ways to approach metabolomics: one is to focus on specific metabolites (targeted approach), and the other is to focus on all metabolites (untargeted method) [83]. Raw peak analysis lists or aligned spectrum profiles or binned data coupled with multivariate statistical analysis is known as the “chemometric” approach; also, it is known as the “untargeted” approach [84]. The key problem arising in the spectrum of complex metabolic profiles is identifying the next molecule and dealing with noise or falsified peaks. A reference spectrum library of chemical standards can identify and quantify compounds in the intended approach or in quantitative metabolic profiling [84]. The major limitation of this methodology is that it is time-consuming and labor-intensive because it requires the separation, purification, and structural elucidation of individual secondary metabolites from a complex mix of plant extracts of a specific plant species used as a chemical standard. Nevertheless, Metabolomics is now being applied to numerous fields, such as plant science, phytomedicine, drug discovery, and toxicology. It combines a number of analytical techniques [e.g., GC-MS, LC-MS, and NMR spectroscopy] sequentially linked with a data generation method, which in turn helps in the generation of comprehensive metabolic profiling of an organism [85, 86].




      There is a wide range of applications in plant biology and applied agricultural biotechnology where metabolomics plays a significant role. For example, it is used to ensure the safety of botanical supplements and evaluate crops modified genetically [87, 88]. Furthermore, it is also used in the characterization of metabolic reactions to abiotic stresses such as water deficiency, salt, and drought and in identifying quantitative metabolic trait loci [89, 90]. Using this method, crops' compositions have been assessed as well [91]. Food phytochemicals are important for human health, and also, some research has shown that the consumption of these compounds and their metabolism is linked to various health impacts [92, 93]. Mass spectrometry (MS) and NMR spectroscopy are the most commonly used techniques in metabolomics, and both these methods provide the shortest route to metabolite identification. Gas chromatography (GC) (or GC–MS) was the initial technology utilized in the metabolic characterization of drug metabolites as well as primary metabolites in human biological fluid in analyzing the response of herbicides in barley seedlings [94]. GC–MS is one of the most popular metabolomics techniques that combines high sensitivity and enhanced specificity and is utilized for profiling of volatile, hydrophobic, and also used in the derivatization of certain hydrophilic primary metabolites like that of sugars, amino acids, and also organic acids and certain derivatized secondary polar metabolites mostly that are occurring in complex extracts of plants. Currently, integration of GC–MS is carried out using a number of commercial MS databases to search reference compounds, which in turn can be beneficial in identifying separated compounds [95]. LC–MS is a unique technology useful in profiling plants for Metabolome analysis or bioactive secondary metabolites that are pharmacologically active (e.g., carotenoids, flavonoids, saponins, alkaloids, and glycosidic derivatives) [95, 96].




      A digital platform called Metabo Analyst has been created, enabling biologists to analyze quantitative metabolomics data. Processing and normalization of data, as well as statistical analysis and functional interpretation [97], are all part of this process. MetaboAnalyst and two additional free web-based metabolomic data-processing tools, MetDB and metaP-Serve, along with commercial software packages SIMCA-P and SAS, have been evaluated on the basis of comprehensive features.


    




    

      DNA BARCODING




      DNA barcoding has been used for species identification since the early years of the twenty-first century, when it was first introduced and used in animals for the first time. But it took several years before this technique gained widespread acceptance in the botanical world, despite its apparent success at the time of its invention. Nevertheless, the discovery of gene sections in the mitochondrial, plastid, and nuclear genomes resulted in the selection of 4 main genomic regions (rbcL, matK, trnH-psbA, and ITS) that have become the standard DNA barcodes of choice in the majority of plant applications since their discovery.




