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ABSTRACT:

UPLC is among the newest developments in liquid
chromatography. Ultra Performance Liquid
Chromatography is referred to as UPLC. It
significantly alters the analysis's sensitivity and
speed. Compared to HPLC, its equipment can
function at a higher pressure. The ideas and
principles of chromatography are covered in this
review, along with a comparison of UPLC and
HPLC and a list of advanced features. Examples of
some of the more current uses of UPLC are also
provided here. The chemical and pharmaceutical
industries want to increase drug research's
effectiveness while achieving better detection,
resolution, sensitivity, and selectivity. UPLC, This
goal can be accomplished with a modified HPLC
method that uses high pressure and tiny particles
(less than 2 um) in the column. Because UPLC,
grounded in the Van Deemter equation that
correlates linear velocity with plate height, offers
benefits such as decreased time and solvent use.
This review focuses on the theory, tools, and uses of
UPLC, which is an enhanced class of HPLC with

better chromatographic performance.
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INTRODUCTION
Chromatography is a technique used to separate a
mixture's solutes according to how widely they are
distributed between a mobile phase and a stationary
phase next to a flowing fluid stream. A solid or a
liquid might serve as the fixed phase, whereas the
mobile phase can exist as a gas or a liquid. The
molecular properties related to adsorption, affinity,
and partition, as well as differences in their
molecular weights, all have an impact on this
separation® Consequently, certain components of
the mixture traverse the stationary phase at a
reduced velocity and remain there longer, whereas
other components rapidly progress through the
mobile phase and exit the chromatographic
apparatus. Two components make up the
chromatography technology based on this
methodology.?

e Stationary phase: A liquid film adsorbed
onto the surface of a solid substrate or a
solid phase.

e Mobile phase: Usually, this phase has a
liquid or gas component.

One crucial liquid chromatography (LC) technique
for separating different components in mixtures is
high-performance liquid chromatography (HPLC).
During the drug development process, it has been
utilized for many years to identify and quantify

compounds all over the world.® The enormous
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increase in sensitivity, resolution, and speed in LC
has been made possible by significant
advancements in column technology, including
column diameter, particle size, and equipment. To
achieve the aforementioned objectives, Ultra-
Performance Liquid Chromatography (UPLC) was
developed and patented by Waters in 2004.The
foundation of UPLC consists of sub-2 micron,
porous particles. The fundamental idea behind this
evolution, which establishes a connection between
the Van Deemter equations, is the relationship
between plate height and linear velocity. Since the
maximum pressure at which conventional HPLCs
can operate is roughly 6000 psi, the minuscule
particles require a high pressure to operate with
UPLC.* It has been shown that reducing the particle
size to below 2.5 um greatly enhances efficacy,
which remains unaffected by increases in flow rate
or linear speed. Efficiency and resolution are
achieved by utilising small-radius particles,
velocity, and the highest number of resolvable
peaks (peak capacity). Efficiency and resolution are
attained by employing small-radius particles,
velocity, and maximizing the number of resolvably
peaks (peak capacity). Increasing the pressure to
1000 bars or higher may enable the smaller particles
to enhance the retention factor of the separation.
UPLC necessitates a reduced injection volume,
enhancing resolution and efficiency. Elevated
column temperatures reduce the mobile phase's
viscosity, thereby increasing the diffusion
coefficient and flow rate, while minimally
impacting efficiency or elevating column back
pressure. The field of analytical separation is
experiencing an increase in UPLC, which maintains
the use and principles of HPLC while enhancing
overall resolution, sensitivity, and speed attributes.
By employing small particles, ultra-performance
liquid chromatography, or UPLC, can reach new

heights in speed and peak capacity.> UPLC uses
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chromatographic principles to separate materials
using columns containing smaller particles and/or
higher flow rates in order to increase speed,
sensitivity, and resolution. This paper looked at how
UPLC might improve sample analysis in
pharmaceutical research and manufacturing.
Compared to HPLC, special attention has been paid
to the question of whether UPLC can shorten
analysis times without sacrificing the quantity and
caliber of analytical data produced. Here, special
attention is paid to the underlying principles, the
instrumentation that comes into contact with
various UPLC columns and particle chemistries,
detectors, and a range of uses. By using a smaller
diameter particle packing and greater working
pressures, UPLC produced improved separation
efficiencies. A commercial system has been
assessed to ascertain its potential in routine
analysis.® It is capable of producing pressures up to
1000 bar, which is substantially greater than what
is used in standard HPLC. It has been demonstrated
that UPLC can produce high peak capacities
quickly, which is very helpful for examining the
complicated mixes that make up metabolic
samples. By using UPLC, more drug metabolites
were found, and the efficiency of the separation
process and spectrum quality were enhanced.”
Chromatography is a non-destructive method that
employs a porous medium and solvents to separate
a mixture into its individual components. Before
2004 the most common method for dissecting a
combination of components into specific parts was
high-performance liquid chromatography (HPLC).
8 Nevertheless, a new method known as "Ultra
Performance Liquid Chromatography (UPLC)" has
been developed by scientists to overcome some of
the limitations of HPLC. It is incredibly effective
and sophisticated.®0

