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NOTE FROM THE DIRECTOR

VWW)

Yoshiaki Mase

General Manager,

Analytical & Measurement Instruments Division

| am Yoshiaki Mase, the new General Manager of
the Analytical & Measuring Instruments Division. |
have replaced Shuzo Maruyama, who was ap-
pointed Managing Director of Shimadzu (Hong
Kong) Ltd. in China this April.

Prior to this appointment, | worked as Managing
Director of Shimadzu (Hong Kong) Ltd. as the gen-
eral representative for Shimadzu's business activities
in China. At the same time, | pursued business activ-
ities in the Chinese market as the Director/General
Manager of Shimadzu (China) Co., Ltd. While sta-
tioned in China, | helped transform the Shimadzu
China Mass Spectrometry Center in Beijing, a base
for cooperative research in mass spectrometry tech-
nologies, into the China Innovation Center, and ad-
justed the organization to enable cooperative
research with customers utilizing technologies from
a wider range of fields.

At the China Innovation Center, we pursued spe-
cific measures for contributing to society through
science and technology. These measures included
research and development of revolutionary analyti-
cal methods in the ecology field and the clinical
domain, and more recently, research and develop-
ment of multiplex examination methods for multiple
human coronaviruses.

This area of R&D has become all too timely with

the rapid spread of the COVID-19 coronavirus across

the globe. It has continued to develop mutations in-
termittently for more than a year now and is still
having a significant impact on the global economy.
In order to mitigate the spread of this virus, it is im-
portant to have a diagnosis as quickly and easily as
possible in order to take suitable countermeasures
at the earliest stage. As a quick and convenient virus
detection solution, Shimadzu released the 2019-
nCoV detection kit using our Ampdirect technology.
In addition, we aim to contribute to suppressing
COVID-19 by releasing the AutoAmp fully automatic
genetic analyzer.

The spread of this virus gives us a fresh aware-
ness of just how much impact a new infectious dis-
ease can have on the world. Shimadzu’s current
medium-term management plan includes a project
to counter infectious diseases by utilizing a wide
range of technologies, including both our analytical/
measuring technology and medical diagnostic imag-
ing technology. Moving forward, we will continue to
advance research and development to enable us to
provide solutions as appropriate countermeasures.

This edition of the Shimadzu Journal is a special
edition on clinical research. It introduces case studies
and applications of the use of Shimadzu analytical
instruments in the field of clinical research for the
early detection of cancer and the analysis of antican-

cer agents and therapeutic drugs for COVID-19.
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Firstly, we interviewed Professor Uwe Karst of the

University of Munster about his participation in the

development of a multimodal imaging system. Next,

we talked with Dr. Paul Eason at the University of

North Florida (UNF) about MedNexus, a facility es-

tablished by UNF and associated with comprehen-

sive medical treatment and health care, and also
about the relationship with Shimadzu.

In addition to these interviews, this

issue contains applications related to

the screening of anticancer agents

using probe electrospray ionization

(PESI) and analysis of COVID-19

therapeutic drugs using HPLC

and LC-MS/MS. Finally, we

introduce the latest initia-

tives at Shimadzu in the

clinical research field.
| believe the impor-
tance of a healthy lifes-

pan is increasing in

accordance with the anticipated increase in the el-
derly population in every country and region of the
globe. In order to extend this healthy lifespan, | be-
lieve it is very important to detect cancer, cognitive
illnesses, and other diseases at very early stages and
to take appropriate treatments and countermea-
sures. In order to contribute to these fields, Shimadzu
will take proactive measures in the area of coopera-
tive research, deepening our relationships with re-
searchers involved in cutting-edge, revolutionary
research and development in these clinical research
fields, based on Shimadzu's advanced analytical and
measuring technologies.

The corporate philosophy of Shimadzu is “Con-
tributing to Society through Science and Techno-
logy.” To realize this corporate philosophy, we will
continue to maintain a proactive exchange of infor-
mation and, at the same time, provide useful infor-
mation to you. We hope that this journal will be a
great help for all of you. Your generous feedback is

always appreciated.

Yours Sincerely,
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‘’ Gooperations always are
based on trust and on
personal relations ”

“Itruly feltlike
we aren't just a customer,
we are working together to
advance science

INSIGHT
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prof. Uwe Karst

or. Paul Eason
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INSIGHT from CUSTOMER

IR interview with Prof. Uwe Karst

‘“Cooperations always are
based on trust and on
personal relations”

Professor Karst, thank you very much for spending some time for this
interview. At first, could you introduce the outline of the research you

conduct in general?

Our group is specialized on the development and application of an-

alytical methods and instrumentation to address complex analyti-

cal problems, mainly originating from the biomedical area. One

of our major research areas is speciation analysis. The need for

speciation analysis is caused by the fact that the physio-

logical properties (uptake, distribution, metabolism and

excretion), of metal-containing compounds are strongly

dependent on the individual metal species rather than on

the heteroatom in general. This is easily proven using the

example that hexavalent chromium is considered to be

toxic and carcinogenic, while trivalent chromium is dis-

cussed as possible essential trace metal species. A second

major research area of our group is chemical imaging - the

analysis of the distribution and the spatially resolved quantifi-
cation of low molecular weight analytes in biological matrices.

How much are speciation analysis and (multimodal)

chemical imaging linked to each other?

Speciation analysis and chemical imaging complement
each other perfectly regarding the analysis of metal
species in the organism of humans, animals or plants.
Speciation analysis mostly uses liquid phase separa-
tions to separate the metal or metalloid species
prior to identification by electrospray mass spec-
trometry (ESI-MS) and quantification by inductively
coupled plasma-mass spectrometry (ICP-MS).
Chemical imaging, on the other hand, is carried
out by matrix-assisted laser desorption/ionization-
mass spectrometry (MALDI-MS) and related tech-
niques to obtain distribution information about
intact molecules, while distribution and quantification
of the elements is accessible by laser ablation (LA) cou-
pled to ICP-MS and micro-X-ray fluorescence (uXRF).
To provide an example, the investigation of side effects
of Cisplatin-based tumor therapy requires speciation
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“Cooperations always are based on trust and on personal relations” | INSIGHT from CUSTOMER

analysis to detect and quantify the individual platinum species formed in body fluids and tissues, while imaging by LA-

ICP-MS provides quantitative distribution information on platinum in human or animal tissues.

Figure 1. Elemental distribution of P, Zn, Gd and Fe obtained via LA-ICP-MS analysis as well as microscopic

image (left) of a sheep kidney sample after treatment of the animal with gadodiamide.

Could you describe the research you have done at

the European Innovation Center with Shimadzu?

We are collaborating with the EulC on Imaging since more than
three years, and one major topic at this moment is the further
improvement of the combination between liquid chromatography
and ICP-MS for speciation analysis as well as laser ablation and
ICP-MS for chemical imaging purposes. As in other previous and
current cooperations with various instrument manufacturers, we
see our role not only in developing applications, but also in con-
tributing to the further development of the actual and future in-
strument generations, including suggestions for improved
hardware, software for instrument control, data evaluation and
integration of the instrument’s data with data of other imaging
methods. Within our current project, the focus is directed on LC-
ICP-MS as well as LA-ICP-MS and its combination with MALDI-MS
and MALDI-MS/MS, as many of our current analytical challenges
require the combined use of complementary imaging techniques.

Could you share Shimadzu's strengths?

As stated above, combined imaging techniques are particularly
intriguing. Therefore, cooperations with manufacturers who are
active in several fields of chemical imaging are particular attractive
to us (and hopefully for the manufacturers as well). While we have
been using chromatography (LC, GC) and spectroscopy (UV/vis,
fluorescence, AAS) instrumentation from Shimadzu since more
than 20 years for research and education, our cooperation in the
imaging field was established five years ago, and is currently

Figure 2. Heatmap of the spatial distribution of 24Mg,
39K and 44Ca in a whole leaf of an Arabidopsis halleri

plant recorded by LA-ICP-MS.
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“Cooperations always are based on trust and on personal relations” | INSIGHT from CUSTOMER

centered around LC-ICP-MS as well as LA-ICP-MS and
complementary MALDI-MS work.

Cooperations always are based on trust and on per-
sonal relations, and a major reason for us to work with
Shimadzu equipment at a larger scale during my
Habilitation phase, in which | had very limited equip-
ment, was an excellent relation with the local sales
agent, who always was helpful to a much larger extent
than we could expect, and who just was an outstanding
ambassador for the company. Of course, producing
well-performing and robust instrumentation helps as
well, but the more complex the analytical challenges
get, the stronger dependency will there be on excellent
communication and cooperation between individuals
on both sides. Additionally, in our current situation, a
broad spectrum of imaging instrumentation from any
manufacturer is particularly attractive to us due to the
complexity of our analytical problems and the increased
chances to tackle the most difficult challenges.

Could you share any requests that you have
with respect to analytical and measuring

instrument vendors?

Let me start with a very general statement that is not
addressed to any particular vendor at all: While the
world of analytical challenges is converging more and
more, including even a vanishing “wall” between “or-
ganic” and “inorganic” analysis, there often are business
decisions of instrument vendors that lead to fragmen-
tation of product lines and separation of business units
that are hard to understand in the light of the increasing
complexity of analytical challenges. Sometimes, | wish
scientists would be more involved in the business deci-
sions at instrument vendors, as this is not a matter of
rapid sales only, but of long-term business relations and
business development in a complex market situation. It

may be naive to think that sometimes, wise
long-term decisions should overrule
rapidly profitable decisions, but it
would accelerate technical prog-

ress so much ...

Back down to earth
again, my wish would be
that manufac-

turers decide

. to improve

integration of their
major product lines to
a larger extent, which

would be excellent es-
pecially in our research
areas of speciation analysis and
chemical imaging. This is one
of the major factors we are

trying to contribute to in
our cooperation with the
Shimadzu European Innovation Center on Imaging.

Take a look into the future:
What will happen in your research field and
how will the change influence the instru-

ments/procedures in ten years?

To my opinion, this goes very much in line with my reply
to your earlier question: | am aware of the fact that
your major markets of today are not the research areas
we are currently working on and that your sales will
mostly go to the mass markets in the routine labs.
However, we are facing an increasing degree of com-
plexity, and being prepared to address this situation will
become even more important in the future. While the
medical imaging area will continue to expand due to its
immediate and obvious benefit for the patient/cus-
tomer, the chemical imaging area is harder to predict,
as the immediate necessity for the paying customer is
not as clear, thus hampering massive investments in
this field. Regarding the scientific contents, there will
be massive progress in chemical imaging as well, lead-
ing to strong optimism regarding the future develop-
ment. However, reaching the mass markets in routine
labs (medical, environmental, food) will require a signif-
icant reduction of the costs per analysis and of the
need for highly qualified personnel. This can only be
achieved by strong improvements regarding the speed
of the analysis (more spots per second in imaging
mode), improved hard- and software integration and
possibly even strategic alliances between vendors of
complementary instrumentation or between different
divisions of one vendor. Let me conclude with the state-
ment that there is an increasing amount of light on the
horizon, but that the full sunrise has to be earned by
hard work and smart decisions in academia and indus-
try. We will do our best to contribute!

