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JASCO Corporation was founded in 1958 to 
provide the scientific community with optical 
spectroscopy products. 
 

In the mid-1950's a group of researchers in the 
Institute of Optics of what is now Tsukuba 
University needed an Infrared 
Spectrophotometer for their research. 
Since a commercially available instrument was 
not yet existing at the time, they undertook the 
challenge to develop their own. 
 
 

The result was quite a success - a reliable 
instrument with excellent optical performance. 
As a second result, other research groups asked 
them to replicate the instrument for use within 
their laboratories. 

Company Presentation 

“serving the Science and Technology World 
by providing most advanced analytical 

instrumentation” 
 
With the introduction of HPLC in the mid-1970's 
JASCO's experience in highly sensitive and accurate 
optical systems led to the development of a series 
of chromatographic detection systems. Fixed and 
variable wavelength UV/Visible and Fluorescence 
detectors were introduced featuring excellent 
sensitivity and reliability in compact modules. In 
order to offer complete HPLC systems JASCO 
developed a variety of novel solvent delivery 
systems as well as other accessories such as column 
ovens, autosamplers, and PC based control and 
analysis software. 
 

Today JASCO offers a wide variety of HPLC modules, 
accessories and analysis software. The new JASCO 
LC-4000 Liquid Chromatography series is designed 
to operate at pressures approaching 15,000 psi for 
either gradient or isocratic separations, providing 
researchers with a powerful tool when using the 
new generation of small particle columns. LC-4000 
Series includes a versatile series of components 
offering unique flexibility to build systems for 
routine and specialized applications. LC-4000 
features the widest choice of optical HPLC detector: 
UV, diode array, fluorescence, chemiluminescence, 
CD, chiral and refractive index detector. 
 

Finally JASCO’s modular Supercritical Fluid 
Chromatography and Supercritical Fluid Extraction 
platforms provide a low-cost, fast, green technology 
with reliable and worry-free performance for a wide 
variety of applications. 

Over the years the JASCO product line has grown 
to cover instruments used, not only in research 
but also for routine analysis applications in areas 
such as quality control, environmental analysis, 
and process control. The current spectroscopy 
product line encompasses instrumentation for 
the following methods: 
 

• UV/Visible and NIR 
• Microscope Spectrophotomers  
• FT-IR, microscope FT-IR and FT-Raman 
• Dispersive RAMAN 
• Polarimeters 
• Spectrofluorometers 
• Portable Raman 
• Portable FT-IR 
• Fully Automated Dissolution Tester 
 
JASCO is also the world leader in the field of 
Circular Dichroism Spectropolarimeters and 
Vibrational Circular Dichroism Spectrometers. JASCO has a strong global presence, supplying 

customers in over 45 different countries.  
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JASCO Europe is in charge for marketing, sales, 
service and support for all Jasco products 
throughout Europe, Middle East and Africa. 
 

JASCO Europe 

JASCO Europe S.r.l. 
Via Cadorna, 1 - 23894 Cremella (LC) 

Tel. +39-0399215811 
Fax +39-0399215835 

 

jasco@jasco-europe.com 
 

www.jasco-europe.com 
 

Follow us on: 

 

Make the most of your investment with  

JASCO Service and Support 
 

JASCO Service and Support agreement plans are 
designed for those laboratories pursuing 
superior productivity through the highest level 
of professional services. 
The use of automated instrumentation is the 
right approach to meet today's laboratories 
productivity requirements, reducing analysis run 
times, enhancing sample throughput, and 
increasing analytical accuracy and precision. In 
this view, preventive maintenance is very 
important to maximize laboratory uptime and 
avoid unexpected expenses. 
 

In addition to the analytical goal, proper 
installation and maintenance are required to 
achieve optimal performance. JASCO provides 
flexible service and support management 
solutions focused on your laboratory real 
objectives. 

With its service network, JASCO is ready to maintain 
the perfect reliability of customer's instrumentation 
and minimize the laboratory down time. 
 

· Superior productivity 
· Optimized analytical performance 
· Lower cost of ownership 
· Extended instrument life 
  

If your laboratory has specific Service and Support 
requirements, JASCO can help you with customized 
contract agreements. In addition, a full set of 
Installation Qualification (IQ), Operational 
Qualification (OQ), and Performance Qualification 
(PQ) tests are available to verify the system proper 
installation, operation and performance, 
respectively. 
  

Get the most from your investment with  

JASCO Training Courses 
 

JASCO Training Courses ensure maximum skill 
development for the best value of your laboratory. 
Our team of highly-experienced specialists can help 
your staff to get the most from your instrument 
reducing your analysis run time and improve 
performance. 

 

Build your knowledge with JASCO Training Courses: 
  

· Instrument and Software operation 
· troubleshooting 
· Maintenance 
· Calibration 
· Applications and Methods developments 
· Operating Techniques 
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The FT/IR-4000 and FT/IR-6000 models represent a 
broad range of instrumentation that redefine 
infrared spectroscopy as a powerful yet easy to use 
technique in a compact and reliable line of 
instruments with the highest signal-to-noise ratio.  
  

All models are controlled by Spectra Manager™ II , 
JASCO’S powerful cross-platform spectroscopy 
software package with USB communication.  
  

All models feature an auto-alignment function 
which maintains instrument optical alignment after 
beamsplitter changes or instrument movement. 
 

IRT-5100 – IRT-5200 
FT/IR Microscopes 

 

V-730 – V-730bio – V-750 – V-760  
UV-Vis Spectrophotometers 

Spectroscopy Product Portfolio 

V-770 – V-780 
UV-Vis/NIR Spectrophotometers 

 
With more than fifty years of experience in the 
design of spectrophotometers, JASCO offers a 
complete range of UV-Vis/NIR instruments.   
The V-700 series consists of six distinct models 
designed to meet a wide range of application 
requirements.  
  

From an innovative optical layout to a simple 
comprehensive instrument control and data 
analysis software interface, the V-700 series 
does not compromise on accuracy, performance 
or reliability. 
  

All spectrophotometers are controlled by 
Spectra Manager™ II, JASCO’s powerful cross-
platform spectroscopy software package with 
USB communication.  
 

FT/IR-4600 – FT/IR-4700 
FT/IR Spectrometers 

FT/IR-6600 – FT/IR-6700 – FT/IR-6800 
FT/IR Spectrometers 

 

IRT-7100 – IRT-7200 
FT/IR Microscopes 

 

JASCO is proud to release four innovative FT-IR 
Microscope, the IRT-5000 and IRT-7000, providing 
several new functions that drastically improve 
infrared micro-spectroscopy analysis.  
  

Both microscope systems can be easily interfaced 
with either the FT/IR-4000 or FT/IR-6000 
spectrometer, offering the most advanced 
microscopy and imaging systems available in the 
market today.  
  

The microscope system automatically scans the 
specified points or area, rapidly collecting a full 
spectrum of each point without moving the sample 
stage.  
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The performance expected on a micro-Raman 
spectrometer are fully provided with the JASCO 
NRS-5000/7000 series Raman systems, assuring 
consistent performance for rapid acquisition of high 
quality data with automated system control and 
minimal optical adjustments. 
For application expansion, an automated multi-
grating turret, 2 internally mounted detectors and a 
maximum of 8 lasers ranging from the UV through 
the NIR are capable of integration with the 
instrument system.  
Spectra Manager™ II for the NRS-5000/7000 offers 
revolutionary features to simplify previously difficult 
measurement and analysis tasks, while adding 
various user-support tools such as auto-
fluorescence-correction, wavenumber correction, 
intensity correction, and a novel user-advice 
function.  
  

MSV-5100 – MSV-5200 – MSV-5300 
UV-Vis/NIR Microscopes 

 

NRS-4100  
Laser Raman Spectrometer 

Spectroscopy Product Portfolio 

The system offers space-saving, automated 
switching laser light source and alignment 
adjustment to assist the analysis, NRS-4100 is 
easily used to quality control as well as research 
and development. 
  

The micro-Raman NRS-4100 is equipped with 
measurement assist function that can be easily 
setup operation and a user advice function that 
automatically analyzes the spectrum and obtain 
a high-quality data even at the first time. 
  

The automatic XYZ stage is equipped with a 
sample search function. Using a newly 
developed algorithm (patent pending) the 
microscope image, sample search function has 
used to set the measurement position 
automatically and gives you data from the 
location that is automatically registered with the 
click of a button measurement. 
  

NRS-5100 – NRS-5200  
Laser Raman Spectrometers 

NRS-7100 – NRS-7200 
Laser Raman Spectrometers 

The MSV-5000 series is a microscopic 
spectrophotometer system providing 
transmittance/reflectance measurements of a 
microscopic sample area with a wide wavelength 
range from ultraviolet to near infrared. 
  

MSV-5100 Spectrophotometer is a dedicated UV-Vis 
microscope with a wavelength range of (200-900 
nm).  
  

MSV-5200 Spectrophotometer includes a Peltier-
cooled PbS detector and has a wavelength range of 
(200-2700 nm).  
  

MSV-5300 Spectrophotometer incorporates an 
InGaAs detector to obtain optimized NIR 
measurements and has a wavelength range of (200-
1600 nm).  
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P-2000 
Digital Polarimeter 

 

The P-2000 is designed as a customizable 
polarimeter with various options for a range of 
applications and budgetary requirements.  
  

Options such as polarizers, wavelength filters, lamps 
and photomultiplier detectors provide a wide range 
of analytical wavelengths from UV-Vis to NIR. 
  

A newly redesigned intelligent remote module 
(iRM) with a color LCD touch screen conveniently 
guides the operator through routines from data 
acquisition to data processing. The obtained data 
can be automatically printed to USB printers, or 
saved to a compact flash memory card for further 
processing on a PC. 

J-1100 – J-1500 – J-1700 
Circular Dichroism Spectropolarimeters 

Spectroscopy Product Portfolio 

The latest effort in the JASCO commitment to 
lead the field of Circular Dichroism. 
  

Unparalleled optical performance and optionally  
available measurement modes are combined in  
a manner  to make the J-1000 Series 
Spectropolarimeter, a true "chiro-optical 
spectroscopy workbench“, able to work up to 
2,500 nm. 
  

Instrument control and data processing are 
handled effortlessly by our JASCO's user friendly 
and innovative cross-platform software, Spectra 
Manager™ II. 
 

FVS-6000 
Vibrational Circular Dichroism 

FP-8200 – FP-8300 – FP-8500 – FP-8600 
Spectrofluorometers 

 

Designed with the latest technology, the FP-8000 
Series spectrofluorometers incorporate the highest 
sensitivity, fastest spectral scanning capability and 
excellent analysis-oriented functionality offering 
integrated solutions for advanced materials 
research and biochemical analysis applications.  
  

To meet the most stringent analysis demands, a 
variety of accessories are available for integration 
with a range of sophisticated control and analysis 
applications available in the user-friendly Spectra 
Manager™ II software to offer a flexible platform 
for any fluorescence and phosphorescence 
application. 
 

 

The FVS-6000 not only allows you to easily 
obtain fingerprint VCD spectra, but also has 
several unique features such as a measurement 
range extension option of 4000-750 cm-1. 
 

Since the CD signals in the infrared region are 
one or more orders of magnitude lower than 
ECD signals in the UV-Vis region, high sensitivity 
and stability are required for a VCD 
spectrometer. 
 

The FVS-6000 is the VCD spectrometer of choice 
for highly sensitive VCD measurements. 
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VIR-100 – VIR-200 – VIR-300 
Portable FT-IR Spectrometers 

 
The VIR-100/200/300 series are compact, 
lightweight, flexible FT-IR systems. 
  

The collimated entrance and exit ports make it an 
ideal instrument for a wide range of applications. 
  

The standard instrument includes a hermetically 
sealed interferometer, DLATGS detector, high 
intensity source, KRS-5 windows and automatic 
alignment. Options can be added for increased 
sensitivity, optional spectral ranges including NIR, 
and battery operation. 
  

For even greater flexibility, external connection 
optics allows the user to install up to three different 
attachments in one system, selecting the most 
appropriate application accessory by simply 
switching the PC controlled optical configuration. 

 

RMP-510 – RMP-520 – RMP-530 
Portable RAMAN Spectrometers  

Spectroscopy Product Portfolio 

JASCO’s new RMP-500 Series has been 
developed to meet the needs of Material 
Science, Manufacturing and Biochemistry by 
combining the flexibility of a fiber optic probe 
with a portable Raman Microspectrometer. 
  

The RMP-500 Series consists of three models, 
RMP-510, RMP-520, RMP-530 ranging from 
small, portable units suitable for in-situ 
measurements to research-grade systems that 
will meet even the most difficult application 
requirements. 
  

The RMP-500 Series portable Raman 
spectrometer systems feature an integrated fiber 
optic probe with a small X-Y-Z stage, a compact 
laser, a high-throughput spectrograph and CCD 
detector.  

JASCO is the first manufacturer to develop a 
powerful, cross-platform software package, 
“Spectra Manager”, for controlling a wide range of 
spectroscopic instrumentation. Spectra Manager 
program is a comprehensive package for capturing 
and processing data, eliminating the need to learn 
multiple software packages and offering the user a 
shallower learning curve. 

Several types of measurement data files (UV-Vis/NIR, FT-IR, Fluorescence, etc.) can be viewed in a single 
window, and processed using a full range of data manipulation functions. 
 

The latest version, Spectra Manager II, includes four measurement programs, a spectra analysis program, an 
instrument validation program and the JASCO Canvas program as standard. It is possible to analyze data 
even during sample measurements. 
 

Spectra Manager CFR provides features to support laboratories in compliance with 21 CFR Part 11. 
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JASCO has the largest range of optical detectors - 
from dual wavelenght UV to diode array to unique 
chiral detectors. All the detector are designed to 
meet U-HPLC requirements, data acquisition rate of 
100Hz. 

SFC-4000 
Supercritical Fluid Chromatography 

 

The JASCO SFC/SFE 4000 integrated Analytical SFC 
system has been developed for all aspects of 
analytical SFC; including routine separation, method 
development and small scale preparation of 
samples at the mg scale.  
 

With a simple intuitive software and robust 
engineering, the JASCO SFC system is a powerful 
tool for analytical separations. 

LC-4000 
High Performance Liquid Chromatography 

Chromatography Product Portfolio 

The LC-4000 Series is the latest in a long history 
of innovative HPLC systems developed by JASCO 
reaching all the way back to the start of 
commercial HPLC in the early 1970s.  
  

The concept of the integrated LC-4000 series 
HPLC provides key separation platforms at 
50MPa, 70MPa and 130MPa which correspond 
to conventional HPLC, the increasingly popular 
Rapid Analysis Fast HPLC and sub 2um U-HPLC 
respectively.  
  

Each platform is supplied with a dedicated pump 
and autosampler matched to the operating 
pressure and share detectors optimized for high-
speed 100Hz acquisition and the narrow peak 
shapes common to both Fast HPLC and U-HPLC. 
 

In the LC-4000 series, SSQD technology (Slow 
Suction, Quick Delivery) has been re-developed, 
with a completely new solvent delivery 
mechanism offering the highest stability in 
solvent delivery across the entire analytical flow 
rate range used in the PU-4100 Fast HPLC and 
PU-4200 U-HPLC pump models. 
 

Both HPLC and SFC/SFE systems are coupled with 
ChromNAV 2.0 data system to offer both HPLC and 
spectral data handling for most of the detectors 
even with the dual wavelength UV detector.  
 

A newly added feature of ChromNAV 2.0 is the 
automatic e-mail notification on your 
smartphone/tablet, stay always updated on analysis 
status of your LC-4000. Full GLP compliance and 21 
CFR part 11. 
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Result 
Figure 1 Chromatograms of caffeine and racemic 
ibuprofen standards. The UV chromatogram shows that 
both compounds are detected, but in the CD 
chromatogram only ibuprofen can be detected, as the 
caffeine is achiral. Figue 2 CD and UV spectra (measured 
using stopped-flow). 

Application 101016H 

Chiral analysis of Ibuprofen  
using a Circular Dichroism Detector 

Introduction 
Ibuprofen is a well known non-steroidal anti-
inflammatory drug and widely used for pain relief 
and fever reduction. Only the S enantiomer of 
ibuprofen has active antipyretic properties, but 
within the human body an enzymatic reaction can 
readily convert the R enantiomer into the S 
enantiomer. 
The Circular Dichroism detector is well known for its 
high accuracy and selectivity for chiral analysis of 
compounds that have chromophores close to the 
chiral center. Both CD and UV signal are measured 
simultaneously and spectral scanning can be used to 
optimize the wavelength of interest, which is 
important in the measurement of chiral compounds. 
Not only can the CD detector help differentiate 
between two enantiomers, but it can also distinguish 
between achiral impurities and enantiomers of 
interest. 
 
Equipment 
Pump: PU-4185 
Pump option: Degasser unit 
Autosampler: AS-4050 
Column oven: CO-4060 
Detector: CD-4095 
 
Conditions 
Column: CHIRALPAK AD-RH (4.6 mmI.D. x 150 mmL, 5 μm) 

Eluent A: 0.1% phosphoric acid aqueous solution 
Eluent B: Acetonitrile 
Composition: Eluent A/B (60/40) 
Flow rate: 0.5 mL/min 
Column temp.: 25ºC 
Wave length: 230 nm 
Response: 1.5 sec 
Scan speed: 10 nm/sec 
Injection volume: 10 μL 
Standard sample: Mixture of 50 μg/mL Caffeine and 
200 μg/mL racemic ibuprofen in eluent A/B (60/40) 
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Structure of Ibuprofen 

Figure 1 Chromatogram of Caffeine and  
Racemic Ibuprofen standards 

Top: CD detection, Bottom: UV detection 
1: Caffeine, 2: R-(-)-Ibuprofen, 3: S-(+)-Ibuprofen 

Figure 2 Spectral Measurement 
Top: CD, Bottom: UV 



Results 
Figure 1 shows the chromatograms of the racemic 
Flurbiprofen standard. Figure 2 CD and UV spectra 
(measured using stopped-flow). 

Application 101017H 

Chiral analysis of Flurbiprofen 
using a Circular Dichroism Detector 

Introduction 
Flurbiprofen is a non-steroidal anti-inflammatory 
drug and used as a topical medical patch or an 
internal medicine. The S enantiomer of Flurbiprofen, 
accounts for the majority of the pharmacological 
activity. 
The Circular Dichroism detector is well known for its 
high accuracy and selectivity for chiral analysis of 
compounds that have chromophores close to the 
chiral center. Both CD and UV signal are measured 
simultaneously and spectral scanning can be used to 
optimize the wavelength of interest, which is 
important in the measurement of chiral compounds. 
Not only can the CD detector help differentiate 
between two enantiomers, but it can also distinguish 
between achiral impurities and enantiomers of 
interest. 
 
Equipment 
Pump: PU-4185 
Pump option: Degasser unit 
Autosampler: AS-4050 
Column oven: CO-4060 
Detector: CD-4095 
 
Conditions 
Column: CHIRALPAK AD-RH (4.6 mmI.D. x 150 mmL, 5 μm) 

Eluent A: 0.1% phosphoric acid aqueous solution 
Eluent B: Acetonitrile 
Composition: Eluent A/B (50/50) 
Flow rate: 0.5 mL/min 
Column temp.: 25ºC 
Wave length: 250 nm 
Response: 1.5 sec 
Scan speed: 10 nm/sec 
Injection volume: 10 μL 
Standard sample: 100 μg/mL racemic flurbiprofen in 
eluent A/B (50/50) 
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Structure of Flurbiprofen 

Figure 1 Chromatogram of Flurbiprofen standard 
Top: CD detection, Bottom: UV detection 

Figure 2 Spectral Measurement 
Top: CD, Bottom: UV 



Results 
Figure 1 Chromatograms of the racemic warfarin 
standard. Figure 2 shows the CD and UV spectra 
(measured using stopped-flow). 

Application 101018H 

Chiral analysis of Warfarin 
using a Circular Dichroism Detector 

Introduction 
Warfarin is an anticoagulant used for the treatment 
and prevention of thromboembolism such as 
myocardial infarction. In Japan, warfarin potassium is 
also used as a medicine. Both the S enantiomer and 
the R enantiomer of warfarin show different 
pharmacokinetics and physiological activity. 
The Circular Dichroism detector is well known for its 
high accuracy and selectivity for chiral analysis of 
compounds that have chromophores close to the 
chiral center. Both CD and UV signals are measured 
simultaneously and spectral scanning can be used to 
optimize the wavelength of interest, which is 
important in the measurement of chiral compounds. 
Not only can the CD detector help differentiate 
between two enantiomers, but it can also distinguish 
between achiral impurities and enantiomers of 
interest. 
 
Equipment 
Pump: PU-4185 
Pump option: Degasser unit 
Autosampler: AS-4050 
Column oven: CO-4060 
Detector: CD-4095 
 
Conditions 
Column: CHIRALCEL OD-RH (4.6 mmI.D. x 150 mmL, 5 μm) 

Eluent A: Phosphoric acid aqueous solution (pH 2.0) 
Eluent B: Acetonitrile 
Composition: Eluent A/B (50/50) 
Flow rate: 0.5 mL/min 
Column temp.: 25ºC 
Wave length: 270 nm 
Response: 1 sec 
Scan speed: 10 nm/sec 
Injection volume: 10 μL 
Standard sample: 200 μg/mL racemic warfarin in 
eluent A/B (50/50) 
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Structure of Warfarin 

Figure 1 Chromatogram of Warfarin standard 
Top: CD detection, Bottom: UV detection 

1: R-(+)-Warfarin, 2: S-(-)-Warfarin 

Figure 2 Spectral Measurement 
Top: CD, Bottom: UV 



Procedure for hydrolysis and Dabsyl derivatization 
  
1. Dilute the sample with ultrapure water. 
2. Put 20 μL of sample into sample tube and evaporate 

by centrifugal dryer. 
3. Set up sample tube in vessel* for hydrolysis and add 

0.3 mL of 6M hydrochloric acid to the vessel. 
4. Heat at 110°C for 24 hours under reduced pressure. 
5. Remove residual chlorine by vacuum pump after 

hydrolysis. 
6. Dilute the sample with buffer solution for Dabsyl 

derivatization. 
7. Weight 20 μL of sample. 
8. Add 40 μL of Dabsyl derivatization reagent* and 

agitate. 
9. Heat at 70°C for 12 minutes (while agitating 

arbitrarily). 
10. After cooling, add 440 μL of buffer solution* for 

dilution and agitate. 
  
