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ABSTRACT 

Development of a Tablet-based Functional Clarity Measurement  

Assay in Transparent Brains 

 

  Jiwon Woo 

 

Department of Medical Science  

The Graduate School, Yonsei University 

 

  (Directed by Professor Yong-Eun Cho) 

 

The advent of tissue clearing methods, in conjunction with advancements in high-

resolution imaging techniques, has enabled the visualization of three-dimensional 

structures with unprecedented depth and detail. Although a variety of tissue clearing 

protocols have been developed to date, little has been done to compare and quantify the 

efficacy of clearing in a systematic, reproducible fashion. Here, we present two novel 

assays for measuring tissue transparency, PACA (Punching-Assisted Clarity Analysis)-

Light and PACA-Glow, which use easily accessible spectroscopy and gel documentation 
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systems to quantify the transparency of multiple cleared tissues in a simultaneous manner. 

We demonstrate the use of PACA-Light and PACA-Glow to compare the efficacies of over 

twenty tissue clearing protocols on rodent brain samples. We also show that there are 

regional differences in tissue transparency in the rodent brain, with cerebellar tissue 

consistently achieving lower levels of clearance compared to the prefrontal or cerebral 

cortex across all protocols. This represents the largest comparative study of tissue clearing 

protocols to date, made possible by the ease and high-throughput nature of our PACA 

platforms. 

 

 

 

 

 

 

 

                                                                         

Key words: PACA assay, tissue clearing technique, light transmission, absorbance, brain 

clearing
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(Directed by Professor Yong-Eun Cho) 

 

 

I. INTRODUCTION 

Recent advancements in tissue clearing protocols, combined with high-resolution 

imaging techniques, have enabled the visualization of complex cellular networks and tissue 

architecture in intact, three-dimensional organs. Since the development of the original 

CLARITY (clear lipid-exchanged acrylamide-hybridized rigid imaging-compatible tissue-

hydrogel) method
1
, a number of novel techniques have been designed with the aim of 

improving tissue transparency and preserving structural integrity, while minimizing 

clearing times. These include ACT-PRESTO (active clarity technique-pressure related 

efficient and stable transfer of macromolecules into organs)
2
, PACT (passive clarity 

technique)
3
, SWITCH (system-wide control of interaction time and kinetics of chemicals)

4
 

and MAP (magnified analysis of proteome)
5
. We previously reported optimized PACT 
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protocols, psPACT (process-separate passive clarity technique) and mPACT (modified 

PACT), and demonstrated their ability to rapidly clear the rodent brain and spinal cord
6-8

.  

Despite the surge in novel tissue clearing approaches, few methods exist to objectively 

assess and compare the degree of tissue transparency achieved with these protocols. 

Previous studies quantified the transparency of cleared brain slices using Adobe 

Photoshop
2
; however, such methods rely on an artificial measurement of tissue 

transparency, and do not ensure reproducibility across studies. More recent studies have 

begun to use spectrophotometer-based methods that measure light transmittance as a 

quantification of tissue transparency
9-13

. The quantification and compared the light 

attenuation of the olfactory bulb, pons and cerebellum segments of cleared mouse brain in 

the CLARITY and BABB methods using a spectrometer in sample-thickness of the 

restrictive, but has not without continuous research
11

. Previous studies not the signification 

of a transmission to cleared sample, and it is significantly difference from different parts of 

cleared tissue in clearing methods. Despite these differences, the majority of measured 

transparency results were neither obvious nor consistently defined. Nonetheless, few offer 

detailed protocols that allow for standardized quantification, and to date there are no 

quantification methods that simultaneously measure the transparency of cleared tissues in a 

high-throughput manner.  

Furthermore, studies that quantify tissue clearance do not account for regional 

differences, and assume that processed tissues are homogenous in terms of their 
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transparency. This fails to appreciate the high degree of heterogeneity that is present in all 

organismal tissues, which are comprised of diverse cellular networks that exist among 

heterogeneous extracellular matrix components. Understanding the clearance properties of 

intact organs in a region-specific manner can allow for further optimization of tissue 

clearing protocols better suited to a particular region of interest, and in turn, a deeper 

understanding of the three-dimensional organization of that region that may not otherwise 

be uncovered.  

To address these limitations, we developed two novel assays for quantifying tissue 

clearance, PACA (Punching-Assisted Clarity Analysis)-Light and PACA-Glow. PACA-

Light is a spectroscopy-based method that involves measuring light absorbance and 

transmittance at desired wavelengths of light; PACA-Glow involves placing cleared 

samples on a luminous disk and measuring the amount of light permeation using a gel 

documentation system. Both assays can be performed in a 96-well plate, and thus provide a 

platform for analyzing multiple cleared samples in a high-throughput manner. Absorbance 

measurements of PACA-Light indicated the turbidity of the fluid media conditions 

following generally E.coli growth, and its measurement of absorbance on 96 well plate 

using ELISA leader are multiple applied as cell-based assay
14-16

. These manual were based 

on, we applied to measure the absorbance and transmittance of generated transparent 

brains using tissue clearing techniques in present reported. PACA-Glow was based on 

previous studies that reported the permeated glowing-light and luminescence of tissue from 

under LiGa5O8:Cr3+ phosphor discs or nanoparticles including mouse skin using an IVIS 
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Lumina II imaging system in the bioluminescence mode
17-19

. 

In this study, we use PACA-Light and PACA-Glow to systematically and quantitatively 

compare the efficacies of multiple tissue clearing protocols on rodent brain tissue: gelation-

based methods (psPACT
6,7

, mPACT
6-8

, SWITCH-4
4
, SWITCH-1

4
, Tissue-MAP

5
), 

hyperhydration-based methods (CUBIC
20

, ScaleA2
21

, Clear
T22

, Clear
T2

, FOCM
23

, RTF
24

), 

protocols using solutions with high refractive indexes (SeeDB
25,26

, SeeDBp
25

, 60% TDE
27

, 

80% TDE
27

), and organic solvent-based methods (BABB
28

, 1P-BABB
29

, tB-BABB
29

, 

3DISCO
30

, iDISCO+
31,32

, uDISCO
33

, FDISCO
34

, EtOH-ECi
35

, PEGASOS
36

). We also 

show that there are regional differences in tissue transparency, regardless of protocol, in 

that cerebellar tissue consistently achieved lower degrees of clearance than the prefrontal 

or cerebral cortex. This represents the largest comparative study of tissue clearing methods 

to date, demonstrating the ease and high-throughput nature of our PACA-Light and PACA-

Glow assays with regards to quantifying tissue transparency. 
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II. MATERIALS AND METHODS 

 

1. Animals 

8-10 week old male SD rats and 4 week old BALB mice were purchased from Orient 

Inc. (Gyeonggi-do, Korea). E12.5 and E13.5 moue embryos were isolated at the Cellular 

Reprogramming and Embryo Biotechnology Laboratory at Seoul National University’s 

School of Dentistry. All animal procedures were carried out in accordance with the Guide 

for the Care and Use of Laboratory Animals of the Ministry of Agriculture, Food and Rural 

Affairs (MAFRA), and were approved by the Institutional Animal Care and Use 

Committee (IACUC) at Yonsei University. All animal procedures were performed under 

veterinary supervision according to the guidelines imposed by the Ethical Committee. 

 

2. Isolation of tissue 

Upon opening the thorax, an incision was made to the right atrium of the heart. Animals 

were perfused with equal volumes of heparin dissolved in ice-cold PBS (10 units/mL; 50 

mL for rats, 20 mL for mice) and 4% PFA. The brain was isolated using methods described 

previously
6,7

, cut into either 2 mm or 4 mm-thick slices, and placed in 4% PFA at 4°C.  
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3. Preparation of rodent brain samples tissue clearance 

Detailed information regarding the clearing methods used in this study are summarized 

in Figure 3F. Information about the reagents used in this study is provided in Tables 1 and 

2. 

 

A. psPACT and mPACT 

After fixation in 4% PFA, samples were incubated in 4% acrylamide in PBS at 4°C for 

24 hours, then in 0.25% VA-044 in PBS at 4°C for 24 hours. Samples were embedded in 

nitrogen gas for 5 minutes, and placed in a shaking incubator at 37°C for 12 hours. 

mPACT-A samples were re-transferred to 4% acrylamide in PBS at 37°C for 6 hours. 

Samples processed via psPACT were then incubated in clearing buffer (8% SDS in PBS, 

pH 8.0) at 37°C until they became transparent. Samples processed via mPACTs were 

incubated with clearing buffer supplemented with 0.5% α-thioglycerol at 37°C until they 

became transparent. Upon achieving transparency, all samples were then washed with PBS 

for 2 hours and subsequently stored in nRIMS solution (0.8g/ml Nycodenz, 0.01% sodium 

azide, 0.1% Tween-20 in PBS, pH 7.5).  

 

B. SWITCH 
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After fixation in 4% PFA, rodent brain samples were incubated in 1% or 4% 

glutaraldehyde at 4°C for 48 hours. Samples were then transferred to clearing solution 

(100mM SDS, 10mM lithium hydroxide monohydrate, 4.2g boric acid in PBS, pH 9.0) 

supplemented with 1% α-thioglycerol at 37°C, then 50°C or 80°C, until they became 

transparent. Samples were treated with fresh clearing solution every 24 hours. Upon 

achieving clearance, samples were washed with PBS for 2 hours and subsequently stored 

in nRIMS for 48 hours. 

