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ABSTRACT

Herbal plants are found abundant in all parts of the world with various uses
for its medicinal, pharmaceutical, and nutritional value as well as the ordinary
spice in our culinary. Nature is a principal source of herbal medicines. The
increasing use of herbal medicine around the globe requires new scientific
approaches for their standardization. Evaluation of Physical and chemical
parameters are the most common parameters for standardization. Now
days, a number of method exists, but not satisfying everyone all over the
globe. With the use of newer technique such as omics, (proteomics, meta-
bonomics, transcriptomics etc.), we can easily have depth knowledge of
pharmacodyanamics, pharmacokinetics and toxicological characterization
of active constituent of an herbal plant. These techniques have made one
standard approach for the standardization and modernization of herbal
medicine. The modernization of herbal medicine is the need of hour to cater
the global demand by means of patient compatibility. The omic technique
can also play an important role for the conservation of knowledge of ancient

INTRODUCTION

Herbal medicines have a long history of use for the prevention and
treatment of diseases. The use of medicinal plants with therapeutical
purposes represents a secular tradition in different cultures.! Their use
was traced back to the first written testimonies of different book of
Ayurveda. They have always been part of human culture. About 80% of
world populations still rely on medicinal herbs for their primary health
care, according to WHO. Not only in India but also in western nations
the use of herbal medicine is increasing day by day.> Standardization of
herbal plant is a critical issue to ensure the quality of the research process
for safety and efficacy of the research products, which are critical to
scientists and regulators for ensuring the quality and interoperability of
herbal products.’

The standardization parameter which is studied, provides knowledge
about the various properties of the plant such chemical constituents, ash
value, etc. but with the use of the omic science, we can study standardiza-
tion to great extent regarding DNA properties and the other things re-
lated to DNA and RNA. This is most evident in the case of ‘omics science,
which is mainly done by diverse high-throughput technologies such as
genomics, proteomics, and metabolomics.’ Scientific evidence to prove
the rationale of using traditional formulations in health care is essential
to develop and to preserve the cultural heritage.*

The term “omic” was derived from the Latin suffix “ome” meaning mass
or many. With the beginning of information-rich techniques such as
genomics, proteomics and transcriptomics as well as various profiling
approaches, including metabolomics (a non-targeted analytical approach,
usually concentrating on molecules of low molecular weight) and meta-
bomics, it has recently become possible to examine simultaneous molecular
effects of mixtures of chemical agents.

The present article feud that standardization of omic science is socio-
economic. A critical preparation of the herbal medicine illustrates: (1)
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plant species. Moreover omic technique is an important tool for fingerprinting
and quality control of herbal medicine. In this review, an emphasis has
been made on different techniques of omics and their use in standardiza-
tion and modernization of herbal plant.
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tomics.
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A degree of flexibility is to be required for standardization at the level
of scientific practice, (2) the way standards was created, (3) the pro-
cess of standardization itself is important for establishing the legiti-
macy of an area of scientific research. The study of “Omics” involves a
large number of assessments per endpoint to gain extensive, integrated
knowledge and simultaneously show the different factors than each of
that separately.®

Development of use OMIC technique in herbal medicine

With the advancement in omic technique, the use of omic science is
originating nearly in all biomedical fields. Omic techniques provide
simultaneous assessment of classes of molecule, which are the main
experimental spree for such an approach. Potential for application of
omic analytical technologies and bioinformatics studies involving herbal
medicine have higher cost and the range of multidisciplinary expertise is
required for their application which initially constrained their application.”
Omic technique is mainly used for identification of biomedical resources
such as genomic technique in DNA sequencing and fingerprinting or
DNA microarrays. All the research works mainly related to biological
issue mostly addressing the corroboration and quality control of herbal
products. With the increase in pharmacological studies, the newer trends
are established for the use of omic technique in the field of herbal plant
related to pharmacological experiment. Proteomic technique have been
applied for the treatment of cardiovascular diseases, epilepsy cancer etc.
with the herbal medicine.?