(*) is included in DAB-Label kit. 
 
Result 
Chromatogram of 22 constituents of Dabsyl amino acids 
in standard mixture is shown in Figure 1.  
22 constituents of amino acids were clearly separated 
within 11.5 minutes with gradient condition for sufficient 
separation of hydroxyproline and hydroxylysine that are 
specific amino acids for collagen.  

Application 430024X 

High Speed Analysis of Dabsyl Amino Acids in Collagen using 
Extreme High Pressure Liquid Chromatography System 

Introduction 
Collagen, one of the proteins has been recently 
attracting attention from the viewpoint of health and 
beauty, since collagen is a main constituent of 
corium which gives skin vitality and keeps skin soft 
without wrinkles.  
Amino acid structure of collagen is known as the 
arrangement of glycine sequencing at every 3 
residue and contains other amino acids such as 
proline, hydroxyproline and alanine. In addition as 
specific amino acids for collagen, there are 
hydroxyproline and hydroxylysine. In order to 
measure the constituent amino acids of proteins or 
peptides such as collagen, sample preparation such 
as hydrolysis and so on needs to be implemented.  
DAB-Label kit available from JASCO for amino acid 
derivatization using Dabsyl chloride as reagent 
includes the tools and reagents for vaporphase 
hydrolysis by hydrochloric acid for proteins or 
peptides, and by using such DAB-Label kit, collagen 
can be hydrolyzed and amino acids can be 
derivatized with Dabsyl chloride in order to analyze 
the constituent amino acids of collagen. 
In this report, collagen was hydrolyzed with DAB-
Label kit and derivatized amino acids were separated 
by Ultra High-performance Liquid Chromatography 
(UHPLC) using UV detector. 
 
Equipment 
  
Pump: X-LC 3185PU x 2 
Degasser: X-LC 3080DG 
Mixer: X-LC 3180MX 
Column oven: X-LC 3067CO 
Autosampler: X-LC 3159AS 
Detector: X-LC 3070UV 
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Chromatogram of amino acids derivatized with Dabsyl 
after hydrolysis of functional drink containing collagen is 
shown in Figure 2. Amino acids including GABA and 
Ornithine contained in the drink were detected 
successfully. 
Hydrolysis and Dabsyl derivatization were implemented 
according to the procedure shown before. 

Application 430024X 

High Speed Analysis of Dabsyl Amino Acids in Collagen using 
Extreme High Pressure Liquid Chromatography System 

less than  

12 minutes 
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Figure 1 Chromatogram of 22 constituents of Dabsyl 
amino acids in standard mixture 

Peak Compounds 

1 Aspartic acid 

2 Glutamic acid 

3 Hydroxyproline 

4 Serine 

5 Threonine 

6 Arginine 

7 Glycine 

8 Alanine 

9 Proline 

10 Taurine 

11 Valine 

12 GABA 

13 Methionine 

14 Soleucine 

15 Leucine 

16 Phenylalanine 

17 Cystine 

18 Hydroxylysine 

19 Ornithine 

20 Lysine 

21 Histidine 

22 Tyrosine 

less than  

12 minutes 

Figure 2 Chromatogram of Dabsyl amino acid in 
functional drink containing collagen 



Results and Discussion 
Figure 1 shows the separation of a standard mixture of 
benzophenone (0.005 mg/mL) and disulfiram (0.005 
mg/mL).  
The X-LC system provides an analysis time 7 times 
shorter than conventional HPLC while the resolution 
between the benzophenone and disulfiram was 5.4; the 
reproducibility of the peak ratio is 0.44%. These results 
well exceed those of conventional HPLC. 
  
Conditions 
Column: X-PressPak C18S (2.1 mm I.D. x 50 mm L.) 
Mobile Phase: CH3OH/H2O(70/30) 
Flow rate: 0.6 mL/min 
Column temp.:  25°C 
Wavelength:  210 nm 
Injection volume: 1 μL 
Standard sample: benzophenone (0.005 mg/mL), 
disulfiram (0.005 mg/mL) 
  

Application 747007X-E 

High Speed Separation of Disulfiram using 
Extreme High Pressure Liquid Chromatography System 

Introduction 
Disulfiram is a drug used to treat chronic alcoholism. 
by producing an acute sensitivity to alcohol. 
We examined the utility of an X-PressPak C18S 
column (2.1 mm I.D. x 50 mm L.) packed with 2 μm 
diameter packing material for the ultra-high speed 
separation of the above drug. The results were 
examined to determine whether the performance of 
the column and chromatography separation exceed 
those of conventional HPLC. 
  
Experimental 
The chromatography system utilized in this 
experiment was a JASCO X-LC system consisting of a 
3185PU HPLC pump, 3080DG degasser, 3067CO 
column oven, 3070UV UV/Vis detector, Model 
3059AS auto sampler and a chromatography data 
system.  
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Figure 1 Chromatogram of a standard mixture of  
benzophenone (1) and disulfiram (2) 

less than  

1.2 minutes 



Results and Discussion 
Figure 1 shows the separation of a standard mixture of 
propyl paraben (0.03 mg/mL), butyl paraben (0.03 
mg/mL) and cortisone acetate (0.1 mg/mL). The X-LC 
system provides an analysis time 4 times shorter than 
conventional HPLC while the resolution between the 
propyl paraben and cortisone acetate elutions was 12.2; 
the reproducibility of the peak ratio is 0.44%. These 
results well exceed the USP requirements for the 
analysis. 
 
Conditions 
Column: X-PressPak C18S (2.1 mm I.D. x 50 mm L.) 
Mobile Phase: CH3CN/H2O (35/65) 
Flow rate: 0.7 mL/min 
Column temp.: 25°C 
Wavelength: 254 nm 
Injection volume: 1 μL 
Standard sample: propyl paraben (0.03 mg/mL), butyl 
paraben (0.03 mg/mL), cortisone acetate (0.1 mg/mL) 
  

Application 747008X-E 

High Speed Separation of Steroid Drug Cortisone Acetate using 
Extreme High Pressure Liquid Chromatography System 

Introduction 
Cortisone acetate, a steroid, is administered to 
reduce tissue inflammation or to suppress the 
human immune system. The U.S. Pharmacopeia (USP 
29, 266 (2006)) method requires that HPLC analysis 
of components of a cortisone acetate drug should 
have a resolution, R, between the analyte and 
internal standard peaks to be greater than 2.2 and 
the relative standard deviation for replicate 
injections to be not greater than 2.0%. 
We examined the utility of an X-PressPak C18S 
column (2.1 mm I.D. x 50 mm L.) packed with 2 μm 
diameter packing material for the ultra-high speed 
separation of the above steroid drug. The results 
were examined to determine whether the 
performance of the column and chromatography 
separation meets the USP requirements. 
  
Experimental 
The chromatography system utilized in this 
experiment was a JASCO X-LC system consisting of a 
3185PU HPLC pump, 3080DG degasser, 3067CO 
column oven, 3070UV UV/Vis detector, 3059AS auto 
sampler and a chromatography data system. 
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Figure 1 Chromatogram of a standard mixture of  
propyl paraben (1), butyl paraben (2), and cortisone acetate (3) 

less than  

3 minutes 



Results and Discussion 
Figure 1 shows the separation of a standard mixture of 
betamethazone (0.04 mg/mL) and butyl paraben (0.057 
mg/mL). The X-LC system provides an analysis time 9 
times shorter than conventional HPLC while the 
resolution between the betamethazone and butyl 
paraben was 18.8; the reproducibility of the peak ratio is 
0.44%. These results well exceed the USP requirement 
for the analysis. 
 
Conditions 
Column: X-PressPak C18S (2.1 mm I.D. x 50 mm L.) 
Mobile Phase: CH3CN/H2O (40/60) 
Flow rate: 0.7 mL/min 
Column temp.: 25°C 
Wavelength: 240 nm 
Injection volume: 1 μL 
Standard sample: betamethazone (0.04mg/mL),  
p-oxybenzoate butyl (0.057 mg/mL) 
  

Application 747009X-E 

High Speed Separation of Steroid Drug Betamethasone using 
Extreme High Pressure Liquid Chromatography System 

Introduction 
Betamethasone, a steroid, is administered to reduce 
tissue inflammation or to suppress the human 
immune system. The U.S. Pharmacopeia (USP 29, 266 
(2006)) method requires that HPLC analysis of 
components of a betamethasone drug should have a 
resolution, R, between the analyte and internal 
standard peaks to be greater than 1.7 and the 
relative standard deviation for replicate injections to 
be not greater than 2.0%. 
We examined the utility of an X-PressPak C18S 
column (2.1 mm I.D. x 50 mm L.) packed with 2 μm 
diameter packing material for the ultra-high speed 
separation of the above steroid drug. The results 
were examined to determine whether the 
performance of the column and chromatography 
separation meets the USP requirements. 
 
Experimental 
The chromatography system utilized in this 
experiment was a JASCO X-LC system consisting of a 
3185PU HPLC pump, 3080DG degasser, 3067CO 
column oven, 3070UV UV/Vis detector, 3059AS auto 
sampler and a chromatography data system. 
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Figure 1 Chromatogram of a standard mixture of  
betamethazone (1) and p-oxybenzoate butyl (2) 

less than  

2 minutes 



In this report, 24 components were separated 
simultaneously by gradient method using the reversed 
phase ODS column of 2 mm particle and high sensitivity 
detection using PDA detector for UHPLC. 
 
Equipment 
Pump: X-LC 3185PU x 2 
Degasser: X-LC 3080DG 
Mixer: X-LC 3180MX 
Column oven: X-LC 3067CO 
Autosampler: X-LC 3159AS 
Detector: X-LC 3110MD 

Application 748011X 

High-Speed Analysis of Veterinary Drugs by Ultra High-performance Liquid 
Chromatography with Photodiode Array Detection 

Introduction 
Veterinary drugs including antibiotics, antibacterials, 
antiparasitics have widely been used in livestock and 
fishery industries and are contributing the 
productivity. From the food safety point of view, the 
Japanese Positive List System for Agricultural 
Chemical Residues in Foods came into force in May, 
2006 and it set the criteria for monitoring of the 
residual chemicals and significantly extended the 
number of regulated chemicals from 31 to 240. As 
one of the measurement methods for those animal 
drugs, there is a method of simultaneous detection 
of multicomponents using the reversed phase 
chromatography and photodiode array detection 
(PDA detector). 

19 
Figure 1 Structures of 24 components for veterinary drug 



Application 748011X 

High-Speed Analysis of Veterinary Drugs by Ultra High-performance Liquid 
Chromatography with Photodiode Array Detection 

Results 
The contour plot of the standard mixture of 
veterinary drugs is shown in Figure 2. Twenty-four 
components are clearly separated within 10 minutes. 
 
On-peak spectrum of each component is shown in 
Figure 4 
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Peak Compounds 

1 AMP 

2 OQD 

3 CLP 

4 SMR 

5 SDD 

6 TPC 

7 LEV 

8 5H-TBZ 

9 ALB-met 

10 TBZ 

11 SMMX 

12 TMP 

13 OMP 

14 OXA 

15 SDMX 

16 SQX 

17 PYR 

18 NAA 

19 FBZ 

20 TIL 

21 β-TB 

22 α-TB 

23 NCZ 

24 DLZ 

Figure 3 Chromatogram of standard samples for 
veterinary drugs at each wavelenght 

Figure 2 Contour plot of standard samples for 
veterinary drugs 

Figure 4 On-peak spectra of veterinary drugs 
Table 1 Sample contents per 1 μL injection 

less than  

10 minutes 



Application 748011X 

High-Speed Analysis of Veterinary Drugs by Ultra High-performance Liquid 
Chromatography with Photodiode Array Detection 

Results 
Figure 5 shows the chromatograms of the extracts 
from the spiked pork meat with veterinary drugs.  
The peaks of the main components are eluted and 
separated without interference by concomitants. 
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Figure 5 Chromatograms of the liquid extracted from the pork to which 
animal drugs are added 

less than  

10 minutes 

Red Line 
Liquid extracted from the pork added 
with animal drugs 
 
Blue Line  
Liquid extracted from the natural pork 

Preparation 
1. Weigh 2.5 g of pork. 
2. Dissolve the following samples: Acetonitrile: 12 mL, 

Standard mixture of animal drugs : 3 mL, n-Hexane 
saturated with acetonitrile: 10 mL, Anhydrous 
sodium sulfate: 5 g 

3. Apply ultrasonic extraction for 30 minutes. 
4. Apply centrifugal separation at 3000 rpm for 5 

minutes. 
5. Apply centrifugal separation for residual material by 

adding 10 mL of acetonitrile and for n-Hexane in the 
organic layer at 3000 rpm for 5 minutes. 

6. Mix the acetonitrile layer in (4) and acetonitrile layer 
in (5), and add 5 mL of n-propanol. 

7. Concentrate at 40°C by solvent elimination. 
8. Dissolve in Water/Acetonitrile (80/20). 
9. Add 0.25 mL of n-Hexane saturated with acetonitrile. 
10. Apply centrifugal separation at 3000 rpm for 5 

minutes. 
11. Use Water/Acetonitrile layer as the sample to be 

injected. 



Application 720060X 

High Speed Analysis of Fat-soluble Vitamins by Ultra High-performance 
Liquid Chromatography with Photodiode Array Detection 

Introduction 
Vitamins are essential nutrient to living organism for 
living and growing and are also organic compounds 
indispensable for smooth physiological activity. 
Among those vitamins, the fat-soluble vitamins 
which are difficult to be dissolved in water but easily 
dissolved in oil may affect on the human body when 
those vitamins are consumed excessively, because 
they are not excreted in the urine. 
This time, fat-soluble vitamins were analyzed by 
using PDA detector for Ultra High-Performance 
Liquid Chromatography, enabling 100 spectra/sec 
High-speed data sampling and the results are shown 
in this report. 
 
Equipment 
Pump: X-LC 3185PU x 2 
Degasser: X-LC 3080DG 
Mixer: X-LC 3180MX 
Column oven: X-LC 3067CO 
Autosampler: X-LC 3159AS 
Detector: X-LC 3110MD 
 
Conditions 
• Column: ZORBAX SB-C18 (3.0 mmID x 50 mmL, 1.8 μm) 

• Eluent: Acetonitrile/Methanol (70/30) 
• Flow rate: 0.8 mL/min 
• Column temp.: 30 ºC 
• Wavelength: 200 - 500 nm 
• Injection volume: 1 μL 
• Standard sample: 10 fat-soluble vitamin standards 
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less than  

4 minutes 

Result 
The contour plot and chromatogram of fat-solubule 
vitamin standard mixture are shown in Figure 1.  
The good separation for 10 kinds of components were 
obtained only within 4 minutes. 

Figure 1 Chromatogram of Fat-soluble Vitamin Standard Mixture 

The on-peak spectra of fat-soluble vitamin standard 
mixture are shown in Figure 2. 

Figure 2 On-peak Spectra of Fat-soluble Vitamin  
Standard Mixture 

Peak Compounds 

1 Vitamin K3 (Menadione) 

2 Vitamin A (Retinol) 

3 Vitamin A acetate (Retinol acetate) 

4 Vitamin K2 (Menaquinone) 

5 Vitamin E (δ-Tocopherol) 

6 Vitamin D2 (Ergocalciferol) 

7 Vitamin D3 (Cholecalciferol) 

8 Vitamin E (α-Tocopherol) 

9 Vitamin E acetate (α-Tocopherol acetate) 

10 Vitamin K1 (Phytonadione) 

(0.1 mg/mL each) 



Application 745024X 

Ultra High-Speed Analysis of Cold and Sinus Medicines by 
U-HPLC with Photodiode Array Detection 

Introduction 
Acetaminophen (Paracetamol), anhydrous caffeine, 
hesperidin, ethenzamide, tipepidine hibenzate or 
apronalide etc. are known as active ingredients of 
cold or cinus medicines. Acetaminophen has 
antipyretic and analgesic effects. 
Anhydrous caffeine increases an analgesic effect. 
Hesperidin improves blood circulation and has an 
antiallergic effect. 
Ethenzamide has antipyretic, analgesic and 
antiphlogistic effects. Tipepidine hibenzate has 
antitussive and expectorant effects. Apronalide has 
analgesic and hypnotic effects. 
In this report, active ingredients contained in cold 
and sinus medicines are analyzed by UHPLC with PDA 
detection, which enables ultra-high speed data 
acquisition at the rate of 100 spectra/sec. 
 
Equipment 
Pump: X-LC 3185PU x 2 
Degasser: X-LC 3080DG 
Mixer: X-LC 3180MX 
Column Oven: X-LC 3067CO 
Autosampler: X-LC 3159AS 
Detector: X-LC 3110MD 
 
Conditions 
Column: ZORBAX SB-C18 (3.0 mmID x 50 mmL, 1.8 μm) 

Eluent: A; 0.1% Phosphoric acid, B; Acetonitrile 
Gradient condition: (A/B), 0 min(20/80) -> 1.4 min 
(50/50) –> 2.0min (50/50) -> 2.05 min (20/80)  
1 cycle; 4.5 min 
Flow rate: 0.8 mL/min 
Column temperatire: 40ºC 
Wavelength: 200-400 nm 
Injection volume: 1 μL 
Standard sample: Acetaminophen, Caffeine, Phenol 
(I.S.), Ethenzamide, Hesperidin, Tipepidine Hibenzate 
0.02mg/mL each, Apronalide 0.1mg/mL 
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Results 
Figure 1 shows the chromatogram and contour plot of 
active ingredients contained in a cold and sinus 
medicine. Seven active ingredients and phenol added as 
internal standard (I.S.) are clearly separated within 1.5 
min. 

Figure 1 Chromatogram of Active Ingredients contained  
in Cold and Sinus medicines.  

1: Acetaminophen, 2: Caffeine, 3: Hesperidin, 4: Phenol (I.S.),  
5: Hibenzic acid, 6: Ethenzamide, 7: Tipepidine, 8: Apronalide. 

Figure 2 shows on peak spectra of active ingredients 
contained in a cold and sinus medicine. Good spectrum 
was obtained for each component. 

Figure 2 On peak Spectra of Active Ingredients contained  
in a cold and sinus medicine.  

less than  

1.5 minutes 



Conditions 
Column: ZORBAX Eclipse Plus C8  
(3.0 mmID x 50 mm, 1.8 μm) 
Eluent A: 0.2% Formic acid 
Eluent B: Acetonitrile 
Gradient condition: (A/B), 0 min (75/25) -> 3 min (35/65) 
6.5 min (30/70) -> 7 min (5/95) -> 7.05 min (75/25) 
10 min (99/1) 1cycle: 9.5 min 
Flow rate: 0.8 mL/min 
Column temperature: 40°C 
Wavelength: 200-650nm 
Injection volume: 1 μL 
Standard sample: 12 ultraviolet absorbers 0.042 mg/mL 
each in Acetonitrile 
 
Result 
Figure 2 shows the chromatogram and the contour plot 
of the standard mixture of Ultraviolet Absorbers.  
Twelve components were clearly separated within 7 
minutes. 

Application 920012X 

High-Speed Analysis of Ultraviolet Absorbers in Sunscreen 
using UHPLC with Photodiode Array Detection 

Introduction 
In recent years, there has been an increasing concern 
about the influence on human body by ultraviolet 
radiation from the sun, and ultraviolet absorbers are 
often added to various cosmetics as well as 
sunscreen. However, such ultraviolet absorbers 
cause skin rashes, therefore, type of ultraviolet 
absorbers and their contents are regulated by 
regulatory agency of many countries. There are 
many such absorbers that are subjected to HPLC 
analysis.  
In this report, multi-component ultraviolet absorber 
used in a sunscreen was analyzed by Ultra High-
performance Liquid Chromatography (UHPLC) with a 
PDA detector that enables high-speed data 
acquisition of 100 spectra/sec. 
 
Equipment 
Pump: X-LC 3185PU x 2 
Degasser: X-LC 3080DG 
Mixer: X-LC 3180MX 
Column Oven: X-LC 3067CO 
Autosampler: X-LC 3159AS 
Detector: X-LC 3110MD 
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less than  

7 minutes 

Peak Compounds 

1 HMC 

2 HMBS 

3 THB 

4 EAB 

5 DHB 

6 DHDMB 

7 HMB 

8 BMB 

9 EDB 

10 EMC 

11 EHS 

12 ECA 

Figure 2 Chromatogram of the standard mixture of 
Ultraviolet Absorbers 

Figure 1 Structures of ultraviolet absorbers 



Sample Preparation 
1. Weigh 0.4 g of the sunscreen. 
2. Dissolve in 4 mL of THF. 
3. Mix by adding 6mL of acetonitrile. 
4. Sonicate for 10 minutes. 
5. Add 10 mL of acetonitrile. 
6. Filter the supernatant liquid using 0.45 and then 0.2 

um membrane filters. 
7. Dilute the filtrate by ten times with acetonitrile. 

