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Herbal supplements, made from plants, are used by some
individuals to augment traditional medical treatments.
Supplements vary greatly and can consist of raw material (e.g.,
fresh herb, dried leaf, powdered root, etc), extracts or tinctures, or
even the refined purportedly active chemical, sometimes referred
to as the natural product.

Herbal supplements have been used throughout history and
their natural products (sometimes chemically modified) used in
Western medicine (e.g., taxol from Pacific yew trees; digitalis
from Foxgloves). Natural products scaffolds are also a valuable
resource for drug development by the pharmaceutical industry.

Traditional Chinese Medicine (TCM) makes use of herbal
supplements in addition to other substances derived from fungi,
marine organisms, animals, and minerals. g
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High-Performance
Liquid Chromatography

Thermo Scientific™ Vanquish™ UHPLC System and
Thermo Scientific™ Dionex™ UltiMate™ 3000 UHPLC*
systems offer excellent chromatographic performance,
operational simplicity and unrivaled flexibility. Choose
from a wide range of standard and unique specialty
detectors to extend your laboratory’s analytical
capabilities.
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The next generation in UHPLC innovations

The Vanquish system takes high-end UHPLC to a new level, offering more
resolution while meeting the throughput demands of modern laboratories.
The system is delivers better separations, more results and easier
interaction, simultaneously, without compromise.

Learn more at www.thermoscientific.com/vanquish

ical Technologies

The Vanquish UHPLC System

Delivering the new standard in UHPLC

More powerful separations with 1500 bar of pump pressure at flow
rates up to 5 mL/min

Industry-leading flow and gradient precision
Excellent injections up to 100 pL in 0.0 pL increments

Automated workflows with barcode reading for simplified setup and
tracking

Maximum sample capacity with up to 23 well plates, or 8832
samples

More confident separations with a wide temperature range of 5 °C to
120 °C for two thermostatting modes and active column pre-heating
for improved precision

UV detection with linear response up to 3000 mAu and noise levels
as low as 3 pAu

Thermo Scientific™ LightPipe™ technology assures lowest peak
dispersion with UV detection

Available Vanquish Charged Aerosol detector for quantification of non-
chromophoric compounds

Vanquish Diode Array Detector with LighPipe technology
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Analytical Technologies

UltiMate 3000 UHPLC* Systems

Best-in-class HPLC systems for all your chromatography needs

UltiMate 3000 UHPLC* Systems provide excellent chromatographic performance while maintaining easy, reliable operation. The basic and standard
analytical systems offer ultra HPLC (UHPLC) compatibility across all modules, ensuring maximum performance for all users and all laboratories.

Covering flow rates from 20 nl/min to 10 mL/min with an industry-leading range of pumping, sampling, and detection modules, UltiMate 3000
UHPLC* Systems provide solutions from nano to semipreparative, from conventional LC to UHPLC.

Superior chromatographic performance

e UHPLC design philosophy throughout nano, standard analytical, and rapid separation liquid chromotography (RSLC)
e (620 bar (9,000 psi) and 100 Hz data rate set a new benchmark for basic and standard analytical systems

RSLC systems go up to 1000 bar and data rates up to 200 Hz

x2 Dual System for increased productivity solutions in routine analysis

Fully UHPLC compatible advanced chromatographic techniques

Thermo Scientific™ Dionex™ Viper™ and nanoViper™ fingertight fittings—the first truly universal, fingertight fitting system even at UHPLC pressures

o0
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Rapid Separation LC Systems Standard LC Systems
The extended flowpressure footprint of the RSLC system provides the performance for ultrafast Choose from a wide variety of standard LC systems for demanding LC applications at nano,
high-resolution and conventional LC applications. capillary, micro, analytical, and semipreparative flow rates.

RSLCnano Systems Basic LC Systems
The Rapid Separation nano LC System (RSLCnano) provides the power for high resolution and UltiMate 3000 Basic LC Systems are UHPLC compatible and provide reliable, high performance 0
fast chromatography in nano, capillary, and micro LC. solutions to fit your bench space and your budget. ‘

©
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Charged Aerosol Detection

Charged Aerosol Detection provides near universal detection independent
of chemical structure for non- or semi-volatile analytes with HPLC and
UHPLC. Thermo Scientific™ Dionex™ Corona™ Veo™ and Vanquish
Charged Aerosol detectors are ideally suited as a primary detector for any
laboratory, while providing complementary data to UV or MS methods.
No other LC detector available today can match the performance of a
Corona Veo detector.

e High sensitivity — single-digit nanogram on column

e (Consistent response — independent of chemical structure

e \Wide dynamic range — to four orders of magnitude or greater

e Simple to use — easy to integrate with any HPLC/UHPLC system

Charged aerosol detectors give the simplicity, reproducibility and
performance required for a full range of applications from basic research
to manufacturing QG/QA. With charged aerosol detection you get
predictable responses to measure analytes in direct proportion to their
relative amounts for quantitation without actual standards.

This detector offers the flexibility to use reversed-phase gradients, as well
as normal phase and HILIC modes of separation on any LC system.
And, in many cases eliminates the need for derivatization or sample pre-
treatment to provide real dilute-and-shoot simplicity.

-e at www.thermoscientific.com/CAD

Analytical Technologies
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I
Advanced Detection Capabilities
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CoulArray Multi-electrode Array Detector

The Thermo Scientific™ Dionex™ CoulArray™ Multi-electrode Array
detector is the only practical multi-channel electrochemical detection
system that allows you to measure multiple analytes simultaneously,
including those that are chromatographically unresolved. The

CoulArray detector delivers the widest dynamic range of any available
electrochemical detector with unmatched selectivity for detection of
trace components in complex matrixes, even when used with aggressive
gradients.

e Measures analytes from femtomole to micromole levels

e (reatly simplify sample preparation and eliminate interferences

e Simultaneously analyze multiple analytes in very complex samples
e Fagsily produce qualitative information for compound identification

Multiple system configurations offer 4, 8, 12, or 16 channels that can be
upgraded anytime. The unique data acquisition and processing software
uses automatic signal ranging and a unique patented baseline correction
algorithms to provide identification and quantitation of single or multiple
analytes and powerful 3D data for quick sample fingerprint confirmation
with integration to pattern recognition platforms.

With the power of coulometric array technology, the CoulArray detector
can give you the qualitative data of a optical PDA with 1,000 fold greater
sensitivity to profile the characteristic qualities of products, determine
integrity, identify adulteration and even evaluate competitors’ products.

Analytical Technologies

CoulArray Multi-electrode Array Detector
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RefractoMax 521 Refractive Index Detector

The Thermo Scientific RefractoMax 521 Refractive Index Detector from
ERC Inc. This detector, in combination with the UltiMate 3000 system, is
the right choice for the isocratic analysis of sugars, polymers, and fatty
acids. It features fast baseline stabilization and excellent reproducibility,
combined with high sensitivity. The RefractoMax 521 is fully controlled by
Thermo Scientific™ Dionex™ Chromeleon™ Chromatography Data System
Software (CDS), and can also operate in stand-alone mode.

e The detector is highly sensitive and applicable universally. It
provides very stable baselines with a drift of 0.2 pRIU/h and a noise
specification of 2.5 nRIU or less

e The optical bench, thermostatically regulated from 30 °C to
55 °C, and the superior signal-to-noise ratio ensure highly precise
measurement results

Analytical Technologies

Advanced Detection Capabilities

The extended flow rate range from 1 mL/min up to 10 mL/min
and the operating range of 1.00 to 1.75 RIU enable the use of this
detector for a wide range of applications

Applications include the analysis of all compounds with low UV-Vis
activity, such as alcohols, mono- and polysaccharides, esters, fatty
acids, or polymers

An Auto Set-up function automates purging, equilibration, autozero,
and the control baseline stability and noise

Operation with Chromeleon CDS makes the detector easy to use and
ensures maximum productivity in instrument control, data processing,
and reporting of results

RefractoMax 521 Refractive Index Detector
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UltiMate 3000 Diode Array and
Multiple-Wavelength Detectors

The Thermo Scientific Dionex UltiMate DAD 3000 detector is a high-
resolution, 1024-element diode array detector (DAD) available in Rapid
Separation (200 Hz) and Standard (100 Hz) versions. It operates with
Chromeleon CDS software to provide a variety of spectra views, including
3-D plotting and automated chromatogram handling. The high resolution
and low-noise performance of the DAD-3000 family makes it ideal for

the most sensitive and accurate library searches and peak purity analyses.

The detector is also available as a multiple wavelength detector (MWD) in
Standard (100 Hz) and Rapid Separation (200 Hz) versions.

e Data collection at up to 200 Hz using a maximum of eight single-
wavelength data channels and one 3-D field (3-D only with
DAD-3000 (RS)) for best support of ultrafast separations

e Standard versions operate at up to 100 Hz data collection rate for
optimum support of 62 MPa (9000 psi) UltiMate 3000 Standard
systems

e Accurate compound confirmation with a 1024-element, high
resolution photodiode array

e Flexibility in both UV and Vis applications with 190-800 nm
wavelength range

e | ow-noise over the full spectral range using deuterium and tungsten
lamps

e fast and accurate wavelength verification using a built-in holmium
oxide filter

Analytical Technologies

Advanced Detection Capabilities

e The detector can be upgraded with the UltiMate PCM 3000 for
accurate monitoring pH gradients

e Excellent reliability and reproducibility with low baseline drift (typically
< 500 pAU/N)

e Simplified routine maintenance with front access to pre-aligned cells
and lamps

e |D chips on flow cells and lamps for identification and life-span
monitoring

e Chromeleon CDS software for full control and flexible data handling

e Front-panel display for easy monitoring of detector status to maximize
uptime

e Fow cells for semi-micro, semi-analytical, analytical, and semi-
preparative applications

e Fow cells available in stainless steel and biocompatible versions

SRR

UltiMate 3000 DAD-3000 Diode Array Detector
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UltiMate 3000 Electrochemical Detector

Electrochemical detection delivers high sensitivity for neurotransmitter
analysis, simplicity and robustness for pharmaceutical or clinical
diagnostics, and the selectivity for the characterization of complex
samples such as natural products, biological tissues and fluids. For
today’s researcher, there is a continuing need for detecting vanishingly
small quantities of analyte and often in complex samples. Because
electrochemical detection measures only compounds that can undergo
oxidation or reduction it is both highly sensitive and very selective.

The Thermo Scientific Dionex UliMate 3000 Electrochemical Detector,
designed by the pioneers of coulometric electrochemical detection,
delivers state-of-the-art sensor technologies complete with an entire range
of high performance and ultra-high performance LC systems optimized
for electrochemical detection. The UltiMate 3000 ECD-3000RS takes
electrochemical detection to the next level with UHPLC compatibility, total

system integration, and selection of detection mode, all with unprecedented

operational simplicity.

Analytical Technologies

Advanced Detection Capabilities

Features include:

e Detection Modes — choose from DC and PAD for optimum analyte
response

e (Choice of sensors — both coulometric and amperometric sensors to
meet the demands of any application

e [JHPLC compatibility — ultralow peak dispersion and high
data acquisition rates for conventional or fast, high resolution
chromatography

e Modularity — easily expandable to multiple independent sensors for
unrivaled flexibility

e Autoranging — simultaneously measure both low and high levels of
analytes without losing data

e SmartChip™ technology — easy operation with automatic sensor
recognition, event logging and electrode protection

UltiMate 3000 Electrochemical Detector
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UltiMate 3000 Fluorescence Detector

The Thermo Scientific Dionex UliMate 3000 FLD-3000 is a high-sensitivity
fluorescence detector series for UliMate 3000 HPLC systems. It is available in
Rapid Separation (RS) and Standard (SD) versions. The optics of the FLD-
3000 series provide maximum stray-light suppression for best detection
sensitivity. Operated with the Chromeleon CDS software, the detector provides
automated qualification, various tools for method development, and instrument
wellness monitoring for ease of use, maximum uptime, and the highest degree
of regulatory compliance.

e Data collection at up to 200 Hz for optimal support of even the fastest
UHPLC separations (FLD-3400RS)

e Standard detectors operate at up to 100 Hz data rate for optimum support
of 62 MPa (9,000 psi) UtiMate 3000 standard systems

e | owest limits of detection with a Raman signal-to-noise ratio
(S/N): > 550 ASTM (> 2100 using dark signal as noise reference)

Analytical Technologies

Advanced Detection Capabilities

e Unsurpassed reproducibility with active flow cell temperature control for

stable fluorophore activity independent of changes in ambient temperature

Long-life xenon flash lamp for highest sensitivity and long-term operation
without the need for frequent lamp changing

Optional second photomultiplier (PMT) for unique Dual-PMT operation,
offering an extended wavelength range up to 900 nm without sacrificing
sensitivity in the standard wavelength range

Two-dimensional (2D) or three dimensional (3D) excitation, emission,
or synchro scans to provide the highest degree of flexibility for method
development or routine sample characterization

Innovative Variable Emission Fifter for real-time compound-related sensitivity
optimization (FLD-3400RS only)

Large front-panel display for easy monitoring of the detector status

Two flow-cell sizes for easy optimization to application requirements: the
8 1L flow cellis ideal for trace analysis, and the 2 L flow cell offers best
peak resolution with narrow-bore HPLC and UHPLC columns

Ultimate 3000 Fluorescence Detector

o0


http://www.thermoscientific.com/liquidchromatography

Table of Contents

Introduction

Analytical Technologies
Anthocyanins

Artemisinin

Ashwagandha

Bacopa

Black Conosh
Boswelic Acids
Caraluma

Caulis Lonicerae
Chlorophyll

Clyclotides

Echinacea

Falcarinols
Giant Knotweed Rhizome
Ginkgo

Ginseng
Gotu Kola
Hoodia

Kava Kava

UltiMate 3000 Variable Wavelength
Detectors

The Thermo Scientific Dionex UltiMate 3000 VWD-3000 is a variable
wavelength detector (VWD) series for industry leading UV-Vis detection.
The forward optics design and wide range of available flow cells ensure
optimal performance over a flow rate range of five orders of magnitude.
Automated qualification, performance optimization, and instrument wellness
monitoring deliver maximum uptime, simplify work-flow, and give you full
confidence in your analytical results. The detector is available in a standard
100 Hz (VWD-3100) and a 200 Hz Rapid Separation version (VWD-
3400RS) for the most challenging UHPLC applications.

High-Performance UV-Vis Detection

e The VWD-3400RS variant provides data collection rates of up to 200
Hz for optimal support of today’s and tomorrow's UHPLC separations

e The VWD-3100 standard detector operates at up to 100 Hz data rate
for optimum support of 62 MPa (9000 psi) UltiMate 3000 Standard
systems

e Superior detection of trace analytes with low noise (< —2.0 pAU) and
drift (< 100 pAU/h)

e The detector's large linearity range of up to 2.5 AU is ideal for
applications with widely varying analyte concentrations

e Up to four absorption channels (VWD-3400RS) and spectral scans
support effective method development

e Active temperature control of optics and electronics for data
acquisition independent of ambient conditions

Analytical Technologies

Advanced Detection Capabilities

Front panel access for quick and easy lamps and flow cells changes
Automated qualification monitoring for full regulatory compliance

Large front panel display for monitoring the detector status even from
a distance

Maximize uptime using predictive performance—based on monitoring
the life cycle of detector lamps

The detector can be upgraded with the Thermo Scientific Dionex
pH/Conductivity Monitor (PCM-3000) for accurate and precise pH-
and conductivity monitoring

Unique 45 nL ultra-low dispersion UV monitor for dispersion-free UV
detection in LC/MS

R

UltiMate 3000 VWD-3400 Variable Wavelength Detector.
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Analytical Technologies

lon Chromatography

Thermo Scientific Dionex IC systems have led the
analytical instrument industry for over 30 years with
solutions that represent state-of-the art technological
advancements and patented technologies.
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Innovative lon Chromatography Solutions

Our High-Pressure™ lon Chromatography (HPIC™) systems include the
Thermo Scientific Dionex ICS-5000* HPIC system, which is optimized
for flexibility, modularity, and ease-of-use, combining the highest
chromatographic resolution with convenience. In addition, the Thermo
Scientific Dionex 1CGS-4000 Capillary HPIC system is the world’s first
commercially available dedicated capillary high-pressure Reagent-Free™
(RFIC™) IC system. The Dionex ICS-4000 system is always ready for the
next analysis, delivering high-pressure IC on demand.

Reagent-Free IC systems eliminate daily tasks of eluent and regenerant
preparation in turn saving time, preventing errors, and increasing
convenience. RFC-EG systems use electrolytic technologies to generate
eluent on demand from deionized water, and to suppress the eluent back to

Analytical Technologies

IC and RFIC Systems

pure water to deliver unmatched sensitivity. RFIC-ER systems are designed
to use carbonate, carbonate/ bicarbonate, or MSA eluents for isocratic
separations.

At the heart of our ion chromatography portfolio is a unique set of column
chemistries that provide high selectivities and efficiencies with excellent
peak shape and resolution. Thermo Scientific™ Dionex™ lonPac™
chromatography columns address a variety of chromatographic separation
modes including ion exchange, ion exclusion, reversed-phase ion pairing,
and ion suppression. Our column chemistries are designed to solve specific
applications, and we offer a variety of selectivities and capacities for simple
and complex samples. Additionally, our Dionex lonPac column line is
available in standard bore, microbore and capillary formats for the ultimate
application flexibility.
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Thermo Scientific Dionex IC instrument family
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Analytical Technologies

Mass Spectrometry

We provide advanced integrated IC/MS and

LC/MS solutions with superior ease-of-use and modest
price and space requirements. UltiMate 3000 System
Wellness technology and automatic MS calibration
allow continuous operation with minimal maintenance.
The Dionex ion chromatography family automatically
removes mobile phase ions for effort-free transition to
MS detection.
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Single-Point Control and Automation e Chromeleon CDS software for single-point method setup, instrument
control, and data management compatible with existing IC and LC
methods

Caralluma
Caulis Lonicerae We provide advanced integrated IC/MS and LC/MS solutions with
Chlorophyll superior ease-of-use and modest price and space requirements. UltiMate
Clycotides 3000 System Wellness technology and automatic MS calibration * The complete system includes the MSQ Plus mass spectrometer, PC
Fohinacea allow continuous operation with minimal maintenance. The Dionex ion data system, electrospray ionization (ESI) and atmospheric pressure
Falcarinols chromatography family automatically remove mobile phase ions for effort- chemical ionization (APCI) probe inlefs, and vaccum system

Giant Knotweed Rhizome free transition to MS detection. Now, you no longer need two software packages to operate your
Ginkgo e Thermo Scientific™ MSQ Plus™ mass spectrometer, the smallestand ~ LG/MS system. Chromeleon CDS software provides single-software
Ginseng most sensitive single quadrupole on the market for LC and IC method setup and instrument control; powerful UV, conductivity, and MS

Gotu Kola o . . o ; .
— e Self-cleaning ion source for low maintenance operation data analysis; and fully integrated reporting.

