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Optical clearing technology offers a prospective solution to improve the
imaging depth and quality of optical microscopy, but there is still a lack of
quantitative standards to accurately evaluate transparency effects so the
composition and concentration of most reagents are not optimal. Here, we
propose a transparency quantitative analysis method (TQAM) based on the
tissue area recognition technique to achieve the high-throughput reagent
concentration gradient screening. After optimizations of reagent
composition, concentration, operation time and other parameters of the
optical clearing, we develop a new ultrafast optical clearing method with
quantified analysis (FOCMS) with excellent transparency effect, simple
operation, improved imaging depth and quality, minor morphological
change and outstanding fluorescence retention. Applied the FOCMS to an
application of human brain tissue, significant differences are observed between
glioma and normal human brain tissue, while these differences are difficult to be
found without the assistance of FOCMS. Therefore, FOCMS shows great
application potential in clinical diagnosis and treatment, pathological analysis
and so on.

KEYWORDS

ultrafast optical clearing, transparency quantitative analysis, human brain, glioma,
deep tissue imaging

Introduction

High resolution optical imaging of deep biological tissue shows great significance in
the fields of tissue structure and medical diagnosis [1]. However, the strong scattering and
high turbidity in biological tissue greatly hinder the penetration capability and imaging
quality of the optical imaging system. Various optical imaging systems such as laser
scanning confocal imaging (LSCM) [2], multiphoton imaging [3], stimulated Raman
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scattering imaging [4], and photoacoustic imaging [5] have been
developed to improve the penetration depth, but they are usually
suffered from low imaging speed and high cost [6]. Moreover,
these optical imaging systems are not enough to satisfy the
requirements for biological studies such as whole brain or
organ imaging [7, 8]. Optical clearing is a promising method
utilizing refractive index matching and tissue decolorization,
which greatly reduces the scattering of biological tissue and
significantly ~ improves  the  penetration depth  and
resolution [9-12].

There are three major clearing methods including organic
solvent-based tissue clearing, aqueous-based tissue clearing, and
hydrogel embedding tissue clearing. The DISCO [13, 14]
the

and

technology  based solvents  achieves
of
transparency of intact human organs has been obtained with
the development of the SHANEL method [7]. However, this

organic solvent-based tissue clearing method causes tissue

on organic

transparency large-volume  biological  tissues,

deformation, especially for large tissues and requires a
complex operation. The aqueous-based tissue clearing
technologies such as SeeDB [15], Scale [16], and CUBIC [17],
have successfully achieved versatile whole-organ staining and
imaging [17, 18]. They have the advantages of simple and safe
operation, and good fluorescence preservation, but suffer from
long clearing time and poor clearing efficiency. The advancement
of the hydrogel embedding tissue clearing method well improves
the optical clearing efficiency and maintains the integrity of the
tissue morphology. However, high concentrations of detergents
and harsh treatments may result in the loss of native
biomolecules and damage to tissue architecture [12, 19, 20].
Optical clearing method is often combined with light sheet
microscopy to achieve rapid three-dimensional imaging of
organs and even the whole body [21]. The previous clearing
methods are designed to be transparent to large biological tissues,
however, they have defects of either severe fluorescence
quenching, long clearing time, morphology distortion or
complicated operations, which seriously limit the applications
in combing with commonly used optical imaging systems such as
LSCM and two-photon microscopy. We recently proposed a fast
optical clearing method (FOCM) with simple protocols and
common reagents, achieving efficient transparency, easy
operation and less fluorescence toxicity [22]. Current optical
clearing approaches use human eyes to evaluate the transparency
effect in most scenarios, however, there is still a lack of accurate
quantitative evaluation standards for the transparency effect.
Thus, the composition and concentration of reagents are not
optimal.