Application 920012X 

High-Speed Analysis of Ultraviolet Absorbers in Sunscreen 
using UHPLC with Photodiode Array Detection 

Figure 4 shows the UHPLC chromatogram of a 
commercial sunscreen. The principal component was 
eluted without any interference from other 
components contained in the sunscreen. 
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Figure 3 On peak spectra of the standard mixture of 
Ultraviolet Absorbers.  

The peak numbers and corresponding compounds are 
the same as in Figure 2. 

Figure 4 Chromatogram of the sunscreen. 10:EMC 



Experimental - Sample Preparation 
8-iso PGF2 was supplied in methanol with a stock mass 
concentration of 1 mg/ml and 13, 14 –dihydro-15-keto 
PGE2 and 13, 14 –dihydro-15-keto PGA2 were supplied in 
methyl acetate with a stock mass concentration of 1 
mg/ml.  
All the other prostanoids were dissolved in 1 ml 
methanol such that the stock mass concentration for all 
was 1mg/ml.  
Working standards for the analytes were prepared by 
serial dilution using ACN. 

Application 01-09 

Rapid Profiling of Prostanoids in Biological Samples  
using UHPLC with UV detector 

Deepti Varma, Dr. Susan Jansen, Temple University, Philadelphia, PA  - Atsushi Tsukamoto, JASCO 

Introduction 
Inflammation is implicated in number of diseases 
including, hypertension1, ischemic heart injury2 
rheumatoid arthritis3 and atherosclerosis4. 
Therefore, a mechanistic understanding of the 
inflammation process at the molecular level would 
contribute to the mechanism of the disease state, 
injury and recovery. 
Eicosanoids are specific biomarkers for 
inflammation5 Arachidonic acid (AA) which is an 
omega-6 polyunsaturated fatty acid can undergo 
oxidative metabolism by cyclooxygenase (COX), 
lipoxygenase (LOX) or cytochrome (P450) to produce 
a number of these inflammatory lipid biomolecules. 
The oxidation of AA by COX-2 results in a number of 
prostanoids which include PGE2, PGD2 and PGF2 , 
PGJ2, prostacyclin (PGI2) and thromboxane A2 
(TXA2)6.  
Prostacyclin is considered to be a potent vasodilator 
whereas thromboxane A2 is considered to be a 
potent vasoconstrictor. PGI2 and TXA2 are unstable at 
physiological pH and are readily converted to 6-keto 
PGF1α and 11-dehydro TXB2 respectively. Hence 
these are considered to be reliable for the in vivo 
estimation of PGI2 and TXA2 respectively. PGE2, PGD2 
and PGF2 are considered to be pro inflammatory 
biomarkers. 
13, 14 –dihydro-15-keto PGE2 and 13, 14 –dihydro-
15-keto PGA2 are major metabolites of PGE2 in 
plasma. 
15-deoxy PGJ2 which is the major metabolite of PGJ2 
is thought to have anti inflammatory properties 
especially in rheumatoid arthritis. Free radical 
peroxidation of AA produces a series of 
prostaglandin like compounds known as the 
isoprostanes7 of which F2 isoprostane which are PGF2 
like compounds is considered to be the most 
important. 
8-iso PGF2 also known as 8-isoprostane the most 
abundant form of the F2 isoprostane is considered to 
be an indicator of in vivo oxidative stress8. Figure 1 
shows the understood pathways for the metabolism 
of arachidonic acid.  
 
This application note describes a 6.8 min method for 
identifying a mixture of 9 prostanoids using Jasco X-
LC. Separation of these compounds using 
conventional HPLC typically takes around 21 minutes. 
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Figure 1 Arachidonic acid metabolism by COX-2  
and non-enzymatic pathway. 

UHPLC system and operating conditions: 
System: Jasco X-LC 
Mobile Phase A: 0.1 % Formic Acid 
Mobile Phase B: ACN 
Flow Rate: 0.2 ml/min 
Stationary Phase: 
Column: Restek Pinnacle DB C18 1.9μm (50*2.1 mm) 
Column Temperature: 25°C 
UV Detection: 
Time (min)  Wavelength (nm) 
       0.0              220 
       1.0              196 
Gradient: 
Time (min)   %B 
0.0   35 
4.0   35 
6.0   90 
6.5   90 
6.6   35 
6.8   35 
 
Injection Volume: 2ul 
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Application 01-09 

Rapid Profiling of Prostanoids in Biological Samples  
using UHPLC with UV detector 

Deepti Varma, Dr. Susan Jansen, Temple University, Philadelphia, PA  - Atsushi Tsukamoto, JASCO 

Table 1 provides a list of the compounds from the 
method and Figure 2 shows an X-LC chromatogram 
of a standard mixture of prostanoids (150 ng each).  
The compounds are separated by a gradient elution 
of 0.1% formic acid and acetonitrile on a Restek 
Pinnacle DB C18 1.9um (50*2.1 mm) at a flow rate of 
0.2 ml/min. 
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Figure 2 Chromatogram of Prostanioids from Table 1. 

Compound Name Symbol RT (min) 

6-keto-Prostaglandin-F1α  6-keto PGF1α 1.25 

8-isoprostane 8-iso PGF2α 2.25 

Prostaglandin F2α PGF2α 2.88 

Prostaglandin E2 PGE2 3.49 

11-dehydro  
Thromboxane B2 

11-dehydro TXB2 3.86 

Prostaglandin D2 PGD2 4.18 

13,14-dihydro-15 keto 
Prostaglandin E2 

13,14-dihydro-15 
keto PGE2 

5.43 

13,14-dihydro-15  
Prostaglandin A2 

13,14-dihydro-15 
keto PGA2 

6.01 

15-deoxy  
Prostaglandin J2 

15-deoxy PGJ2 6.48 

Table 1 Prostanoids from Arachidonic Acid 
metabolites from the COX-2 pathway  and a 

nonenzymatic pathway pathway. 

less than  

6.8 minutes 



Experimental 
Sample Preparation 
All the hormones were dissolved in 1 ml methanol such 
that the stock mass concentration for all was 1mg/ml. 
Working standards for the analytes were prepared by 
serial dilution using ACN. 2-methoxy Estrone, 4-hydroxy 
estrone were obtained from Sigma Aldrich, 2-hydroxy 
estrone, 16-α -hydroxyestrone were obtained from 
Steraloids, estrone, E1; estradiol,E2; estriol, E3; were 
obtained from Fluka. 
  

Application 02-09 

Rapid separation of human sex hormones in Biological Samples 
using UHPLC with UV detector 

Introduction 
Hypertension is a serious problem among African 
American population, especially women.  
According to the American Heart Association (AHA), 
around 42.6% of African American men above the 
age 20 and 46.6% of African American women have 
hypertension1.  
According to another study conducted by AHA, 
hypertension was the cause of death of 5,762 African 
American men and 6,664 African American women in 
2004.1Men and postmenopausal women are known 
to have greater incidences of hypertension 
compared to premenopausal women.  
This suggests that the female sex hormones have an 
effect on blood pressure2. Estrone (E1), estradiol 
(E2), estriol (E3) and progesterone are the main 
female sex hormones in the body. Out of all these, 
estrone is assumed to be the only one present in 
variable quantities in postmenopausal women. 2-
hydroxyesterone (2-OHE1), 16_-hydroxyestrone (16_ 
-OHE1) and 4- steroid hormone from the androgen 
group which is present at much higher concentration 
in men than in women. 
Determining the link between sex hormones with the 
pathogenesis of hypertension is complex. 
This application note describes a 6.1 minutes 
method for identifying a mixture of 8 sex hormones 
using Jasco X-LC. Separation of these compounds 
using conventional HPLC typically takes around 16 
minutes.  
Hydroxyestrone (4-OHE1) are the major metabolites 
of estrone. The ratio of 2-hydroxyesterone (2-OHE1) 
to  
16_-hydroxyestrone (16_ -OHE1) is considered to be 
an index of breast cancer risk 3. HPLC typically takes 
around 16 minutes. hydroxyestrone (4-OHE1) are the 
major metabolites of estrone. The ratio of 2- 
hydroxyesterone (2-OHE1) to 16_-hydroxyestrone 
(16_ -OHE1) is considered to be an index of breast 
cancer risk 3.  
Testosterone is a steroid hormone from the 
androgen group which is present at much higher 
concentration in men than in women. 
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Figure 1 Conversion of Progesterone  
to Estrogenic Compounds 

Figure 2 Metabolism of Estrogenic Compounds 



Chromatographic conditions 
Column =X-Presspak C18S (2,1 mm I.D. x 50 mm L., 2 μm)  

Mobile phase = H2O/CH3CN/CH3COOH (75/25/3) 
Column temperature = 45°C 
Flow rate = 0.6 mL/min 
Detection wavelength = 275 nm  
Injection volume = 1 Μl 
 
Table 1 shows reproducibility of retention times and 
peak areas (RSD%: Relative Standard Deviation).  
 
RSD of retention times were found to be 0.01 - 0.26% 
and those of peak areas, 0.38 - 0.86%, proving that the 
excellent results were obtained by X-LC. 

Application 745021X-E 

Reproducibility of Retention Times and Peak Area 
using UHPLC 

Introduction 
We examined the usefulness of a U-HPLC (X-LC) 
system utilizing an X-PressPak C18S column (2.1 mm 
I.D. x 50 mm) packed with a 2 μm diameter packing 
material.  
The criteria used to evaluate it fs usefulness was 
established by evaluating the reproducibility of 
retention time and peak area. 
  
Experimental 
The UHPLC utilized in this experiment was a U-HPLC 
JASCO X-LC system consisting of a 3185PU pump, a 
3080DG degasser, a 3067CO column oven, a 3070UV 
UV/Vis detector, a 3159AS autosampler and a 
chromatography data system. A standard mixture 
contains acetaminophen, caffeine, aspirin, and 
benzoic acid. 
  
Results and Discussion 
Figure 1 shows overlaid chromatograms obtained by 
fifteen replicate injections of the standard mixture.  
The X-LC system provides an analysis time shorter 
than one minute. 
Table 1 shows the reproducibility of retention time, 
peak area and Relative Standard Deviation (RSD).  
The RSD, of retention time is between 0.09% and 
0.26%, and that of peak area is between 0.38% and 
0.86%.  
These results suggests the UHPLC system to be an 
excellent piece of equipment for this separation 
technique. 
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Figure 1 Overlaid chromatograms  
of the standard mixture (n=15) 

1=acetaminophen (0.1 mg/mL)  
2=caffeine (0.1 mg/mL) 
3=aspirin (0.1 mg/mL) 
4=benzoic acid (6.0mg/mL)  

Compound Name Average (min) SD (min) RSD (%) 

Acetaminophen 0.214 0.00055 0.2570 

Caffeine 0.308 0.00070 0.2273 

Aspirin 0.968 0.00075 0.1074 

I.S. 0.895 0.00080 0.0089 

Compound Name Average  
(µV*sec) 

SD  
(µV*sec) 

RSD (%) 

Acetaminophen 310973 1239 0.3985 

Caffeine 1814246 9656 0.5322 

Aspirin 188500 1615 0.8568 

I.S. 536004 2005 0.3740 

Retention time  Reproducibility 

Area Reproducibility 

Table 1 Reproducibility of retention times  
and peak area (n=15) 



HPLC Chromatographic conditions 
Injection volume: 10 μL 
Detection wavelength: 238 nm  
Flow rate: 1.5 mL/min  
Mobile phase: A=0.01 M Na2HPO4/CH3CN (96/4, pH6.8), 
B=0.01 M Na2HPO4/CH3CN (45/55, pH6.8)  
Gradient condition: 0 min, A/B (100/0); 5 min, A/B (100/0); 6 
min, A/B(0/100); 15 min, A/B(0/100) Measurement pressure: 
16.8-14.4 MPa 

Application 747006X-E 

High Speed Separation of Tubercolosis Medicines 
using UHPLC with UV Detector 

Introduction 
Tuberculosis is an infectious disease caused by 
mycrobacteria which attacks not only the lungs but 
also the central nervous system, the lymphatic 
system, etc.. Tuberculosis medicines include 
rifampin, isoniazid, and pyrazinamide. We examined 
the utility of an X-PressPak C18S column (2.1 mm I.D. 
x 50 mm L.) packed with a 2 um diameter packing 
material for the ultra-high speed separation of the 
above drugs.  
The results were examined to determine whether 
the performance of the column and chromatography 
separation exceeds those of conventional HPLC. 
  

Experimental 
The UHPLC system utilized in this experiment was a 
JASCO X-LC system consisting of two of a 3185 PU 
pump, a 3080DG degasser, a 3180MX mixing unit, a 
3067CO column oven, a 3070UV UV/Vis detector, a 
3159AS autosampler and a chromatography data 
system. The conventional HPLC system was a JASCO 
LC-2000 Plus system consisting of a PU-2089 pump, a 
CO-2060 column oven, a UV-2070 UV/Vis detector, a 
AS-2059 autosampler, and a chromatography data 
system. 
 

Results and Discussion 
Figure 1 shows the separation of a standard mixture 
of rifampin (0.16 mg/mL), isoniazid (0.08 mg/mL), 
and pyrazinamide (0.43 mg/mL) obtained by 
conventional HPLC. Figure 2 shows the separation of 
the same standard mixture as in Figure 1 obtained by 
X-LC. Table 1 illustrates results obtained from 
comparison of UHPLC and conventional HPLC. The 
UHPLC system provides an analysis time 6 times 
shorter, solvent consumption 19 times smaller, and 
peak height/injection volume 11 times greater than 
the conventional HPLC system. 
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Figure 1 HPLC chromatogram of medicines using column (4.6 
mm I.D. x 150 mm) packed with 5 μm particles in diameter 

 
Samples: 1=Rifampin (0.16 mg/L), 2=Isoniazid (0.08 mg/L), 

3=Pyrazinamide (0.43 mg/L) 

Figure 2 U-HPLC Chromatogram of medicines using column 
(2.1 mm I.D. x 50 mm L.) packed with 2 μm particles  

 
Samples: 1=Rifampin (0.16 mg/L), 2=Isoniazid (0.08 mg/L), 

3=Pyraziamide (0.43 mg/L) 

less than  

1.3 minutes 

U-HPLC Chromatographic conditions 
Injection volume: 1 μL 
Detection wavelength: 238 nm  
Flow rate: 0.8 mL/min  
Mobile phase:  A=0.01 M Na2HPO4/CH3CN (96/4, pH6.8), 
B=0.01 M Na2HPO4/CH3CN (45/55, pH6.8)  
Gradient condition: 0 min, A/B (100/0); 0.7 min, A/B (100/0); 
0.9 min, A/B (0/100); 1.5 min, A/B (0/100)  
Measurement pressure: 44.9-39.1MPa 

  HPLC (5 μm) X-LC (2 μm) 

Analysis time (min.) 8 1.3 

Solvent consumption  
(mL / 1 analysis) 

30 1.6 

Peak height (mAU) 337 378 

Injection volume (μL) 10 1 

Gradient condition (% / min.) 100 500 

Table 1 The comparison table between  
conventional HPLC and UHPLC 



Application 031003X 

Analysis of Alkylphenones Using High Pressure and High Performance 
Column under High Pressure at 120 MPa 

Introduction 
In UHPLC, in order to perform the measurement in 
short period of time by using a long column offering 
high resolution and theoretical plates , there needs 
to apply relatively high flow rate, causing extremely 
high pressure to be applied to the column. Also, if 
water/methanol or water/ethanol solvent system is 
required in gradient elution mode, the extremely 
high pressure will be caused due to the change of 
viscosity. For avoiding such potential problems, 
JASCO now offers the UHPLC system including pump, 
dynamic mixer and autosampler which can be 
operated under the extremely high pressure up to 
130 MPa (option). In this application note, JASCO X-
LC system including such optional UHPLC hardware 
was applied to the quick analysis of alkylphenones 
under high pressure (120 MPa pressure) using high 
pressure resistance and high performance column. 
 
Equipment 
 
Pump: X-LC 3185PU-130 
Degasser: X-LC 3080DG 
Column Oven: X-LC 3067CO 
Autosampler: X-LC 3159AS-130 
Detector: X-LC 3110MD 
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Conditions 
• Column: ZORBAX RRHD SB-C18 (2.1 mmID x 150 mmL, 

1.8 um) 
• Eluent : Water/Acetonitrile (30/70) 
• Flow rate: 1.0 mL/min 
• Column temp.: 40 ºC 
• Wavelength: 254 nm 
• Injection volume: 1 uL 
• Pressure: 120 MPa 
• Standard sample: Acetanilide, Acetophenone, 

Propiophenone, Butyrophenone, Valerophenone, 
Hexanophenone, Heptanophenone, Octanophenone 
(2 ug/mL each) 
 

Results 
The chromatogram and contour plot of standard 
mixtures of alkylphenones are shown in Fig. 1. The result 
was obtained only within two minutes with good 
separation. 

Figure 1 Chromatogram of Standard Mixtures of Alkylphenones 

less than  

2 minutes 

Peak Compounds 

1 Acetanilide 

2 Acetophenone 

3 Propiophenone 

4 Butyrophenone 

5 Valerophenone 

6 Hexanophenone 

7 Heptanophenone 

8 Octanophenone 



Application 745023X 

High Speed Separation of Components in Cold Medicine Using 
Extreme High Pressure Liquid Chromatography 

Introduction 
The main components of a common cold medicine 
includes acetoaminophen, anhydrous caffeine, 
hesperidine, ethenzamide, tipepidine hibenzate, and 
apronalid. 
We examined the applicability of an X-PressPak C18S 
column (2.1 mm.I.D. x 50 mm L.) packed with 2 μm 
diameter packing material for the ultra-high speed 
separation of the above medicines. The results were 
examined to determine whether the performance of 
the column and chromatography separation exceeds 
that of conventional HPLC. 
 
Experimental 
The X-LC system utilized in this experiment was a 
JASCO X-LC system consisting of a 3185PU pump, 
3080DG degasser, 3067CO column oven, 3070UV 
UV/Vis detector, 3059AS autosampler and a 
chromatography data system. 
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Figure 1 Chromatogram of a standard mixture  
of components of cold medicines 

Results and Discussion 
Figure 1 shows the separation of a standard mixture 
including acetoaminophen (0.02 mg/mL), anhydrous 
caffeine (0.02 mg/mL), phenol (for internal standard, 
0.02 mg/mL), hesperidine (0.02 mg/mL), ethenzamide 
(0.02 mg/mL), tipepidine hibenzate (0.02 mg/mL) and 
apronalid (0.1 mg/mL). The X-LC system provides an 
analysis time 6 times faster than conventional HPLC 
without sacrificing the resolution between each peak. 
 
Peaks:  
1=acetoaminophen (0.02 mg/mL), 
2=anhydrous caffeine (0.02 mg/mL),  
3=phenol (internal standard, 0.02 mg/mL),  
4=hesperidin (0.02 mg/mL),  
5=ethenzamide (0.02 mg/mL),  
6=tipepidine hibenzate (0.02 mg/mL),  
7=apronalid (0.1mg/mL)  
 

Chromatografic conditions: 
• column=X-PressPak C18S (2.1 mm I.D. x 50 mm L.) 
• column temperature=40 ºC, mobile 

phase=methanol/0.1% phosphoric acid (40/60),  
• flow rate=0.5 mL/min,  
• detection wavelength=260 nm,  
• injection volume=1 μL 

less than  

2 minutes 



Application 440013H 

High Resolution Analysis of Tryptic Digests of Bovine Serum Albumin  
By U-HPLC with Photodiode Array Detection 

Introduction 
The peptide mapping is one of the testing methods 
for biomedicine. This method requires HPLC or other 
separation analysis of peptide segments digested by 
enzymes or chemicals, and it is one of the 
internationally harmonized method among the U.S. 
Pharmacopoeia (USP), the European Pharmacopoeia 
(EP) and the Japanese Pharmacopoeia (JP). In this 
method, the standard protein is digested in the same 
manner as in the target protein in order to directly 
compare the peptide mapping of standard protein 
with that of the target protein so that the expression 
of recombinant proteins can be detected. The 
method is applied to quality assurance of various 
food products. In this report, the peptide mapping of 
tryptic digests of BSA by using of X-LC system is 
demonstrated. 
 
Results 
Chromatograms of tryptic digests are shown in Figure 
1. Depending on the gradient profiles, the number of 
eluted peak varies: 93 peaks in 10 min gradient, 139 
peaks in 60 min gradient and 125 peaks in 120 min 
gradient. 
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Figure 1 Chromatogram of tryptic digests. 
Sample preparation. 1) Dissolve 10 mg of BSA in 1.5 mL of solvent (6 M Urea: 0.1M 

NH4HCO3=1:4). 2) Add 200 μl of 1% of trypsin in 0.003N HCl to BSA solution so that the 
ratio of BSA solution and 1% trypsin becomes 5:1 (w/w). 3) Digest the stand at 37ºC for 15 

hours. 4) Perform ultrafiltration by model Ultrafree C3 UFC3LGC00 (10,000MWCO) 
membrane. 5) Dilute 5 times with mobile phase A. 

