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ABSTRACT: The matrix-assisted laser desorption/ionization mass
spectrometry imaging (MALDI-MSI) technique is a promising approach
for detecting the distribution of small molecules in a section of biological
tissue. However, when a cryosection is created from fragile, hard, or
whole-body samples, obtaining a high-quality section that maintains the
distribution of the various components has been difficult. Since adhesive
films have the potential to obtain high-quality cryosections, we attempted
to utilize a conductive adhesive film for MALDI-MSI. To this end,
cryosections of the whole body of a 9-day-old mouse were directly
prepared on indium tin oxide (ITO) glass slides, nonconductive adhesive
films, or conductive adhesive films, and the signal intensities from each
section were measured by MALDI-MSI. We measured the differences in
the ion intensity among these three slides/films by means of multivariate
analyses and found that both the nonconductive and conductive adhesive films gave rise to high-quality sections in comparison
with the ITO glass slide. The conductive adhesive film gave higher signals that were comparable to those of the ITO glass slide
in comparison with the nonconductive adhesive film. We divided the frozen sections into two groups, a freeze-dried group and a
thawed group, to examine the freeze−thaw effect on the signals of representative compounds of amino acids, cholesterol, and
phosphatidylcholines. The freeze-dried samples were found to be useful for the analysis. These results indicate that the sections
made with the conductive adhesive film under a freeze-dried condition can expand the utility of the MALDI-MSI analysis.

The matrix-assisted laser desorption/ionization mass
spectrometry imaging (MALDI-MSI) technique is an

important approach for observing the distribution of small
molecules on the surfaces of section samples, including
biological,1,2 agriculture,3,4 and insect samples.5 The reprodu-
cibility and sensitivity of MALDI-MSI analyses have been
improved by the development of stable techniques for applying
a matrix in the process of sample preparation: for instance, the
two-step deposition and spray method,6−8 the spray and
reclustering method,9 sensitive detection methods using
derivatization,10,11 and addition of a salt.12 In addition, the
localization analysis of the protein expression in the tissue by
MALDI-MSI has been applied as a general analysis method by
means of the on-tissue digestion technique.13 For small
molecules, the spatial resolution, mass resolution, and scan
speed of MSI were dramatically improved with the help of laser
systems.14 Following the improvement of these technologies,
MALDI-MSI can be applied to medical samples and will play

an important role in many fields, especially clinical diagnosis
and biomarker development research.15−18

In fact, the MALDI-MSI technology has been applied to the
analysis of drug metabolism in the whole body of a mouse,19,20

fish,21 and insect22 and to the development of a determination
method for drugs in biological tissues.19 However, there
remain critical issues that prevent the further development of
this approach. In the process of sample preparation, the
adhesive density on the surface between the cryosection and
conductive materials is important for the sensitive detection of
features because conductivity is required for many of the
systems used for MALDI-MSI analysis, but this point still
needs improvement. Conventionally, an indium tin oxide
(ITO) coated glass slide is used as the conductive material on
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which the cryosection is set. Whereas tissue sections of the
brain, liver, kidney, or heart can be prepared on a glass slide by
the conventional technique, cryosections of the whole mouse
body, bone, tooth, skin, lung, and fat tissues are difficult to
prepare on glass slides.23,24 To overcome this problem, an
adhesive film (Cryofilm) has been introduced into the section
preparation process;25,26 high-quality frozen sections for such
samples were successfully prepared.
A method utilizing a nonconductive adhesive film (Cryofilm

type 2C(9)) has been applied in MALDI-MSI analyses.27,28

However, the signal intensity from the section with the
nonconductive adhesive film is lower than that from the
section with the ITO glass slide because of the non-
conductivity of the adhesive film.29 To overcome this setback,
we have introduced a conductive adhesive film and tested the
quality and efficiency of the approach with the film.
In this study, we tried to make frozen sections from a whole