To solve this issue, quantitative measurements of optical
clearing have recently been developed using spectrophotometer
[8] and microplate reader [23], but these are not widely used due
to the high cost of measurement devices. Here, we propose the
TQAM based on the brain slice area recognition technique,
which achieves high-throughput gradient screening of reagent
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concentrations. This concentration gradient screening benefits
the optimization of the reagent composition, concentration,
operation time and other parameters of the optical clearing,
and the mutual comparison of various optical clearing reagents.
Through the concentration gradient screening, we propose a
novel ultrafast optical clearing method, FOCMS, only consisting
of DMSO and urea. This paper focuses on optimizing the optical
clearing performances on time, imaging depth and quality,
transparency effect and fluorescence retention, and expands
the of FOCMS
technology. Taking human glioma as an example, we find that

application scenarios optical clearing
there are distinct differences between glioma and normal human
brain tissue, however, these differences are difficult to be
observed if the tissue is not cleared by FOCMS. Therefore, the
FOCMS optical clearing technology is expected to greatly
promote its application in clinical diagnosis and treatment,
pathological analysis and other fields with the combination of

optical imaging systems.
Material and method
Experimental procedure and method
For traditional immunofluorescence imaging, the mice were
first subjected to operations including anesthesia, perfusion,

followed by
immunofluorescence staining of brain slices, and finally

brain removal, and sectioning,
mounting and imaging, shown in Figure 1A. To improve the
quality of immunofluorescence imaging, FOCMS is a method
that contains optical clearing after immunofluorescence staining,
and this optical clearing process only takes 5 min to complete
which is less than the imaging preparation time.

Immunofluorescence staining. After decolorization, brain
slices were incubated with primary antibodies in PBST (0.01 M
PBS with 0.1% Triton X-100) at 37°C for 48-96 h with shaking,
followed by washing at 37°C for 1 h in PBST three times. Then
incubated with secondary antibodies under the same conditions.

Optical Clearing Method. PBST should be sopped up by
KimWipes after washing and labeling samples. The sample only
needs to incubate for 3-10 min using 600 pul FOCMS reagent at
room temperature in dishes. After FOCMS clearing Figure 1B,
the sample should be mounted (Figure 1C) immediately to
isolate air.

Laser Scanning Confocal Microscopy (LSCM). An inverted
confocal microscopy FV1000 (Olympus) was used to perform
fluorescence imaging of the brain section. A He-Ne laser
(543.5 nm) and laser diode (473 and 635 nm) were used as
the light source. To acquire the fluorescent images, we used
different objective lenses including a x20 air objective lens
(Olympus, UPLSAPO x20, N.A.0.75, WD 0.6 mm), x40 air
objective lens (Olympus, UPLSAPO x40, N.A.0.95, WD
0.18mm) and x60 oil lens

objective (Olympus,
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FIGURE 1

FOCMS used for immunostaining imaging and tissue recognition. (A) Optical imaging process including brain preparation, slicing,
immunostaining, optical clearing and imaging. (B) Reagents preparation of FOCM. (C) Biological sample clearing and mounting procedure before
optical imaging. (D) Brain slice range recognition process. The six images are results of normalized, enhancement, pre-recognition, differentiated
processing and denoising, binarization of customized threshold and removing isolated noise, respectively. White: brain area, black: background.

The sum of white pixels is the area of the brain slice.

UPLSAPO x60, N.A.1.35, WD 0.15mm). For maximum
intensity projection, the imaging interval on z axis was set as
the half of z-axis resolution of different objectives (1.09 um
per
for x60 objective).

