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Abstract: A separation approach and an online spectroscopic detection technology were combined to create
the hyphenated technique. Over the past 20 years, hyphenated analytical techniques have seen amazing
advancements that have greatly expanded their scope of use in the study of biomaterials, particularly natural
goods. This article discusses recent developments in the applications of various hyphenated techniques, such
as GC-MS, LC-MS, LC-FTIR, LC-NMR, CE-MS, etc. in the context of crude extract or fraction pre-
isolation analyses, isolation and online detection of natural products, chemotaxonomic studies, chemical
fingerprinting, quality control of herbal products, dereplication of natural products, and metabolomic
studies.
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INTRODUCTION

Hybrid approaches help identify and measure the components in a mixture by combining two or more
analytical technigues. Some of the most well-liked hybrid analytical methods are gas chromatography-mass
spectrometry (GC-MS), liquid chromatography-mass spectrometry (LC-MS), gas chromatography-infrared
spectroscopy (GC-IR), and liquid chromatography-nuclear magnetic resonance spectroscopy (LC-NMR).
Both chemistry and biochemistry frequently employ them.3

In latest years, many industries and medical disciplines have embraced the concept of excessive throughput
experimentation to help the ever-increasing need for faster data era and acceleration of product improvement
cycles. In pharmaceutical industry, HTE has been adopted in various areas, consisting of the invention of
biomarkers and of new chemical entities in drug discovery, as a tool to boost up the characterization of new
pharmaceutical compounds as well as small-molecule chemical technique development,*’ in bio
therapeutics analysis,® forced degradation research of healing peptides,® and analytical technique

qualification.©
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Especially computerized structures which are able to swiftly running large numbers of experiments in
parallel also require a concomitant boom within the fee at which the preferred analytical facts can be

generated and processed, if analytics aren't to be the bottleneck.

For most analytical strategies, there exists a trade-off between the velocity at which statistics can be
generated and the nice or accuracy of the data, and for any HTE workflow, one wishes to strike the right

stability between those two elements.

Even though conventional analytical gear together with HPLC or NMR spectroscopy normally require
measurement times inside the order of numerous mins in line with pattern, suitable excessive throughput
analytical (HTA) strategies which might be capable of generating datasets in timeframes of less than a

minute or seconds are critical for HTE workflows.

Earlier reviews had been published on HTA, masking a timeframe as much as 2022.1% 12 This assessment
objectives to affords a vital review of literature posted between early 2018 and September 2022. we've got
surveyed the swiftly developing field of HTA, covering mounted chromatographic techniques in addition
to recently brought spectroscopic and microfluidics-based techniques; the evaluate turned into established
for that reason. The point of interest became directed to HTA structures and methods inside the context of

small molecule drug discovery and chemical and pharmaceutical improvement.* 4
2. THIN-LAYER CHROMATOGRAPHY

Even though TLC is one of the oldest, most effective, and most commonplace analytical strategies to
determine the fee of conversion in a chemical response it has no longer acquired a great deal attention within
the context of high throughput screening (HTS). Because of the restrained throughput and the truth that
detection and quantification is frequently no longer straightforward, we however believe that it has little
value inside the HTE area. The low throughput can but be increased to some extent through recognizing of
multiple samples on a single TLC plate. Welch and co-workers®® in addition stepped forward the throughput
by using the usage of staggered parallel recognizing and automated computer photo processing equipment

to calculate reaction yields and conversion.*
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Fig: Thin Layer Chromatography
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Modelling and initial research the usage of dyes from microplates spotted on TLC plates the use of a
staggered spotting approach. A, Excel modelling displaying “candy spot” of Rf ~0.5 for simplest
visualization. B, Elution of spots from a ninety six-well plate containing samples of methylene blue (Rf ~0)
and methyl pink (Rf ~0.6) the use of 95% ethanol/water. C, evaluation of plate containing 4 wells spiked

with additional methyl purple permits smooth determination of the “cope with” of the hits.*>18

3. LIQUID CHROMATOGRAPHY

Many HTE analytical workflows are the use of liquid chromatography as a key analysis technique. The best
manner of growing throughput of the analytical platform is to reduce the dimension time in keeping with
pattern. numerous strategies had been followed to shorten the LC evaluation time which include the software
of high temperatures'* ° or the use of monolithic columns'® 7 or parallel segmented flow columns.® Those
diversifications provide especially modest gains in evaluation speed.