Equipment 
Pump: X-LC 3085PU x 2 
Degasser: X-LC 3080DG 
Dynamic Mixer: X-LC 3180MX 
Column oven: X-LC 3067CO 
Autosampler: X-LC 3159AS 
Detector: X-LC 3110MD 
 
Conditions 
Column: ZORBAX SB-C18 (2.1 mmID x 150 mmL, 1.8 μm) 
Trap column: ODS (2.0 mmID x 10 mmL, 5 μm) 
Eluent A: 0.05% Formic acid/Acetonitrile (97/3) 
Eluent B: 0.05% Formic acid/Acetonitrile (40/60) 
Gradient condition: (A/B), 0 min(100/0) 10, 60, 120 min 
(20/80) 
Flow rate: 0.2 mL/min 
Column temperature: 40°C 
Wavelength: 215 nm 
Injection volume: 5 μL 
Standard sample: 1.2 μg/μL BSA tryptic digest 



Application JINC-UHPLC-1 

Reproducibility of Retention Times and 
Peak Area in a UHPLC System ( X-LC®) 

Introduction 
The peptide mapping is one of the testing methods 
for biomedicine. This method requires HPLC or other 
separation analysis of peptide segments digested by 
enzymes or chemicals, and it is one of the 
internationally harmonized method among the U.S. 
Pharmacopoeia (USP), the European Pharmacopoeia 
(EP) and the Japanese Pharmacopoeia (JP). In this 
method, the standard protein is digested in the same 
manner as in the target protein in order to directly 
compare the peptide mapping of standard protein 
with that of the target protein so that the expression 
of recombinant proteins can be detected. The 
method is applied to quality assurance of various 
food products. In this report, the peptide mapping of 
tryptic digests of BSA by using of X-LC system is 
demonstrated. 
 
Results 
Chromatograms of tryptic digests are shown in Figure 
1. Depending on the gradient profiles, the number of 
eluted peak varies: 93 peaks in 10 min gradient, 139 
peaks in 60 min gradient and 125 peaks in 120 min 
gradient. 
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Figure 1 Chromatogram of tryptic digests. 
Sample preparation. 1) Dissolve 10 mg of BSA in 1.5 mL of solvent (6 M Urea: 0.1M 

NH4HCO3=1:4). 2) Add 200 μl of 1% of trypsin in 0.003N HCl to BSA solution so that the 
ratio of BSA solution and 1% trypsin becomes 5:1 (w/w). 3) Digest the stand at 37ºC for 15 

hours. 4) Perform ultrafiltration by model Ultrafree C3 UFC3LGC00 (10,000MWCO) 
membrane. 5) Dilute 5 times with mobile phase A. 

Equipment 
Pump: X-LC 3085PU x 2 
Degasser: X-LC 3080DG 
Dynamic Mixer: X-LC 3180MX 
Column oven: X-LC 3067CO 
Autosampler: X-LC 3159AS 
Detector: X-LC 3110MD 
 
Conditions 
Column: ZORBAX SB-C18 (2.1 mmID x 150 mmL, 1.8 μm) 
Trap column: ODS (2.0 mmID x 10 mmL, 5 μm) 
Eluent A: 0.05% Formic acid/Acetonitrile (97/3) 
Eluent B: 0.05% Formic acid/Acetonitrile (40/60) 
Gradient condition: (A/B), 0 min(100/0) 10, 60, 120 min 
(20/80) 
Flow rate: 0.2 mL/min 
Column temperature: 40°C 
Wavelength: 215 nm 
Injection volume: 5 μL 
Standard sample: 1.2 μg/μL BSA tryptic digest 



Application 747014H 

HPLC analysis of the Molecular Mass of Low-Molecular-Mass Heparins 
using the method described in the European Pharmacopoeia 

Introduction 
Heparins are a class of mucopolysaccharide obtained 
from the porcine small intestine and is widely used in 
the pharmaceutical field as an anticlotting drug for 
the treatment and prevention of thromboembolism, 
treatment of disseminated intravascular coagulation 
syndrome, and as an anti-blood clotting agent when 
using extracorporeal blood circulating apparatus such 
as blood dialysis and artificial heart/lung. Low-
molecular-mass heparin is produced by enzymatic 
treatment and chemical manipulation of heparin and 
is used as an anticlotting drug similarly to heparin 
due to its more predictable pharmacokinetics. Low-
molecular-mass heparin is classified as parnaparin, 
dalteparin, enoxaparin etc., by decomposition 
method and molecular weight distribution. 
In the European Pharmacopoeia 8th Edition (EP), the 
molecular weight measurement method is defined in 
the pharmaceutical products article of low-
molecular-mass heparin, the average molecular 
weight and molecular weight distribution are also 
defined in the pharmaceutical article for low 
molecular-mass heparin (sodium) and low-molecular-
mass heparin (calcium) 1) - 7). Size exclusion 
chromatography (SEC) combined with a UV-Visible 
and Refractive Index detection is defined as the 
measurement method. In the analytical method, a 
molecular weight calibration curve using low 
molecular-mass heparin is created using low-
molecular-mass heparin as the reference sample. In 
common molecular weight measurement methods 
using SEC, a calibration curve is created from the 
retention volume and molecular weight; this 
common method is used for oligomers and polymers 
where the molecular weight has already been 
determined and used as a standard sample. 
However, in this case the molecular weight has to be 
calculated by standardizing the coefficient and 
intensity ratio of RI and UV to define the calibration 
curve. This type of SEC analysis is considered so 
complicated that it can be difficult to use commercial 
software. 
In this application note, we demonstrate the use of 
the optional Low-Molecular-Mass Heparin Molecular 
Weight Calculation program for ChromNAV 2.0 to 
analyze the mass average molecular weight and 
molecular weight distribution of low-molecular-mass 
heparins using the method described in the 
European Pharmacopoeia. 
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Experimental 
Column: TSKgel G2000SWXL (7.8 mm I.D. x 300 mm L, 5 μm) 

Eluent : Aqueous solution of 0.2 M anhydrous sodium 
sulfate (adjusted to pH 5.0 with 0.05 M sulfuric acid) 
Flow rate: 0.5 mL/min 
Column temperature: 30 ºC 
Wave length (UV): 234 nm 
Injection volume: 25 mL 
Standard: 20 mg of low-molecular-mass heparin for 
calibration CRS* in 2 mL of the eluent 
*number average relative molecular mass: 3,800 
Sample: 20 mg of parnaparin sodium CRS in 2 mL of the 
eluent 20 mg of dalteparin sodium CRS in 2 mL of the 
eluent 

Results 
Figure 1 Chromatogram of low-molecular-mass heparin 
for molecular weight measurement. Figure 2 and figure 3 
chromatograms of parnaparin and dalteparin. 

Figure 1 Chromatograms of low-molecular-mass heparin 
for molecular weight measurement 



Application 747014H 

HPLC analysis of the Molecular Mass of Low-Molecular-Mass Heparins 
using the method described in the European Pharmacopoeia 

The calibration curve made using the chromatogram 
of low-molecular-mass heparin for molecular weight 
measurement is created in the [Create Calibration 
Curve] view in the [Heparin Molecular Weight 
Calculation Method] window.  
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Figure 4 shows the calibration curve created using three 
repeated chromatograms of the low-molecular-mass 
heparin for molecular weight measurement. The 
calibration curve can be set up to be created 
automatically. 
 
(A) Chromatogram view 
(B) Calibration curve view 
(C) Calibration curve information 
(D) Molecular weight calibration curve parameters 
(E) Chromatogram list 
 
[Molecular Weight Calculation Parameter] display in 
[Heparin Molecular Weight Calculation Method] window 
is used for setting range for calculation of molecular 
weight against a sample. Figure 5 shows [Molecular 
Weight Calculation Parameter] display of parnaparin 
after setting the range which is refined in European 
Pharmacopoeia. The range for calculating molecular 
weight distribution depends on each low-molecular-mass 
heparin sodium so that another [Heparin Molecular 
Weight Calculation Method] are prepared for dalteparin 
sodium. 

Figure 2 Chromatograms of parnaparin 

Figure 3 Chromatograms of dalteparin 

Figure 4 ChromNAV 2.0  
Heparin Molecular Weight Calculation Method 

Figure 5 ChromNAV Ver 2 [Heparin Molecular Weight 
Calculation Method] window  [Molecular Weight 

Calculation Parameter] display 
 

(A) Frame for chromatogram 
(B) Calculation mode and method 
(C) Range for molecular weight calculation 
(D) Percentage for molecular weight range 



Application 747014H 

HPLC analysis of the Molecular Mass of Low-Molecular-Mass Heparins 
using the method described in the European Pharmacopoeia 

A calculation result is displayed in [Heparin 
Molecular Weight Calculation Results View] by 
applying prepared [Heparin Molecular Weight 
Calculation Method] to chromatogram of a sample. 
Figure 6 shows [Heparin Molecular Weight 
Calculation Results View] of parnaparin sodium and 
dalteparin sodium. 
These are created by applying prepared [Heparin 
Molecular Weight Calculation Method] to their RI 
chromatograms. In this view, the UV chromatogram 
and the calibration curve can be overlayed to the RI 
chromatogram of a sample for determining the 
calculated average molecular weight and molecular 
weight distribution against the European 
Pharmacopoeia, calculation result table shown in 
figure 6 (c) is useful. 
By the way, parnaparin sodium and dalteparin 
sodium in this measurement satisfy the level in 
European Pharmacopoeia (Table 1). 
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Figure 6 ChromNAV Ver 2  
[Heparin Molecular Weight Calculation Result View] 

 
(A) Frame for chromatogram 
(B) Tool buttons 
(C) Heparin Molecular Weight Calculation Results Table 

Low molecular mass  
Heparins 

Range of average 
Molecular weight 

Molecular weight distribution 

M < 2000 M < 3000 M 2000-4000 M 2000-8000 M 3000-8000 M > 8000 

Parnaparin sodium 4000 - 6000 ≦ 30% 50 - 60% 

Dalteparin sodium 5600 - 6400 ≦ 13% 15 - 25% 

Enoxaparin Sodium 3800 - 5000 12 - 20% 68 - 82% 

Tinzaparin Sodium 5500 - 7500 ≦ 10% 60 - 72% 22 - 36% 

Nadroparin calcium 3600 - 5000 ≦ 15% 33 - 55% 75 - 95% 

Table 1 Average molecular weight and molecular weight distribution in low-molecular-mass heparin sodium and 
calcium article of European Pharmacopoeia 



The chromatograms for each 4 kinds of Capsicum are 
shown in Figure 3. 

Application 510003H 

Analysis of Capsaicin and Dihydrocapsaicin  
in Capsicum using HPLC with PDA detector 

Introduction 
The pungent components contained in the Capsicum 
are collectively referred to as the Capsaicinoid. 
Especially, the Capsaicin and Dihydrocapsaicin in 
Capsicum constitute 80 – 90% of the pungent 
components, and are now used in the medical 
products and healthy food. In addition it is known 
that the Capsaicinoid content depends on the part of 
the Capsicum. 
In this experiment, the Capsaicinoid content of 
Pericarp, Seed and Placenta each of the 4 kinds of 
the Capsicum such as the Capsicum frutescens, 
Finger hot and Habanero was measured and 
analyzed. 
 
Equipment 
Pump: PU-2089 
Column oven: CO-2065 
Autosampler: AS-2057 
Detector: MD-2018 
 
Result 
The chromatograms of the 10 μg/mL each of 
Capsaicin and Dihydrocapsaicin standard sample are 
shown in Figure 1. 
Good separation was obtained within 12 minutes.  
The sampling procedure of the actual samples is 
shown in Figure 2. 
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Figure 1 Chromatogram of Capsaicin and  
Dihydrocapsaicin standard sample 

1: Capsaicin, 2: Dihydrocapsaicin 2μg each 

Figure 2 Sample Preparation 

Figure 3 Chromatograms for each part (Pericarp, Seed and 
Placenta) of capsicum  

I Capsicum frutescens, II Serrano, III Finger hot, IV Habanero 
a ) Pericarp, b ) Seed, c ) Placenta 
1: Capsaicin, 2: Dihydrocapsaicin 



Application 610062G 

Analysis of Chondroitin Sulfate Sodium Salt  
using Size Exclusion Chromatography 

Introduction 
There are five kinds of chondroitin sulfate (MW 
20,000~50,000) which is one of mucopolysaccharide, 
such as A~E, contained in connective tissues of 
animal’s cartilagines and skin, and they are used for 
drug medicines and healthy food. By using a column 
with exclusion limit of 300,000 molecular weight 
(Pullulan) for SEC (Size Exclusion Chromatography), 
chondroitin sulfate sodium salt was analyzed with an 
RI detector. The calibration curve was created with 
Pullulan as standard mixture by ChromNAV GPC 
Calculation Program (Optional) and the result 
calculated based on Pullulan converted molecular 
weight is shown below. 
 
Experimental 
Pump: PU-2080 
Degasser: DG-2080-53 
Column oven: CO-2060 
Autosampler: AS-2057 
Detector: RI-2031 
 
Conditions 
• Column: Shodex Asahipak GF-510 HQ (7.5 mmI.D. 

x 300 mmL, 5 um) 
• Eluent: 0.04 M Sodium dihydrogen phosphate 

anhydrous - 0.06 M Disodium hydrogen 
phosphate anhydrous 

• Flow rate: 0.6 mL/min 
• Column temp.: 30 ºC 
• Injection volume: 50 uL 
• Calibration standards 
• for SEC: Shodex STANDARD P-82 (Pullulan) 0.05 % 

each eluent 
 
 
 
 
 
 
 
 
 

• Sample: 0.1% Chondroitin sulfate C sodium salt in 
eluent 
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PL-STD1 PL-STD2 

Grade Mp Grade Mp 

P-100 107,000 P-200 200,00 

P-20 21,100 P-50 47,100 

P-5 5,900 P-10 9,600 

Results 
Figure 1 shows the chromatograms of Pullulan (PL), 
standard mixture for molecular weight calibration and 
chondroitin sulfate sodium salt. 

Structure 

Figure 1 Chromatograms of Pullulan (PL),  
Standard Mixture for Molecular Weight Calibration and 

Chondroitin Sulfate Sodium Salt 
(Each value on the chromatograms is Mp - (Peak top molecular 

weight)) 

Figure 2 shows molecular weight calibration curve 
created with Pullulan as a standard mixture. Figure 3 
shows a chromatogram of chondroitin sulfate sodium 
salt and molecular weight calibration curve. Figure 4 and 
Table 1 shows molecular weight distribution calculation 
curve and the result of molecular weight calculated with 
Pullulan respectively. 

Figure 2 Molecular Weight Calibration Curve Created with 
PL Standard Mixture Molecular 



Application 610062G 

Analysis of Chondroitin Sulfate Sodium Salt  
using Size Exclusion Chromatography 
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Figure 3 Chromatogram of Chondroitin Sulfate Sodium 
Salt and Molecular Weight Calibration Curve 

(The figure in blue represents Mp calculated with 
Pullulan.) 

Figure 4 Molecular Weight Distribution Curve of 
Chondroitin Sulfate Sodium Salt 

Molecular weight calibration curve 
This is to show the relationship between retention 
volume (elution time) and molecular weight, which is 
created to estimate the molecular weight of the sample 
from the retention volume (elution time) of the sample 
eluted from the column. 
 
Molecular weight distribution curve 
Integral molecular weight distribution curve is to show 
the relationship between molecular weight (logarithmic 
value) and a percentage against the total to indicate how 
much percentage of some molecular weight occupies 
against the total.  
Differential molecular weight distribution curve is a 
curve where the molecular weight (logarithmic value) is 
plotted on the abscissa axis and the value of weight 
fraction differentiated by logarithmic value of molecular 
weight (dw/d(logM)), on the ordinate axis. When 
normalized, such curve makes it possible to compare a 
chromatogram and a molecular weight distribution 
under the different columns and measurement 
conditions. 
 
Molecular weight averages and polydispersity 
The molecular weight averages of polymer materials 
obtained by size exclusion chromatography (SEC) 
includes the number-average (Mn), weight average 
(Mw), z-average (Mz), and viscosity-average (Mv) 
molecular weights. These averages are defined by the 
following expressions. The distribution of these 
molecular weight averages bears in general a 
relationship such as Mn ≤ Mv ≤ Mw ≤ Mz.  
In case of Mn = Mv = Mw = Mz, there is no molecular 
weight distribution (monodispersed). 

* Ni represents the number of molecules for i component of molecular weight Mi and a represents an 
index of Mark-Houwink-Sakurada equation. 

Mp Mn Mw Mz Mv Mw/Mn Mz/Mw 

46812 36668 57914 85947 57914 1.58 1.48 

Table 1 Pullulan Converted Molecular Weight of 
Chondroitin Sulfate Sodium Salt 



The aromatic R-groups in amino acids absorb ultraviolet 
light with an absorbance maximum in the range of 
280nm. The ability of proteins to absorb ultraviolet light 
is predominantly due to the presence of the tryptophan 
which strongly absorbs ultraviolet light.  
This note will describe chiral detection of amino acids 
with HPLC. 
  
Experimental 
Several amino acids were examined using a Jasco HPLC 
system with a CD-2095 detector. The separation was 
accomplished with a CROWNPAK CR(+) (4.0 mm I.D. x 
150 mm/L) column. The eluent was HClO4 with flow 
rates of 0.4 - 0.8 mL/min. The column temperature 
varied from 0 - 25 ℃ with an injection volume of 10 μL (2 
mg/mL, 20μg). Amino acids were also separated 
following precolumn derivatization with DABS-Cl. For 
these a CrestPak C18S column was used with a mixture 
of: A) 8mM Sodium Dihydrogenphosphate Dihydrate in 
H2O with 4% DMF, and B): ACN. 
Temperature was 40°C, injection volume 10μl and a flow 
rate 1mL/min. The gradient is shown below. 

Application 02-04 

Detection of Amino Acids 
using HPLC with Circular Dichroism detector 

Amino acids are the "building blocks" of the body. 
Besides building cells and repairing tissue, they form 
antibodies to combat bacteria and viruses; they are 
part of the enzyme & hormonal system; they build 
nucleoproteins (RNA & DNA); they carry oxygen 
throughout the body and participate in muscle 
activity. The twenty naturally occurring amino acids 
that comprise proteins are almost all of the L- form. 
The L (Levorotatory) form is the stereoisomer that 
rotates plane polarized light to the left. One method 
to detect amino acids and determine their 
stereoisomers is with HPLC. 
  
Introduction 
A tetrahedral carbon atom with 4 distinct 
constituents is said to be chiral. Chirality describes 
the ability of a molecule to rotate the plane of 
polarized light either to the right (dextrorotatory) or 
to the left (levorotatory). All of the amino acids in 
proteins exhibit the same absolute steric 
configuration. Therefore, they are all L-a-amino 
acids. D-amino acids are not found in proteins, 
although they exist in nature. The D-amino acids are 
found in polypetide antibiotics. 
Peptides and polypeptides are polymers of alpha-
amino acids. There are 20 α-amino acids that are 
relevant to the make-up of mammalian proteins. 
Several other amino acids are found in the body free 
or in combined states (i.e. not associated with 
peptides or proteins). These non-protein associated 
amino acids perform specialized functions. Several of 
the amino acids found in proteins also serve 
functions distinct from the formation of peptides and 
proteins, e.g., tyrosine in the formation of thyroid 
hormones or glutamate as a neurotransmitter. 
The role that amino acids play is crucial to the 
activity of many reactions. In solution, it is the nature 
of the amino acid R-groups that dictate structure-
function relationships of peptides and proteins. The 
hydrophilic amino acids are generally found on the 
exterior of proteins as well as in the active centers of 
enzymatically active proteins. It is the amino acid R-
groups that allow enzyme reactions to occur. 
Equally important is the ability of histidines in 
hemoglobin to buffer the H+ ions from carbonic acid 
ionization in red blood cells. It is this property of 
hemoglobin that allows it to exchange O2 and CO2 at 
the tissues or lungs, respectively. 
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Table 1. The Amino Acids 

Time(min)  A(%)  B(%) 
0  85  15 
9  70  30 
14  59  41 
16  49  51 
18  46  54 
23  10  90 



The separation of cysteine, proline, histidine, leucine, 
threonine, and phenanthroline was accomplished 
following precolumn derivatization with DABS-Cl. In 
these cases pre-derivitization is required for detection of 
the isomers because a chiral column was not used. 

Application 02-04 

Detection of Amino Acids 
using HPLC with Circular Dichroism detector 
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Figure 1 HPLC separation of Pro, Ser, Thr, and Cys 
amino acids (top to bottom). 

Figure 2 HPLC separation of Lys and Arg 

Figure 3 Separation of Cysteine with DABS-CL. 

Figure 4 Separation of Proline with DABS-C 

Figures 3 and 4 shown the separation of cysteine and 
proline. Using derivatization allows a more complete 
separation and sharpens the peaks. Regardless of 
whether your separate your peaks with a chiral column 
or with precolumn derivatization, Jasco’s CD detector 
can offer sensitive and selective detection of chiral 
compounds such as amino acids. 

Figures 1 and 2 show the HPLC separation of proline, 
serine, threonine, cysteine, lysine and arginine with 
precolumn derivatization. 
Each of the compounds evaluated had both a 
positive and negative peak in the CD verifying the 
prescence of both enantiomers. In the case of 
molecules like Isoleucine (not shown) which have 2 
chiral centers, two separate sets of peaks are found, 
one set for each chiral center. 



Conditions 
Column: Develosil ODS-HG-5 (4.6 mmID x 250 mmL, 5 um) 

Eluent A:10 mM Sodium phosphate buffer.  
100 mM Sodiuim perchlorate 
(pH 2.5, adjusted with phosphoric acid) 
Eluent B: Acetonitrile 
Gradient condition: (A/B), 0 min (90/10) -> 4.0 min 
(75/25) -> 6.0 min (75/25) -> 12.0 min (60/40) -> 18.0 
min (20/80) -> 23.00 min (20/80) -> 23.1 min (90/10) 1 
cycle: 35.0 min 
Flow rate: 1.0 mL/min 
Column temperature: 40°C 
Wavelength: 200-400 nm 
Injection volume: 10 uL 
Standard sample: 9 pharmaceutical ingredients  
100 ug/mL each in 50% ethanol, except dihydrocodeine 
phosphate: 50 ug/mL 
 
Results 
Chromatogram and contour plot of medicine’s standard 
mixture (9 components) are showed on Figure 2.  
Separation was completed within 22 minutes with good 
results. On peak spectra of medicine’s standard mixture 
(9 components) are also shown in Figure 3. 