Kava Kava
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Phyloestrogens
Phylosterdls

Ursolic Acid
Vinca and Yohimbine

References

MSQ Plus Mass Spectrometer

Thermo o
v



http://www.thermoscientific.com/MS

Table of Contents

Introduction

Analytical Technologies
Anthocyanins
Artemisinin

Ashwagandha
Bacopa
Black Cohosh
Boswelic Acids

Caralluma

Caulis Lonicerae

Giant Knotweed Rhizome
Ginkgo

Ginseng
Gotu Kola
Hoodia

Kava Kava

Mangostins
Milk Thistle
Nitidine Chloride
Pheonolic Acids

Phytoestrogens
Phytosterols

Polyphenols

Ursolic Acid
Vinca and Yohimbine

References
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Chromatography Data Systems

Tackle chromatography management challenges with
the world’s most complete chromatography software.
Whether your needs are simple or complex or your
scope is a single instrument, a global enterprise, or
anything in between — the combination of Chromeleon
CDS’ scalable architecture and unparalleled ease-

of use, makes your job easy and enjoyable with one
Chromatography Data System for the entire lab.
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Chromeleon CDS Software

Bacopa
Black Cohosh
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The Fastest Way from Samples to Results Enjoy a modern, intuitive user interface designed around the principle

Caralluma , o
Caulis Lonicerae The 7.2 release of Chromeleon Chromatography Data System software of operational simplicity
Chlorophyl is the first CDS that combines separation (GC/IC/LC) and Mass e Streamline laboratory processes and eliminate errors with
Clyclofides Spectrometry (MS) in an enterprise (client/server) environment. By eWorkflows™, which enable anyone to perform a complete analysis
Echinacea extending Chromeleon 7.2 CDS beyond chromatography into MS, lab perfectly with just & few clicks
Falcarinols technicians can now streamline their chromatography and MS quantitation e Access your instruments, data, and eWorkflows instantly in the
Giant Knotweed Rhizome workflows with a single software package. MS support in Chromeleon 7.2 Chromeleon Console
Ginkgo CDS is focused on routine and quantitative workflows, which provides . L .
: . - . . ~ e | ocate and collate results quickly and easily using powerful built-in

Ginseng access to rich quantitative data processing and automation capabilities —

. . . . , . database query features
Gotu Kola ultimately boosting your overall lab productivity and increasing the quality
Hoodia of your analytical results. e Interpret multiple chromatograms at a glance using MiniPlots
Kava Kava ¢ Find everything you need to view, analyze, and report data in the
Mangostins Chromatography Studio
M‘”‘ms“e ‘ e Accelerate analyses and learn more from your data through dynamic,
e e interactive displays
Pheonolic Acids . . . . .
Phytosstiogens o Deliver customized reports using the built-in Excel® compatible
Phytosterols SpeadSheet
Polyphenoals Excel is a registered trademark of Microsoft Corporation.
Punicalagins )
Resveratrol X
Schizandrin 1% CHHOMELEON ZZ

‘ Simply Intelligent

St John's Wort
Taxanes
Ursolic Acid

Vinca and Yohimbine
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Process Analytical Systems

Thermo Scientific Dionex process analytical systems
provide timely results by moving chromatography-based
measurements on-line.
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Improved Process Monitoring with On-line
Chromatography IC and LC Systems

Information from the Thermo Scientific Dionex Integral process analyzer
can help reduce process variability, improve efficiency, and reduce
downtime. These systems provide comprehensive, precise, accurate
information faster than is possible with laboratory-based results. From
the lab to the factory floor, your plant’s performance will benefit from the
information provided by on-line LC.

Process Analytical Systems and Software

Characterize your samples completely with multicomponent analysis

Reduce sample collection time and resources with automated
multipoint sampling

Improve your process control with more timely results
See more analytes with unique detection capabilities

The Thermo Scientific Integral Migration Path approach lets you
choose the systems that best meets your needs

Integral process analytzer

o0


http://www.thermoscientific.com/chromatography

Table of Contents

Introduction

Analytical Technologies
Anthocyanins
Artemisinin

Ashwagandha
Bacopa
Black Cohosh
Boswelic Acids

Caralluma

Caulis Lonicerae
Chlorophyll

Clyclotides

Echinacea

Falcarinols
Giant Knotweed Rhizome

Nitidine Chloride
Pheonolic Acids
Phyloestrogens
Phylosterdls

Ursolic Acid
Vinca and Yohimbine

References

Analytical Technologies

M Automated Sample Preparation

Solvent extractions that normally require labor-intensive
steps are automated or performed in minutes, with
reduced solvent consumption and reduced sample
handling using the Thermo Scientific™ Dionex™ ASE™
Accelerated Solvent Extractor system or Thermo
Scientific™ Dionex™ AutoTrace™ 280 Solid-Phase
Extraction instrument.
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Accelerated Solvent Extractor System

Complete Extractions in Less Time Using hardening process that makes it inert to chemical attack by acids and
Less Solvent bases at elevated temperatures.
Thermo Scientific Dionex ASE systems extract of solid and semisolid Dionex ASE systems are dramatically faster than Soxhlet, sonication, and

The Dionex ASE 150 and 350 systems feature pH-hardened pathways ~ Accelerated solvent extraction methods are accepted and established

with Dionium™ components to support extraction of acidic or alkaline In the environmental, pharmaceutical, foods, polymers and consumer
matrices, and combine prefreatment, solvent extraction, and cleanup product industries. Accelerated solvent extraction methods are accepted
into one step. Dionium is zirconium that has undergone a proprietary and used by government agencies worldwide.

Dionex ASE 150/350 and Dionex AutoTrace 280 SPE instruments

Analytical Technologies
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Blueberries are known to
be high in anthocyanins.

Anthocyanins

Anthocyanins are water-soluble plant pigments widely
present in fruits, vegetables, and flowers. Anthocyanins
have gained considerable interest in the scientific
community and consumer market due to their anti-
inflammatory action and strong antioxidant and
radiation-protection properties.
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Bilberries are known to have a high anthocyanin content and are, there-
fore, one of the most expensive botanical ingredients in the health food

industry. The high price of the extract makes bilberries more susceptible
to adulteration. Analytical characterization and quantification methods for
anthocyanins specific to bilberries are therefore required.

Chromatographic Conditions

Anthocyanins in Bilberry Extract

Mass Spectrometric Conditions

System: UltiMate 3000 RSLC System  System: MSQ Plus
Column: Acclaim RSLC 120 C18 single quadrupole
(2.1 x 100 mm, 2.2 ym) mass spectrometer
Mobile Phase:  A) CH,CN, B) DI water, C) lonization interface: ESI
20% formic acid Probe Temperature: 500 °C
Gradient: C held constant at 10%, Needle Voltage: 2000V
A from 0% to 8% from 11 Nebulizer Gas: Nitrogen at 80 psi
to 42 min, held for 13 min, Detection Mode: SIM
return to 0% in 5 min Refer to chromatogram
Flow Rate: 0.5 mL/min for SIM Acquisitions
Injection Volume: 5 uL
Temperature: 40 °C
Sample: NIST Bilberry Extract
Standard Reference Material
3.0e5 4
DelGal MDeIGIu 465 m/z
2.565 De|AraA 435 m/z
45657 CyaGal| CyaGlu 449 m/z
J\ “ PetAra
22657 PetGlu 479 m/z
3 PetGalj\A
7.0e5 4
g 065 CyaAra A 19 m/z
[}
= 25051
PeoGIu463 m/z
PeoGall\_A MalAra
14645 493 m/z
MaIGaMME“G'U
4.5e4 5
PeoAraﬂ 433 m/z
60 7 UV:520 nm
mAU I Mroro
0 10 20 30 40 50 60
Minutes

Figure 5-1. Determination of 15 anthocyaning in bilberry extract by LC-MS,

Download Application Brief 134: LC-MS Analysis of Anthocyanins in Bilberry Extract
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mAU

Column:
Eluent:

Gradient:

Flow Rate:
Injection Volume:
Temperature:
Detection:
Sample:

Peaks: (
1. Dp3Gal

2. Dp3Glu

3. Cy3Gal

4. Cy3Glu

5. Cy3Ara

6. Peo3Gal

7. Peo3Glu

8. Mal3Gal

9. Peo3Ara

Acclaim 120, C18, 2.2 ym, Analytical (2.1 x 150 mm)

A: 10% Formic Acid

B: 10% Formic Acid, 22.5% Methanol,

22.5% Acetonitrile
0.0-12.0 min, 9% B
12.0-25.0 min, 35% B
25.0-50% B Step change
Hold at 50% B for 5 min
0.0-35.0 min, 9% B
0.475 mL/min
2.0 uL
35°C
Absorbance, vis, 520 nm
25 mg/mL Cranberry Extract

Conc.
pg/mL)
0.019
0.029
0.080
0.038
—)
0.018
0.070
0.160

Figure 5-2. Separation of anthocyanings in cranberry extract standard using an Acclaim 120,
C18 column

Download Application Note 1042: Rapid Separation of Anthocyanins in Cranberry and Bilberry Extracts Using a Core-Shell Particle Column

) 15
Minutes

Anthocyanins in Bilberry Extract

Column: Accucore C18, 2.6 pm,
Analytical (2.1 x 150 mm)

Flow: 0.65 mL/min

Temperature: 42 °C

Injection Volume: 2.0 pL

Eluent: A: 10% Formic Acid

B: 10% Formic Acid, 22.5% Methanol,
22.5% Acetonitrile
Gradient: 0.0-15.0 min, 10% B
Detection: Absorbance, vis, 520 nm
74 Sample: 25 mg/mL Cranberry Extract

Conc. Conc.

Peaks: (ug/mL) Peaks: (ug/mL)
1. Dp3Gal 0.021 6. Cy3Ara 0.157
2. Dp3Glu 0.037 7.Peo3Gal  0.176
3. Unknown — 8. Peo3Glu —
4. Cy3Gal 0.090 9.Peo3Ara  0.170
5. Cy3Glu 0.041 10. Mal3Gal  0.088

4 6
mAU
7
10
3
12 5 8 9
0
0 2 3 4 5 6 7 8
Minutes

Figure 5-3. Separation of anthocyaning in cranberry extract using an Accucore G18 column.
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Bilberry (Vaccinium myrtillus L.) is a low-growing shrub that is native to
temperate regions of North America and Europe. The shrubs are closely
related to the native North American wild blueberries, but one charac-

Caralluma

Caulis Lonicerae

Chlorophyll C , ) . ) ,
- t"dS teristic difference is that bilberry plants produce single or paired berries

/Clotides . . . " ,

! ‘ on the bush, unlike blueberries that grow in clusters. In addition, bilber-
Echinacea . . .
- ries are smaller, darker, hard, less juicy, easier to transport, and have a

dicarinols . . . ,
- :K g different flesh color than blueberries. The two berries also have different

iant Knotweed Rhizome . \ \ . . . ' ' ;
— phytochemical profiles, with the anthocyanin content of fresh bilberry fruits RS | RS R3 Anthooyanin
JINKGO . . . . . ; i f
- ! being almost 4x higher than that of blueberries. Bilberries — known to H H | Glucose/Arabinose/Galactose Pelargonidin g;g'cutf)‘;ze/’*rab'”ose/
JINSEN . . .

! have a high anthocyanin content — cannot be cultivated, are hard to har- ) - )

Gotu Kola . , OH H Glucose/Arabinose/Galactose Cyanidin 3-Glucose/Arabinose/Galactose
: vest and process, and therefore are one of the most expensive botanical ) — )
Hoodia : } . . . i OH OH Glucose/Arabinose/Galactose Delphinidin 3-Glucose/Arabinose/

o ingredients in the health food industry. The high price of the extract makes Galactose

ava nava . . .
Manaostns it more SUSC@pUb'e to adulteration. OCH, OH Glucose/ Arabinose/Galactose Petunidin 3-Glucose/Arabinose/
B , , . " Galactose
NIk Thistle Bilberry extracts are widely used in nutritional supplements and phar- - — -

. . . . . . . . OCH, H Glucose/Arabinose/Galactose | Peonidin 3-Glucose/Arabinose/Galactose
Nitidine Chioride maceuticals for improving visual acuity and treating circulatory disorders.
. . . . e . ucose/Araninose/Galactose alvidin o5-Glucose/Araninose/Galactose
OCH, | OCH, | Glucose/Arabinose/Galact Malvidin 3-Glucose/Arabinose/Galact

Pheonolic Adds Chemical and pharmacological studies have identified anthocyanins as
Phytoestrogens the main components responsible for the therapeutic effect of the extracts  Figure 5-4. Basic structure of anthocyanins,
Phytosterols that are used in these supplements. Clinical trials on therapeutic products
Polyphenols using bilberry extracts have shown that a 36% anthocyanin level is effec-
PUnicalagins tive in the treatment of peripheral vascular disease and venous sensitivity.
Resveratrol Application Note 281 describes a sensitive, fast, and accurate HPLC
Schizandrin method to determine anthocyanins in bilberry products. The method uses
St. John's Wort a high-resolution silica-based 2.2 um Thermo Scientific™ Acclaim™ RSLC
Taxanes 120 C18 column and a wavelength of 520 nm to separate, detect, and
Ursolic Acid quantify anthocyanins in several commercially available bilberry nutritional
Vinca and Yohimbine supp|emen’[3,

References



http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/Application%20&%20Technical%20Notes/Chromatography%20Columns%20and%20Supplies/HPLC%20Columns/HPLC%20Columns%20(2.4um%20and%20Smaller)/110929-AN281-HPLC-Anthocyanins-Bilberries-18Jul2011-LPN2848.pdf

Table of Contents
Inroduction Su pplements
Analytical Technologies
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Artemisinin
ki Anth ins in Bilberries Using UHPLC
e nthocyanins in Bilberries Using
Black Cohosh
Hoswerne Ao Column: Acclaim RSLC 120,
Caralluma C18,2.2 um,
- ) Analytical (2.1 x 150 mm)
Caulis Lonicerae Flow: 0.475 mU/min
Chlorophyll Temperature: 35°C
. Injection. Volume: 2.0 uL
Clyclotides Eluent: A: 10% Formic acid
Echinacea B: 10% Formic acid,
: 22.5% methanol, 8 - Table 5-1. Determination of anthocyaning in NIST and USP
Falcarinols
: . 22.5% CH,CN 15 reference samples
Giant Knotweed Rhizome Gradient: 0.0-12.0 min, 9% B
Ginkgo 12.0-25.0 m!n, 352/0 B
, 25.0-30.0 min, 50% B Analyte NIST (ug/mL) | USP (ug/mL)
Ginseng 30.0-35.0 min, 9% B 9 12
Detection: Absorbance, vis 520 nm
Gotu Kola Sample: 125 g/l 13, Dp3Glu 149 12.2
Hoodia 15 Anthocyanin standard 1 2 3 Cy3Gal 8.01 7.00
Kava Kava Peaks: Conc. (ug/mL) mAU ; 20 Cy3Glu 7.59 6.61
‘ 1. Dp3Gal —
Mangostins 2. Dp3Glu 201 Pet3Glu 6.08 514
Milk Thistle 3. Cy3Gal 11.0 4 s 8 19 Peo3Ara 576 5.22
N 4. Dp3Ara — 16
Nitidine Chloride 5. Cy36lu 123 7o 17 PeodGal 1.53 1.45
Pheonolic Acids 6. Pet3Gal — Mal3Gal 2.58 2.24
_— 7. Cy3Ara —
Phytoestrogens 8 Dephindn ~ — J 18]
Phytosterols 9. Pet3Glu 9.91 0T
e —— 10. Peo3Gal 3.91 WV
Polyphenols 11. Pet3Ara _ 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Punicalagins 12. Peo3Glu — Minutes
ﬁ 13. Mal3Gal 8.76
esveralro 14.PeodAa 127
Schizandrin 15. Cyanidin —
—_— 16. Mal3Glu —
St. John's Wort 17 Mal3Ara -
Taxanes 18. Petunidin —
— . 19. Peonidin —
Ursolic Acid 20. Malvidin _
Vinca and Yohimbine Figure 5-5. Separation of 15 anthocyanins and five anthocyanidins on the Acclaim RSLC 120 C18 column.
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Column:

Flow:
Temperature:
Injection Volume:
Eluent:

Gradient:

Detection:
Sample:

mAU

04

Acclaim RSLC 120, C18, 2.2 um,
Analytical (2.1 x 150 mm)
0.475 mL/min

35°C

2.0 uL

A: 10% Formic acid

B: 10% Formic acid, 22.5% methanol,
22.5% CH,CN

0.0-12.0 min, 9% B

12.0-25.0 min, 35% B
25.0-30.0 min, 50% B
30.0-35.0 min, 9% B
Absorbance, vis 520 nm
Nutritional Supplement A

Peaks:
1. Dp3Gal
2. Dp3Glu
3. Cy3Gal
4. Dp3Ara
5. Cy3Glu
6. Pet3Gal
7. Cy3Ara
8. Delphinidin
9. Pet3Glu
10. Peo3Gal
11. Pet3Ara
12. Peo3Glu
13. Mal3Gal
14. Peo3Ara
15. Cyanidin
16. Mal3Glu
17. Mal3Ara
18. Petunidin
19. Peonidin
20. Malvidin

15

16

20
17 1819

Conc. (ug/mL)

217
11.9

10.6

Figure 5-6. Separation of anthocyanins in a sample of bilberry-based Nutritional Supplement A.

Minutes

8 10 12 14 16 18 20 22 24 26 28 30

Anthocyanins in Bilberries Using UHPLC

Column: Acclaim RSLC 120, C18, 2.2 um, Peaks: Conc. (ug/mL)

Analytical (2.1 x 150 mm) 1. Dp3Gal —

Flow: 0.475 mL/min 2. Dp3Glu 20.8

Temperature:  35°C 3. Cy3Gal 10.2

Injection Volume: 2.0 pL 4. Dp3Ara —
Eluent: A: 10% Formic acid 5. Cy3Glu 9.99

B: 10% Formic acid, 6. Pet3Gal —

22.5% methanol, 7. Cy3Ara —

22.5% CH,CN 8. Delphinidin —
Gradient: 0.0-12.0 min, 9% B 9. Pet3Glu 8.40
12.0-25.0 min, 35% B 10. Peo3Gal 1.12

25.0-30.0 min, 50% B 11. Pet3Ara —

30.0-35.0 min, 9% B 12. Peo3Glu —
Detection: Absorbance, vis 520 nm 13. Mal3Gal 3.27
Sample: Nutritional Supplement B 14. Peo3Ara 6.96

15. Cyanidin —

77 16. Mal3Glu —

17. Mal3Ara —

1 18. Petunidin —

19. Peonidin —

20. Malvidin —

15
mAU
16
20
17 19
18
o 4

-0.5 — 77— —T——7——7—

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Minutes

Figure 5-7. Separation of anthocyanins in a sample of bilberry-based Nutritional Supplement B,
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Artemisinin, a sesquiterpene lactone, is the key
ingredient obtained from the species Artemisia annua,
or sweet wormwood, a plant indigenous to Asia, with
St. John's Wort a long history of use as a highly effective antimalarial

Taxanes remedy.
Ursolic Acid

Vinca and Yohimbine

Wormwood grass.
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The artemisinin compound was first isolated in 1972; investigators at the 100+ CH 468
Walter Reed Army Institute of Research located and crystallized the active i
component in 1984, However, in China, the leaves of the sweet worm-
wood have been used for several centuries as an antiparasitic agent and a
treatment for othersystemic disorders, including certain types of cancer.

Caralluma

Caulis Lonicerae .
R [M + DDA]

Chlorophyll

Clyclotides

Echinacea

Falcarinols
Giant Knotweed Rhizome %

321 346 ‘
0 | ! 1 .
300 m/z 600

Figure 5-9. MS Spectrum of artemisinin-dodecylamine adduct, ESI positive, needle voltage: 4 kV,
Artemisinin cone voltage: 50 V.