 

C. Tissue-MAP 

After fixation in 4% PFA, 1 mm-thick mouse brain samples were washed with PBS at 

room temperature for 1 hour and then incubated in 4% acrylamide and 4% PFA in PBS at 

4°C for 30 hours under light protection. The reaction was inactivated in inactivation 

solution (1% acetamide, 1% glycine, 0.02% sodium azide in dH2O (pH 9.0)) at 37°C for 

12 hours under light protection. Samples were subsequently incubated in Tissue-MAP 

solution (30% acrylamide, 0.1% bisacrylamide, 10% sodium acrylate, 0.05% V-50 in PBS) 

at room temperature for 48 hours under light protection, followed by embedding in Tissue-

MAP solution with nitrogen gas at 45°C for 5 hours. Embedded samples were immersed in 

denaturation solution (200mM sodium dodecyl sulfate, 200mM sodium chloride, 50mM 

tris in dH2O (pH 9.0)) at 90°C for 72 hours. Samples were then washed in PBS and 

transferred to dH2O until they expanded 4-fold in size. 
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D. Clear
T
 and Clear

T2
 

Following 4% PFA fixation, samples processed via Clear
T
 were incubated in 20% 

formamide and 40% formamide (vol/vol) in PBS (pH 7.4) for 30 minutes each, followed 

by 80% formamide (vol/vol) for 2 hours, then 95% formamide (vol/vol) until they 

achieved optical clearance. Samples processed via Clear
T2

 were initially incubated in a 

20% formamide/10% polyethylene glycol (PEG) solution for 30 minutes, followed by 50% 

formamide/20% PEG for one hour, and then a fresh solution of 50% formamide/20% PEG 

at 37°C until tissues achieved optical clearance. 

 

E. ScaleA2 

After fixation in 4% PFA, samples were incubated in 20% sucrose in PBS at 4°C for 20 

hours. Samples were washed with PBS at room temperature for 5 minutes, then incubated 

in ScaleA2 (4M urea, 10% glycerol, 0.1% Triton X-100 in PBS) at 4°C until tissues 

achieved optical clearance. Cleared samples were mounted with ScaleA2 solution. 

  

F. CUBIC 

After fixation in 4% PFA, samples were immersed in 50% and 100% CUBIC-1 solution 
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(10% N-butyldiethanolamine, 10% Triton X-100 in PBS) at 37°C for 72 hours in a shaking 

incubator. Samples were washed in PBS for 24 hours and pre-treated in 50% CUBIC-2 

solution (0.5% N-butyldiethanolamine, 45% antipyrine, 30% N-methylnicotinamide in 

PBS) at room temperature for 24 hours. Samples were then incubated in 100% CUBIC-2 

solution at room temperature for 48 hours. 

  

G. FOCM 

After fixation in 4% PFA, samples were incubated in FOCM solution (20% urea, 30% 

D-sorbitol, 5% glycerol in DMSO) at room temperature for 72 hours.. 

 

H. RTF 

After fixation in 4% PFA, samples were incubated in RTF-R1 solution (30% 

triethanolamine, 40% formamide, 30% dH2O) for 6 hours at room temperature, followed 

by incubation in RTF-R2 solution (60% triethanolamine, 25% formamide, 15% dH2O) for 

6 hours at room temperature. Samples were then immersed in RTF-R3 solution (70% 

triethanolamine, 15% formamide, 15% dH2O) at room temperature until they achieved 

optical clearance. 
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I. SeeDB and SeeDBp 

After fixation in 4% PFA, samples were embedded into boiled 1% agarose in PBS by 

slowly cooling down the agarose to room temperature over one hour. For clearing, samples 

were incubated sequentially incubated in 20%, 40%, and 60% D-fructose (wt/vol) in dH2O 

for 4-8 hours at 37°C. Samples were then incubated in 80% D-fructose and 100% D-

fructose, each for 12 hours, followed by incubation in SeeDB solution (80.2% D-fructose 

(wt/wt)) for 24 hours at 37°C. SeeDBp samples were then incubation in SeeDB37 solution 

(86.7% D-fructose (wt/wt)) for 24 hours at 50°C. If performing this step at 37°C, the 

concentration of fructose can be increased up to 86.7%., D-fructose solutions were 

prepared with PBS as the solvent instead of dH2O. Samples were stored in SeeDB or 

SeeDB37 solutions at room temperature or 37°C, respectively, for up to 1 week. All 

fructose solutions contained 0.5% α-thioglycerol. 

 

J. Thiodiethanol-based clearing 

After fixation in 4% PFA, samples were incubated in either 60% or 80% 2,2’-

thiodiethanol (TDE) at 4°C until optical transparency was achieved. After remove the 

solution from tube and add to filled fresh TDE solution, and gentle shaking for 24 hours at 

RT until the samples become optically transparent. 
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K. BABB, 1-propanol BABB and tert-butanol BABB 

Following fixation in 4% PFA, samples were embedded in 1% agarose, which was 

boiled and slowly cooled down to room temperature. Samples processed via BABB were 

sequentially incubated in 25%, 50%, 80%, and 100% ethanol for 8 hours each at room 

temperature. Samples processed via 1-propanol BABB (1P-BABB) were sequentially 

incubated in 25%, 50%, 80%, and 100% 1-propanol for 8 hours each at room temperature. 

Samples processed via tert-butanol BABB (tB-BABB) were sequentially incubated in 

25%, 50%, 80%, and 100% tert-butanol for 8 hours each at room temperature. After 

dehydration, samples were incubated in fresh solutions of 100% ethanol, 1-propanol, or 

tert-butanol for 12 hours at room temperature, corresponding to the clearing protocol they 

were processed with. Subsequently, samples were incubated in dichloromethane (DCM) 

for one hour at room temperature, followed by dibenzyl ether at room temperature for 24 

hours. Samples were then transferred to a 1:2 benzyl alcohol:benzyl benzoate solution at 

room temperature until they achieved optical clearance. 

 

L. 3DISCO 

Samples fixed in 4% PFA were sequentially incubated in 50%, 70%, 80%, and 100% 

tetrahydrofulan (vol/vol) in dH2O for 2-12 hours each at room temperature, followed by 

incubation in dichloromethane for one hour at room temperature, then in dibenzyl ether 

(DBE) at room temperature until they achieved optical transparency. 
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M. iDISCO+ 

4% PFA-fixed brain samples were washed in PBS for 1 hour prior to incubation in 20%, 

50%, 80%, and 100% methanol (vol/vol) in PBS at room temperature for 1 hour each. 

Samples were then washed further with 100% methanol at 4°C for 2 hours, then treated 

with 5% hydrogen peroxide at 4°C for 12 hours. Samples were subsequently rehydrated in 

80%, 60%, 40%, and 20% methanol at room temperature for 1 hour each, washed with 

PBS, then dehydrated in 20%, 40%, 60%, 80%, and 100% methanol at room temperature 

for 1 hour each. Upon dehydration, samples were incubated in 66% dichloromethane 

(DCM) and 33% methanol at room temperature for 3 hours, followed by incubation in 

100% dichloromethane (DCM) for 15 minutes. Samples were washed with 100% methanol 

before incubation in dibenzyl ether (DBE) at room temperature until they achieved optical 

clearance. 

 

N. uDISCO 

Fixed brain samples were incubated in 30%, 50%, 70%, 80%, 90%, 96%, and 100% 

tert-butanol (vol/vol) for 2-12 hours at 35°C, followed by incubation in 100% 

dichloromethane (DCM) for one hour at room temperature, then in 1:2 benzyl 

alcohol:benzyl benzoate (BABB) at room temperature until they achieved optical 
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clearance. 

 

O. FDISCO 

4% PFA fixed samples were incubated in 50%, 70%, 80%, and 100% tetrahydrofulan 

(vol/vol) (pH 9.0) for 2-12 hours each at 4°C, then in dibenzyl ether at 4°C until they 

achieved optical clearance. 

 

P. Ethanol-ECi  

4% PFA fixed samples were sequentially dehydrated in 50%, 70%, and 100% ethanol 

(vol/vol) (pH 9.0) for 5-12 hours each at 4°C. The last dehydration step with 100% ethanol 

was performed twice. After dehydration, samples were transferred to ethyl cinnamate (ECi) 

and incubated for approximately 1 week at room temperature until they achieved optical 

clearance. 

 

Q. PEGASOS 

After fixation in 4% PFA, samples were incubated in decolorization solution for 48 

hours at room temperature. Decolorization solution was prepared with 25% N,N,N’,N’-

Tetrakis(2-hydroxypropyl)ethylenediamine (quadrol) and 5% ammonium in PBS. Samples 
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were then sequentially incubated in 30%, 50%, and 70% tert-butanol (vol/vol) in dH2O for 

24 hours, and subsequently dehydrated in tB-PEG solution (70% tert-butanol, 27% 

ethylene glycol, 3% quadrol) at room temperature for 48 hours. Processed samples were 

immersed in BB-PEG solution (75% benzyl benzoate, 25% ethylene glycol in PBS) for 48 

hours at room temperature until they achieved optical clearance. 

 

4. Punching-Assisted Clarity Analysis (PACA) assays for quantifying 

transparency of cleared brain samples 

A. PACA-Light 

Metal eyelets were used to punch 3.5-6 mm tablets from rodent brains processed via 

each of the clearing methods described above (see Figure 2). Long plastic straws 6 mm in 

diameter were used to punch tablets in brain samples cleared via the Tissue-MAP method. 

Tablets were transferred to a 96-well dish, and a spectrometer was used to measure light 

absorbance/transmittance at 350-850 nm (Molecular Devices, CA, USA). Results were 

analyzed with SoftMax Pro 5 software, as described previously
15,16

. Blank values were 

measured as the transmittance of the clearing reagents or solutions with a matching reflex 

index. An average of three measurements was calculated for each sample. 