Shimadzu Journal vol.9 Issuet
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Selected recent publications with Shimadzu instruments:

(1) Von der Au, M; Karbach, H; Bell, AM; Bauer, OB; Karst,
U; Meermann, B
Determination of metal uptake in single organisms,
Corophium volutator, via complementary electro-
thermal vaporization/inductively coupled plasma
mass spectrometry and laser ablation/inductively
coupled plasma mass spectrometry
Rapid Commun. Mass Spectrom. 35e8953(2021)

(2) Andersen, MK; Krossa, S; Hoiem, TS; Buchholz, R;
Claes, BSR; Balluff, B; Ellis, SR; Richardsen, E;
Bertilsson, H; Heeren, RMA; Bathen, TF; Karst, U;
Giskeodegard, GF; Tessem, MB
Simultaneous Detection of Zinc and Its Pathway
Metabolites Using MALDI MS Imaging of Prostate
Tissue
Anal. Chem. 92 3171 (2020)

(3) Richter, H; Bucker, P; Dunker, C; Karst, U; Kircher, PR
Gadolinium deposition in the brain of dogs after
multiple intravenous administrations of linear gado-
linium based contrast agents
Plos One 15 0227649 (2020)

(4) Lutzen, E; Holtkamp, M; Stamme, |; Schmid, R;
Sperling, M; Putz, M; Karst, U
Multimodal imaging of hallucinogens 25C-and
25|-NBOMe on blotter papers
Drug Testing Anal. 12 465 (2020)

(5) Lohofer, F; Buchholz, R; Glinzer, A; Huber, K; Haas, H;
Kaissis, G; Feuchtinger, A; Aichler, M; Sporns, PB;
Holtke, C; Stolting, M; Schilling, F; Botnar, RM;
Kimm, MA; Faber, C; Walch, AK; Zernecke, A; Karst,
U; Wildgruber, M
Mass Spectrometry Imaging of atherosclerosis-af-
fine Gadofluorine following Magnetic Resonance
Imaging
Sci. Rep. 10 79 (2020)

» Uwe Karst holds the Chair of Analytical
Chemistry at the University of Munster in
Germany. After diploma and Ph.D. stud-
ies in Munster, which he finished in
1993, he joined the University of Colo-
rado in Boulder as postdoctoral associ-
ate. He returned to Munster to obtain his
Habilitation and was appointed as Full Professor of Chemical
Analysis at the University of Twente in The Netherlands from

2001 to 2005, when he assumed his current position.

He is author of more than 350 publications in peer-review
journals and 18 patents. Together with his research group, Prof.
Karst has organized several international and national confer-
ences, including the International Symposium on Chromatogra-
phy in 2008, the Metallomics conference in 2011, the European
Winter Conference on Plasma Spectrochemistry in 2015 and,
most recently, ANAKON 2019 and DGMS 2020.
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A interview with Dr. Paul Eason

“I truly felt like
we aren’t just a customer,
we are working together to
advance science”

Hello Dr. Paul Eason, thank you for taking the time to
discuss the new UNF MedNexus project with us today.
Can you please tell our readers a little more about yourself

and your past and current research efforts?

| appreciate the opportunity to share more about all the great things
going on in my research and here at UNF. | accepted a tenure track
position at UNF 14 years ago as the only metallurgist and materials
science PhD in the college. Over the course of my career here the de-
velopment of materials characterization capabilities has remained a
parallel effort with the pursuit of my own research in the structure
processing property relationships of structural metals. As a trained
electron microscopist, the creation of a characterization facility on
campus was vital to the growth of my research. In my time here we
have grown our research capabilities, hired new materials focused fac-
ulty and forged partnerships across departments and colleges, and we
now have a group of 20 materials research focused faculty rom
Engineering, Chemistry, Physics and Biology. I'm excited to tell the
readers that out master’s degree program in materials science and en-
gineering is launching in the fall of 2021.



or. Paul Eason

“I truly felt like we aren’t just a customer, we are working together to advance science” | INSIGHT from CUSTOMER

How did the UNF & Shimadzu
partnership come to fruition?
What exactly is the new UNF
MedNexus center and how
was the MedNexus project
conceived/developed?

UNF is a relatively young university
with an emerging research enter-
prise. This provides us the opportu-
nity to create our research capabilities
and strengths on a relatively blank
canvas. Approximately 10 years ago
| saw the opportunity to create a
shared mutli-user research laboratory
that could serve the characterization
needs of faculty across almost every
STEM discipline on campus. My
background and research are in structural metals for
defense applications, but my broad materials science
training gives me a deep appreciation for a breadth of
imaging and spectroscopic technologies. As such, we
created MSERF (the Materials Science and Engineering
Research Facility) with key partners in the instrumenta-
tion community to provide the broadest set of research
capabilities to UNF faculty and the region. Shimadzu
was one of our first, and remains our largest partner
in supplying the equipment in MSERF. Our primary
Shimadzu contact, Paul Rementer, has done an amazing
job facilitating our knowledge of new, cutting edge in-
strumentation, and working with us to strategically
equip the center. As we acquired more Shimadzu instru-
mentation, our ability to support biomaterials research
grew, as did my awareness of techniques like MALDI MS.

With Paul Rementer as my guide, | attended a Shimadzu
Global Innovation Summit
2019, which provided
me the opportunity to

in Kyoto back in

learn about the appli-
cation of MALDI in early
diagnostics for cancer and
neurological disor-

ders through the

detection of specific proteins and molecules associated
with the early onset of these diseases. As a metallurgist,
my knowledge of proteomics is admittedly limited.
However, the elegance of the MALDI technique as a
pure materials characterization tool became instantly
apparent to me. At the summit | was fortunate to meet
David Graham, Ph.D., Director of the Johns Hopkins
Molecular Determinants & Core, with whom | explored
the idea of what this technology could bring to UNF
and our facilities. This was a networking opportunity in
its purist form. Jacksonville is fortunate to be the home
of major research hospitals, including a MAYO clinic
and MD Anderson Cancer Center and UNF is uniquely
poised to provide medical workforce training and
research support to these regional partners. Dr. Graham'’s
center is located in St Petersburg Florida, creating more
regional opportunity for partnership. Coincidentally,
several weeks after | returned from the summit, |
was approached by our administration
about how MSERF could participate in
a broad university medical research
and training initiative, which became
the UNF MedNexus. | immediately knew
that creating a MALDI MS facility would allow
us to support biomedical/biomaterials re-
search while greatly enhancing our own

research capabilities.

Shimadzu Journal vol.9 Issuet
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How wrill the UNF MedNexus become a leader
and catalyst in preparing high quality health-
care professionals?

Healthcare and research hospitals provide a significant
contribution to the economy of Jacksonville and the
surrounding Northeast Florida region. As a state funded
institution, UNF’s mission is to train the workforce of the
region and to improve the lives of our citizens by ad-
vancing science and understanding. There exists a natu-
ral opportunity for UNF to take the lead on aggregated
resources and talent from our own faculty and students
to partner with our local hospitals and biomedical com-
panies. The main goal of UNF MedNexus is to position
us as the hub for medical training and research support
to the surrounding hospitals, clinics and biomedical
communities. By serving the research hospitals with
state of the art equipment, UNF strengthens its partner-
ships with these renowned institutions, creating a pipe-
line for our students to work with some of the brightest
minds in medical research. Ultimately UNF MedNexus
will create a pathway for UNF students to work in the
most advanced areas of medical research, and provide a
source of research funding back to our faculty.
Connecting technology like the MALDI MS system to
frontline medical researchers provides our stu-

dents the opportunity to train on the most cut-

ting edge methods while working with the best

minds in the industry.

What other benefits will this project
bring to UNF and the rest of the world?

As UNF expands its research capabilities and con-
tinues to support STEM education, workforce
development and research in the region, our rep-
utation in the scientific community grows.
Creating word class facilities like the MedNexus
MALDI MS Suite elevates our capacity to attract
the best students and faculty to keep this mo-
mentum going. This past year has shown us how
vital a rapid response from the research commu-
nity can be in the fight against global health
crises. As proteomics and materials science
merge to unlock the molecular mechanisms of
disease and therapies the possible benefits to the
world are simply too vast to speculate on. Nano

scale characterization of materials is the future of both
medicine and manufacturing, and our goal at UNF is to
remain on the cutting edge of it, so we are prepared
when the need for novel characterization pushes re-
search into new directions.

What technologies will be integrated into
this center and which Shimadzu platforms
are/will be utilized? What applications
and/or emerging clinical research fields

will these platforms be applied to?

The suite of instruments that we are acquiring as part
of MedNexus are being housed in our Materials Science
and Engineering Research Facility (MSERF). MSERF was
created in partnership with Shimadzu and other equip-
ment providers to be a state of the art materials char-
acterization facility to serve many STEM research
programs on campus. The MedNexus MS Suite will
house the MALDI 7090, MALDI mini and LCMS 9030.
These instruments provide fairly comprehensive molecu-
lar identification methods, especially as they augment

MALDI mini-1
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existing equipment in

our Chemistry and Biology

programs. MSERF currently

houses multiple electron

microscopes, and high resolu-

tion laser optical microscopes covering a breadth of im-

aging and chemical characterization capabilities. In

addition to our Shimadzu UV3600 and AIM900 FTIR

Microscope, we recently acquired the SPM9700 scan-

ning probe microscope to create the ability to character-

ize materials at every length scale from atoms to

centimeters. The MS suite fits like a puzzle piece into

our existing techniques. Two members of the staff in

MSERF obtained their PhD’s in biomedical/biomaterials

engineering, each of whom brings an unparalleled level

of expertise to the application of nano-scale character-

ization. As the fields of medicine and materials engi-

neering continually converge, | have no doubt we will

continue to find new ways to support medical research
in ways we can't yet imagine.

Why was Shimadzu selected as a preferred
partner for this project? What are some of
Shimadzu’s strengths other than innovative,

powerful and reliable instrumentation?

The partnership between UNF and Shimadzu has been
strong and fruitful for almost five years. In that time we
have grown the breadth of our research capabilities, all
the while gathering data and publishing in top journals
across many disciplines. We have been very pleased
with the quality reliability and value that
Shimadzu provides. There are few instrument
suppliers that offer the variety of instruments

the Shimadzu provides, which makes one the

unique benefits the management of our

service contracts. Preventative maintenance, calibration
and responsive service overall has been a huge benefit
of our partnership. We certainly feel like a valued part-
ner in the endeavor and look forward to many more
years and new instruments!!