mouse body with conductive adhesive films and evaluated the
quality of the sections on the basis of the signal intensities of
representative compounds detected by MALDI-MSI. We made
frozen sections with three types of conductive adhesive tapes
and films: aluminum foil tape, copper foil tape, and a
conductive type of adhesive film. Of these three tapes, we
succeeded in preparing high-quality frozen sections with the
conductive adhesive film. The usefulness of the conductive
adhesive film was evaluated by means of the signal intensities
of phosphatidylcholines (PCs), which were extracted by
multivariate analysis techniques, i.e., principal component
analysis (PCA) and orthogonal partial least-squares-discrim-
inant analysis (OPLS-DA), to determine the most representa-
tive compound detected by MALDI-MSI analysis. We
evaluated the influence of the contact state between the
cryosection and adhesive film using freeze-dried sections and
thawed sections on the basis of the signal intensities of the
following representative compounds in mass spectra: amino
acids, cholesterol, and PCs. We have produced visualized
images of the distributions of PCs and heme acquired by
MALDI-MSI in five areas, including the brain, heart and liver,
spleen and kidney, around the iliac body, and the testis and

ileum, of the cryosections with conductive and nonconductive
adhesive films.

■ EXPERIMENTAL SECTION
Preparation of a Cryosection of a Whole Body of a

Mouse. The whole body of the mouse (ICR, male, 9 days old)
was frozen in a mixture of hexane and dry ice and then freeze-
embedded in embedding medium (SCEM, included in the kit)
according to Kawamoto’s film method. The frozen sample was
set on a cryostat (CM 3050S; Leica Microsystems, Germany)
and trimmed until the targeted surface appeared. Then, a
frozen section (10 μm) was prepared on an ITO glass slide
(100 Ω/sq; Matsunami, Osaka, Japan) as a positive control
using a conventional technique for MALDI-MSI analysis. The
sections for MALDI-MSI were prepared with the following
adhesive films: a nonconductive adhesive film (Cryofilm type
2C9), a conductive adhesive tape consisting of copper foil, a
conductive adhesive tape consisting of aluminum foil, and a
conductive type of adhesive film (Cryofilm type MS1). The
section was freeze-dried in the cryostat and fixed with double-
sided adhesive tape on a standard glass slide. According to a
conventional technique, a section was directly prepared on an
ITO glass slide. A section for histological observation was
prepared according to Kawamoto’s method. In brief, a section
(5 μm) was prepared with an adhesive film (Cryofilm type
3C16UF), stained with hematoxylin and eosin (HE), and then
mounted with mounting medium (SCMM-R2, SECTION-
LAB Co. Ltd.) between a glass slide and the adhesive film.

MALDI-MSI Analysis. The analytical region exposed to
laser irradiation was marked under light microscopic
observation. Then, a matrix (α-cyano-4-hydroxycinnamic
acid, CHCA) with a thickness of 0.7 μm was deposited on
the slides in a deposition system (iMLayer, Shimadzu, Kyoto,
Japan), and the samples were immediately analyzed with
MALDI-MSI (iMScope, Shimadzu). The conditions of
MALDI-MSI analysis are shown in Table S1. The data
collected through the microscopic system were digitally
processed with software (Imaging MS Solution 1.30.06,
Shimadzu). The compounds were identified with the MS/

Figure 1. (A) Three typical regions of interest (ROIs) on optical images of cryosections prepared using an ITO glass slide (ROI1−3; left top
panel), a nonconductive adhesive film (Cryofilm type 2C9; ROI4−6; right top panel), a conductive adhesive film (Cryofilm type MS1; ROI7−9;
left bottom panel), and the image of HE staining of the analytical area of the brain (right bottom panel). (B) Score plots of principal component
analysis (PCA) based on the intensity of features detected from each ROI described above. Results obtained using an ITO glass slide, a
nonconductive adhesive film, and a conductive adhesive film are represented by black, red, and blue dots, respectively.
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MS spectrum using chemical standards referenced by the
identification method.30,31

Multivariate Data Analysis. The signal intensities of the
mass spectra from commonly detected features in three typical
regions of interest (ROIs) on each type of cryosection were
listed by the software automatically and used for multivariate
analysis. The signal intensities of the features were imported
into SIMCA 13.0.0 software (Umetrics, Umeå, Sweden), and
their relative quantities were evaluated by PCA and OPLS-DA.