slice for x20 objective, and 048 um per slice

Three-Dimensional Reconstruction. The reconstruction
method is to find an extremum after preprocessing of
normalization, denoising, removing isolated noise, and then
use this extremum as the center to judge whether the
26 adjacent points satisfy the requirements of the threshold
condition. If the point satisfies the threshold condition, we
judged it as cell tissue. The coordinates of cell tissues are
considered as the new center, and the fluorescence intensity at
the center is used as the new baseline of the threshold. Then it is
judged whether the intensity of the surrounding points of the
new center satisfies the new threshold condition. Repeat this until
no extremum meets the threshold limit and then rejudge whether
the reconstructed structure is a cell. Set the reconstructed
structure as zero and loop the above process with the next
extreme point until there is no extreme point that meets the

preset condition.
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Transparency Quantitative Analysis Method (TQAM).
Transparency was measured by placing the sample in a Petri
dish with a black background. The optical clearing process was
imaged using a camera (Sony ilce-6000) with the same
parameters. The white light source was used to provide
uniform brightness and the distance between the sample and
the camera was set as 4 cm.

TQAM was achieved using MATLAB R2020a. The detailed
procedures are: first, normalize and automatically identify the
brightness of the captured images with the assistance of black
borders and white grids, and find the black area where the brain
slice is located for cropping. Second, enhance the image contrast.
Third, binarization and isolated noise are performed to obtain
the first pre-identified brain slice area. The threshold of the black
area is generally set at a large value to remove noise, while the
threshold of the white area sets a small value to prevent the
ventricle from being mistaken for an area with brain tissue.
However, the coordinates of the brain slice region pre-identified
for the first time are often inaccurate because there is no
significant difference in average light intensity between the
brain slice and outside of the brain slices. To address this,
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differentiate the original image to reduce the noise intensity of
the background using coordinates of a pre-identified brain slice.
Finally, binarize, and remove the isolated noise to obtain the
region where the brain slice is located, as shown in Figure 1D.

The means of brightness of the brain area before and after
optical clearing are I and I, respectively. And the average values
of the area outside the brain slice before and after optical clearing
are I and I, so the transparency is defined as:

|I; — I

T=1- "2t
[I1o — Ipol

1)

When T = 0 without optical cleaning, the closer T is to 1,
the better the optical cleaning effect. It is worth mentioning
that the method is also suitable for the transparency evaluation
of other biological tissues and optical clearing methods with
proper parameter adjustment. For colored tissues, the brain
slice needs to be placed on a Petri dish with a white
background, and then the optical clearing process is
photographed using a camera. Finally, the tissue area
identification and transmittance calculation are performed
based on the images.

Sample preparation

Mice and Mouse Brain Samples. Adult mice C57BL/6 and
Thy-GFP-M mice were used in the optical clearing and imaging
process. Mice were rapidly anesthetized with chloral hydrate (5%
wt/vol, 0.1 ml/10 g, intraperitoneal (ip.)), then transcardially
perfused  with 0.0IM PBS (Solarbio)
paraformaldehyde (4% in PBS wt/vol, Sinopharm Chemical
Reagent Co., Ltd.). Brain tissues were incubated in the same

ice-cold and

paraformaldehyde solution at 4°C for 24-48h for uniform
After 300-pm-thick brain
sectioned using a vibrating slicer (VT 12008, Leica).

fixation. fixation, slices were

Human Brain Sample. Human brain tissues were fixed in
paraformaldehyde at 4°C for 24 h and then 300 pum thick brain
slices were sectioned using a vibrating slicer. Before the
immunofluorescence staining and optical clearing, the brain
slices were incubated in CHAPS and N-Methyldiethanolamine
solutions at 4°C for 24 h to remove the influence of the blood.

Antibodies Selection. Primary antibodies: chicken
polyclonal anti-GFAP antibody (Abeam, ab4674, dilution 1:
250) for labeling astrocytes; goat polyclonal anti-CD31
antibody (R&D system, AF3628, dilution 1:100) for labeling
human vascular endothelial cells; mouse polyclonal anti-CD31
antibody (R&D system, BBA7, dilution 1:100) for labeling
vascular endothelial cells.

