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Introduction

Natural products, such as plants extract, either as pure compounds or as standardized extracts,
provide unlimited opportunities for new drug discoveries because of the unmatched availability
of chemical diversity (Cos et al., 2006). According to the World Health Organization (WHO),
more than 80% of the world's population relies on traditional medicine ‘for their primary
healthcare needs. The use of herbal medicines in Asia represents @slong history of human
interactions with the environment. Plants used for traditional medicine contain a wide range of
substances that can be used to treat chronic as well as infectious diseases (Duraipandiyan et al.,
2006). Due to the development of adverse effects and, microbial resistance to the chemically
synthesized drugs, men turned to ethnopharmacognesy. They found literally thousands of
phytochemicals from plants as safe and broadly effective alternatives with less adverse effect.
Many beneficial biological activity such'as anticancer, antimicrobial, antioxidant, antidiarrheal,
analgesic and wound healing activity were reported. In many cases the people claim the good
benefit of certain natural or 'herbal products. However, clinical trials are necessary to
demonstrate the effectivenessq«of a bioactive compound to verify this traditional claim. Clinical
trials directed towards understanding the pharmacokinetics, bioavailability, efficacy, safety and
drug interactions of newly developed bioactive compounds and their formulations (extracts)
require a careful evaluation. Clinical trials are carefully planned to safeguard the health of the
participants as well'as answer specific research questions by evaluating for both immediate and
long-term side effects and their outcomes are measured before the drug is widely applied to
patients. According to the World Health Organization (WHO), nearly 20,000 medicinal plants
exist in 91 countries including 12 mega biodiversity countries. The premier steps to utilize the
biologically active compound from plant resources are extraction, pharmacological screening,
isolation and characterization of bioactive compound, toxicological evaluation and clinical
evaluation. A brief summary of the general approaches in extraction, isolation and

characterization of bioactive compound from plants extract can be found in Figure 1. This article



provides details in extraction, isolation and characterization of bioactive compound from plants
extract with common phytochemical screening assay, chromatographic techniques, such as
HPLC, and HPLC/MS and Fourier Transform Mass Spectrometry (FTMS).
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Figure 1: A brief summary of the genéral vapproaches in extraction, isolation and

characterization of bioactive compound from plants extract

Extraction:

Extraction is the crucial first step in the analysis of medicinal plants, because it is necessary to
extract the desired chemical eomponents from the plant materials for further separation and
characterization. The basic operation included steps, such as pre-washing, drying of plant
materials or freeze drying, grinding to obtain a homogenous sample and often improving the
kinetics of amalytic extraction and also increasing the contact of sample surface with the solvent
system. ‘Proper actions must be taken to assure that potential active constituents are not lost,
distorted or destroyed during the preparation of the extract from plant samples. If the plant was
selected on the basis of traditional uses (Fabricant and Farnsworth, 2001), then it is needed to
prepare the extract as described by the traditional healer in order to mimic as closely as possible
the traditional ‘herbal’ drug. The selection of solvent system largely depends on the specific
nature of the bioactive compound being targeted. Different solvent systems are available to

extract the bioactive compound from natural products. The extraction of hydrophilic compounds



uses polar solvents such as methanol, ethanol or ethyl-acetate. For extraction of more lipophilic
compounds, dichloromethane or a mixture of dichloromethane/methanol in ratio of 1:1 are used.
In some instances, extraction with hexane is used to remove chlorophyll (Cos et al., 2006). As
the target compounds may be non-polar to polar and thermally labile, the suitability of the
methods of extraction must be considered. Various methods, such as sonification, heating under
reflux, soxhlet extraction and others are commonly used (United States Pharmacepeia and
National Formulary, 2002; Pharmacopoeia of the People’s Republic of China, 2000; The
Japanese Pharmacopeia, 2001) for the plant samples extraction. In addition, plant extracts are
also prepared by maceration or percolation of fresh green plants or dried powdered plant material
in water and/or organic solvent systems. A brief summary of the experimental'conditions for the
various methods of extraction is shown in Table 1. The other imodern extraction techniques
include solid-phase micro-extraction, supercritical-fluid extractian, pressurized-liquid extraction,
microwave-assisted extraction, solid-phase extraction, and» surfactant-mediated techniques,
which possess certain advantages. These are the reduction in organic solvent consumption and in
sample degradation, elimination of additional sample clean-up and concentration steps before
chromatographic analysis, improvement in extraction efficiency, selectivity, and/ Kkinetics of
extraction. The ease of automation for these techniques also favors their usage for the extraction

of plants materials (Huie, 2002).