Thank you again for your time today, are
there any final thoughts that you would
like to add in closing?

| would just like to take this opportunity to thank all of
the engineers, scientists and sales people in Shimadzu
for making our vision of a materials characterization
facility a reality. Starting from a blank slate, we have
been able to develop a broad array of equipment and
methods that brings the most capability to our faculty.
Our successful partnership paved the way for the UNF
MedNexus MS suite, which is a huge evolutionary leap
for the lab. | have had nothing but fantastic interaction
and support from Shimadzu over the last 5 years. With
my participation in the Global Summit in 2019, and the
idea for the MS Suite coming to fruition so quickly, |
truly felt like we aren’t just a customer, we are working
together to advance science.

» Dr. Paul Eason is the Associate Dean of
the College of Computing Engineering
and Construction and the Director of the
Materials Science and Engineering Re-
search Facility (MSERF). While his area of
research is focused on structure-process-
ing-property relationships in aerospace

alloys, his administration of MSERF affords him the privilege of
performing materials characterization in support of numerous
disciplines at UNF and beyond. Dr. Paul Eason founded MSERF at
UNF with legislative support, and forged the partnership with
Tescan and Shimadzu to grow UNF’s research capabilities across
all stem disciplines.
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Characterization of the Rapid Corrosion
of Silver Nanorods in Water and
Implications on Sensing Applications

Stephen Stagon / Mechanical Engineering, University of North Florida, Jacksonville, FL USA
Lev Gasparov / Physics Department, University of North Florida, Jacksonville, FL USA
Christopher Mealer / Mechanical Engineering, University of North Florida, Jacksonville, FL USA / Shimadzu Scientific Instruments

Metallic nanostructures, such as silver (Ag) nanorods, are
widely used in biological and chemical sensing applications that rely
on the measurement of subtle changes of the optical response of the
nanostructures in the presence of a target agent. The optical response
of Ag nanorods, like other metallic nanostructures, is highly sensitive to
morphology and surface chemical termination. In pristine condition, the
optical properties of Ag nanorods and other metallic nanostructures are
well documented in the literature. However, almost nothing is known of
the structural and optical properties after exposure to solvents, buffered
solutions, or similar environments in real applications. This Letter reports
on the investigation into the effects of dissolved gasses, which are known
to corrode bulk and thin film silver, in deionized water on Ag nanorods.
Through SEM, UV-Vis, SPM, and Raman characterization rapid corrosion
and morphological changes are observed within minutes when Ag
nanorods are exposed to water with dissolved gases present. Conversely,
almost no measurable changes are observed when the dissolved gases
are removed from the water via boiling.

Biological Sensing, Nanomaterials, UV-Vis Spectroscopy,
Raman Spectroscopy, Electron Microscopy, Scanning Probe Microscopy

Introduction

After nearly 30 years of laboratory scale research, metallic nanos-

tructures are finally poised to propel existing and new technologies

to meet critical needs in society'. One such current need is the
sensitive, rapid, and low-cost detection of the SARS-CoV-2 virus,
which is responsible for the devastating Covid-19 illness™.
Classical detection techniques rely on the replication of the viral
RNA and are expensive and slow’. In the literature, sensors that
rely on the unique optical properties of metallic nanostructures
have been widely demonstrated to be rapid and potentially inex-
pensive at scale®!!. These optical sensors typically function based
on the plasmonic properties of noble metal nanostructures, like
silver (Ag) nanorods or nanoparticles. The plasmonic properties
of these nanostructures derive from a combination of length-scales
less than 100 nm and appropriate electronic work functions'. The
functionality of these nanostructures as sensors relies heavily on the
surfaces of the metallic nanostructures and binding or proximity
of the targeted material to the surfaces”. Commonly, the changes
that happen within minutes to the surfaces in the presence of the
targeted material are measured using optical ultra-violet visible
spectroscopy (UV-Vis) or Raman spectroscopy™.

Unlike ideal laboratory conditions, the conditions experienced
by these nanostructures in sensing applications are diverse and
not well studied. In biological sensing applications, many different

materials, like phosphate buffered saline, are required to maintain
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appropriate biological conditions”. The effects of these new ma-
terials on the morphological and chemical structures of metallic
nanostructures has not been the topic of sufficient investigation in
the literature. As such, observed differences and claims of detec-
tion of biological materials, like SARS-CoV-2, may be observa-
tions of changes to the metallic nanostructures caused by buffers
and additives rather than the target molecule itself. For example,
an extensive review of the literature shows that there has been no
investigation into the effects of something as simple as the pres-
ence of dissolved gases in the water used in sensing experiments
with metallic nanostructures, like Ag nanorods. However, it is well
known in the literature and industry that dissolved oxygen in water
can rapidly corrode silver's.

In this technical Letter, a representative study, the authors
demonstrate that significant differences exist in the optical reflec-
tion and Raman signals of rhodamine-6G (R6G), a classical organic
target molecule, absorbed onto the surfaces of Ag nanorods when
the samples were exposed to deionized water versus the same
water that had been degassed via boiling. Through investigation
using scanning electron microscopy (SEM), post operation and in-
situ UV-Vis spectroscopy, scanning probe microscopy (SPM), and
Raman spectroscopy the authors determine that significant chem-
ical and morphological changes occur when Ag nanorods are ex-
posed to water that has not been degassed, compared to negligible
measured changes when they have been exposed to appropriately

degassed water.

Experimental

Prior to presenting the results we will briefly describe the exper-
iments performed in this investigation. The experiments involve
the fabrication of Ag nanorods using glancing angle physical vapor
deposition (GLAD PVD), preparation of components and mate-
rials used in the study, and then the characterizations carried out

using SEM, SPM, UV-Vis spectroscopy, and Raman spectroscopy.

Nanorod fabrication

Ag nanorods are fabricated using GLAD PVD in a custom-built
high vacuum chamber and thermal evaporation®!®. First, Corning
glass slides are cleaned sequentially through sonication in acetone,
ethanol, and deionized water for five minutes at each stage. The
cleaned slides are then dried under a gentle flow of high purity
nitrogen. After drying, the slides are placed onto a substrate holder

at the top of the vacuum chamber. The vacuum chamber is a
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stainless-steel cylinder approximately 30 cm in height and 20 cm in
diameter. The thermal evaporation source is located at the bottom
of the chamber, approximately 25 cm from the slides. The slides are
oriented at an incident angle of 87° relative to the source normal to
achieve a glancing angle condition. The chamber is evacuated using
a mechanical roughing pump and turbomolecular pump until a
vacuum level of 5 x 10° Torr is reached and maintained for an hour
to remove excess adsorbed water from the chamber. Evaporation
is performed from a tungsten boat using 99.99% Ag pellets (Kurt J.
Lesker Co.). The deposition rate is monitored via quartz crystal mi-
crobalance and controlled to 10 A°/s +/- 2 A°/s to a total film thick-
ness of 500 nm. The samples are then held under low to medium

vacuum and only removed prior to subsequent experiments.

Degassing of Water

High purity deionized water is obtained and half is degassed
through boiling. To degas, the water is placed into a glass jar with
a vacuum tight lid, removed during boiling, and heated to rapid
boiling on a laboratory hot plate. The water is vigorously boiled for
15 minutes and then immediately sealed with the vacuum tight lid.
The sealed container is then allowed to return naturally to room
temperature. The boiling method has been shown to produce

water with as little as 1 ppm of dissolved oxygen”.

Electron Microscopy

SEM is performed on a Tescan Mira scanning electron microscope
equipped with an Oxford energy dispersive spectroscopy (EDS).
Samples are imaged using secondary electrons at magnifications
up to 100k X under beam voltages of 10kV and working distances
of 10 mm. Samples are imaged immediately after removal from
vacuum and immediately after removal from exposure to degassed
and non-degassed water with subsequent drying under a gentle

flow of dry nitrogen.

SPM is performed on a Shimadzu SPM-9700 HT equipped with
the 10-micron scanner attachment, fiber optic light source, and the
high magnification CCD optical microscope unit. The SPM was
performed on samples grown onto 12.7 x 12.7 mm corning glass
substrates with the evaporated silver nanorod films. The rate of

raster scanning was set to 1.00 Hz and the pixel setting was ran with
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256 x 256. In the first test, the samples were taken directly out of
vacuum and immediately imaged. In the second test, the samples
were exposed to non-degassed water for two hours, dried under
a gentle flow of dry nitrogen, and then imaged. Contact mode
was first used to generate topographical maps of the sample sur-
faces. Next, the SPM was run the Kelvin Probe Force Microscopy
(KFM) mode to analyze the surface potentials and give evidence of
surface chemical changes. KFM is a noncontact variation of the
SPM where the probe is held at a constant height above the
sample and a voltage bias is applied to the probe and the surface is

locally mapped.

UV-Vis spectroscopy is performed on a Shimadzu UV-3600
equipped with the integrating sphere attachment. Spectroscopy
is performed in reflection mode with the baseline being a freshly
evaporated silver film 500 nm thick on the same type of cleaned
Corning glass. The scans are run on the slow speed from 350 nm
to 800 nm with a step size of 1.0 nm and slit width of 2.0 nm.
First, samples that had been exposed to degassed and non-degassed
water for set periods of time were measured after drying the sam-
ples in a gentle flow of dry nitrogen. in-situ experiments are per-
formed on Ag nanorods that had been deposited onto the interior
of polycarbonate cuvettes. As the baseline, a 500 nm silver film is
deposited onto the interior back side of a polycarbonate cuvette
and the cuvette is filled with degassed water to prevent rapid cor-
rosion of the fresh film. To prevent deposition onto the other inte-
rior or exterior sides of the cuvette they are masked with Kapton
tape, which is removed after deposition. Next, cuvettes that have
Ag nanorods deposited onto the interior back side are measured
immediately after filling the cuvette with degassed or non-degassed
water, respectively. Measurements are taken at set time intervals to

observe time dependent changes in reflective spectra.

Raman Spectroscopy

Raman spectroscopy is performed on a Horiba using Ag nanorod
samples that had been sensitized in an aqueous solution of 10° M
R6G. R6G solution was prepared in degassed and non-degassed
water by mixing in an appropriate amount of R6G powder and
stirring vigorously for one hour. The degassed solution was pre-
pared by stirring the mixing solution while under light vacuum
to prevent dissolution of air into the mixture. The samples were

placed into the respective solutions for 12 hours, then rinsed five
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times with degassed deionized water and dried under a gentle flow
of dry nitrogen. The instrument used is a Horiba T64000 Raman
Spectrometer equipped with the microscope utility and liquid ni-
trogen cooled CCD detector. A 10 X Olympus objective was used
to focus the 532 nm laser to a ~10 pm spot on the surface of the
sample. The laser power does not exceed 10 pW. The entrance slit
of the spectrometer is set at 200 pm. The accumulation time is set at
Isecond with 25 accumulations per spectrum. The spectral range
extends from 250 to 2250 wavenumbers and 10 scans are taken for

each measurement.