The novel method of chromatography was created

in Warsaw in 1906 by Russian botanist Tswett.
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That year, he was able to successfully separate
various  coloured  compounds, including
xanthophylls and chlorophyll, by percolating
vegetable extracts using a calcium carbonate
column. The calcium carbonate column functions
as an adsorbent, allowing various compounds to be
adsorbed to varying degrees.!! This results in the
formation of colored bands at various positions
along the column. Tswett named this color-banding
system a chromatogram and the method of applying
it chromatography, derived from the Greek terms
chroma and graphos, which signify color and
writing, respectively.’> Thirty years ago, ion
exchange chromatography and thin layer
chromatography were established as separation
techniques. Paper chromatography was first
introduced by Martin and Synge in 1941, and gas
chromatography followed in 1952.% In addition to
being used in analysis, this technology is starting to
show promise as a way to prepare extremely pure
molecules for use in the pharmaceutical business or
in the production of pure chemicals.!* The
chromatographic techniques for biomolecule
separation are solely responsible for the recent
remarkable advancements in the field of
bioscience.® Following this, techniques like HPLC
were created and have since been widely used in
many labs. More recently, a new technique called
UPLC was introduced. A powerful new method
known as "metabolomics" offers great potential for
finding biomarkers and allows for the evaluation of
all low-molecular-weight metabolites found in
biological systems worldwide.!6® Key metabolite
analysis in bodily fluids is now a crucial component
of clinical practice diagnosis, prognosis, and
therapeutic intervention evaluation. In addition to
its current use in oncology, metabolic disorders,
neuropsychiatric ailments, cardiovascular illnesses,
infectious diseases, and other medical domains, this

study will discuss the primary uses of ultra-
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performance liquid chromatography (UPLC) in
metabolomics. The possible application of
endogenous low-molecular-weight metabolites in
clinical chemistry is highlighted in particular.?-?”
Chemistry of Small Particles:

The Van Deemter equation cannot deliver on its
promises, except tiny particles that are frequently
used in HPLC. Developing and designing sub-2mm
particles is a substantial obstacle, but researchers
are making progress in this field. 1.5 mm drill
particles are commercially available and have good
efficiency; however, their limited surface area
constrains their loading and storage capacity. Like
HPLC, UPLC depends on perforated new particles
that can tolerate high pressures to preserve capacity
and retention. Despite their great performance
potential, silica-based particles can tolerate a
variety of challenges, such as limited pH range and
basic analyst tailing. Although polymeric columns
circumvent pH limitations, they exhibit
disadvantages such as inadequate strength and
efficiency. It is an enormous effort to generate sub-
2 mm particles, and researchers have been working
on it for a while to allocate their funds.
Notwithstanding their commerce, high-quality,
non-porous 1.5 mm particles exhibit inadequate
load capacity and retention because of their limited
surface area. Similar to HPLC, UPLC also has to
use novel porous-resistant particles at high
pressures to preserve strength and retention. Silica-
based particles provide significant mechanical
strength; nonetheless, they exhibit several
disadvantages, including a pH constraint and basic
analyst tailing. Although polymeric columns have
their own set of issues, including low efficiency and

restricted power, they can get beyond pH limits.?8
PRINCIPLE

The foundation of HPLC separation is the

difference in the compound's affinities for the
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stationary and mobile phases. After the analytes
leave the column, the detector can identify them,
and the data system stores the signals.29 The basic
principle of component separation using UPLC and
HPLC The sorbent column's particle size, which is
smaller than 2 um, is the key difference; the matrix
stays the same. In UPLC, working with small
particles requires high pressure (6000 psi).30 This
is based on the Van Deemter equation, which
describes the connection between flow rate and
HETP or column efficiency.

