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From Live Organism to Cleared Tissue Imaging
w/ superb optical quality
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Multiview z-stack in time series

Nuclear GFP expression

Nipam Patel

U. of California, Berhkeley, USA
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Light sheet Cleared Tissue Imaging
Basic Optics
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Light sheet Cleared Tissue Imaging
Focus shift introduced by higher RI media
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Focus shift due to refractive index variations. Left: water immersion, right: chamber filled with
a medium of higher RI.
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Light sheet Cleared Tissue Imaging
RI mismatch and spherical chromatic aberration
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Spherical aberration, when not all rays of a focused cone of light convene in a common focus point. 
The axial rays meet in the red focus point, whereas the rays at the edge of the cone have a different 
focuspoint.



Light sheet Cleared Tissue Imaging
Focus shift introduced by higher RI media
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Focus shift occurs in an objective-chamber combination that is designed for one imaging 
ƳŜŘƛǳƳ όǊŜŦǊŀŎǘƛǾŜ ƛƴŘŜȄ ƴєύ ŀƴŘ ǳǎŜŘ ǿƛǘƘ ŀƴƻǘƘŜǊ ƳŜŘƛǳƳ όƴ ύ



Light sheet Cleared Tissue Imaging
Compensation of focus shift via focusable optics
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Compensating focal shift for a wide range of refractive indices (1.33 to 1.58)
by focusingthe objectives.



Light sheet Cleared Tissue Imaging
RI mismatch and longitudinal chromatic aberration
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The design of the detection objective 5×/0.16 focachieves minimal wavelength-dependent focus shifts  (longitudinal 
chromatic aberrations) for a multitude of important imaging media (marked in green). However, extreme cases cannot
be covered completely. For water (low dispersion) the objective selection for water should be used. For multi-color imaging 
in ethyl cinnamate appropriate image acquisitionstrategies or post processing channel alignment to compensate for
chromatic effects is recommended.



Light sheet Cleared Tissue Imaging
Compensating for dispersion
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The strong dispersion of ethyl cinnamate induces a focal shift in the PSFs between the four wavelength channels. 
Furthermore, each channel shows a broadened extension along the optical (z) axis. This is most prominent for short 
wavelengths, where dispersion is strongest. The examples are given for the ClrPlan-NEOFLUAR 20×/1.0 nd=1,53, 
which was designed for U.Clearand shows excellent color correction for this and similar imaging media (see the small
PSF on the right).



Light sheet Cleared Tissue Imaging
Compensating for dispersion
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Refractive indices for various common imaging media. The broad range of main refractive
Indices as well as the range of dispersions are clearly visible. 
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Light sheet Cleared Tissue Imaging
Compensating for dispersion



ZEN functions: channel shift & channel aligment
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raw data:

red and green channels

Set off due to ECi dispersion

after Channel Aligment in ZEN

Axolotl limb cleared and imaged

in Ethyl Cinnamate at RI=1.57

Courtesy of Tanaka lab, IMP, Vienna, Austria

Light sheet Cleared Tissue Imaging
Compensating for dispersion



Light sheet Cleared Tissue Imaging
Enable transparency of larger specimen
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Á Clearing solutions are used to match the refractive 

index within the tissue while maintaining 3D 

structure, fluorescent activity

Á Light-scattering structures (e.g. ïlipid membranes, 

water) within the sample are removed/exchanged

Á Image deeper, non-invasively, without need for 

physical sectioning

Á Typical Range: RI = 1.38 ï1.57

Absorption and scattering in opaque tissue

Transparent tissue after optical clearing

(Chung et al , Nature 2013)



Light sheet Cleared Tissue Imaging
Challenges for clearing
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Experimental factors:

Á There is no single method for all tissue types and/or experiments:

Å Antibody staining

Å Lipid dyes

Å Dye tracing experiments

Á Limited preservation of fluorescence / quenching possible

Á Sample mounting 

Á No living sample experiments

Economical factors:

Á Price vs. effort vs. time

Á Large file sizes -> big data storage

Safety:

Á Toxic and irritating chemicals



Light sheet Cleared Tissue Imaging
A variety of approaches for animal tissue clearing
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Light sheet Cleared Tissue Imaging
A variety of media for animal tissue clearing
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Light sheet Cleared Tissue Imaging
Menu of clearing methods



Light sheet Cleared Tissue Imaging
The Art of Tissue Clearing



Light sheet Cleared Tissue Imaging
BB MS (Spalteholtz) (Werner Spalteholz(1861 ς1940)



Claim:

Replacing the water in the specimen by a liquid having 

approximately the same refractive index as protein. As a 

consequence, light scattering is strongly reduced, and the specimen 

becomes translucent.