3.1 Ultrahigh-Pressure LC

A considerable reduction of evaluation time was performed several years in the past by using the advent of
ultrahigh-stress L.C (UHPLC) systems and sub-2 pm diameter stationary section debris,® however extensive
efforts continue to be directed towards enhancing the speed and throughput of the LC technique for HTA
purposes.?’ by means of the usage of custom-made gadgets presenting very quick bed lengths, optimized
geometries, and alertness of sign processing gear, Armstrong and co-employees have driven separation
speeds down to the sub-second time-frame, for this reason drawing near sensor-like throughput.?! in spite
of the extensive evolution in commercially available column technology and instrumentation,?? additional
improvements that lessen the height dispersion added through frits, tubing, and other elements of the
instrumentation are had to make such leaps in performance available to customers in the industry.?® Recently
published paintings at the gain that can be expected from extremely high-pressure separations®* % showed
that the separation speed may be doubled when systems are able to working at pressures as much as 3000
bar and by way of the use of columns packed with 1 um diameter particles. The prediction that one can
expect a component of 2 advantage in separation speed versus a threefold boom in pumping strain shows
that any evolution on this discipline seems to stick to the “regulation of diminishing returns”: an increasing
number of larger effort is required to obtain decreasingly smaller or less massive improvements. The authors
also stated that many similarly developments are needed, including the huge-scale production of well-
packed 1-1.2 mm internal diameter columns, the production of uniform and routinely strong 1 um particles,
the layout of devices and detectors with a substantially reduced normal dispersion, pressure-tolerant column
housings, connectors, and valves, as well as sufficiently specific stress-compliant glide meters. Pushing the
speed of LC evaluation to timeframes of less than a minute using contemporary commercially to be had
units and columns has been done by using very quick columns full of small diameter debris and the

application of high float rates.?6-%
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3.2 Superficially porous particles

Besides using small-diameter particles, which require instruments capable of running at high pressures (> a
1000), using superficially porous debris (SPPs), also referred to as center-shell debris, has been a popular
way to carry out speedy analyses without the want for high-strain contraptions. The gain of SPP columns
lies in the truth that the stationary segment debris offer appreciably reduced plate heights, just like those of
sub-2 um debris, because of a reduction of the analyte diffusion course period. The latter impacts the A
(eddy diffusion) and C (resistance to mass switch) terms of the van Deemter equation. Due to the bigger
usual particle diameter, the higher separation efficiency is done without using high column pressures.
although conceptually dating from the Seventies, contemporary SPPs were added commercially only in
2006 with 2.7 um Halo debris presenting a 1.7 um nonporous silica middle and a 0.5 pm thick shell of
porous silica.®

While evaluating FPP and SPP particles, maximum authors have determined that SPPs offer greater
possibilities for elevated throughput than FPPs. Assessment of the chromatographic performance primarily
based on van Deemter curves showed that columns full of SPP particles carried out better than FPP
columns.®*34 A kinetic plot-based assessment in addition established that SPP columns represent the
maximum favourable compromise in terms of pace, performance, and stress drop, enabling sub-minute
separations with tons lower strain drops. * studied the use of SPPs for the analysis of polycyclic aromatic
hydrocarbons. They tested that, for similar levels of selectivity, fully porous 1.8 um debris and superficially
porous 2.7 um particles showed similar efficiency however much less lower back stress turned into
generated on the SPP column. The usage of the SPP column extended throughput and enabled them to split
a sixteen-thing pattern mixture in a trifling minute time frame. The advantages of SPP columns have
additionally been acknowledged for supercritical fluid chromatography (SFC) separations.

3.3 Open tubular columns

every other method to reduce the evaluation time is to step far away from the common packed-mattress
layout hired in LC in choose of the open tubular (OT) column format, generally related to GC. The OT
format, proposed within the Seventies® theoretically ends in lower plate heights due to the absence of eddy
dispersion and doubtlessly gives better kinetic performance. The layout in no way became popular because
of the tradeoff that exists among excessive performance (use of very slender capillaries) and the restrained
mass load ability of such small internal diameter columns, main to troubles with detection.