H=A+B/v+Cv

When

A: Diffusion of eddies

B: Longitudinal diffusion

C: Mass transfer in equilibrium

v: flow rate.3

Ultra-high-performance liquid chromatography
(UHPLC) deals with liquid. Particles smaller than
those typically found in 25-5 pm high-
performance liquid chromatography (HPLC) are
present in  column-based  chromatography
separations.®> The underlying idea of UHPLC,
which operates under the same assumptions as
HPLC, is that efficiency and hence resolution
accretion occur when column packing particle size
decreases.®® Column separations with smaller
particle sizes show higher efficiency per unit of
time; nevertheless, with higher mobile phase flow
rates or linear velocities, the efficiency cannot be
minimized. Smaller particles, speed, and peak
resolution can be absolute to new limits after
attribute. 3

The Van Deemter equation, which correlates flow
rate with plate height, founds UPLC. To improve
column efficiency, the goal is to reduce the height
equivalent to the theoretical plate (HETP).*® The
Van Deemter equation's three constants, A, B, and
C, are crucial because: An represent

A stands for natural particle diffusion.
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B stands for eddy mixing.

C represents kinetic resistance to equilibrium
during separation.3¢

To attain increased throughput while maintaining
chromatographic  performance, UPLC  uses
uniformly smaller particles, hence decreasing the
column length according to the particle size.®’ In
contrast to typical HPLC, which uses pressures
between 170 and 350 bars, UPLC requires
instrumentation that can maintain constant high
pressures of 500 to 1000 bars.®® The detection of
drug metabolites and the improvement of
separation spectra quality have been made possible
with the use of UPLC.3%40

Instrumentation

A. Sample Injection

B. Pumping Equipment

C. UPLC columns
D

Detectors
UPLC column
Fackvg Materin
W ———
Injector
AutoSampler
' Sample Manager
Solvent .
(Mobile Phase) Sample
Reservolr
Pump Detector
Solvent Manager

Solvent Delivery System

Figure 1: Flow diagram of UPLC

A. Sample Injection:

In UPLC, sample combination is crucial. Both
automatic and manual conventional injection
valves are not made to withstand high pressure. To
shield the column from large pressure swings, the
injection method should be primarily pulse-free.
Additionally, the device's swept volume should be
kept to a minimum to lessen band broadening. A
large sample volume is necessary for a rapid
injection cycle to optimize the benefits of UPLC's

speed. To enhance sensitivity, it is essential to

118

Chromatogram
ek = Vebow Ard. B

B
Computer Data Station


http://ijmec.com/

IV E
L S P -
=N

P -

PA

employ low-volume injections with minimal
carryover. Direct injection techniques are also

applicable to biological materials.**

sample
injection

pump

Figure 2: Sample Injection
B. Pumping Equipment
An ideal UPLC pump should transfer solvent
through a 15 cm column filled with 1.7 um particles
at a pressure of about 15,000 psi in order to obtain
the best flow rate and efficiency.
Two basic categories exist:
a) Pump with constant pressure
b) Pumping with constant flow is done with
constant pressure.
The constant flow pump is the most commonly
utilized in UPLC applications.
Pump with constant pressure Column packing*?

In most of the UPLC, a reciprocating pump is used.
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Reciprocating Pump

Figure 3: Reciprocating Pump
C. UPLC Columns:
Higher resolution in a column containing 1.7um
particles is the consequence of increased efficiency.
A bonded phase that offers selectivity and retention
is necessary to separate the components of a
sample. UPLC separations can result in four

bonded stages.
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(i) Straight-chain alkyl columns, ACQUITY

UPLCTM BEH C8

(ii) Straight-chain alkyl columns, ACQUITY
UPLCTM BEH C18

(iii) The inserted polar group column,
ACQUITY UPLC BEH Shield RP18,
and

(iv) ACQUITY UPLC BEH Phenyl (phenyl
group attached via a C6 alkyl to the

silyl functionality)