■ RESULTS AND DISCUSSION
Utilization of a Conductive Adhesive Film for MALDI-

MSI. An outline of the method from the sample preparation
procedure to the MALDI-MSI analysis is shown in Figure S1A.
The flow includes embedding, sectioning, treatment for
MALDI-MSI, analysis of specific low-molecular-weight mole-
cules, and visualization of identified metabolites. The details of
the protocols are described in the Experimental Section.
Optical images of the cryosections obtained from whole

bodies of mice with a nonconductive adhesive film and a
conductive adhesive film are shown in Figure S1B. For this
cryosection preparation, we tested three types of conductive
adhesive tapes and films: i.e., aluminum foil tape, copper foil
tape, and a conductive type of adhesive film. Among these
tapes/films, we could prepare high-quality frozen sections with
only the conductive adhesive film, while the other types of
tapes/films did not allow us to prepare high-quality sections.
Conductive Adhesive Film Provides Better Signal

Intensity than the Nonconductive Adhesive Film. To
prepare high-quality whole body or other specific tissue
cryosections, adhesive films have an advantage over the ITO
glass slide. In this regard, two types of adhesive films are
available: conductive and nonconductive. Therefore, we next
compared the signal intensities of the cryosections obtained by
using the conductive and nonconductive adhesive films. Figure
1A shows optical images of three typical ROIs, each of which is
from cryosections of the whole body and the area
corresponding to the brain. In this analysis, we used an ITO

glass slide (left top panel; ROI1−3), a nonconductive adhesive
film (Cryofilm type 2C9) (right top panel; ROI4−6), which
was used in the previous studies for MALDI-MSI analysis, and
a conductive adhesive film (Cryofilm type MS1) (left bottom
panel; ROI7−9). While the ITO glass slide is traditionally and
widely used for the MALDI-MSI analysis, the handling of the
cryosections is much easier when adhesive films are used. We
also give the signal intensities of 100 commonly detected
features in the mass spectra from the sections corresponding to
the ITO glass slide and adhesive films in Table S2.
Our next concern is whether good-quality signals could be

obtained with the use of adhesive films. The PCA score plot
clearly demonstrates a large variation among the three groups
(Figure 1B). To assess the quality of the signals with the use of
adhesive films, we next conducted S-plot analyses by means of
OPLS-DA. First, we compared the signals of the sections on
the nonconductive adhesive film with those on the ITO glass
slide. We found that 24 features extracted from the S-plot were
lower in abundance on the nonconductive film than on the
ITO glass slide (Figure S2A). Those features were selected on
the basis of p(corr)[1] being greater than 0.9 or less than −0.9
and p[1] being greater than 0.1 or less than −0.1, which was
derived from the S-plot analysis with separation based on larger
changes in their abundance between the two types of
cryosection.
Second, we compared signals of the sections on the

conductive adhesive film with those on the nonconductive
adhesive film. We found that 29 extracted features of the
former were higher in abundance than in the latter (Figure
S2B), indicating that the conductive adhesive film gives rise to
higher-quality signals in comparison to those of the non-
conductive adhesive film. To verify this result, we then
compared the signals of sections from the conductive adhesive
film with those of sections on the ITO glass slide. We found
that 16 and 8 similarly extracted features were higher and lower
in abundance with the use of the conductive adhesive film in
comparison to that with the ITO glass slide, respectively
(Figure S2C).

Figure 2. Optical and visualized images of phosphatidylcholines (PCs) of m/z 734.56 (PC16:0/16:0), m/z 760.58 (PC16:0/18:1), m/z 788.61
(PC18:0/18:1), and m/z 808.57 (PC18:1/20:4) in the cryosections obtained from a mouse brain on an ITO glass slide (top panels), a
nonconductive adhesive film (Cryofilm type 2C9, middle panels), and a conductive adhesive film (Cryofilm type MS1, bottom panels). The
intensities of the mass spectra at each spot irradiated by the laser were normalized by the maximum abundance of each compound, and the
intensities are shown on the basis of the colored scale bar on the left side of the visualized images.
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A list of the identified compounds in these analyses, which
excluded ions derived from the matrix or isotopes, is shown in
Table S3. We clearly detected signals of PCs and
phosphatidylethanolamines (PEs) in the mass spectra, as has
been reported in the analyses of mouse brain sections by
MALDI-MSI.32−34 The majority of the PCs and PEs were
significantly lower in abundance when a nonconductive
adhesive film was used, while in contrast, the PCs were
significantly higher in abundance when the conductive
adhesive film was used; however, the signals of the PEs and
sphingomyelin were still lower even when the adhesive film
was conductive.
The differences in signal intensity were derived from the