Application 745025H 

Analysis of Combination Cold Remedy 
using HPLC with PDA detector 

Introduction 
Commercial combination cold remedy includes 
various components of medicine such as components 
for antifebrile and anodyne, components for 
antitussive and bronchodilation(for softening cough), 
components for antihistamine (for softening snivel, 
sneeze and etc.), components for reducing sputum 
and anti-inflammatory enzyme (for softening cough, 
sputum, snivel), and the other vitamin and 
components which originate from crude drug, and 
etc.  
Among those components, 9 active ingredients 
(Acetaminophen, Anhydrous caffeine, 
Dihydrocodeine phosphate, dl-Methylephedrine 
Hydrochloride, Ethenzamide, chlorpheniramine 
maleate, Noscapine, Glycyrrhizic acid, and Ibuprofen) 
were separated by gradient elution with PDA 
detector.  
The results of analysis about two combination cold 
remedies were reported also. 
 
Equipment 
Pump: PU-2080 
Degasser: DG-2080-54 
Mixer: LG-2080-04 
Column oven: CO-2060 
Autosampler: AS-2059 
Detector: MD-2018 
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Figure 1 Structural formula of components of medicine 

Figure 2 Chromatogram and contour plot of medicine’s 
standard mixture (9 components) 



Application 745025H 

Analysis of Combination Cold Remedy 
using HPLC with PDA detector 
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Figure 3 On peak spectrum of medicine’s standard 
mixture (9 components) 

Peak Compounds 

1 Acetaminophen 

2 Anhydrous caffeine 

3 Dihydrocodeine phosphate 

4 dl-Methylephedrine hydrochloride 

5 Ethenzamide 

6 Chlorpheniramine maleate 

7 Noscapine 

8 Glycyrrhizic acid 

9 Ibuprofen 

Figure 4. Procedure for sample preparation of combination cold remedy 

Figure 5 Chromatogram and contour plot of combination 
cold remedy A 

Figure 6 Chromatogram and contour plot of combination 
cold remedy B 



Currently there is little control over which chiral form of 
a chemical compound is formed during a production 
process. This lack of control generally results in 
production of equal amounts of both chiral forms. At the 
molecular level the two chiral partners have identical 
physical properties and therefore are very difficult and 
expensive to separate. A far superior alternative to 
separation would be processes in which single pure 
chiral compounds are formed in the first place. This 
application note will describe chiral detection of several 
over the counter medications using HPLC. 
  
Experimental 
A prescription Naproxen tablet (500mg) and an over the 
counter naproxen sodium tablet (220mg), were 
separately ground.  
The tablets were dissolved in ethanol and sonicated for 
15 minutes. These solutions were then diluted to a final 
concentration of 5μg/μL and filtered through a 0.45μm 
PVDF syringe filter. A Jasco HPLC system with a CD, OR 
and UV detector was used. Injections size was 1μL.  
Separations were accomplished using a ChiralPak AD 
column (4.6 x 250mm) with a 100% EtOH with (0.1% 
TFA) mobile phase and a flow rate of 1.0 mL/min. CD/UV 
were monitored at 260nm for the naproxen and 310nm 
for the Coumadin. 
Prescription Nexium and Prilosec were also examined by 
grinding the tablets and dissolving them in ethanol, and 
sonicating for 20 minutes. These solutions were brought 
to a final concentration of 1μg/μL with an injection size 
of 2μL. Separations were accomplished using a ChiralPak 
AD column (4.6 x 250mm) with a 100% EtOH mobile 
phase and a flow rate of 0.9mL/min. 
  

Application 01-04 

Detection of Chiral Drugs  
using HPLC with Circular Dichroism detector 

Recent American Food and Drug Administration 
guidelines have effectively determined that mixtures 
of chiral compounds can no longer be brought to the 
pharmaceuticals market place. For new 
pharmaceuticals, each chiral form must be pure and 
separately assessed for registration. The need for 
chiral detection in the development of 
pharmaceuticals is increasing due to regulatory 
changes and the demand for single isomers. The key 
pharmaceutical industry objective is now 'racemic 
switching' and single-isomer drugs. These guidelines 
require a means for chiral detection and compound 
separation. 
  
Introduction 
Many molecules made up of the same number and 
type of atoms come in two forms commonly referred 
to as left-handed and right-handed isomers. This is 
not just some interesting quirk of nature: left-handed 
and right-handed forms of the same molecules can 
have profoundly different properties because of their 
chiral form. In the food industry for example, 
limonene (left-handed) smells like lemons; limonene 
(right-handed) smells like oranges. One form of 
asparagine is used as a sweetener in foods and 
beverages, whilst its chiral partner has a bitter taste. 
Different chiral forms of molecules can have 
profoundly different biological effects. For example, 
one chiral form of the drug naproxen has 28 times 
the anti-inflammatory activity of the opposite chiral 
relative. 
Another example is the synthetic form of dopamine 
used to treat Parkinson’s disease: one isomer acts on 
the nerve cells to control the patient’s tremors whilst 
the other form is actually toxic to nerve cells. In crop 
protection it has been found that one chiral form of 
the pesticide Permethrin is much more toxic to 
insects than the other. 

45 

Figure 1 Naproxen chromatograms 



The chromatograms for the Prilosec and Nexium are 
shown in Figures 3-4. Prilosec is a proton pump inhibitor 
used to treat ulcers, heartburn, acid reflux, or Zollinger-
Ellison syndrome Nexium, (esomeprazole), is the S 
enantiomer of omeprazole, the active ingredient in 
Prilosec. Nexium was one of the first pharmaceuticals to 
be repatented and marketed as a pure enantiomer of a 
formerly mixed enantiomer drug. The Nexium has a 
superior clinical efficacy due to its higher and more 
consistent bioavailability. As expected, the CD of the 
prilosec shows the inclusion of both enantiomers while 
in the Nexium only the esomeprazole enantiomer is 
detected. 

Application 01-04 

Detection of Chiral Drugs  
using HPLC with Circular Dichroism detector 

Results and Discussion 
The chromatograms of Naproxen and the naproxen 
sodium are shown in Figures 1-2. Naproxen is used to 
relieve the pain, and inflammation caused by 
arthritis, and other inflammatory conditions. One 
chiral form of the drug naproxen (S-enantiomer) has 
28 times the antiinflammatory activity of the 
opposite chiral relative. 
The (R) isomer is reported to be a liver toxin. Both 
the Naproxen and the sodium salt showed only one 
peak in the CD chromatogram as expected. This 
indicates that both the prescription and the over the 
counter versions have are meeting the requirements 
to be enantiomerically pure. 
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Figure 2 Naproxen-sodium chromatograms 

Figure 3 Prilosec chromatograms 

Figure 4 Nexium chromatograms 

Conclusions 
HPLC with CD detection is an excellent method for the 
separation and detection of chiral compounds including 
pharmaceuticals. Both the fluorescence and the CD 
detectors were very sensitive with respect to 
concentration; however the fluorescence detector can 
not give any indication as to which enantiomer is which. 
The optical rotation detector is capable of discriminating 
the enantiomers, but in all the materials studied was 
found to be much less sensitive. In general the best 
materials for use with the OR are sugars.  



Conditions 
Column: Bilepak-II (4.6 mmI.D. x 125 mmL, 5 um) 
Enzyme column: Enzymepak 3α-HSD (4.0 mmI.D. x 20 
mmL) 
Eluent A: 30 mM Ammonium acetate buffer (pH 
6.8)/Acetonitrile/Methanol (60/20/20) 
Eluent B: 30 mM Ammonium acetate buffer (pH 
6.8)/Acetonitrile/Methanol (40/30/30) 
Gradient condition: (A/B), 0 min (100/0) 32 min (0/100) 
60 min (0/100) 60.1 min (100/0) 1 cycle; 80 min 
Flow rate: 1.0 mL/min 
Reagent: 0.3 mM NAD, 1 mM EDTA-2Na, 0.05% 2-
mercaptoethanol, 10 mM potassium 
dihydrogenphosphate, pH 7.8 (adjusted with potassium 
hydroxide) 
Reagent flow rate: 1.0 mL/min 
Column temp.: 25 ºC 
Wavelength: Ex. 345 nm, Em. 470 nm, Gain 100x 
Injection volume: 10 uL 
Standard sample: 15 Bile acids (50 umol/mL each) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 shows a mechanism of enzyme reaction such as 
oxidation of bile acids and reduction of NAD and Figure 2 
shows a flow diagram for analysis system for bile acids. 

Application 220052HRE 

Simultaneous Determination of Bile Acids  
utilizing Immobilized Enzyme Column 

Introduction 
Bile acids have a hydroxyl group in common in 3α 
position of their steroidal backbone and 3α -HSD (3α 
-Hydroxysteroid Dehydrogenase) is known as an 
enzyme that allows the hydroxyl group to be 
selectively oxidized in the presence of coenzyme, 
NAD (Nicotinamide Adenine Dinucleotide). In this 
enzyme reaction, when one molecule of bile acid is 
oxidized to 3-ketosteroid, one NADH molecule, the 
reduced form of NAD, is generated and it has the 
intense fluorescence (Ex=340 nm, Em=470 nm). 
Here, the standard mixture of bile acids was 
measured by using post-column derivatization for 
detecting NADH generated when mixing 
continuously the reaction solution containing NAD 
with effluent from column for the separation and 
letting this mixed solution go through 33α-HSD 
enzyme-immobilized column. 
 
Equipment 
Eluent Pump: PU-2080 
Degasser: DG-2080-54 
Gradient unit: LG-2080-04 
Reagent Pump: PU-2080 
Column oven: CO-2060 
Autosampler: AS-2057 
Detector: FP-2020 
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No.1: Eluent 
No.2: Degasser (DG-2080-54) 
No.3: Low Pressure gradient unit (LG-2080-04) 
No.4: Pump for eluent (PU-2080) 
No.5: Autosampler (AS-2057) 
No.6: Column oven (CO-2060) 
No.7: Column (Bilepak II) 
No.8: Enzyme column (Enzymepak 3α-HSD ) 
No.9: Reagent 
No.10: Pump for reagent (PU-2085) 
No.11: Fluorescent detector (FP-2020) 
No.12: Backpressure coil 

Figure 1 Mechanism of Enzyme Reaction 



Application 220052HRE 

Simultaneous Determination of Bile Acids  
utilizing Immobilized Enzyme Column 

Results 
Figure 3 shows chromatogram of standard mixture of 
15 components of bile acids and a internal standard 
(I.S.), which was successfully separated into 16 
components within 50 minutes. 
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Figure 3 Chromatogram of Standard Sample of Mixed Bile Acids 

Peak Compounds 

1 Glycoursodeoxycholic acid (GUDCA) 

2 Tauroursodeoxycholic acid (TUDCA) 

3 Ursodeoxycholic acid (UDCA) 

4 Glycocholic acid (GCA) 

5 Taurocholic acid (TCA) 

6 Cholic acid (CA) 

7 Glycochenodeoxycholic acid (GCDCA) 

8 Taurochenodeoxycholic acid (TCDCA) 

9 Glycodeoxycholic acid (GDCA) 

10 Taurodeoxycholic acid (TDCA) 

11 Chenodeoxycholic acid (CDCA) 

12 Deoxycholic acid (DCA) 

13 Glycolithocholic acid (GLCA) 

14 Taurolithocholic acid (TLCA), I.S.: 5ß-
pregnan-3α,17α,20α-triol 

15 Lithocholic acid (LCA) 

Table 1 shows the reproducibility of retention time 
and peak area of each result when measurement of 
standard mixture containing 0.5 nmol bile acids 
(Injection volume: 10 uL) was implemented ten times 
repeatedly. The relative standard deviation (%RSD) 
of retention time and peak area of each component 
obtained was as excellent as 0.2 ~ 0.34 and 0.8% ~ 
2.13% respectively. 

Table 1 Reproducibility (n=10) 



Conditions 
Column: AApak Na-LG (6.0 mmID x 50 mmL, 5 μm) 
Ammonia filter: AECpak Na-LG (4.6 mmID x 35 mmL) 
Eluent: Amino Buffer Na-LG (1st ~ 4th) 
Reagent: Amino Reagent Na-LG (Hypo, OPA) 
Eluent flow rate: 0.5 mL/min 
Reagent flow rate: 0.5 mL/min each 
Column temp.: 60ºC 
Reaction temp.: 60ºC 
Wavelength: Ex. 345 nm, Em. 455 nm, Gain x10 
Injection volume: 10 μL 
Standard sample: 20 amino acids 50 nmol/mL each in 0.2 
N citric buffer (pH 2.2) 

Application 430021H 

Analysis of Protein Hydrolysate Amino Acids using OPA Post-column 
Derivatization by Quaternary Low Pressure Gradient System 

Introduction 
Amino acid analysis has been applied to several 
categories such as food, medicine, protein science 
and metabolome study, and is also an important 
measurement term as basic technology. Newly 
developed amino acid analysis system using low 
pressure gradient unit (OPA post column 
derivatization) enables to obtain stable baseline and 
excellent repeatability as well as to analyze with 
good separation in a short time. 
In this paper, the analysis results of food analysis and 
amino acid composition analysis of protein using this 
new amino acid analysis system are reported. 
 
Equipment 
Eluent Pump: PU-2089 
Reagent Pump: PU-2085 x 2 
Column oven: CO-2065 
Autosampler: AS-2057 
Detector: FP-2025 
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1: Eluent (Amino Buffer Na-LG (1st ~ 4th)) 
2: Degasser 
3: Low pressure gradient unit 
4: Eluent pump 
5: Ammonia filter (AECpak Na-LG) 
6: Autosampler 
7: Column oven 
8: Column (AApak Na-LG) 
9: Reagent 1 (Amino Reagent Na-LG Hypo) 
10: Air trap 1 
11: Reagent pump 1 (Hypo) 
12: Reaction coil 1 
13: Reagent 2 (Amino Reagent Na-LG OPA) 
14: Air trap 2 
15: Reagent pump 2 (OPA) 
16: Reaction coil 2 
17: Fluorescence detector 
18: Chromatography data system (ChromNAV) 



Application 430021H 

Analysis of Protein Hydrolysate Amino Acids using OPA Post-column 
Derivatization by Quaternary Low Pressure Gradient System 

Results and discussion 
Figure 1 shows the chromatogram of standard 
mixture of 20 kinds of amino acids. The sample was 
well separated within 45 minutes (1 cycle 60 min). 
Figure 2 shows the chromatogram of sports drink 
and Figure 3, the chromatogram of white wine 
containing GABA. 

50 

Figure 2 Chromatogram of sports drink 
 

2: Asparatic acid, 3: Threonine, 4: Serine,  
5: Glutamic acid, 6: Proline, 7: Glycine, 8: 

Alanine, 10: Valine, 11: Methionine,  
12: Isoleucine, 13: Leucine, 14: Tyrosine,  

15: Phenylalanine, 17: Lysine, 18: Histidine,  
19: Tryptophan, 20: Arginine 

 

Sample preparation:  
Sports drink was 150-fold diluted by 0.2 N citric 

acid buffer (pH 2.2) and then filtrated using 
0.45 μm membrane filter. 

Figure 1 Chromatogram of amino acid standard 
mixture (500 pmol each) 
 
1: Cysteic acid, 2: Asparatic acid, 3: Threonine, 4: 
Serine, 5: Glutamic acid, 6: Proline, 7: Glycine, 8: 
Alanine, 9: Cystine, 10: Valine,  
11: Methionine, 12: Isoleucine, 13: Leucine, 14: 
Tyrosine,  
15: Phenylalanine, 16: GABA, 17: Lysine, 18: 
Histidine, 19: Tryptophan, 20: Arginine 

Fig. 3. Chromatogram of white wine containing 
GABA 
 
1: Cysteic acid, 2: Asparatic acid, 3: Threonine, 4: 
Serine, 5: Glutamic acid, 6: Proline, 7: Glycine, 8: 
Alanine, 9: Cystine, 10: Valine, 11: Methionine, 
12: Isoleucine, 13: Leucine, 14: Tyrosine, 15: 
Phenylalanine, 16: GABA, 17: Lysine, 18: 
Histidine, 19: Tryptophan, 20: Arginine 
 
Sample preparation: 
White wine including GABA was 10-fold diluted 
by 0.2 N citric acid buffer (pH 2.2) and then 
filtrated using 0.45 μm membrane filter. 



Application 430021H 

Analysis of Protein Hydrolysate Amino Acids using OPA Post-column 
Derivatization by Quaternary Low Pressure Gradient System 

Figure 4 shows the chromatogram of hydrolyzed 
myoglobin (horse skeletal muscle).  
Table 1 shows the results of amino acid composition 
comparing with theoretical value (referred to Japan 
Biochemistry Data Book l, Tokyo Kagaku Dojin). It 
was confirmed that the amino acid composition 
calculated from this measurement was in good 
agreement with the theoretical value. 
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Figure 4 Chromatogram of hydrolyzed myoglobin (horse skeletal muscle) 
1: Cysteic acid, 2: Asparatic acid, 3: Threonine, 4: Serine, 5: Glutamic acid,  

6: Proline, 7: Glycine, 8: Alanine, 9: Cystine, 10: Valine, 11: Methionine,  
12: Isoleucine, 13: Leucine, 14: Tyrosine, 15: Phenylalanine,  

16: GABA, 17: Lysine, 18: Histidine, 20: Arginine 

Amino acids 
Measured  

Values 
Theoretical  

Values 

Asp 10.2 10 

Thr 7.2 6 

Ser 5.4 6 

Glu 16.2 18 

Pro 4.7 4 

Gly 13.5 13 

Ala 15.4 17 

Val 7.0 8 

Met 2.2 2 

Ile 8.6 8 

Leu 18.3 17 

Tyr 2.8 2 

Phe 7.4 7 

Lys 19.5 19 

His 11.9 12 

Arg 2.7 2 

Sample preparation:  
• Myoglobin was diluted to 200 μg/mL by ultrapure water. 
• The solution was filled in 20 μL sample tube and then dried up by 

centrifugal evaporator. 
• Sample tube was set in vessel for hydrolysis and 0.3 mL of 

hydrochloric acid was added to the vessel. 
• The sample was heated for 24 hours under vacuumed condition. 
• The sample was hydrolyzed and the residual chlorine was removed 

using vacuum pump. 
• 500 μL of 0.2 N citric acid buffer (pH 2.2) was added to the sample 

and agitated. 

Table 1 Comparison of 
amino acid composition 

of myoglobin between 
measured and 

theoretical value. 



Preparation (extraction) 
1. Weigh precisely 0.5 g of powdered coptis japonica 

and put into the centrifuge tube. 
2. Add 30 mL of methanol/10% hydrochloride mixture 

(100/1) and mix for 15 minutes. 
3. Apply centrifugation (3,000 rpm, 10mim) and put the 

supernatant into 50 mL measuring flask. 
4. Add 20 mL of methanol/10% hydrochloride mixture 

(100/1) to the residue and implement the same 
procedure. 

5. Add methanol/10% hydrochloride mixture (100/1) to 
the collected supernatant in measuring flask to be 50 
mL. 

Application 742025H 

Semi-preparative Separation  
of Berberine in Coptis Japonica 

Introduction 
Coptis japonica is a kind of natural medicine of 
Ranunculaceae and is said to have several positive 
effects on conjunctivitis and stomatitis as well as on 
stomachic, intestinal remedy and antidiarrheic. 
Berberine, one of alkaloids contained in coptis 
japonica, which has yellow color and bitter taste, is 
said to have antibacterial and anti-inflammatory 
effects. This time in this LC application data, after 
studying the separation of berberine from the 
powder extract of coptis japonica using conventional 
HPLC, the separation using scaled-up semi-
preparative HPLC will be reported. 
 
Equipment - Conventional HPLC 
Eluent Pump: PU-2089  
Autosampler: AS-2057  
Column oven: CO-2060 
Detector: MD-2018 
 

Conditions - Conventional HPLC 
Column: YMC-PACK Pro C18 (4.6 mm ID x 250 mmL, 5 um) 

Eluent: 0.1% TFA in Acetonitrile / Water (30/70) 
Eluent flow rate: 1.0 mL/min 
Column temp.: 25 °C 
Wavelength: 220 ~ 450 nm, 345 nm 
Injection volume: 10 uL 
Standard sample: Powdered Coptis japonica 
(0.5 g/50 mL in methanol / 10% hydrochloric acid 
(100/1)) 
 
Equipment - Semi-Preparative HPLC 
Eluent Pump: PU-2086  
Autosampler: AS-2058  
Column oven: CO-2060 
Detector: MD-2018 with semi-prep flow cell 
Data system: ChromNAV 
Fraction collector: ADVANTEC SCF 122SC Standard +  
FC-2088-30 controller 
 

Conditions - Semi-Preparative HPLC  
Column: YMC-PACK Pro C18 (20 mm ID x 250 mmL, 5 um) 

Eluent: 0.1% TFA in Acetonitrile / Water (30/70) 
Eluent flow rate: 15 mL/min 
Column temp.: 25 °C 
Wavelength: 345 nm 
Injection volume: 5 mL 
Standard sample: Powdered Coptis japonica (0.5 
g/50 mL in methanol / 10% hydrochloric acid 
(100/1)) 
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Figure 1 Structual Formula of 
Berberine 

Result 
Figure  2 shows chromatogram and contour plot of the 
extracts from coptis japonica powder by using 
conventional HPLC. Using PDA detector and by 
comparing spectra for improving the separation of the 
target from other components, berberine was clearly 
separated within 15 minutes. 
Figure 3 shows chromatogram of the extracts from coptis 
japonica powder by using semi-preparative HPLC scaled 
up from conventional HPLC. In order to obtain separated 
berberine as much as possible, the injection volume was 
increased, however, since the elution power by 
extraction liquid was stronger than by mobile phase, the 
components containing the target compound was not 
retained and eluted. Therefore the sample solution was 
diluted five times by water and then 5 mL of diluted 
sample was injected.  