 

B. PACA-Glow assay 



17 

 

3.5-6 mm punch tablets of cleared brain samples were generated as described above for 

each of the clearing methods used in this study. Tablets were placed on a 6-mm luminous 

disk in a 96-well plate, and covered with 200μL of clearing solution or reflex index 

matching solution corresponding to their clearance protocol. Permeation of glowing light 

was quantified in the dark using Gel Doc XR (Biorad Inc., CA, USA), as described 

previously
37

, relative to light transmittance of only the luminous disk in the absence of a 

sample. An average of three measurements was calculated for each sample. Whole brain 

slices cleared via mPACT, as well as uncleared control slices were also placed on a 10cm 

dish and were subject to the same quantification protocol. 

 

5. Immunostaining and imaging 

Brain slices and punched tablets from samples cleared via psPACT, SWITCH-4, CUBIC 

were stained with lectin, anti-GFAP antibody, anti-neurofilament antibody and DAPI dyes. 

Details of the antibodies used are provided in Table 3. After staining, psPACT and 

SWITCH-4 samples were incubated in nRIMS for 48 hours, then transferred to a confocal 

dish covered with fresh nRIMS solution. CUBIC samples were incubated in CUBIC-2 for 

1 day, then transferred to a confocal dish covered with CUBIC-2 solution. Confocal 

imaging was performed with LSM-780 (Carl Zeiss, Oberkochen, Germany), and results 

were processed and analyzed using the accompanying software. Images were processed 

into dimensional images using Imaris 8.0.1 (Bitplane, Belfast, United Kingdom). 
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Table 1. List of used equipment in this study 

 Product Name Ca. No. Company (Country) 

1 96 well Cell Culture Plate 30096 SPL Life sciences 

Co., Ltd. 

Korea 

2 96 well Black Plate 30296 SPL Life sciences 

Co., Ltd. 

Korea 

3 Luminous Plate 56306 Daelim Enterprise 

Inc. 

Korea 

4 Onion Cutter (4 mm) 019058033 DAISO Industries 

Co., Ltd.  

Japan 

5 Eyelet (3.5 mm) 22761 LKF Co., Ltd. Korea 

6 Eyelet (6 mm) 17130 LKF Co., Ltd. Korea 

7 Punch 8803381-001497 Peacekorea Co., 

Ltd 

Korea 

8 I.V Catherter (1.1x30 mm, 20G) 4712-020-116 Sewoon Medical 

Co., Ltd. 

Korea 

9 50ml Polypropylene Conical tube 352070 BD Biosciences. USA 

10 50ml Sterile Hypodermic Syringe KOVAX-Syringe Korea Vaccine 

Co., Ltd. 

Korea 
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Table 2. List of used tissue clearing agents in this study 

Clearing 

Method 

Reagents 

(Abbreviation) 

Company 

(Country) 

Catalogue

Number 

Common 4% Paraformaldehyde (PFA) Chembio 

(Korea) 

CBPF-9032 

20X Phosphate buffered saline (PBS) Genetic 

(Korea) 

AB102-110 

Agarose Invitrogen 

(USA) 

75510-019 

psPACT Acrylamide (AA) Sigma (USA) A3553 

VA-044;  

2,2'-Azobis[2-(2-imidazolin-2-

yl)propane]dihydrochloride 

Wako (Japan) 017-19362 

Sodium dodecyl sulfate (SDS) Affymetrix 

(USA) 

75819 

Nycodenz Axis-Shield 

(Norway) 

1002424 

Sodium azide Sigma (USA) S2002 

Tween-20 Georgiachem 

(USA) 

TW2051 

mPACT Glutaraldehyde solution (GA) Sigma (USA) 340855 

VA-044;  

2,2'-Azobis[2-(2-imidazolin-2-

yl)propane]dihydrochloride 

Wako (Japan) 017-19362 

Sodium dodecyl sulfate (SDS) Affymetrix 

(USA) 

75819 

α-Thioglycerol (TG) Sigma (USA) M1753 

Nycodenz Axis-Shield 

(Norway) 

1002424 

Sodium azide Sigma (USA) S2002 

Tween-20 Georgiachem 

(USA) 

TW2051 

SWITCH Glutaraldehyde solution (GA) Sigma (USA) 340855 

α-Thioglycerol (TG) Sigma (USA) M1753 

Sodium dodecyl sulfate (SDS) Affymetrix 

(USA) 

75819 

Lithium hydroxide monohydrate (LiOH) Duksan 

(Korea) 

1636 
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Table 2. List of used tissue clearing agents in this study 

MAP 32% paraformaldehyde (PFA) Chembio 

(Korea) 

CBPF-9032 

Acrylamide (AA) Sigma (USA) A3553 

2% Bis solution Bio-Rad 

(USA) 

161-0142 

Sodium scrylate (SA) Sigma (USA) 408220 

V-50;  

2,2'-Azobis(2-

methylpropionamidine)dihydrochloride 

Wako (Japan) 2997-92-4 

Sodium dodecyl sulfate (SDS) Affymetrix 

(USA) 

75818 

Boric acid Sigma (USA) B7901 

Glycine Affymetrix 

(USA) 

16407 

Sodium chloride Affymetrix 

(USA) 

21618 

Tris Affymetrix 

(USA) 

75825 

Clear
T
 Formamide (F) Georgiachem 

(USA) 

FM3020 

Clear
T2

 Formamide (F) Georgiachem 

(USA) 

FM3020 

Polyethylene glycol (PEG) Sigma (USA) 409529 

Polyethylene glycol (PEG 8000 MW) Georgiachem 

(USA) 

PG8015 

SeeDB D-fructose Duksan 

(Korea) 

729 

SeeDBp D-fructose Duksan 

(Korea) 

729 

α-Thioglycerol (TG) Sigma (USA) M1753 

ScaleA2 Urea Georgiachem 

(USA) 

UE2041 

Sucrose Sigma (USA) 84097 

CUBIC N-Butyldiethanolamine TCI (Japan) B0725 

Triton X-100 Sigma (USA) T8787 

Antipyrine Sigma (USA) A5882 

N-Methylnicotinamide TCI (Japan) M0374 
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Table 2. List of used tissue clearing agents in this study 

FOCM Urea Georgiachem 

(USA) 

UE2041 

D-Sorbitol Duksan 

(Korea) 

849 

Glycerol Junsei (Japan) 27210-

0350 

Dimethyl sulfoxide (DMSO) Sigma (USA) D2650 

TDE 2,2′-Thiodiethanol (TDE) Sigma (USA) 166782 

RTF Triethanolamine (TEA) Duksan 

(Korea) 

159 

Formamide (F) Georgiachem 

(USA) 

FM3020 

BABB Ethanol (EtOH) Millipore 

(USA) 

1.00983.10

11 

Benzyl alcohol (BA) Duksan 

(Korea) 

993 

Benzyl benzoate (BB) Sigma (USA) B6630 

1P-BABB 1-Propanol (1P) Millipore 

(USA) 

1.09634.10

11 

Benzyl alcohol (BA) Duksan 

(Korea) 

993 

Benzyl benzoate (BB) Sigma (USA) B6630 

tB-BABB tert-Butanol (tB) Daejung 

(Korea) 

8510-4405 

Benzyl alcohol (BA) Duksan 

(Korea) 

993 

Benzyl benzoate (BB) Sigma (USA) B6630 

3DISCO 

 

Tetrahydrofulan (THF) Daejung 

(Korea) 

8510-4405 

Dichloromethane (DCM) Daejung 

(Korea) 

3030-7105 

Dibenzyl ether (DBE) Sigma (USA) 108014 

FDISCO Tetrahydrofulan (THF) Daejung 

(Korea) 

8510-4405 

Dibenzyl ether (DBE) Sigma (USA) 108014 
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Table 2. List of used tissue clearing agents in this study 

uDISCO tert-Butanol (tB) Daejung 

(Korea) 

8510-4405 

Benzyl alcohol (BA) Duksan 

(Korea) 

993 

Benzyl benzoate (BB) Sigma (USA) B6630 

Diphenyl ether (DPE) Daejung 

(Korea) 

3063-4015 

iDISCO+ Methanol (MeOH) Millipore 

(USA) 

8.22283.10

00 

30% Hydrogen peroxide Millipore 

(USA) 

8.22287.10

00 

Dichloromethane (DCM) Sigma (USA) 27097 

Dibenzyl ether (DBE) Sigma (USA) 108014 

Ethanol-ECi Ethanol (EtOH) Millipore 

(USA) 

1.00983.10

11 

Ethyl cinnamate (ECi) Sigma (USA) 112372 

PEGASOS Quadrol;  

N,N,N′,N′-Tetrakis(2-

Hydroxypropyl)ethylenediamine 

Sigma (USA) 122262 

Ammonium Duksan 

(Korea) 

760 

tert-Butanol (tB) Daejung 

(Korea) 

8510-4405 

Ethylene glycol Sigma (USA) 409529 

Benzyl benzoate (BB) Sigma (USA) B6630 
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Table 3. Antibody and dye summary 

 Product Name Ca. No. Company (Country) 

1 DyLight 594 labeled Lycopersicon 

Esculentum (Tomato) Lectin 

DL-1177 Vector 

Laboratories, Inc 

USA 

2 Anti-Neurofilament Marker (pan axonal, 

cocktail) Antibody 

837904 Biolegend, Inc USA 

3 Anti-GFAP antibody ab7260 Abcam PLC USA 

4 Goat Anti-Mouse IgG H&L (Alexa Fluor®  

647) 

ab150115 Abcam PLC USA 

5 Donkey Anti-Rabbit IgG H&L (Alexa 

Fluor®  647) 

ab150063 Abcam PLC.  USA 

6 Hoechst 33342 R37605 Invitrogen, Inc USA 
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Table 4. Comparison of tissue clearance achieved in rat brains processed via 

various tissue clearing methods in this study 

Tissue  

clearing 

method 

PACA-Light PACA-Glow 

Transmittance (%) Transmittance (%) 