material. The conductive adhesive film evenly included carbon
particles in the cryofilm. The images of the structure of
cryosections on the ITO glass slide, nonconductive adhesive
film (Cryofilm type 2C9), and conductive adhesive film
(Cryofilm type MS1) are shown in Figure S3. Although the
metals have better conductivity than carbon, the flexibility and
solubility are also important to include in the cryofilm to keep
the strength of adhesive power. We examined several metals,
but they did not allow us to prepare high-quality sections
described above. In addition, the carbon rate in the film can be
optimized to maintain the adhesive power and conductivity.
Therefore, we finally concluded that carbon was better to
create the high-quality cryosection for MALDI-MSI.
Images of Sections on Conductive and Nonconduc-

tive Adhesive Films. We then examined optical and
visualized images of the representative PCs. As shown in
Figure 2, PCs of m/z 734.56 (PC16:0/16:0), m/z 760.58
(PC16:0/18:1), m/z 788.61 (PC18:0/18:1), and m/z 808.57
(PC18:1/20:4) in the cryosections obtained from a mouse

brain on an ITO glass slide (top panels), a nonconductive
adhesive film (middle panels), and a conductive adhesive film
(bottom panels) were detected and compared.
In the visualized images, the relative intensities of the PCs

were significantly higher in the mass spectra acquired from the
cryosection using the conductive adhesive film than in those
acquired from the cryosection using the nonconductive
adhesive film (Figure 2).
The absolute intensities of the MALDI-MSI mass spectra

from a representative area on the mouse brain cryosection
prepared using an ITO glass slide, nonconductive adhesive
film, and conductive adhesive film are shown in Figure S4A.
The maximum intensities were 1.7 × 106, 7.0 × 105 and 2.6 ×
106, respectively. Thus, the signal intensity of PC16:0/16:0
obtained using the conductive adhesive film was 3.8 times
higher than that obtained using the nonconductive adhesive
film and 1.5 times higher than that obtained using the ITO
glass slide.
The localization of the PCs (typically PC16:0/18:1) at the

boundary of the brain was clearer on the magnified images
acquired using the conductive adhesive film than in those
acquired using the ITO glass slides (Figure S4B). However, the
visualized images of PC16:0/18:1 at the cranium area between
the ITO glass slide and films had some differences. Recent
studies have indicated the importance of combinatory
examinations incorporating both a meticulous distribution
analysis by MALDI-MSI and an elaborate determination
analysis by high-performance liquid chromatography mass
spectrometry (LC-MS).35−38 A combinatory use of the
adhesive films for the laser microdissection (LMD) approach
may give rise to a solution for this issue. We then detected
PC16:0/18:1 by LC-MS in the specific cranium and cortex