Application 742025H 

Semi-preparative Separation  
of Berberine in Coptis Japonica 

Then the target component was retained as shown in 
Figure 3, in which the separation efficiency was 
increased even at the sacrifice of the peak shape. 
Figure 4 shows the fraction display in ChromNAV, 
JASCO chromatography data system.  
The fractionated peak and sample rack position for 
the target are highlighted with green color. Figure 5 
shows chromatogram of this fraction under the same 
condition as in Figure 2. It is confirmed that 
berberine was isolated as single component. 
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Berberine 

Figure 2 Chromatogram of the Extract from  
Coptis Japonica Powder 

Figure 3 Semi-preparative Chromatogram of the 
Extract from Coptis Japonica Powder 

Berberine 

Figure 4 Fractionation Result of the Extract from 
Coptis Japonica Powder (ChromNAV Display) 

Figure 5 Chromatogram of Fractionated Compound 
(10 μL Injected) 

Berberine 



Conditions 
Column: Finepak SIL NH2-5 (4.6 mmI.D. x 250 mmL, 5 um) 

Eluent: Acetonitrile/Water (80/20) 
Eluent Flow Rate: 1.0 mL/min 
Column Temperature: 40 °C 
Wavelength: 210 nm 
Injection Volume: 10 μL 
Standard Sample: Allantoin 5 ug/mL in eluent 
 
Results 
The chromatograms of standard Allantoin and eye drops 
are shown in Figure 2. 

Application 747012H 

Analysis of Allantoin 
by High Performance Liquid Chromatography 

Introduction 
Allantoin has anti-inflammatory effect and cellular 
activator action and therefore is used widely for 
pharmaceutical products and cosmetics. Allantoin is 
a highly hydrophilic substance, and so by utilizing the 
column for the hydrophilic interaction 
chromatography (HILIC), the commercial eye drops 
was measured as reported in this note. 
 
Equipment 
Eluent Pump: PU-2080  
Degasser: DG-2080-53  
Column Oven: CO-2060  
Autosampler: AS-2057  
Detector: UV-2075 
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Figure 2 Chromatogram of standard allantoin and eye drops 
a) Standard allantoin, b) Eye drops 

Preparation: Dilute the eye-drops by mobile phase about 10 times,  
then filtrate by 0.45 um membrane filter 

Figure 1 The structural formula  
of Allantoin 



Conditions 
Column: 2-Ethylpyridine 60A  
(4.6 mmID x 250 mmL, 5 μm) (Princeton Chromatography Inc.) 

CO2 Flow rate: 3.0 mL/min 
Modifier: 20 mM Ammonium acetate in Methanol 
Modifier gradient: 0 min (0.2 mL/min) -> 6 min (0.2 
mL/min) -> 13 min (1.0 mL/min) -> 18 min (1.0 mL/min) 
18.05 min (0.2 mL/min) 1 cycle: 30 min 
Column temperature: 40ºC 
Back Pressure: 15 MPa 
Wavelength: 200-400 nm 
Injection volume: 5 μL 
Standard sample: Mixture 0.1 mg/mL each 
 
Result 
Chromatogram and contour plot of standard mixture of 
basic drugs (wavelength: at 220 nm) are shown in Figure 
1. Polar components such as Berberine and Maleic were 
also eluted. 

Application 747011S 

Separation of Basic Drugs  
by Supercritical Fluid Chromatography 

Introduction 
It is well known that basically, SFC with a column of 
high polarity material shows the same retention 
action as normal phase chromatography, and 
therefore it is believed to be difficult to separate 
aqueous high polarity components. 
However, if a little volatile acid, base, or salt is added 
to modifier solvent (alcohol or etc.), the shape of 
polar component’s peak can be improved, and 
components with long retention time can be eluted 
with appropriate retention time. 
In this experiment, basic drugs were separated using 
2-Ethylpyridine as column, Ammonium acetate in 
Methanol as modifier solvent. 
 
Equipment 
CO2 Delivery Pump: PU-2080-CO2 
Modifier Pump: PU-2080 
Mixer: MX-2080-32 
Autosampler: AS-2059-SF 
Column Oven: CO-2060 
PDA Detector: MD-2018 (High pressure cell) 
Back Pressure Regulator: BP-2080 
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Figure 1 Chromatogram of standard mixture of basic drugs 
1: Caffeine, 2: Hexobarbital, 3: Amitriptyline, 4: Chlorpheniramine, 

5: Imipramine, 6: Quinine, 7: Atropine, 8: Acetaminophen,  
9: Berberine, 10: Maleic acid 



Results and Discussion  
Figure 1 shows a SFC chromatogram at 230nm of the 
standard 5 peptide HPLC mixture. The baseline drift is 
clearly evident due to the increased absorbance of the 
methanol/TFA modifier mobile increase over the 
gradient elution at 230nm. This baseline drift was not 
seen at 254nm. The separation of this 5 peptide mixture 
by HPLC required nearly 60 minutes (not including 
column re-equilibration), compared to less than 12 on 
SFC. The standard HPLC separation was conducted as a 
gradient from 5% acetonitrile with 0.1% TFA to 30% 
acetonitrile with 0.1% TFA over 60 minutes at 1mL/min. 
These HPLC conditions required 60mLs of liquid (Water-
ACN) solvent producing 60mLs of waste compared to 
40mLs of mobile phase (CO2-Methanol) and 16mLs of 
waste (including column re-equilibration) for SFC. The 
resulting successful separation of a 5 peptide mixture 
illustrates the ever expanding ability of SFC. The analysis 
speed is clearly evident in the five fold decrease in 
analysis time and environmentally friendly nature 
requiring two-thirds the solvent and producing less than 
one-third of the organic waste. 
 
Peaks:  
1=V 8376 
2=G 3502  
3=Leucine Enkephalin 4=Methionine Enkephalin 
5=Angiotension II 
  
Gradient conditions:  
30% MeOH 0.2% TFA to 40% MeOH 0.2% TFA over 10 
minutes (1%/minute) at 2mLs/minute.  
  
5uLs of 0.5mg/mL peptide mixture was injected.  

Application 08-09 

Rapid Peptide Separation  
by SFC - Supercritical Fluid Chromatography 

Introduction  
Interest in supercritical fluid chromatography (SFC) 
applications is growing due to its ability to reduce 
analysis times, organic solvent consumption and 
waste production. SFC is well established for small 
molecule pharmaceutical chiral purifications and is 
continually expanding into other areas. The 
exploration of aqueous molecules such as peptides 
was initially inhibited by beliefs that the successful 
separation of hydrophilic and polar compounds was 
unlikely by SFC. However, this application note 
illustrates the ability of SFC to separate peptides.  
 
Experimental  
A JASCO SFC 2000 series was used for the 
measurement. The system consisted of a PU-2080-
CO2 liquefied carbon dioxide delivery pump, PU-
2080 HPLC modifier delivery pump, an LV-2080-03 
solvent selection valve, an AS-2059-SF autosampler, 
an HV-2080-06 column switching valve (2), a CO-
2060 column oven, an MD-2010 diode array 
detector, a BP-2080 back-pressure regulator, and 
EZChrom Elite data system.  
The separation column was a Princeton 
Chromatography 2-Ethylpyrindine column (4.6 mm 
ID x 250 mm L, 5 μm, 60A). The standard 5 peptide 
HPLC mixture was purchased from Sigma-Aldrich. It 
contained G 3502 (GLY-TYR), V 8376 (VAL-TYR-VAL), 
M 6638 Methionine Enkephalin Acetate (TYR-GLY-
GLY-PHE-MET), L 9133 Leucine Enkephalin (TYR-GLY-
GLY-PHE-LEU), and A 9525 Angiotensin II Acetate 
(ASP-ARG-VAL-TYR-ILE-HIS-PRO-PHE) all 0.5 mgs. The 
sample was dissolved in 1mL of methanol with 0.2% 
TFA. CO2 with a modifier mobile phase of methanol 
with 0.2% TFA were used. 

56 

less than  

12 minutes 

Figure 1 SFC chromatogram of standard peptide mixture.  



Application 033001U 

Investigation of Chiral Separation Conditions of Flavanone 
by Unified Fluid Chromatography with the Method Scouting System 

Introduction 
In the synthesis of medicinal drugs and agrichemical 
fields, synthetic compounds with optical activity are 
continuing to gain more attention. These compounds 
can show the same physical chemical properties, but 
show different biological activity. It has been 
reported that using only one enantiomer of the 
optical isomer can enhance the medicinal effects and 
reduce the side effects when the biological activity 
varies between the enantiomers. Our Methods 
Scouting System makes it simple for users to search 
and select the appropriate measurement conditions 
using various solvents and columns for both chiral 
and achiral separations. Supercritical fluid 
chromatography (SFC) is well known for quick 
separations, easy solvent replacement, easy sample 
treatment after preparation, decreasing solvent cost 
over HPLC and simple scale-up from analytical to 
preparative. In this application, method scouting of 
flavanone with three modifiers and six columns is 
carried out by using UFC (Unified Fluid 
Chromatography) and Method Scouting Program, 
which is optional program of ChromNAV Ver.2. 
 
Results 
Figure and show the ChromNAV software results 
Previewer of Method Scouting by UV PDA) detector 
and CD detector. This view provides easy viewing of 
all screening conditions and quick determination of 
the best for further optimization if needed. 
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Schematic diagram 
1: CO2 Cylinder, 2: CO2 pump, 3: Modifier solvents,  

4: Solvent switch valve, 5: Modifier pump, 6: Stop valve,  
7: Mixer, 8: Pre-heat coil, 9: Autosampler, 10: Column oven,  

11: Switching valve, 12: Columns (i-CHIRAL 6),  
13: PDA detector , 14: Circular dichroism detector, 

15: Back pressure regulator,  16: Chromatography data system 
(ChromNAV Ver.2) 

Experimental Condition 
Column: CHIRALPAK IA, IB, IC, ID, IE and IF/SFC 
(i-CHIRAL 6), (4.6 mmI.D. x 150 mmL, 5 μm) 
Eluent: CO2/modifier (75/25) 
Modifier:  
1) Methanol 
2) Acetonitrile/ethanol (80/20) 
3) Methyl tert-butyl ether(MTBE)/ethanol (80/20) 
Flow rate: 3.0 mL/min 
Column temperature: 40°C 
Wave length: UV: 210 nm, CD: 310 nm 
Back pressure.: 15 MPa 
Injection volume: 5 μL 
Standard: 1.0 mg/mL flavanone in methanol 

Figure 1 Result of Method Scouting (UV detector) 



Application 033001U 

Investigation of Chiral Separation Conditions of Flavanone 
by Unified Fluid Chromatography with the Method Scouting System 

Table 1 shows the degree in separation of flavanone. 
As shown in the table, methanol and CHIRALPAK IF is 
suited to this measurement. Rapid separation can be 
achieved in 3 minutes using CHIRALPAK IA or ID. 
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Figure 2 Result of Method Scouting (CD detector) 

Column 

Modifier IA IB IC ID IE IF 

Methanol 5.46 N.S. N.S. 7.63 2.44 10.1 

Acetonitrile/Ethanol (80/20) 3.46 N.S. N.S. 4.10 2.17 6.80 

MTBE/Ethanol (80/20) 4.12 N.S. N.S. 6.05 2.70 9.13 

N.S.: Not Separated 

Table 1 Degree in separation 



Application 036001U 

Preparative Purification of Flavanone by Semi-preparative Unified Fluid 
Chromatography System and Cyclone Separator-87 (CS-87) 

Introduction 
Preparative purification in SFC has advantages for 
high throughput measurements and post-collection 
fraction treatment. In terms of post-collection 
fraction treatment, SFC uses CO2 as mobile phase, so 
evaporation to dryness can be easily carried out by 
drying off the co-solvent (typically an alcohol). CO2 
has a low-cost and high purity, which allows 
measurement with less impurities and reduces 
solvent costs. CO2 has a 500 times adiabatically-
expansion when released into atmospheric pressure 
at exit of pressure adjustment valve, thus it is 
important to properly control this expansion to 
maximize sample recovery. Cyclone Separator-87 
(CS-87), gas-liquid separator, provides a high 
recovery rate for analysis at less than 50 mL/min CO2 
flow rates. In this application, chiral preparative 
purification of flavanone using the Prep SFC System-
M, CS-87, and fraction collector management 
program for EXTREMA UFC is reported. 
 
Figure 1 shows the Cyclone Separator-87 (CS-87), 
gas-liquid separator. CS-87 provides easy installation, 
repeatedly use and significant increase in fraction 
recovery. 
 
Result 
Figure 2 shows the chromatogram of flavanone 
recovery, and figure 3 shows the re-chromatogram 
of recovery liquid. As shown in figure 3, 
contamination is not observed, showing that the CS-
87 provides high performance with high recovery. 

59 

Experimental Condition 
Column: CHIRALPAK IA (20 mmI.D. x 250 mmL, 5 μm) 
Eluent: CO2 : 50 mL/min methanol: 10 mL/min 
Column temperature.: 40°C 
Wave length: UV: 210 nm 
Back pressure.: 10 MPa 
Injection volume: 1000 μL 
Standard: 1 mg/mL flavanone in methanol 

1: CO2 cylinder, 2: CO2 pump, 3: Modifier solvent, 4: Modifier 
pump, 5: Stop valve, 6: Mixer, 7: Pre-heater HE-01),  

8: Autosampler, 9: Column oven, 10: Column, 11: UV detector, 
12: Make up solvent, 13: Make up pump, 14: Back pressure 

regulator, 15: Post-heater (HE-02), 16: Switching valve, 
17: Fraction collector, 18: Cyclone separator-87 (CS-87),  

19: Duran bottles, 20: Fume Hood, 
21: Chromatography data system (ChromNAV Ver.2) 

Figure 1 Cyclone 
Separator-87(CS-87) 

Figure 2 Fraction of flavanone 

Figure 3 Re-chromatogram of flavanone recovery liquid 

Table 1 shows recovery rate of flavanone. As shown in 
the table Flavanone-1 and 2 shows high recovery rate. 

Flavanone-1 Flavanone-2 

Recovery rate(%) 99.6 99.8 

Table 1 Recovery rate of flavanone 



Application 033002U 

Investigation of Chiral Separation Conditions of Omeprazole 
by Unified Fluid Chromatography Methods Scouting System 

Introduction 
In the synthesis of medicinal drugs and agrichemical 
fields, synthetic compounds with optical activity are 
continuing to gain more attentions. These 
compounds can show the same physical chemical 
properties, but show different biological activity. 
It has been reported that using only one enantiomer 
of the optical isomer can enhance the medicinal 
effects and reduce the side effects when the 
biological activity varies between the enantiomers. 
Our Methods Scouting System makes it simple for 
users to search and select the appropriate 
measurement conditions using various solvents and 
columns for both chiral and achiral separations. 
Supercritical fluid chromatography (SFC) is well 
known for quick separations, easy solvent 
replacement, easy sample treatment after 
preparation, decreasing solvent cost over HPLC and 
simple scale-up from analytical to preparative. 
In this application, method scouting of omeprazole, 
used as acid suppressant, with three modifiers and 
six columns is carried out by using UFC (Unified Fluid 
Chromatography) and Method Scouting Program,  
which is optional program of ChromNAV Ver.2. 
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Experimental Conditions 
• Column: CHIRALPAK IA, IB, IC, ID, IE and IF/SFC (i-

CHIRAL 6), (4.6 mmI.D. x 150 mmL, 5 mm) 
• Eluent: CO2/modifier (60/40) 
• Modifier 
 1) methanol 
 2) acetonitrile/ethanol (80/20) 
 3) methyl tert-butyl ether(MTBE)/ethanol (80/20) 
• Flow rate: 3.0 mL/min 
• Column temp.: 40 ̊C 
• Wave length: UV: 300 nm, CD: 275 nm 
• Back pressure.: 15 MPa 
• Injection volume: 5 μL 
• Standard: 1.0 mg/mL omeprazole in methanol 

 
Results 
Figure 1 and 2 show the ChromNAV software results 
Previewer of Method Scouting by UV PDA) detector and 
CD detector. This view provides easy viewing of all 
screening conditions and quick determination of the best 
for further optimization if needed. 

 
 

1: CO2 Cylinder,  
2: CO2 pump,  
3: Modifier solvents,  
4: Solvent switch valve,  
5: Modifier pump, 
6: Stop valve,  
7: Mixer,  
8: Pre-heat coil,  
9: Autosampler,  
10: Column oven,  
11: Switching valve, 
12: Columns (i-CHIRAL 6),  
13: PDA detector ,  
14: Circular dichroism detector, 
15: Back pressure regulator,  
16: Chromatography data system (ChromNAV Ver.2) 

Schematic Diagram 



Application 033002U 

Investigation of Chiral Separation Conditions of Omeprazole 
by Unified Fluid Chromatography Methods Scouting System 

Table 1 shows the degree in separation of 
omeprazole. As shown in the table, methanol and 
CHIRALPAK IC is suited to this measurement. 

61 

Figure 1 Result of Method Scouting (UV detector) 

Figure 2 Result of Method Scouting (CD detector) 

IA IB IC ID IE IF 

Methanol 2.02 N.S. 3.38 N.E. N.S. N.E. 

Acetonitrile/Ethanol (80/20) N.S. N.S. 2.26 N.E. N.E. N.E. 

MTBE/Ethanol (80/20) N.E. N.S. N.E. N.E. N.E. N.E. 

N.S.: Not Separated, N.E.: Not Eluted 

Table 1 Degree in separation 



Application 033003U 

Investigation of Chiral Separation Conditions of Cetirizine 
by Unified Fluid Chromatography Methods Scouting System 

Introduction 
In the synthesis of medicinal drugs and agrichemical 
fields, synthetic compounds with optical activity are 
continuing to gain more attentions. These 
compounds can show the same physical chemical 
properties, but show different biological activity. 
It has been reported that using only one enantiomer 
of the optical isomer can enhance the medicinal 
effects and reduce the side effects when the 
biological activity varies between the enantiomers. 
Our Methods Scouting System makes it simple for 
users to search and select the appropriate 
measurement conditions using various solvents and 
columns for both chiral and achiral separations. 
Supercritical fluid chromatography (SFC) is well 
known for quick separations, easy solvent 
replacement, easy sample treatment after 
preparation, decreasing solvent cost over HPLC and 
simple scale-up from analytical to preparative. 
In this application method scouting of cetirizine 
application, cetirizine, used as antihistamine agent, 
with three modifiers which diethylamine (DEA) was 
added to for addition agent and six columns is 
carried out by using UFC (Unified Fluid 
Chromatography) and Method Scouting Program, 
which is optional program of ChromNAV Ver.2. 
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Experimental Conditions 
• Column: CHIRALPAK IA, IB, IC, ID, IE and IF/SFC (i-

CHIRAL 6), (4.6 mmI.D. x 150 mmL, 5 mm) 
• Eluent: CO2/modifier (60/40) 
• Modifier 
 1) methanol + 0.4% diethylamine 
 2) acetonitrile/ethanol (80/20) + 0.4% diethylamine 
 3) methyl tert-butyl ether(MTBE)/ethanol (80/20) + 
 0.4% diethylamine 
• Flow rate: 3.0 mL/min 
• Column temp.: 40 ̊C 
• Wave length: UV: 225 nm, CD: 230 nm 
• Back pressure.: 15 MPa 
• Injection volume: 5 μL 
• Standard: 1.0 mg/mL cetirizine in methanol 

 
Results 
Figure 1 and 2 show the ChromNAV software results 
Previewer of Method Scouting by UV PDA) detector and 
CD detector. This view provides easy viewing of all 
screening conditions and quick determination of the best 
for further optimization if needed. 
 

1: CO2 Cylinder,  
2: CO2 pump,  
3: Modifier solvents,  
4: Solvent switch valve,  
5: Modifier pump, 
6: Stop valve,  
7: Mixer,  
8: Pre-heat coil,  
9: Autosampler,  
10: Column oven,  
11: Switching valve, 
12: Columns (i-CHIRAL 6),  
13: PDA detector ,  
14: Circular dichroism detector, 
15: Back pressure regulator,  
16: Chromatography data system (ChromNAV Ver.2) 

Schematic Diagram 



Application 033003U 

Investigation of Chiral Separation Conditions of Cetirizine 
by Unified Fluid Chromatography Methods Scouting System 

Table 1 shows the degree in separation of cetirizine. 
As shown in the table, methanol with 0.4 % DEA and 
CHIRALPAK IE is suited to this measurement. 
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Figure 1 Result of Method Scouting (UV detector) 

Figure 2 Result of Method Scouting (CD detector) 

  IA IB IC ID IE IF 

Methanol + 0.4% DEA N.S. N.S. N.S. N.S. 2.53 N.S. 

Acetonitrile/Ethanol (80/20) + 0.4% DEA N.E. N.E. N.E. N.E. N.E. N.E. 

MTBE/Ethanol (80/20) + 0.4% DEA N.E. N.E. N.E. N.E. N.E. N.E. 