OD 600 OD 850 30-100 sec 

B1 B2 B3 B1 B2 B3 B1 B2 B3 

psPACT 48 37 25 86 77 57 66 50 43 

mPACT 47 40 34 83 83 72 89 85 76 

SWITCH-1 51 50 46 78 76 67 76 75 70 

SWITCH-4 90 81 78 95 90 87 92 89 86 

Clear
T
 4 3 2 10 8 4 12 9 4 

Clear
T2

 2.5 1 0.5 9 2 1 25 9 6 

ScaleA2 7 6.5 1 20 18 2 52 41 19 

CUBIC 75 74 65 96 93 89 88 83 68 

FOCM 8 10 6 30 24 17 25 20 8 

RTF 1.5 1 1 6 4 3 10 9 8 

SeeDB 14 13 4 38 36 11 27 22 17 

SeeDBp 2.5 2 1 13 10 5 12 10 3 

80% TDE 14 8 2 49 33 6 30 18 4 

BABB 87 83 76 97 94 92 82 74 61 

1P-BABB 71 51 40 91 84 63 68 55 40 

tB-BABB 59 63 48 77 88 81 66 53 37 

3DISCO 71 63 29 94 91 51 67 57 21 

iDISCO+ 75 71 39 95 91 60 90 81 55 

uDISCO 47 20 20 73 42 48 85 63 60 

FDISCO 63 63 55 94 94 88 84 81 61 

Ethanol-ECi 54 30 34 99 87 51 77 72 40 

PEGASOS 62 51 43 92 81 85 78 68 51 
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Table 5. Comparison of tissue clearance achieved in mouse brains processed via 

various tissue clearing methods in this study 

Tissue 

clearing 

method 

PACA-Light 

Transmittance (%) 

OD 600 OD 850 

B1 B2 B3 B1 B2 B3 

psPACT 37 22 11 61 44 32 

mPACT 35 19 11 63 47 25 

SWITCH-1 76 72 38 87 80 43 

Tissue-MAP 93 91 79 94 93 84 

Clear
T
 16 7 4 38 17 9 

ScaleA2 3 2 1.5 10 6 4 

CUBIC 93 89 87 98 97 94 

FOCM 46 30 24 71 57 45 

RTF 8. 9.5 7 29 25 21 

SeeDB 38 21 2 69 47 3 

60% TDE 30 10 3 58 21 18 

80% TDE 32 21 13 64 53 36 

BABB 86 70 60 96 81 78 

1P-BABB 46 45 37 70 65 59 

tB-BABB 82 72 37 91 76 55 

3DISCO 76 60 50 95 79 70 

iDISCO+ 90 72 61 98 84 80 

uDISCO 77 76 67 91 93 91 

FDISCO 76 72 66 92 83 79 

Ethanol-ECi 73 61 45 95 84 50 

PEGASOS 67 65 51 91 87 70 
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Table 6. Comparison of tissue clearance achieved in mouse embryos (E12.5 and 

E13.5) processed via various tissue clearing methods in this study 

Tissue 

clearing 

method 

PACA-Light 

Transmittance (%) 

OD 600 OD 850 

E1 (head) E2 (body) E1 (head) E2 (body) 

mPACT 74 62 79 72 

Clear
T
 4 3 19 14 

ScaleA2 6 1 12 3 

CUBIC 74 49 92 80 

FOCM 20 6 38 24 

SeeDB 20 20 40 39 

BABB 77 60 82 77 

iDISCO+ 59 57 81 85 
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III. RESULTS 

 

1. PACA-Light and PACA Glow: novel methods for quantitative assessment of 

tissue transparency 

While a variety of tissue clearing methods have been established since the development 

of CLARITY, methods of accurately and precisely quantifying the transparency of cleared 

tissues remain lacking. We developed a novel spectrophotometer-based assay, Punching-

Assisted Clarity Analysis (PACA)-Light, which allows for high-throughput analysis of 

cleared samples in an efficient and cost-effective manner. As depicted in Figure 1 and 2, 

PACA-Light involves using 3.5-6mm metal eyelets to punch round tablets from a cleared 

tissue sample. In our studies, we used 2-4mm-thick cleared sagittal sections of rodent 

brains, and generated three round tablets, each from a different region of the brain the 

prefrontal cortex (B1), cerebral cortex and midbrain (B2), and cerebellum (B3). After 

transferring each tablet to a single well of a 96-well plate, absorbance and transmittance 

are measured for each sample using a spectrophotometer at a range of 350-850 nm. Results 

are compared to control wells that are either blank or filled with the final solution used to 

generate the cleared samples. 

We first performed proof-of-concept analyses with tablets generated from 2% agarose 

gels of 1 to 5mm in thickness with a distilled water (dH2O) for matching reflex index 

(Figure 3A and B). For both absorbance and transmittance, as wavelength increased, we 
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observed a decrease in absorbance with an increase in transmittance. Furthermore, as 

expected, for every 1-mm increase in gel thickness, we observed an increase in absorbance 

with a decrease in transmittance at each wavelength. These results demonstrated the 

potential for applying this technique to quantify the resulting transparency of tissues 

processed via CLARITY-based methods. 

In addition to PACA-Light, we developed a second PACA assay, PACA-Glow that 

involves placing cleared samples over a luminescent disk and quantifying the amount of 

light transmitted through the sample. Luminescent disks measuring 6mm in diameter were 

inserted into individual wells of an opaque 96-well plate, and the amount of light 

transmitted from these disks were quantified in the dark using a gel documentation system 

(Figure 3C). While wells without luminescent disks showed little to no light transmittance, 

wells with luminescent disks demonstrated approximately 320 units of transmitted light 

(Figure 3D and Figure 4). As a proof-of-concept, we imaged light permeation through 

brain slices cleared via mPACT as well as uncleared brain samples as a control. As shown 

in Figure 3E, while no light permeated through uncleared brains, a significant amount of 

light permeated mPACT-cleared brains. 
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Figure 1. Schematization of the Punch-based Assistance Clarity-measurement Assay 

(PACA) platform. 1) Sample preparation for measuring tissue transparency. Cleared or 

uncleared samples were punched using metal eyelets either 3.5 or 6mm in diameter. 2) 

PACA-Light: Each tablet was transferred to an individual well of a clear 96-well plate. An 

ELISA reader spectrophotometer was used to measure light absorbance along a range of 

wavelengths. Transmittance was analyzed based on the obtained absorbance values. 3) 

PACA-Glow: Each tablet was transferred to an individual well of a black, opaque 96-well 

plate with a luminous disk. A gel documentation system was used to analyze the 

transmission of light from the luminous disk through the tablet. 
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Figure 2. Schematic representation of the PACA-Light and PACA-Glow. 1) Cleared 

sample preparation for measuring tissue transparency. After generation of transparent 

brains in various tissue clearing methods, cleared brain samples were punched using metal 

eyelets either 3.5 or 6mm in diameter. 2) PACA-Light: Each tablet was transferred to an 

individual well of a clear 96-well plate. 3) PACA-Glow: Each luminous disk was 

transferred to an individual well of a black, opaque 96-well plate. 
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Figure 3. Demonstration of the PACA platform and schematic of tissue clearing 

methods used in the present study. (A and B) Absorbance and transmittance (%) of 2% 

agarose gels of varying thickness (1-5mm) at 350-850 nm. (C) Comparison of light emitted 

by the luminous disk. (D) Quantification of light transmitted from the luminous disk 

compared to a blank control. (E) Comparison of light transmission between an uncleared 

4mm-thick mouse brain and a sample cleared via mPACT on a luminous disk in both UV 

and dark conditions. (F) Schematic representation of the 24 clearing techniques used in this 

comparative study. 
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Figure 4. Quantification of light transmitted of the PACA platform. Absorbance and 

transmittance (%) of transparent 96-well plate (A) including metal eyelets either 3.5mm in 

diameter at 350-850 nm. (B) Comparison of light emitted by the luminous disk including 

metal eyelet for 10-30 seconds in dark. (C) Quantifying the amount of light transmitted 

from luminous disk through the 3.5-mm metal eyelet of (B). 
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2. Application of PACA-Light and PACA-Glow to assess tissue transparency 

achieved via gelation-based tissue clearing protocols 

Upon demonstrating the feasibility and efficiency of the PACA-Light and PACA-Glow 

assays, we sought to apply these techniques to quantitatively compare the efficacy of 

currently established tissue clearing techniques. As listed in Figure 3F, these include 

gelation-based tissue clearing methods (psPACT, mPACT, SWITCH-1, SWITCH-4, 

Tissue-MAP), methods that use hyperhydrating solutions (Clear
T
, Clear

T2
, ScaleA2, 

CUBIC, FOCM and RTF), methods that use aqueous solutions with high refractive indexes 

(SeeDB, SeeDBp, 60% TDE and 80% TDE), and methods that employ organic solvents 

(ethanol-BABB, 1-propanol BABB, tert-butanol BABB, 3DISCO, iDISCO+, uDISCO, 

FDISCO, Ethanol-ECi and PEGASOS). To date, no single study has compared the clearing 

efficacies of CLARITY-based methods at this scale in a high-throughput, quantitative 

manner. 