First, we present the morphological and chemical changes of the
Ag nanorods after exposure for 168 hours to air, degassed water,
and non-degassed water, Figure 1. The time of 168 hours is chosen
to get visible changes in morphology. No appreciable difference is
observable between the samples stored in air or degassed water.
However, the sample stored in non-degassed water exhibits sig-
nificant coarsening and loss of nanorod morphology. Additional
microscopy was performed on sets after one hour and 12 hours and
visible morphology changes, not shown here, which shows similar
but less significant morphological differences. In passing, we note
that EDS was also performed on the samples of Figure 1. Although
the results cannot be directly interpreted due to beam penetration
differences with varying density and chemical composition, quali-
tative results indicate an insignificant difference in oxygen between
samples in air and degassed water and a significant increase in the

non-degassed sample.

Figure 1. SEM image of Ag nanorods after exposure to (A) air, (B) degassed
deionized water, and (C) non-degassed deionized water for 168 hours. The
scale bars are 500 nm.

We next present the changes in optical response caused by the
exposure to the varied conditions, Figure 2. Samples exposed to
air for 12 hours are observed to have multiple absorption peaks
and a strong absorption, owing to surface plasmon resonance ex-
citation, centered around ~400 nm. Likewise, after exposure to
degassed deionized water, labeled DG H20O in Figure 2, the in-
tensity of absorption decreases but peak locations are unchanged.

Alternatively, after exposure to non-degassed water for 12 hours,
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labeled H20 in Figure 2, the Ag nano-
rods do not exhibit any of the secondary
peaks and there is a significant decrease
in the intensity of and blue shift of the
main resonance peak. Surface plasmon
resonance is considered to be the domi-
nating factor in most sensing applications
using Ag nanorods, and the decrease in
resonance peak is expected to result in a
decrease in sensing activity".

Next, we present the results of a time
resolved in-situ experiment measuring the
optical reflectance of Ag nanorods depos-
ited inside a cuvette exposed to non-de-
gassed water, Figure 3. Scans are taken
every 10 minutes over the course of one
hour, progressing in the direction of the
arrow on Figure 3. It is noted that even
within only one hour there is an observable
changeinreflectivespectrum. Thisissignifi-
cantastheareaofdecreaseoverlapswiththe
commonly used Raman laser lines of 473
nmand 524 nm, whichmayleadto changes
in measured Raman signals.

Raman spectroscopy is also performed
and presented in Figure 4 to correlate
changes in the morphology, optical re-
sponse, and performance as a sensor. 10
spectra each were measured on a sample
exposed to non-degassed R6G solution
for 12 hours, labeled H20 in Figure 4,
and a second sample in degassed R6G
solution for 12 hours, labeled DG H20 in
Figure 4. While the overall Raman signal
is stronger for the same in non-degassed
solution, the measured peak to back-
ground ratios of both groups of measure-
ments do not have statistically significant
variation. We hypothesize that the corro-
sion of the Ag nanorods is primarily in
the form of oxidation, which has been
demonstrated to produce significant in-
creases in metal-enhanced fluorescence
in the literature. Further, the spread of
spectral intensities from the non-degassed
sample is approximately double that of
the degassed sample. Spectral scatter and

Figure 2. UV-Visreflection spectra for Ag nanorod samples exposed to varied conditions for 12 hours.

Figure 3. Time resolved UV-Vis reflection spectra for a Ag nanorod sample exposed to non-degassed deionized
water. Spectra are taken every 10 minutes over one hour and progress in the direction of the arrow.

Figure 4. Raman spectra of Ag nanorods sensitized with R6G solution in non-degassed de-ionized water,

labeled H20 in the Figure, and degassed water, labeled DG H2O in the Figure.
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non-repeatability have been observed and discussed in detail for
Raman spectroscopy using nanostructured substrates in the litera-
ture. Hypothesized to be intrinsic to the non-periodic structure of
the Ag nanorods grown from PVD, a significant contribution from
rapid corrosion has likely been overlooked.

Finally, we present SPM measurements of the samples. Five
locations were measured using the SPM in contact mode. The first

set were measured on a sample immediately after removal from

vacuum and represent a clean baseline. Next, the measurements
were repeated with a sample that was submerged in non-degassed
water for two hours. A representative comparison of the topogra-
phies is shown in Figure 5, where the baseline sample is on the left
and the submerged sample is on the right. It is evident from the
topographical images that even brief exposure to water with dis-
solved gases results in rapid and dramatic morphological changes

to the surfaces.

Figure 5: Left: Baseline Ag nanorods topography correlative to the SEM imaging A in Figure 1.
Right: Local mapping of topography for Ag Oxidized Nanorods after sitting in water for 2 hours.

The same samples were analyzed on the SPM using KFM to
determine if the surfaces have chemically changed from the base-
line state. The baseline, Figure 6 left, shows the potential measured
on clean Ag surfaces without significant oxidation or corrosion.
The tips of the nanorods are clearly evident in the potential plot.

After soaking in the non-degassed water for two hours the average

surface potential increases to greater than 3.0 V and there is no
evidence for the presence of fine nanorod tips. Based on the meas-
ured change in surface potential, the authors hypothesize that the
surfaces of the nanorods have undergone oxidation in the non-de-
gassed water. This hypothesis will be tested with future transmis-

sion electron microscopy (TEM) analyses.

Figure 6: Left: Ag nanorods surface potential contour map taken immediately after removal from vacuum.
Right: Ag nanorod surface potential contour map taken after submersion in non-degassed water for two hours.
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This Letter reports on the corrosion of Ag nanorods by dissolved
gasses present in de-ionized water, which is commonly used in
many nanomaterial sensing experiments without any considera-
tion. Through SEM, UV-Vis reflection, Raman, and SPM charac-
terization it is evident that dissolved gasses in water cause significant
corrosion in Ag nanorods, leading to significant morphological and
optical response changes on the timescale of hours. These results
motivate further investigation into the underlying mechanisms
dominating observed spectral changes in nanostructured metals
when they are used as biological sensors. Decoupling of spectral
changes caused by experimental artifact and unanticipated mecha-

nisms is essential to improving these sensing technologies.

This work was supported by a Shimadzu
Partnerships for Academics, Research &
Quality of Life (SPARQ) program.

https://www.ssi.shimadzu.com/about/shimadzu-academic-

program.html

References

1. Kneipp K, Kneipp H, Bhaskaran Kartha V, et al. Detection and identi-
fication of a single DNA base molecule using surface-enhanced
raman scattering (SERS). PHYSICAL REVIEW-SERIES E-. 1998(6):R6281

2. Tsang, J. C., J.R.Kirtley, and J. A. Bradley. “Surface-enhanced Raman
spectroscopy and surface plasmons.” Physical review letters 43.11
(1979): 772.

3. Stiles PL, Dieringer JA, Shah NC, Van Duyne R,P. Surface-enhanced
raman spectroscopy. Annu Rev Anal Chem (Palo Alto Calif).
2008;1:601-626.

4. Moskovits, Martin. “Surface-enhanced Raman spectroscopy: a brief
retrospective.” Journal of Raman Spectroscopy: An International
Journal for Original Work in all Aspects of Raman Spectroscopy,
Including Higher Order Processes, and also Brillouin and Rayleigh
Scattering 36.6-7 (2005): 485-496.

5. Wang H, Hogan CA, Miller JA, Sahoo MK, Huang C, Mfuh KO, et al.
Performance of nucleic acid amplification tests for detection of
severe acute respiratory syndrome coronavirus 2 in prospectively
pooled specimens. Emerg Infect Dis. 2012 Jan 11/20/2020.

Clinical Research {‘}&

6. Tadesse LF, Safir F, Ho C, et al. Toward rapid infectious disease diag-
nosis with advances in surface-enhanced raman spectroscopy. J
Chem Phys. 2020;152(24):1-14.

7. Zhong J, Roesch EL, Viereck T, Schilling M, Ludwig F. Rapid and sen-
sitive detection of SARS-CoV-2 with functionalized magnetic
nanoparticles. 2020.

8. Shanmukh, Saratchandra, et al. “Rapid and sensitive detection of
respiratory virus molecular signatures using a silver nanorod array
SERS substrate.” Nano letters 6.11 (2006): 2630-2636.

9. Hill, Ryan T. “Plasmonic biosensors.” Wiley Interdisciplinary Reviews:
Nanomedicine and Nanobiotechnology 7.2 (2015): 152-168.

10.Kabashin AV, Evans P, Pastkovsky S, et al. Plasmonic nanorod meta-
materials for biosensing. Nature Materials. 2009;8(11):867-871

—

.Xu H, Bjerneld EJ, Kaell M, Boerjesson L. Spectroscopy of single he-
moglobin molecules by surface enhanced raman scattering. Phys
Rev Lett. 1999(21): 4357.

12.Michaels AM, lJiang J, Brus L. Ag nanocrystal junctions as the site for
surface-enhanced raman scattering of single rhodamine 6G mole-
cules. J Phys Chem B. 2000(50): 11965.

13.Bachenheimer L, Scherzer R, Elliott P, Stagon S, Gasparov L,
Huang H. Degradation mechanism of g nanorods for surface en-
hanced raman spectroscopy. Scientific Reports. 2017;7(1):1-4. . doi:
10.1038/541598-017-16580-2.

14.Li D, Yao D, Li C, et al. Nanosol SERS quantitative analytical method:
A review. Trends in Analytical Chemistry. 2020;127. doi: 10.1016/j.
trac.2020.115885.

15. Pedersen KB, Sriramula S, Chhabra KH, Xia H, Lazartigues E. Species-
specific inhibitor sensitivity of angiotensin-converting enzyme 2
(ACE2) and its implication for ACE2 activity assays. American journal
of physiology.Regulatory, integrative and comparative physiology.
2011;301(5):R1293-R1299. doi: 10.1152/ajpregu.00339.2011.

16.Vitko Jr, J., Robert E. Benner, and J. E. Shelby. “Corrosion of thin
silver films in an aqueous environment.” Solar Energy Materials 9.1
(1983): 51-67.

17.Butler, lan B., Martin AA Schoonen, and David T. Rickard. “Removal
of dissolved oxygen from water: a comparison of four common
techniques.” Talanta 41.2 (1994): 211-215.

18.Niu X, Stagon SP, Huang H, Baldwin JK, Misra A. Smallest metallic
nanorods using physical vapor deposition. Phys Rev Lett.
2013;110(13).

19.Sun, Xiangcheng, et al. “Functionalized aligned silver nanorod
arrays for glucose sensing through surface enhanced Raman scatter-
ing.” RSC Advances 4.45 (2014): 23382-23388.

Shimadzu Journal vol.9 Issuet

18


https://www.ssi.shimadzu.com/about/shimadzu-academic-
program.html 

Clinical Research

Towards fast, routine blood sample

quality evaluation by Probe Electrospray
lonization (PESI) metabolomics

Natalie Bordag'?**, Elmar Ziigner*", Pablo Lopez-Garcia'~", Selina Kofler' ¢, Martina Tomberger', Abdullah Al-Baghdadi'®,
Jessica Schweiger*, Yasemin Erdem*, Christoph Magnes*, Saiki Hidekazu’, Wolfgang Wadsak'®, Hiroki Nakajima’, Barbara Prietl'®

'CBmed GmbH, Center for Biomarker Research in Medicine, Graz, Austria.
’Ludwig Boltzmann Institute for Lung Vascular Research, Graz, Austria.
*Medical University of Graz, Department of Dermatology and Venereology,
Graz, Austria.