N.S.: Not Separated, N.E.: Not Eluted 

Table 1 Degree in separation 



Application 033004U 

Investigation of Chiral Separation Conditions of Zopiclone 
by Unified Fluid Chromatography Methods Scouting System 

Introduction 
In the synthesis of medicinal drugs and agrichemical 
fields, synthetic compounds with optical activity are 
continuing to gain more attentions. These 
compounds can show the same physical chemical 
properties, but show different biological activity. It 
has been reported that using only one enantiomer of 
the optical isomer can enhance the medicinal effects 
and reduce the side effects when the biological 
activity varies between the enantiomers. 
Our Methods Scouting System makes it simple for 
users to search and select the appropriate 
measurement conditions using various solvents and 
columns for both chiral and achiral separations. 
Supercritical fluid chromatography (SFC) is well 
known for quick separations, easy solvent 
replacement, easy sample treatment after 
preparation, decreasing solvent cost over HPLC and 
simple scale-up from analytical to preparative. 
In this application method scouting of zopiclone 
application, zopiclone, used as sleep inducing drug, 
with three modifiers which diethylamine (DEA) was 
added to for addition agent and six columns is 
carried out by using UFC (Unified Fluid 
Chromatography) and Method Scouting Program, 
which is optional program of ChromNAV Ver.2. 
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Experimental Conditions 
• Column: CHIRALPAK IA, IB, IC, ID, IE and IF/SFC (i-

CHIRAL 6), (4.6 mmI.D. x 150 mmL, 5 mm) 
• Eluent: CO2/modifier (60/40) 
• Modifier 
 1) methanol + 0.4% diethylamine 
 2) acetonitrile/ethanol (80/20) + 0.4% diethylamine 
 3) methyl tert-butyl ether(MTBE)/ethanol (80/20) + 
 0.4% diethylamine 
• Flow rate: 3.0 mL/min 
• Column temp.: 40 ̊C 
• Wave length: UV: 300 nm, CD: 305 nm 
• Back pressure.: 15 MPa 
• Injection volume: 5 μL 
• Standard: 1.0 mg/mL zoplicone in methanol 

 
Results 
Figure 1 and 2 show the ChromNAV software results 
Previewer of Method Scouting by UV PDA) detector and 
CD detector. This view provides easy viewing of all 
screening conditions and quick determination of the best 
for further optimization if needed. 

1: CO2 Cylinder,  
2: CO2 pump,  
3: Modifier solvents,  
4: Solvent switch valve,  
5: Modifier pump, 
6: Stop valve,  
7: Mixer,  
8: Pre-heat coil,  
9: Autosampler,  
10: Column oven,  
11: Switching valve, 
12: Columns (i-CHIRAL 6),  
13: PDA detector ,  
14: Circular dichroism detector, 
15: Back pressure regulator,  
16: Chromatography data system (ChromNAV Ver.2) 

Schematic Diagram 



Application 033004U 

Investigation of Chiral Separation Conditions of Zopiclone 
by Unified Fluid Chromatography Methods Scouting System 

Table 1 shows the degree in separation of Zopiclone. 
As shown in the table, MTBE/ethanol with 0.4 % DEA 
and CHIRALPAK IB is suited to this measurement. 
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Figure 1 Result of Method Scouting (UV detector) 

Figure 2 Result of Method Scouting (CD detector) 

  IA IB IC ID IE IF 

Methanol + 0.4% DEA 4.53 3.84 4.70 N.S. 3.86 1.01 

Acetonitrile/Ethanol (80/20) + 0.4% DEA 4.03 2.32 4.90 N.S. 1.51 N.S. 

MTBE/Ethanol (80/20) + 0.4% DEA 3.69 5.39 N.E. N.E. N.E. N.E. 

N.S.: Not Separated, N.E.: Not Eluted 

Table 1 Degree in separation 



Application 033005U 

Investigation of Chiral Separation Conditions of Bupivacaine 
by Unified Fluid Chromatography Methods Scouting System 

Introduction 
In the synthesis of medicinal drugs and agrichemical 
fields, synthetic compounds with optical activity are 
continuing to gain more attentions. These 
compounds can show the same physical chemical 
properties, but show different biological activity. It 
has been reported that using only one enantiomer of 
the optical isomer can enhance the medicinal effects 
and reduce the side effects when the biological 
activity varies between the enantiomers. 
Our Methods Scouting System makes it simple for 
users to search and select the appropriate 
measurement conditions using various solvents and 
columns for both chiral and achiral separations. 
Supercritical fluid chromatography (SFC) is well 
known for quick separations, easy solvent 
replacement, easy sample treatment after 
preparation, decreasing solvent cost over HPLC and 
simple scale-up from analytical to preparative. 
In this application method scouting application, of 
bupivacaine, used as local analgesic, with three 
modifiers which diethylamine (DEA) was added to for 
addition agent and six columns is carried out by using 
UFC (Unified Fluid Chromatography) and Method 
Scouting Program, which is optional program of 
ChromNAV Ver.2. 
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Experimental Conditions 
• Column: CHIRALPAK IA, IB, IC, ID, IE and IF/SFC (i-

CHIRAL 6), (4.6 mmI.D. x 150 mmL, 5 mm) 
• Eluent: CO2/modifier (75/25) 
• Modifier 
 1) methanol + 0.4% diethylamine 
 2) acetonitrile/ethanol (80/20) + 0.4% diethylamine 
 3) methyl tert-butyl ether(MTBE)/ethanol (80/20) + 
 0.4% diethylamine 
• Flow rate: 3.0 mL/min 
• Column temp.: 40 ̊C 
• Wave length: UV: 220 nm, CD: 230 nm 
• Back pressure.: 15 MPa 
• Injection volume: 5 μL 
• Standard: 1.0 mg/mL bupivacaine in ethanol/acetic 

acid (90/10) 
 
Results 
Figure 1 and 2 show the ChromNAV software results 
Previewer of Method Scouting by UV PDA) detector and 
CD detector. This view provides easy viewing of all 
screening conditions and quick determination of the best 
for further optimization if needed. 

1: CO2 Cylinder,  
2: CO2 pump,  
3: Modifier solvents,  
4: Solvent switch valve,  
5: Modifier pump, 
6: Stop valve,  
7: Mixer,  
8: Pre-heat coil,  
9: Autosampler,  
10: Column oven,  
11: Switching valve, 
12: Columns (i-CHIRAL 6),  
13: PDA detector ,  
14: Circular dichroism detector, 
15: Back pressure regulator,  
16: Chromatography data system (ChromNAV Ver.2) 

Schematic Diagram 



Application 033005U 

Investigation of Chiral Separation Conditions of Bupivacaine 
by Unified Fluid Chromatography Methods Scouting System 

Table 1 shows the degree in separation of 
bupivacaine. As shown in the table, MTBE/ethanol 
with 0.4 % DEA and CHIRALPAK IA is suited to this 
measurement. 
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Figure 1 Result of Method Scouting (UV detector) 

Figure 2 Result of Method Scouting (CD detector) 

  IA IB IC ID IE IF 

Methanol + 0.4% DEA N.S. N.S. N.S. N.S. N.S. N.S. 

Acetonitrile/Ethanol (80/20) + 0.4% DEA 3.70 N.S. N.S. N.S. N.S. 2.40 

MTBE/Ethanol (80/20) + 0.4% DEA 5.49 N.S. 0.683 N.S. N.S. 2.34 

N.S.: Not Separated, N.E.: Not Eluted 

Table 1 Degree in separation 



Application 033006U 

Investigation of Chiral Separation Conditions of Warfarine 
by Unified Fluid Chromatography Methods Scouting System 

Introduction 
In the synthesis of medicinal drugs and agrichemical 
fields, synthetic compounds with optical activity are 
continuing to gain more attentions. These 
compounds can show the same physical chemical 
properties, but show different biological activity. It 
has been reported that using only one enantiomer of 
the optical isomer can enhance the medicinal effects 
and reduce the side effects when the biological 
activity varies between the enantiomers. 
Our Methods Scouting System makes it simple for 
users to search and select the appropriate 
measurement conditions using various solvents and 
columns for both chiral and achiral separations. 
Supercritical fluid chromatography (SFC) is well 
known for quick separations, easy solvent 
replacement, easy sample treatment after 
preparation, decreasing solvent cost over HPLC and 
simple scale-up from analytical to preparative. 
In this application, method scouting of Warfarine, 
used as anticoagulant, with three modifiers and six 
columns is carried out by using UFC (Unified Fluid 
Chromatography) and Method Scouting Program, 
which is optional program of ChromNAV Ver.2. 
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Experimental Conditions 
• Column: CHIRALPAK IA, IB, IC, ID, IE and IF/SFC (i-

CHIRAL 6), (4.6 mmI.D. x 150 mmL, 5 mm) 
• Eluent: CO2/modifier (75/25) 
• Modifier 
 1) methanol  
 2) acetonitrile/ethanol (80/20) 
 3) methyl tert-butyl ether(MTBE)/ethanol (80/20) 
• Flow rate: 3.0 mL/min 
• Column temp.: 40 ̊C 
• Wave length: UV: 275 nm, CD: 266 nm 
• Back pressure.: 15 MPa 
• Injection volume: 5 μL 
• Standard: 1.0 mg/mL warfarine in methanol 
 
Results 
Figure 1 and 2 show the ChromNAV software results 
Previewer of Method Scouting by UV PDA) detector and 
CD detector. This view provides easy viewing of all 
screening conditions and quick determination of the best 
for further optimization if needed. 

1: CO2 Cylinder,  
2: CO2 pump,  
3: Modifier solvents,  
4: Solvent switch valve,  
5: Modifier pump, 
6: Stop valve,  
7: Mixer,  
8: Pre-heat coil,  
9: Autosampler,  
10: Column oven,  
11: Switching valve, 
12: Columns (i-CHIRAL 6),  
13: PDA detector ,  
14: Circular dichroism detector, 
15: Back pressure regulator,  
16: Chromatography data system (ChromNAV Ver.2) 

Schematic Diagram 
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Investigation of Chiral Separation Conditions of Warfarine 
by Unified Fluid Chromatography Methods Scouting System 

Table 1 shows the degree in separation of Warfarine. 
As shown in the table, methanol or 
acetonitrile/ethanol and CHIRALPAK IA is suited to 
this measurement. 
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Figure 1 Result of Method Scouting (UV detector) 

Figure 2 Result of Method Scouting (CD detector) 

  IA IB IC ID IE IF 

Methanol + 0.4% DEA 5.11 4.56 1.19 2.07 2.26 N.S. 

Acetonitrile/Ethanol (80/20) + 0.4% DEA 4.61 2.05 1.42 2.21 1.37 N.S. 

MTBE/Ethanol (80/20) + 0.4% DEA N.E. N.E. N.E. N.E. N.E. N.E. 

N.S.: Not Separated, N.E.: Not Eluted 

Table 1 Degree in separation 



Results 
Figure 2 shows the chromatogram of sterol standard 
sample. THF solutions of 10 mg/mL sterols were 
prepared as stock solutions, and diluted with acetonitrile 
to prepare 0.5 mg/mL standard samples. As shown in 
Figure 2, a high resolution UHPLC column (2.0 mmID x 
150 mmL, 1.9 μm particles) completely separates 
campesterol (peak 3) and stigmasterol (peak 4) with 
baseline resolution. 

Application 410009X 

Analysis of Sterols  
by Ultra High-Performance Liquid Chromatography 

Introduction 
Sterols can be derived from plant material - plant 
sterol (phytosterol), or from animals - animal sterol 
(zoosterol). A commonly occurring zoosterol is 
cholesterol, which is an important component found 
in animal cell membranes. 
Recent research has revealed that there is no 
significant relationship between the consumption of 
dietary cholesterol and serum (blood) cholesterol 
levels. However, in general, dietary patterns that are 
lower in cholesterol are recommended for reducing 
the risks of cardiovascular disease. 
Phytosterol inhibits the absorption of cholesterol by 
internal organs, so it helps in reducing physiological 
cholesterol levels. Therefore, the analysis and 
quantitation of sterols is important in food 
production and quality control. 
This application note illustrates the analysis of 
several different sterol standard samples (four types 
of phytosterols and cholesterol (shown in Figure 1) 
using a UHPLC column with 1.9 μm particles. 
Additionally, a mayonnaise containing phytosterol 
and a conventional mayonnaise have also been 
analyzed. 
 
Equipment 
Eluent Pump: PU-4185 
Gradient Mixer: LG-4080 
Degasser: DG-4000-04  
Column Oven: CO-4061 with PCS-4200 Pre-column stabilizer 

Autosampler: AS-4150 
Detector: UV-4070 with Semi-Micro flow cell 

 

Experimental Condition 
Column: Unifinepak C18 (2.0 mmID x 150 mmL, 1.9 
μm) 
Eluent : A; Acetonitrile/Water (95/5), B; THF 
Flow rate: 0.5 mL/min 
Column temp.: 40 ºC 
Detection: UV detection (Wavelength: 278 nm) 
Injection volume: 1 μL 
Standard Sample:  
1. Ergosterol 2. Cholesterol 3. Campesterol  
4. Stigmasterol 5. β-Sitosterol  
(0.5 mg/mL each) 
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Figure 2 Chromatogram of the standard sample of sterols 
 1. Ergosterol, 2. Cholesterol, 3. Campesterol,  

4. Stigmasterol, 5. β-Sitosterol (0.5 mg/mL each) 

Next, two mayonnaise samples were measured; the first 
contained phytosterol, and the second a more commonly 
used mayonnaise. Figures 3 and 4 show the 
pretreatment procedure of each sample. As shown in the 
Figures 3 and 4, the pretreatment procedures are 
different for each sample. 

Add 10 mL THF to 1.0 g of unknown sample,  
and shake for 5 minutes 

Put the sample into the centrifuge  
and spin at 3000 rpm for 5 minutes 

Collect 1 mL THF solution (upper layer),  
and mix with 9 mL acetonitrile 

Put the sample into the centrifuge  
and spin at 3000 rpm for 5 minutes 

Collect the solution (upper layer),  
and analyze using UHPLC 

Figure 3 Pretreatment procedure of a mayonnaise 
containing phytosterol 

Add 10 mL THF to 1.0 g unknown sample,  
and shake for 5 minutes 

Put the sample into the centrifuge  
and spin at 3000 rpm for 5 minutes 

Collect the solution (upper layer),  
and analyze using UHPLC 

Figure 4 Pretreatment procedure of common mayonnaise 
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Analysis of Sterols  
by Ultra High-Performance Liquid Chromatography 

Figure 5 shows the chromatogram of a mayonnaise 
containing phytosterol. As shown in Figure 5, UHPLC 
could be used to clearly identify several different 
sterols - phytosterol; campesterol, stigmasterol, and 
β-sitosterol. 
In this measurement, components which are strongly 
retained are included in this sample, these are 
difficult to remove during pre-treatment. Therefore, 
the column must be flushed with THF (B solvent) 
between sample measurements. 

Figure 6 shows the chromatogram of common 
mayonnaise. During pretreatment of the sample of 
common mayonnaise, dilution with acetonitrile was 
not performed. Therefore, it should be noted that 
the standard sample concentration in Figure 6 is ten 
times higher than that in Figure 5. 
Figure 6 indicates that a low level of phytosterol is 
present in the common mayonnaise. This may be due 
to plant oil being used in the production of this 
mayonnaise. 
These results show that the UHPLC is a fast, accurate 
and reliable method for the analysis of sterols. 

Figure 5 Chromatogram of mayonnaise containing phytosterol 
2 Cholesterol 3 Campesterol 4 Stigmasterol 5 β-Sitosterol 

Figure 6 Chromatogram of common mayonnaise 
2 Cholesterol 3 Campesterol 4 Stigmasterol 5 β-Sitosterol 
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in Mixture of Biodiesel Fuel and Diesel Fuel 
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Introduction 
Diesel oil is made of petroleum which is one of the 
underground resources. The combustion of diesel oil 
produces carbon dioxide which is considered to be one of 
the causes of global warming. Oil in plant is produced by 
photosynthesis in which atmospheric carbon dioxide is 
consumed. Biodiesel fuel is made of 
vegetable oil, which is made from various plant materials, 
by trans-esterification of triglycerides contained in the 
vegetable oil into fatty acid methyl esters. Therefore, 
carbon dioxide exhausted from the combustion of 
biodiesel in a diesel engine is reabsorbed by plants 
through photosynthesis, offsetting the amount of carbon 
dioxide consumed by the plant material: this is called 
carbon neutrality. As a result, determination of fatty acid 
methyl esters and triglycerides in fuel is now becoming 
very important. In Japan, the measurement method for 
determination of fatty acid methyl esters and triglycerides 
was promulgated in Official Gazette No.78 of Ministry of 
Economy, Trade and Industry, issued on the 22nd of 
March 2007. JASCO has determined fatty acid methyl 
esters and triglycerides in diesel fuel mixed with biodiesel 
in accordance with this method. 
 
Experimental 
JASCO HPLC 2000 series modular components were used 
for the measurement. The system consisted of a PU-2080 
pump, a DG-2080-53 degasser, a CO-2060 column oven, 
an AS-2057 autosampler, a RI-2031 refractive index 
detector, and ChromNAV chromatography data station. 
The stock solution was prepared by dissolving 5.0 g of 
methyl stearate and 0.05 g of trilinolein in diesel oil to 
make the volume up to 50 mL. The standard solutions 
were then prepared by diluting the stock solution twice, 
three times, five times, ten times, and hundred times 
using diesel fuel. 
 
Results and Discussion 
Figure 1 shows the chromatogram obtained by injecting 5 
μL of the 10 times diluted stock solution. Resolution 
between methyl stearate (peak 2) and trilinolein (peak 3) 
was calculated to be 5.7, whereas the Official Gazette’s 
requirement for the resolution is 3.0, well exceeding the 
criteria. In order to examine the quantitative precision, 5 
μL of the stock solution and the standard solutions with 
various concentrations were injected and obtained peak 
areas were plotted against the concentrations of the 
standard solutions. Results showed that the coefficients of 
correlation for methyl stearate was r2=1.0000 in the range 
of 1-100 mg/mL and for trilinolein was r2=0.9999 in the 
range of 0.01-1 mg/mL, respectively. 
Figure 2 shows the chromatogram obtained by injecting 5 
μL of mixture of biodiesel fuel and diesel fuel (5/95). 
 

Peak 2 corresponding to fatty acid methyl esters was 
quantified to be 48.99 mg/mL in terms of methyl stearate. No 
peak corresponding to triglycerides was observed. These 
results meet the Official Gazette’s requirements for the 
contents of fatty acid methyl esters and triglycerides: less than 
5.0% (w/v) and less than 0.01% (w/v), respectively. 

Figure 1 Chromatogram of standard mixture 
Peaks: 1=peak derived from diesel oil;  

2=methyl stearate(10 mg/mL) ; 3=trilinolein(0.1 mg/mL)  
 

Conditions 
column=Finepak SIL-5 (4.6 mm x 250 mm);  

mobile phase=2-propanol/n-hexane(0.4/99.6);  
flow rate=1.0 mL/min; column temperature=40°C; 

injection volume=5 μL 

Figure 2 Chromatogram of a mixture of biodiesel fuel  
and diesel fuel (5/95) 

Peaks: 1=peak derived from diesel fuel;  
2=fatty acid methyl esters. 

 
The other conditions are the same as in Figure 1. 
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Introduction 
For the room temperature analysis of Nylon (a 
polyamide synthetic fiber), sample preparation is 
made by dissolving samples in hexafluoroisopropanol 
(HFIP). However, a recent cost increase in HFIP has 
made this analysis more expensive and HFIP is 
considered environmentally unfriendly. The use of 
semi-micro separations has a significant advantage 
for this type of application by reducing the 
consumption of mobile phase. To reduce analysis 
time and solvent consumption, smaller column sizes 
for rapid analysis are now available for use with GPC 
analysis. In this report, the measurement of Nylon 6 
films and fibers was performed using the LC-4000 
Series RHPLC system with RI-4035 refractive index 
detector designed for use with semi-micro GPC 
columns offering high performance analysis. The 
solvent used is approximately 8 mL per analysis cycle 
and represents a 75% solvent saving compared with 
conventional analysis. The average molecular weight 
was calculated using ChromNAV-GPC, and a 
molecular weight calibration curve was constructed 
using a polymethylmethacrylate (PMMA) standard. 
 
Equipment 
Pump: PU-4185 
Autosampler: AS-4150 
(100 μL Sample Loop) 
Column oven: CO-4060 
Detector: RI-4035 
 
Conditions 
Column: 2x Shodex LF-404 (4.6mmI.D. x 250mmL, 
6μm each)*1 

Eluent: 5 mM Sodium trifluoroacetate in HFIP*2 

Flow rate: 0.2 mL/min 
Column temp.: 40°C 
Injection volume: 20 μL 
Calibration standards for GPC: 
• PMMA standards mixture (0.025 (w/v)% each in 

eluent) 
• PMMA STD (1); Mp 1520000, 211000, 21700, 

2200 
• PMMA STD (2); Mp 772000, 51900, 6900, 645 
Sample: 0.1 (w/v)% Nylon 6 film and fiber in eluent 
 
*1 The column dedicated for use with THF was replaced by 
HFIP. 
*2 Degassing was performed by the batch, not online 
vacuum degasser. 

Results 
Figure 1 Chromatograms of PMMA standard. 

Figure 1 Chromatogram of PMMA standard 
(The values on the chromatogram indicate the Mp, peak top 

molecular weight, for each PMMA standard) 

Figure 2 shows the molecular weight Fig. calibration 
curve using PMMA standard. Fig. 3 displays the 
chromatogram of Nylon 6 film and molecular weight 
calibration curve, and its molecular weight distribution 
curve is in Fig. 4. Fig. 5 is the chromatogram of Nylon 6 
fiber and molecular weight calibration curve, and its 
molecular weight distribution curve is in Figure 6. Table 1 
shows the result of each average molecular weight 
calculation converted to PMMA. 