Secondary antibodies: donkey anti-chicken IgY H&L (FITC)
(abcam, ab63507); goat anti-chicken IgY H&L (Alexa Fluor” 647)
(abcam, ab150175); donkey anti-goat IgG H&L (Alexa Fluor”
555) (abcam, ab150134); donkey anti-mouse IgG H&L (Alexa
Fluor” 647) (abcam, ab150107).
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Optical Clearing Reagents Preparing. FOCMS reagent was
prepared only using 30% (wt/vol) urea dissolved in DMSO,
shown in Figure 1B. FOCM reagent was prepared as 30% wt/
vol urea, 20% wt/vol Dsorbitol, and 5% wt/vol glycerol dissolved
in DMSO. When preparing the reagent, urea and Dsorbitol were
dissolved in DMSO and stirred at room temperature (25°C)
overnight. After complete dissolution, glycerol was added and
stirred further. The reagents can be stored at room temperature
for several months and shaken gently before use.

Results

Optimization of FOCMS using
concentration gradient screening

The TQAM method accurately calculates the optical clearing
capacity and the area change of the brain tissue, so this method is
used for high throughput gradient screening of the optical
clearing reagents. Through concentration gradient screening of
three solvents (urea, sorbitol and glycerol) used in FOCM for
optical clearing, it is found that the optical clearing ability
becomes better for the 300 um brain slice with the decrease of
sorbitol concentration (Figure 2A), when the concentration of
urea and glycerol are 30% and 5% wt/vol, respectively. At the
sorbitol concertation of 20% wt/vol, the transparency of brain
slices is only 0.56 within 5 min, while it reaches 0.79 when the
sorbitol concertation drops to 0% wt/vol, shown in Figure 2B.
The transparency using FOCM achieves 0.76 after 30 min optical
clearing, while that of using FOCM reagent with 0% wt/vol
sorbitol is up to 0.87 under the same condition. Besides, the
FOCM reagent causes severe shrinkage of the brain slice which is
less than 60% of the original area and cannot recover to the
original size, as shown in Figure 2C. In comparison, the FOCM
reagent with 0% wt/vol sorbitol shrinks the brain slice
morphology and then swells back to its original size,
indicating better tissue morphology preserving ability than
that of FOCM. Therefore, the sorbitol in the FOCM reagent
reduces the optical clearing effect and causes morphology
deterioration. Besides, we found that the increase of glycerol
concentration has less influence on optical clearing ability, and
deteriorates the brain slice morphology at the urea concentration
of 30% wt/vol and the sorbitol concentrations of both 0% and
20% wt/vol.

Compared to FOCM, FOCMS (without sorbitol and glycerol)
has the advantages of simpler operation, faster transparency
time, better optical clearing effect and less tissue deformation
(Figure 2D), especially in areas with higher fiber content and
tighter tissues. Using the same concentration gradient screening
technology, we analyzed the urea concentration in FOCMS and
found that the transparency of the brain slice reaches 0.65 when
the urea concentration is 0% (only DMSO solvent). The
transparency ability improves with the increase of urea
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FIGURE 2

FOCM and FOCMS concentration gradient screening. (A) Variation of transparency with different sorbitol concentrations in FOCM reagent. (B)
Comparison of transparency of brain slices using FOCM reagent with sorbitol concentration of 0% and 20% wt/vol for 5 min. (C) Changes of brain
tissue area with sorbitol concentration in FOCM reagent. (D) Comparison of optical clearing effects between FOCM and FOCMS at 0 min, 1 min,
3 min, 5 min, 10 min and 30 min (E) Variation of transparency with different urea concentrations in FOCMS reagent. (F) Morphology caused by
FOCMS reagents. The cyan solid line is the slice boundary before optical clearing, and the yellow dotted line is after optical clearing. (G) Changes of
brain tissue area with urea concentration in FOCMS reagent. Scaler bar: 2 mm, statistical significance (**p < 0.01, *p < 0.05).