Calculations through Causon et al supplied steering at the layout of OT columns, balancing their kinetic
overall performance and loadability.3” The loadability of OT columns has been progressed by using coating
the internal floor of an OT capillary column with thin, porous (octadecylsilylated) silica layers,® *° yielding
column efficiency upgrades inside the order of 15%. Considering that then few authors have proven the
capability of using OT columns for ultrafast LC separations. Xiang et al lately tested the idea using a 2.7
cm lengthy, 2 um wide OT column. With this miniaturized column and an optimized laser-triggered
fluorescence detection scheme, six peptides will be resolved and trypsin-digested cytochrome C separations

can be completed in 10-50 s. 4°
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4. SUPERCRITICAL FLUID CHROMATOGRAPHY

Fast or ultrafast separations have often been linked to the usage of SFC, and analysis instances within the
order of mins or even seconds are indeed potential. 41*> In most instances, the SFC-based technique yields
better throughput than LC-primarily based approaches.*® Armstrong and co-employees confirmed
separations on the order of just a few seconds the usage of sub/supercritical CO, at the side of high-
performance, slim particle-length distribution silica packed in short columns and using very excessive drift
charges. #’ The authors did factor out that, as the analysis time is going down in the direction of the order
of seconds, a few surprising peculiarities are visible which can be absent in ultrafast LC and which affect
the obvious efficiency of the system. Such outcomes can be attributed to the compressible nature of the
mobile segment and as a way to fully exploit the benefits of ultrafast SFC separations amazing care wishes
to be taken in the layout of the gadget, the choice of tubing, and the again-stress regulator design. The
theoretical limits of present day structures and column codecs have been notably studied in a latest paper
via Desmet et al. and it appears there may be a fashionable consensus that, at this moment, column
generation is ahead of instrumentation abilties and that any in addition increase in overall performance will

likely want to come back from in addition tool optimization.*3: 4°

Berger suggested on the fast SFC separation of achiral solutes using short 20-30 mm columns full of sub-2
um particles whilst addressing the need to reduce extra-column dispersion. With the aid of decreasing the
gadget's greater-column dispersion from 80 to 5 pL2 he was capable of gain reduced plate heights as little
as 2.2 and clear up 7 solutes in less than 8 seconds on a 2 cm long column. Essential factors influencing the

performance in this experiment had been the choice of injection solvent and injection extent.

Similar to the benefits for LC that were defined above, the gain of using SPPs in SFC mode has been
confirmed by way of several authors. In a look at centered on the chiral analysis of pesticides and their
stereoisomers, Hellinghausen et al.*° said < 1 min separations for the general public of compounds that have
been studied the usage of 2.7 um SPPs. by using exploiting the low viscosity gain of the CO2/MeOH cell
section, allowing the application of very excessive flow prices (up to fourteen mL/min), and the usage of
high-efficiency 2.7 um chiral SPPs, Roy and Armstrong were capable of do chiral separations in a timeframe
of thirteen seconds.®® The authors claimed that even faster separations may be completed if advances in SFC
instrumentation ought to deal with a few shortcomings involving greater-column outcomes and pressure
barriers. Such improvements could unleash the full capability of SPPs and different small particle helps.
Recently, other corporations have additionally reported on the usage of SPPs in SFC situations for chiral
analyses. Studied a set of 31 racemates of derivatized amino acids which will be resolved on a teicoplanin-
primarily based chiral selector bonded on both 1.9 um FPPs with a slender particle-length distribution or on
2.0 um SPPs, attaining better consequences on the SPP segment versus the FPP version. Similarly,
Folprechtova et al 5 have applied such teicoplanin-based totally SPP-packed chiral columns for SFC
separations of phytoalexins, substituted tryptophan's, and ketamine derivatives. Ultrafast separations and
screening of chiral compounds using OT columns in SFC mode changed into finished with the aid of Galietti

et al >* the usage of turbulent glide conditions. The authors used CO?2 at noticeably high float and GC OT
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columns to achieve turbulent go with the flow conditions. Upon transitioning from laminar go with the flow
to the turbulent drift regime they determined a discount in plate peak main to a nearly threefold boom in top
potential. The statement changed into defined with the aid of the more green mass transfer inside the cellular
phase due to a flatter waft profile and quicker analyte dispersion throughout the OT column. Using turbulent
flow conditions in OT columns allowed to separate four polycyclic fragrant hydrocarbons within a 2.2 s

