Herbal Drug Standardization: 

Abstract
Progress in pharmacognosy has capitalized on the anatomical and chemical profiles as markers for authentication. The advancement of techniques in molecular biology has provided new means for examining genotypic characteristics. Since 1990, several research groups have employed polymerase chain reaction based methods, restriction fragment length polymorphism and DNA sequencing to authenticate medicinal materials and to define the phylogenetic (prenatal) relationship of related species. This review provides a brief account of various DNA-based technologies that are useful in genotyping and quick identification of botanicals with suitable examples.
Introduction 

Herbal Drug standardization

Herbal formulations are the remedies which cure the diseases rather than alleviating the symptoms. They are natural, safe, and of lower cost; consumers worldwide are spending more out-of-pocket money on them. Herbal drug technology includes all the steps that are involved in converting botanical materials into medicines. Numerous drugs have entered the international market through exploration of ethnopharmacology and traditional medicine.

 The increasing reports of adverse reactions, has drawn the attention of many regulatory agencies for the standardization of herbal formulations. Unlike conventional pharmaceutical products, herbal medicinal products may vary in composition and properties, which are usually prepared from synthetic, chemically pure materials by means of reproducible manufacturing techniques and procedures. Correct identification and quality assurance of the starting material is, therefore, an essential prerequisite to ensure reproducible quality of herbal medicine, which contributes to its safety and efficacy. Standardization is a system that ensures that every dosage form that is being sold has a predefined amount of quantity & quality of ingredients and will induce its intended therapeutic effect. 

Conventional methods for standardization of herbal formulation

Most of the regulatory guidelines and pharmacopoeias suggest macroscopic and microscopic evaluation and chemical profiling of the botanical materials for quality control and standardization7–9. Thin layer chromatography (TLC) and high performance thin layer chromatography (HPTLC) are routinely used as valuable tools for qualitative determination of small amounts of impurities. In addition, many analytical techniques such as volumetric analysis, gravimetric determinations, gas chromatography, column chromatography, high performance liquid chromatography and spectrophotometric methods are also frequently used for quality control and standardization. However, these parameters are judged subjectively and substitutes or adulterants may closely resemble the genuine material.

 Difficulties in conventional approaches:

The use of chromatographic techniques and marker compounds to standardize botanical preparations has limitations because of their variable sources and chemical complexity. Variability in the flavors, aroma and physical characteristics of wine and coffee from year to year and region to region, provide a good analogy. Many factors may affect the ultimate chemical profile of any herb. Intrinsic factors such as genetics and extrinsic factors such as cultivation, harvesting, drying and storage conditions are a few examples. Routine chemotaxonomic studies provide only a qualitative account of secondary metabolites. For quantitative studies, use of specific markers that can be easily analyzed to distinguish between varieties, remains a preferred option. Such metabolites being used as markers may or may not be therapeutically active, but should ideally be neutral to environmental effects and management practices.

In order to ensure efficacy, selection of the correct chemotype of the plant is necessary. Even when there are many known chemotypes of a plant species, selection of

the right chemotype to which clinical effects are attributed is difficult. For example, Withania somnifera is reported to have three chemotypes depending upon the presence of a class of closely related steroidal lactones like withanolides, withaferin A, etc. The content of withanolides, withaferin A and other biologically active compounds may vary depending upon the environment, genotype, time of collection of plant material, etc. Hence selection of the right chemotype having therapeutic efficacy is important. Another difficulty encountered in the selection of the correct plant material is to establish the identity of certain species that may be known by different binomial botanical names in different regions. For example, Shankhapushpi, which is an important ‘medhya rasayan’ in ayurveda is equated with any one of the following plants depending upon the region in India: Canscora decussata, Evolvulus alsinoides and Clitoria ternata. Certain rare and expensive medicinal plant species are often adulterated or substituted by morphologically similar, easily available or less expensive species. For example, Swertia chirata is frequently adulterated or substituted by the cheaper Andrographis paniculata. In view of these limitations there is need for a new approach that can complement or, in certain situations, serve as an alternative. Some of the newly emerging techniques for ensuring correct botanical identity and quality include HerboprintTM, which in addition to chemoprofile also considers ayurvedic properties, and capillary electrophoresis which is a faster, precise and sensitive method and has recently been used to ascertain the botanical identity and quality of Ephedrae herbal, Coptidis rhizoma, Ginseng radix and Paeoniae radix.

DNA finger printing technique:

This concept of fingerprinting has been increasingly applied in the past few decades to determine the ancestry of plants, animals and other microorganisms. DNA fingerprinting of herbal drugs, though still in its early years, seems to be a promising tool for the authentication of medicinal plant species and for ensuring better quality herbs and nutraceuticals. This is especially useful in case of those that are frequently substituted or adulterated with other species or varieties that are morphologically and/or  phytochemically indistinguishable.

