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Neural circuit is the basis for brain fucntions 



Early functional studies of the brain 

(1) Selective surgical ablation of parts of the brain of animals; 
 

(2) Faradic and galvanic (i.e., steady or pulsed electrical) stimulation 
of the brain of animals and humans; 

 



Cell-type specific ablation and functional 
manipulations 
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Modified from  
Tsai HC and Deisseroth K et al., 2009, Science 
Janet Berrios, Garret D. Stuber & Benjamin D. Philpot et al., 2015, Nature 
Communications 



Neuronal ensembles in brian activities 

Neuronal Ensembles  
A group of neurons that show spatiotemporal co-activation.  

Mesocorticolimbic dopamine reward system  

Fabio C. Cruz and Bruce T. Hope et al., 2013, Nature Reviews Neuroscience 



Immediate early genes (IEGs) as faithful surrogates of 
neuronal activation 

Hiroyuki Okuno, 2011, Neuroscience Research 
 Jianbo Xiu, Qi Zhang & Hailan Hu, 2014, Nature Neuroscience 



Whole-mount tissue staining Whole-mount tissue clearing 



THF: tetrahydrofuran  
DCM: Dichloromethane 
DBE: DiBenzyl Ether  
  



iDISCO: A Simple, Rapid Method to Immunolabel Large 
Tissue Samples for Volume Imaging 

Highlights 
•iDISCO is a method for immunolabeling and 
volume imaging of large biological samples 
 
•Could be used in large mouse embryos and 
adult organs 
 
•Easy to implement, inexpensive, fast, and 
reliable 



Nicolas Renier, Zhuhao Wu and Marc Tessier-Lavigne et al., 2014,  Cell 
Chenchen Pan, Ruiyao Cai, Francesca Paola Quacquarelli & Ali Ertürk 
et al., 2016, Nature Methods 



Shrinkage-mediated imaging of entire organs and 
organisms using uDISCO 

Chenchen Pan, Ruiyao Cai, Francesca Paola Quacquarelli & Ali 
Ertürk et al., 2016, Nature Methods 



iDISCO+ and ClearMap: A Pipeline for Cell Detection, 
Registration, and Mapping in Intact Samples Using Light 

Sheet Microscopy 

• iDISCO+ 
Improved version of the iDISCO protocol to reduce sample 
shrinkage and better preserve brain morphology, thereby 
enabling automated registration of the LSFM-imaged 
sample onto a reference brain atlas for automated 
comparisons 
 
•ClearMap 
A computer program based solely on open-source 
components and compatible with a desktop workstation 
that is applied to the imaging data to count cells in 3D, 
registers them onto a reference atlas, and generates 
distribution maps and statistical analysis of intact mouse 
brains in <1 hr per sample. 

THF: tetrahydrofuran  
DCM: Dichloromethane 
DBE: DiBenzyl Ether  
  







Whole-brain map of activated neuronal populations 
after Haloperidol treatment 





Volume Survey of Brain Activity Applied to Parental 
Behavior in the Mouse 



Highlights 
1. ClearMap, a pipeline for automated activity 
mapping in intact samples 
 
2. iDISCO+ preserves morphology and size of cleared 
samples for automated registration 
 
3. ClearMap to study brain regions involved in various 
behaviors 

Limitations 
1. IEG expression in the brain is not limited to 
neurons. 
  
2. The ability to assess real-time neural activity 

Potential applications 
How medications that are administered acutely or chronically alter brain activity.  
Another use will be to study changes in brain activity as a result of such processes as 
exercise, sleep, aging, or neurodegeneration. 





Human brain 



Daun02 system for the selective ablation of activated 
neuronal assembles in vivo 

DTR…… 

Fabio C. Cruz and Bruce T. Hope et al., 2013, Nature Reviews Neuroscience 

Daun02 



Strategies for selective manipulation of activated 
neuronal assembles in vivo 

Fabio C. Cruz and Bruce T. Hope et al., 2013, Nature Reviews Neuroscience 



Casey J. Guenthner and Liqun Luo et al., 2013, Neuron 
Fabio C. Cruz and Bruce T. Hope et al., 2013, Nature Reviews Neuroscience 

FACS sorting of activated neurons for further analysis 
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