Method:

We dehydrated the organs using an ascending ethanol series (50%, 

80%, 96%, 100%). Then, the organs were cleared in a solution 

containing 2 part benzyl benzoate and 1 part benzyl alcohol (BABB).

Imaging solution:

BABB. Ethyl Cinnamate

Refractive index: 1,55

Sample tissues:

Brain

Light sheet Cleared Tissue Imaging
.!.. όaǳǊǊŀȅΩǎ /ƭŜŀǊύ

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2878751/


Claim:

Highly reproducible and versatile clearing procedure

Method:

Dehydration in THF and clearing in organic clearing reagents.

Imaging solution: DBE

Refractive Index: 1,56

Sample tissues:

Brain, spinal cord, immune organs and tumors.

Light sheet Cleared Tissue Imaging
3DISCO



Claim:

Simple, rapid,and inexpensive method, that permits whole-mount 

immunolabeling with volume imaging of large cleared samples.

Method:

Dehydrate in methanol series, followed by dichloromethane (DCM) 

and dibenzylether (DBE).

Imaging solution: DBE

Refractive Index: 1,56

Sample tissues:

Ranging from perinatal mouse embryos to adult organs, such as 

brains or kidneys.

Light sheet Cleared Tissue Imaging
iDISCO



Claim:

A pressure driven, nanobody based whole-body immunolabeling 

technology to enhance the signal of fluorescent proteins by up to 

two orders of magnitude.

Method:

After the staining, animals are cleared using a 3DISCO based 

passive whole-body clearing protocol optimized for big samples. 

The samples are dehydrated in a tetrahydrofuran dilution series, 

followed by 3 hours in dichloromethane and finally in BABB.

Imaging Solution: BABB

Refractive Index: 1,559

Sample Tissues:

Whole-body neuronal connectivity of an entire adult mouse; brain 

trauma induced degeneration of peripheral axons; meningeal 

lymphatic vessels and immune cells through the intact skull and 

vertebra in naive animals and trauma models.

Light sheet Cleared Tissue Imaging
vDISCO(RuiyaoCai et al and Ali Ertürk, Bioxiv(2018))



Claim:

Ethyl cinnamate rapidly cleared all tested organs, including calcified 

bone, but the fluorescence of proteins and immunohistochemical 

labels was maintained over weeks.

Clearing Method:

Passive clearing in EtCi following ethanol dehydration.

Imaging Solution:

EtCi

Refractive Index: 1,56

Sample tissues:

Kidney

Light sheet Cleared Tissue Imaging
Eci(Ethyl cinnamate)



Claim:

Here, we describe 2Eci, which can be used to clear a wide range of 

tissues in as little as 1-5 days, while preserving a broad range of 

fluorescent proteins, including GFP, mCherry, Brainbow and Alexa-

conjugated fluorophores.

Clearing Method:

Dehydration in 4-butanolph 9 or 1-propanolph9 followed by passive 

clearing in EtCi.

Imaging Solution:

EtCi

Refractive Index: 1,56

Sample tissues:

Human organoids, Drosophila melanogaster, zebrafish, axolotl and 

Xenopus laevis.

Light sheet Cleared Tissue Imaging
2Eci (2nd generation ethyl cinnamate-based clearing)



Claim:

PEGASOS rendered nearly all types of tissues transparent and 

preserved endogenous fluorescence. Bones and teeth could be 

turned nearly invisible after clearing. The PEGASOS method 

turned the whole adult mouse body transparent and we were able 

to image an adult mouse head composed of bones, teeth, brain, 

muscles, and other tissues with no blind areas.

Method:

Tissue samples are fixed in PFA, and immersed in 20% EDTA for

4 days. Samples are then decolorized with Quadrol decolorization

and ammonium solution, followed by delipidation in gradient tB

delipidation solutions and tB-PEG for dehydration. Finally, 

samples are immersed in BB PEG medium for clearing.

Imaging Solution: BB PEG Clearing Medium

Refractive Index: 1,543

Sample Tissues:

See claims above

Light sheet Cleared Tissue Imaging
PEGASOS (Polyethylene glycol(PEG) associatedsolvent system)



Claim:

ñRTF can not only efficiently clear embryos, neonatal brains and 

adult brain blocks, but also preserve fluorescent signal of both

endogenous fluorescent proteins and lipophilic dyes, and be 

compatible with virus labeling and immunostainingñ.