One of the most remarkable applications of proteomics in herbal medi-
cine is the capability of this technique to identify different species. These
applications would be very valuable tool for the quality control, toxicity
studies, and standardization of herbal preparation.” A number of DNA
polymorphism based assay are developed for identification of herbal
products. DNA is amplified by polymerase chain reaction (PCR). DNA
chip with DNA sequences proved to be more powerful tool that could
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be also used for analyzing mixed herbal preparation.”” Microanalysis
of gene expression allows rapid and detailed analysis of thousands of
transcripts. Gene chip technology is one of the most powerful tools for
elucidating the molecular mechanism and the network under laying the
complex pharmacological function of herbal preparation. These tech-
niques properly coupled with bioinformatics and statistical can be used
for pharmacodyanamics, pharmacokinetics, and toxicological character-
ization of herbal drugs."

The omics technologies collect information on frequent levels, includ-
ing the genome, transcriptome (total genes that are converted into
transcripts (i.e., mRNA molecules), proteome (whole proteins found
in a given cell or tissue), metabolome (whole metabolism products and
intermediates in a cell or tissue), interactome (situate of molecules,
such as biologically active metabolism products, that interact with a
given protein), and phenome (sum of all observable characteristics of
an organism) levels."

Different Omic Techniques

Genomics and its modified techniques

The study of the human genome along with detection of variability of
the DNA is called Genomics. Pharmacogenomics is the study that how
pharmaceutical agents interact with the output among the first issues
successfully addressed by omics techniques in the herbal research field.*
Various assay methods based on DNA polymorphism have been devel-
oped for the identification and isolation of herbal products. (Table 1)
DNA chips with DNA sequences were soon developed for plant material
identification and applied to herbal plants samples.?* It proved to be a more
powerful tool that could be used for analyzing mixed herbal preparations.
Thus, DNA chip technology can recommend a rapid, high-throughput
and information-rich tool for genotyping, quality assurance, and species
confirmation. Another method development of DNA chip technology
was represented by the “DNA barcoding” These methods are used for
recognition and identification of herbal samples by comparing sequences
of a standard short DNA fragment. These methods are used for identifi-
cation of unknown species of plants by comparing the DNA barcode
sequences from library sequence of known species. This is a more powerful
methodology compared to the previous techniques used for identifica-
tion of herbal samples.*

Another techniques related to genomics is Microarray analysis. A mature
gene chip methodology allows rapid and detailed assay of thousands of
transcripts. When used with this method, the microarray is referred to as
transcriptomic technologies.” These method represents one of the most
powerful tools for explicates the mechanisms, which are, involves at
molecular level and various processes underlying the complex pharma-

cological action of herbal formulations. This method when properly
used with statistical tools and bioinformatics, it can also be applied to
pharmacodynamic, pharmacokinetic and toxicological characteriza-
tion of herbal drugs. New innovative automatic assays and specific
contraption for DNA analysis are day by day emerging, which includes
nanoscale DNA sequencing or microsphere-based suspension arrays
and mini sequencing. These will no dought give to the next generation of
genomic technologies.”

Limitations of Genomic

Pharmacogenomic screening methods are not adopted widely due to
their higher cost process. A genomic screen may cost a patient some-
where between $100 to more than a few thousand dollars depending
upon the number of polymorphisms required, and the vendor pricing.”
Single screens have become less expensive with commercialization,
consumption of microarray techniques, and increased clinical claim.*

Proteomics

Proteomics is the research area enlightening the temporal dynamics of
proteins articulated in a given biological compartment at a given time.”
Recently, there has been an modification of the proteomics definition to
include not only gene products, but also structural modification of these
gene products stirring in cellular metabolisms and turnover (i.e., post-
translational modifications). The identity annotation of human proteins
is increasing rapidly; it can be followed on the Internet within public
databases. Still, there is a large need for protein function annotations.
Bioinformatics tools make predicting putative functions of proteins.*
An interesting work has been done in functional proteomic identification
of DNA replication proteins by induced proteolysis in vivo. Two-dimen-
sional gel electrophoresis is the most commanding analytical separation
technique for proteins. The large-size globular structures of proteins
does not allow themselves for chromatographic high-resolution sepa-
rations due to the unfavorable diffusion coefficients in the separation
mechanism.* Techniques are available but a large database of proteomics
‘fingerprint’ is still wanted for compounds of known toxicity. The products
of the genes recognized so far in transcriptomics studies are possibly
promising candidates as proteomics markers.*”*

Currently, two approaches based on mass-spectrometry are the most
frequently used for global quantitative protein profiling: (1) two-dimen-
sional electrophoresis (2DE) followed by staining, selection, and identifi-
cation by mass-spectrometry; (2) isotope tags to label proteins, separation
by multidimensional liquid chromatography and mass spectrometry
analysis. Both basic proteomic approaches can be supplemented with
useful information provided by molecular imaging.* In Herba Epimedii
in zebra fish combination of proteomic approaches and in vivo imaging