concertation from 0% to 30% wt/vol, shown in Figure 2E. At the
urea concentration of 30% wt/vol, the transparency of brain slice
using FOCMS is 0.73 at 3 min, then increase to more than 0.8 at
5 min and finally reaches up to 0.87, while that of using FOCM is
up to 0.76 at the same condition. When the urea concentration
continues to rise, the optical clearing effect deteriorates. Thus,
FOCMS has the best optical clearing ability when the urea
concentration is 30% wt/vol. During the optical clearing using
FOCMS, brain slices shrink rapidly within 30 min first, and reach
the most at 3 min, but gradually recover. Moreover, the
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morphology of brain slices has severe changes with the rise of
the urea concentration increase. When the urea concentration is
30% wt/vol, the area shrinks the most at 3 min, reaching about
64% of the original area, and then gradually recovers, shown in
Figure 2F,G. When the urea concentration exceeds 30% wt/vol,
the changes in brain area are similar to that of 30% wt/vol. The
area difference between and after optical clearing is less than 15%
and there are minor changes after 30 min of the optical
clearing. Therefore, optical clearing has an optimal time of
about 5 min.
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Fluorescence imaging of brain tissue (A) before and (B) after optical clearing. Green: nucleus, blue: glia cell, red: blood vessel. Comparison of
glia cell imaging at the depth of 35 ym and 230 pm (C) before and (D) after clearing, respectively. Scalebar: 50 pm
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Fluorescence imaging quality after FOCMS. (A) Imaging of brain tissue with detailed structure exhibition after FOCMS clearing. Green: neurons,
blue: glia cell, red: blood vessel. (B) Selected single imaging at the depth of 150 um in (A). (C) Imaging of neurons with high NA objective lens. Scale
bar: 10 um (D) Normalized fluorescence corresponding to the neuronal Soma, glial synapse, and blood vessel at the depth of 150 pm in (B) indicated

by the dashed line, respectively. Scale bar: 50 ym

Imaging depth and quality improvement
using FOCMS

FOCMS achieves rapid optical clearing for biological tissues
with simple operation, which greatly benefits the improvement of

Frontiers in Physics 06

the imaging depth and resolution of fluorescence microscopy.
Figure 3 compares the imaging of brain tissues before and after
optical clearing using LSCM. Without optical clearing, the range
of clear imaging is only about 50 um. The SNR ratio is greatly
reduced after the imaging depth of 50 um. The SNR ratio drops
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with the increase of imaging depth. At the depth of 100 um, no
more effective information is obtained when the SNR ratio is
close to 0 (Figure 3A). However, the imaging depth improves to
230 um using FOCMS, and the SNR maintains almost
unchanged, shown in Figure 3B. Figures 3C,D are the imaging
of glia cells at the depth of 35 and 230 um before and after
FOCMS clearing, and the upper left corner is an enlarged view of
a single glia cell.

Comparing the results of Figures 3C,D, it can be seen that the
synaptic intensity of glia cells after optical clearing is significantly
stronger than that of before clearing, the number of glia cells is
greater and the morphology preserves better, indicating that
optical clearing using FOCMS significantly improves the
imaging quality even in the imaging depth of LSCM (50 pum).
When the depth reaches 230 pum, there is almost no effective
information remaining before optical clearing, while after light
clearing, some of the glial cells are still resolved, and the synapses
are clearly visible.