Nitidine Chloride
Pheonolic Acids
Phytoestrogens
Phytosterols
Polyphenols
Punicalagins
Resveratrol

Schizandrin
St. John's Wort
Taxanes 0

Ursolic Acid Artemisinic Acid Artannuin B

Vinca and Yohimbing Figure 5-8. Siructures of purported natural products found in sweet wormwood.
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R — Column: Acclaim 300 . HPLC- Charged Aerosol Detection Parameters
Caralluma (C18,3 um, 300 A, 2.1 x 150 mm) Mobile Phase: ~ 60% aqueous acetonitrile, pH 3 with 0.1% TFA
. . 6x10°7 Eluent: A: 0.5 mM Dideoxyadenosing (DDA)-1 mM HCOOH Flow Rate: 2mL/min
Laus toncerae B: Acetonitrile 1 Column: C18 4.6 x 75 mm, 3 um
Chlorophyll Gradient: 50% A-50% B Column Temp.: ~ Ambient
_C\yclotid s Sample: ' Tis:ine Injection Volume: 10 pL
—_— Temperature: ~ 35°C Peaks: 1. Arteannuin B
Echinacea Flow Rate: 0.25 mL/min 2. Artemisinin
‘ Injection Volume: 10 pL 3. Artemisinic acid
W Detection: MSQ, ESI+,
Giant Knotweed Rhizome needle voltage: 3.0 kV; 200+ 2
Ginkgo Counts interface temperature: 350 °C; 180- 1 Standards: 3.3 pg each on column
cone voltage: 50V,
Ginseng dwell time: 0.3 s;
L i
Gotu Kola [Artemisinin+DDA]* 468 m/z
- Peaks: 1. Artemisinin
Hoodia
Kava Kava
Mangostins
e o s } T T R T
Nitidine Chloride . - - . o Mintes
Phoonoio Adids. Figure 5-10. Antimalarial drug, artemisinin in pharmaceutical formulation (Tisane). Figure 5-11. HPLC-CAD analysis of Arteannuin B, Artemisinin and Arternisinic Acid.
Phytoestrogens
Phytosterols
Polyphenols Did You Know?
Punicalagins Therapies that combine antimalaria drugs with Artemisinin are not only the
Resveratrol preferred treatment, but are also very well received by patients.
Schizandrin
St John's Wort
Taxanes
Ursolic Acid
Vinca and Yohimbine
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Ashwagandha

Withania somnifera is a woody shrub in the nightshade
family (Solanacea) native to India. Known as
ashwagandha, it is used in Ayurvedic medicine as a
strengthening tonic and to cool the body, typically by

drinking a cup of hot milk containing the powdered root.
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Purported active compounds in ashwagandha include steroidal lactones
isolated from the root, some of which are well resolved by HPLC (below).
Figure 5-12 shows that charged aerosol detection measures several

compounds not readily seen by UV absorbance at 230 nm.

Trivia Question
Q: Do you know what are the most popular Ayurvedic Herbs?
A: The Top 10 Ayurvedic Herbs are:
o Turmeric
o Garlic
® Aloe vera
® Ginger
® Tulsi or Holy Basil (Tulsi)
e Amla (Indian Gooseberry)
e Ashawagandh or Winter Cherry
e Jatamansi or Indian Spikenard
® Neem
 Bhrahmi

Ashwagandha

HPLC System: UltiMate 3000 RS system
Detection: Diode Array Detector DAD-3000RS and
Corona ultra RS Charged Aerosol Detector
Nebulizer temperature: 25-35 °C
Power function: 1.00
Data collection rate: 20 Hz
Column: Accucore C8, 4.6 x 150 mm; 2.6 ym
Column Temp.:  45°C
Flow Rate: 2.0 mL/min
Mobile Phase: A. Deionized water
Mobile Phase: B. Acetonitrile, Optima LCMS
Gradient: 20% B t0 50% B in 6 min; to 95% B in 10 min; hold 10 min
Injection Volume: 1 L
50.0
g
o
7 ;
= 75 £ % "o el
g s0] % EE Withanoside V Withaferin A
£ i35 B 3
Mml g uv
LG E— 000 0 0 |
2
0.0 5.0 10.0 15.0 20.0

Time [min]

Figure 5-12. Comparison between charged aerosol detection and UV absorbance detection for
HPLC separation of ashwagandha extract.
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Bacopa bitter herbs.

Bacopa

Supplements

In Ayervedic medicine Brahmi (Bacopa monnieri) is
purported to enhance mind power (Medhya effect) and
improve all aspects of mental functioning, including
comprehension, memory, and recollection.
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Among the many bioactive ingredients found in Bacopa monnieri are the
triterpene saponins separated below, including Bacoside A3, Bacopa-
side Il, Bacopaside X, and Bacopasaponin C. Compared to HPLC with
low-wavelength UV detection (220 nm), HPLC with charged aerosol
detection offers improved sensitivity.

Charged Aerosol Detection Response (pA)

System:

Column:

Column Temp.:
Flow Rate:
Mobile Phase A:
Mobile Phase B:
Gradient:
Injection Volume:

Bacopa

UltiMate 3000 RS with

Diode Array Detector DAD-3000RS and a
Corona Veo Charged Aerosol Detector:
Evaporation temp.: 35 °C

Power function: 1.00

Data collection rate: 2 Hz

Accucore column C18, 2.1 x 150 mm; 2.6 um
45°C

0.50 mL/min

Deionized water

Acetonitrile, Fisher Scientific Optima LCMS
28%B

1L

Charged
Aerosol
Detection

UV, 220 nm
Detection

r1.2

- 1.0

T T T
Ee » (o]

(Nw) asuodsay AN

-0.2

5

Minutes

0.1
25

Figure 5-14. HPLC-Charged Aerosol analysis of commercially available of Bacopa monnieri extract
(containing Bacoside A3, Bacopaside II, Bacopaside X, and Bacopasaponin C). The first two peaks
are Bacopaside A3 and Bacopaside II. The later eluting peaks include the isomers Bacopasaponin C
and Bacopaside X.

Download the Poster Note: Novel, Universal Approach for the Measurement of Natural Products in a Variety of Botanicals and Supplements, Part 2

(A
O


http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/D22381~.pdf

Table of Contents

Introduction

Analytical Technologies
Anthocyanins
Artemisinin

Ashwagandha
Bacopa
Black Conosh
Boswellc Acids
Caraluma

Caulis Lonicerae
Chlorophyll

i

- V_Vho/e black cohosh.

Black Cohosh

Extracts of black cohosh (Cimicifuga racemosa) have
been used since the 1950s to relieve symptoms of
menopause, including hot flashes, and a number of
clinical trials have supported this use. In addition,
research has found that black cohosh may improve
neurovegatative symptoms and psychological
complaints associated with hormonal deficiencies

in women, and may offer an alternative to traditional
hormone therapy. Although the mechanism of action of
black cohosh is not yet well understood, it is believed
that the triterpene glycosides present in black cohosh
(including 27-deoxyactein, actein, cimiracemoside F,
and others) are bioactive.
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Quantitation of the triterpene glycosides is challenging because many do not
possess a chromophore that absorbs above 200 nm. As a result, high-
performance liquid chromatography-evaporative light scattering detection
(HPLC-ELSD) has become the most accepted technique for the quantitation

27-Deoxyactein

Hov

OH

Cimicifugoside

Figure 5-15. Chemical structures of the triterpene glycosides present in black cohosh.

Black Cohosh

of the triterpene glycosides in black cohosh. This technique is used in the

Institute for Nutraceutical Advancement (INA) Method 113.007. However,
ELSD suffers from poor sensitivity, highly non-linear calibration curves, and
poor reproducibility.

Cimiracemoside F
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Although evaporative light scattering detection has become the most
accepted technique for the quantitation of the triterpene glycosides in
black cohosh, the method suffers from poor sensitivity and highly

3.5, 2
Sample: 27-Deoxyactein Standard Solution,
~10 pg/mL
Traces: A. CAD detector
B. ELSD detector
Peaks: 1. Epi-actein - 11.979
2. 27-Deoxyactein - 14.855
1
mV
A
1 W
0 M
05 T T T T T T 1
0 5 10 15 20 25 30 36
Minutes

Figure 5-16. Overlay of chromatograms of 27-Deoxyactein standard solution.

Did You Know?

Other names for black cohosh include black snakeroot, bugwort, rattleroot,
rattieweed, and bugbane.

Black Cohosh

nonlinear calibration curves. The Corona Charged Aerosol detection

shows less complex calibration curves and is more sensitive than ELSD.

Download Customer Application Note 113: Determination of Triterpene Glycosides in Cimicifuga racemosa (Black Cohosh) by HPLC-CAD
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System: Thermo Scientitfic Dionex Summit*
Column: Fused-Core C18, 2.7 pm, 4.6 x 150 mm
Flow: 1.00 mL/min
26-Deoxycimifuoside + Cimiracemoside A - 14.366 Injection Volume: 10 pL
45: Cimifacemoside C & E - 18.530 Mobile Phase:  A: 0.1% Formic acid in water
B: Acetonitrile
Gradient: 30% B to 40% B from 0-12 min; 4
0% B to 60% B from 12—36 min
tol Xyloside - 15.294 Detection: Charged Aerosol Detection

*Equivalent or improved results can be obtained using an
UltiMate 3000 HPLC System

257 37: 27-Deoxyactein - 14.998

Caralluma 36: Actein - 14.759 52: Cimicifugoside - 20,611

Caulis Lonicerae

Chlorophyll

Clyclotides 18: Cimiracemoside F - 8.197

Echinacea pA : Epi-actein - 11.89

Falcarinols

Giant Knotweed Rhizome
Ginkgo

Ginseng |
Gotu Kola
Hoodia 5 . . . . . . .
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o
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Mangostins Figure 5-17. Black cohash sample chromatogram using the Corona Charged Aerosol Detector.
Milk Thistle

Nitidine Chloride
m DidYOLI Know? 10 20 30 40 50 ﬁg 70 80 90 100 110 120

W Data from the National Health and Nutrition Survey (2003 to 2006) suggest

Phytosterols that about one-half of American adults use dietary supplements and 20 percent B .
Palyphenols use a supplement with at least one botanical ingredient. Between 1994 and
Punicalagins 2008, the number of dietary supplement products on the market increased

Resveratrol from 4,000 to 75,000.

Schizandrin

St. John's Wort

Taxanes

Ursolic Acid

Vinca and Yohimbine 0 10 20 30 40 50 60 70 80 90 100 110 120
bg

Figure 5-18. The 27 deoxyactein calibration curves using (A) the Corona CAD detector and (B) an
ELSD detector.

o
()]
S
&>
N
o
N
(€2}
w
o
w
(o))
Area [mV*min]

o =
[S2 )
L L

o

o

—_
IS

— —_
o N
+

Area [mV*min]

o N~ OO

References

Thermo

SCIENTIFIC

o0



Table of Contents

Introduction

Analytical Technologies
Anthocyanins
Artemisinin

Ashwagandha
Bacopa
Black Conosh
Boswellc Acids
Caraluma

Caulis Lonicerae
Chlorophyll

Boswellia serrata.

Boswellic Acids in Boswellia

Boswellia is a plant that contains triterpenoid
compounds called boswellic acids. Boswellic acid and
its derivatives have anti-carcinogenic, anti-tumor, and
blood lipid lowering activities. Dried extracts of the resin
of the Boswellia serrata tree have been used since
antiquity in India to treat inflammatory conditions.
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gl B llic Acids in B I
— oswellic Acids in Boswellia
Black Cohosh
Boswellic Acids i
——— Column: Reversed Phase, 150 x 4.6 mm Column: Reversed Phase, 150 x 4.6 mm
Caralluma Flow: 1.50 mL/min Flow: 1.50 mL/min
- : Temperature: 25°C Temperature: 25°C
Caulis Lonicerae o perature:
JR—— Injection Volume: 50 pL Injection Volume: 50 L
Chlorophyll Mobile Phase: A: Acetonitrile:Water: Phosphoric Acid, 85% (80:20:0.1, v/AiA) Mobile Phase: A: Acetonitrile:Water: Phosphoric Acid, 85% (80:20:0.1, vAvA)
Clyclotides B: Acetonitrile B: Acetonitrile
e — Gradient: 100%A~100%B over 15 min, hold at 100% B for 5 min Gradient: 100%A~100%B over 15 min, hold at 100% B for 5 min
Echinacea Detection: UV, 210 nm Detection: UV, 250 nm
Falcarinoks Sample Preparation: Approximately 500 mg of sample is extracted with 100 mL Sample Preparation: Approximately 500 mg of sample is extracted with 100 mL
B of acetonitrile and a 10-fold dilution made with acetonitrile of acetonitrile and a 10-fold dilution made with acetonitrile
Giant Knotweed Rhizome Peaks: 1. 11-keto-B-Boswellic acid Peaks: 1. 11-keto-ot-Boswellc acid
Ginkgo 2. 3-acetyl-11-keto-B-Boswellic acid 2. 3-acetyl-11-keto-oi-Boswellic acid
- 3. oi-Boswellic acid
Ginseng 4. B-Boswelic acid 507 1 9
Gotu Kola 5. 3-acetyl-o-Boswellic acid
- 6. 3-acetyl-B-Boswellic acid
Hoodia 82.4-
Kava Kava
Mangostins 4
Milk Thistle mAU
Nitidine Chloride 6
Pheonolic Acids Al 2 3
Phytoestrogens 5
—_— 1 L,\.,J PN W N
Phytosterols ‘M
B — 5.0 - - -
Palyphenols 0 5 10 15 20
Punicalagins -4.9 - . - . Minutes
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Resveratrol Minutes Figure 5-20. Determination of boswellic acids in boswellia extracts, UV at 250 nm.
Schizandrin
_ Figure 5-19. Determination of boswellic acids in boswellia extracts, UV at 210 nm.
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Polyphenols ) , , .
— The edible cactus Caralluma fimbriata is used

throughout India both as a food and to suppress hunger
and enhance endurance.
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The active ingredients in Caralluma fimbriata are believed to include oxy-
pregnane glycosides. As with the triterpenoids in black cohosh, many of
the oxypregnane glycosides are not well detected by low-wavelength UV
absorbance. Charged aerosol detection measures the analytes with higher
sensitivity than UV while also showing less baseline rise from the mobile
phase gradient,

o

P )J\
OR, °©

Y Sugar-O R,
Basic backbone for

pregnase-based molecules Example pregane glycoside from caralluma

Figure 5-21. Chemical structures of active ingredients in caralluma.

pA

System:

Column:
Column Temp.:
Flow Rate:
Mobile Phase A:
Mobile Phase B:

Caralluma

UltiMate 3000 RS with

Diode Array Detector DAD-3000RS

and a Corona Veo Charged Aerosol Detector
Evaporation temperature: 35 or 50 °C

Power function: 1.00

Data collection rate: 2Hz

Accucore C8 column, 4.6 x 150 mm; 2.6 ym
45°C

2.0 mL/min

Deionized water

Acetonitrile, Fisher Scientific Optima LCMS

Gradient: 40% B 1o 47% B in 2.5 min;
10 95% B in 12.5 min; hold 10 min
Injection Volume: 10 pL
- 10
/ d °
mAU
J "
T T T T '2
0 5 20 25

Minutes

Figure 5-22. HPLC-Charged Aerosol analysis of oxypregnane glycosides in Caralluma fimbriata
leaf extract.
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Caulis Lonicerae

Caulis lonicerae, the dried rattan of Lonicera japonica
(Caprifoliaceae or honeysuckle family), is an important
traditional Chinese medicine used for the treatment of
such ailments as acute fever, headache, respiratory
infection, and epidermic diseases.
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Caulis Lonicerae

Active Components of Caulis Lonicerae L on o
HO._O O
The major active components in Caulis lonicerae are loganin, sweroside, WOH Q/\)L OH
chlorogenic acid, caffeic acid, rutin, and galuteolin. The Pharmacopoeia i o HO Caffeic Acid
OH Chlorogenic Acid OH

of the People’s Republic of China (PPRC) 2010 regulates Caulis lonicerae OH

with different high performance liquid chromatography methods for the 0y_OCHs
determination of loganin (using a phenyl stationary phase) and chloro- - T

genic acid (using a C18 phase), respectively. Therefore, the PPRC quality o Ho 0o

control (QC) protocols for Caulis lonicerae are inconvenient (requiring "RV Lec 1 | p—
two methods) and inadequate (determining only two target components). I o

Although there are other methods to determine sweroside, caffeic acid, OH I i Nl

rutin, galuteolin, and up to three other minor active components of Caulis OH  OH

lonicerae on a C18 stationary phase using HPLC, these methods require oH o

long separation times (= 25 min) and have insufficient peak resolution HO\O/OHO ~ Sworoside

between loganin and sweroside. HO_ g vgw (

=
OH
O OH
HO 0._.0 O 0|
HO™ “OH Galuteolin
OH OH O

Figure 5-24. Chemical structures of compounds found in Caulis lonicerae.

Figure 5-23. Caulis lonicerae plants; Lonicera japonica (left) and dried rattan (right).
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—_— Column: Acclaim Phenyl-1 4.6 x 150 mm, 3 ym
Caralluma Flow: 1.0 mL/min

Temperature: 30°C

Caulis Lonicerae
Injection Volume: 5 pL

Chlorophyll Mobile Phase:  Acetonitrile, 0.4% formic acid aqueous (v/v)
: Gradient: Acetonitrile, -2—0 min, 17%; 0—4 min, 17-30%; =
Clylotdes 4-6 min, 30-45%; 6-10 min, 45% Did You Know?
Echinacea gg;i‘;t."’": f\vbiﬁﬁ;s”lgﬂcerae same Caulis lonicerag, also known as Japanese Honeysuckle Stem, is often used as
Falcarinols ' B. mixture of standards, 10 jg/mL an anti-inflammatory and anti-spasm agent in traditional Chinese medicines.
Giant Knotweed Rhizome . .
. Peaks: 1. Loganin UV spectra: A1. loganin standard (Peak 1)

Ginkgo 2. Sweroside A2. Peak 1 of sample
Ginseng 3. Chlorogenic acid B1. sweroside standard (Peak 2)

4. Caffeic acid B2. Peak 2 of sample
Gotu Kola 5. Rutin C1. chlorogenic acid standard (Peak 3)
Hoodia 6. Galuteolin (2. Peak 3 of sample

D1. caffeic acid standard (Peak 4)
Kava Kava D2. Peak 4 of sample
Mangostins 600 1 4
Milk Thistle
Nitidine Chloride
Pheonolic Acids
Phytoestrogens mAU
Phytosterols
Polyphenols
Punicalagins 0
Resveratrol
* '1 OO T T T T T T T T T 1
Schizandrin 0 1 2 3 4 5 6 7 8 9 10
St. John's Wort Minutes
Taxanes Figure 5-25. Chromatograms and UV spectra of A) a Caulis lonicerae sample, and B) a mixture of
— standards (10 pg/mL each).
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Chlorophyll

Chlorophyll is a green pigment found in most plants,
algae, and cyanobacteria. Chlorophyll is vital for
photosynthesis, which allows plants to obtain energy
from light. Chlorophyll a and chlorophyll b are present in
plants. There are many claims that are made about the
Vs and Yohimbine healing properties of chlorophyll but most have been
References disproved.

-
=
@
‘
3
e

00



Table of Contents

Introduction

upplements

Analytical Technologies
Anthocyanins

Chlorophyll

Artemisinin

Ashwagandha
Bacopa
Black Cohosh
Boswellc Acids

Because of their high hydrophobicity, chlorophylls can be analyzed by Column: Acclaim RSLC PolarAdvantage Il (PA2), 2.2 ym
, " Dimension: 2.1 x50 mm
HPLC using a reversed-phase column under normal-phase condition HPLC System:  UltiMate 3000 RS

(high organic solvent). The Acclaim RSLC PA2 column offers suitable se- M"b"; I:hase: goggo/ti-; V/u/y CH,CN/MeOH/2M NH,OAc pH 5.4
" . . . . . W . . mL/min
lectivity for high-speed, baseline separation of chlorophylls in spinach leaf Pr%ssufe? 300 bar
Injection Volume: 2 pL
Echinacea Temperature: 30°C
Detection: Visible at 445 amd 655 nm (shown); spectra 220-800 nm
10 Hz data rate, 0.5 sec time constant
Sample: Acetone extract of spinach leaf

450 T <

Caralluma

Caulis Lonicerae
Chlorophyll

Clyclotides

Falcarinols
Giant Knotweed Rhizome

T T T T
220 nm l 800 220 nm 800

Nitidine Chloride O
Pheonolic Acids O

Phytoestrogens

1 655 nm

H mAU

e — 3
Phytosterols Peaks: 1. Lutein

Polyphenols Chiorophyll a 2. Chlorophyll b
- 3. Chlorophyll a

Punicalagins 2 4. Beta-Carotene

Resveratrol

Schizandrin

St. John's Wort
Toanes
Ursolic Acid 0
Vinca and Yohimbine

445 nm

]
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Figure 5-27. Chlorophyll on Acclaim RSLC PolarAdvantage Il column..