Identification and characterization:

Due to the fact that plant extracts usually occur as a combination of various type of bioactive
compounds or phytochemicals with different polarities, their separation still remains a big
challenge for the process of identification and characterization of bioactive compounds. It is a
common practice insdsolation of these bioactive compounds that a number of different separation
techniques 'such” as TLC, column chromatography, flash chromatography, Sephadex
chromatography and HPLC, should be used to obtain pure compounds. The pure compounds are
then ‘used for the determination of structure and biological activity. Beside that, non-
chromatographic techniques such as immunoassay, which use monoclonal antibodies (MADbs),
phytochemical screening assay, Fourier-transform infrared spectroscopy (FTIR), can also be

used to obtain and facilitate the identification of the bioactive compounds.



Table 1: A brief summary of the experimental conditions for various methods of extraction
for plants material

Soxhlet extraction Sonification Maceration

Common Solvents used Methanol. ethanol. Methanol, ethanol, Methanol. ethanol,
or mixture of or mixture of or mixture of
alcohol and water alcohol and water alcohol and water
Temperature (°C) Depending on Can be heated Room temperature
solvent used
Pressure applied Not applicable Not applicable Not applicable
Time required 3-18 hr 1hr 3-4 days
Volume of solvent 150-200 50-100 Depending on the
required (ml) sample size
Reference Zygmunt and Namiesnik, | Zygmunt and Namiesnik. | Phrompittayarat et al,
2003: 2003: 2007; Sasidharan et al..
Huie. 2002 Huie, 2002 2008 : Cunha et al.. 2004;
Woisky et al., 1998

Chromatographic techniques:
Thin-layer chromatography (TLC) and Bio-autographic methods:

TLC is a simple, quick, and inexpensive procedure that gives the researcher a quick answer as to
how many components are in a'mixture. TLC is also used to support the identity of a compound
in a mixture when the Rf of a compound is compared with the Rf of a known compound.
Additional testseinvolve the spraying of phytochemical screening reagents, which cause color
changes according to the phytochemicals existing in a plants extract; or by viewing the plate
under the UV light. This has also been used for confirmation of purity and identity of isolated
compounds. Bio-autography is a useful technique to determine bioactive compound with
antimicrobial activity from plant extract. TLC bioautographic methods combine chromatographic
separation and in situ activity determination facilitating the localization and target-directed
isolation of active constituents in a mixture. Traditionally, bioautographic technique has used the
growth inhibition of microorganisms to detect anti-microbial components of extracts
chromatographed on a TLC layer. This methodology has been considered as the most efficacious

assay for the detection of anti-microbial compounds (Shahverdi, 2007). Bio-autography localizes



antimicrobial activity on a chromatogram using three approaches: (i) direct bio-autography,
where the micro-organism grows directly on the thin-layer chromatographic (TLC) plate, (ii)
contact bio-autography, where the antimicrobial compounds are transferred from the TLC plate
to an inoculated agar plate through direct contact and (iii) agar overlay bio-autography, where a
seeded agar medium is applied directly onto the TLC plate (Hamburger and Cordell, 1987;
Rahalison et al., 1991). The inhibition zones produced on TLC plates by one of the above
bioautographic technique will be use to visualize the position of the bioactive campound with
antimicrobial activity in the TLC fingerprint with reference to Rf values (Homansand Fuchs,
1970). Preparative TLC plates with a thickness of 1mm were prepared using the same stationary
and mobile phases as above, with the objective of isolating the bioactive:components that
exhibited the antimicrobial activity against the test strain. These areasswere scraped from the
plates, and the substance eluted from the silica with ethanol orgmethanol. Eluted samples were
further purified using the above preparative chromatography method. Finally, the components
were identified by HPLC, LCMS and GCMS. Although it has high sensitivity, its applicability is
limited to micro-organisms that easily grow on TLC plates. Other problems are the need for
complete removal of residual low volatile solvents; such as n-BuOH, trifluoroacetic acid and
ammonia and the transfer of the active.compaounds from the stationary phase into the agar layer
by diffusion (Cos et al., 2006). Because ‘bio-autography allows localizing antimicrobial activities
of an extract on the chromatogram, it supports a quick search for new antimicrobial agents
through bioassay-guided isolation (Cos et al., 2006). The bioautography agar overlay method is
advantageous in that, firstly it.uses very little amount of sample when compared to the normal
disc diffusion method @nd hence, it can be used for bioassay-guided isolation of compounds.
Secondly, since the' crude extract is resolved into its different components, this technique
simplifies the“process of identification and isolation of the bioactive compounds (Rahalison et
al., 1991).