Additional motivation for using DNA fingerprinting on commercial herbal drugs is the availability of intact genomic DNA from plant samples after they are processed. Adulterants can be distinguished even in processed samples, enabling the authentication of the drug. Studies have reported the genotyping of several medicinal plants, and have made available their DNA fingerprints. However these results should be taken with a grain of salt as the plants are often sourced from a variety of locations through the world. 

Another important issue is that DNA fingerprint will remain the same irrespective of the plant part used, while the phytochemical content will vary with the plant part used, physiology and environment. DNA fingerprinting ensures presence of the correct genotype but does not reveal the contents of the active principle or chemical constituents. Hence DNA analysis and pharmacognostic techniques for chemoprofiling such as TLC, HPTLC, etc. will have to be used hand in hand rather than in isolation. Identification of quantitative-trait loci34 that are closely linked to a biologically active phytochemical will prove to be useful. Several attempts have been made in recent years, to correlate DNA markers with qualitative and quantitative variations in phytochemical composition among closely related species87–92. Proper integration of molecular techniques and analytical tools will lead to the development of a comprehensive system of botanical characterization that can be conveniently applied at the industry level for quality control of botanicals. Ayurvedic classification of medicinal plant is based on basic principles and therapeutic characters that may have a genetic basis. 

DNA markers, which may have several advantages over typical phenotype markers

As the genetic composition is unique for each species and is not affected by age, physiological conditions as well as environmental factors. DNA can be extracted from fresh or dried organic tissue of the botanical material; hence the physical form of the sample for assessment does not restrict detection.

                                                                        The varying drug content of different species of herbal plants has been a problem in the production of standardized herbal medicines, where a particular plant from a region can be linked to a specific drug content and thus have a therapeutic value assigned to it, even though similar plants from another region may not share the same levels of the drug. Factors such as soil, climate and adaptability dictate the viability of a particular species and subsequently its drug content. In such cases, there are observed variations in the genetic composition of the plant, in addition to varying amounts of the active drug compound. When used commercially, two factors affect the final drug quality: 

(1) The variability with respect to strain-specific drug content.

(2) The potential adulteration of plant drugs with extracts from plants that have lower  drug content.  

Types of DNA markers used in plant genome analysis

Various types of DNA-based molecular techniques are utilized to evaluate DNA polymorphism. These are hybridization-based methods, polymerase chain reaction (PCR)-based methods and sequencing-based methods.

Hybridization-based methods

Hybridization-based methods include restriction fragment length polymorphism (RFLP) and variable number tandem repeats. Labeled probes such as random genomic clones, cDNA clones, probes for microsatellite and minisatellite sequences are hybridized to filters containing DNA, which has been digested with restriction enzymes. Polymorphisms are detected by presence or absence of bands upon hybridization. 

PCR-based methods

 PCR-based markers involve in vitro amplification of particular DNA sequences or loci, with the help of specific or arbitrary oligonucleotide primers and the thermostable DNA polymerase enzyme. PCR-based techniques where random primers are used include random amplified polymorphic DNA (RAPD), arbitrarily primed PCR (AP– PCR) and DNA amplification fingerprinting (DAF). Inter simple sequence repeats (ISSRs) polymorphism is a specific primer-based polymorphism detection system, where a terminally anchored primer specific to a particular simple sequence repeat (SSR) is used to amplify the DNA between two opposed SSRs of the same type. Polymorphism occurs whenever one genome is missing in one of the SSRs or has a deletion or insertion that modifies the distance between the repeats. A recent approach known as amplified fragment length polymorphism (AFLP) is a technique that is based on the detection of genomic restriction fragments by PCR amplification.  Adaptors are ligated to the ends of restriction fragments followed by amplification with adaptor-homologous primers.

AFLP has the capacity to detect thousands of independent loci and can be used for DNAs of any origin or complexity.

Sequencing-based markers

DNA sequencing can also be used as a definitive means for identifying species. Variations due to transversion, insertion or deletion can be assessed directly and information on a defined locus can be obtained. Genetic variation occurs extensively at the single nucleotide level. Direct sequencing can efficiently identify such single nucleotide polymorphisms that usually depend on how closely related are the organisms being compared. Other sequencing- based strategies include analysis of the variable internal transcribed spacer (ITS) sequences of ribosomal DNA (rDNA). The ITS region of 18s–26s rDNA has proved to be a useful sequence for phylogenetic studies in many angiosperm families. The level of ITS sequence variation suitable for phylogenetic analysis is found at various taxonomic levels within families, depending on the linkage. A number of researchers have also sequenced other regions of DNA such as trnK of chloroplast and spacer region of 5s rDNA as diagnostic tools for authentication purpose.