Figure 4: UPLC Column
Each column chemistry has a unique combination
of hydrophobicity, silanol activity, hydrolytic
stability, and chemical interaction with analytes.
ACQUITY UPLC BEH C18 and C8 columns are
regarded as the industry standard for the majority of
UPLC separations because of their wide pH range.
They are more stable at low pH levels because they
employ trifunctional ligand bonding chemistries.
By combining the low and high pH stability of the
1.7 pm BEH particle, the widest practical pH
working range is achieved. The ACQUITY UPLC
BEH C18 and C8 phases are meant to perform
better because of the selectivity provided by
ACQUITY UPLC BEH Shield RP18 columns. In
ACQUITY UPLC BEH Phenyl columns, the silyl
functionality and phenyl ring are connected via a
trifunctional C6 alkyl tether. This ligand, when
combined with the special end-capping methods
used in the ACQUITY UPLC BEH C18 and C8
columns, results in improved peak form and

increased column durability. The 1.7um BEH
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particle's special ligand and end-capping
combination improves selectivity and makes it
easier to quickly adapt to the current HPLC column.
The internal diameter (ID) of the column used is 2.1
mm. For faster analysis and higher sample
throughput, select a 50 mm column; for better
resolution, select a 100 mm column. Half-height
peak widths of less than one second are produced
by particles with a diameter of 1.7 um, which pose
serious difficulties for the detector. To reliably and
precisely integrate an analyte peak, the sampling
rate of the detector must gather enough data points
during the peak. The detector cell's dispersion
volume must be reduced to maintain separation
efficiency. Theoretically, depending on the
detection technique, the sensitivity enhancement
for UPLC detection should be two to three times
more than that of HPLC separations.MS detection
is greatly improved by UPLC; higher peak
concentrations at lower flow rates result in less
chromatographic  dispersion, which in turn
promotes higher source ionization efficiency. The
Acquity UPLC System consists of a detector, a
sample manager with a column warmer, a binary
solvent manager, and an optional sample
organizer.**The binary solvent manager provides a
parallel binary gradient by means of two separate
serial flow pumps. Solvent selector valves with a
maximum of four options are integrated. In order to
fully utilize the sub-2um particles, a pressure limit
of 15,000 psi, or roughly 1000 bar, must be reached.
A variety of technological advancements are
included in the sample manager. Consistent low
dispersion is achieved during the injection process
using pressure-assisted sample introduction, while
many pressure transducers facilitate self-
monitoring and diagnostics. Needle-in-needle
sampling enhances durability, while the needle
calibration sensor augments accuracy. The

injection cycle time is 25 seconds without a wash
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and 60 seconds with a dual wash to further
minimize carryover. In a thermostatically regulated
environment, several microtiter plate designs (deep
well, mid-height, or wvials) can also be
accommodated. With the optional sample
organizer, Up to 22 microtiter plates can be injected
by the sample management. The sample manager
also controls the column heater. The highest
temperature that a column may reach is 65°C. By
placing the column outlet closer to the MS
detector's source intake, a “pivot out" design

reduces sample dispersion.

UHPLC Column  Types: Through the
enhancement of liquid chromatography (LC)
column development quality. UHPLC columns are
appropriate for applications up to 15,000 psi (1,000
bar), having been developed, validated, and tested.
On the other hand, the distinct nature of columns
utilized in UHPLC is manufactured by different
methods.

Peptide Types of Hybrid

Separation Ethylene-
\ Technology Column . Bridged

Fig 5: Types of Columns

Charged Surface Hybrid: The third-generation
particle technology known as the Charged Surface
Hybrid was created by Waters to improve sample
loading capacity and reduce peak tailing in mobile

phase compositions with different ionic strengths.
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With 1.7 um particles, the hybrid charged surface
maintains its low surface charge. Basic chemicals
with low pH and low ionic strength in the mobile
phase are primarily treated by the basic features of
the charged surface hybrid (CSH) C18 column,
such as peak shape and enhanced loading capacity.
In particular, Acquity UHPLC CSH Phenyl-Hexyl
columns use the polyaromatic compound selective
straight-chain-alkyl, yielding superior peak shape
across all pH levels. Acquity UHPLC CSH Fluoro-
Phenyl columns have superior performance
selectivity towards halogenated, positional
isomeric, and polar molecules. This is caused by
dipole-dipole interactions, hydrogen bonding,
aromatic interactions, and hydrophobic

interactions.

Hybrid Ethylene-Bridged: To fully achieve the
optimal speed, sensitivity, and resolution
capabilities of the primary generation methyl
hybrid particle of xTerra columns, there must be a
deficiency in mechanical strength or effectiveness.
Consequently, a column comprising a unique
pressure-resistant particle must be established. A
novel, extra-hybrid material column with an
ethylene-bridged hybrid material was built up. In
comparison to first-generation columns, it
exhibited enhanced strength, pH range, and
efficiency. Alongside UHPLC BEH phenyl
columns, the developed ethylene-bridged hybrid
(BEH) columns have a fixed polar group linked to
the silyl functionality with a C6 alkyl chain.