Thermo Figure 5-26. Structure of Chlorophyll a.
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Cyclotides

Cyclotides typically contain 28-37 amino acids that
forms a cyclised peptide backbone “locked” in place
by three disulfide bonds. This “cystine knot” gives
cyclotides great stability. Hundreds of cyclotides are
e Viola thought to exist in nature, with dozens being found in

Ursolic Acid h | .
Vinca and Yohimbine eacn plant.
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The fact that cyclotides contain a conserved core of peptides and a series
of hypervariable loops suggest that these peptides may play an important
role in nature including protecting the plant from pests and pathogens.
Cyclotides have been reported to have a wide range of biological activities
including insecticidal, anti-microbial, anti-tumor, anti-HIV, and uterotonic
activities. Although cyclotides can be measured with HPLC-UV absor-
bance detection, the use of HPLC with electrochemical detection provides

superior sensitivity.

Figure 5-28. Structure and sequence of the prototypic cyclotide kalata B1.

Download Poster Note: Cystine, an Essential Determinant of Protein Tertiary Structure, Is Also a Target for Electrochemical Manipulation

Cyclotides

Column: Dionex Acclaim C18, 2.2y, 3 x 75 mm
Column Temp: 45 °C
Mobile phase: A. 50 mM ammonium formate, pH 4.4

B. 65% MeCN, 15% water,

20% 100 mM ammonium formate at pH 4.4
Gradient: 0-15 min, 30-100% B; 15-20 min, 100% B
Flow Rate: 0.5 mL/min

uv: UV1 280 nm, UV2 218 nm
EC: Dionex 6041RS cell with boron-doped diamond electrode,
+1500 mV
Peak: 1. Cycloviolacin 02
0.25 1 1 - 0.20
0.20 A L0.15
__ 015 1 L0.10 €
= 0.05 =
5000 - B [=
0.05- IV
-0.10 1 -0.10
-0.15 T T T T T T T : -0.15
025 250 500 750 10.00 1250 15.00 17.50 20.00
Minutes

Figure 5-29. Overlay of chromatograms for the purified peptide (A) (10 pL of 100 pg/mL) and plant
extract (B) (10 pL of 5 mg/mL).
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Echinacea flowers.

Supplements

k = Echinacea

Herbalists consider echinacea one of the best blood
purifiers and an effective antibiotic. Constituents of
echinacea include polysaccharides, polyacetylenes,
sesquiterpenes, polyphenols, and more. It has
remained one of the top selling herbal remedies in the
United States.
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Artemisinin
Ashwagandha E h -
e cninacea
Black Cohosh
Baswelic Acids Column: €18, 150 x 4.6 mm
Caralluma Flow: 1.50 mL/min Dld YOU KI‘IOW’,
Caulis Lonicerae ITgm;tJ.erat;Jrle: , gg I(_: . (1 .
T njection volume: e Use of distary and herbal supplements has grown dramatically in recent years in
Chlorophyll Mobile Phase: A: Acetonitrile:Water, 85% (90:10 v/v) . ) )
_— B: Acetonitile:Water-Phosphoric Acid, 85% (25:75:0.1, vivi) the United States. In 2007, according to the National Center for Complementary
Clyclotides Gradient: 100%A—100%B over 20 minutes, hold at 100% B for 2 min and Alternative Medicing, $14.8 bilion was spent on non-vitamin, non-mineral,
Echinacea Detection: UV, 330 nm natural products, such as fish oil, glucosamine, and Echinacea.
Falcarnols Sample Preparation: Approximately 250 mg of sample is extracted with
100 mL of acetonitrile:water (10:90, v/v)
Giant Knotweed Rhizome Paaks: 1. Cattaric acid
Ginkgo 2. Chlorogenic acid
‘ 3. Echinacoside
Ginseng 400 4. Cichonic acid 4
Gotu Kola
Hoodia !
Kava Kava
Mangostins
Milk Thistle mAU
Nitidine Chloride
Pheonolic Acids
Phytoestrogens ) ) L
Phytosterols . [ SE—— L__M_JL J I\_/\
Polyphenols 0 5 10 15 20 22
Punicalagins Mintes
_Resveratro\ Figure 5-30. Determination of phenolic compounds in echinacea extracts.
Schizandrin
St John's Wort
Taxanes
Ursolic Acid

Vinca and Yohimbine
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Food plants in the Apiaceae (formerly Umbelliferae)
family (e.g., carrots, parsley, and celery) contain a
Food plants from the group of bioactive C17-polyacetylene compounds,

Apiaceae family.

sometimes referred to as the polyacetylenic oxylipins.

Twanes These compounds have been shown to be highly toxic
Ursolic Acid toward bacteria and fungi and to exhibit a diverse range
Ve and Yonmbine of biological activities in mammals, both beneficial
(e.g., their cytotoxicity is proposed to reduce the risk of
developing cancer) and detrimental (e.g., occupational

Thermo allergic contact dermatitis).
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Three polyacetylenic oxylipins—falcarinol, falcarindiol, and falcarindi-
ol-3-acetate—are natural pesticides produced by carrots in response to
fungal diseases, and have recently garnered significant media attention.

HO
A == o
HO
B % o o E—
— OH
T\
¢
O/e —
— - OH

Figure 5-31. Structures of (A) falcarinol, (B) falcarindiol, and (C) falcarindiol-3-acetate.

e
Falcarinols

System: UltiMate 3000 HPLC
Column: Acclaim RSLC 120 C18, 2.2 pm, 2.1 x 150 mm
Flow: 0.65 mL/min
Temperature: 50 °C
Injection Volume: 5 pL at 10°C
Mobile Phase:  A: Methanol/water/acetic acid (500:500:4);
B: Acetone/methanol/tetrahydrofuran/acetic acid
(500:375:125:4)
Gradient: Mabile Phase B, 0—1 min, 0%, 1-10 min, 40%,
10-15 min, 60%, 15 min, 100%, 15-20 min, 0%
30+ Detection: Charged Aerosol
Peaks: 1. Falcarindiol
7. Falcarindiol-3-acetate
12. Falcarinol
*Remaining peaks are unknown
pA
-1 J
0 1 2 3 4 5 6 7 8 9 0 11 12

Minutes

Figure 5-32. Charged aerosol detection showed good sensitivity with minor interference from

other analytes

Download the Poster Note: Simple and Direct Analysis of Falcarinol and Other Polyacetylenic Oxylipins in

Carrots by Reversed-Phase HPLC and Charged Aerosol Detection
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Giant Knotweed Rhizome

Supplements

Giant Knotweed Rhizome

Giant knotweed rhizome, the dried rhizome and root

of Polygonum cuspidatum Sieb. et Zucc. is a common
medicinal plant in China. Chinese Pharmacopeia
Edition 2005 (Ch. P 2005) regulates its use as an herbal
medicine.
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S Giant Knotweed Rhizome
Black Cohosh

Lo Giant knotweed rhizome is used with the belief that it cures angiocar-

diopathy, skin inflammations, liver diseases, reduces fever, and relieves
arthritis pain etc. There are many compounds that are considered active
components in giant knotweed rhizome, including anthraquinones (for
example, anthraglycoside A, anthraglycoside B, emodin, physcion, rhein,
and chrysophanol) and stilbenes (for example, resveratrol and polydatin).

Caralluma

R
Polydatin Glu
Resveratrol H

Caulis Lonicerae
Chlorophyll

Clyclotides

Echinacea

Falcarinols
Giant Knotweed Rhizome

Rt R2
Anthraglycoside B Glu H
Emodin H H
Physcion H Me
Anthraglycoside A Glu Me

0 OH OH 0  OH

(11 I xr
CH,

0 0 OH

Chrysophanol Rhein

Nitidine Chloride
Pheanolic Acids
Phytoestrogens Figure 5-33. Chemical structures of active components found in giant knotweed rhizome.
Phytosterols
Polphencs
Punicalagins

Resveratrol

Schizandrin

St. John's Wort
Toanes
Ursolic Acid
Vinca and Yohimbine
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Q—Zifiia”m Giant Knotweed Rhizome
Black Cohosh

Boswellic Acids Guard Column: Acclaim 120 C18,5pm,  C-grams: A. H,0

Caralluma 4.3 x 10 mm B. Mixed Standard

‘ . Anal. Column:  Acclaim 120 C18, 5 um, C.#1
Caulis Lonicerae 46 % 250 mm D.#2
Chlorophyll Eluent: (A) CHyCN E #3
Clyclotides (B) 20 mM NH,Ac F. #4 !
I — Gradient: See Table 1 in Peaks: 1. Polydatin Did You Know?
Echinacea below Application Note 2. Resveratrol ‘ ‘ .
T Column Temp.: 30 °C 3. Anthraglycoside B Giant knotweed rhizome, also known as Huzhang, or tiger cane, has been used

‘ ‘ Flow Rate: 1.0 mL/min 4. Anthraglycoside A in traditional Chinese medicines since the first century BC.

Giant Knotweed Rhizome Inj. Volume: 5L 5. Rhein
Ginkgo 300 4 Detection: UV at 254 nm 6. Emodin

- 7. Chrysophanol
Ginseng 8. Physcion
Golu Kola a—g. Anthraquinones
Hoodia
Kava Kava
Mangostins
Milk Thistle
Nitidine Chloride
Pheonolic Acids mAU L
Phytoestrogens L
Phytosterols
Polyphenols L
Punicalagins
Resveratrol L
Schizandrin A L
St. John’s Wort _50
Taxanes 0 2.5 5.0 75 100 125 150 175 200 24.0
Ursalic Acid Minutes

Figure 5-34. Overlay of chromatograms of water (chromatogram A), the mixed standard (chromato-

Vinca and Yohimbine !
—_— gram B), and samples 1-4 (chromatograms C—F, respectively).

References
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Ginkgo biloba leaves and
flowers.

Ginkgo

Supplements

Ginkgo biloba is thought to possess nootropic
activity, and is taken to improve memory and enhance
concentration. Sesquiterpenoid bilobalide and

numerous diterpenoid ginkgolides are believed to be the
active ingredients.
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SR B
Ashwagandha G -
Bacopa I n kg 0
Black Cohosh
w GinkgolideR1 " " Chargedl aeroslol detgotion is able to detect numerous non-volatile com-
— pounds in a Ginko biloba extract.
Caulis Lonicerae A OH H H
Chiorophyl g 8: 8: (l-)1H Column: Accucore C8, 4.6 x 150 mm, 2.6 pm
Clyclotides J OH H OH Flow: 2.0 mL/min
Column Temp.: 45°C
Echinacea M H OH OH Injection Volume: 5 pL
Falcarinols Mobile Phase: A Deionizle('i Watler o '
B: Acetonitrile, Fisher Scientific™ Optima LCMS
Giant Knotweed Rhizome Gradient: 20% B to 50% B in 6 min; to 95% B in 10 min; hold 10 min
Ginkgo Sample Prep..  Sonicate
Ginseng soe
Gotu Kola i
Hoodia ::
Kava Kava e
Mangostins § T
Milk Thistle 200
Nitiing Chloride wof [ JJL
Pheonoalic Acids sd Mkt g
Phytoestrogens o e Time (min) e o
W Figure 5-36. HPLC-Charged Aerosol detection of Ginkgo biloba extract.
Polyphenols Bilobalide
Punicalagins Figure 5-35. Chemical structures of ginkgolide and bilobalide.
Resveratrol
Schizandrin
St. John's Wort
Toanes
Ursolic Acid
Vinca and Yohimbine
References
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/4 Asian ginseng (Panax ginseng) is used traditionally as a

tonic to reduce the effects of stress, counteract fatigure,

and increase stamina. The main bioactive ingredients

found in Panax ginseng and a related species, Panax

St. John's Wort quinquefolius (American ginseng), are triterpene

saponis, commonly referred to as ginsenosides.

There are seven major ginsenosides present in Panax

References ginseng: the protopanazatriols (Rg1, Re, and Rf0 and

the protopaxadiols (RB1, Rc, Rb2, and Rd). Panax
quinquefolius contains the same ginsenosides, with the o

-!-!?EeNrng exception of Rf. o

Ginseng root.
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w Most methods for the analysis of ginsenosides use gradient elution A RO
reversed-phase high-performance liquid chromatography) RP-HPLC with
low-wavelength UV detection (203—205 nm) because the ginsenosides
do not strongly absorb above 205 nm. This often results in strongly slop-
ing baselines that complicate integration, and interferences from minor RO
components that have stronger UV chromophores than the ginsenosides.

Caulis Lonicerae
Chlorophyll

Clyclotides

Echinacea 20S-Protopanaxadiol (R,=R,=H)

Falcarinols
Giant Knotweed Rhizome The Corona Charged Aerosol Detector offers an alternative to low-wave- Ginsenoside | R, R,

Ginkgo length UV detection. Charged aerosol detection does not overrespond Rb1 - Gl (2-1) Glc - Gl (2-1) Gle
Ginseng to strong chomophores, reducing interferences. Baseline slopes are not Rb2 - Gl (2-1) Glc - Gilc (6-1) Gic
ot Kola as pronounced or as variable, making peak area determinations more Rb3 - Glc (2-1) Gle - Gic (6-1) Xyl
(2-1)
(2-1)

- i Re - Glc (2-1) Glc - Glc (6-1) Araf
Hoodia reliable.
Rd - Glc (2-1) Gle - Gle

Rh2 -Gl -Gl
Rg3 - Glc (2-1) Glc - H

Nitidine Chloride
Pheonolic Acids
Phytoestrogens

Phytosterols

HO

Polyphenols OR;  20S-Protopanaxatriol (R,=R,=H)

Punicalagins Ginsenoside R R

1 2
Re - Glc (2-1) Rha - Gle
Rg1 - Gle - Gle
Rg2 - Gl (2-1) Rha - H
Taxanes Rf - Glc (2-1) Glc - H
Ursolic Acid Rh1 - Gle H

Vinca and Yohimbine R1 - Gle (2-1) Xyl - Gle

Resveratrol

Schizandrin
St. John's Wort

ererenees Figure 5-37. Structure of 15 ginsenosides.
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SR B
Artemisinin
gl Gi by Ch dA | Detecti
— inseng by Charged Aerosol Detection
Black Cohosh
Boswelic Acids Syste: UttiMate 3000 RS system Systen: UltiMate 3000 RS system
Caralluma with Diode Array Detector DAD-3000RS and a with Diode Array Detector DAD-3000RS and a

- ) Corona ultra RS Charged Aerosol Detector Corona ultra RS Charged Aerosol Detector:
Caulis Lonicerae Nebulizer temperature: 25-35 °C Nebulizer temperature: 25-35 °C
Chlorophyl Dat coleton s 20Kz Dot colecton ;20
C\yclotides Column: Fused-Core C18 HPLC Column, 3.0 x 100 mm, 2.7 ym Column: Fused-Core C18 HPLC Column, 3.0 x 100 mm, 2.7 pm
— Column Temp: 30°C Column Temp: 30°C
Echinacea Flow Rate: 0.67 mL/min Flow Rate: 0.67 mU/min

- Mobile Phase A: Water Mobile Phase A: Water
Falcarinols Mobile Phase B~ Acetonitrile Mobile Phase B: ~ Acetonitrile

. . Gradient: 15% B t0 35% B in 30 minutes Gradient: 15% B to 35% B in 30 minutes
Giant Knotweed Rhizome Injection Volume: 20 L Injection Volume: 20 L
Ginkgo 55- 6 4Re-236%2  5-R02-24.885
Ginseng 4RO 23112 SRoT-22625 / 6-Ra-27.048
Gotu Kola
Hoodia 1-Rg1-9.893
Kava Kava 5-Rc-24.108
Mangostns A phe-10382 B-R02-25688
Milk Thistle 1-he-27.458
Nitidine Chloride
Pheanalic Acids B 1-Rg1-10.128
Phytoesn'ogens '5 T T T T T T T T T T T T T T 1 -1
Phytosterols 0 2 4 6 8 10 12 ;A“ t16 18 20 22 24 62 28 30 0 2 4 8 10 12 14 16 18 20 22 24 62 28 30
— Inutes i
Polyphenols ) ) Minutes
Punicdlagis Figure 5-38. Fanax ginseng sample chromatogram Figure 5-39. Calibration solution #5 chromatogram (4 pg/mL of each ginsenoside)
Resveratrol
Sehizandrin Table 5-2. Results of the ginsenoside analysis.
St. John's Wort : .
- Ginsenoside | Amount (%)
s Ry 0.0895
U‘rsohc Acid o Re 116
Vinca and Yohimbine R0 236
References RC 0.402
Rb2 0.0505
Rd 0.618 o
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Bacopa I n se n g y
Black Cohosh
Boswellic Acids ) )
- 50 - Column: Acclaim 120 C18, 5um, 4.6 x 150 mm Column: Acclaim 120 C18, 5um, Peaks: 2.Re
Caralluma Mobile Phase: ~ Water/acetonitrile gradient 4.6 x 150 mm 3. Rg1

. . Flow: 1.0 mL/min Mobile Phase: Water/acetonitrile gradient 5. Rb1
Caulis Lonicerae
R —— Temperature: 50 °C Flow: 1.0 mL/min 6. Rc
Chlorophyll Injection Volume: 5 pL Temperature: 50 °C 7.Rg2
_C\yclotides Detection: UV at 203 nm Injection Volume: 5L 8. Rb2
B Sample: Accelerated Solvent Extraction system Detection: UV at 203 nm 9. Rb3
Echinacea extract of Chinese ginseng Sample: Accelerated Solvent Extraction system 11. Rd
Falcarinols Peaks: 2 Re extract of American ginseng 12. Rg3

3. Rl 100 ~
Giant Knotweed Rhizome 4 R? 5
Ginkgo 5. Rb1
- 6. Rc
Ginseng mAU 7. Rg2 2
Gotu Kola 3 8. Rb2
- 9. Rb3
Hoodia 11. Rd 11
Kava Kava 2 12. Rg3
Mangostins mAU
Milk Thistle
Nitidine Chloride
Pheonolic Acids
Phytoestrogens s 12
Phytosterols -5 . . %M 68 \
— 0 10 25 7 9
Polyphenols Minutes .
M Figure 5-40. Ginsenosides from panax ginseng on an Acclaim 120 C18 column. 0 10 ) 25
Resveratrol Minutes
Schizandrin Figure 5-41. Ginsenosides from American ginsengon an Acclaim 120 C18 column.
St. John's Wort
Taxanes
Ursolic Acid
Vinca and Yohimbine
References
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Eleutherosides in Siberian Ginseng Extracts

Eluetherosides are glycosides with aromatic alcohol aglycones. They are
found in Siberian ginseng, and are considered to be responsible for the

plants adaptogenic properties.

Trivia Question

Q: Do you know what the most frequently used Chinese Medicinal Herbs are?

A:The Top 10 Chinese Medicinal Herbs are:
* Ginseng
 Angelica Sinesis or Dang Gui
© Mushroom
 Goji or Wolfberry
e Coptis Chinensis (Chinese goldthread)

502 1
e | icorice Root
e Astragalus
e Ephedra Sinica (Ma Huang)
® Bupleurum U
-45

Column 1:

Flow:
Temperature:
Injection Volume:
Mobile Phase:

Gradient:

Detection:
Sample Preparation:

Peaks:

Ginseng by UV

Acclaim 120 C18, 150 mm x 4.6 mm
1.00 mL/min

25°C

20 uL

A: Water:Acetonitrile (90:10, v/v)

B: Water:Acetonitrile (60:40, v/v)
100% A—100%B over 25 min

uv, 220 nm

Approximately 1 g of sample is extracted
with 100 mL of mobile phase A

1. Eleutheroside B

2. Eleutheroside E

3. Eleutheroside E1

2
1
3
0 10 20 25
Minutes

Figure 5-42. Determination of eleutherosides in Siberian ginseng extracts.
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Gotu Kola

Centella asiatica (commonly called gotu kola) is a
small herbaceous annual plant that is native to India,
Sri Lanka, northern Australia, and other parts of Asia
and the western Pacific. It is used as a medicinal herb
Trsolo Acid in Ayurvedic medicine as well as traditional Chinese
Vinca and Yohimbine medicine for a wide variety of conditions, such as
References improving memory, blood flow, as a wound-healing
agent, and as a topical application for skin conditions
such as ulcers, wounds, and eczema.