Figure 3. Optical and visualized images of compounds detected by MALDI-MSI analyses on cryosections obtained from a mouse brain. Visualized
images of compounds are m/z 116.07 (proline), m/z 130.05 (glutamine), m/z 132.08 (creatine), m/z 369.35 (cholesterol), m/z 734.57 (PC16:0/
16:0), m/z 760.58 (PC16:0/18:1), m/z 768.55 (PE18:0/20:4), and m/z 792.55 (PE18:0/22:6). The visualized images were normalized by the
absolute intensity to maximize the contrast in each image. The image of HE staining of the analytical area of the brain is shown beneath the
visualized images. The nonconductive adhesive film and conductive adhesive film were Cryofilm type 2C9 and Cryofilm type MS1, respectively.
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Figure 4. (A) Optical images of cryosections obtained from the whole body of a mouse with hematoxylin and eosin (HE) staining and images
visualized by signal intensity of m/z 734.56 (PC16:0/16:0) in five areas: brain (region 1), heart and liver (region 2), kidney and spleen (region 3),
around the iliac body (region 4), and testis and ileum (region 5). Note that the representative areas in region 1 (brain) as well as in regions 2, 3,
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area of the brain section by the LMD system following the
approach of a previous report.37 We found that the signals
from the cranium area were 10 times lower than that from the
cortex by the LC-MS analysis (Figure S5A). The difference in
signal intensity of MALDI-MSI was matched to the conductive
adhesive film (Cryofilm type MS1) (Figure S5B). Some
metabolites are unstable in the cryosection and quickly
changed during the thawing periods, even if we kept the
manipulation over a very short period, as the process of
enzyme reaction or degradation of phosphate groups might
occur in these periods. Our results indicate that PC16:0/18:1
is one of the unstable metabolites increasing under the freeze−
thawed condition and easily gives rise to an artifact.
Freeze-Dried Sections with or without Freeze−

Thawing. To assess the freeze−thaw effect of the cryosections
on the signal intensities of the MALDI-MSI analysis, we
prepared cryosections with nonconductive and conductive
adhesive films. The sections with the films were divided into
two groups. One group of sections was completely freeze-dried
in the cryostat, and the other was thawed by removing the
section from the cryostat. The adhesive films with the sections
were fixed on a glass slide with double-sided adhesive tape.
The optical images and visualized images of representative
compounds detected in the scan range from m/z 100 to 900 by
MALDI-MSI analyses on the cryosections obtained from a
mouse brain are shown in Figure 3.
In the visualized images, the relative intensities of

representative compounds on the cryosections, such as m/z
116.07 (proline), m/z 130.05 (glutamine), m/z 132.08
(creatine), m/z 369.35 (cholesterol), m/z 734.57 (PC16:0/
16:0), m/z 760.58 (PC16:0/18:1), m/z 768.55 (PE18:0/20:4)
and m/z 792.55 (PE18:0/22:6), were significantly reduced
when the nonconductive adhesive film was used for the freeze-
dried sections in comparison to those when the ITO glass slide
was used for the thawed sections (Figure 3, top panels vs the
second-row panels). Although the visualized images were
improved by using a conductive adhesive film for the freeze-
dried sections (the third-row panels), the intensities were still
lower than those obtained using the ITO glass slide.
We then compared the difference in signal intensities

between the cryosections that were immediately freeze-dried
and those that were thawed once before freeze-drying. We
found that the signal intensities in the visualized images
appeared to be higher in the cryosections thawed once before
freeze-drying than in the cryosection immediately freeze-dried
(the third-row panels vs bottom panels).
In the MALDI-MSI analysis using ITO glass slides the

cryosections are usually thawed once to transmit their
conductivity. On the other hand, with the use of adhesive
films, the cryosections had no need to be melted for staining or
other observation analyses. This highlights an important issue
regarding the tradeoff relationship between the quality of the
tissue images and the high output of the signals. Although the
sensitivity was improved using the conductive adhesive films
once thawed before freeze-drying, as the sections were tightly

contacted to the adhesive surface by the thawing, the
localization information on the compounds in the tissues
became obscure or was changed when the cryosection was
thawed once, as seen in our current analyses and as also has
been reported.25,26 Therefore, we concluded that the
cryosections should be thawed to obtain the higher sensitivity
of stable metabolites or immediately freeze-dried to obtain an
accurate distribution and correct information for unstable
metabolites after cutting the cryosections with the conductive
adhesive film.