High-strength silica (HSS): High-strength silica
columns (HSS) are another kind of column used in
UHPLC. Because they lack the necessary
mechanical stability, high pore volume UHPLC
particles are unable to tolerate the high pressure that
is inherent in UHPLC separations. This calls for the
development of a unique silica particle with the

right shape to guarantee a robust and efficient
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UHPLC column that can sustain pressures of up to
1000 bar. HSS particle technology is used in the
current automation; 1.8 um UHPLC HSS particles
are made specifically for UHPLC separations. To
overcome difficulties in the retention and
separation of tiny, polar, water-soluble organic
molecules during reversed-phase separation,
Acquity UHPLC HSS T3 columns were created.
The study of C18 selectivity for strong bases (SB)
columns is made possible by the HSS Acquity
UHPLC's non-end-capped, low-coverage silica-
based C18 chemistry, which modifies selectivity
for water-soluble compounds through silanophilic
interactions. Because of the low ligand density and
ionic repulsion, the HSS C18 SB column's
increased silanol activity, which comes from
secondary interactions with leftover silanols,
improves the retention of basic molecules while

decreasing that of non-basic analytes.

Peptide Separation Technology:
The process of peptide analysis involved using
peptide-based separation technology columns to
isolate or separate different peptides. C18 BEH
technology was used to build peptide separation
technology (PST) columns. The internal diameter
of the column ranges from 75 pm to 30 mm, while
its length varies from 50 mm to 250 mm. Particle
sizes in the column vary from 1.7 pum to 10 um.
Sharp edges and symmetrical peaks can be seen in

the PST columns.**

D. Detectors:UPLC analysis uses visible and UV
detectors. Absorbance or concentration sensitivity
detectors are commonly used to detect analytes. In
UPLC, minimizing the flow cell capacity is crucial
to preserving the concentration and integrity of the
signal. In the same way, traditional flow cells with
reduced volume would reduce the path length that

affects signal strength according to Beer's Law. A
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smaller cross-section indicates a shorter light path,
and transmission decreases with increasing noise.
The use of a traditional HPLC flow cell would
therefore reduce the sensitivity of UPLC. The
component of the accuracy The tunable UV/visible
detector cell is a light-guided flow cell that is based
on optical fiber. The flow cell uses an internal
reflectance mode to efficiently transfer light
through a 500 mL container while keeping the route
length at 10 mm. The system's tubing and
connectors are strategically placed to minimize
dispersion and make use of leak detectors that
interact with the software to alert the user to

potential problems.*®

TYPES OF DETECTORS:

1. UV (Ultraviolet/visible): This detector
identifies biological components that
absorb light within the wavelength range of
190 to 800 nm. It is possible to modify this
detector to detect specific visible or UV
wavelengths. Its enhanced performance
might be advantageous for reliable and
sophisticated life analysis applications in
pharmacology, agribusiness, environmental
protection, and petrochemicals. Precision is
ensured by the light-guided flow cell that
resembles optical fiber in the tunable UV-
visible detection cell. With a small 500 mL
volume, the flow cell's intrinsic reflectance
mechanism efficiently transmits light along
its 10 mm channel length. The tubing and
connections in the system are arranged
neatly to guarantee restricted dispersion and
to start using drop detectors, which
communicate with the software to alert the
user to potential problems. UPLC is the

most effective way to obtain the sensitivity
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and  specificity offered by mass
spectrometry. When paired with Waters MS
Technologies' low dispersion performance
and high-speed detection, the performance
characteristics of UPLC have the potential

to greatly improve detection capacity.

Motorized
Grating

(a)

Exit Slit

Grating

(b) Flow Cell

Deuterium
Lamp
Diode Array

Figure 6: Uv/vis Detector

2. Photodiode Array (PDA) Detector: This type
of detector operates in the wavelength range of
190-800 nm and offers simultaneous, enhanced
optical detection. It provides previously unheard-of
trace impurity identification and quantification
thanks to its spectra analytical capabilities. Precise
chemical identification and co-elution detection
while concurrently working in two and three
dimensions. Research and development for
pharmaceuticals makes extensive use of this

detector.