Gota Kola leaves.
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— The chemical compounds of interest in gotu kola are usually considered System: UtiMate 3000 RS with Diode Array Detector DAD-3000RS and a
Caralluma . . . Corona Veo Charged Aerosol Detector:
T to be the ursane- and oleanane-type triterpenes and triterpene glycosides. Evaporation temp: 35 or 50 °C
aullS Lonicerae .
T E— Although low-wavelength UV can be used to measure these compounds, Eoyer fltfncttyon: t 12 -30
0ro . e . . . ata collection rate: Z
C\yclotipdeys it suffers from sensitivity and baseline issues — these can be readily Column: Fused-Core C18 HPLC Column, 3.0 x 100 mm, 2.7 ym
‘ overcome by the charged aerosol detector. Interestingly, Figure 5-44 also Column Temp: 35 °C
Echinacea L . Flow Rate: 0.64 mL/min
e — shows that the number of potential interferences are reduced when using Mobile Phase: A, 0.1% formic acid in Water
‘ ‘ the charged aerosol detector, probably as the sample has a number of B. Acetonitrile
Giant Knotweed Rhizome ) Gradient: 18% B t0 22% B in 8 min;
o volatile compounds that absorb low-wavelength UV. 22% B to 45% B from 8 min to 17 min;
9 45% B to 80% B from 17 min to 23 min
Ginseng Injection Volume: 5 pL
Gotu Kola Peaks: 1. Asiaticoside B
Hood 2. Madecassoside3
oodia 3. Asiaticoside
Kava Kava 4, Madecassic Acid
v " 5. Terminolic Acid
angostns . .
. g ‘ 70 - 6. Asiatic Acid 2
Milk Thistle
Nitidine Chloride
Pheonolic Acids
Phytoestrogens
Phytosterols
Polyphenols
Punicalagins Figure 5-43. Asiaticoside structure. 10
Resverairol 0 2 4 6 & 10 12 14 16 18 20 22
Minutes
Schizandrin
St John's Wort Figure 5-44. Comparison of UV and charged aerosol detection response for gotu kola extract.
Taxanes
Ursolic Acid

Vinca and Yohimbine
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Hoodigosides are oxypregnane steroidal glycosides
abundant in Hoodia gordonii and related plants native
S JgmsWort R ectus fower to the deserts of southwestern Africa. This plant is
Taanes used traditionally to ease hunger during long hunting
Ursolic Acid expeditions and enjoys wide use today in dietary
supplements purported to aid in appetite suppression
and weight loss.
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Hoodia

This application highlights the superior sensitivity of HPLC with charged Colurmn: ~ Accucore C18 2.6 ym, 2.1 x 150 mm
agrosol detection for determination of hoodigosides in plant extracts. Fight A

hoodigosides isolated from dried plant material are separated within 15 Gradient: 35% B'o 90% Bin 10 min
min on an UltiMate 3000 RSLC system paired with a Thermo Scientific™ ot voume: o
Accucore™ C18 analytical column. The Accucore column delivers superb 40,  CoumnTemp: — 40°C

resolution with low backpressure and the charged aerosol detector pro-

Evaporation Temp.: 35 °C
E
vides sensitive detection of all non-volatile analytes.

0 g P57

H-C H;C H3C,
/Jm/ 2 Ao
HO o o}
H;CO
OH 04

OCHy OCHs
P57 (aglycone = hoodgogenin . 05 . . . . . . . . . . . .
7—OH 0 1 2 3 4 5 6 7 8 9 10 11 12
o Minutes
‘e . Figure 5-46. Analysis of Hoodlia gordoniihoodigosides in a supplement (10 ng/L).
HO' : < HO .
OH &ho “.. _OHO
20
Hoodistanal O N<OH
OH

(o]
H3C o HiC, 3
/ﬁ)L 0%/ o % o
H4CO o HiCO

Hoodgoside V (aglycone = calogenin)

Figure 5-45. Chemical structures of hoodigosides.

Download Poster Note: Profiling Hoodia Extracts by HPLC with Charged Aerosol Detection, Electrochemical Array Detection,
and Principal Component Analysis
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Kava Kava

Kavalactones are the active ingredient in the roots of the
Kava (or Kava Kava), a shrub commonly found on many
of the Pacific Islands. It is considered to have muscle
relaxant, anticonvulsive, and anesthetic properties. Kava
Treoio Adid preparations are sold in the U.S. as capsules or teas.

Schizandrin Kava root powder.

Vinca and Yohimbine
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Kava Kava

Column: Reversed Phase, 250 x 4.6 mm
Caralluma Flow: 1.00 mL/min
‘ o Temperature: 40 °C
W Injection Volume: 5L
Chlorophyll Mobile Phase: Acetonitrile:lsopropyl Alcohol:0.1% Phosphoric Acid
T in Water (20:16:64, v/v)
W Detection: UV, 246 nm
Echinacea Sample Preparation: Approximately 100 mg of sample is
Falcarinols extracted with 50 mL of acetonitrile
— ‘ Peaks: 1. Methysticin
Giant Knotweed Rhizome 2. Dihydromethysticin
Ginkgo 2101 3. Kavain
- 4. Dihydrokavain
Ginseng R, 5. Yangonin
6. Desmethoxyyangonin
Gotu Kola Figure 5-47. Kavalactone basic structure. yyang
Hoodia
Kava Kava 4
Mangostins mAU ]
Mik Thistle e
Nitidine Chloride 5 %
Pheonolic Acids /\J\
Phytoestrogens 14
Phytosterols 0 10 Minutes 20 %
Polyphenols Figure 5-48. Determination of kavalactones in Kava Kava extracts using UV absorption detection at
Punicalagins 246 nm.
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Mangostins

The juice of the fruits of mangosteen (Garcinia
Mangosteens. mangostana L.; Clusiaceae) has become a popular

botanical dietary supplement in the United States, due
St. John's Wort to its purported role in promoting overall health.
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The primary ingredient alpha-mangostin, a xanthonoid, is perceived to
have a number of biological properties including antioxidant, anticancer
anti-bacterial, and anti-inflammatory activities.

OH O
l l OCHg4
HO (0] OH
Alpha-mangostin

Figure 5-49. Chemical structure of alpha-magostin.

Mangostins

Pump: 3000 DPG-3600RS
Autosampler: 3000 WPS-3000TRS
Detector: DAD-3000RS, 320 nm
Corona Veo, evaporation 50 °C, 5 s filter, 20 Hz, PFV 1.0
Column Thermostat: 3000 TCC-3000RS
Column: Acclaim 120 C18,2.2 ym, 2.1 x 100 mm
Temperature: 30°C
Mobile Phase A: Water
Mobile Phase B: Acetonitrile
Gradient: 0-20 min, 50-90% B; hold at 90% B for 5 min
Flow Rate: 0.5 mL/min
Injection Volume: 10 uL
Sample: ASE extraction of mangosteen pericarp powder
Equipment: ASE 200 Accelerated Solvent Extractor with solvent controller
10 mL stainless extraction cells
Cellulose filters
Amber collection vials, 40 mL
ASE method: Sample size ~0.59
Solvent: 95% ethanol
Temperature: 80 °C
601 Static Time: 5 min 3
Static Cycles: 4
Flush: 60%
Purge: 90 Peaks: 1. 3-iso-mangostin
2. 8-desoxygartanin
3. alpha-mangostin
4. 9-hydroxycalabaxanthone
pA
] ) 4 A. Corona Veo Detection
B. UV Detection
-20 : . T T T T T T T T !

8 10 1I2 14 16 18 20 22 25

Minutes

Figure 5-50. Comparison of UV and Corona Veo detection for xanthones in the same mangosteen

pericarp extract sample.

Download Poster Note: Fast Analysis of Selected Xanthones in Mangosteen Pericarp Using Accelerated Solvent Extraction and UHPLC
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Milk Thistle

The milk thistle plant is native to Mediterranean Europe.
Milk thistle fiowerhead Silybum marianium has long been used as an herbal

S Joms Wort remedy to promote liver health. The seeds, root, and
Taxanes milky sap of the milk thistle contain an antioxidant

Ursolic Acid flavonolignan complex known as the silymarin group.
Vinca and Yohimbine
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The standard method for determination of silymarins in milk thistle fruit
and powdered extracts, Institute for Nutraceutical Advancement (INA)
Method 115. 00, was improved by using a higher efficiency Acclaim
RSLC 120 C18 2.2 um column. The Corona Veo detector provided more
uniform response for all nonvolatile analytes than did an UV absorbance
detector.

OH
o
o - @ OH
e
HO 0
HO o @[ S o oMo
m ’
CH,OH OH OH
OH OH O
OH O

Isosilybin Silybin

OH o
lo) 5 OH
HO o O o i O ¥

M OMe

OH O OH O
Silychristin Silydianin

Figure 5-57. Chemical structures of the silymarin group.

Did You Know?

According to the National Center for Complementary and Alternative Medicine,
in 2007 in the United States approximately one-third of total out-of-pocket
spending on prescription drugs was spent on natural products. Of that total,
$4.4 billion was spent on herbal supplements.

Milk Thistle

Column: Acclaim 120 C18 2.2 ym, 2.1 x 100 mm

Mobile Phase: A. 80:20 (v/v) 3 mM Ammonium formate,
0.3% formic acid:methanol

B. 20:80 (v/v) 3 mM Ammonium formate,

0.3% formic acid:methanol

Gradient: 15% B to 45% B in 4.4 min

Flow Rate: 0.5 mL/min

Injection Volume: 2 pL

Column Temp.: 40°C

Evaporation Temp.: 35 °C

Silybinin B

pd

Silychristin ~ Silybinin

pA

Dehydrosilybinin

Isosilybinin A
Silydianin

Taxifolin Isosilybinin B

Minutes
Figure 5-52. Analysis of milk thistle supplement (560 ng Silymarin/uL) by HPLC with Charged

Aerosol detection.
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! Nitidine Chloride, Toddalolactone,
’“ and Chelerythrine Chloride

Zanthoxylum nitidum (Roxb.) DC is an important
traditional Chinese medicine. The Pharmacopeia of the
People’s Republic of China (PPRC) 2010 regulates this
dried root as an herbal medicine. Zanthoxylum nitidum
var. fastuosum is another plant in the same genus used
in Chinese folk medicine.

Supplements
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Nitidine Chloride, Toddalolactone,
and Chelerythrine Chloride

Nitidine is the specific active component in the dried root version of
Zanthoxylum nifidum (Roxb.) DC, and nitidine chloride is reported to be
beneficial for both killing and constraining the growth of cancerous cells.
Zanthoxylum nitidum var, fastuosum is another plant in the same genus as
Zanthoxylum nifidum (Roxb.) DC. Although Zanthoxylum nifidum var. fas-
tuosum is not regulated in the PPRC, its dried root is still used in Chinese
folk medicine because some of its reported medical benefits, such as
promotion of blood circulation, pain relief, treatment of gastric ulcers, and
reduction of inflammation, are the same as those reported for Zanthoxy-
lum nitidum (Roxb.) DC.7

Nitidine Chloride

Chelerythrine Chloride Toddalolactone

Figure 5-53. Chemical structures of Nitidine Chloride, Chelerythrine Chloride and Toddalolactone.

Figure 5-54. Top: (A) Zanthoxylum nitidum (Roxb.) DC and (0) root and Bottom: (A) Zanthoxylum
nitidum var. fastuosum and (b) root.

Download Application Note 1008: Determination of Nitidine Chloride, Toddalolactone, and Chelerythrine Chloride by HPLGC
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Boswellic Acids

Caralluma

Gaulis Lonicerag Column: Acclaim LC PA, 3 um, Analytical, 2.1 x 150 mm Column: Acclaim LC PA, 3 um, Analytical, 2.1 x 150 mm
W Mobile Phase: 25 mM ammonium acetate Mobile Phase: 25 mM ammonium acetate

- (pH 4.5 with acetic acid)/acetonitrile (pH 4.5 with acetic acid)/acetonitrile

Clyclotides Gradient: Acetonitrile: 0 min, 20%; 8 min, 30%; Gradient: Acetonitrile: 0 min, 20%; 8 min, 30%;
m 15 min, 70%; 15.5-18 min, 20% 15 min, 70%; 15.5-18 min, 20%

Flow Rate: 0.6 mL/min Flow Rate: 0.6 mL/min

Falcarinols 500  Imiection Volume: 5 L Injection Volume: 5 pL

Giant Knotweed Rhizome Temperature: 30°C Temperature: 30°C

Detection: UV absorbance at 273 nm Detection: UV absorbance at 273 nm

Ginkgo 1404
3 2

Ginseng
Gotu Kola
Hoodia

Kava Kava mAU

Mangostins
Milk Thistle
Nitidine Chloride

Pheonolic Acids MM mAU
—_— 01 C

Phytoestrogens

DR 1
Phytosterols 1 L[S — | LW

Polyphenols B [l A

Punicalagins
Punicalagins B | X
Resveratrol A ~

Schizandrin

St. John's Wort -300 T T : . . . ) A
—_— 0 2 4 6 8 10 12 14 16 18 e
Taxanes Minutes 80

el Ae Figure 5-55. Chromatogram of a Zanthoxylum nitidum (Roxb.) DC sample. 0

10 15 18
Minutes

o

Vinca and Yohimbine
References Figure 5-56. Analysis of a nitidum toothpaste sample.
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Dried fruit.

Phenolic Acids

Phenolic acids are found throughout the plant kingdom

where they serve various roles, from structural to protective.

Many phenolic acids occur naturally, and are categorized
based on whether they contain a hydroxycinnamic acid or
hydroxybenzoic acid backbone. Many studies suggest that
consumption of foods containing phenolic acids may offer
health benefits. Fruits, and especially dried fruits (where
nutrients are concentrated during processing), are good
sources of phenolic acids.
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Artemisinin
Ashwagandha - - d
Bacopa PhenOIIC ACI S
Black Cohosh
Boswellic Acids , , , , , . . - . -
— Research interests in phenolic acids also arise for food quality because Chromatographic Conditions Mass Spectrometric Conditions
Caralluma . . . " Column: Acclaim Mixed-Mode WAX-1 lonization Interface: Electrospray
T e they are associated with color, sensory qualities, and nutritional and (150 x 2.1 mm. 5 pm) ionization (ES)
— antioxidant properties. Recent interest has focused on their antioxidant Column Temp.: 50 °C Detection Mode:  Selected ion
Chlorophyll , . ) L Mobile Phase:  A: CH,CN 83% monitoring (SIM)
Cyooides properties and potential health implications. B NH.0AC 200 mm NeedleTemp: 500 °C
. f . pH 4.6 5% Needle Voltage: 2000V
Echinacea Instrumentation for Figures 5-57 and 5-58 C:H,0 12% Cone Voltage: 60V
Falcarinals e Ultimate 3000 HPLC Systern with dual ternary pump, ASI-100 autosampler, TCC-100 colurn Flow Rate: 0.5 mL/min Span: 0.5amu
T Kowwesd Rhizome temperature compartment, and UVD340U detector Injection Volume: 5 pL ﬁ‘g‘:\"gﬂier 0.2 s for each SIM
Ginkgo e MSQ Plus single quadruple mass spectrometer with electrospray ionization (ESI) interface Gas Pressure: 80 psi
Sren * Chromeleon (6.8, SP3) CDS software and Xcallour (1.4) i s Sca” Frents: Seg f‘b'e;mfﬂ‘” detals
ame L ame L
Gotu Kola 1. Sinapic acid 57 2231 9. Benzoic acid 10.3 1210
Hoodia 2. Ferulic acid 6.2 1931 10. o-coumaric acid 10.9 1631
3. Veratric acid 6.7 181.1 11. m-coumaric acid 11.6 1631
Kava Kava 4. p-coumaric acid 7.3 1631 12. Caffeic acid 11.8 1790
Vlanqostins 5. Vanillic acid 75 167.0 13. Salicylic acid 125 1371
g_ 6. Syringic acid 75 1971 14. Protocatechuic acid  14.0 1530
Milk Thistle 7. p-hydroxybenzoic acid 8.1 137.1 15. Gentisic acid 16.3 1530
We@hloﬂde 8. Cinnamic acid 8.8 1471
Pheonolic Acids
Phytoestrogens =
Phytosterols §
Polyphenols s
Punicalagins (é
— w
Resveratrol
Schizandrin
St John's Wort 40+
Taxanes
Ursolic Acid mAU
Vinca and Yohimbine
_1 T T T T T T

References
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Figure 5-57. SIM and UV chromatograms of 15 predominant naturally occurring phenolic acids. SIM

Th erm o chromatogram is normalized to 100% of the greatest peak in each channel. oi
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W Chromatographic Conditions Mass Spectrometric Conditions
Caralluma Column: Acclaim Mixed-Mode WAX-1 lonization Interface: Electrospray
Caulis Lonicerae (150 x 2.1 mm, 5 ym) ionization (ESI)
R Column Temp.: 50 °C Detection Mode:  Selected ion
Chlorophyll Mobile Phase:  A: CH,CN 83% monitoring (SIM)
Civelofides B: NH,0Ac 200 mm Needle Temp.. 500 °C
yclotdes PH 4.6 5% Needle Voltage: 2000V
Echinacea C:H,012% Cone Voltage: 60V
Falcarnols Flow Rate: 0.5 mL/min Span: 0.5amu
Injection Volume: 5 L Dwell Time: 0.2 s for each SIM

Giant Knotweed Rhizome N2 Nebulizer
Ginkao Gas Pressure: 80 psi

g 600~ Scan Events: See Table 1 for details.
Ginseng
Gotu Kola UV, WVL: 225 nm
Hoodia mAU
Kava Kava
Mangostins
Milk Thistle !
Nitidine Chioride 0 2 4 6 8 10 12 14 16 18 20 /
- - il
Pheonolic Acids - gentisic N
T— . prhydroxybenzoic protocatechai
Phytoestrogens /L —/\\J\#
Phytosterols o
S p-coumaric salicylic
Polyphenols
Punicalagins L WS, SIM
_g syringic m-coumaric
Resveratrol fertlic \\AMQCOW\\
Schizandrin m_{l{,\, oatfeio
St. John's Wort S J\/M
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—_— Minutes
References . S
E— Figure 5-58. SIM and UV chromatograms of phenolic acids in green tea.
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—EOS\A‘/‘SMC Lo ORAC Table 5-3. Ranking of antioxidant capacity of fruits and vegetables based on ORAC testing.
draliuma

Caulis Lonicerae Oxygen radical absorbance capacity (ORAC) is a method of determining Rank Food item ‘ Serving Size | Total Antioxidant Capacity

Chiorophyll the effective antioxidant strength of fruits, vegetables and spices. Often per Serving Size

Clyclotides tables of data are presented (e.g., Table 5-3) ranking foods based on their | Smal Red Bean (dried) Half cup 13727

Echinacea antioxidant capacity. 2 Wild blueberry 1 cup 13,427

Fakcarinos Originally, the United States Department of Agriculture (USDA) published 9 |Fedkdney bean (ded) | Hallcup 15259

Giant Knotweed Rhizome extensive tables of ORAC data for numerous foods and beverages but in g ;mobbean — Ta” P 1;?3

Ginkgo 2012 withdrew its web publication of ORAC values due to the absence of Leberry (cutiated) P :

Ginseng scientific evidence that ORAC has any biological significance. 0 C@nberry 1 cup {wihoke) 8,989

Gotu Kola 7 Artichoke (cooked) 1 cup (hearts) 7,904

Hoodia 8 Blackberry 1 cup 7,701

Kava Kava 9 Prune Half cup 7,291

Mangostins 10 Raspberry 1 cup 6,058

Milk Thistle 1 Strawberry 1 cup 5,938

Nitidine Chloride 12 Red Delicious apple 1 whole 5,900

Pheonolic Acids. 13 Granny Smith apple 1 whole 5,381

Phytoestrogens 14 Pecan 1 ounce 5,095

Phylosterols 15 Swegt cherry 1 cup 4,873

Polyphenols 16 Black plum 1 whole 4,844

Punicalagins 17 Russet potato (cooked) 1 whole 4,649

Resveratrol 18 Black bean (dried) Half cup 4,181

Schizandrin 19 Plum 1 whole 4,118

St Johr's Wort 20 Gala apple 1 whole 3,903

Taxanes

Ursolic Acid

mohimbine

References
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Pommegranate, a source
of phytoestrogens.