We further evaluated the results of deep tissue imaging using
the FOCMS clearing technique. Figure 4A shows the LSCM
imaging after FOCMS clearing, in which neurons are in green,
glial cells in blue, and blood vessels in red. The sub-image on the
right is the enlarged part of the white dashed box in Figure 4A to
show the detailed three-dimensional morphological structures of
neurons, glial cells and blood vessels. It is clearly seen that the
synapses of glial cells and the vascular walls of blood vessels in
Figure 4B show the selected single imaging at the depth of
150 pm in (a). LSCM imaging with high NA clearly displays
the dendrites and axons of neurons (Thyl-GFP-M mice) with an
imaging resolution higher than 1 um, as shown in Figure 4C.
Figure 4D shows the normalized fluorescence intensity of
neuronal Soma, glial synapse and blood vessel in (b), where
the full width at half maximum (FWHM) of neuronal Soma is
7.99 um, and the minimum distance between the three glial
synapses is 2um and the diameter of the blood vessel is
7.57 um, respectively. It can be found that when the imaging
depth is 150 um, the structure of cells and tissues still has a high
signal-to-noise ratio. We also found that the structures of cells
and brain tissues still have a high signal-to-noise ratio at the
imaging depth of 150 pm. Therefore, the FOCMS optical clearing
technology on brain tissues shows significant improvements in
the imaging depth of the microscopic imaging system. Besides,
the FOCMS does not quench the exogenous fluorescence like
immunofluorescence and chemical dyes and the endogenous
fluorescence such as GFP, indicating its excellent fluorescence
retention ability.

Applications in human brain tissue with
FOCMS

FOCMS significantly improves the depth and quality of
imaging with minimal time and effort which shows great
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potential in the applications of clinical diagnosis and
treatment, pathological analysis, efc. Here, we demonstrated
an application using FOCMS in human brain tissue imaging.
As shown in Figures 5A,B describe the three-dimensional LSCM
imaging of normal human cerebral blood vessels and brain
glioma (GBM) without optical clearing, respectively. The top
left image is the original imaging result, the top right image is the
detailed structure of blood vessel morphology, and the bottom
two images are the selected single imaging at the depth of 50 um
(left) and 200 um (right) in (a) (b), respectively. Unfortunately,
using these imaging results without optical clearing, the
morphological differences are not sufficient to distinguish
between normal human brain tissue and glioma, and
pathological analysis cannot be performed.

After using FOCMS, three-dimensional imaging of normal
human brain tissue and glioma are shown in Figures 5C,D,
respectively. Among them, the top left image is the original
result of imaging, the top right is the detailed structure of blood
vessel morphology, and the bottom two images are the selected
single imaging at the depth of 50 um (left) and 200 pm (right),
respectively. Owning to the FOCMS optical clearing, the
morphological differences between normal human brain tissue
and glioma are obvious. Compared to normal blood vessels,
blood vessels of glioma are lump-shaped, with tortuous,
disordered structure, and enlarged diameter. Therefore,
FOCMS technology demonstrates the ability that it can be
used to solve the problem of unclear boundary identification
of glioma.

Unlike mouse brain tissues, human brain tissues have higher
fiber content, greater cell density, tighter tissues, and many
impurities, which severely reduces the optical clearing effect.
Compared to FOCM, we found that FOCMS technology has a
better optical clearing effect on human brain tissue and smaller
morphological changes, shown in Supplementary. Comparing
the results in the white dotted circles in Figures 5A,C, it is found
that there is no significant difference in the morphology of
human cerebral blood vessels before and after optical clearing.
Figure 5E,G shows the three-dimensional morphology of normal
human cerebral blood vessels before (yellow) and after (red)
FOCMS optical clearing, respectively, and found that they are
well merged. Besides, there is no significant difference in the
vascular morphology of gliomas before and after FOCMS optical
clearing as well, indicating that the FOCMS technology will
not cause obvious deviation in the imaging results of brain
tissues.

Since there is no ideal imaging for comparison in practical
applications, we use a three-dimensional reconstruction
algorithm to separate the signal from the noise for the
calculation of the signal-to-noise ratio (SNR). SNR is
defined as:

I
SNR = 10 x logwl—, (2
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FIGURE 5

Application of FOCMS in human brain tissue imaging. Comparison of three-dimensional imaging of (A) normal human brain tissue and (B)
glioma without optical clearing. Top left: the original imaging, top right: detailed structure of blood vessel morphology, bottom: selected single
imaging at the depth of 50 um (left) and 200 pm (right) in (A) and (B), respectively. After using FOCMS, three-dimensional imaging of (C) normal
human brain tissue and (D) glioma, respectively. Top left: the originalimaging, top right: detailed structure of blood vessel morphology, bottom
selected single imaging at the depth of 50 pm (left) and 200 pum (right) in (C) and (D), respectively. Comparison of (E) morphology changes and (F)
SNR of normal brain tissue before and after FOCMS. (G) Morphology changes and (H) SNR for glioma with and without optical clearing. Scale bar:
50 pm
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where I the mean of signal and I,, is the mean of noise. The final
SNR of multiple immunofluorescence staining is the mean of
each channel.