Method:

For RTF, the samples were incubated in three solutions of 

triethanolamine and formamide in distilled water sequentially.

Imaging Solution: unknown

Refractive Index: unknown

Sample Tissues:

Embryos, neonatal and adult brains

Light sheet Cleared Tissue Imaging
RTF(Rapid clearing method based on triethanolamine and formamide)



Claim

TDE solution is a rapid and useful method for optical clearing of 

fixed specimens expressing fluorescent proteins

Method:

Samples are immersed in various concentrations of TDE in PBS 

(0%, 30%, 60%, and 97%) for 6 h to 7 days.

Imaging Solution:

TDE Solution

Refractive Index: see fig.

Sample Tissues:

Brains, brain slices

Light sheet Cleared Tissue Imaging
TDE



Claim:

An easy to use method, clearing-enhanced 3D (Ce3D), which 

generates excellent tissue transparency for most organs, 

preserves cellular morphology and protein fluorescence, and is 

robustly compatible with antibody-based immunolabeling.

Method:

Stained and washed tissues are placed in Histodenz-based Ce3D 

medium inside a chemical fume hood and incubated at room 

temperature on a rotor for 12-72 hours.

Imaging Solution: Ce3D medium

Refractive Index: 1,49 ï1,5

Sample Tissues:

Mouse brain, muscle, lung, intestine, liver, thymus, bone

Light sheet Cleared Tissue Imaging
Ce3D



Claim:

A water-based optical clearing agent, SeeDB, clears fixed brain 

samples in a few days without quenching many types of fluorescent 

dyes, including fluorescent proteins and lipophilic neuronal tracers.

Method:

Fixed (agarose embedded) samples are serially incubated in 20%, 

40% and 60% fructose. Samples are then incubated in 80% fructose 

for 12 h, 100 % fructose for 12 h and finally in SeeDB (80.2% 

fructose) for 24h. The concentration of fructose could be increased 

up to 86.7% (SeeDB37) when clearing was performed at 37 °C. All 

fructose solutions contained 0.5% Ŭ-thioglycerol

Imaging solution:

80% 2,2ǋ-thiodiethanol (SeeDB). 90% 2,2ǋ-thiodiethanol (SeeDB37).

Refractive index: 1,49 ï1,5

Sample tissues:

Mouse brain, olfactory bulb.

Light sheet Cleared Tissue Imaging
SeeDB



Claim:

An optimized optical clearing agent for high-reso-lution þuorescence 

imaging (SeeDB2). SeeDB2 matches the refractive indices of ýxed 

tissues to that of immersion oil (1.518), thus minimizing both light 

scattering and spherical aberrations.

Method:

Fixed tissue samples are incubated 2% saponin overnight, followed 

by incubation in different concentrations of Omnipaque 350 in water 

with 2% saponin.

Imaging solution:

RIMS (Histodenz)

Refractive index: 1,518

Sample tissues:

Mouse embryos, brains, and brain sections, fly brain (for high and 

superresolution microscopy)

Light sheet Cleared Tissue Imaging
SeeDB2



Claim

A SeeDB derived volume independent optical clearing method

which retains the advantages of SeeDB, particularly compatibility

with lipophilic tracers. 

Clearing procedure:

Fructose / urea / Ŭ-thioglycerol -based passive clearing

Imaging Solution:

Fructose / urea / Ŭ-thioglycerol cocktail

Refractive Index: ~1,48

Sample tissues:

Brain

Light sheet Cleared Tissue Imaging
FRUIT



Claim

Clearing method for enhanced visualization of cell morphology 

and connections in neuronal and non-neuronal tissue. Embryos, 

whole mounts and thick brain sections can be rapidly cleared with 

minimal volume changes. They preserve lipophilic dyes, 

fluorescent tracers and immunohistochemical labeling, and GFP.

Method:

20%, 40%, 80% and 95% formamide solutions

Imaging Solution:

Formamide solution

Refractive Index: 1,44

Sample Tissues:

Brain, mouse embryos

Light sheet Cleared Tissue Imaging
ClearT



Claim

Clearing method for enhanced visualization of cell morphology 

and connections in neuronal and non-neuronal tissue. Embryos, 

whole mounts and thick brain sections can be rapidly cleared with 

minimal volume changes. They preserve lipophilic dyes, 

fluorescent tracers and immunohistochemical labeling, and GFP.