Phytoestrogens

Phytoestrogens are widely occurring plant-derived
chemicals that have estrogenic activity in animals
(nonsteroidal estrogens). There are three major
classes including coumestans, isoflavones, and
lignans. Phytoestrogens also show antioxidant, anti-
inflammatory, antiviral, and antifungal properties.
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SLESELE B
Artemisinin
Ashwagandha P h t
— ytoestrogens
Black Cohosh
W 0 Column: 18,150 x 4 mm Peaks: 1. Daidzin
Caralluma & Mobile Phase: 50 mM sodium acetate, 2. Genistein

: . \ H pH 4.8 with 3. Secoisolariciresinol
W O @ acetic acid/methanol/acetonitrile, 4. Dihydrodaidzen
Chlorophyll HO 0] 40:40:20 (vAVA) 5. Daidzein
m OH Gradient: Initial conditions of 20% 6. Enterodiol
B — A. Coumestrol (a coumestan) B. Daidzein the aglycone of daidzin mobile phase B and a linear gradient 7. Matairesinol
Echinacea HO OH (an isoflavone) to 100% B over 25 min; 8. Dihydrogenistein

‘ 5 min hold at initial conditions 9. Equol
HO OH

W Flow Rate: 0.6 mL/min 10. Enterolactone
Giant Knotweed Rhizome Temperature: 37 °C 11. Genistein
Ginkao 1 Potentials: 120, 320, 380, 440, 500, 12. 0-Desmethylangolensin

g 560, 620, and 680 mV vs Pd 13. Anhydrosecoisolaresinol
Ginseng

o] |
Gotu Kola HO o OH Standards 7 9
1 3 5l 81011 43
Hoodia O O 2 6 12
Kava Kava 2 ¥ :
Mangostins C. Enterodiol (1) and Enterolactone (2) are mammalian lignans
M Figure 5-59. Coumestans: (A) Coumestrol is the most highly studied coumestan. The primary ) ' . ' ' ' ' '
Nitidine Chloride source is legumes, especially alfalfa. (B) Isoflavone is a type of flavonoid. The primary source is Veggie Burger 2
Pheonolic Acids soybeans. Daidzein, genistein, and equol are of high interest. (C) The plant precursor lignans = 1 5 1
e —— secoisolariciresinol and matairesinol are converted to their active mammalian forms enterodiol and 5 P N\ 4&@:
Phytoestrogens . ) I ‘ 3 A \ A —
B — enterolactone following consumption. Their primary source is flaxseed. s
Phytosterols 2
— o
Polyphenols ] ' ' ' ' '
Punicagrs Plasma
Funcaagns 3 56 9 11
Resveratrol :H_A_A ll 2
Schizandrin BN (— e
St John's V AN -y X
Taxanes
Ursolic Acid . . . . . .
T 10 20 30 40 50 60
Jneaand o Minutes
References Thanks to Drs. Nurmi and Adlercreutz
Figure 5-60. Global phytoestrogen method.
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SREELE B
Artemisinin
Ashwagandha P h t
— ytoestrogens
Black Cohosh
Boswellic Acids
R — Soy Isoflavones Column: C18 4.6 x 35 mm; 3 ym
Caralluma Mobile Phase: 5% ACN in 0.1% Acetic Acid
Caulis Lonicerae Column: Acclaim 120 C18, 150 x 4.6 mm Flow Rate: 1.5 mL/min
N — Flow: 120 mL/min Column Temp.: ~ Ambient
Chlorophyl Temberature: 45 o0 Injection Volume: 10 L (2 g on column)
Clyclotides Injection Volume: 10 L Detection: Chargedl Aerosol
E— Mobile Phase: A: 0.1% Phosphoric Acid in Water Peaks: 1. Daidzin
Echinacea "

‘ B: Acetonitrile 2. Glycitin
Falcarinols Gradient: 100%A-90%B over 40 minutes 3. Genistin

: : Detection: UV, 260 nm
Giant Knotweed Rhizome ' 1
: Sample Preparation: Approximately 5 mg of each reference standard is dissolved in 3504
Ginkgo dimethylsulfoxide and water:acetonitrile (60:40, v/v) 2
Ginseng Peaks: 1. Daidzin
2. Glycitin
Gotu Kola 3. Genistin
Hoodia 4. Daidzein 3
5. Glycitein my
Kava Kaya 9304 6. Genistein 6
Mangostins
Milk Thistle 3 4
Nitidine Chloride 12 50
Pheonolic Acids 5 : . : ‘ .
0 1 2 3 4 5

Phytoestrogens mAU Minutes
Phytosterols
R Figure 5-62. Analysis of soy isoflavones using HPLC with Charged Aerosol detection.
Polyphenols
Punicalagins
Resveratrol b L
Schizandrin 0 10 20 30 20
St John's Wort Minutes
Taxanes Figure 5-67. Determination of soy isoflavones in soy extracts using HPLC with UV detection.
Ursolic Acid
Vinca and Yohimbine
References

SCIENTIFIC

o0



Table of Contents

Introduction
Analytical Technologies
Anthocyanins

Phytoestrogens

Artemisinin

Ashwagandha
Bacopa
Black Cohosh
Boswellc Acids

Soy Isoflavones Aglycones Coumestans and Lignans

Caralluma

Caulis Lonicerae
Column: €18 4.6 x 35 mm, 3 ym Column: (18 4.6 x 35 mm, 3 ym

Chiorophyl 300- Flow: 1.5 mL/min Flow: 1.5 mL/min
i Column Temp.:  Ambient ColumnTemp.:  Ambient
Clyclotides S I )
- Injection Volume: 10 pl (200 ng on column) Injection Volume: 10 pl (200 ng on column)
Echinacea Mobile Phase: ~ 30% MeCN in 0.1% Acetic Acid Mobile Phase: 30% MeCN in 0.1% Acetic Acid
Falcarinols Detection: Charged Aerosol Detectlion: Charged Agrosol
. ‘ Peaks: 1. Daidzein Peaks: 1. Enterodiol
Giant Knotweed Rhizome mv 5. Genistein 1 2. Coumestrol
Ginkgo 1 700 3. Enterolactone

Gotu Kola 2

3
- 2
Hoodia 50_—J k
Kava Kava
T T T T T T 1 mV

Mangostins 0 0.5 1.0 15 20 25 3.0 35 40
Milk Thistle Minutes

Nitdine Chioride Figure 5-63. Analysis of soy isoflavone aglycones using Charged Aerosol detection.
Pheonolic Acids

Phytoestrogens 01 ,

Polyphenols Dld YOU KHOW?

Punicalagins Soybeans were first domesticated in China around the 11th century BC. Soy-
bean ail accounts for about 80% of all the vegetable oils and animal fats (lard,
butter, etc.) consumed in the U.S. each year. In 2007, farmers in the US planted
R about 70 million acres of soybeans — accounting for 46 percent of the world's
St. John's Wort soybean production.

Taxanes

Ursolic Acid
Vinca and Yohimbine

0 1 2

Phytosterols Minutes 8

Figure 5-64. Analysis of coumestans and ligans using Charged Aerosol detection.

Resveratrol
Schizandrin
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Anthocyenig I
Artemisinin
Ashwagandha
— Phytoestrogens
Black Cohosh h
Boswellic Acids . 500
L . . 4.6 x 150 mm
Caulis Lonicerae Red clover is rich in isoflavones that may have useful pharmaceutical Mobile Phase: A, oﬁ% HPO, in D.1. H,0
Chiorophyl properties. Accelerated Solvent Extraction is a convenient, automated B. Acetonitrile
, Gradient: 10% B to 76% B over 35 min
Clyclofides process that uses heat and pressure in a closed cell to extract samples Flow Rate: 1.2 mUmin
Echinacea with reduced time and solvent consumption. The high resolution of the Injection Volume: 10 L
, \ ) , \ Detection: UV, 260 nm

Falcarinols Acclaim C18 column gives a clean separation even with this complex Peaks: 1 Genistin
Giant Knotweed Rhizome sample matrix. 2. Ononin

i 3. Sissotrin
Ginkgo mAU 4. Formononotin
Gmseﬂg 5. Biochanin A
Gotu Kola 5
Hoodia 4
Kava Kava
Mangostins 5 3
Milk Thistle
Nitidine Chloride __} L_MMJLAM
Pheonoalic Acids 0+
Phytoestrogens 0 é 1b . 1'5 2'0 2'5
—_— inut
Phytosterols s
Polyphenols Figure 5-65. Isoflavones in red clover. Samples were prepared by Accelerated Solvent Extraction.
Punicalagins
Resveratrol
Schizandrin
St. John's Wort
Taxanes
Ursolic Acid

Vinca and Yohimbine
References
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Clyclotides

Echinacea

Falcarinols
Giant Knotweed Rhizome
Ginkgo
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Phytosterols

Phytosterols are a group of naturally occurring steroid
alcohols found in plants, which can occur in foods as
the free form or as esters with fatty acids/cinammic
acid or glycosides. They are key structural components
Taxanes of plant cell membranes, assuming the role that

Ursolic Acid holest | Dl . I I
Vinca and Yohimbine cnolesterol plays In mammailian cells.
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There is considerable interest in phytosterols as dietary supplements as
they are reported to lower cholesterol levels and also have a positive
impact on cardiovascular diseases. However, recent research suggests
that phytosterol supplementation may aggravate atherosclerosis and lead
to aortic valve stenosis.

The chemical structures of five standards, cholesterol, campesterol, stig-
masterol, B-sitosterol, and stigmastanol, are shown. These compounds
lack a good chromophore, requiring UV detection below 210 nm, or they
need to be derivatized with TMS for GC analysis. Phytosterols measured
by gas chromatography is time consuming since it requires saponifi-
cation of the sample, several extractions steps, and then derivatization.
Poster Note 70986 presents a simplified method using reversed phase,
high-performance liquid chromatography (HPLC) and electrochemical
detection using a boron doped diamond electrode The latter technigue
requires careful selection of internal standards, complete extractions, and
good reaction yields for quantitative results. These processes can signifi-

cantly add to the time required and analysis costs for sample analysis, Figure 5-66. Structures of five phylosterols

Phytosterols

Cholesterol, R = H
Campesterol, R = CH,
b-Sitosterol, R = CH,CH,

Stigmasterol

Stigmastanol
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Conditions for Figures 5-67 and 5-68

Column:

Pump Flow Rate:
Column Temperature:
Mobile Phase A:
Mobile Phase B:
Injection Volume:
Gradient:

Cell Potential:

Clean Cell Potential:
Cell Clean Duration:
Filter Constant:
Sample Prep:

Accucore C8, 2.6 um, 2.1 x 100 mm

1.00 mL/min

50.0 °C

0.1% trifluoroacetic acid, 50 mM lithium perchlorate in water
0.1% trifluoroacetic acid, 50 mM lithium perchlorate in acetonitrile
2 1L standards and samples

Time %A %8B

-5.00 22.0 78.0

0.00 22.0 78.0

5.00 10.0 90.0

5.50 22.0 78.0

6.50 22.0 78.0

6041RS ultra Amperometric Analytical Cell

with BDD electrode at +1900 mV

+1950 mV

20.0s

2.0s

5-20 L whole blood + 500 pL Mobile Phase B, mix and spin for 10
minutes at 13,000 RPM. The supernatant was transferred into an
autosampler vial and placed onto the autosampler. tray

Phytosterols

1,000
3
Peaks: 1. Cholesterol
2. Campesterol
3. Stigmasterol
4. B-Sitosterol
nA 5. Stigmastanol

|

400 T T T T T
0 05 1.0 15 2.0 2.5 3.0 3.5 4.0 45 5.0
Minutes

Figure 5-67. Overlay of analytical standards (1—40 ng on column).

2,000
Peak: 1. Cholesterol

nA

OJM M

'200 T T T T T T T T Who!e BIOOdl
0 0.5 1.0 15 20 2.5 3.0 35 40 45 5.0
Minutes

Figure 5-68. Overlay of standard vs. whole blood.

Download the Poster Note: Rapid and Direct Analysis of Free Phytosterols by Reversed Phase HPLC with Electrochemical Detection
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Polyphenols

Polyphenols, a large family containing over 5000

T compounds, are widely distributed in plants.

of polyphenols.
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For convenience polyphenols can be categorized as follows:

¢ Anthoxanthins including Flavones (e.g., tangeritin) and Flavonols
(e.0., quercetin)

* Favanones (e.g., hesperetin)
e Favanonols (e.g., taxifolin)

e Favans — Flavan-3-ol (e.g., Catechin) and its polymers
(proanthocyanidins) are the most common

e Anthocyanidins (aglycones of anthocyanins)
e |soflavonoids e.g., the isoflavone genistein

Polyphenols are the major antioxidants consumed in human diets. The
main dietary sources are polyphenol-rich foods and beverages, which
include fruits, fruit juices, tea, coffee, and red wine. Studies suggest that
diets abundant in fruits and vegetables may provide protection against
certain diseases, such as cardiovascular disease and cancer.

Polyphenols

Flavanone

L,

Flavan-3-ol

Anthocyanidin

Figure 5-69. Chemical structures of various polyphenols.
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Anthocyanins

Artemisinin

Ashwagandha

S Polyphenols: Global Method

Black Cohosh

W Column: Acclaim 120, C18, Table 5-4. Peak identifications for Figures 5-71 through 5-73.

Caralluma 3 um Analytical (3.0 x 150 mm) P/N 063691

Caulis Lonicerae Mobile Phase A: 20 mM Sodium Phosphate Monobasic, Peak | Compound | Peak | Compound

—_— 3% Acetonitrile, 0.2% Tetrahydrofuran, pH 3.35 o }

Chiorophyll Mobile Phase B: 20 mM Sodium Phosphate Monobasic, ! Galic Acid 23 Rutin

Clyclotides Voble Phase g?;ﬁwo/;?t:\;f:;ggrl& 10% Tetrahydrofuran, pH 3.45 2 4-Hydroxybenzyl Alcohol 24 Ethyl Vanillin Bourbonal

Echinacea Gradient: 0-2 min, 2% B, 3% C: 30 min, 97% B, 3% C: 3 p-Aminobenzoic Acid uv3 Methoxybenzaldehyde

Falcarinols 45 min, 97% B, 3% C; Curve 7 (concave) 4 3,4-Dihydroxybenzoic Acid 25 4-Hydroxycoumarin
Flow Rate: 0.65 mL/min . .

Giant Knotweed Rhizome Injection Volume: 20 L 5 Gentisic Acid 26 Hesperidin

Ginkgo Detection: g\éagrf]l;ngeggfr: n? %T]ar?:;nze;;n‘ln? nm; 6 2-Hydroxybenzy! Alcohol 27 Naringin

Ginseng EC Detector ' ' ' 7 4-Hydroxybenzoic Acid 28 Rosemarinic Acid

Gotu Kola Parameters: 16 Chapnel Array from 0 to +900 mV in 8 Chloragenic Acid 29 Fisetin

Hoodia Lo pomiinerements 9 | pHydiogphenylacetic Acid 30 | Myicetn

Kava Kava . 1 < | 10 Catechin Hydrate 31 trans-Resveratrol

Mangostins AR g 1| VanilicAcid W4 | Cinnamic Acid

Mik Thistle = S=="¢ == H 12 4-Hydroxybenzaldehyde 32 Luteolin

Nitidine Chloride ~—'L = == = 13 Syringic Acid 33 cis-Resveratrol

Pheonolic Acids - 14 Caffeic Acid 34 Quercetin Dihydrate

Phytoestrogens S w275 m 15 | Vanilin W5 | Apigenin

W 16 Syringaldehyde 35 Kaempferol

Polyphenoals mAU 17 Umbeliferone 36 Isorhamnetin

Punicalagins 18 p-Coumaric Acid 37 Eugenol

Resveratrol . . . . . . . . . i i , uv1 3,4-Dimethoxybenzoic Acid 38 Isoxanthohumol

Schizandrin 0 5 00 80 3 4045055 6D 19 | Salieylic Acid uv6 Chrysin

St. John's Wort ' . ' ' 20 Sinapic Acid 39 Carvacrol

T Figure 5-70. Gradient HPLC with spectro-electroarray detection. Y oo Add 20 Trymol

Ursolic Acid 22 Ellagic Acid Dinydrate 41 Carnosol

Vinca and Yohimbine uv2 Coumarin 42 Xanthohumol

References 43 Camosic Acid

Thermo Download Application Note 1063: Targeted Analysis of Secondary Metabolites in Herbs, Spices, and Beverages 0
SCIENTIFIC Using a Novel Spectro-Electro Array Platform 0
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http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/lc-associations/114824-AN-1063-LC-2ndaryMetabolites-HerbsSpicesBeverages-70713-E.pdf
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Figure 5-71. Nutmeg analyzed using UV detection at 210 nm (A) and EC detection (B). See
Figure 5-70 for conditions and Table 5-4 for peak identifications.

Supplements

Polyphenols

120+ 3 A

mAU

2
Minutes
28 B
9. 43
HA 1
AWJ\“M?WW. e ]
e e e e
;kl Y4 \ =
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Figure 5-72. Rosemary analyzed using UV detection at 218 nm (A) and EC detection (B). See
Figure 5-70 for conditions and Table 5-4 for peak identifications.

o0



Table of Contents

Introduction

Analytical Technologies
Anthocyanins
Artemisinin

Ashwagandha
Bacopa
Black Conosh
Boswellc Acids
Caraluma

Caulis Lonicerae
Chlorophyll

Pomegranates.

 Punicalagins

Antioxidants found in fruits and vegetables or the
juices of fruits and vegetables are known to provide
our bodies with many health benefits. Pomegranate is
one such fruit that contains high levels of antioxidants.
Studies have shown that pomegranate contains more
antioxidants than green tea, cranberries, and even red
wine.
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Punicalagins From Pomegranate

The antioxidants in pomegranates include polyphenols, such as tannins
and anthocyanins. The most abundant polyphenols in pomegranate juice
are the hydrolyzable tannins called punicalagins.

mAU

Figure 5-73. Structure of punicalagin A.

Punicalagins

Instrument: Thermo Scientific Dionex HPLC System
Detection: UV-vis

Mobile Phase A: 1% Formic Acid in Milli-Q Water
Mobile Phase B:  Acetonitrile

Gradient Program:

Time (min) %A %B

0 95 5

18 85 15

20 35 65

25 95 5

30 95 5

Column: Acclaim Polar Advantage PA Il
150 x 3.0 mm, 3 um particle

Flow Rate: 1.0 mL/min

Temperature: 30°C

Injection Volume: 10 pL 2

UV Detection: 260 nm

Peaks: 1. Punicalagin B

2. Punicalagin A

5 10 15 20 25 30
Minutes

Figure 5-74. Punicalagins mixed standard.