Polychromator, Grating

Light
Source

Figure 7: PDA Detector

3. Fluorescence (FLR) Detector: This detector's

sensitivity and selectivity make it useful for
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fluorescence-based applications. UPLC technology
offers advantages for the analysis of vitamins,
illegal  substances, polynuclear ~ aromatic
hydrocarbons (PAHSs), and materials displaying
chemiluminescent properties, including

fluorescence and phosphorescence.
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Figure 8: Fluorescence Detector

4. Evaporative Light Scattering Detector: This
type of detector is all-purpose and ubiquitous; it can
even identify substances like lipids, synthetic
polymers, artificial polymers, and carbohydrates
that don't absorb UV light. ELSD is a specific
method that use UV light to identify substances that
are not UV-absorbing and are separated by liquid

chromatography.

f -
P

~

Figure 9: Evaporative Light Scattering Detector

5. Refractive Index (RI) Detector: When a
material has little or no UV absorbance, a universal
detector known as a RI is used. They are made up
of ingredients like sugars, alcohols, fatty acids,
excipients, and pharmaceutical preparations for
therapeutic purposes. Moreover, low-molecular

weight polymers in order to be characterized. The
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primary shortcoming of this detector is its low
sensitivity.4

Refractive Index Detector

Lamp

Solvent Delivery Unit
R
\

- = >
p 4 Cohimn W oo

Data Processor

Figure 10: RI Detector

APPLICATION OF UPLC:

1. Analysis of Traditional Herbal Medicine and
Natural Products: UPLC is frequently used to
analyze natural products and herbal remedies.For
the identification of active ingredients in extremely
complex samples derived from natural products and
conventional herbal remedies, UPLC offers
improved separation and detection capabilities.
There is more than one active ingredient in herbal
treatments. Consequently, traditional techniques
for sifting and determining the active components
in natural products are ineffective. Conventional
methods for natural product discovery do not
provide sufficient evidence regarding the
mechanism of action until much later in the
discovery process. This makes it challenging to
develop molecules with remarkable biological
features (drug discovery using a single chemical or
API).

Clinical studies assessing the safety and
effectiveness of herbal remedies using in vivo
pharmacokinetic data of their main constituents are
scarce, despite the growing interest in these
therapies. Nowadays, UHPLC-MS
chromatographic ~ fingerprinting  of  herbal
components is a popular and successful method.
This is due to the possibility of methodically
analyzing the makeup of samples of herbal

medicines. Additionally, it offers outstanding
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active ingredient separation and detection
capabilities in extremely complex samples that are
obtained from natural herbal treatments. UHPLC-
HRMS is used in traditional Chinese medicine
(TCM) quality control for a number of tasks,
including chemical characterization, component
identification, chemical fingerprint analysis,
assessing the quality of TCMs from different
habitats, metabolite identification, determining the
authenticity of TCMs, identifying any illegal
additives in TCMs, examining the Quality-Marker
(Q-Marker), and figuring out how TCMs work.*’

2. ldentification of Metabolites: UPLC/MS/MS
provides outstanding sensitivity, resolution,
dynamic range, and mass accuracy, meeting the
intricate analytical needs of biomarker discovery.
Analyzing  metabolomics,  which  involves
identifying a wide variety of metabolites, offers
virtual devices a wide range of applications in the
domains of systems biology, pharmacology,
toxicology, and enzyme discovery. Its goal is to
detect and measure every single low-molecular-
weight soluble metabolite in tissues that are
actively metabolizing substances. It also makes a
significant contribution to our understanding of
how drugs work and how diseases are caused. It
enhances our capacity to forecast individual
differences in phenotypes related to medication
responses. Metabolomics has garnered significant
attention for its application in characterizing
several pathological states of human diseases,
including diabetes, cancer, autoimmune disorders,
and cardiovascular conditions. Many metabolites
can be characterized from a small amount of
biological samples thanks to recent technological
advancements. Several investigations carried out
on tissue and cell cultures have made a substantial
contribution to our growing knowledge of

biomedicine. This also offers a basis for
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interpreting the issues of the test subject’s
metabolic processes. Among the several LC
technologies, because of its improved repeatability,
sensitivity, and selectivity, ultra-high-performance
liquid chromatography (UHPLC) is thought to be
appropriate for  metabolite  profiling and
metabolomics, particularly for extensive untargeted
metabolic  profiling. The accuracy and
dependability of data generated by UHPLC's
sensitivity and selectivity at low detection
thresholds can be extremely advantageous for
research on the pharmacokinetics, toxicity, and
bioequivalence of various metabolites.It is widely
believed that metabolic research is essential to the
medication development process. It is essential to
the creation of novel chemical entities (NCES). In
doing so, it helps to identify the active metabolites
and keep an eye out for the formation of reactive
metabolites. In the early phases of drug discovery,
improve pharmacokinetic and pharmacodynamic
characteristics, examine the metabolic profiles of
preclinical and clinical samples, comprehend
clearance, and forecast drug-drug or food-drug
interactions. As an NCE moves into the
development stage, it becomes increasingly
important to characterize its metabolites. By
changing the compound structure early on, drug-
candidate molecules, metabolites, and weak spots
are found and protected. Several analytical
techniques have been coupled with UHPLC to