Table 1: Various genomic methods used in different plant for their identification of

genomic sequence

Species

Analytical methods

References

Cucumis sativus

Fragaria vsca
Jatropa curcas
Solonum tuberosum

Brassica rapa

De novo genome assembly
De novo genome assembly
De novo genome assembly
De novo genome assembly

De novo genome assembly

Huang et al. (2009)"
Shulave et al. (2011)™*
S.Sato et al. (2011)°
Xu et al. (2011)'°
Wang et al. (2011)"7

Oryza sativa
Arabidopsis lyrata
Arabidopsis thaliana
Zea mays

Glycine max

Mapping to reference genome
Mapping to reference genome
Mapping to reference genome
Mapping to reference genome

Mapping to reference genome

Yamamoto et al. (2010)'®
Turner et al. (2010)"
Cao et al. (2011)*
Lai et al. (2010)*
Lam et al.(2010)*
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Table 2: Outcomes of Different Plant with proteomics

Outcome

Reference

Species Omic method
P. ginseng vs. P. quinquefolium Proteomics
Ganoderma Proteomics
Salvia miltiorrhiza Proteomics
Salvia miltiorrhiza Proteomics

Identification of species
Properties in nerve injury
Atherosclerotic lesions

Cancer

Zhang et al., 2006*
Zhang et al., 2006*
Hung et al. 2010

Hung et al. 2010*

Table 3: Various Omic methods used in different plant for various activity

Species Omic method Outcome Reference
Trypterigium c¢DNA microarray Mechn.alsm O,f, Zhuang etal (2004)*
hypoglaucum proapototivc activity

Antiproliferative effect
Coptidis rizoma c¢DNA microarray might be mediated by Kang et al (2005)%*
interferon
Radix ginseng. Cornu Effect of cytokine related
'8 & c¢DNA microarray genes on immune Pan-ammarstrom (2006)*
cervi pantotrichum .
functions
Using HepG2 cells
Scutellaria indicated that cytotoxic
baicalensis, Coptis cDNA microarray effect was associated with Cheng et al (2008)*
chinensis change in p53 signalling
pathway
Angelicae Identification of
Radix , Pinelliae gucocorticoid regulated
tuber,Cinnamoni c¢DNA microarray kinase involved Sakai et al (2007)*
Cortex, Ginseng in pathogenesis of
Radix Parkinsonism disease.

Captidis Rizoma ,
Scutellariae Radix,
Phellodendri Cortex
and Gradeniae

Trancriptonomics

Adenosine deaminase
may be involved in gastric
ulcers.

Watanbe- Fakuda et al (2009)>°

Fructus

Table 4: Metabolic profiling of various plants with the help of metabolomic

Species Analytical method Outcome Reference
Scutellaria baicalensis Fourier transform ion cyclotron mass Metabolomic profiling for screening extracts from different Murch et al 2004
spectrometry germplasm lines.
Panax ginseng NMR spectroscopy-based metabolomics Used to differentiate Panax ginseng roots of different origins Kang et al 2008
Untargeted metabolite profiling and proved reliable for the
Panax ginseng UPLC with TOF MS analysis rapid analysis of a group of metabolites present in the herbal Xiang et al 2011°°
extracts
BTG Hyphenated gas chromatography-mass used to discriminate and'assess the.quahty of samples of Xiang et al 20117
spectrometry three Curcuma species from different ecotypes
Gomp.hrena globosa, UPLC/ESI-SYNAPT"-HDMS™ Efficacy of leaves in myocardial infarction in rats. Liang et al 2011°®
Jasminum sambac
Therapeutic effect on an experimental rat model of shen yang
Rhizoma Drynariae - deficiency syndrome was investigated by comparing urine Suet al 2011%

profiles from diseased and treated rats.

has been effectively used for the study of the metabolism of flavonoids.
One of the most interesting applications of proteomics in herbal plant
research is the ability of these techniques to find different species as in
the case of Panax (P. ginseng vs. P. quinquefolium).** Proteomics can prove
a valuable tool for quality control, toxicity studies, and standardization of
preparations and decoctions. In comparison to genomic and transcrip-
tomic approaches, proteomic assays have been successfully used for
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describing mechanisms of action of many different herbal preparations.”
(Table 2).