Polymerase Chain Reaction (PCR) 
Few techniques in molecular biology have received so much attention and popular acceptance as PCR. Invented by Kary Mullis in 1983, PCR is a method used to generate billions of copies of genomic DNA within a very short time. This amplification is useful in criminal cases where there are miniscule amounts of DNA available. Today PCR finds application in almost all aspects of biomedicine. PCR has been used for the detection of many pathogenic organisms, from bacteria to viruses.


Figure1. The Polymerase Chain Reaction is used to amplify a sample of DNA.
Techniques used in DNA Fingerprinting
1. Microsatellites are simple sequence repeats (SSRs), 1 to 6 nucleotides in length, which show a high degree of polymorphism. Specific microsatellites can be isolated using hybridized probes followed by their sequencing. Like any DNA fragment, SSRs can be detected by specific dyes or by radiolabelling using gel electrophoresis. The advantage of using SSRs as molecular markers is the extent of polymorphism shown, which enables the detection of differences at multiple loci between strains .Coupled with chemical and morphological data, we can identify the plant species or strain of interest. The main advantage of using SSRs for fingerprinting is that small amounts of DNA are required compared to the restriction fragment length polymorphisms (RFLP) method. This is due to the large amounts of SSRs present in any genome. Further, assays involving SSRs are more robust than random amplified polymorphic DNA (RAPDs), making them up to seven times more efficient. A drawback to using SSRs is the need to develop separate SSR primer sets for each species. The latest research suggests that SSRs will be involved in new methods of detection of alterations of specific sequences in the DNA.

2. Restriction fragment length polymorphisms are unequal lengths of DNA fragments obtained by cutting Variable Number of Tandem Repeat (VNTRs) sequences up to 30 sequences long with restriction enzymes at specific sites. VNTRs vary between plant species, as do the number and location of restriction enzyme-recognition sites. On an agarose gel, RFLPs can be visualized using radiolabeled complementary DNA sequences. There is no need for PCR amplification of DNA in this method. A routine southern blot experiment is used instead. Normally, RFLPs are used to identify the origins of a particular plant species, setting the stage for mapping its evolution. There are some problems with the RFLP method of DNA fingerprinting. First, the results do not specifically indicate the chance of a match between two organisms. Secondly, the process involves a lot of money and labor, which not many laboratories can afford. Finally, unlike the microsatellites, a few loci in the assay must suffice.
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Figure2. RFLP is one of the DNA fingerprinting techniques that is used to determine plant strain and purity in nutraceutical and herb production.
3. Amplified fragment length polymorphism (AFLP) is a PCR-based derivative method of RFLP in which sequences are selectively amplified using primers. It is a reliable and efficient method of detecting molecular markers. DNA is cut with two restriction enzymes to generate specific sequences, which are then amplified suitably. The mere addition or deletion of bases at the 3′ end determines the selectivity and complexity of the amplification 4. By using AFLP, it is possible to evaluate more loci than with RFLP or RAPD. AFLP is also capable of determining a large number of polymorphisms. Similar to SSRs, AFLP-based assays are cost-effective and can be automated.

4. Random amplified polymorphic DNA is one of the most commonly used primary assays for screening the differences in DNA sequences of two species of plants. RAPD consists of fishing for the sequence using random amplification. Here, plant genomic DNA is cut and amplified using short single primers at low annealing temperatures, resulting in amplification at multiple loci. By running a 2-dimensional electrophoresis gel, it is possible to determine the change in sequence pattern by superimposing the 2 gels. Once the band of interest is identified, the gel is cut, and the DNA is isolated and sequenced. Using this target, DNA from other cultivars can be assessed using other techniques such as AFLP or SSRs. It is also more cost effective than RFLPs. RAPDs lack specificity, however, due to low annealing temperatures and easier reaction conditions.

5. Other Methods include the use of single nucleotide polymorphs (SNPs) DNA amplification fingerprinting (DAF) and their offshoots. Although these techniques vary slightly from each other, they operate on the same principle.

Applications

1. Used for the betterment of drug-yield by tissue culturing. DNA of interest can be stored as germplasm, which is then used for future cultivation. In addition, germplasm can be used for the conservation of selected plant species, which are endangered such as Rauwolfia serpentina (Snake Root). 

      2.   Legal Protection

               Because of the uniqueness of DNA fingerprint data, the technique can be used                                                                                       to legally protect new varieties of plants or animals, whether they were developed by genetic engineering, tissue culture, or traditional methods. Using DNA fingerprints to identify and protect commercial varieties of crops or livestock is a relatively new application of DNA fingerprint technology. 