Download Customer Application Note 106: Determination of the Punicalagins Found in Pomegranate by HPLC
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Resveratrol (3,5,4’-trinydroxy-trans-stilbene) is a
stilbenoid. It is a phytoalexin produced by some plants
when they are attacked by pathogens such as bacteria
and fungi. Resveratrol is found in skin of red grapes and
in other fruits.
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e The major commercial source of resveratrol is from the roots of Japanese ~ Column: Acclaim 120 C18, 3 ym, 3.0 x 250 mm
I knotweed (Polygonum cuspidatum). Resveratrol is purported to have a EA“O”;Iﬁ’e ases. /Li”'““,l/';fa':;emo RS
Gl number of health benefits including life extension and protection against B. 0.02% H.PO, (v/)
—_— cardiovascular disease, cancer, and diabetes. Gradent:
Clyclotides Time: -8 0 2 12 13

: A 40 40 40 75 90
~Chinacen B 60 60 60 25 10
Falcarinols Flow: 0.60 mL/min
Giant Knotweed Rhizome Temperature: TCC-3100 at 25 °C

- | Injection Volume: WPS-3000 RS sampler at 2 pL
Ginkgo Buyer Beware! Detector: DAD-3000 RS LV at 310 nm
Ginseng When buying dietary supplements, the manufacturer may not fully disclose the Chromatograms: Spectral confirmation, 200-450 nm Samole Preparation:
Gotu Kola content or form of the active ingrgdient. In these examples, one vendor supplied A. Brand #1; 17 mg resveratrol 1. Weigh contents of capstle
Hoodia resveratrol, two others suppled mixtures of resveratrol and polydatin, and one B. Brand #2; 25 mg total resveratrol 2. Take aliquot of 1/10
rovided nothing at all. C. Brand #3; 16 mg total resveratrol 3.Add 1.0 mL 0.02% H.PO
Kava Kava P g D. Resveratrol standard; 50 pg/mL and 4.0 mL MEOH o
Mangostins E. Brand #4; <0.06 mg resveratrol 4. Sonicate 10 min then filter
Milk Thistle 40004 Feaks: . R R’ ) R
—_— 1. Polydatin H glucose
Nitidine Chloride 2 Resveratrol H H @
Pheonolic Acids 3. Pterostilbene ~ Me Me HO @ S
—_— OR
Phytoestrogens :
Phytosterols A
Polyphenols
Punicalagins mAU B L 3
Resveratrol
TT——— H ﬂ
Schizandrin
St. John's Wort D I
Taxanes
Ursolic Acid 0 E | ) ) \
Vinca and Yohimbine 0 5 ! 6 8 10 12 14 17
References Minutes
Figure 5-75. Resveratrol in dietary supplements on an Acclaim 120 C18 column.
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Schisandra chinensis
supplement

Supplements

Schizandrin and Schizandrin A and B

Schisandra chinensis (Turcz.) Baill is an important
traditional Chinese medicine believed to be an
anticarcinogen and provide hepatoprotection, among
other attributes.
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The major active components of Schisandra chinensis (Turcz.) Baill are
lignanoids, and the three major lignanoids are schizandrin, schizandrin

A, and schizandrin B. Hugan tablets, which contain Schisandra chinensis
(lurcz,) Baill, are a traditional Chinese medicine for hepatoprotection. The
Pharmacopoeia of the People’s Republic of China (PPRC) 2010 regulates
its quality control with a UHPLC method for the determination of schizan-
drin, schizandrin A, and schizandrin B,

Schizandrin

Schizandrin A

Schizandrin B

CHs

Figure 5-76. Chemical structures of Schizandrin, Schizandrin A and Schizandrin B.

Download Application Brief 139: Separation of Schizandrin, Schizandrin A, and Schizandrin B in a Tablet Sample
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pplements

Schizandrin and Schizandrin A and B

Column: Acclaim RSLC 120 C18 Peaks: 1. Schizandrin
(2.1 x 100 mm, 2.1 ym) 2. Schizandrin A
Mobile phase: CH,CN/H,0, in gradient: 3. Schizandrin B
CH,CN: 03 min, 45%; 3-5 min,
45-80%; 15.1 min, UV spectra; A1 peak 1 of standard
80-100%; 17 min, 100% A2 peak 2 of standard
Flow Rate: 0.4 mL/min A3 peak 3 of standard
Injection Volume: 2 L B1  peak 1 of sample
Temperature: 40 °C B2 peak 2 of sample
Detection: UV at 250 nm B3 peak 3 of sample
Chromatograms:  A) Standards
B) Tablet sample
800
mAU 1 3
2
B
0d . A g A
’1 00 T T T T T T T T T T T 1
o 1t 2 3 4 5 6 7 8 9 10 11 12
Minutes
704 - _
Al A3
216.6 217.0 217.7
%o\ o517
278.3
-10 T 1 T 1 T 1
704 1 1
B2 B3
216.6 B1 217.0 217.6
% 2515
'1 O T 1 T 1 T 1
190 300 400 190 300 400 190 300 400
nm nm nm

Figure 5-77. Chromatograms of a schizandrin, schizandrin A, and schizandrin B mixed standard and

a Hugan tablet sample.

Did You Know?

There are two kinds of schizandra plants, one producing red berries and the
other black. The red berries are the fruits you see at the Chinese herbalist's
shop; the black ones rarely make it out of Asia. The fruits are said to have five
distinct flavors: sweet, sour, pungent, bitter, and salty. This feature of the plant
gave rise 1o its name in Chinese, wu wei tsu, the five-flavored plant.
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St. John's Wort.

Supplements

St. John’s Wort

St. John’s wort, Hypericum perforatum, is a flowering
plant species of the genus Hypericum, and is used as a
treatment for depression.
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A number of compounds are purported to be responsible for the activity of Column: ﬁ}’ﬁ'%'g“g; Sg) C18, 3 ym Analytical (3.0 x 150 mm)
St. John's wort including hypericin (a naphthodianthrone) and hyperforin Flow: 0.65 mL/min

Injection Volume: 20 L
Mobile Phase A: 20 mM Sodium Phosphate Monobasic,

3% Acetonitrile, 0.2% Tetrahydrofuran, pH 3.35
Mobile Phase B: 20 mM Sodium Phosphate Monobasic,

50% Acetonitrile, 10% Tetrahydrofuran, pH 3.45
Mobile Phase  C: 90% Methanol

Gradient: 0-2 min, 2% B, 3% C; 30 min, 97% B, 3% C;
45 min, 97% B, 3% C; Curve 7 (concave)

Detection: UV; Channel 1, 218 nm; Channel 2, 240 nm;
Channel 3, 254 nm; Channel 4, 275 nm

EC Detector

Parameters: 16 Channel Array from 0 to +900 mV in

Hypericin Hyperforin - 60 mV increments
) . . . , 23 w =
Figure 5-78. Chemical structures of active compounds in St. John's wort. hypericin/pseudohypericin A

Trivia Question
Q: Do You Know What the Most Commonly Used Herbs Are?
A: The Top 10 most commonly used herbs are: 5 . . : :

Echinacea (Echinacea angustifolia)
Evening primrose oil (Oenothera biennis)
Feverfew (Tanacetum parthenium)
Garlic (Allium sativum)

Ginger (Zingiber officinale)

Ginkgo biloba (Ginkgo biloba)

Ginseng (Panax ginseng)

(Green tea extract(Camellia sinensis)

St. John's wort (Hypericum perforatum)

Minutes

Saw palmetto (Serenoa repens) Figure 5-79. St. John's wort analyzed using UV detection at 254 nm (A) o EC detection (B). Peak
identities shown in Table 5-4. on next page.

St. John’s Wort
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Josuele e Table 5-5. Peak identiications for Figure 5-79.
Caralluma
Caulis Lonicerae Peak | Compound | Peak | Compound
W 1 @Gallic Acid 23 Rutin
Clyclotides 2 4-Hydroxybenzy! Alcohol 24 Ethyl Vanillin Bourbonal
Echinacea 3 p-Aminobenzoic Acid uv3 Methoxybenzaldehyde
Falcarinols 4 3,4-Dihydroxybenzoic Acid 25 4-Hydroxycoumarin
Giant Knotweed Rhizome 5 | GenfsicAcid 26 Hesperidin
Ginkgo 6 2-Hydroxybenzy! Alcohol 27 Naringin
Ginseng 7 4-Hydroxybenzoic Acid 28 Rosemarinic Acid
Gotu Kola 8 Chlorogenic Acid 29 Fisetin
Hoodia 9 p-Hydroxyphenylacetic Acid 30 Myricetin
Kava Kava 10 Catechin Hydrate 31 trans-Resveratrol
Mangostins " Vanillic Acid uv4 Cinnamic Acid
Milk Thistle 12 4-Hydroxybenzaldehyde 32 Luteolin
Nitidine Chloride 13 Syringic Acid 33 cis-Resveratrol
Pheonolic Acids 14 Caffeic Acid 34 Quercgtin Dihydrate
m 15 Vanilin uv5 Apigenin
Phytosterols 16| Syringaldehyde 35 Kaemperol
Polyphenols 17 Umbelliferone 36 Isorhamnetin
Punicalagins 18 p-Coumnaric Acid 37 Eugenol
Resveratrol uv1 3,4-Dimethoxybenzoic Acid 38 Isoxanthohumol
Schizandrin 19 Salicylic Acid uve Chrysin
W\NOV[ 20 Sinapic Acid 39 Carvacrol
Tares 27 Ferulic Acid 40 Thymol
Ursolic Acid 22 Ellagic Acid Dihydrate 4 Carnosol
Vinca and Yohimbing W2 | Coumarin 42 Xanthohumol
References 43 Camnosic Acid
Thermo Download Application Note 1063: Targeted Analysis of Secondary Metabolites in Herbs, Spices, and Beverages o
SCIENTIFIC Using a Novel Spectro-Electro Array Platform o}


http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/lc-associations/114824-AN-1063-LC-2ndaryMetabolites-HerbsSpicesBeverages-70713-E.pdf
http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%20Documents/lc-associations/114824-AN-1063-LC-2ndaryMetabolites-HerbsSpicesBeverages-70713-E.pdf

Table of Contents

Introduction

Analytical Technologies
Anthocyanins
Artemisinin

Ashwagandha
Bacopa
Black Cohosh
Boswellc Acids

Caralluma

Caulis Lonicerae
Chlorophyll

Clyclotides

Echinacea

Falcarinols
Giant Knotweed Rhizome
Ginkgo

Ginseng
Gotu Kola
Hoodia

Ursolic Acid

Vinca and Yohimbine

References

Molecular structure of
Docetaxel, a taxane class drug.

Taxanes

Taxanes are diterpenes produced by the plants of

the genus Taxus (yews), and are widely used as
chemotherapy agents. Paclitaxel was approved as
Taxol® by the National Cancer Institute (NCI) in 1991 for
the treatment of ovarian cancer.
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Taxanes

An analysis of paclitaxel and related compounds—cephalomannine (relat-
ed compound A),10-deacetyl-7-epipaclitaxel (related compound B), and
7-epipaclitaxel (related compound C) by reversed-phase (RP) HPLC was
published by both the United States Pharmacopeia (USP) and the Chi-
nese Pharmacopoeia (CP) but require more than 70 minutes to complete.
There are several RP-HPLC assays for paclitaxel in the literature; however,
al of them are also relatively long (15 to 35 min). Therefore, for research-

ers interested in the rapid separation of paclitaxel and related compounds
developed a UHPLC method was developed. Use of an UltiMate 3000
RSLC system and an Acclaim RSLC C18 column packed with smaller
particles is an easy way to increase speed and peak capacity. Therefore,
this system was used to create an UHPLC method for the analysis of
paclitaxel and related compounds including related compound B.

Paclitaxel Cephalomannine

Paclitaxel-related compound A

HO

7-Epipaclitaxel
Paclitaxel-related compound C

10-Deacetyl-7-epipaclitaxel
Paclitaxel-related compound B

Figure 5-80. Chemical structures of paclitaxel and related compounds.
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Column: Acclaim RSLC 120 C18, 2.2 um,
2.1 x 100 mm (P/N 001191)
Column Temp.:  25°C
Mobile Phase:  A. Water
6007 B. Acetonitrile/
methanol (60:40, v/v)
60% B from -2 to 0 min
60% to 72% B in 4.4 min
80% B from 4.5 t0 6.0 min
Flow Rate: 0.42 mL/min
Injection Volume: 2 pL
UV Detection: 227 nm

Gradient:

Peaks: 1. Related Compound A
2. Paclitaxel
3. Related Compound B
4. Related Compound C
mAU )
4
T s
L\JJ\___,\,_’—/\_/\V
LN J
-200 T T T T T ]
0 1 2 3 4 5 6

Minutes

Figure 5-81. Overlay of HPLC-UV chromatograms of (A) mixture of paclitaxel and related compounds
standards (5 pg/mL for each) and (B) Paclitaxel Injection sample.

e
Taxanes

HPLC with Charged Aerosol Detection

Column: (18, 4.6 x 150 mm SG300,
5um
Flow: 1.0 mL/min

Column Temp.:  25°C
Injection Volume: 10 pL

Mobile Phase:  A. Water
B.ACN
Gradient: 50% B to 75% B in 6 minutes
Peaks: 1. Cephalomannine
2. Paclitaxel
2
1 Paclitaxel
0.04 Cephalomanninel
= 0.03+
3
& 0.021
0.01 1 U
T T T T T T T T T 1

Minutes

Figure 5-82. Taxane standards at 200 ng on column measured using HPLC-Charged Aerosol
detection. Inset shown for 5 ng on column.

Download Application Brief 119: Rapid Separation of Paclitaxel and Related Compounds in Paclitaxel Injection
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Ursolic acid is often found in
plants and fruits such as apples

Supplements

" Ursolic Acid

Ursolic acid and related substances have a number of
interesting pharmacological properties, and are starting
materials for new drugs.
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Ashwagandha U I' A = d
Bacopa rS O I C C I
Black Cohosh
Boswellic Acids , . . : . .
T — Ursolic acid and related substances (oleanolic, moronic, and betulinic LC System: UttiMate 3000 RSLC quaternary pump

aralluma . . . , . . . |

— acids) are secondary metabolites produced in a variety of plants including Gomn: pociam €30, 3 m, 30> 150 mm
Caulis Lonicerae . . emperature:
—_— apples and the Chinese herb Oldenlandia Diusa. Injection Volume: 5L
Chiorophyll Mobile Phases: A. 2 mM formic acid + 0.4 mM
Clyclotides ammonium formate in water
: B. Methanol

Echinacea Gradient Times (min): 0 0 7 8 9 10 20
Falcarnols % 10 10 10 0 0 0 0

. ‘ %B 90 90 90 100 100 100 100
Giant Knotweed Rhizome Flow Rate (mL/min): 05 05 05 05 05 10 10
Ginkgo Detection: Diode array, UV at 210 nm

. Chromatograms: A. Fuji Apple
Ginseng B. Red Delicious Apple
Gotu Kola C. Standards, 100 pg/mL
Hoodia Peaks: 1. Oleanolic acid

2. Ursolic acid
Kava Kava Sample Preparation: ~ Peel one small apple (~170 g). Macerate peel with
Mangostins diatomaceous earth. Extract with three 15-mL portions
m of cold acetone; combine filtered extracts into a graduated
cylinder. Evaporate a 1.0 mL aliquot, reconstitute in 0.5 mL

Nitidine Chloride of methanol, and filter.
Pheonolic Acids 200
Phytoestrogens ° .
Phytosterols 1. Oleanolic Acid ‘ o
Polyphenals ) SLEETe
Punicalagins 2. Ursolic Acid
Resveratrol mAU
Schizandrin
St John's Wort A
Taxanes B
Ursolic Acid o€
Vinca and Yohimbine
References 0 5 10 15 20

Minutes

Figure 5-83. Ursolic acid in apple peel using an Acclaim C30 column and UV detection.

Thermo o
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SCIENTIFIC Download the Poster Note: Sensitive HPLC Method for Triterpenoid Analysis Using Charged Aerosol Detection with Improved Resolution
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HPLC System:

HPLC Column:

Flow:

Column Temperature:
Injection Volume:
Mobile Phase A:
Mobile Phase B:

UltiMate 3000 SD

Acclaim C30, 5 pm, 250 x 4.6 mm
1.0 mL/min

30°C

5.0 pL

1 w/v% Ammonium acetate in water
Acetonitrile/methanol (750 : 250)

HPLC System:

HPLC Column:

Flow:

Column Temperature:
Injection Volume:
Mobile Phase A:
Mobile Phase B:

I
Ursolic Acid

UltiMate 3000 SD

Acclaim C30, 5 pm, 250 x 4.6 mm
1.0 mL/min

30°C

5.0 L

1 w/v% Ammonium acetate in water
Acetonitrile/methanol (750 : 250)

Detector: Corona ultra RS
Nebulizer Temperature: 15 °C
Filter Setting: 4
Sample Temperature: ~ Ambient
Gradient: Time (min) %A %B Curve
0.0 92 8 —
20.0 20 80 1
20.0 92 8 5
25.0 92 8 5
Peaks: 1. Glycyrehetinic Acid
2. Betulinic Acid
3. Oleanolic Acid
4. Ursolic Acid
80 1
2 3 4

pA

-10

T T T T T T T 1

8 9 10 11 12 13 14 15 16 17 18
Minutes

Figure 5-84. HPLC-Charged Aerosol detection chromatogram of apple peel extract (purple) and
500 ng on column triterpenoid standard solution (orange).

Detector: Corona ultra RS
Nebulizer Temperature: 15 °C
Filter Setting: 4
Sample Temperature: ~ Ambient
Gradient: Time (min) %A %B Curve
0.0 92 8 —
20.0 20 80 1
20.0 92 8 5
25.0 92 8 5
Peaks: 1. Glycyrehetinic Acid
2. Betulinic Acid
19- 1 3. Oleanolic Acid

4. Ursolic Acid

0 T T T T T T T T 1
8 9 10 11 12 13 14 15 16 17
Minutes

Figure 5-85. HPLC-Charged Aerosol detection chromatogram of basil extract (purple) and 32 ng
on-column triterpenoid standard solution (orange).
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Giwong Vinca and Yohimbine
Gotu Kola
Hoodia
Kava Kava The vinca alkaloids consist of the bis-indole derivatives,
M i . . . s g : T
MT:C]TTS ‘;S vinblastine and vincristine isolated from the periwinkle

| nistie
Nids Chioride plant, Vinca rosea Linn and the monomeric indole
Pheonolic Acids derivative vincamine, which is the major alkaloid of
Phytoestrogens Vinca minor Linn. The vinca alkaloids are used as
Phytosterol . . .
: ‘“’;’ e’o‘s chemotherapeutic agents to treat a variety of neoplastic
olypnenols . . . - . . .
Soricdaghs diseases including Hodgkin’s disease, choriocarcinoma,
Resveratrol Periwinkle flower. acute and chronic leukemias, lymphosarcomas and a
Sehizandin variety of other cancers.
St John's Wort
Taxanes Yohimbine is an indolealkylamine alkoloid with chemical
Ursolic Acid similarity to reserpine. Yohimbine has been isolated

‘ himbi . . .
e e from Cornanthe johimbe, Rubiaceae, and related trees,

as well as Rauwolfia serpentina. Both yohimbine and
a diastereoisomer, corynanthine, are 2-adrenoceptor

Thermo antagonists of limited duration
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S e The vinca alkaloids' mechanism of action involves binding to tubulin with
Caralluma . . o . . . o
— disruption of mitotic spindle formation eventually leading to inhibtion of
Caulis Lonicerae 0
_— mitosis, metaphase arrest, and cell death.
Chlorophyll
Clyclotides Vinca alkaloids have been measured using a variety of techniques. In
Echinacea general these approaches suffer from either a lack of sensitivity (HPLC
A techniques) or selectivity (radioimunoassay and HPLC techniques). ~
S Kronweed Rhizome Coulometric electrode array detection when coupled to gradient HPLC " CH,CH,
Ginkgo possesses both the selectivity and sensitivity required to measure the - 0.C0.CH,
Ginsong vinca alkaloids in natural products (e.g. periwinkle leaf extracts) and for the  CO-0CH,
ot Kola study of their pharmacokinetics and metabolism in vivo. Furthermore, this
Hooda method is readily adaptable for the analysis of the ever broadening variety VINBLASTINE (R = CHy
Kava Kava of synthetic analogs. VINCRISTINE (R = CHO)
Mangostins
Milk Thistle
Nitidine Chloride

Pheonolic Acids

Phytoestrogens

OH EJHECHB
VINCAMINE

Phytosterols
Polyphenols
Punicalagins Figure 5-86. Chemical structures of Vinca akaloids.
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Yohimbine has been reported to produce central excitation (e.g., elevated
blood pressure, increased heart rate, increased motor activity, tremor,
irritability, vomiting, nausea, and sweating) and to act as an antidiuretic
(through its ability to release antidiuretic hormone). Some evidence also
suggests that yohimbine can act as an aphrodisiac although this effect
may be limited to individuals with vascular diseases. A variety of tech-
niques have been used to measure yohimbines including: GC-MS and
HPLC with UV, fluorescence, or amperometric detection. In general these
approaches suffer from a lack of sensitivity, selectivity, or require extensive
sample preparation and derivatization before analysis.

g

-

CH,0.0C

YOHIMBINE

e \
CH,0.00 °

RAUBASINE
(Ajmalicine)

pplements

I
Yohimbine

CH,0.0C

CORYNANTHINE

CH,0.0C
TETRAHYDROALISTONINE

Figure 5-87. Chemical structure of yohimbine and related alkoloids
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The gradient HPLC coulometric array method shown here is capable of
measuring yohimbine, related alkoloids, and the vinca alkoloids simulta-
neously. This approach offers low picogram sensitivity and uses voltam-
metric resolution to correctly identify each analyte and check for possible
coelutions. The gradient analytical system consisted of two pumps, an
autosampler, and a twelve-channel CoulArray detector. Higher levels of
analytes were also verified using an UV absorbance detector placed after
the array.