“Joanneum Research Forschungsgesellschaft mbH, Health Institute for Biomedi-
cine and Health Sciences, Graz, Austria.

*Medical University of Graz, Institute for Medical Informatics, Statistics and
Documentation, Graz, Austria.

PUETZE® The unique advantages of PESI-MS to deliver full MS
spectra within minutes at ambient conditions enables routine, high-
throughput applications. A still unresolved obstacle is that pre-analytical
sample handling strongly impacts the samples composition. In health
care and research, pre-analytical errors often remain undetected and
disrupt diagnosis, treatment, clinical studies and biomarker validations
incurring high costs. This proof-of-principle study investigates the
suitability of PESI-MS for robust, routine sample quality evaluation.

Here, human blood (n=50) was processed immediately or with a
time delay of 3 h to simulate the most common pre-analytical issue of
transportation time from beside to laboratory. The sample preparation
method was developed to deliver ready-to-measure extracts in <8 min.
PESI-MS spectra were measured in both ionization modes in 2 min from
as little as 2 pl plasma allowing 3 replicate measurements. The mass
spectra delivered 1200 stable features covering a broad chemical space
with major metabolic classes (e.g. fatty acids, lysolipids, lipids). The time
delay of 3 h was well predictable from 18 features with AUC > 0.95 with
various machine learning and was robust against loss of single features.

Our results serve as first proof for the unique advantages of PESI-MS
in sample quality assessments. The results pave the way towards a
fully automated, cost-efficient, user-friendly, robust and fast quality
assessment of human blood samples from minimal sample amounts.
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Introduction

Mass-spectrometry (MS) is a sensitive, valuable analytical tool in
many different fields and substantially advanced metabolomics.
Metabolomics is defined by measuring small molecules (<2000
Da) which reflect the biological phenotype and allow mechanistic
insights, identification of new therapeutic targets or development
of diagnostic biomarkers. Typically, MS-based metabolomics relies
on liquid or gas chromatography coupled to high resolution mass
spectrometers to increase specificity, sensitivity and chemical cov-
erage'. Such high-quality metabolomics set ups need extensive
expert knowledge, have long measurement times, produce large
amounts of data, require complicated analyses for successful re-

search and can struggle with large sample numbers?
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In contrast, PESI-MS omits chromatography by directly captur-
ing tiny sample amounts with a needle tip from which electrospray
is generated in ambient conditions by applying a high voltage®.
This simplifies handling immensely, shortens measurement times
to minutes and allows previously impossible application scenar-
ios*®, especially where robust, routine and high-throughput meas-
urements are needed. Sample quality control is one such setting
where metabolomics has shown great scientific promise but has not
yet entered routine application.

High-quality biospecimens are crucial for reproducible results
in *omics or biomedical research, for correct clinical routine di-
agnostics and for successful biobanking. Currently specific types
of preanalytical issues are tested with specific methods’. These
specific methods are not comprehensive enough to cover the most
frequently occurring pre-analytical error sources in one swift meas-
urement. NMR and MS-based metabolomics has shown great
capability to detect various pre-analytical errors in one measure-
ment*™. However, costs and complexity precede a wide-spread
routine application, despite the numerous benefits of metabolomics
for sample quality control.

PESI-MS could overcome this barrier through its unique ad-
vantages and capability to deliver full mass spectra within minutes.
In our set-up PESI was coupled to a single-quad mass spectrome-
ter, purposely omitting and more sophisticated detectors in order
to (1) decrease instrument acquisition and maintenance costs, (2)
increase the instruments robustness and operating usability for per-
sonnel without extensive MS expertise, and (3) decrease measure-
ment time per sample.

In this proof-of-principle study we concentrated on the single,
most common preanalytical issue, the time delay of blood to
plasma processing. Our aim was to investigate if PESI-MS is
able to robustly classify time delays of 3 h from immediately pro-

cessed sample.

Materials & Methods

Plasma preparation and PESI-MS measurement

The study was conducted in adherence to the Declaration of
Helsinki and was reviewed by the ethical committee of the Medical
University of Graz, Austria (31-116 ex 18/19, 16.01.2019). Study details
are available at https://www.drks.de DRKS-ID: DRKS00024807.
Blood samples were donated by 50 volunteers (24 female, 26 male,
age 18-90, BMI= 18.5 kg/m?) and were collected within 3 weeks (for

details refer to Bordag et al 2021%). From each volunteer one sample
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was immediately centrifugated, while the second was delayed
for 3 h.

Plasma aliquots were thawed in a water ice bath (0°C) for 15
min. 10 pl of each plasma sample aliquot was pooled for quality
control (QC) and split into 20 pl aliquots. From each sample, QC
aliquot and blank a volume of 20 pl were precipitated with 380
pL extraction solution to a final concentration of 10 mM NHiAc,
70% MeOH and 5% DMSO. Precipitates were frozen at -80°C
until measurement within 3 h after thawing of samples. The meas-
urement was split into 3 batches. Blanks and QC were measured
repeatedly throughout the sequence. Precipitated extracts were
thawed in 1-2 h sub-batches in water ice baths and precipitates
were removed by centrifugation for 5 min at 4°C with 12.000 rpm.

Supernatants were kept in a water ice bath until measured
with the DPiMS-2020 (Shimadzu Corporation, Kyoto, Japan). Per
measurement 10 pl were deposited on a sample plate and all meas-
urements were replicated until at least two valid TIC patterns for
each ionization mode were recorded. TIC patterns were defined
as invalid when TIC spiking stopped before at least 30 s of the
mode were measured (refer to Fig. 1 for invalid TIC pattern ex-
ample). For instrument settings refer to Table 1. For each replicate
a fresh needle (silicon coated, 18529A1, Shimadzu Corporation,
Kyoto, Japan) and sample plate (11A97224181150MS, Shimadzu

Corporation, Kyoto, Japan) was used.

Table 1. Instrument settings for the PESI measurement.

IONIZATION
Needle position -37 mm
Outage time 200 ms
SAMPLE TAKE
Needle position -46 mm
Outage time 50 ms
Speed 250 mm/s
MEASUREMENTS
voltage segment Electric potential Time
1 - Corona +4.00 kV 3.6s
2 - neg mode -4.25 kV 30.0s
3 - Corona -4.50 kV 3.6s
4 — pos mode +2.75 kV 30.0s
m/z range 10-2000 m/z
Scan speed 5000 u/s
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Figure 1. Example graph of a PESI measurement diagram. The negative mode (neg mode)

TIC pattern is invalid, the positive mode (pos mode) is valid.

Data extraction and analysis

Mass spectra of all measurements were exported in JCAMP-DX
format'® for each voltage segment. Features were extracted with
eMSTAT 1.0 (Shimadzu Corporation, Kyoto, Japan) separate per
ionization mode but for all measurements at once by binning with
a m/z tolerance of 0.75Da. The intensity threshold was 0.1% for
neg mode (voltage segment 2) and 0.01% for pos mode (voltage
segment 4). Resulting intensities for each sample (in rows) and each
m/z binned feature (in columns) were copied to Microsoft Excel
(2013), combining both ionization modes for each measurement
resulting in 4702 features.

Further data extraction and pre-processing was performed with
Tibco Spotfire. All invalid single modes were excluded from any
further calculations. All valid replicate measurements of a sample
were averaged and the average was log -transformation. Low qual-
ity features were filtered according to signal intensity (neg >1*10°,
pos >9¥10°), technical variability (relative standard deviation in
QC <50%), missing data (<30%) and blank load (<50%).

Data visualization and statistical analysis was performed with
RY (v3.5.3, packages stringr, dplyr, readxl, openxlsx, nlme, emmeans,
ggplot2, ggpmisc, pheatmap, RColorBrewer, colorspace, dendsort, miss-
MDA, mixOmics, MetaboAnalystR), Tibco Spotfire (v711.1) and the
Orange data mining toolbox’.

Principal component analysis (PCA) was performed centered
and scaled. Orthogonal projections to latent structures discriminant
analysis (OPLS-DA) was performed centered and scaled to unit
variance with a standard 7-fold cross validation for the classifica-
tion factor time_delay. Model stability was additionally verified with
1000 random label permutations and models with Q?>50% were
considered significant.

Five common machine learning classifiers with standard config-
uration as offered by the Orange data mining toolbox were used.

Feature importance was calculated for all 1200 features based on

five criteria (ANOVA, Gain ratio, Gini, Info.gain, y?) and the top 18

features were used for the five machine learning classifiers.

Results & Discussion

In this study we obtained blood plasma samples from 50 volunteers,
developed a measurement method covering both ionization modes
and used advanced machine learning analysis to conclusively show

the potential of PESI-MS for routine sample-quality determination.

One-step precipitation delivers both
ionization modes in one run
Blood samples were obtained from 50 volunteers, subdivided into
a biologically homogeneous and heterogeneous group (refer to
Fig. 2A). The subgrouping was used to create samples with lower
biological variability to increase statistical power for detection of
sample quality biomarkers. However, this approach failed to im-
prove biomarker detection. Consequently, future studies could
omit the cumbersome step of subdividing cohorts when searching
for plasma quality biomarkers. From each volunteer one blood
sample was processed into plasma immediately (time_delay = 0 }),
while a second sample was delayed for 3 h (¢ime_delay = 3 k).
Metabolites were extracted by a simple one-step 70% MeOH
precipitation with 10 mM NHsAc and 5% DMSO and the diluted
supernatants were measured with the PESI-MS (see Fig. 2A). The
whole sample preparation can be performed manually with stand-
ard laboratory equipment in less than 8 min total time, including
the 5 min centrifugation step. This time can be reduced to >1 min
by switching to filtration. For the 2 min PESI-MS measurement 10
pl extract sufficed, so that 2 pl plasma enabled three replicates with
the applied 1:20 dilution during precipitation.
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Figure 2. Overview of cohort and measurement workflow.
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A: In total 50 volunteers donated blood which was either processed to plasma immediately O h or after 3 h (factor termed time_delay) simulating a typical transpor-

tation time from bed-side to laboratory. Metabolites were extracted by MeOH precipitation and 10 pl supernatant were measured with a DPiMS-2020. Figures of

the sample chamber, probe electrospray ionization and DPiMS-2020 table-top instrument are a courtesy of Shimadzu Corporation. B: Age and BMI distribution

within the cohort. The age and BMI inclusion cut-off for the homogenous group is marked by a cyan box. C: Example full mass spectra for each ionization mode

with the TIC pattern provided as inset. Possible metabolite classes based on mass ranges were added for a tentative orientation.