study metabolomics.*®

3. Studies on bio analysis and bio equivalency:
Statistical pharmacokinetics analysis is one of the
many uses for accurate and dependable data
produced by the degree of selectivity and sensitivity
of UPLC/MS/MS at minimal detection
levels.UPLC/MS/MS provides excellent

chromatographic sensitivity and resolution.
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4. Screening for ADME (Absorption,
Distribution, Metabolism, and Excretion):
Accurate peak identification and integration in
intricate matrices are made possible by UPLC’s
high resolution, and samples produced via sample
pooling and lower concentration incubations can
also benefit from its increased sensitivity. They
save time and decrease the number of unsuccessful
sample analyses, which makes them crucial for

automated generic procedures.*

5. Dissolution Testing: Testing for dissolution
becomes essential for managing the drug’s purity
and release. Dissolution is the rate-limiting phase in
formulations for sustained release dosages,
therefore it becomes crucial in these circumstances.
The drug’s solubility profile indicates the
consistency and dependability of the active
pharmaceutical  ingredients (API) in the
formulations from batch to batch. Newer, relatively
potent formulations are hitting the market these
days, necessitating increased analytical sensitivity.
This can be handled by UPLC, which provides
online sample acquisition. Because UPLC can
handle data collection, sample aliquot analysis, test
result dissemination, and result management, it can
completely automate dissolution testing. There are
more circumstances in which UPLC can be used
efficiently in addition to the previously described

ones; some of these are mentioned below:

e confirmation and certification of the purity of
recently created pharmaceutical compounds,
guaranteeing that researchers have created the
desired chemical. The throughput of UPLC
devices, along with remote status monitoring
software and rapid scanning mass spectrometry,
enables chemists to acquire high-quality, complete

data on candidate compounds in minimal time.
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e Along with the quick scan rates of UPLC-specific
photodiode array and mass spectrometry detection,
the speed, resolution, and sensitivity of UPLC
separations improve the identification of
degradation products and shorten the time required
to create stability-indicating techniques.

e Conducting precise and meticulously regulated
quantitative analyses in Quality Assurance and
Quality  Control  laboratories  within  the

pharmaceutical sector.>°

6. Process Preparation / The verification: UPLC
enhances business prospects, lowers expenses, and
increases efficiency, all of which contribute to vital
laboratory functions. The chemistry of UPLC
columns can be readily applied to both analytical
and preparative-scale separation operations. UPLC
offers  technique development efficiencies:
Analysis periods can be as quick as one minute
when using UPLC, and procedures can be
optimized in as little as one or two hours. The
efficiency and speed of separation provided by
UPLC enables the quick development of

techniques.

7. Research on Forced Degradation: The
chromatographic speed, resolution, and sensitivity
of UPLC separations combined with the high-speed
scan rates of UPLC-specific photodiode array and
MS detection would speed up the development of
stability-indicating techniques and make it easier to
identify degradation products.(51)

8. Impurity Profiling: Finding contaminants in
both the raw materials and the finished product is a
crucial step in the pharmaceutical development
process. Because HPLC provides sufficient
resolution to identify the lowest level of impurities
with strong repeatability findings, prior research

has shown that it is a great approach for impurity
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detection. Excipients, on the other hand, delay
HPLC analysis and require several analytical runs
to collect the required data. Since UPLC
technology provides the necessary data and
operates efficiently at both low and high-impact
energy levels, it can overcome this difficulty.
Through a quick change in collision energy, all of
the analytes in the sample are produced as precursor
and product ions, allowing for quick impurity
identification and profiling. Lippert et al. noted that
in certain situations, the chemical and the impurity
have similar structures and molecular weights,
making the distinction with LC/MS or MS
impractical. As a result, UPLC can offer improved
chromatographic resolution. Even at very low
concentrations, UPLC can reliably identify
impurities in substances. Accurate mass LCMS is
combined with UPLC and has been effectively used
to identify endogenous metabolites and
medications. MS operates using collision energy

that alternates between low and high.>!