We first quantified the transparency of rat and mouse brains cleared via five gelation-

based protocols, psPACT, mPACT, SWITCH-1, SWITCH-4, and Tissue-MAP (Figure 5 

and 6). 4 mm-thick rat and 2 mm-thick mouse brain slices were used for psPACT, mPACT, 

SWITCH-1, and SWITCH-4. psPACT and mPACT resulted in tissue clearance in 2-8 days, 

while SWITCH-1 and SWITCH-4 achieved clearance in 2-25 days, respectively. For 

Tissue-MAP, we used 1 mm-thick mouse brain slices, which were cleared and expanded 

four-fold in thickness during the three days required to achieve optical clearance. For each 
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sample, we generated 6-mm tablets from three brain regions (prefrontal cortex (B1), 

cerebral cortex (B2), and cerebellum (B3) for subsequent analysis via PACA-Light and 

PACA-Glow (Figure 7A-F, and Figure 8). Empty wells and wells filled with the final 

clearing solution for each protocol were used as controls. We observed significant 

differences in transparency between brain regions, as well as across protocols for the same 

region. Overall, PACA-Light demonstrated higher levels of light transmittance for 

SWITCH-4 and Tissue-MAP for all three brain regions (Figure 7G and H). B2 and B3 

showed decreased light transmittance relative to B1 across all protocols, which was more 

pronounced in samples treated via psPACT and mPACT (Figure 7A-D). Results obtained 

via PACA-Glow were consistent with the trends observed via PACA-Light, although the 

differences in clearance between brain regions treated via psPACT and mPACT were more 

pronounced when analyzed via PACA-Light. We also used mPACT to generate clear non-

CNS tissues, such as kidney, lung, gland, heart, stoma and spleen, whose transparencies 

were quantified via PACA-Light (Figure 9). 
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Figure 5. Comparison of tissue clearance process achieved via gelation-based tissue 

clearing protocols. Comparison of clearing efficacies of PACTs (psPACT and mPACT) 

(A), SWITCHs (SWITCH-1 and SWITCH-4) (B), and Tissue-MAP (C) in rodent brain 

samples. Optical images showing samples before and after clearance, along with any 

changes in sample size upon tissue processing, are included. The size of all brain thick was 

compared with un-cleared (blue dot line) and final cleared (red dot line). The black lattice 

line of background was width and height length of five millimeter. 
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Figure 6. Comparison of tissue clearance process achieved via gelation-based tissue 

clearing protocols in mouse brain. Comparison of clearing efficacies of psPACT (A), 

mPACT (B), and SWITCH-1 (C) in mouse brain samples. Optical images showing samples 

before and after clearance, along with any changes in sample size upon tissue processing, 

are included. The transparency of all cleared brains was evident against a patterned 

background (length:width=5 mm:5 mm). The size of all brain thick was compared with un-

cleared (blue dot line) and final cleared (red dot line).  
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Figure 7. Comparison of tissue clearance achieved via gelation-based tissue clearing 

protocols. Comparison of clearing efficacies of psPACT (A and B), mPACT (C and D), 

SWITCH-1 (E and F), SWITCH-4 (G), and Tissue-MAP (H) in rodent brain samples via 

both PACA-Light and PACA-Glow. Optical images showing samples before and after 

clearance, along with any changes in sample size upon tissue processing, are included. 

Three tablets from three distinct brain regions (B1: prefrontal cortex, B2: cerebral cortex, 

B3: cerebellum) were generated and analyzed for each sample. Results reflect three 

replicates of each experiment. 
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Figure 8. Absorbance and glow light of optically cleared rodent brain via gelation-

based tissue clearing protocols. Absorbance and glow light (units) of transparent rodent 

brain tissue tablets of psPACT (A), mPACT (B), SWITCH-1 (C),  SWITCH-4 (D), and 

Tissue-MAP (E) on rodent brain samples via both PACA-Light and PACA-Glow. Black: 

empty (-), blue: reflex index matching solution (Sol); red: B1; violet: B2; skyblue: B3. 

Results reflect three replicates of each experiment. 
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Figure 9. Comparison of non-CNS tissue clearance achieved via mPACT protocols. 

Comparison of mPACT clearing efficacies of kidney (A), lung (B), gland (C), heart (D), 

stoma (E), and spleen (F) in rodent organs samples via both PACA-Light and PACA-Glow. 

Optical images showing samples after clearance, along with punched regions in sample, 

are included. L1 and L2 indicate that membrane layers of organs, such as heart and stoma. 

Two tablets from two distinct organ regions (O1 or O1(2L), O2 or O2(1L)) were generated 

and analyzed for each sample. Results reflect three replicates of each experiment. 
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3. Comparison of tissue transparency achieved with protocols using 

hyperhydration or solutions with high refractive indices 

We also applied the same PACA-Light and PACA-Glow assays to 4 mm-thick rat and 

mouse brain slices processed via protocols that use hyperhydrating solutions (Clear
T
, 

Clear
T2

, ScaleA2, CUBIC, FOCM, and RTF) and those that use acqueous solutions with 

high-refractive indices (SeeDB, SeeDBp, 60% TDE, 80% TDE) (Figure 10 and 13). 

Samples cleared via Clear
 T

 and Clear
 T2

 achieved clearance 24 hours after incubation with 

95% formamide (FAD) and 50% FAD/20% polyethylene glycol with minimal fluctuation 

in size after clearing. FOCM, RTF, SeeDB, and SeeDBp also yielded little to no size 

fluctuation after clearance, and tissue clearing was achieved in varying timeframes from 48 

hours to 1 week. Meanwhile, samples processed via ScaleA2 and CUBIC expanded in size 

after clearing, and brains cleared using 80% TDE shrank relative to their original size.  

Qualitatively, CUBIC achieved the best clearance observed by eye (Figure 11D and 

14C). This was consistent with quantitative results obtained via PACA-Light and PACA-

Glow, which showed minimal clearance achieved by all other hyperhydrating techniques 

except CUBIC, which showed transmittance values from 65-75% in both PACA-Light and 

PACA-Glow assays (Figure 11, 12, and 14). Furthermore, consistent with the trends 

observed in samples cleared using gelation-based methods, B3 (cerebellum) demonstrated 

the lowest amount of light transmittance in both assays, regardless of which 

hyperhydrating protocol was used. 
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Figure 10. Comparison of tissue clearance process achieved via clearing methods 
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based on hyperhydration or aqueous solutions with high-refractive indices in rat 

brain. Comparison of clearing efficacies of Clear
T
 (A), Clear

T2
 (B), ScaleA2 (C), CUBIC 

(D), FOCM (E), RTF (F), SeeDB (G), SeeDBp (H), and 80% TDE (I) on rat brain samples. 

Optical images showing samples before and after clearance, along with any changes in 

sample size upon tissue processing, are included. The transparency of the cleared brain was 

evident against a patterned background (length:width=5 mm:5 mm).  
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Figure 11. Comparison of tissue clearance achieved via clearing methods based on 

hyperhydration or aqueous solutions with high-refractive indices. Comparison of 

clearing efficacies of Clear
T
 (A), Clear

T2
 (B), ScaleA2 (C), CUBIC (D), FOCM (E), RTF 

(F), SeeDB (G), SeeDBp (H), and 80% TDE (I) on rat brain samples via both PACA-Light 

and PACA-Glow. Optical images showing samples before and after clearance, along with 
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any changes in sample size upon tissue processing, are included. Three tablets from three 

distinct brain regions (B1: prefrontal cortex, B2: cerebral cortex, B3: cerebellum) were 

generated and analyzed for each sample. Results reflect three replicates of each 

experiment. 
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Figure 12. Absorbance and glow light of optically cleared rat brain based on 

hyperhydration or aqueous solutions with high-refractive indices. Absorbance and 

glow light (units) of transparent rat brain tissue tablets of Clear
T
 (A), Clear

T2
 (B), ScaleA2 

(C), CUBIC (D), FOCM (E), RTF (F), SeeDB (G), SeeDBp (H), and 80% TDE (I) on rat 

brain samples via both PACA-Light and PACA-Glow. Black: empty (-), blue: reflex index 

matching solution (Sol); red: B1; violet: B2; skyblue: B3. Results reflect three replicates of 

each experiment. 
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Figure 13. Comparison of tissue clearance process achieved via clearing methods 

based on hyperhydration or aqueous solutions with high-refractive indices in mouse 
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brain. Comparison of clearing efficacies of transparent rat brain tissue tablets of Clear
T
 

(A), ScaleA2 (B), CUBIC (C), FOCM (D), RTF (E), SeeDB (F), 60% TDE (G), and 80% 

TDE (H) on mouse brain samples. Optical images showing samples before and after 

clearance, along with any changes in sample size upon tissue processing, are included. The 

transparency of the cleared brain was evident against a patterned background 

(length:width=5 mm:5 mm). 
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Figure 14. Comparison of tissue clearance achieved via clearing methods based on 

hyperhydration or aqueous solutions with high-refractive indices in mouse brain. 

Comparison of clearing efficacies of Clear
T
 (A), ScaleA2 (B), CUBIC (C), FOCM (D), 

RTF (E), SeeDB (F), 60% TDE (G), and 80% TDE (H) on mouse brain samples via 

PACA-Light. Optical images showing samples before and after clearance, along with any 
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changes in sample size upon tissue processing, are included. Three tablets from three 

distinct brain regions (B1: prefrontal cortex, B2: cerebral cortex, B3: cerebellum) were 

generated and analyzed for each sample. Results reflect three replicates of each 

experiment. 
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4. Comparison of tissue transparency achieved via organic solvent-based 

clearing protocols 

We then compared tissue clearing protocols that use organic solvents (Figure 15, 16, 18, 

and 19), as outlined in Figure 3F. We first tested variations of the BABB protocol; the 

original ethanol-based BABB method, which involves serial dehydration in 50%, 80%, and 

100% ethanol after embedding in 1% agarose, achieved tissue clearance in 24 hours after 

incubation in the final BABB solution, with slight shrinkage in sample size (Figure 16A 

and 19A). Modified BABB protocols that used either 1-propanol or tert-butanol instead of 

ethanol also achieved tissue clearance 24 hours after incubation in BABB, though to a 

lesser degree and with greater shrinkage (Figure 16B and C, and Figure 19B and C). 