Method:

20%, 40%, 80% and 95% formamide / 20 % PEG solutions

Imaging Solution:

95 % Formamide / 20 % PEG solution

Refractive Index: 1,44

Sample Tissues:

Embryos, whole mounts and thick brain sections

Light sheet Cleared Tissue Imaging
ClearT2



Claim

Scale, an aqueous reagent that renders biological 

samples optically transparent but completely preserves 

fluorescent signals in the clarified structures.

Method:

Imaging Solution: Sca/e A2, Sca/e  B4

Refractive Index: 1.38

Sample Tissues: Brain

Light sheet Cleared Tissue Imaging
Sca/e



Claim

ScaleS, a sorbitol-based optical clearing method that provides 

stable tissue preservation for immunochemical labeling and three-

dimensional (3D) signal rendering.

Method:

Permeability enhancement; incubation in urea-containing and salt-

free Scale solutions that gradually clear the sample; restoration of 

sample and mounting in imaging solution.

Imaging Solution:

ScaleA4

Refractive Index: 1,38

Sample Tissues:

Brain

Light sheet Cleared Tissue Imaging
Sca/ eS



Claim:

CUBIC-perfusion protocol enables rapid whole-body and whole-

organ imaging at single-cell resolution by using light-sheet 

fluorescent microscopy. The CUBIC protocol is also applicable to 

3D pathology, anatomy, and immunohistochemistry of various 

organs.

Method:

Fixed organs were immersed in or perfused with CUBIC-1 and 

CUBIC-2 reagent.

Imaging Solution: Mineral oil Sigma-Aldrich, M8410

Refractive Index: 1.467 

Sample Tissues:

Whole mouse

Light sheet Cleared Tissue Imaging
CUBIC



Claim:

A fluorescent-protein-compatible, whole-organ clearing and 

homogeneous expansion protocol based on an aqueous chemical 

solution.

Method:

Clearing by expansion.

Imaging Solution:

Refractive Index:

Sample Tissues:

Whole mouse brain

Light sheet Cleared Tissue Imaging
CUBIC X



Claim:

CLARITY is a newly developed technology that can

be used to transform intact biological tissue into a

hybrid form in which tissue components are removed

and replaced with exogenous elements for increased

accessibility and functionality.

Method:

Electrophoresis of hydrogel embedded tissue in sodium borate

buffer (200 mM, pH8.5) containing 4% (wt/vol) SDS.

Imaging solution:

FocusClear or 80% glycerol

Refractive Index: 1,45

Sample tissues:

Mouse brain, fish, plant

Light sheet Cleared Tissue Imaging
CLARITY(Clear Lipid-exchangedAcrylamide-hybridisedRigid Imaging/Immunostaining/In situ-hybridisation-compatibleTissue-hYdrogel)



Claim:

Bone tissue clearing is able to provide fast and comprehensive 

visualization of biological processes in intact bone tissue.

Method:

The bone is decalcified to increase light and molecular penetration 

while leaving a framework of bone matrix. Bone CLARITY uses an 

acrylamide hydrogel to support the tissue structure and minimize 

protein loss before the delipidation step.

Imaging Solution:

RIMS

Refractive Index: 1,47

Sample Tissues:

Tibia, femur and vertebral column of mouse

Light sheet Cleared Tissue Imaging
Bone CLARITY



PEA-CLARITY
Plant-Enzyme-Assisted(PEA)-CLARITY

Claim:

Plant-Enzyme-Assisted (PEA)-CLARITY, has allowed deep optical 

visualisation of stains, expressed fluorescent proteins and IgG-

antibodies in Tobacco and Arabidopsis leaves. 

Method:

PEA-Clarity involves hydrogel fixation, tissue clearing and 

enzymatic degradation, without loss of structural integrity.

Imaging Solution: PBS

Refractive Index: 1,33

Sample Tissues:

Plant, Tobacco and Arabidopsis leaves

Light sheet Cleared Tissue Imaging
PEA-CLARITY(Plant-Enzyme-Assisted-CLARITY)



Claim

ACT-PRESTO allows for tissue clearance within several hours and 

enables rapid immunolabeling with conventional methods and 

accelerates antibody penetration into the deep layer of densely 

formed, thick specimens by applying pressure or convection flow.

Method:

Electrophoretic tissue clearing (ETC) of polymerized sample.

Imaging Solution:

Cubic Mounting Solution.

Refractive Index: ~1,45

Sample Tissues:

Mouse brain

Light sheet Cleared Tissue Imaging
ACT-PRESTO(Activeclarity techniqueςpressurerelated efficient and stable transfer of macromolecules into organs)