window?®-2,
5. MULTIPLE INJECTIONS IN A SINGLE EXPERIMENTAL RUN

A popular and user-friendly way of tracking a huge set of experiments with the aid of LC or LC-MS in an
excessive throughput style is the so-called ‘multiple Injections in a single Experimental Run’ (MISER)
approach developed via Christopher Welch at some stage in his time at Merck & Co.55 MISER
chromatography lends itself nicely to kinetic analysis/profiling and relies on sequential pattern injections
with minimal chromatographic separation of the analytes of hobby from interfering substances. The
proportion of solvent used during a MISER run is chosen in the sort of way that there's minimum interplay
with the stationary segment, consequently accelerating the passage of the analyte(s) through the column.
The objective isn't to absolutely separate all peaks however only to solve matrix or interfering peaks and
reduce/cast off ability ion-suppression or different matrix outcomes. Once the mobile phase has been
optimized, the speed at which samples can be tested is basically most effective restrained by using the

injection price of the auto sampler.

MISER evaluation is commonly used for evaluating related samples that comprise the equal compound of
interest however were prepared the use of different situations.*®8 the gathering of results is termed a ‘miser
gram’ (discern eight) and allows for easy assessment of the information. The method has been very a hit in
catalyst discovery wherein the screening of a large variety of reactions is required. Although most often
used alongside LC or LC-MS, SFC- and GC-based totally MISER workflows were pronounced as properly.
An instance is the MISER-GC-MS setup described via Knorrscheidt et al.>® that's capable of reading a 96-

well microplate inside 60 mins.
6. GAS CHROMATOGRAPHY

Gasoline chromatography (GC) is a common analytical device this is mainly useful for the analysis of
greater volatile compounds, and it definitely has an area within the HTA field. Classical GC systems lack
the required speed to aid HTE workflows, however some processes that permit greater speedy analyses had
been advanced. These days achieved reasonably exact separations with cycle times of less than 1 min by
way of combining low-stress (vacuum outlet) GC-MS (LPGC-MS) with low thermal mass (LTM) resistive
heating for fast heating and cooling of the capillary column. They threaded the analytical column into LTM
thin-walled metal tubing inside an "LTM fast GC” module that turned into installed onto a detector port of
a classical GC system. The column inlet and outlet were related to the GC injector and MS transfer line,
respectively (parent nine). The inlet operates at everyday GC pressures, however the analytical column is

below vacuum, which will increase the superior helium provider fuel glide speed and the rate of full range
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separations at the same time as maintaining an acceptable great of chromatographic separation. The LTM-
LPGC-MS configuration provided a 64-fold advantage in velocity of analysis as opposed to popular GC-
MS on the rate of a 4-fold loss in peak capacity and will lessen the analysis time from minutes to seconds

in some not unusual packages.®%-¢’
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Figure: Open in parent viewer Schematic diagram of the low thermal mass speedy GC module hooked up
on an to be had FID port atop an Agilent 7890 GC configured for GC-MS. notice the capillary column
mixture in rapid LPGC-MS operation

7. MASS SPECTROMETRY

MS-primarily based analysis gives blessings exceedingly desirable in HTA, together with excessive pace
mixed with the potential to identify and quantify compounds in a mixture. The capability to selectively
screen the mass of a particular goal could be very beneficial for, for instance, hit and lead identification or
chemical reaction screening. Those benefits have caused the rapid adoption and development of MS-based
gear in HTE workflows inside the enterprise and have stimulated academic research efforts to expand
innovative procedures. In conventional LC-MS setups counting on ionization strategies together with ESI,
APCI, or APPI, %8 large gains in evaluation pace had been performed by means of automating the pattern
education steps and the usage of optimized, short UHPLC strategies. %3 more specific opinions on novel
MS-primarily based tools and procedures for HTA were written by way of Kempa et al " and Pu et al "
and had been centered on methodologies that automate or get rid of sample instruction steps in hit and lead
generation or response screening and optimization.

One instance of a commercially available MS device for HTA is the Agilent ‘RapidFire MS’, in which an
SPE-primarily based pattern-cleanup robotics workflow is coupled to ESI-MS detection and which allows
analysis times as brief as 5-10 s according to sample. Such structures are typically used for screening or
compound profiling obligations in which the preferred throughput is within the range of < 5000 samples/day.

