
1

Supplementary Information for: 

Hepatic Organoids for Microfluidic Drug Screening

Sam H. Au,1,2 Dean M. Chamberlain,1,2,3,4 Shruthi Mahesh,1,2 Michael V. Sefton1,2,3 and 
Aaron R. Wheeler1, 2, 4 †

1 Institute of Biomaterials and Biomedical Engineering, University of Toronto, 164 College St., 
Toronto, ON, M5S 3G9
2 Donnelly Centre for Cellular and Biomolecular Research, 160 College St., Toronto, ON,      
M5S 3E1
3Department of Chemical Engineering and Applied Chemistry, 200 College St., Toronto, ON,      
M5S 3E5
4 Department of Chemistry, University of Toronto, 80 St George St., Toronto, ON, M5S 3H60

† Corresponding Author
email: aaron.wheeler@utoronto.ca
tel: (416) 946 3864
fax: (416) 946 3865 

Electronic Supplementary Material (ESI) for Lab on a Chip.
This journal is © The Royal Society of Chemistry 2014

mailto:aaron.wheeler@utoronto.ca


2

A critical aspect of the general automated droplet exchange procedure (GODEP) described in the 

main text is mixing. To examine this process, a dye mixing experiment was devised (Fig. S1A). 

630 nL PBS droplets containing blue food dye (representing media containing organoids) were 

positioned adjacent to retention barriers. 1.36 µL droplets of PBS were then dispensed and 

merged with the dye-containing droplets by GODEP. Linear actuation of the merged droplet 

from the nearest 2.2 x 2.2 mm electrodes to the small reservoirs and back again constituted one 

mix cycle. A total of 6 mix cycles was conducted with photos collected immediately after mixing 

and at the end of each mix cycle (as depicted in Fig. S1A) for analysis with ImageJ software. 

Four regions of interest (ROI) were defined encompassing the majority of each of four merged 

droplets. The images were split into red, green and blue channels, and the histogram function 

was used to evaluate the standard deviation of dye intensity in the ROI in the red channel as an 

estimate of unmixed heterogeneity. The unbiased estimate of the standard deviation was used to 

estimate the standard deviation of the sample deviation.[1] As shown in Figure S1B, these data 

demonstrate that merged droplets are well mixed within 2 cycles (4 total paths across 5 linear 

electrodes). Nonetheless, a total of 5 cycles (10 paths) was chosen for all experiments described 

here to ensure complete mixing. At the speeds used here, 5 cycles of mixing was typically 

complete in ~30 s.

The results in Figure S1B suggests that the process of droplet movement causes 

convective/advective mixing, which has been described previously.[2] In addition, the retention 

barriers may have contributed to the mixing efficiency by introducing hydrodynamic 

instabilities.[3] 



3

References

[1] Holtzman WH. The Unbiased Estimate of the Population Variance and Standard Deviation. 
American Journal of Psychology. 1950;63:615-7.

[2] Paik P, Pamula VK, Pollack MG, Fair RB. Electrowetting-based droplet mixers for 
microfluidic systems. Lab on a Chip. 2003;3:28-33.

[3] Jung J, Kuo CJ, Peles Y, Amitay M. The flow field around a micropillar confined in a 
microchannel. International Journal of Heat and Fluid Flow. 2012;36:118-32.

 



4

A

B
60

50

40

30

20

10

S
ta

nd
ar

d 
D

ev
ia

tio
n 

- R
ed

 C
ha

nn
el

6543210
Mix Cycles

Figure S1. Dye-mixing study to characterize the mixing efficiency of the general organoid 
droplet exchange procedure (GODEP). (A) Sample frames from a video depicting the mixing 
experiment. 1) Feed droplets dispensed and aligned with dye-containing droplets. 2) Feed and 
dye droplets merged. 3) First mix cycle begun by actuating merged droplets towards small 
reservoirs. 4) First mix cycle ended by actuating merged droplets onto 2.2 x 2.2 mm electrode. 5) 
Second mix cycle begun. 6) Second mix cycle ended. (B) Standard deviation of red channel 
intensity within merged droplets at the end of each mix cycle. Error bars represent the unbiased 
estimate of the standard deviation of the sample standard deviation (n=4).