      Considering it a valuable approach in the correct recognition of species of plant or genera [98] and identifying the source of plants and their derivatives [99], DNA barcoding has gained popularity in the botanical sector. DNA barcoding has been shown to have potential ecological uses in biodiversity evaluations of both current and historical communities [100]. When conducting research on floras and plant communities obtained locally, it can be used in specimen identification which is somewhat difficult to recognize considering their physical characteristics or those lacking distinctive floral characteristics, as well as to identify cryptic species [101]. When it comes to species identification, DNA barcoding has the potential to provide a greater accuracy level significantly, particularly at the regional floristic level; moreover, a geographically-restricted context typically consists of lesser species that are more closely related than that of a comprehensive taxonomical treatment [102]. Localized barcoding libraries are very useful in establishing the identity of unknown samples in the local area [103]. Local floras, particularly tropical communities, can be identified using DNA barcoding [104]. For species-level identification, the two-locus (rbcL and matK) barcode has been found to have less discriminating power and a lower percentage of accuracy than the two-locus barcode with chloroplast and nuclear markers [105]. Due to the high percentage of substitution of nucleotide, reasonably easier amplification, and availability of a greater amount of sequence, the interior transcribed spacer (ITS) regions of the nuclear ribosomal cistron (18S-5.8S-26S) regions of flowering plants are useful for species identification across flowering plants [106]. Nuclear barcodes are useful in identifying distinct allelic variations in a sample, and as a result, they are frequently utilized in cases of new hybridization or continuing introgression. Molecular markers in combination with (haploid) plastid markers are utilized in the majority of DNA barcoding projects [107], with the exception of a few. As a result, the variability of a multi-locus barcoding system, with a minimal level of two markers, each indicating an explicit DNA source such as the nuclear or organellar genome, could provide information pertaining to the species attribution as well as accessions in relationships from a maverick gene tree [108].


    




    

      THE IMPACT OF DNA BARCODING AND MOLECULAR MARKER IN THE DISCOVERY OF HERBAL DRUG




      A practical and cost-effective approach to utilizing DNA sequences in identifying and categorizing different types of organisms was supported by considering the recent breakthroughs in molecular biology. In 1996, Hebert et al. [109] created the term “DNA barcoding” to refer to the approach of identifying living creatures down to the species level through the use of DNA sequences. The method always relies on short, widely accepted portions of the genome (a 'barcode') to distinguish among closely related species. This utilizes the comparison of a sequence of barcodes that arises from an unknown sample to a reference product, like herbarium collections, by means of an algorithm, which allows the sequence to be recognized. As molecular identifiers for particular species, DNA barcodes are used in the retail and industrial units in product identification. Some of the black and white barcodes that are Machine-readable are also utilized in the retail and industrial units for product identification. Using DNA sequence data to make identifications has the advantage of being more accurate because DNA is present in all phytoconstituents and has a reasonably long shelf life. In identifying species of DNA, retribution following sequencing can be done from heavily processed substrates that include sediments of ancient origin, some remaining the sub-fossils (such as permafrost preserved dung and stomach contents), some dried and powdered herbal preparations, and in some cases, even considering herbal tablets, pills, and tinctures (such as ginseng). Identifying DNA polymorphism can be accomplished through the use of many DNA-based molecular approaches. There are three types of approaches: a) hybridization-based methods and b) PCR-based procedures. c) Methods based on sequence analysis. During the previous three decades, it has been further subdivided into three categories based on the progression of these procedures. For example, a) (Restriction fragment length polymorphisms (RFLPs) and Random Amplified Polymorphic DNA (RAPDs), as well as their alterations; b) Second-generation molecular markers, such as Simple sequence repeats (SSRs) and Amplified fragment length polymorphisms (AFLPs), as well as changed forms; c) Third-generation molecular markers, such as Expressed sequence tag (ESTs) and Single Nucleotide Polymorphisms (SNPs). Gene expression analysis using the microarray method is one of the most useful molecular biology approaches for studying gene expression. It is utilized in the research and development of molecular markers, as well as the development of personalized therapy. A single experiment may be used to determine the levels of expression of thousands of genes, and these levels can be calculated using this technique. In microarray experiments, a massive amount of data is evaluated. It is highly complicated to handle, save, share, and distribute the data in this manner.




      DNA markers are clearly recognized elements that identify the position of specific genes in a genome. It is usually a specific gene or a specific section of a genome that is extremely polymorphic in nature. It is well recognized that each living organism possesses a distinct genetic composition; it's on the basis of this genetic makeup that DNA markers are employed to distinguish across plant species. For example, DNA markers are used to analyze properties such as high polymorphic nature, co-dominant inheritance, a frequent occurrence in the genome, and stability in the face of physiological and environmental shifts. To evaluate DNA polymorphism, molecular techniques are used in conjunction with DNA markers. It is possible to utilize several types of hybridization-based procedures, including polymerase chain reaction (PCR)-based techniques and sequencing-based approaches, in addition to hybridization. DNA markers include a) short tandem repeats (STR), b) simple sequence repeats (SSR), c) variable number tandem repeats (VNTR). The single nucleotide polymorphism (SNP) and the micro satellite polymorphism (MSP) are the final two types of genetic variation. RFLP (random fragment length polymorphism) and RAPD (random amplified polymorphic DNA) are two types of random fragment length polymorphism (RAPD).




      

        Molecular Markers are generally used in:





        

          	To assist in the identification or genotyping of medicinal herbal plants through genome analysis.