Qualitative observations were consistent with quantitative measurements of tissue 

clearance obtained via PACA-Light and PACA-Glow, which showed higher levels of light 

transmittance for samples processed with ethanol BABB compared to 1-propanol BABB 

and tert-butanol BABB (Figure 16A-C, and 19A-C). 

We also tested the original 3DISCO method and its variations, iDISCO+, uDISCO, and 

FDISCO. 3DISCO, which employs serial fixation in gradients of THF, achieved tissue 

clearance after 24 hours in the final DBE solution, with moderate tissue shrinkage (Figure 

16D and 19D). uDISCO and FDISCO also resulted in tissue shrinkage, without noticeable 

improvements in tissue transparency (Figure 16F and G, and Figure 19F and G). 

iDISCO+, which employs serial dehydration in methanol gradients, achieved comparable 
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levels of tissue transparency while preserving tissue size (Figure 16E and 19E). 

Quantitative assessment using PACA-Light and PACA-Glow was consistent with these 

results, with 3DISCO and iDISCO+ demonstrating similar levels of light transmittance for 

all three brain regions, which were lower for uDISCO and FDISCO (Figure 16D-G, and 

19D-G). Other alcohol-based methods, EtOH-ECi and PEGASOS, did not show 

significant improvements in tissue clearance above other organic solvent-based protocols 

(Figure 16H and I, and Figure 19H and I). Consistent with our previous observations, 

regardless of what protocol was used, B3 (cerebellum) showed the lowest levels of light 

transmittance throughout, while B1 (prefrontal cortex) showed the highest levels. 

In addition to rodent brains, we also compared tissues from mouse embryos at E12.5 and 

E13.5 cleared via mPACT-A protocol and organic solvent-based clearing protocols, as well 

as the hyperhydration-based clearing protocols described above (Figure 20). Tissues from 

E2 (body) showed the lowest levels of light transmittance across all protocols, while E1 

(head) showed the highest levels of transmittance, as assessed via PACA-Light. The 

PACA-Light and PACA-Glow transmittance values obtained for all clearing protocols and 

tissues tested in this study are listed in Table 3-5. 
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Figure 15. Comparison of tissue clearance process achieved in rat brains processed 

via organic solvent-based clearing protocols. Comparison of clearing efficacies of 
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Ethanol BABB (A), 1-propanol BABB (B), tert-butanol BABB (C), 3DISCO (D), 

iDISCO+ (E), uDISCO (F), FDISCO (G), Ethanol-ECi (H), and PEGASOS (I) on rat brain 

samples. Optical images showing samples before and after clearance, along with any 

changes in sample size upon tissue processing, are included. The transparency of the 

cleared brain was evident against a patterned background (length:width=5 mm:5 mm).  
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Figure 16. Comparison of tissue clearance achieved in rat brains processed via 

organic solvent-based clearing protocols. Comparison of clearing efficacies of Ethanol 

BABB (A), 1-propanol BABB (B), tert-butanol BABB (C), 3DISCO (D), iDISCO+ (E), 

uDISCO (F), FDISCO (G), Ethanol-ECi (H), and PEGASOS (I) on rat brain samples via 

both PACA-Light and PACA-Glow. Optical images showing samples before and after 
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clearance, along with any changes in sample size upon tissue processing, are included. 

Three tablets from three distinct brain regions (B1: prefrontal cortex, B2: cerebral cortex, 

B3: cerebellum) were generated and analyzed for each sample. Results reflect three 

replicates of each experiment. 
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Figure 17. Absorbance and glow light of optically cleared rat brain processed via 

organic solvent-based clearing protocols. Absorbance and glow light (units) of 

transparent rat brain tissue tablets of Ethanol BABB (A), 1-propanol BABB (B), tert-

butanol BABB (C), 3DISCO (D), iDISCO+ (E), uDISCO (F), FDISCO (G), Ethanol-ECi 

(H), and PEGASOS (I) on rat brain samples via both PACA-Light and PACA-Glow. Black: 

empty (-), blue: reflex index matching solution (Sol); red: B1; violet: B2; skyblue: B3. 

Results reflect three replicates of each experiment. 
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Figure 18. Comparison of tissue clearance process achieved in mouse brains 

processed via organic solvent-based clearing protocols. Comparison of clearing 
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efficacies of Ethanol BABB (A), 1-propanol BABB (B), tert-butanol BABB (C), 3DISCO 

(D), iDISCO+ (E), uDISCO (F), FDISCO (G), Ethanol-ECi (H), and PEGASOS (I) on 

mouse brain samples. Optical images showing samples before and after clearance, along 

with any changes in sample size upon tissue processing, are included. The transparency of 

the cleared brain was evident against a patterned background (length:width=5 mm:5 mm).  
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Figure 19. Comparison of tissue clearance achieved in mouse brains processed via 
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organic solvent-based clearing protocols. Comparison of clearing efficacies of Ethanol 

BABB (A), 1-propanol BABB (B), tert-butanol BABB (C), 3DISCO (D), iDISCO+ (E), 

uDISCO (F), FDISCO (G), Ethanol-ECi (H), and PEGASOS (I) on mouse brain samples 

via both PACA-Light and PACA-Glow. Optical images showing samples before and after 

clearance, along with any changes in sample size upon tissue processing, are included. 

Three tablets from three distinct brain regions (B1: prefrontal cortex, B2: cerebral cortex, 

B3: cerebellum) were generated and analyzed for each sample. Results reflect three 

replicates of each experiment.  
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Figure 20. Comparison of tissue clearance achieved in mouse embryos processed via 

various clearing protocols. Comparison of clearing efficacies of mPACT-A (A), Clear
T
 

(B), ScaleA2 (C), CUBIC (D), FOCM (E), SeeDB (F), Ethanol BABB (G), and iDISCO+ 

(H) on E12.5 and E13.5 embryos via PACA-Light. Optical images showing samples after 
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clearance are included. Two tablets from two distinct embryo regions (E1: head, E2: body) 

were generated and analyzed for each sample. Results reflect three replicates of each 

experiment. 
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5. Higher cell and blood vessel density in cerebellar tissue may contribute to 

lower levels of tissue transparency 

The consistent regional differences we observed in cleared brain samples, regardless of 

protocol, were unexpected. Thus, we sought to investigate the potential reasons for the low 

levels of transparency achieved in the cerebellum (B3) compared to the prefrontal cortex 

(B1) or the cerebral cortex (B2) on a molecular level. We performed immunostaining for 

lectin, glial fibrillary acidic protein (GFAP), and neurofilament (NF) to visualize blood 

vessel and neuronal networks in samples cleared via psPACT, SWTICH-4 and CUBIC. 

Compared to the prefrontal cortex or the cerebral cortex, the cerebellum demonstrated 

significantly higher cell density, in conjunction with more intricate blood vessel and 

neuronal networks (Figure 21). While a systematic investigation of tissue substructures on 

tissue clearing efficacy lies outside the scope of this current study, these observations point 

to potential sources of regional differences in tissue clearance observed in our study. 
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Figure 21. Investigation of regional differences in tissue transparency achieved in 

rodent brains via immunofluorescence studies. Tablets were generated from three 

distinct regions (B1: prefrontal cortex, B2: cerebral cortex, B3: cerebellum) of rat and 

mouse brain samples were processed via psPACT (A and C) or SWITCH-4 (B) or CUBIC 

(D). Immunostaining was performed for lectin to visualize blood vessels, and GFAP and 

NF to visualize neurons. Scale bar (White: 1000μm; Blue: 500μm; Yellow: 100μm). 
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IV. DISCUSSION 

The vast majority of published studies on tissue clearing focus on developing novel 

clearing protocols or optimizing existing methods. To date, none have solely focused on 

the quantification of tissue transparency and the subsequent use of these quantifications to 

compare the efficacy of available tissue clearing protocols in a scalable, standardized 

format. Many of the studies that do provide quantitative comparisons of clearing efficacies 

use diaphanometers or refractometers, which do not allow for precise measurements of 

transparency, and also are not readily accessible in most laboratories. Quantitative 

comparisons of hydrogels was reported transparency analyses involving the absorbance 

spectrum of the native nanofibrillar cellulose (NFC) hydrogel transparency as 3D-cell 

culture acaffords at the UV-visible wave-lengths and used molecular probes in 

previously
38

. Also, the dried silica gel-containing Ag nanoparticles was analyzed the 

transmittance and the reflectance spectra
39

. These experiment shows that the sufficient 

promise to measurement of a transparency of cleared tissue-hydrogels. In addition, 

although previous studies have achieved clearing of the brain, none have reported 

comparison of optically whole clearing process of the rat and mouse brains. 

Without a standardized method for generating precise, accurate quantifications of tissue 

transparency, it is difficult to truly compare the efficacies of tissue clearing protocols, and 

thereby pinpoint the aspects that must be further optimized. Here, we address these 

concerns by demonstrating the use of our novel PACA-Light and PACA-Glow assays to 

quantify tissue clearance in a systematic, high-throughput manner. Using these platforms, 
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we were able to compare the clearing efficacies of over 20 tissue clearing protocols on 

rodent brain samples, which represents the largest comparative study to date. Both PACA-

Light and PACA-Glow can be easily performed with standard laboratory equipment, and 

while the values of light transmittance obtained by the two assays are not interchangeable, 

we observed consistent trends between the two assays with regards to protocol efficacy. 

This study, also demonstrated the applicability of the PACA-Light method for compare the 

clearing efficacies of mPACT clearing various internal organs, including the whole kidney, 

lung, salivary glands, heart, stoma, and spleen. 