9. Manufacturing / QA / QC: Quantitative studies
are conducted in QA/QC laboratories utilizing
UPLC under stringent regulations. The provision of
reliable, superior consumable items is crucial to the

functioning of a registered analytical procedure.>

10. Amino acid analysis: The nutritional
assessment of food items, cell culture inspection,
and protein identification all use UPLC for
accurate, dependable, and repeatable amino acid

analysis.>

11.Determination of pesticides: Triple Quadra
tandem mass spectroscopy in conjunction with
UPLC will help detect pesticides in water at trace

quantities.
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12. The Magnolia officinalis cortex can be

identified using its UPLC fingerprint.5

ADVANTAGES OF UPLC:

e It elevates sensitivity and cuts down run
time.

e  Offers the dynamic range, sensitivity, and
selectivity of LC analysis.

e Preserves the performance of the
resolution.

e Increases the Multiresidue Methods'
scope.

e Using a unique separation material with
extremely tiny particle sizes allows for
faster analysis.

e The operating cost is lower.

e There is reduced solvent consumption.

e It shortens cycle times for processes,
allowing for the production of more goods
with fewer resources.

e Boosts sample throughput and assists
producers in producing more material that
reliably satisfies and surpasses product
criteria; it may also do away with
unpredictability, unsuccessful batches, or

the requirement for material rework.

DISADVANTAGES OF UPLC:

e Frequent maintenance is necessary due to
increased pressure, which shortens the life
of certain types of columns.

e  Furthermore, phases smaller than 2 um are
typically non-regenerable, which restricts

their utility.

HPLC VS. UHPLC
When comparing HPLC to UHPLC, the former is
better because it can function at higher pressures of
1000 bar or more, while the latter is more like a

traditional HPLC system. Extended analytical
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times and the absorption of the mobile phase are
among the difficulties that arise at pressures of up
to 400 bars. However, the UHPLC process requires
less solvent use and shorter analysis time. This
could efficiently use small particles (less than 2.0
mm) at a regulated flow rate of up to 5 mL/min. In
addition to faster processing, the use of smaller
particle sizes results in higher, sharper, and more

distinct peaks

Variations between UHPLC and HPLC
The following are the main distinctions between
UHPLC and HPLC:

1. Particle sizes — In HPLC particle sizes of the
stationary phase are typically in the order of 3-5
pum, whilst UHPLC is characterized by particles of
2 um or less.

2. Column dimensions — As with particle sizes there
is a corresponding reduction in column dimensions
with UHPLC. A typical HPLC column has an
internal diameter of 4.6 mm and a length of 250
mm, whilst a UHPLC column has internal
diameters of 2.1 mm or less and is much shorter,
100 mm for example.

3. Flow rates — UHPLC runs at much lower flow
rates than HPLC, for example 0.2 — 0.7 ml/min
against 1-2 ml/min respectively.

4. Backpressure — With the smaller particles and
reduced column diameter then this manifest itself in
to higher backpressures in UHPLC compared to
HPLC. HPLC instruments typically operate at
maximum pressures of 400-600 bar, whilst UHPLC
instruments can operate at up to 1500 bar in the case
of the Thermo Scientific™ Vanquish™ Horizon
UHPLC System.

5. Detection parameters — Narrow peaks are
produced with UHPLC, requiring a detector that
can keep pace and provide the required number of
data points per peak for detection. Most modern

detectors, though, are capable of detection speeds
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of up to 250 Hz, which is sufficient for both HPLC
and UHPLC.

CONCLUSION
To sum up, UPLC is a revolutionary development
in chromatography. Because of its enhanced
sensitivity, speed, and resolution due to smaller
particle size, it improves productivity in both
instrumentation and chemistry by delivering more
information per unit of work. The notable decrease
in analysis time and one of UPLC's main
advantages is its solvent usage. The higher
backpressure in comparison to traditional HPLC
may be a drawback, though, and this can be
overcome by raising the temperature of the column.
When compared to traditional HPLC, UPLC has
substantially higher sensitivity, which enables the
analysis of a variety of pharmaceutical medicines
quickly and with less solvent usage. All things
considered, UPLC seems to provide significantly
higher speed, sensitivity, and resolution than
conventional HPLC techniques. Its use has escort
in a new age for liquid chromatography, allowing
scientists to separate data more accurately and
efficiently across a range of analytical applications
and advancing both scientific research and quality

control.
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