          	To assist in the identification or genotyping of medicinal herbal plants through genome analysis, It is also used in pharmacodynamics to develop the most up-to-date diagnostic and prognostic signs.




          	In pharmacogenomics, the prognosis of potential adverse drug events of the herbal medication during drug discovery, has been made possible by genetic studies.




          	For accurate botanical authenticity of raw plant products in pharmacognosy as part of standardization and quality control, as well as in other fields.




          	In the field of toxicogenomics.




          	A variety of procedures are employed to identify biological adulterants in herbal products, including SCAR, AP-PCR, RAPD, and RFLP. Actinidia macrosperma CF Liang, a traditional Chinese medicine used to treat cancer, is sometimes tainted with the roots of certain other species of Actinidia valvata Dunn. In the field of traditional medicinal plant breeding, Hypericum perforatum L., a well-known anti-helminthic and diuretic medication, has been employed to verify the sexual and apomictic progeny of intraspecific crossings using molecular markers.




          	The genetic barcoding of medicinal plants also makes use of molecular markers.




          	For the protection of medicinal plants that are endangered or unusual. Take, for example, the Commiphora wightii (Arnott.) or Guggul—a species that is rare, endangered, and threatened (RET) and is used in the Ayurvedic system of medicine to lower cholesterol and obesity, as well as to cure arthritis and other diseases [110-112].


        


      




      

        DNA Markers in Medicinal Plants




        

          RFLP1




          This was one of the initial markers used in detecting DNA sequence variation by enzyme restriction digestion. RFLPs are also known as restriction fragment length polymorphisms (RFLPs). Single-nucleotide polymorphism (SNP) is a relatively new technique for detecting nucleotide variation across individuals. Hypericum perforatum L. was subjected to RFLP investigation by Jana and Eva [113]. They stated that apomictic reproduction is linked to comparable RFLP patterns in several R0 somaclonal plants. To determine how offspring were established, RFLP patterns were compared to parental plants. In Egypt, RAPDIS, SSR, and RFLP markers have been used to study the phylogenetic relationships between species of Anthemideae and Asteraceae. Twenty-six RFLP bands were found after EcoRI and BamHI cutting in this investigation, and the mean similarity was between zero and fifty percent. Achillea fragrantissima, Artemisia arborescens, Artemisia Juddaica, Matricaria aurea, Glebionis Coronaria, Cotula barbata and Cotula cinerea all had six, four, five, four, three, and two bands, respectively, in the DNA digested from these plants [114]. Researchers have used PCR-RFLP using trnD-trnT and rbcL-ORF sections, as well as sequence analysis of the intragenic spacer region of the trnD-trnT gene, to investigate the taxonomy and physiology of India Citrus [115]. Genotypes of wild, semi-wild, and domesticated plants were gathered in this investigation. Citrus genotypes with unknown origins can be traced back to PCR-RFLP analysis, which yielded trees having moderate to high bootstrap values. On the other hand, trees using trnL-trnF sequences exhibited moderate to lower bootstrap values. However, the PCR-RFLP and trnL-trnF results clearly differentiated C. maxima, C. medica, and C. Citrus from one another.


        




        

          AFLP2




          AFLP markers have been successfully employed for linkage mapping in Lolium perenne L., with high saturation levels achieved [116]. The use of AFLP markers in Lolium genome mapping is a forerunner in identifying agronomic trait QTLs and the use of marker-assisted selection in the plant. Labra et al. [117] conducted an AFLP analysis on a member of the genus Ocimum. The genus Ocimum contains more than 150 species. They concluded that combining morphological characteristics, estimating volatile oil composition, and identifying the molecular markers is a reliable method that can be utilized in identifying, classifying, and associating classification with agronomic factors. This study used the Nei and Li index [116] to calculate genetic distances between individuals. In Turkey, AFLP markers were used to investigate the genetic relationships between Rosa damascena plants [118]. In the absence of polymorphism, the marker patterns produced from diverse plants were comparable in their variation patterns. The data gathered revealed that all R. damascene plants were generated from the same initial genotype vegetative reproduction, which confirmed the hypothesis.