Proteomics, now a day’s is becoming a valuable tool for elucidating
multi-target effects of complex herbal preparations, discovery of single
bioactive compounds, development of active fractions, characteriza-
tion of secure herbal prescriptions and eventually modified molecular
diagnosis.*
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Sample Collection
Urine, blood etc

Sample
preparations

Chemical Analysis
NMR,HPLC Etc

I I Raw Data

Data Processing

Data Analysis

# Information
#Potential Predictive Model
#Biological Biomarker

Identify altered
metabolite in response
to disease state

Figure 1: A “typical” and “simplified” workflow for a metabonomic experiment

Limitations of Proteomic

The major limitation of proteomic is that they are specific to a tissue.
Unlike blood-based targets or respected tumor tissue, from which the
pertinent biologic matrix is practical to obtain, tissue samples from organs
such as lung, kidney, heart, or brain are not easily obtained for proteomic
screens.*

Transcriptomics

Transcriptomics is a method that analyzes the expression level of genes by
measuring the transcriptome. Transcriptomics make use of high density
or high-throughput methods for assessing mRNA expression.”! Tran-
scriptomics are actually used as a platform for translational medicine,
and DNA microarray technology were used to analyze the biological
events induced in different herbal formulae to conclude their therapeutic
potential, as well as their safety. By the use of this strategy, it is possible
to establish significant similarities with expression signatures.*? (Table 3).

Microarrays and Qrt-PCR Microarrays

DNA arrays is the most common approach used for gene expression
profiling and are generated by immobilizing a high number of oligonu-
cleotides on an extremely small surface (up to 200,000 spots/cm?). Based
on the target sequences, a significant change of mRNA is estimated for
thousands of genes.”’ Specialized sub-sets of gene expression changes
and quantitative real-time reverse transcriptase-polymerase chain reac-
tions (qrt-PCR)-based approaches that focus on specific genes have also
been developed. The latter is a highly recommended confirmatory tool
for quantifying gene expression with improvements in sensitivity and
specificity.*

Limitations of Transcriptomic

Transcriptomic analysis had not been successful into the clinical area to
date. This field remains established in basic science with few efforts to
transfer the technique into translational studies. The fundamental limi-
tation of using transcriptomics assays is that mRNAs are not the main
products but they are the intermediate products of disease, which fail to
adequately predict the clinical effect.”*
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Metabolomics

The Systematic study of inimitable chemical fingerprints with definite
cellular process is called Metabolomics. This process includes the study
of their small-molecule metabolite profiles. The metabolome represents
all metabolites collection in a biological organism, which are mainly
the products of its gene expression.’? The term metabolomics, is mainly
framed for exhaustive, nonbiased, high-throughput analyses of complex
metabolite mixtures mainly of plant extracts. Chromatographic finger-
printing technique of various herbal plants has proved to be a compre-
hensive technique for assessing quality of herbal medicines. Metabolomic
profiling are used for analysis of extracts by using Fourier transform ion
cyclotron mass spectrometry (FTMS). These are mainly examined with
the aim of identifying the best phytochemical profiles.>* (Table 4, and
Figure 1).

Limitations of Metabolomic

Further characterization of human metabolom and subsequently thera-
peutic association can be made for the better results. In addition, this
technique raises an issue of reproducibility. It is unclear that how recent
clinicians will use this data because even small changes in physiology,
such as food intake or going up a flight of stairs can have significant
impact on the metabolome. Combination of pharmacometabolomics
with pharmacogenomics can lead to screening of more clinically relevant
data.

CONCLUSION

Omics techniques were developed in response to the need for correct
information at physiological as well as at genetic level of herbal plants.
The different omic techniques are now a day’s used all over world for
standardization and quality control of herbal formulae, mechanism of
action, characterization, identification of molecular mechanism for
prediction of side effects and interaction with other drugs.

Althoughthereis,manyadvantagesofomictechniquesbuttheirappliance
arerestrictedinthefieldofherbaldrugstandardizationand quantification.
The result obtained with the use the omic techniques are accomplished
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butadditional work need to be undertaken to concern their full prospec-
tive. All the omic process is gradually but firmly approaching their way
in herbal standardization. In all the techniques of omics, metabonomics
seem to be hastily gaining ground with respect to the other techniques.
This is possibly due to minimalism of their experimental design, which
allows direct and meticulous analysis of large number of biological
sample.
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