Furthermore, in quantifying tissue clearance, currently published studies assume that 

tissues are homogeneous in their transparency, without taking into account the potential 

regional differences in tissue clearance that are not simply artifactual, but instead may be 

grounded in differences on the cellular and molecular levels that are inherent to the regions 

of interest. This obscures the need to optimize tissue clearing protocols in a region-specific 

manner, and as a result may cause individuals to miss out on key structural information 

about one particular region relative to another. The use of punched tablets in PACA-Light 

and PACA-Glow allow for the quantification of multiple tissue regions for each sample. In 

this study, we analyzed three distinct regions of the brain the prefrontal cortex, cerebral 

cortex, and cerebellum and found that there were clear regional differences in tissue 

transparency that remained consistent across all tested protocols. Specifically, cerebellar 

tissue consistently achieved lower levels of clearance compared to the prefrontal or 

cerebral cortex, regardless of what tissue clearing protocol was used
40

. We attribute this to 
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greater cell density and complexity of the neural and blood vessel networks that were 

observed in the cerebellum compared to the prefrontal and cerebral cortex, as assessed via 

glial fibrillary acidic protein (GFAP), neurofilament (NF), and lectin staining. 

Our study also generated a transparent model of mouse embryos of two different 

developmental stages (E12.5–E13.5) using the 8 tissue clearing methods such as mPACT-

A, Clear
T
, ScaleA2, CUBIC, FOCM, SeeDB, BABB, and iDISCO+. The mPACT-A, 

CUBIC, BABB and iDISCO+ protocols perfectly cleared whole organs and required 

minimal clearing time. We analyzed two distinct regions of the brain the head, and body 

and found that there were clear regional differences in tissue transparency that remained 

consistent across 8 protocols, and we found that the head region is best clear. 

This suggests that future studies attempting to investigate three-dimensional cerebellar 

structure using tissue clearing methods might benefit from further optimization of 

CLARITY-based protocols as to maximize the resolution of structural information that can 

be obtained. These results support the use of our PACA platforms to obtain precise, reliable 

quantification of tissue transparency after clearing. The use of a 96-well plate makes both 

assays easily scalable, allowing for simultaneous analysis of up to 96 samples. This also 

minimizes time, resources, as well as error in data collection that occurs when analyzing 

samples either individually or in small groups. The uncovering of regional differences in 

tissue transparency also reveals the limitations of current tissue clearing technologies. This 

in turn fuels the need for future studies aimed towards improving the clearance of tissues 

that are hard to parse, which arguably hold greater amounts of biological information due 
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to increased cell and/or extracellular matrix density. In this way, our PACA-Light and 

PACA-Glow assays fill a longstanding void in the field, which we believe will expedite 

and standardize future advancements in tissue clearing technology.  
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V. CONCLUSION 

We developed the absorbance analysis about the optically transparency of cleared tissues 

with light attenuation quantification using various clearing methods of current reported. 

These simple PACA assays require little equipment and minimal hands on analyze to 

transmittance of clear tissue and screening the clear-agent in laboratory. In addition, it is 

provide a possible that standard transmittance experiment of transparent tissue for three-

dimensional deep imaging analysis at the various optimum transparent conditions. Our 

data suggest that the PACA platform including the PACA-Light and the PACA-Glow 

provides access to optically information that may support to understand anatomical study. 
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ABSTRACT (IN KOREAN) 

 

투명한 뇌를 이용한 타블렛 기반 투명도 측정법의 개발  

   

<지도교수 조 용 은> 

연세대학교 대학원 의과학과 

  우 지 원 

 

고해상도 이미징 기술과 함께 조직 투명화 기술의 개발로 전례없는 깊이와 

디테일로 삼차원 구조를 시각화 할 수 있었다. 다양한 조직 투명화 기법들이 

개발되었지만 체계적이고 재현이 가능한 방식으로 그 투명화 효과를 정량화하

기 위한 연구는 거의 이루어지지 않았다. 우리는 쉽게 접근 할 수 있는 분광학

기와 gel documentation systems을 사용하여 다양한 종류의 투명화된 조직의 

투명도를 동시에 정량화하는 PACA (Punching-Assisted Clarity Analysis)-

Light 및 PACA-Glow 두 가지 새로운 조직 투명도 분석법을 제시한다. 우리

는 쥐의 뇌를 이용하여 20가지 이상의 조직 투명화 기법들을 PACA-Light과 

PACA-Glow를 통해 비교하였다. 우리는 또한 쥐의 뇌에서 조직 투명도가 부
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위별 차이를 보여줬으며, 소뇌 조직은 모든 조직 투명화 기법들에 걸쳐 전두엽 

또는 대뇌 피질에 비해 낮은 수준의 투명도를 지속적으로 보여주었다. 이는 

PACA platform의 높은 처리량 특성으로 인해 현재까지의 조직 투명화 기법들

에 대한 가장 큰 비교 분석한 연구이다. 

 

 

 

 

 

 

 

 

 

                                                                         

핵심되는 말: PACA 분석법, 조직 투명화 기술, 빛 투과성, 흡광도, 뇌 투명화  
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APPENDICES 

Appendix A. Paper in Published/Accepted 

Table A1. Lists of papers in publication 

 

Title Authors Author 

type 
Journal Date 

1 PACA: A Novel Tool for 

Comparative Analyses of 

Clearing Efficacies of Tissue 

Clearance Protocols 

Woo J, Lee 

EY, Lee M, 

Park JY, Cho 

YE 

First - 2020 

2 A Modified Magnified 

Analysis of Proteome (MAP) 

Method for Super-Resolution 

Cell Imaging that Retains 

Fluorescence 

Woo J*, Seo 

JM*, Lee M, 

Kim J, Min S, 

Kim ST, Park, 

JY 

Co-First Scientific 

Reports 
Apr 

2020 

3 Investigation of PRDM7 and 

PRDM12 expression pattern 

during mouse embryonic 

development by using a 

modified passive clearing 

technique 

Woo J*, Kang 

H*, Lee EY, 

Park S, Cho 

YE 

Co-first Biochemical and 

Biophysical 

Research 

Communications 

Feb 
2020 

4 An in vivo cell-based assay 

for investigating the specific 

interaction between the 

SARS-CoV N-protein and its 

viral RNA packaging 

sequence 

Woo J, Lee 

EY, Lee M, 

Kim T, Cho 

YE 

First Biochemical and 

Biophysical 

Research 

Communications 

Dec 
2019 

5 Novel Passive Clearing 

Methods for the Rapid 

Production of Optical 

Transparency in Whole CNS 

Tissue 

Woo J, Lee 

EY, Park HS, 

Park JY, Cho 

YE 

First Journal of 

Visualized 

Experiments 

May 

2018 

6 Optimization of the optical 

transparency of rodent tissues 

by modified PACT-based 

passive clearing 

Woo J, Lee 

M, Seo JM, 

Park HS, Cho 

YE 

First Experimental 

and Molecular 

Medicine 

Dec 
2016 
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Figure A1. A paper in submitted 1: Woo J, Lee EY, Lee M, Park, JY, Cho YE. PACA: A 

Novel Tool for Comparative Analyses of Clearing Efficacies of Tissue Clearance 

Protocols (2020, First Author). 
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Figure A2. A paper in published 1: Woo J, Seo JM, Lee M, Kim J, Min S, Kim ST, Park, 

JY. A Modified Magnified Analysis of Proteome (MAP) Method for Super-Resolution 

Cell Imaging that Retains Fluorescence (Scientific Reports, 2020, Co-First Author). 
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Figure A3. A paper in published 2: Woo J, Kang H, Lee EY, Park S, Cho YE. 

Investigation of PRDM7 and PRDM12 expression pattern during mouse embryonic 

development by using a modified passive clearing technique (Biochemical and 

Biophysical Research Communications, 2020, Co-First Author). 
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Figure A4. A paper in published 3: Woo J, Lee EY, Lee M, Kim T, Cho YE. An in vivo 

cell-based assay for investigating the specific interaction between the SARS-CoV N-

protein and its viral RNA packaging sequence (Biochemical and Biophysical Research 

Communications, 2019, First Author). 
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Figure A5. A paper in published 4: Woo J, Lee EY, Park HS, Park JY, Cho YE. Novel 

Passive Clearing Methods for the Rapid Production of Optical Transparency in 

Whole CNS Tissue (Journal of Visualized Experiments, 2018, First Author). 
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Figure A6. A paper in published 4: Woo J, Lee M, Seo JM, Park HS, Cho YE. 