Whole-Body Analysis. One of the important advantages
that the adhesive films confer to the MALDI-MSI analysis is
the improvement of the cryosection preparation of a whole
body. To assess whether conductive adhesive films give rise to
better support than do nonconductive adhesive films, we
prepared three serial whole-body sections. The first section (5
μm thickness) was stained with HE for identifying tissues, and
the other two sections (10 μm thickness) were used for the
MALDI-MSI analyses.
As shown in Figure 4A, five areas in the whole body of a 9-

day-old mouse, including the brain (region 1), heart and liver
(region 2), spleen and kidney (region 3), iliac body (region 4),
and testis and ileum (region 5), were analyzed by MALDI-
MSI. The visualized images of the most abundant compound,
m/z 736.56 (PC16:0/16:0), detected on the cryosections
prepared using the nonconductive and conductive adhesive
films are shown side by side (left and right panels,
respectively). The relative intensities of the PC16:0/16:0 in
all five areas were significantly increased on the cryosection
prepared using the conductive adhesive film. While this
analysis unequivocally highlighted the abundant expression of
PC16:0/16:0 in the brain, the localization of this PC in the
other regions was much clearer on the conductive adhesive
film than on the nonconductive adhesive film, especially on the
edges and boundaries around the organs.
Then, we focused on representative compounds, namely, m/

z 758.56 (PC16:0/18:2), m/z 760.58 (PC16:0/18:1), m/z
782.57 (PC16:0/20:4), m/z 786.60 (PC18:1/18:1), m/z
788.60 (PC18:0/18:1), m/z 806.55 (PC16:0/22:6), and m/z
616.17 (heme, only in regions 2 and 3), detected with high
abundance in the five areas on the cryosections to evaluate the
effect of the conductivity and obtained HE staining and
visualized images of these compounds by MALDI-MSI
analyses (Figure 4B).
In the brain of region 1, all PCs were detected at high levels

on the cryosection prepared with the conductive adhesive film.
Importantly, their distributions were clearly observed: PC16:0/
18:1 and PC16:0/20:4 were localized in the cortex and
cerebellum, while PC18:0/18:1 and PC18:1/18:1 were
localized in the olfactory bulb and around the skull and
cerebellum.
Similarly, in the heart and liver of region 2, all species of PCs

and heme were detected at high levels on the cryosection
prepared with the conductive adhesive film, and their
distributions were also clearly observed. PC16:0/16:0 and

Figure 4. continued

and 5 are marked by dotted blue lines. (B) HE staining and visualized images of compounds m/z 760.58 (PC16:0/18:1), m/z 758.56 (PC16:0/
18:2), m/z 782.57 (PC16:0/20:4), m/z 806.57 (PC16:0/22:6), m/z 788.62 (PC18:0/18:1), m/z 786.60 (PC18:1/18:1), and m/z 616.17 (heme)
on cryosections prepared using nonconductive (Cryofilm type 2C9) and conductive adhesive films (Cryofilm type MS1) in the five areas (regions
1−5). The relative intensities in the visualized images were normalized by the highest signal of each compound, which was detected on the
cryosection obtained from the nonconductive or conductive adhesive film at each region and is shown in red on the color coding in the left bar.
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PC16:0/18:1 were highly localized in the lung, whereas lower
signals were observed for PC16:0/20:4 and PC16:0/22:6 in
this area. The saturated fatty acid and monounsaturated fatty
acid levels were higher than the polyunsaturated fatty acid
levels because there are oxidized fatty acids in the lung that
defend against the effects of oxidization resulting from
peroxidation by oxygen.39 Our results are consistent with
those from a previous report about the difference in fatty acid
species in the lung.40 PC16:0/18:2 was localized in the liver
and not in the other organs in region 2, and many species of
PCs were localized in the muscle area of the heart. In contrast,
heme was highly detected in the blood area of the heart.
In the spleen and kidney of region 3, high levels of all PCs

and heme were detected on the cryosection prepared with the
conductive adhesive film, and their distributions were clearly
observed. The localization of heme in the spleen was clear, and
high levels of the PCs were detected in the kidney area. In
addition, the levels of PCs detected in the upper stomach area
were very clear, especially PC18:1/18:1, when the conductive
adhesive film was used.
Around the iliac body of region 4, higher levels of PC16:0/