Vinca and Yohimbine

Column: Base deactivated (4.6 x 150 mm; 5 um)
Flow: 1.0 mL/min
Temperature: Ambient

Injection Volume: 20 uL
Mobile Phase A: 100 mM Sodium acetate; acetonitrile;
methanol (85:10: 5 v/Av/v),
final pH 6.2 with phosphoric acid
100 mM Sodium acetate; acetontrile;
methanol (50:30:20 v/A/),
final pH 6.2 with phosphoric acid
Gradient Conditions: Isocratic, 25% B until 1.1 minutes.

Linear increase of phase B from

25% to 100% over 19 min.

Hold for 18 min. Isocratic, 25% B for 3 min
Applied Potentials:  +200 to + 950 mV vs. Pd. in 75mV absorbance

Mobile Phase B:

Wavelength: 274 nm
Peaks: 1. Corynanthine 5. Vincristine
2. Yohimbine 6. Vinblastine
3. Vincamine 7. Tetrahydro-alistonine
4, Aimalicine
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Figure 5-88. Chromatogram showing separation of vinca and other alkaloids. Analytes were separat-
ed using the gradient CoulArray method. The applied potentials were channel 1 to channel 11, +200
to +950 mV in +75 mV increments. The chromatogram is presented at a gain of 500 nA.
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AB 119 uv Rapid Separation of Paclitaxel and Related Compounds in Paclitaxel Injection

AB 134 MS LC-MS Analysis of Anthocyanins in Bilberry Extract

AB 139 uv Separation of Schizandrin, Schizandrin A, and Schizandrin B in a Tablet Sample

AB 153 uv Save the Flavor — Robust Iso-or-Acids Assaying in Beer within Ten Minutes

AB 155 uv Monitor the Brewing Process with LC-Transformation of Hop alpha-Acids into Beer Iso-alpha-Acids

AN 109 FLD Determination of Glyphosate by Cation-Exchange Chromatography with Postcolumn Derivatization

AN 156 uv The Everlasting Paradigm-Keep Beer Tradition or Prevent Beer from a Skunky Off-Flavor?

AN 196 FLD Determination of Polycyclic Aromatic Hydrocarbons (PAHs) in Edible Oils by Donor-Acceptor Complex Chromatography (DACC)-HPLC with Fluorescent Detection
AN 207 uv Chromatographic Fingerprinting of Flos Chrysanthema indici Using HPLC

AN 213 UV/FLD Determination of Polycyclic Aromatic Hydrocarbons (PAH) in Tap Water Using on-Line Solid-Phase Extraction Followed by HPLC with UV and Fluorescence Detections
AN 216 uv Determination of Water- and Fat-Soluble Vitamins in Functional Waters by HPLC with UV-PDA Detection

AN 224 uv Determination of Melamine in Milk Powder by Reversed-Phase HPLC with UV Detection

AN 232 uv Determination of Anthraguinones and Stilbenes in Giant Knotweed Rhizome by HPLC with UV Detection

AN 236 uv Determination of lodide and lodate in Seawater and lodized Table Salt by HPLC-UV Detection

AN 245 uv Fast Analysis of Dyes in Foods and Beverages

AN 251 uv Determination of Water- and Fat-Soluble Vitamins in Nutritional Supplements by HPLC with UV Detection

AN 252 uv HPLC Assay of Water-Soluble Vitamins, Fat-Soluble Vitamins, and a Preservative in Dry Syrup Multivitamin Formulation
AN 261 uv Sensitive Determination of Microcysting in Drinking and Environmental Waters

AN 264 uv Fast Determination of Anthocyanins in Pomegranate Juice

AN 266 FLD Determination of Sialic Acids Using UHPLC with Fluorescence Detection

AN 272 FLD Faster Yet Sensitive Determination of N-Methylcarbamates in Rice, Potato, and Corn by HPLC

AN 275 uv Sensitive Determination of Catechins in Tea by HPLC

AN 287 uv Two-Dimensional HPLC Combined with On-Line SPE for Determination of Sudan Dyes -V in Chili Oil

AN 292 uv Determination of Aniline and Nitroanilines in Environmental and Drinking Waters by On-Line SPE

AN 293 CAD and UV | Steviol Glycoside Determination by HPLC with Charged Aerosol and UV Detections Using the Acclaim Trinity P1 Column
AN 299 uv HPLC Analysis of Six Active Components of Caulis lonicerae Using a Phenyl-1 Column

AN 1008 uv Determination of Nitidine Chloride, Toddalolactone, and Chelerythring Chloride by HPLC
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- AN 1023 uv Determination of Sudan Dyes -V in Curry Paste
Clyclotides
‘ AN 1026 CAD Fatty Acid Esters at Low Nanogram Levels
Echinacea
‘ AN 1027 CAD Ginseng

Falcarinols . ‘
G Knonweed Rhizome AN 1028 CAD @Ginkgo biloba

: AN 1029 CAD Black Cohash
Ginkgo
Ginseng AN 1030 CAD Soy Saponins
Con Kol AN 1032 CAD Unsaturated Fatty Acid: Arachidonic, Linoleic, Linolenic and Oleic Acids
Fooda AN 1033 CAD Corn Syrup
v Kava AN 1034 CAD Honey Sugars

AN 1035 CAD Phenolic Acids

Mangostins
MK Thsto AN 1036 CAD Water-Soluble Antioxidants: Ascorbic Acid, Glutathione and Uric Acid

— ‘ AN 1037 CAD Artificial Sweeteners-Global Method
Nitidine Chloride
Pheonolo Acds. AN 1039 CAD Simultaneous Measurement of Glycerides (Mono-, Di- and Triglycerides) and Free Fatty Acids in Paim Ol
— AN 1040 CAD Analysis of Commercially Available Products Containing Stevia
Phytoestrogens
— AN 1041 CAD Phytosterols
Phytosterols
m AN 1042 uv Rapid Separation of Anthocyanins in Cranberry and Bilberry Extracts Using a Core-Shell Particle Column
W\agins AN 1045 uv Determination of Phthalates in Drinking Water by UHPLC with UV Detection
m AN 1046 uv Determination of Phenylurea Compounds in Tap Water and Bottled Green Tea
Schizandim AN 1055 CAD Determination of Virginiamycin, Erythromycin, and Penicillin in Dried Distillers Grains with Solubles
St Jonms Wort AN 1063 ECD Targeted Analyses of Secondary Metabolites in Herbs, Spices, and Beverages Using a Novel Spectro-Electro Array Platform
e AN 1064 ECD Product Authentication and Adulteration Determination Using a Novel Spectro-Electro Array Platform
Ursolio Acid AN 1067 uv Determination of Carbendazim in Orange Juice
I AN 1069 uv Two-Dimensional HPLC Determination of Water-Soluble Vitamins in a Nutritional Drink
Vinca and Yohimbine
Refooces AN 1070 uv Determination of Inositol Phosphates in Dried Distillers Grains and Solubles
E— AN 20583 uv Determination of Catechins and Phenolic Acids in Red Wine by Solid Phase Extraction and HPLC

AN 20610 uv Fast Analysis of Coffee Bean Extracts Using a Solid Core HPLC Column
Th AN 20663 CAD Comparative Analysis of Cooking Oils Using a Solid Core HPLC Column 01
ermo AN 20847 CAD Analysis of a Sports Beverage for Electrolytes and Sugars Using Multi-Mode Chromatography with Charged Aerosol Detection
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AN 70158 CAD Novel Universal Approach for the Measurement of Natural Products in a Variety of Botanicals and Supplements

AN 70277 CAD Simultaneous Analysis of Glycerides and Fatty Acids in Paim Ol

AU 144 uv Determination of Hexavalent Chromium in Drinking Water Using lon Chromatography

AU 170 uv Fast Determination of Vanilin and its Synthesis Precursor by HPLC

AU 182 CAD Measuring Lactose in Milk: A Validated Method

AU 184 CAD, LV Mogroside V Determination by HPLC with Charged Aerosol and UV Detections

CAN 106 uv Determination of the Punicalagins Found in Pomegranate by High Performance Liquid Chromatography

CAN 111 CAD Determination of Triterpenes in Centella asiatica (Gotu Kola) by HPLC-CAD

CAN 112 CAD Determination of Ginsenosides in Panax ginseng by HPLC-CAD

CAN 115 FLD Clean-Up and Analysis of Aflatoxins and Ochratoxin A in Herbs and Spices

LPN 2062 MS Profiling Analysis of 15 Prominent Naturally Occurring Phenolic Acids by LC-MS

LPN 2069 FLD Fast and Effective Determination of Aflatoxins in Grains or Food Using Accelerated Solvent Extraction followed by HPLC

LPN 2421 uv Achieving Maximum Productivity by Combining UHPLC with Advanced Chromatographic Techniques

LPN 2818 CAD Analysis of Fat-Soluble Vitamins and Antioxidants in Supplements by RP-HPLC

LPN 2870 FLD Benefits of High-Speed Wavelength Switching in UHPLC Methods Using Fluorescence Detection

LPN 2930 CAD Determination of the Composition of Natural Products by HPLC with Charged Aerosol Detection

LPN 2923 CAD Simple and Direct Analysis of Falcarinol and Other Polyacetylenic Oxylipins in Carrots by Reversed-Phase HPLC and Charged Aerosol Detection

LPN 2931 CAD Quantification of Underivatized Omega-3 and Omega-6 Fatty Acids in Foods by HPLC CAD

LPN 2932 ECD A Versatile Detector for the Sensitive and Selective Measurement of Numerous Fat-Soluble Vitamins and Antioxidants in Human Plasma and Plant Extracts

LPN 2934 CAD Sensitive Analysis of Commonly Used Artificial and Natural Sweeteners Including Stevia and Their Impurities and Degradation Products

LPN 2991 CAD Evaluation of l\/lelthods for the Characterization and Quantification of Polysorbates and Impurities Along with Other Surfactants and Emulsifiers Used in the Food
and Pharmaceutical Industries

PN 70026 CAD Carbohydrate Analysis Using PAD, FLD, CAD and MS Detectors

PN 70037 CAD Sensitive HPLC Method for Triterpenoid Analysis Using Charged Aerosol Detection with Improved Resolution

PN 70055 CAD Direct Analysis of Surfactants using HPLC with Charged Aerosol Detection

PN 70138 uv Rapid Determination of Polyphenol Antioxidants in Green Tea and Cranberry Extract Using Core Shell Columns

PN 70538 CAD Analysis of Silicone Qils by HPLC-CAD

PN 70540 CAD, ECD Profiling Hoodlia Extracts by HPLC with CAD, ECD, Principal Component Analysis
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Caulis Lonicerae
W AB 127 |C-PAD Determination of Carbohydrates in Fruit Juice Using Capillary High-Performance Anion-Exchange Chromatography
Clycloides AB 135 IC-SC Determination of Anions and Organic Acids in Brewed Coffee Samples Using Capillary IC
S— AB 137 IC-SC Determination of Inorganic and Organic Acids in Apple and Orange Juice Samples Using Capillary IC
p— AN 25 IC-SC Determination of Inorganic lons and Organic Acids in Non-Alcoholic Carbonated Beverages

: ‘ AN 37 IC-PAD Determination of lodide and lodate in Soy- and Mil-Based Infant Formulas
Giant Knotweed Rhizome
Gnkgo AN 46 IC-PAD lon Chromatography: A Versatile Technique for the Analysis of Beer
Ginseng AN 54 IC-PAD Determination of Total and Free Sulfite in Foods and Beverages
Con Kol AN 67 IC-PAD Determination of Plant-Derived Neutral Oligo- and Polysaccharides
Fooda AN 81 IC-SC lon Chromatographic Determination of Oxyhalides and Bromide at Trace Level Concentrations in Drinking Water Using direct Injection
Kava Kava AN 82 IC-PAD Analysis of Fruit Juice Adulterated with Medium Invert Sugar from Beets
Mangosins AN 87 IC-PAD Determination of Sugar Alcohols in Confections and Fruit Juices by High-Performance Anion-Exchange Chromatography with Pulsed Amperometric Detection
MK Thsto AN 101 IC-SC Trace Level Determination of Bromate in Ozonated Drinking Water Using lon Chromatography
Niidine Chioride AN 112 IC-Uv Determination of Nitrate and Nitrite in Meat Using High-Performance Anion-Exchange Chromatography
Preonolc Adds AN 121 IC-SC Analysis of Low Concentrations of Perchlorate in Drinking Water and Ground Water by lon Chromatography
— AN 123 IC-SC Determination of Inorganic Anions and Organic Acids in Fermentation Broths
Phytoestrogens
—Phytostero\s AN 133 IC-SC Determination of Inorganic Anions in Drinking Water by lon Chromatography
P —— IC-SC and Determination of Inorganic Oxyhalide Disinfection Byproduct Anions and Bromide in Drinking Water Using lon Chromatography with the Addition of a Postcol-
Polyphenols AN 136 )
B — IC-Uv umn Reagent for Trace Bromate Analysis
W AN 140 IC-SC Fast Analysis of Anions in Drinking Water by lon Chromatography
Resyeratrg\ AN 143 IC-SC Determination of Organic Acids in Fruit Juices
W AN 149 10-SC Determination of Chlorite, Bromate, Bromide, and Chlorate in Drinking Water by lon Chromatography with an On-Line-Generated Postcolumn Reagent for
St. John's Wort Sub-yg/L Bromate Analysis
Taxanes AN 150 IC-PAD Determination of Amino Acids in Cell Cultures and Fermentation Broths
Ursolic Acid AN 154 IC-sC Determination of Inorganic Anions in Environmental Waters Using a Hydroxide-Selective Column
Vinca and Yohimbine AN 155 [C-PAD Determination of Trans-Galactooligosaccharides in Foods by AOAC Method 2001.02
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W AN 165 IC-SC Determination of Benzoate in Liquid Food Products by Reagent-Free lon Chromatography
Clydotdes AN 167 0-5C Determination of Trace Concentrations of Oxyhalides and Bromide in Municipal and Bottled Waters Using a Hydroxide-Selective Column with a Reagent-Free
: lon Chromatography System
“Chinacea AN 168 C-LV Determination of Trace Concentrations of Disinfection By-Product Anions and Bromide in Drinking Water Using Reagent-Free lon Chromatography Followed by
Falcarinols Postcolumn Addition of lol-Dianisidine for Trace Bromate Analysis
Giant Knotweed Rhizome AN 169 IC-SC Rapid Determination of Phosphate and Citrate in Carbonated Soft Drinks Using a Reagent-Free lon Chromatography System
Ginkgo AN 172 IC-SC Determination of Azide in Aqueous Samples by lon Chromatography with Suppressed Conductivity Detection
Ginseng AN 173 IC-PAD Direct Determination of Cyanide in Drinking Water by lon Chromatography with Pulsed Amperometric Detection (PAD)
Gotu Kola Improved Determination of Trace Concentrations of Perchlorate in Drinking Water Using Preconcentration with Two-Dimensional lon Chromatography and
AN 178 IC-SC . '
Hoodia Suppressed Conductivity Detection
Kava Kava IC-SC and Determination of Biogenic Amines in Alcoholic Beverages by lon Chromatography with Suppressed Conductivity and Integrated
AN 182 . .
Mangosins |C-PAD Pulsed Amperometric Detections
— IC-SC and Determination of Biogenic Amines in Fermented and Non-Fermented Foods Using lon Chromatography with Suppressed Conductivity and Integrated Pulsed
Milk Thistle AN 183 ‘ ‘
— ‘ IC-PAD Amperometric Detections
W AN 187 0-5C Determination of sub-ug/L Bromate in Municipal Waters Using Preconcentration with Two-Dimensional lon Chromatography and
Pheonolic Acids Suppressed Conductivity Detection
Phytoestragens ANT 88 IC-PAD Determination of Glycols and Alcohols in Fermentation Broths Using lon-Exclusion Chromatography and Pulsed Amperometric Detection
Phytosterals AN 197 [C-PAD Determination of Glucosamine in Dietary Supplements Using HPAE-PAD
Polyphenols Determination of Total Cyanide in Municipal Wastewater and Drinking Water Using lon-Exclusion Chromatography with Pulsed Amperometric Detection
—_— AN 227 ICE-PAD
Punicalagins (ICE-PAD)
Resveratrol AN 248 IC-PAD Determination of Lactose in Lactose-Free Milk Products by High-Performance Anion-Exchange Chromatography with Pulsed Amperometric Detection
Schizandrin AN 253 IC-PAD HPAE-PAD Determination of Infant Formula Sialic Acids
St. John's Wort AN 270 IC-PAD Determination of Hydroxymethylfurural in Honey and Biomass
Taxanes AN 273 IC-SC Determination of Organic Acids in Fruit Juices and Wines by High-Pressure IC
Ursolic Acid AN 279 IC-SC Time Savings and Improved Reproducibility of Nitrate and Nitrite lon Chromatography Determination in Milk Samples
Vinca and Yohimbine AN 280 |C-PAD Carbohydrates in Coffee: AOAC Method 995.13 vs a New Fast lon Chromatography Method
References AN 295 IC-SC Determination of Phytic Acid in Soybeans and Black Sesame Seeds
AN 1007 IC-SC Determination of Mono-, Di-, and Triphosphates and Citrate in Shrimp by lon Chromatography
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W AN 1044 IC-SC Determination of Anions in Dried Distillers Grains with Solubles

Clyoloides AN 1068 IC-SC Determination of Organic Acids in Fruit Juices and Wines by High-Pressure IC

— AU 132 IC-UV Determination of Nitrite and Nitrate in drinking Water by lon Chromatography with Direct UV Detection

— AU 144 IC-UvV Determination of Hexavalent Chromium in Drinking Water Using lon Chromatography

Gt Knotweed Rhizome AU 148 IC-SC Determination of Perchlorate in Drinking Water Using Reagent-Free lon Chromatography

Gnkgo AU 150 IC-PAD Determination of Plant-Derived Neutral Oligo- and Polysaccharides Using the CarboPac PA200

Ginseng AU 151 IC-PAD Determination of Sucralose in Reduced- Carbohydrate Colas using High-Performance Anion-Exchange Chromatography with Pulsed Amperometric Detection
ot Kola AU 189 IC-SC Determination of Choline in Infant Formula and Other Food Samples by IC

Fooda LPN 2982 IC-SC Determination of Inorganic Anions and Organic Acids in Beverages Using a Capillary IC on a Monolith Anion-Exchange Column

Kava Kava PN 70743 IC-SC Determination of Perchlorate Levels in Food and Soil Samples Using Accelerated Solvent Extraction and lon Chromatography

Mangosins TN 20 IC-PAD Analysis of Carbohydrates by High-Performance Anion-Exchange Chromatography with Pulsed Amperometric Detection (HPAE-PAD)

Mk Thiste TN 126 IC-SC Determination of Organic Acids in Beer Samples Using a High-Pressure lon Chromatography System

Nifde Chioride TN 135 IC-PAD Determinations of Monosaccharides and Disaccharides in Beverages by Capillary HPAE-PAD
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Accelerated m|c.r0vvavefasls.|sted and convenhopal solvent extraction methods Abdel-Aal el-SM: Akhtar, H.: Rabalski 1 Bryan, M. | J Food Sai. 79 (2), C136-46 2014 Feb
affect anthocyanin composition from colored grains
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