        




        

          RAPD3




          Salim Khan et al. [119] employed the RAPD technique to authenticate Glycyrrhiza glabra L. and distinguish it from Abrus precatorius L. in order to differentiate the two species. A total of 52 primers were tested for their ability to differentiate between original and unfathered samples. Sixteen primers were used to produce a repeatable and specific amplification product. It was possible to discriminate between genuine and counterfeit samples based on the PCR amplification products, which had comparable morphology. As a result, RAPD can be utilized as a supplemental technique in the quality control process [120]. Research by Mehrnia et al. [121] involved the collection of fresh leaves from 20 plants that belong to the Iranian Astragalus microcephalus and examined them using RAPD markers to determine whether they were genetically related. RAPD markers were found to be useful in studying the systematic link between closely related species, according to the findings. The plant Podophyllum hexandrum was discovered in high-latitude areas in parts of the north-western Himalayas by Sultan et al. [122], who conducted a similar study. The results of the RAPD analysis revealed a greater degree of genetic variation among the 12 samples obtained; assumptions can be made because of geographical and climatic differences. Based on this study's findings, it is clear that RAPD markers are extremely beneficial for analyzing the genetic relationships and patterns of diversification between medicinal plants.


        




        

          SSR4




          With the help of SSR markers, characterization of the genetic makeup of Rhodiola rosea L. became possible. The genetic linkages of 30 Rhodiola rosea samples were investigated utilizing a total of ten markers. SSR analysis revealed 12 polymorphic loci, with an average of 1.8 polymorphic bands per primer in the analysis of SSR data. Genetic differentiation was found to be extremely low, indicating a high level of gene flow and a significant influence on the population's




          genetic structure. Furthermore, gene flow between populations of R. rosea was found to be significant, according to the findings [123].


        




        

          SNP5




          An SNP in Chinopodium wild was discovered by Coles et al. [124] by utilization of tagged, sequenced, and expressed libraries. Aspects of gene expression and regulation associated with seed were particularly well-represented by the SNP markers discovered in this study, while distinguishing SNPs had a direct effect in experiments related to genetic mapping, the introduction of germplasm, and phylogenetic relationship associated with genus Chenopodium.


        


      




      

        Authentication of Medicinal Herbs using Molecular Markers




        For the verification of essential medicinal plants, DNA-based techniques are frequently applied. The technology of Molecular biology provides a range of tools that can be used to verify medicinal plant authenticity. This is especially beneficial in plants that are morphologically or phytochemically indistinguishable from the other species or false variants [125]. Some studies discovered that the AFLP technique might be used to analyze genetic distances among Ocimum basilicum L. varieties and the relationship between genetic distance, essential oil patterns, and morphological traits. A majority of constituents of Astragalus membanaceus, Ledebouriella seseloides, and Atractylodes macrocephala are determined using the RAPD approach. A single RAPD primer was used to identify components in pharmaceutical dosage forms [126]. Three RAPD primers successfully separated the Podophyllum species attained from the northwest Himalayas in research by Sultan et al. [122]. In another investigation, randomly selected primers were employed to discover genetic diversity in Astragalus medications marketed in Taiwan markets [126]. The two species of Astragalus were separated using SSCP analysis of the PCR results [121]. Glycyrrhiza glabra L. was authenticated using RAPD analysis to distinguish it from Abrus precatorius L. Fifty-two oligonucleotide primers were tested to see if they could distinguish between real and fraudulent samples. The PCR results easily identified the actual and false samples, even when their morphology was comparable. As a result, RAPD could be used as a supplement to other quality control methods. RAPD markers were used to differentiate dried Lycium barbarum fruit samples. The constituents of the Chinese narcotic “yu-ping-feng san” were determined using the RAPD approach. Using a single RAPD primer, the existence of three medicinal herbs in the formulation was assessed in this investigation. Three random primers were used in another study to discover a genetic variation in Astragalus on Taiwanese marketplaces. Two species of Astragalus were identified using SSCP analysis of PCR results. Atractylodes species were effectively identified using RAPD primers from Chinese formulations acquired from local marketplaces [127].


      


    




    

      CONCLUSION




      There has been a tremendous advancement in the utilization of phytoconstituents of herbal origin as a treatment strategy for various disease conditions. The widespread utility of phytoconstituents lies in the number of advantages they possess, which makes them the candidates of choice for targeting specific ailments. Although the availability of these potential candidates is abundant, the major challenges in using them lie in their analysis which is a key process in the drug discovery stage. Researchers are often finding it difficult to properly quantify phytoconstituents as there is a lack of established analytical methodologies that can help in the appropriate characterization of the lead molecules. As well discussed above, a single analytical process is not satisfactory in quantification; hence combining a number of other available analytical procedures can help in proper quantifications to a greater extent. Furthermore, it is well understood that individual analytical procedures possess several merits, demerits, and limitations. Hence, it is necessary to identify the study objectives relating to the phytoconstituents of choice for selecting and utilizing the proper analytical techniques, which can help quantify them appropriately.
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