High'performance liquid chromatography:

High performance liquid chromatography (HPLC) is a versatile, robust, and widely used
technique for the isolation of natural products (Cannell, 1998). Currently, this technique is
gaining popularity among various analytical techniques as the main choice for fingerprinting

study for the quality control of herbal plants (Fan et al., 2006). Natural products are frequently



isolated following the evaluation of a relatively crude extract in a biological assay in order to
fully characterize the active entity. The biologically active entity is often present only as minor
component in the extract and the resolving power of HPLC is ideally suited to the rapid
processing of such multicomponent samples on both an analytical and preparative scale. Many
bench top HPLC instruments now are modular in design and comprise a solvent delivery pump, a
sample introduction device such as an auto-sampler or manual injection valve, ananalytical
column, a guard column, detector and a recorder or a printer. Chemical separations can be
accomplished using HPLC by utilizing the fact that certain compounds have different.migration
rates given a particular column and mobile phase. The extent or degree of separation is mostly
determined by the choice of stationary phase and mobile phase. Generally the identification and
separation of phytochemicals can be accomplished using isQcraticsystem (using single
unchanging mobile phase system). Gradient elution in which theqaroportion of organic solvent to
water is altered with time may be desirable if more than one sample component is being studied
and differ from each other significantly in retention under the conditions employed. Purification
of the compound of interest using HPLC is the process of separating or extracting the target
compound from other (possibly structurally ‘related) compounds or contaminants. Each
compound should have a characteristic, peak under certain chromatographic conditions.
Depending on what needs to be separated and how closely related the samples are, the
chromatographer may choose the conditions, such as the proper mobile phase, flow rate, suitable
detectors and columns to get an.optimum separation. Identification of compounds by HPLC is a
crucial part of any HPLGsassay. In order to identify any compound by HPLC, a detector must
first be selected. Once\the detector is selected and is set to optimal detection settings, a
separation assay. must be developed. The parameters of this assay should be such that a clean
peak of the known sample is observed from the chromatograph. The identifying peak should
have_a reasonable retention time and should be well separated from extraneous peaks at the
detection levels which the assay will be performed. UV detectors are popular among all the
detectors because they offer high sensitivity (Lia et al., 2004) and also because majority of
naturally occurring compounds encountered have some UV absorbance at low wavelengths (190-
210 nm) (Cannell, 1998). The high sensitivity of UV detection is bonus if a compound of interest
is only present in small amounts within the sample. Besides UV, other detection methods are

also being employed to detect phytochemicals among which is the diode array detector (DAD)



coupled with mass spectrometer (MS) (Tsao and Deng, 2004). Liquid chromatography coupled
with mass spectrometry (LC/MS) is also a powerful technique for the analysis of complex
botanical extracts (Cai et al., 2002; He, 2000). It provides abundant information for structural
elucidation of the compounds when tandem mass spectrometry (MSn ) is applied. Therefore, the
combination of HPLC and MS facilitates rapid and accurate identification of chemical
compounds in medicinal herbs, especially when a pure standard is unavailable (Ye et al.,»2007).
The processing of a crude source material to provide a sample suitable for HPLC analysis as well
as the choice of solvent for sample reconstitution can have a significant bearing onsthe overall
success of natural product isolation. The source material, e.g., dried powdered plant, will initially
need to be treated in such a way as to ensure that the compound of interest isefficiently liberated
into solution. In the case of dried plant material, an organic solvent.(e.gs methanol, chloroform)
may be used as the initial extractant and following a period of maceration, solid material is then
removed by decanting off the extract by filteration. The filtrate,is then concentrated and injected
into HPLC for separation. The usage of guard columns is necessary in the analysis of crude
extract. Many natural product materials contain significant level of strongly binding components,
such as chlorophyll and other endogenous materials that may in the long term compromise the
performance of analytical columns. Therefore, the guard columns will significantly protect the

lifespan of the analytical columns.