Figures 5F,H represent the SNR of 3D imaging at different
imaging depths with normal human brain tissue and glioma,
respectively. The blue line represents before optical clearing and
the orange line represents after optical clearing. For both normal
human brain tissue and glioma, the results show that the SNR after
optical clearing is higher than that of before optical clearing at the
imaging depth of 50 um (the range of LSCM) and 200 pm. The
mean SNR of normal human brain tissue before optical clearing is
6.54, while it reaches 10.23 after FOCMS clearing. For glioma tissue,
the mean SNRs are 11.72 and 12.33 before and after optical clearing,
respectively. The SNR of glioma tissue is higher than that of normal
human brain tissue, which may be due to the changes in the
composition of brain tissue during carcinogenesis. With the
increase of imaging depth, the SNR without optical
gradually decreases. However, the SNR after FOCMS
decreases first and then increases, mainly due to the

clearing
clearing
staining
effect of the middle position of the tissue during the staining
process being worse than that of the edge position. In summary,
the FOCMS method effective improve the imaging depth and
quality of human brain tissues without changing the tissue
morphology, demonstrating the applications in clinical diagnosis

and treatment and pathological analysis.

Conclusion

In this paper, we propose a new technology, FOCMS, using a
new reagent consisting of only DMSO and urea for optical clearing
with better performance. The results show that the transparency
reaches 0.73 which is an 87.2% improvement compared to that of
FOCM when the urea concentration is 30% wt/vol at the optical
clearing time of 3 min. It is achieved owing to the TQAM we
proposed based on the brain slice area recognition technique. This
method accurately calculates the transparency of optical clearing
reagents and the morphological changes in brain slices.
Furthermore, high-throughput gradient screening is performed
on the reagent composition, concentration, processing time and
other parameters of the optical clearing technology using this
method. Using the TQAM, we analyze the influences on the
three solutes (urea, sorbitol and glycerol) of FOCM via
concentration gradient screening. It is found that the increased
sorbitol concentration reduces the optical clearing effect and
prevents morphological shrinkage from returning to the pre-
clearing area. Moreover, glycerol has less effect on optical
clearing and made the area change more severe. Compared to
FOCM, FOCMS without sorbitol and glycerol reagents has the
advantages of simpler operation, faster transparency, better optical
clearing effect, and less morphological change.

The FOCMS technology achieves ultra-fast and effective
optical clearing with little fluorescence quenching only by
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simply incubating the brain tissue sample for about 5 min.
After FOCMS clearing, the results show that the glial cells
show stronger synaptic signals, better morphology, and
significantly improved imaging quality at the imaging depth of
50 um. Besides, more than 200 um of imaging depth is achieved,
and the SNR keeps almost unchangeable, enabling clear imaging
of neurons and glial synapses, blood vessel walls and other tissues
with a resolution of more than I pm. Moreover, FOCMS
technology does not quench most of the exogenous and
endogenous fluorescence and has outstanding fluorescence
ability. The FOCMS
successfully applied to the human brain tissue and it is shown

retention technology has been
that FOCMS is superior to FOCM in improvements of optical
clearing effect, SNR (56.4% stronger) and preservation of
morphology. We also demonstrate an application of solving
the problem of unclear identification of brain glioma
boundaries, which shows great potential in clinical diagnosis

and treatment, pathological analysis, etc.
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