Optimization of the optical transparency of rodent tissues by modified PACT-based 

passive clearing (Experimental and Molecular Medicine, 2016, First Author). 
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Table A2. Lists of abstract in online publication 

 

Title Authors Information 
1 Three-dimensional reconstruction of 

Prdm family gene expression patterns 

during mouse development stage by 

tissue clearing technique 

Woo J, Kang H, 

Cho YE 
The FASEB Journal 2019 

33:1_supplement, lb189-

lb189 

2 Examination of specific binding 

activity of packaging sequence RNAs 

to the SARS-CoV nucleocapsid by 

using cell-based in vivo assay for 

RNA-Protein interaction 

Woo J, Cho YE The FASEB Journal 2019 

33:1_supplement, lb223-

lb223 

3 Innovative measuring methods of 

optical transparency of the cleared 

brains by various newest tissue 

clearing technique 

Woo J, Lee EY, 

Cho YE 
ASCB-EMBO 2017 

Meeting 2017 P1043-B44 
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Appendix B. Permission Patented License Details 

 

Figure B1. Permission patented license details 1: Woo J, Cho YE. Method for analysis 

of tissue clarity measurement (Patent Registration Number: 10-2050248-0000, Patent 

Application Number: 10-2017-0184244), Korean Intellectual Property office, 2019). 
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Appendix C. Honor and Awards 

Table C1. Lists of awards  

 

Award Title Society Date 
1 Best Research Award Innovative Measuring Methods of 

Optical Transparency of the 

Transparent Brains by Various 

Tissue Clearing Technique 

Korean Society 

for Biochemistry 

and Molecular 

Biology 

Jan 

2020 

2 Best Research Award Tissue Clearing Technique 

Currently Available for 

Achieving Intact Tissue 

Transparency in Mammalian 

CNS Tissue 

Korean Society 

for Biochemistry 

and Molecular 

Biology 

Jan 

2019 

3 Best Research Award psPACT and mPACT: Novel 

Passive Clearing Methods for the 

Rapid Production of Optical 

Transparency in Whole Central 

Nervous System Tissue 

Korean Society 

for Biochemistry 

and Molecular 

Biology 

Jan 

2018 

4 Research Fellowship Development of microbe-MAP 

and screening method of 

preventing and treating agent of 

epidemic coronavirus 

The Health 

Fellowship 

Foundation 

Jul 

2017 

5 Travel Award  - Korean Society 

for Biochemistry 

and Molecular 

Biology 

May 

2017 

6 Best Research Award Advanced Study of the Optically 

Transparency of Rat Central 

Nervous System by Tissues 

Clearing Techniques 

Korean Society 

for Biochemistry 

and Molecular 

Biology 

May 

2017 

 

 

 

 



89 

 

Table C2. Lists of presentation in conference 

 

Title Authors Conference Country Date 
1 Innovative Measuring Methods 

of Optical Transparency of the 

Transparent Brains by Various 

Tissue Clearing Technique 

Woo J, Cho YE 2020 KSBMB 

Winter 

Workshop 

Republic 

of Korea 
Jan 

2020 

2 High-resolution Investigation of 

PRDM7 and PRDM12 

Expression Pattern during Mouse 

Embryonic Development by 

using a Modified Passive 

Clearing Technique 

Woo J, Kang H, 

Cho YE 
2020 KSBMB 

Winter 

Workshop 

Republic 

of Korea 
Jan 

2020 

3 An in vivo cell-based assay for 

investigating the specific 

interaction between the SARS-

CoV N-protein and its viral RNA 

packaging sequence 

Woo J, Lee M, 

Cho YE 
2020 KSBMB 

Winter 

Workshop 

Republic 

of Korea 
Jan 

2020 

4 A Modified Magnified Analysis 

of Proteome (MAP) Method for 

Super-Resolution Imaging of 

Cell which Retains Fluorescence 

Woo J, Lee M, 

Park JY 
2020 KSBMB 

Winter 

Workshop 

Republic 

of Korea 
Jan 

2020 

5 Investigation of high resolution 

imaging expression pattern of 

PRDM oncogenes in different 

stage of mouse embryo 

Kang H, Woo J, 

Cho YE 
International 

Conference of 

the Korean 

Society for 

Molecular and 

Cellular 

Biology 

Republic 

of Korea 
Oct 

2019 

6 Currently applying for achieving 

transparent biological system by 

using tissue clearing techniques 

Woo J, Lee M, 

Kang H, Park 

JY, Cho YE 

2019 Korea-

Yonsei-NIPS 

International 

Joint 

Symposium 

Republic 

of Korea 
Jul 

2019 

7 Three-dimensional 

reconstruction of Prdm family 

expression patterns in 

neurogenesis using transparent 

mouse embryos 

Woo J, Kang H, 

Cho YE 
KSBMB 

International 

Conference 

2019 

Republic 

of Korea 
Jun 

2019 

8 Identification of in vivo-

interacting of the nucleocapsid 

protein and packaging signal 

sequence of SARS corona virus 

Woo J, Cho YE KSBMB 

International 

Conference 

2019 

Republic 

of Korea 
Jun 

2019 
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9 Advanced tissue clearing 

technique for achieving tissue 

transparency in mammalian CNS 

tissue 

Woo J, Kang H, 

Cho YE 
KSBMB 

International 

Conference 

2019 

Republic 

of Korea 
Jun 

2019 

10 Comparison between each 

PRDM family expression in 

various development stage of 

mouse embryo and adult mouse 

Kang H, Woo J, 

Cho YE 
BIOSPINE 7th 

International 

Congress on 

Biotechnologies 

for Spinal 

Surgery 

Italy Apr 

2019 

11 Three-dimensional 

reconstruction of Prdm family 

gene expression patterns during 

mouse development stage by 

tissue clearing technique 

Woo J, Kang H, 

Cho YE 
American 

Society for 

Biochemistry 

and Molecular 

Biology Anneal 

Meeting 2019 

USA Apr 

2019 

12 Examination of specific binding 

activity of packaging sequence 

RNAs to the SARS-CoV 

nucleocapsid by using cell-based 

in vivo assay for RNA-Protein 

interaction 

Woo J, Cho YE American 

Society for 

Biochemistry 

and Molecular 

Biology Anneal 

Meeting 2019 

USA Apr 

2019 

13 Tissue clearing technique 

currently available for achieving 

intact tissue transparency in 

mammalian CNS tissue 

Woo J, Kang H, 

Cho YE 
2019 KSBMB 

Winter 

Workshop 

Republic 

of Korea 
Jan 

2019 

14 Three-dimensional investigation 

of expression pattern of the Prdm 

family member in transparent 

mouse embryos by tissue 

clearing technique 

Woo J, Kang H, 

Cho YE 
2019 KSBMB 

Winter 

Workshop 

Republic 

of Korea 
Jan 

2019 

15 Expression pattern of the PRDM 

family by tissue clearing 

technique in mouse development 

stage 

Kang H, Woo J, 

Cho YE 
ASCB-EMBO 

2018 Meeting 
USA Dec 

2018 

16 Development of New 

Manufacturing Techniques of 

Optical Transparent Tissue in 

Mammalian CNS Tissue 

Woo J, Yang Y, 

Kang H, Song J, 

Park JY, Cho 

YE 

International 

Conference: 

Korean Society 

for Molecular 

and Cellular 

Biology 

Republic 

of Korea 
Sep 

2018 

17 A Methodological Study of 

Optical Tissue Clearing Apply to 

Related Research in Central 

Nervous System 

Woo J, Yang Y, 

Kim J, Kang H, 

Song J, Park JY, 

Cho YE 

IUBMB 

SEOUL 2018 
Republic 

of Korea 
Jun 

2018 
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18 Investigation of Light 

Attenuation of Optically Cleared 

Brain in Various Clearing 

Technique by Punching-Assisted 

Clarity Analysis 

Woo J, Kang H, 

Cho YE 
IUBMB 

SEOUL 2018 
Republic 

of Korea 
Jun 

2018 

19 Improved Novel Methods of 

Passive Tissue Clearing for 

Three-dimensional Structural 

Elucidation in Whole CNS 

Woo J, Kang H, 

Cho YE 
BioSpine Asia 

Pacific 2018 
Republic 

of Korea 
Apr 

2018 

20 Effective Transparency 

Identification for Various 

Cleared Brains Using a Punching 

Assisted Clarity Analysis 

Woo J, Cho YE BioSpine Asia 

Pacific 2018 
Republic 

of Korea 
Apr 

2018 

21 Development of a Functional 

Cell-based Assay that Specific 

Interaction between the SARS-

CoV Nucleocapsid and 

Coronavirus Packaging Signal 

Sequence RNA 

Woo J, Cho YE ISIRV-IMRP 

2018 
Singapore Mar 

2018 

22 psPACT and mPACT : Novel 

Passive Clearing Methods for the 

Rapid Production of Optical 

Transparency in Whole Central 

Nervous System Tissue 

Woo J, Lee EJ, 

Kang H, Park 

JY, Cho YE 

2018 KSBMB 

Winter 

Workshop 

Republic 

of Korea 
Jan 

2018 

23 PACA Assay : Innovative 

Measuring Methods of Optical 

Transparency of the Cleared 

Brains by Various Newest Tissue 

Clearing Technique 

Woo J, Lee EJ, 

Cho YE 
2018 KSBMB 

Winter 

Workshop 

Republic 

of Korea 
Jan 

2018 

24 Innovative Measuring Methods 

of Optical Transparency of the 

Cleared Brains by Various 

Newest Tissue Clearing 

Technique 

Woo J, Lee EJ, 

Cho YE 
2017 ASCB-

EMBO Meeting 
USA Dec 

2017 

25 Advance Methodological Study 

of Optically Passive Tissue 

Clearing Using a Rodent Whole 

Central Nervous System 

Woo J, Cho YE 2017 

International 

Conference 

Korean Society 

for Molecular 

and Cellular 

Biology 

Republic 

of Korea 
Sep 

2017 

26 Advanced Study of the Optically 

Transparency of Rodent Central 

Nervous System by Tissues 

Clearing Techniques 

Woo J, Yang Y, 

Kim J, Park HS, 

Park JY, Cho 

YE 

KSBMB 

International 

Conference 

2017 

Republic 

of Korea 
Jun 

2017 
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27 Development of New Tablet-

based Functional Clarity 

Measurement Assay in 

Generated Transparent Brains by 

Various Tissue Clearing 

Techniques 

Woo J, Lee M, 

Cho YE 
KSBMB 

International 

Conference 

2017 

Republic 

of Korea 
Jun 

2017 

28 Investigation of the Specific 

Binding Activity between the 

SARS-CoV Nucleocapsid and 

CoV-RNA Packaging Signals by 

in vivo Cell-based assay 

Woo J, Lee M, 

Cho YE 
KSBMB 

International 

Conference 

2017 

Republic 

of Korea 
Jun 

2017 

 

 