Non-chromatographic techniques:

Immunoassay :

Immunoassays, which cuse, monoclonal antibodies against drugs and low molecular weight
natural bioactive.compounds, are becoming important tools in bioactive compound analyses.
They show high ‘specificity and sensitivity for receptor binding analyses, enzyme assays and
qualitative as\well as quantitative analytical techniques. Enzyme-linked immunosorbent essay
(ELISA) based on MADbs are in many cases more sensitive than conventional HPLC methods.
Monoclonal antibodies can be produced in specialized cells through a technique known as
hybridoma technology (Shoyama et al., 2006). The following steps are involved in the
production of monoclonal antibodies via hybridoma technology against plant drugs: (i) A rabbit
is immunized through repeated injection of specific plant drugs for the production of specific

antibody, facilitated due to proliferation of the desired B cells. (ii) Tumors are produced in a



mouse or a rabbit. (iii) From the above two types of animals, spleen cell (these cells are rich in B
cells and T cells) are cultured separately. The separately cultured spleen cells produce specific
antibodies against the plants drug, and against myeloma cells that produce tumors. (iv) The
production of hybridoma by fusion of spleen cells to myeloma cells is induced using
polyethylene glycol (PEG). The hybrid cells are grown in selective hypoxanthine aminopterin
thymidine (HAT) medium

(v) The desired hybridoma is selected for cloning and antibody production against a plant drug.
This process is facilitated by preparing single cell colonies that will grow @nd'can be used for
screening of antibody producing hybridomas. (vi) The selected hybridoma cells are cultured for
the production of monoclonal antibodies in large quantity against the specific plants drugs. (vii)
The monoclonal antibodies are used to determine similar drugs in the\plants extract mixture

through enzyme-linked immunosorbent essay (ELISA).
Phytochemical screening assay:

Phytochemicals are chemicals derived from plants.and the term is often used to describe the
large number of secondary metabolic compounds found in plants. Phytochemical screening assay
is a simple, quick, and inexpensive procedure that gives the researcher a quick answer to the
various types of phytochemicals®in a mixture and an important tool in bioactive compound
analyses. A brief summary of ‘the experimental procedures for the various phytochemical
screening methods for the secondary metabolites is shown in Table 2. After obtaining the crude
extract or active fraction from plant material, phytochemical screening can be performed with the
appropriate tests.as'shown in the Table 2 to get an idea regarding the type of phytochemicals
existing in the.extraet mixture or fraction. Fourier-transform infrared spectroscopy (FTIR) FTIR
has proven to_be a valuable tool for the characterization and identification of compounds or
functional groups (chemical bonds) present in an unknown mixture of plants extract (Eberhardt
et al., 2007; Hazra et al., 2007). In addition, FTIR spectra of pure compounds are usually so
unique that they are like a molecular "fingerprint". For most common plant compounds, the
spectrum of an unknown compound can be identified by comparison to a library of known
compounds. Samples for FTIR can be prepared in a number of ways. For liquid samples, the
easiest is to place one drop of sample between two plates of sodium chloride. The drop forms a

thin film between the plates. Solid samples can be milled with potassium bromide (KBr) to and



then compressed into a thin pellet which can be analyzed. Otherwise, solid samples can be
dissolved in a solvent such as methylene chloride, and the solution then placed onto a single salt
plate. The solvent is then evaporated off, leaving a thin film of the original material on the plate.

Conclusion

Since bioactive compounds occurring in plant material consist of multi-component tures,

their separation and determination still creates problems. Practically most of themghave to be
purified by the combination of several chromatographic techniques and various fication
methods to isolate bioactive compound(s).
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