Instrument settings were optimized to deliver stable results
from both ionization in one run covering each the mass range
from 50-2000 Da (refer to Fig. 2C). For easier orientation, mass
ranges were tentatively marked with one possible metabolite class,
which would be expected to exist in sufficient concentration in
plasma extracts.

A total of 4702 features were available after combination of
both modes. Both ionization modes contributed roughly half of all
features and feature mass ranges partially overlapped between both
modes (refer to Fig. 2C). Additionally, in each mode features were
found in mass ranges not detected in the other mode, e.g. amino
acid masses in pos mode, FFA masses in neg mode.

Low quality signals were filtered and excluded, than all valid
replicates were averaged and data was log,-transformed. The
technical variability (median relative standard deviation RSD) was
34.6% for the filtered 1200 features and thus higher compared to
5-15% in sophisticated metabolomics methods. A reduction of tech-
nical variability will be beneficial for future robust high-through-
put application. Accordingly the use of internal standard should
be investigated, for which others reported an RSD below 20%
with PESI-MS®. Additionally, automatization and optimization of

sample preparation will further decrease technical variability.

Time delay in plasma preparation is

predictable with selected features

The main aim is future routine application, therefor analysis was
first focused on selecting features of high importance in determin-
ing time delays of plasma preparation. The selection was based
on five diverse criteria (ANOVA, Gain ratio, Gini, Info.gain, ¥
to avoid overlooking possibly well performing features when con-
centrating on one selection criteria. This approach selected 18
features which showed clear group separation between time_delay
0 h and 3 h along the first principal component in the unsuper-
vised, multivariate PCA (refer to Fig. 3A, B). The difference in
time_delay was confirmed to be highly significant with OPLS-DA
(Q?>70%, refer to Fig. 3A). Five other common machine learning
approaches were used to classify time_delay of plasma preparation.
All five performed consistently excellent with an AUC>0.95 (refer
to Fig. 3E).

The selected 18 features were investigated in more detail with a
heatmap and single scatter plots (refer to Fig. 4). Most features (16)
increased with time_delay and only two features showed a decrease
(neg 812.1, neg 787.84). Only one feature stemmed from the pos
mode (pos 974.8), all other features were negative ions. The neg
features consistently showed larger differences with time_delay.

Obviously, the concentration on one ionization mode would

halve measurement time, doubling throughput and will thus be
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Figure 3. Plasma preparation delay is detectable from selected PESI features
with high specificity.

A: Both PCA and OPLS-DA scores plot show a clear and highly signifi-
cant difference for time_delay 0 h vs. 3 h, when based the 18 most important
features (LOG). B: All five applied machine learning algorithms delivered
excellent predictions of time_delay (AUV>0.95) with no false negatives and
very similar ROC curves.

very beneficial for future routine applications. Nevertheless, we
would not yet recommend to abandon the pos mode. The combi-

nation of both modes notably expands the covered chemical space.

Figure 4. Heatmaps and plots of the 18 selected features in LOG data.

Clinical Research @

This could prove crucial when expanding search of sample qual-
ity biomarkers into other pre-analytical factors such as freeze thaw
cycles, hemolysis, micro-clotting, long-term storage or into other
sample types such as serum or urine.

Only one feature stemmed from the pos mode (pos 974.8), all
other features were negative ions. The neg features consistently
showed larger differences with time_delay. The neg mode alone
would suffice to predict the time_delay. Nevertheless, we would
not yet recommend to abandon the pos mode in future studies.
The risk is too high that highly predictive features for other sample
quality factors (e.g. freeze thaw cycles, hemolysis) could be over-
looked because the combination of both modes notably expands
the covered chemical space. However, in routine application obvi-
ously the reduction to one mode would be very beneficial because
measurement time would be halved, doubling throughput.

The best performing feature neg 88.99 stems probably from
lactate. Lactate is also well known to increase with time as an end
product of erythrocyte driven glycolysis®"’. The neg 88.99 perfor-
mance alone would suffice for very good prediction of a 3 h time
delay. Prediction were as good without the neg 88.99, showing that
the suggested features form a pattern robust against single feature
failures. Robustness against single feature failures is important for
routine high-throughput applications reducing the need for re-

peated measurements. Additionally, medical conditions possibly

A: Heatmaps with hierarchical clustering underline the clear difference induced by time_delay in the 18 most important features. There

are no systematic differences between study subgroups or genders. B: Scatter plots showing that from the 18 features, most (16) increased

after the 3 h time_delay while only two feature levels decreased.
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invalidating single features would not impede a sample quality de-
termination based on a multi-feature read-out.

Our aim was to determine whether PESI-MS has the potential
to determine sample quality, for which one pre-analytical issue was
used as proof-of-principle. Our results demonstrate that PESI-MS
spectra contain multiple robust biomarkers. Additionally, many
other stable features were detected which renders detection of

robust biomarker for other pre-analytical highly likely.

Our results provide a proof-of-concept that PESI-MS is a prom-
ising technology for fast and comprehensive quality control of
blood samples.

The single-step MeOH precipitation delivered ready-to-measure
extracts in <8 min when manually performed and could be consid-
erably speed-up with filtration and automatization. As little as 2 pl
plasma sufficed for PESI-MS spectra in both ionization modes in
2 min with 1200 stable features covering a broad chemical space.
The time delay of 3 h was well predictable with five common
machine learning approaches based on 18 selected features with
an excellent AUC > 0.95 and was robust against failure of single
features. Although for a future high-throughput application more
optimization, reduction of noise and automatization are needed,
our results demonstrate the unique advantages of PESI-MS. The
results pave the way towards a fully automated, cost-efficient, user-
friendly, robust and fast quality assessment of human blood sam-

ples from minimal sample amounts.
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Introduction of HPLC and LC-MS/MS
methods for the quantitative analysis
of therapeutic drugs for COVID-19

Daisuke Kawakami, Clinical & Biotechnology Business Unit, Life Science Business Department, Analytical & Measuring Instruments Division, Shimadzu Corporation
Eishi Imoto, Global Application Development Center, Analytical & Measuring Instruments Division, Shimadzu Corporation
Risa Suzuki PhD, Global Application Development Center, Analytical & Measuring Instruments Division, Shimadzu Corporation

The number of people infected with SARS-CoV-2 continues to
rise rapidly throughout the world. The SARS-CoV-2 virus infects
everybody regardless of age and sex, and causes COVID-19, a
disease that affects many organs of the body. Unfortunately, new
medications that treat COVID-19 have yet to emerge.

At the same time, existing drugs are being tested for their ef-
ficacy to treat COVID-19, and Ministry of Health, Labour and
Welfare ( Japan) has already approved several drugs now relied on
doctors in clinical settings. The relationships between monitoring
blood concentration levels of these drugs and progress of treatment,
or interactions between drugs taken for underlying conditions and
drugs intended to treat COVID-19, have yet to be elucidated.

For antibiotics and other drugs, immunological methods of
analysis are normally used to measure blood concentration levels.
However, given the rapidly rising numbers of people infected with
SARS-CoV-2 and that many patients are administered multiple
drugs, high performance liquid chromatography (HPLC) or triple
quadrupole liquid chromatography / mass spectrometry (LC/MS/
MS) would appear superior to immunological methods of analysis ,
because these techniques can measure blood concentration levels
of multiple drugs simultaneously. For this reason, expectations and

demand for HPLC and LC-MS/MS are on the rise.

This article introduces applications for two therapeutic drugs re-
quested from customer in clinical. The first application relates to
remdesivir. This drug developed by Gilead Sciences, Inc. treats to
Ebola hemorrhagic fever. Remdesivir was the first drug approved
for treatment of COVID-19 in Japan and is now used clinically for
this purpose. Remdesivir is a prodrug with antiviral activity against
single-stranded RNA viruses. Since remdesivir is partially metab-
olized in the body into its active form GS-441524, the analytical
method was developed for measurement both remdesivir and GS-

441524 simultaneously.

The second application highlights favipiravir, an anti-influenza
drug developed by FUJIFILM Toyama Chemical Co., Ltd..

Favipiravir is sometimes administered in combination with other
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drugs, such as nafamostat (an anticoagulant). While the develop-
ment of products containing multiple drugs in a single dosage form
is also expected, in this second application, analytical conditions

were explored for quantitative analysis of just favipiravir.

Analysis of Favipiravir in
Human Plasma

Analysis of Favipiravir in Human
Plasma Using Fully Automated Sample
Preparation LC/MS/MS System

Envisioning that hospitals will use a single analytical system
(LC-MS/MS) for multiple investigations, the applications utilized
the same type of column and other analytical conditions when-
ever possible.

In addition, when creating a quantitative analysis method that
includes LC-MS/MS, a deproteinization pretreatment step is es-
sential for measuring drug concentration levels in blood. To meet
customers’ needs, for each application in this article, both manual

and automated sample pretreatment methods were used.

This article also describes an HPLC-based quantitative analysis
method for favipiravir that uses manual sample pretreatment and a

fluorescence detector to detect concentrations in the pg/mL range.

Quantitative Analysis of Favipiravir
Spiked in Plasma Using by HPLC

Learn more about the latest application.
Fully automated quantification of Meropenem,

Tazobactam, Piperacillin and Dexamethasone in plasma

Learn more about Shimadzu's response
to the COVID-19 pandemic

https://www.shimadzu.com/covid-19/
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Evaluation of automated quantitative analysis
of the doubly charged glycatedp-hemoglobin
by MALDI-TOF MS

This approach opens a new world to time and cost-effective analysis of
HbA1c within the clinical chemistry. Long-term control of the glycemic
state of haemoglobin is the most important and reference tool for the
management of diabetes. The Dutch diabetic association recommends
monitoring the level of glycated haemoglobin (HbA1c) two to four times a
year, depending on the type of diabetes. Several procedures and numerous
commercial instruments, based mainly on chromatographic separation
methods, are currently available for the determination of HbA1c in blood
samples. In this study we have developed a method for automated quanti-
fication of HbA1c with MALDI-TOF.

Monitoring of embryonic stem cell differentiation
trajectories by intact cell mass spectrometry

Human embryonic stem cells (hESCs) are promising tools for diseasemodel-
ing, cell therapy, bio-industry or drug development. However, longterm
cultured hESCs finally develop hidden phenotypic changes, cumulatively
acquire various alterations on both the genetic and non-genetic levels and
despite advanced culture techniques, the culture-adapted clones with un-
wanted properties clones are inevitably selected. However, these changes
could remain unnoticed until they alter the genome, karyotype or cell phe-
notype, even in case of the high expression of stemness-associated tran-
scription factors, or their differentiation capacity, or a typical morphology.
Furthermore, molecular, genetic, and/or light-microscopy analyses can fail
in the case of the genetically or karyotypically silent changes that are
evoked in cultured cells. Thus, recent quality control approaches often
suffer of low sensitivity or may produce biased output. Therefore, there

is an ongoing need for sensitive, robust, feasible and affordable methods
revealing abnormalities in cell phenotype.