3. Authentication of medicinal plants

           Dried fruit samples of Lycium barbarum were differentiated from its related      species using RAPD markers. The RAPD technique has also been used for determining the components of a Chinese herbal prescription, yu-pingfeng san. In this study the presence of three herbs (Astragalus membanaceus (Fisch.) Bge, Ledebouriella seseloides Wolff and Atractylodes macrocephala Koidz) in the formulation have been detected using a single RAPD primer. Three RAPD primers have been identified that could successfully discriminate between three species of Atractylodes, from Chinese formulation purchased from local markets. In another study, three random primers were used to reveal the genetic variability of Astragalus medicine materials sold in Taiwan market. SSCP analysis was also conducted on PCR products from the ITS-1 region of rDNA in order to differentiate the two Astragalus species. Primers have been designed for hybridization with the hypervariable ends of microsatellite loci that could reveal DNA-polymorphism among five Eucalyptus species. DAF has been used to identify the Chinese traditional medicine, Magnoliae officinalis, its counterfeits and substitutes. An RAPD primer that is selective for an elite strain Aizu K-111 of Panax ginseng, including its cultured tissues has been identified. RAPD and PCR– RFLP analysis have been used for authentication of P. ginseng among ginseng populations. Some researchers have used a new approach called Direct Amplification of Length Polymorphism (DALP) for authentication of Panax ginseng and Panax quinquefoliu. Authentication of medicinal Dendrobium species by the internal transcribed spacer of rDNA has been done successfully. A DNA microarray for detecting processed medicinal Dendrobium species (Herba dendrobii) was constructed by incorporating the ITS1-5.8s- ITS2 sequences of Dendrobium species on a glass slide. The established microarray could detect the presence of D. nobile in a Chinese medicinal formulation containing nine herbal components. Molecular  authentication of Atractylodes-derived crude drugs (Jutsu) was done with the help of PCR–RFLP and direct sequencing of chloroplast trnK. Two regions (Region1 and Region2) inside the chloroplast trnK were selected as molecular markers for identification and discrimination of Atractylodes rhizome (Byaku-jutsu) and Atractylodes Lancea rhizome (So-jutsu). Based on polymorphism in the restiction site for Hinf1 in Region1 fragment (260 bp), it was possible to discriminate between the two species. By direct sequencing of Region 2 (436 bp) and comparison of the nucleotide sequence datasets, we could not only discriminate Byaku-jutsu and Sojutsu, but also identify the original plant species of each crude drug specimen.

Detection of adulteration/substitution

 RAPD technique was adopted to identify eight types of dried Coptis rhizomes and one type of Picrorrhiza rhizome, a substitute for the former in the Chinese herbal market80. P. ginseng is often substituted by P. quinquefolius (American ginseng). Sequence characterized amplified region (SCAR), AP–PCR, RAPD and RFLP have been successfully applied for differentiation of these plants and to detect substitution by other closely related species81–83.  Characterization of Echinacea species and detection of possible adulterations have been done using RAPD technique. DNA fingerprinting and polymorphism in the Chinese drug ‘Ku-Di-Dan’ (herba elephantopi) and its substitutes were studied using AP–PCR and RAPD. The results were used for authentication of ‘Ku- Di-Dan’ and its substitutes. DNA fingerprinting of Taraxacum mongolicum (herbal taraxaci) and its adulterants of six species of Compositae was demonstrated using AP–PCR and RAPD. Bulb of Fritillaria cirrhosa, an official drug of Chinese Pharmacopoeia (1995), is commonly used as an antitussive and expectorant. It has often been adulterated with similar bulbs of other related species. Specific DNA-based primers have been designed for authentication of F. cirrhosa at the genomic level. A molecular marker that is specific to medicinal rhubarb- based on chloroplast trnL/trnF sequence which is absent in its adulterants has been identified. DNA sequence analysis of rDNA ITS and PCR–RFLP were explored for their application in differentiating four medicinal Codonopsis species from their related adulterants, Campanumoea javania and Platycodon grandiflorus. The technique allowed effective and reliable differentiation of Codonopsis from the adulterants.

Limitations:

Fingerprinting of DNA is dictated by several factors; sequence or restriction site data, taxonomic level of study, the level at which the study is being done (species, genera, etc.), robustness and reproducibility of the method, effectiveness in terms of cost and time, and availability of DNA.

Although DNA analysis is currently considered to be cutting-edge technology, it has certain limitations due to which its use has been limited to academia. In order to establish a marker for identification of a particular species, DNA analysis of closely related species and/or varieties and common botanical contaminants and adulterants is necessary, which is a costly and time-consuming process. Isolation of good-quality DNA suitable for analysis from semi-processed or processed botanicals is also a challenge.