76 put, the technology does now not meet the needs of screening assays that involve the evaluation of tens
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of lots as much as thousands and thousands of samples in step with day. Those needs have caused the
improvement of strategies along with surface-primarily based MS or microfluidics structures that require
little to no pattern education and push the analysis speed into the sub-2nd time frame. Direct infusion (DI)
MS techniques or go with the flow-injection (FI) MS, in which samples are without delay injected into the
ionization supply, saw early uptake inside the HTA area, as an instance, for response screening.”” A
drawback of this technique is that samples are added without earlier separation or clean-up which might
also result in ion opposition, lowering the sensitivity or obscuring the result. Sarvin et al” described an
approach to triumph over this effect by using reading the distribution of ion m/z values and computationally
determining a series of most desirable scan tiers in metabolomics and lipidomics analyses of serum
samples.’®

The maximum not unusual bottleneck in DI or Fl analysis is the sampling rate that is frequently substantially
slower than the real acquisition of MS data. To fully take advantage of the strengths of the MS system, the
device need to be unexpectedly provided with small volumes of sample. Since the velocity of conventional
LC-MS techniques is inherently constrained via the rate at which every test may be sampled by way of an
autoinjector to introduce it into the MS ionization chamber, new approaches of sample advent have been
advanced. This has led to the advent of a new magnificence of ionization strategies, usually referred to as
“ambient ionization MS” (targets) wherein samples are ionized at atmospheric strain. Some floor/plate-
based totally strategies require that samples are first deposited onto a suitable provider or integrated right
into an appropriate matrix, after which fast in situ analysis is feasible. these tendencies have revolutionized
the HTA area due to the fact ambitions techniques allow throughputs which are orders of importance higher
than those of conventional LC-MS equipment, approaching analysis quotes which can-be doable with
fluorescence-primarily based strategies however without the want for fluorescent labels. numerous floor-
primarily based MS techniques, such as matrix-assisted laser desorption/ionization (MALDI), direct
analysis in real-time (DART), desorption electrospray ionization (DESI), secondary ion mass spectrometry
(SIMS), and self-assembled monolayers coupled with desorption/ionization (SAMDI), are capable of direct
ionization of analytes with little to no sample guidance and have been validated to be relevant in situations
that require quick analysis times and very small pattern volumes.” 8 An in-intensity evaluation of the
various pursuits tactics that have been reported to this point has been written by using Kuo et al.®* beneath
we are able to awareness on a number of the most commonplace techniques. Some objectives strategies,
consisting of floor-assisted laser desorption/ionization (SALDI) mass spectrometry, had been used for on
line monitoring of photocatalytic reactions and for ultrafast photocatalyst screening.®? on this look at, a
photocatalytic nanomaterial turned into used as the substrate to provoke and display the reactions
concurrently. The measurements discovered a reaction acceleration effect: the interfacial reactions
proceeded in seconds, versus hours for conventional reactions within the bulk phase; this is attractive for

ultrafast reaction screening.
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7.1 Matrix-assisted laser desorption/ionization

MALDI-MS is one of the oldest and maximum demonstrated implementations of ambient, floor-based
totally MS. The analyte is co-crystallized on a surface collectively with a appropriate matrix and then
subjected to UV laser light, which desorbs and ionizes the analytes.”* MALDI coupled with time-of-flight
(MALDI-TOF) MS has been used considerably for ultrahigh-throughput screening of large molecules, with
many literature examples related to drug target identification proteomics and analysis of DNA/RNA, lipids,
oligosaccharides, and synthetic polymers. Conventional MALDI-TOF-MS has various barriers in studying
small molecules due to fragmentation of organic matrix molecules and matrix interferences in the decrease
mass range. Therefore, its use for small molecule evaluation has no longer been evolved as exhaustively.
despite the fact that, some agencies have validated the possibility of using MALDI for small molecule
programs, even for the speedy analysis of crude response combos containing catalysts, salts and bases. "3
the use of a parylene-matrix chip, Park et al® had been able to use MALDI-TOF-MS for the high throughput
quantification and evaluation of small-molecule cancer biomarkers. lately, Blincoe et al®® posted a sensible
guide for bench chemists on the way to broaden and compare high throughput MALDI-TOF-MS methods
for the screening of chemical reactions in well plates without software of any MALDI plate amendment or
product tagging (determine eleven). Simon and co-workers®® confirmed the applicability of automated,
direct MALDI-TOF-MS as a readout approach for big-scale drug discovery HTS campaigns. They used a
MALDI-TOF-primarily based screening platform together with a 1536-properly format for figuring out
inhibitors of human cyclic GMP-AMP synthase in a fast, strong, and accurate manner.