A multiplex targeted Mass spectrometry
approach for the quantification of synuclein
proteoforms in human biological fluids

Innovative multiplex and targeted mass spectrometry method development
for the quantification of the alpha, beta and gamma synuclein in biological
samples as CSF and plasma in the context of neurodegenerative diseases.
In the synucleopathy field, one of the main goals remains to discover bio-
markers allowing to discriminate between Parkinson’s disease, Lewy Body
dementia or Multi System Atrophy. For this purpose, alpha synuclein has
been intensively studied due to its major presence in aggregates such as
Lewy bodies, hallmark of these neurodegenerative diseases [Vinnakota et
al, 2018; McLean et al, 2012]. Alpha synuclein and its proteoforms are
present at different levels in brain and CSF indicating that they might be
relevant biomarkers. [Schmid et al, 2013; Otto et al, 2019; Zetterberg et al,
2019]. In this context, our objective is to develop a mass spectrometry mul-
tiplex method to quantify proteoforms of the synucleins family (alpha, beta
and gamma) in human biological fluid (CSF, plasma).

Fully automated LC-MS/MS method to assess
DPD deficiency in Cancer treatment with 5-FU

Fluoropyrimidines (5-fluorouracil or capecitabine) are anticancer drugs used
in nearly 60% of chemotherapy treatment. It is known that they can lead
to severe or lethal toxicities in case of dihydropyrimidine dehydrogenase
(DPD) deficiency, therefore it is highly recommended to check for that DPD
efficiency status. In France, health authorities recommend the determina-
tion of uracil concentration to guide dosing of fluoropyrimidines. Numer-
ous LC-MS/MS methods have been proposed but they include complex
liquid-liquid or solid-phase extraction procedures. To answer to the need
of high throughput and robust analysis, our objective was to develop a
method where the extraction was carried out by a programable liquid han-
dler robot directly coupled to a LCMS/MS system.

Cost effective and rapid method for simultaneous
determination of vitamin B12, 25-Hydroxyvitamin
D2 and D3 from plasma using LC-MS/MS

Lifestyle disorders are manifesting as deficiency of vitamin B12 and vitamin

D. Clinicians have always corelated vitamin B12 and D deficiencies to heart
diseases and many other health problems. This has led to the demand of si-
multaneous determination of vitamin B12, 25-hydroxyvitamin D2 and D3 in
plasma. To make the analysis cost effective and rapid, in this method the mol-
ecules of different polarity are been extracted and processed simultaneously.

Evaluation of a rapid LC-MS/MS method
to measure simultaneously IDUA and IDS
enzymes activities in dried blood spots

A novel and rapid LC-MS/MS method was developed to simultaneously
measure the activities of lysosomal enzymes for newborn screening.
Mucopolysaccharidoses (MPSs) is a group in lysosomal storage disorders
(LSDs) caused by a deficiency of lysosomal hydrolases responsible for the
catabolism of glycosaminoglycans (GAGs). Some techniques such as fluo-
rometric and mass spectrometric assays have been developed to measure
these enzyme activities for the purpose of newborn screening.The use of
mass spectrometric techniques has exhibited advantages over the other
techniques in the ability to multiplex several enzymes in one assay. In this
study, we report a novel method using tandem mass spectrometry that is
capable of simultaneous measurement of the activities of the MPS en-
zymes including IDUA (MPS 1) and IDS (MPS Il) in a short time scale. In this
presentation, the developed method is detailed.
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Untargeted LC-MS/MS-based metabolic phenotyping
applied to the CD248 knock out mouse model

Untargeted LC-MS/MS is a powerful tool by which to identify metabolic
phenotypes. Here we applied metabolic phenotyping analysis to the
CD248 knockout mouse model. CD248 is a transmembrane glycoprotein,
expression of which is markedly upregulated in a considerable number of
disease models including tumor growth, inflammation and injury-induced
fibrosis. In human clinical studies, CD248 expression is upregulated in the
fat cells of patients with diabetes, conversely, CD248 expression reverted to
a normal range when obesityassociated diabetes was reversed through
weight loss. In this work, an untargeted LC-MS/MS metabolic phenotyping
analysis, using a reverse-phase LC separation and high resolution accurate
mass (HRAM), was applied to a CD248-/-mouse model following high fat
diet (HFD) feeding to study the effects of diet on serum metabolite profiles.

High Sensitivity Analysis of Steroid Hormones with
modified ESI to improve desolvation efficiency

Development of a high-sensitivity method to assay a steroid panel in serum
samples. Thanks to LC-MS/MS with the newly developed ion source
lonFocus Unit, the sensitivity of steroid hormone was improved. Steroid
hormones play a major role in the control of metabolism, neurotransmis-
sion, intracellular signaling, gene expression, reproduction and cardiovas-
cular. Therefore, steroid hormones are very important in elucidating the
mechanisms of various diseases. Furthermore, not only do steroids play
roles in sedation and seizure prevention, they are known to be effective in
cancer treatment and regenerative medicine. Therefore, highly sensitive
analytical technologies to steroid hormones quantitation in biological sam-
ples are required in clinical research. Here we investigated higher sensitive
analytical methods to steroid hormones by improving desolvation efficiency
in LC-MS/MS ion source.

LC-MS/MS method development of aflibercept using
Fab-selective proteolysis nSMOL technology

Aflibercept is a biopharmaceutical drug inhibiting of vascular endothelial
growth factor (VEGF) signaling and composed of the extracellular domains
of human VEGF receptors 1 and 2 that are fused to the Fc portion of the
human IgG1 immunoglobulin. It is important to determine an appropriate
dose for medical optimization, but little amount of intraocular fluid is able
to collect as a specimen in the treatment of retina. To offer the quantitative
assessment method of aflibercept in biological matrix, the primary structure
was confirmed using a quadrupole time-of-flight (Q-TOF) mass spectrome-
ter LCMS-9030, and quantitative analysis was performed with a triple
quadrupole mass spectrometer LCMS-8060 by using nSMOL (nano-surface
and molecular orientation limited proteolysis) technology.

Expanding capabilities in routine clinical
toxicology screening using HRAM QTOF

Low resolution mass spectrometry with triple quadrupole MS/MS systems
deliver highly sensitive, robust, reproducible and proven technology plat-
forms for targeted clinical toxicology screening and identifying unknown
compounds in patient samples. However, high resolution accurate mass-
spectrometers (HRAM) provide support for targeted and untargeted work-
flows in which no spectral data are lost and retrospective data analysis can
be supported. To reduce false positive reporting a HRAM data-independent-
acquisition MS and MS/MS method was used together with a HRAM MS/
MS clinical toxicology library for routine screening assays.

MALDI-nanochip based Screening of
Exosomal Biomarkers

We previously demonstrated we could rapidly distinguish fluorouracil re-
sistant cancer sample groups based on protein profiling of extracellular
vesicles using a linear benchtop MALDI TOF instrument [1]. The aim of
this follow up work is to identify the proteins that are differentially ex-
pressed in the different sample groups in order to better understand the
disease processes and to support the rapid screening approach developed
previously. Here we present the results from this study using a high perfor-
mance reflectron MS/MS MALDI-TOF platform for the comparative pro-
teomic profiling of circulating extracellular vesicles extracted from
colorectal cancer plasma samples.

Multi-target screening of toxicological compounds
in blood on a fully-automated platform consisting of
sample preparation module CLAM and LC-MS/MS

Multi-target screening by LC/MS/MS has been widely adopted in detection
and quantitation of drugs of abuse (DoA) in forensic investigation and toxi-
cological research. Usually, a wide range of targets are screened in such
analysis, including illicit drugs, narcotics, psychotropics, antipsychotics,
pharmaceuticals and other toxic compounds in urine, serum/plasma and
whole blood samples. Sample preparation is often a bottleneck due to the
tedious steps. It is also a factor responsible for inaccurate or false negative
results. We describe a solution by using an automated sample preparation
module CLAM-2000 TM connected with LC/MS/MS system (LCMS-8060)
for multi-target screening of 61 drugs in whole blood. A ready-to-use
method package Rapid Toxicology Screening (Shimadzu) was used to set
up the screening method with human whole blood (frozen) spiked sample
without efforts in LC and MRM method development.
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Guaranteed Data Quality with
No Experience Needed

As HPLC becomes more commonplace, there is growing demand
for instruments that cater to both novices and experts. The LC-
2030C NT provides a simple touch-screen user interface and a
workflow that requires no specialized training. The Shim-pack™
NT-ODS is a slide-in column that can be inserted in one motion,
with no need for a wrench or other tools. The column is automati-
cally connected into the flow path with no risk of human error. As
aresult, the LC-2030C NT enables all users to collect accurate data

no matter their level of expertise.

Analytical work using conventional LC systems involves commut-
ing to work each day, starting up the system, and equilibrating the
column, and then acquiring and analyzing the data. While hard-
ware and software advances in HPLC over recent years have led to
a fully-automated analysis cycle, column installation has remained
a manual step requiring user know-how. With the LC-2030C NT,
we introduce a dedicated slide-in column, the Shim-pack NT-ODS.
The user can simply insert this column into the front slot and it will
be automatically incorporated into the flow path. Analysis can then
be started from the LCD touch panel. The whole procedure can
be carried out by staff without specific training. Equipment status
and chromatograms can be monitored from outside the lab during
analysis, and data results can be processed remotely through a net-

worked PC, opening up more possibilities for flexible workplaces.

After insertion, the new slide-in column is automatically moved
into place and connected to the flow line. No tools or experi-
ence are required for installation. Since the Shim-pack NT-ODS
is connected automatically by the instrument, there is no need
to worry about improper column connections affecting the shape

of chromatograms.

System preparations from startup to column equilibration are all
automated. The color LCD touch panel provides user-friendly

sample registration and instrument controls.

The dedicated Shim-pack NT-ODS is a monolithic-type column.
The packing state of its separation medium is maintained over a
long continuous analysis, whereas a particle-type column may de-
teriorate. Therefore, the Shim-pack NT-ODS provides long-term

stability even over a large number of continuous injections.

https://www.shimadzu.com/an/products/liquid-chromatogra-
phy/hplcuhplc/Ic-2030c-nt/index.html
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Shimadzu (Asia Pacific) &
Changi General Hospital (CGH) jointly
launch centre to conduct mass
spectrometry-based clinical testing and
research for personalised treatment

The Shimadzu-CGH Clinomics Centre (SC3) aims
to improve turn-around time and clinical diag-
nostic accuracy of diseases such as hypertension
and other endocrine conditions in adults

On 27 January 2021, Singapore—The Shimadzu-CGH Clinomics
Centre (SC?), a public-private partnership by Changi General
Hospital (CGH) and Shimadzu (Asia Pacific), was officially opened
by the Guest of Honour, Deputy Prime Minister of Singapore
Heng Swee Keat. A satellite laboratory of CGH, the initial SC*
operations will focus on developing and validating various clinical
applications and research to improve clinical diagnostics, which
lead to better clinical care for patients with hypertension and other
chronic diseases.