Figure 2 Molecular weight calibration curve  
by the PMMA standard 
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Figure 3 Chromatogram of Nylon 6 film  
and molecular weight calibration curve 

(The values indicate each Mp converted by PMMA) 

Figure 4 Molecular weight distribution curve  
of Nylon 6 film 

Figure 5 Chromatogram of Nylon 6 fiber  
and molecular weight calibration curve 

(The integrated indicate each Mp converted by PMMA) 

Figure 6 Molecular weight distribution curve  
of Nylon 6 fiber Mn Mw Mz Mv Mw/Mn Mz/Mw 

Film 16570 70258 130381 70258 4.24 1.86 

Fiber 12854 40210 69148 40210 3.13 1.72 

Table 1 Average molecular weight calculation of Nylon 6 film 
and fiber converted by PMMA 
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Introduction 
Semi-micro analysis has the advantage in cutting cost 
by reducing the consumption of mobile phase. 
Columns with smaller particle sizes and reduced 
column dimensions are ideal for rapid high 
performance analysis and provide economical and 
ecological advantages in reducing the consumption 
of organic solvent in GPC analysis. Using these more 
efficient columns together with a faster response 
detector, which can detect the sharper eluted peaks, 
offers a shorter measurement time. The RI-4035 
refractive index detector with small flow cell volume 
is optimized for high-speed data acquisition for use in 
semi-micro scale analysis using columns with high 
performance packing material with smaller particles. 
This report shows polystyrene oligomer analysis 
using a GPC column designed for high-performance 
analysis. Analysis using the LC-4000 Series RHPLC 
system results in a 30% solvent saving compared to 
conventional separations. 
 
Equipment 
Pump: PU-4185 
Pump option: Degasser unit 
Autosampler: AS-4150 
Column oven: CO-4060 
Detector: RI-4035 
 
Conditions 
Column: Shodex KF-401HQ (4.6 mmI.D. x 250 mmL, 3 μm) 
Eluent: THF (with stabilizer) 
Flow rate: 0.3 mL/min 
Column temp.: 25°C 
Injection volume: 2 μL 
Sample: 0.2(w/v)% Polystyrene oligomer (Mw = 500) in 
eluent 
 
Result 
Figure 1 shows the chromatograms of polystyrene 
oligomer measured with RI-4035 (and RI-2031 for 
conventional HPLC). 
The RI-4035 for semi-micro separations provide 
chromatograms with sharper peaks and better peak 
resolution. 

Figure 1 Chromatogram of polystylene oligomer 

Figure 2 Chromatogram of polystyrene oligomer  
for comparison of response 
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A family of polyaromatic hydrocarbons (PAHs) known 
as nitroarenes are present in automobile exhaust. 
These species are known to be highly mutagenic and 
carcinogenic. Thus, it is very important to develop 
good methods for the analysis of these species. In 
many cases the presence of interfering compounds 
often masks the target compounds, making highly 
selective and sensitive detection difficult. In this 
experiment, an on-line reduction system and clean-
up method is employed to enhance the fluorescence 
and provide higher selectivity. The system allows 
simultaneous analysis of PAHs and nitroarenes in 
diesel exhaust. 
 
Experimental 
A series of diesel exhaust samples spiked with 
nitroarenes were run on a Jasco HPLC equipped with 
an NPpak-P pretreatment column, an NPpak column 
for separation, and an NPpak-R column for 
reduction. Samples were run using gradient elution 
with methanol and water at a flow rate of 1mL/min. 
Pretreatment and separation temperature was 40°C 
while reduction was done at 100°C. A sample 
containing five standards, naphthalene, 
acenapthylene, acenapthene, fluorine, and 
penanthrene and four diesel exhaust samples were 
run using an injection volume of 10μL and UV 
detection at 254nm. A fluorescence detector was 
used monitoring emission at 436nm with an 
excitation of 365nm. 
 

Results and Discussion 
Figure 1 shows the chromatogram of the 5 component 
nitroarene standard. Using the HPLC system described 
above with fluorescence detection, all 5 components 
were able to be separated and detected. Figure 2 shows 
fluorescence detection of nitropyrene (NP) in diesel 
exhaust. Although a large number of species are 
detected, none of them interferes with the nitropyrene 
peak which elutes in approximately 23 minutes. A series 
of nitropyrene standards were spiked into a diesel matrix 
and the detection limit of nitropyrene was determined to 
be less than 1pg. 

Figure 1 Standard Mixture   
1) Napthalene, 2) Acenapthylene 3) Acenapthene 4) Fluorene 5) Phenanthrene 

Figure 2 Nitropyrene (NP) identified in four diesel exhaust 
samples using HPLC with fluorescence detection. 
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Introduction 
ICSpak made by JASCO is a suppressor for anion 
chromatography. The packing material whose 
sulfonic acid group is chemically bonded to styrene-
divinylbenzene porous polymer is packed in the PEEK 
tube. Using this suppressor at anion 
chromatography, the background of eluent 
decreases, and the sample changes to ion pair with 
high equivalent conductivity. This suppressor can be 
used repeatedly by recycling and washing. The more 
sensitive detection of nitrate ion and nitrite ion is 
enabled by using the UV detector, which is shown in 
this report using inert system and ICSpak. 
 
Equipment 
Pump: PU-4080i 
Pump option: DG unit 
Autosampler: AS-4050i 
Column oven: CO-4060 
Detector: UV-4075 (Inert Cell) and Shodex CD-5 
 
Conditions 
Column: Shodex IC SI-90 4E (4.6 mmI.D. x 250 mmL) 
Suppressor: ICSpak (4.6 mmI.D. x 100 mmL) 
Eluent: 1.8 mM Na2CO3 + 1.7 mM NaHCO3 
Flow rate: 1.0 mL/min 
Column temperature : 25 °C 
Wave length: 215 nm 
Injection volume: 100 μL 
Standard sample: Anion Mixture (Described below) 

Results 
Figure 2 shows the chromatograms of the anion standard 
solution mixture. 7-component anions are detected. 

Peak Anions Concentration  
(mg/L) 

1 F- 0.2 

2 Cl- 0.3 

3 NO2
- 0.5 

4 Br- 1 

5 NO3
- 1 

6 PO4
3- 1.5 

7 SO4
2- 1.5 

Table 1  
The concentration of anion 
standard solution mixture 

Figure 1 The flow path diagram 

Figure 2 The chromatograms of anion standard solution mixture using Sh d IC SI 90 
4E and the chemical suppressor ICSpak 

Top: UV detector, Bottom: electrical conductivity detector 
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The CO-4065 can equip up to two optional valves. 
Analysis and regenerating/washing can be performed 
in parallel by using the CO-4065 which mounts two 2 
position/6 port switching valves and is connected 
two ICSpaks and a regenerating/washing pump (e.g., 
the PU-4180 which equips a low-pressure gradient 
unit) as shown in the Figure 3. 
 
Equipment 
Pump: PU-4180-LPG 
Pump option: DG unit + LPG unit 
R-Pump unit: R-PU-4080i 
Autosampler: AS-4050i 
Column oven: CO-4065 
Oven option: 2 way 6 port x 2 
Detector: UV-4075 (Inert Cell) and Shodex CD-5 

Anions Concentration  
(mg/L) 

Injection volume 
[ng] 

UV-4075 
S/N=3 [μg/L] 

CD-5 
S/N=3 [μg/L] 

F- 0.2 20 0.32 

Cl- 0.3 30 0.40 

NO2
- 0.5 50 0.89 1.46 

Br- 1 100 8.39 1.50 

NO3
- 1 100 1.33 1.34 

PO4
3- 1.5 150 3.67 

SO4
2- 1.5 150 1.45 

Table 2 The detection lower limited values of anions 

Figure 3 The flow path diagram of the system which can 
perform analysis and regenerating/washing in parallel 
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Introduction 
Gasoline is produced by fractional distillation of 
petroleum at a boiling point of between 30°C and 
200°C and contains hydrocarbons such as paraffin, 
olefin, and aromatics, carbon numbers of which are 
between 4 and 10. Characterization of gasoline 
requires determination of contents of those 
hydrocarbons.  
American Society for Testing and Materials (ASTM) 
announced a method, D6550-00: Standard Test 
Method for Determination of Olefin Content of 
Gasolines by Supercritical-Fluid Chromatography.  
We have established an analysis system in 
accordance with this method. 
 
Experimental 
JASCO HPLC 2000 series were used for the 
measurement. The system consisted of a PU-2080-
CO2 liquefied carbon dioxide delivery pump, an AS-
2059-SF autosampler, an HV-2080-01 column 
switching valve (2 sets), a CO-2060 column oven, a 
flame ionization detector, a BP-2080 back-pressure 
regulator, and ChromNAV chromatography data 
system. Separation columns were a SFCpak SIL PA 
silica gel column (4.6 mm ID x 250 mmL, 5 μm) and a 
SFCpak SIL AGS silver coated silica gel column (4.6 
mm ID x 50 mmL, 5 μm). 

The operation for the measurement was carried out as 
follows: 
 
1. Connect the silica gel and silver-coated silica gel 

columns, and deliver liquefied carbon dioxide. 
2. Inject sample to elute paraffin first. 
3. Disconnect the silver-coated silica gel column from 

the flow path by using the column switching valves, 
and elute aromatics adsorbed on the silica gel 
column. By using the column switching valves, 
disconnect the silica gel column and connect the 
silver-coated silica gel column again, and elute olefin 
adsorbed on the silver-coated silica gel column. 

Figure 1 Schematic of the SFC system Components 
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Results and Discussion 
Figure 1 illustrates a schematic of the system. 
Switching the two columns allowed separation of 
paraffin, aromatics, and olefin. Effluent from the 
columns was divided by a splitter and a portion of 
the effluent was introduced into the FID detector. 
Figure 2 shows a SFC chromatogram of a standard 
mixture of hexadecane, toluene, and octadecene. 
Hexadecane was selected as paraffin, toluene as 
aromatics, and octadecene as olefin. 
Figure 3 shows a SFC chromatogram obtained by 
direct injection of commercially available gasoline. 
The olefin content of the gasoline was quantified to 
be 21.1% by comparing peak areas. 

Figure 2 SFC chromatogram of standard mixture 

Peaks 
1=hexadecane 
2=toluene, 
3=octadecene 
 
Conditions 
SFCpak SIL-PA (4.6 mmID x 250 mmL, 5 μm) and 
SFCpak SIL PA-AGS (4.6 mmID x 50 mmL, 5 μm) 
flow rate of liquefied carbon dioxide=2 mL/min, 
injection volume=1 μL 

Figure 3 SFC chromatogram of commercially available gasoline. 

Peaks 
1=hexadecane 
2=toluene, 
3=octadecene 
 
Conditions 
SFCpak SIL-PA (4.6 mmID x 250 mmL, 5 μm) and 
SFCpak SIL PA-AGS (4.6 mmID x 50 mmL, 5 μm) 
flow rate of liquefied carbon dioxide=2 mL/min, 
injection volume=1 μL 
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Carbon tetrachloride can be decomposed to sodium 
chloride, water and carbon dioxide in supercritical 
water containing sodium hydroxide following the 
reaction path shown in Figure 1. Figure 2 shows the 
flow diagram of this reaction system. Carbon 
tetrachloride and sodium hydroxide aqueous 
solutions are pumped respectively into reaction coil 
for decomposition, and then the reaction product is 
collected in a glass tube placed downstream of the 
back-pressure regulator (5) as shown in Figure 2. 
Decomposition efficiency at each reaction 
temperature was calculated by measuring the 
amount of sodium chloride (chloride ion) by ion-
chromatography (see Figure 3) and the amount of 
remaining carbon tetrachloride by gas 
chromatography (see Figure 4), respectively. 

Conditions 
Detector: Shodex CD-5 
Column: Shodex IC I-524A 
Shodex IC I-524AP 
Eluent: 1.5 mM Phthalic acid adjusted pH 3.0 with Tris. 
Flow rate: 1.2 mL/min 
Column temperature: 40°C 
Injection volume: 5 μL 
Sample: STD; NaCl 1.3 ppm UNK; x 500 

Figure 1 Decomposition of CCI4  
with supercritical water 

Figure 2 Flow diagram 

Figure 3 Chromatogram of CI- ion 

Conditions 
Reagent 1: 5 M NaOH 2.0 mL/min 
Sample reagent 2: CCI4 0.1 mL/min 
Reaction temperature: 380, 350, 300, 250, 200, 40°C 
Reaction coil 4: Hastelloy-C276 tube 
(0.5 mm I.D. x 5 m Length) = 981 μL 
Back pressure: 30 Mpa 
 

Conditions 
GC: GC-5890 
Detector: FID 
Column: Cemipak NOT Sus Col.6ft x 2 mm I.D. 
Carrier Gas: N2 at 3 kPa 
Column temperature: 60°C 
Injection volume: 5 μL 
Sample: 5 mL/mL each of effluent at 380, 350, 300 and 
40°C 

Figure 4 Chromatogram of CCI4  
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Introduction 
Diesel fuel is a complex mixture of hydrocarbons including 
non-aromatic, mono-aromatic and poly-aromatic 
hydrocarbons. It is well known that the composition of 
these compounds is closely related to the cetane number 
of fuel in the way that the cetane number becomes higher 
as the concentration of non-aromatics increases, while the 
number becomes lower and the amount of particulate 
matter in exhaust gas increases as the concentration of 
aromatics increases. The analysis of diesel fuel is taking an 
important role in the automobile and fuel industries. 
ASTM (American Society for Testing and Materials) 
published the “Standard Test Method for Determination 
of the Aromatic Content and Polynuclear Aromatic 
Content of Diesel Fuels and Aviation Turbine Fuels By 
Supercritical Fluid Chromatography (D-5186 – 03)” using a 
Flame Ionization Detector (FID) in 2003 1). This application 
note demonstrates that SFC with supercritical CO2 can 
determine the non-aromatic and aromatic contents in 
commercially available diesel fuel in accordance with the 
ASTM method.  
 
Experimental 
The SFC system we used consisted of a JASCO model PU-
2080-CO2 Supercritical CO2 delivery pump, a GC-4000 Gas 
chromatograph with an FID (GL Science), JASCO’s CO-2060 
Column oven, a BP-2080 automatic back-pressure 
regulator, and a JASCO AS-2059-SF autosampler with a 
Chromatography Data System controlling and data 
processing data from all of above modules. The SFCpak SIL 
PA column (5 um silica gel, 4.6 mm I.D. x 250 mmL) was 
used for the sample separation. The column effluent was 
split upstream of the back-pressure regulator and a 
certain amount of the fluid was introduced into the FID as 
shown in Figure 1. 

An SFC chromatogram of the standard mixture of 1-
hexadecane (0.600 mg), toluene (0.0245 mg), tetralin (0.163 
mg) and naphthalene (0.0163 mg) is shown in Figure 2. 
Excellent resolutions (Rs), 10.56 +/- 0.04 and 6.27 +/- 0.03 
were obtained in the separation between 1-hexadecane and 
toluene peaks, and tetralin and naphthalene peaks, 
respectively. Also excellent reproducibilities of retention times 
(0.12 to 0.17% RSD, n=10) and peak areas (1.37 to 1.73% RSD, 
n=10) were obtained as listed in Table 1. 

Figure 1 Schematic diagram of the 
supercritical chromatogram 
 
1 = bottle of liquefied carbon dioxide 
2 = pump 
3 = autosampler  
4 = heating coil 
5 = column 
6 = column oven 
7 = preheating coil  
8 = splitter  
9 = FID 
10 = GC Oven 
11 = cooling coil, 
12 = back-pressure regulator 

Figure 2 SFC chromatogram of the standard mixture 
Peaks: 1 = n-hexadecane (0.600 mg), 2 = toluene (0.0245 mg), 

3 = tetralin (0.163 mg), 4 = naphthalene (0.0163 mg))  
 

Conditions: 
column = SFCpak SIL PA (4.6 mm ID x 250 mm L, 5um),  
flow rate = 2.0 mL/min, column temperature = 35°C, 
temperature of FID = 350°C, back pressure = 20 MPa,  

injection volume = 1 uL, GC oven temperature = 200°C 
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We injected 1 uL of commercially available diesel fuel into 
the system and obtained the chromatogram which is 
shown in Figure 3. Four repetitive injections of the fuel 
quantified the contents of non-aromatic hydrocarbons to 
be (79.77±0.12%) and aromatic hydrocarbons to be 
(20.23±0.12%). 

Conclusion 
As we have shown, the JASCO SFC system can easily perform 
the analysis requirements of the ASTM with precision and 
accuracy.  
 
Reference 
1) “Standard Test Method for Determination of the Aromatic 
Content and Polynuclear Aromatic Content of Diesel Fuels and 
Aviation Turbine Fuels By Supercritical Fluid Chromatography 
(D 5186 - 03)” 

n-hexadecane Toluene Tetralin Naphtalene 

Retention Time 
Average (min) 

1.2240 2.0602 2.7068 3.3290 

SD (min) 0.0021 0.0027 0.0032 0.0043 

RSD % 0.17 0.13 0.12 0.13 

Area Average  
(µV sec) 

510673 149556 21701 14901 

SD (µV sec) 6983 2472 347 258 

RSD % 1.37 1.65 1.60 1.73 

Table 1 Retention Time and Peak Area Repeatability 

Figure 3 SFC chromatogram of diesel fuel 
Conditions: injection volume = 1 uL.  

The other conditions are the same as in Figure 2. 
Nonaromatic and aromatic content is 79.77 and 20.23% 

(standard deviation = 0.12%) 
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Introduction 
Insulating paper is used in coil of electric transformer. 
Furfural is generated by deterioration of the paper. 
Measuring the amount of furfural allows to estimate the 
aged deterioration of electric transformer. 
So, this measurement is essential to maintain the product 
reliability. 
In this application, measurements of furfural dissolved in 
transformer oil is performed with and UHPLC. Besides, 
two methods, solvent extraction method and solid-phase 
extraction method with silica gel, are applied as a pre-
treatment method. 
 
Experimental Condition: HPLC 
• Column: Unifinepak C18 (4.6 mmID x 150 mmL, 5 μm) 
• Eluent : Water/Acetonitrile (85/15) 
• Flow rate: 1.0 mL/min 
• Column temp.: 40 ̊C 
• Wavelength: 278 nm 
• Injection volume: 10 μL 
• Standard Sample: Furfural 

 
Results 
Figure 2 shows the chromatogram of standard furfural. 
Figure 3 shows the correlation between the area value 
and the concentration. 
As shown in the figure, correlation coefficient keeps better 
linearity, r = 0.9999, in the concentration range from 0.1 
to 50 μg/mL. 

Furfural was not detected in the transformer oil. So the 
sample which was created by adding standard furfural to the 
transformer oil adjusted to 1μg/mL was prepared. 
Figure 4 shows the chromatograms of the extract obtained 
through solvent extraction of the transformer oil and the 
adjusted oil. And table 1 shows the collection rate of 
repeatability at five times experiments. 
The collection rate is calculated based on standard 1μg/mL 
measurement as 100%. Using solvent extraction method 
provides average  86.0%. 

Figure 1 Furfural 

Figure 2 Chromatogram of 1 μg/mL standard furfural 
(1. Furfural) 

Figure 3 Correlation between area value and 
concentration of standard furfural 

Figure 4 Chromatograms at solvent extraction from 
transformer oil 

(1. Furfural) 
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Figure 5 shows the chromatograms of the extract 
obtained through solid extraction of the transformer oil 
and the adjusted oil. And table 2 shows the collection rate 
of repeatability at five times experiments. 
Using solid extraction method provides ave. 95.4%. In 
addition, silica gel cartridge, BOND ELUT SI 3CC, was used 
in the solid extraction. The post-treatment sample was 
doubling diluted compared with solvent extraction 
method due to the procedure difference between the 
methods. 

Measurements of furfural using UHPLC is shown below. In 
addition, the tube and the cell are replaced with 0.1 mm ID 
tube and semi-micro type to avoid the peak diffusion. 
 
Experimental Condition: UHPLC 
• Column: Unifinepak C18 (2.0 mmID x 50 mmL, 1.9 μm) 
• Eluent : Water/Acetonitrile (85/15) 
• Flow rate: 0.5 mL/min 
• Column temp.: 40 ̊C 
• Wavelength: 278 nm 
• Injection volume: 1 μL 
• Standard Sample: Furfural 

n Collection rate (%) 

1 85.95 

2 86.50 

3 86.17 

4 85.33 

5 86.11 

Average 86.01 

CV% 0.50 

Table 1 Collection rate  
by solvent extraction method 

Figure 5 Chromatograms at solid extraction from 
transformer oil - (1. Furfural) 

n Collection rate (%) 

1 94.78 

2 94.98 

3 97.09 

4 94.88 

5 95.30 

Average 95.41 

CV% 1.01 

Table 2 Collection rate  
by solid extraction method 
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Results 
Figure 6 shows the chromatogram of standard furfural 
under UHPLC conditions. As shown in figure 7, the 
correlation between area value and concentration keeps 
linearity in the concentration range from 0.1 to 50 μg/mL. 
The correlation coefficient is 0.9999. 
As a result, using UHPLC allows to detect furfural in 1 min. 

Figure 6 Chromatogram of 1 μg/mL standard furfural 
(1. Furfural) 

Figure 7 Correlation between area and 
concentration of standard furfural 

1 minute 
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DISCLAIMER 
The contents of this publication are for reference and illustrative purposes only. Information, descriptions, and specifications in this document are subject to 
change without notice and cannot be used from third parts for data comparison and/or performance comparison. JASCO assumes no responsibility and will not be 
liable for any errors or omissions contained herein or for incidental, consequential damages or losses in connection with the furnishing, performance or use of this 
material.  