18:1, PC16:0/18:2, PC16:0/20:4, and PC16:0/22:6 were
detected on the cryosection prepared with the conductive
adhesive film in comparison to those prepared with the
nonconductive adhesive film. Their localizations were similar
to those of the image taken using nonconductive adhesive film.
At the testis and ileum of region 5, all PCs were highly

detected on the cryosection prepared with the conductive
adhesive film, and their distributions were clearly observed.
The localization of PC16:0/18:1 was observed in the testis and
ileum area when the conductive adhesive film was used, and
many PCs could be detected in the ileum and lower stomach
area. These results thus demonstrate that the conductive
adhesive film is useful for the sensitive detection and clear
visualization of the distribution of biological compounds by
MALDI-MSI analysis.
Advantages and Future of the Conductive Adhesive

Film. A number of analyses of the whole mouse body or other
creatures by MALDI-MSI have been reported previ-
ously.21−23,29 However, one critical issue that needed to be
overcome that prevented the further use of this procedure is
that most of the cryosections in those studies could not
maintain their form or structure, even though their findings on
the localization of compounds had a strong impact. Although
cryosections of soft tissues or organs can easily be prepared
and set on ITO glass slides via a conventional method for
MALDI-MSI analysis, this method cannot be applied to hard
tissues, such as bone, tooth, skin, muscle, entire head parts,
whole mouse embryos, and whole bodies. The method is also
not applicable for fragile tissues, including the lung and fat,
which are morphologically distorted easily and/or drop off
easily during the cutting processes or pasting onto the glass
slides. In contrast, the conductive adhesive film is able to
provide a high-quality cryosection for any tissue or biological
material, as shown in the above results, by maintaining their
form/structure and cell localization.
The methods using double-sided tape with conductivity for

MALDI-MSI analysis41 and the application of whole-body
imaging by the double-sided tape with conductive tape have
been reported.42 Similarly, a double-sided tape with gold
deposition for conductivity has also been reported.43 Although
the sample plate for MALDI-MSI analysis has conductivity
using such kinds of double-sided tapes, the charged substances

that were produced from the section could not be efficiently
removed during the MALDI analysis. The direct contact with
conductive material more efficiently removed the charged
substances and improved the signal intensity. The conductive
adhesive film utilized here includes the carbon particle in the
cryofilm and the conductive particles were in direct contact on
the surface of the cryosection (Figure S3). The conductive
adhesive film can be used for a simple and reproducible
process to create cryosections for MALDI-MSI analysis.
Although the deposition of gold on the cryosection could
result in better signal intensity,43 it should also be noted that
the optimization of the thickness of gold layer is technically
difficult even by LDI-MSI, as the surface of gold deposition
may have some clusters with matrix on the cryosection and
reduce the reliability of their distribution.44,45

Whereas the signals from the materials used for embedding a
frozen sample often interfere with those from the targeted
compound, no such signals corresponding to the embedding
medium (SCEM) could be detected in the tissue areas of the
sections on the conductive adhesive film. Additionally, the
noise levels of mass spectra in each region 1−5 between the
nonconductive and conductive adhesive films appeared to be
similar, and the signal intensities of mass spectra from
compounds on the conductive adhesive film were clearly
higher. The conductive adhesive film thus succeeds in the
significant reduction of the interfering signal intensity and gives
higher signals without increasing the noise of the background,
which is useful for MALDI-MSI analysis.
One disadvantage of the conductive adhesive film method is

that the cryosections with the film cannot be examined by
routine light microscopy, because the film appears opaque
using carbon particles. However, this point can be overcome
with the preparation of continuous cryosections with the
conductive adhesive film (Cryofilm type MS) and other types
of Cryofilm such as Cryofilm type 3C(16UF) successively. The
latter will be rendered for the HE staining or other
immunostaining methods that identify the distribution of
tissues and cells in the analytical area by MALDI-MSI analysis.

■ CONCLUSIONS
In the present study, we evaluated the effect of a conductive
adhesive film on the visualized images of representative
biological compounds. We demonstrated that the conductive
adhesive film can overcome the setbacks of the MALDI-MSI
approach by allowing the imaging of intact cryosections. The
conductive adhesive film is a powerful tool for MALDI-MSI
analysis, as the film is able to produce high-quality frozen
sections with minimal technical difficulties.
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