Professor Ng Wai Hoe, Chief Executive Officer, CGH, very
well stated the need and relevance of such collaborations, “The
coming together of the clinical and research expertise of CGH and
SingHealth with Shimadzu’s diagnostic and analytical capabilities
will contribute to medical care and treatment in Singapore. At SC?,

we will co-create clinical applications through mass spectrometry

technologies and instruments that will enhance the standard of care
for our patients.”

As Shimadzu we are committed to using our years of experi-
ence in Analytical and Medical technologies towards Advanced
Healthcare initiatives. Mr. Tetsuya Tanigaki, Managing Director,
Shimadzu (Asia Pacific) Pte Ltd, highlighted, “Excellence in Science
is not only a motto but a way of life in the Shimadzu Family. And
it is with this philosophy that we, along with CGH, are powering
the SC? lab with futuristic technologies such as mass spectrometry
and Analytical Intelligence among several others, to ensure that we
deliver more accurate and faster outcomes to patients. This Centre
is an example of how we can collaborate to establish a pioneer-
ing partnership for Advanced Healthcare. This is the first time that
Shimadzu is working with a public hospital to establish a Clinomics
Laboratory in Singapore. Our efforts will certainly transform the
healthcare landscape of not only Singapore and the Asia Pacific
region but also of the world.”

Top image: DPM Heng witnessed the signing of the Research Collaboration
Agreement between CGH and Shimadzu (Asia Pacific)
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Shimadzu—CGH Clinomics Centre (SC*)—-powered by UFMS and Analytical

Intelligence (AI)

DPM Heng views the mass spectrometer at the Centre

®

Changi General Hospital

https://www.cgh.com.sg/pages/home.aspx

Providing precision and personalised medicine
for Singaporeans
One in four adult Singaporeans suffers from hypertension, which is
a leading cause of heart disease and strokes. It is now understood
that hypertension is due to either excessive vasoconstriction (tight-
ening of blood vessels) or excess salt and blood volume. Precise
measurements of hormones can identify which spectrum of hyper-
tension a patient has, and which medications are best suited for
that patient.

In recent years, hormone measurements also identify many
patients with a treatable and curable form of hypertension (Pri-

mary Aldosteronism).

Achieving faster turnaround time for test results
With the SC? it is envisioned that clinical tests based on the
LC-MS/MS technology for adult diseases will no longer need to
be routinely sent to overseas centres for processing. By developing
the capability to conduct such tests in Singapore, local and even
regional patients can receive their test results with a significant re-
duction in waiting time from approximately two weeks to one or

two days.

Serving as a regional reference centre

In the long term, the SC? aims to offer validated tests to patients in
Singapore as a clinical laboratory and to serve as a regional refer-
ence centre in Asia Pacific for developing mass spectrometry solu-
tions for wider clinical applications for chronic conditions and other
areas of clinical diagnostics, such as drug monitoring. Measuring
the efficacy of medication for patients with other common condi-
tions, such as diabetes, can allow for more personalised treatment
options, which can lead to better patient outcomes.

Finally, Mr Prem Anand, Executive Officer and Senior General
Manager, Shimadzu (Asia Pacific) very eloquently summarised the
initiative and road ahead “Today, precision and personalised medi-
cines are being fuelled by the merger between analytical and med-
ical technologies. These technologies are more relevant today than
ever before, as more and more researchers are now using them
concurrently. The fact that Shimadzu is the only company in the
world to be a leader in both analytical and medical technologies,
gives us the unique opportunity to develop truly synergistic solu-
tions for Advanced Healthcare”

The launch of this Shimadzu-CGH Clinomics Centre is yet an-
other reiteration of how we all can collaborate towards Contributing

to Society Through Science and Technology.
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Latest topics 3

Sales of Novel Coronavirus PCR
Testing Reagent Kits
outside Japan Exports Began

Shimadzu Corporation will begin fully rolling out sales of the novel
coronavirus (SARS-CoV-2) detection reagent kits outside Japan.
On January 19th, Shimadzu obtained provisional authorization
from the Singapore Health Sciences Authority (HSA) to sell the kits
and will start exporting the kits to Southeast Asian markets through
Shimadzu (Asia Pacific) Pte. Ltd., the Asia/Oceania regional head-

quarter, beginning in early February.

In the United States, sales started in September of last year for use
in laboratory developed tests (LDT) based on a U.S. Food and
Drug Administration (FDA) emergency use authorization (EUA).
In Austria, sales for use as research reagents started in October and
preparations are currently underway for exporting the reagents to

France, Croatia, and other EU countries.

Shimadzu has been manufacturing the reagent kits for research use
in Japan since April of last year and then in September obtained
authorization from Japan’s Ministry of Health, Labour and Welfare
to manufacture and sell the kits as a drug for in vitro diagnostic use.
Shimadzu remains committed to increasing its contribution to pre-
venting the spread of infections in Japan and throughout the world
by offering testing reagents and instruments in the future as well.
Shimadzu expects to produce up to 3,000 kits (for 300,000 tests) per

month for export markets.

https://www.shimadzu.com/covid-19/
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Latest topics 4

Shimadzu Announces the Start of
Its Blood-Based Amyloid
Mass Spectrometry Service

Shimadzu Scientific Instruments introduces the Amyloid Mass
Spectrometry (MS) Service for early screening of amyloid-positive
subjects. This simple blood analysis method enables early and ac-
curate prediction of amyloid pathology in the brain with an easy-

to-acquire blood sample.

Although the screening analysis is Research Use Only and cannot
diagnose Alzheimer’s disease, it is ideal for opening the door to
new advancements in research, identifying suitable candidates for
clinical trials and helping pharmaceutical companies in their test-

ing of candidate drugs.

Unlike conventional positron emission tomography (PET) imaging
and cerebrospinal fluid (CSF) testing methods, Shimadzu’s blood
amyloid-beta analysis method is minimally invasive and suitable
for large-scale deployment. This new approach to blood analysis
is capable of being used for predicting abnormal amyloid-beta
concentration, which can be a marker for amyloid pathology in
the brain. New blood-based biomarkers were discovered in 2014
by Shimadzu Corporation and the Japanese National Center for
Geriatrics and Gerontology (NCGG).

The blood analysis works using a combination of immunoprecipita-
tion and MALDI-TOF mass spectrometry (IP-MS). This technique
was first established by a team of scientists including Shimadzu’s
Koichi Tanaka, who was awarded the Nobel Prize in Chemistry in
2002 for developing a method for mass spectrometric analysis of

biological macromolecules.

MSTM Service:

www.AmyloidMS.com

@ Learn more about Shimadzu’s Amyloid

For more scientific background about
Shimadzu’s blood amyloid-beta analysis:

A. Nakamura, N. Kaneko et. al., “High performance plasma amyloid-8
biomarkers for Alzheimer’s disease” doi: 10.1038/nature 25456

Amyloid MS is a trademark of Shimadzu Corporation.
For Research Use Only. Not for use in diagnostic procedures.
Amyloid MS Service is for drug discovery and development only.
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SPM-Nanoa AOC-30 Series

Scanning Probe Microscope / Atomic Force Autoinjector / Autosampler

Microscope
° ANALYTICAL

A‘.‘. INTELLIGENCE
The SPM-Nanoa scanning probe microscope provides Based on Shimadzu's extensive wealth of unique technologies
high-resolution observations, features a low-noise detection and functionality, AOC-30 series automatic sample injection
optical mechanism, and automates optical adjustments and systems offer the automation, productivity, and remote
the work of setting the observation conditions. Even users operability needed for next-generation laboratories. The
unfamiliar with the operating procedures can easily acquire space-saving design makes it easier to mount on GC or GC-MS
high-resolution observation data. systems with limited space availability and facilitates system
It will contribute to the evaluation of, and research into, expansion based on analytical objectives.
cutting-edge nano materials as a mid-range scanning probe
microscope (SPM). | Features|

= Reliable Automatic Operation
| Features]| = Space-saving Efficiency
= Automatic Observation = Sampler Navigator, Built-in Injection Expertise
= Extensive Functionality
= Saves Time

Learn more Learn more

Amyloid MS Multimodal Imaging System

ﬂ-
Amyloid Mass Spectrometry (MS) Service is a new simple, Multimodal imaging system consist of a laser ablation inductively
low-cost* blood analysis for early screening of amyloid-positive coupled plasma mass spectrometer (LA-ICP-MS), an imaging
subjects. This method enables early and accurate prediction mass microscope, and the IMAGEREVEAL MS mass spectrometry
of amyloid deposition in the brain with an easy-to-acquire imaging data analysis software. The system is capable of
blood sample. separately acquiring information on the distribution of trace
Unlike conventional methods, Shimadzu’s new analysis elements and the distribution of various compounds, and
is minimally invasive, cost-effective* and suitable for performing an integrated analysis of both sets of information.
large-scale deployment. With this system, Shimadzu aims to advance the elucidation of
It's the only blood analysis capable of predicting abnormal mechanisms of disease onset and the development of
amyloid-beta deposition in the brain with high accuracy. therapeutic drugs in the life sciences.

*Compared to PET test.

= Integration of complementary imaging technologies

= Analysis of analytical samples at atmospheric pressure and better
spatial resolution performance

= Integrated data analysis software

= Reduced costs per test

= A less invasive blood-based sampling technique

= Low sample volume requirements (Plasma 250 pL)
For Research Use Only. Not for use indiagnostic procedures.

Learn more Learn more
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https://www.shimadzu.com/an/products/surface-analysis/high-resolution-scanning-probe-microscope/spm-nanoa/index.html
https://www.ssi.shimadzu.com/products/life-science/shimadzu-amyloid-ms-service.html
https://www.shimadzu.com/an/products/gas-chromatography/gc-accessories-components/aoc-30/index.html
https://www.shimadzu.com/an/products/life-science-lab-instruments/imaging/multimodalimaging/index.html
https://www.shimadzu.com/an/products/brand/analytical_intelligence.html

E)SHIMADZU

Shimadzu Corporation
www.shimadzu.com/an/

For Research Use Only. Not for use in diagnostic procedures.

This publication may contain references to products that are not available in your country. Please contact us to check
the availability of these products in your country.

Company names, products/service names and logos used in this publication are trademarks and trade names of Shi-
madzu Corporation, its subsidiaries or its affiliates, whether or not they are used with trademark symbol “TM" or”®".
Third-party trademarks and trade names may be used in this publication to refer to either the entities or their products/
services, whether or not they are used with trademark symbol “TM" or “®".

Shimadzu disclaims any proprietary interest in trademarks and trade names other than its own.

The contents of this publication are provided to you “as is” without warranty of any kind, and are subject to change
without notice. Shimadzu does not assume any responsibility or liability for any damage, whether direct or indirect,

relating to the use of this publication.
© Shimadzu Corporation, 2021

Printed in Japan, September, 2021


http://www.shimadzu.com/an/
https://www.facebook.com/ShimadzuCorp
https://www.linkedin.com/company/shimadzu-corporation