7.2 Direct analysis in real time/desorption electrospray ionization

From the MALDI technique, other MS methods which includes desorption electrospray ionization (DESI)
and direct evaluation in actual time (DART) originated. because of its capability of fast screening of analytes
in complex matrices with minimum pattern training, DART has come to be a popular tool in regions which
includes food safety monitoring and environmental applications88 or to test for drug counterfeiting or
contamination.®® Khaled et al adopted an SPME-DART-based HTS workflow for screening multiresidue
pharmaceutical tablets in bovine tissue samples.®® They demonstrated that 53% of the ninety eight goal
analytes might be efficiently ionized with the aid of DART and quantified at the desired stage, whilst the
fully automatic sample education workflow allowed for general evaluation instances as quick as 1 min per
sample. While DART showed restricted abilities in phrases of analyte coverage, their research highlights
the capacity usefulness of SPME-DART-MS/MS as a way for rapid evaluation in food protection tracking

applications.

Any other ambient ionization approach that has attracted an awful lot interest is DESI. Given that its
inception in 2004, it's been a famous studies topic inside the discipline of HTA. In its best shape, a DESI-
MS setup uses an aqueous spray directed at an insulating sample or an analyte deposited on an insulating
floor along with polytetrafluoroethylene (PTFE). The DESI-MS inlet is then moved across the floor the use

of an x—y stage and a 2nd map of chemical records in the shape of full mass spectra may be generated. in
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comparison to MALDI-MS, the DESI approach has the benefit that no matrix is needed to perform the
experiment and that multiply charged ions can be generated, which has the benefit of extending the mass
variety of the detector required for huge molecules or biological samples. The desorbed ions are sampled
with a business ion trap mass spectrometer geared up with an atmospheric interface related to an extended,
ideally flexible ion transfer line constructed from steel or an insulator. DESI has been efficiently used for
the ionization of diverse compounds, along with peptides® and proteins gift on metallic, polymer, and
mineral surfaces.®! 92 The capability to report mass spectra of samples of their local environment that does
not require sample practise by me of growing ions outdoor the device, enables extraordinarily speedy
analysis with high sensitivity and high chemical specificity, characteristics which are especially in demand
for HTA.

In recent years, the DESI method has been extensively implemented to HTA for small molecule response
screening and optimization. For instance, chefs and co-people optimized amine alkylation reactions on
PTFE membrane substrates the use of methanol because the DESI spray/analysis solvent.®®

One form of DESI, known as “reactive DESI”, is used in the screening of chemical reactions and includes
including reagents into the spray solvent which could selectively react with unique functional groups present
in the aggregate. Reactions can occur all through the microdroplet surface collisions at better rates than in

bulk answers.%*

Loren et al used DESI-MS as a device for qualitatively predicting the consequences of microfluidics-based
fast screening of N-alkylation reactions.®® via the use of DESI-MS HTA they have been capable of quick
slender down the wide variety of critical reaction parameters, which include the form of solvent. Comparable
work however that specialize in Suzuki—Miyaura go-coupling and reductive amination reactions was posted
through Fedick et al.?® Their DESI-MS device applied microdroplet-based totally reaction acceleration,
permitting more than one reagents, bases, and stoichiometries to be screened at fees close to 10,000 reaction
combos consistent with hour (i.e., approximately three Hz). Chefs, Thompson, and co-workers optimized
nucleophilic aromatic substitution reactions via HTE underneath go with the flow situations. They could
compare 3072 unique reactions at a velocity of ~3.5 s in step with response using a gadget that covered
both a liquid managing robot for response mixture instruction and a DESI-MS module. The reactions have
been accomplished in microtiter arrays. The usage of in-residence evolved software program, heat maps had
been generated from the MS facts and those facilitated speedy assessment and selection of the maximum
promising situations. Authors from the identical research institution used a comparable method for screening

3840 specific reductive amination reactions.®*
CONCLUSION:

A methodology known as a "hyphenated technique™ was developed by fusing a separation approach and an
online spectroscopic detection technology. Amazing developments in hyphenated analytical methods during
the past 20 years have substantially increased their applicability to the study of biomaterials, especially

natural products. In the context of purification and online detection of natural products, chemotaxonomic
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studies, chemical fingerprinting, quality control of herbal products, dereplication of natural products, and
metabolomic studies, this article discusses recent developments in the applications of various hyphenated

techniques. The LC is specifically stressed as the separating tool in hyphenated methods.
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