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The Freshly Excised Pancreas 
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• Loss of function of the pancreatic 
islet in Type 2 Diabetes 

• Scarce availibility of this micro-organ 
• Minimize the tissue requirements 
• Maximize the yield of information 



The Islet of Langerhans – the Pancreatic Islet 
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The islet is the functionally competent 
microorgan for hormone secretion 
 
50 to 150 µM diameter 
1000 to 3000 endocrine cells 
 
70-80 %  beta-cells - insulin 
ca. 20 % alpha-cells - glucagon 
ca. 5 %   delta cells – somatostatin  

HE, 40x 

TEM, 4000x 



Collagenase Isolation of Pancreatic Islets  
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Measurement of Insulin Secretion by Batch Perifusion 
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Measurement of Oxygen Consumption by Batch Perifusion 
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Perifusion Chamber for Microfluoromety 
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Conventional Microperifusion  
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Islet NAD(P)H- and FAD-Autofluorescence 

10. März 2016 | Ingo Rustenbeck | PVZ+DPhG-Symposium-microfluidics | Seite 2  

0 10 20 30 40 50 60 70 80 90 100 110 120
50

60

70

80

90

100

110

120

130

140

150

0.8

1.0

1.2

1.4

1.6

FAD

NAD(P)H / FAD

NAD(P)H

0 mM 30 mM Glucose 0 mM

500 µM Tolbutamide

Time (min)

F
lu

or
es

ec
en

ce
 in

te
ns

ity
(%

 o
f p

re
st

im
ul

at
or

y 
va

lu
e)

N
A

D
(P

)H
/F

A
D

 ratio



The Microfluidic Chip for Islet Perifusion - Prototype 
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Sequence of Wells of Increasing Depth 
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500 µm 
400 µm 
300 µm 
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Requirements 

The wells should be deep enough to hold the islets firmly in place, 
but not so deep as to impede medium exchange   

The flow rate should be fast enough to permit complete medium  

exchange in the vicinity of the islets,  

but not so fast as to dilute the secreted hormones beyond measurabilty 



Deposition of Beads Depending on Flow Rate and Well Depth (1) 
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Well-Depth (µm) 

Bead properties 
 
Diameter 100 µm 
Density 1.05 g/ml 



Deposition of Beads Depending on Flow Rate and Well Depth (2) 
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Medium Exchange in Dependence on Flow Rate and Well Depth (1) 
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Wash-out of 
quinine fluorescence 

t1/2 ca. 30s 

t1/2 ca. 150s 
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Medium Exchange in Dependence on Flow Rate and Well Depth (2) 

Wash-out of 
quinine fluorescence 

40 µl/min 

t1/2 ca. 10s 
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Simultaneous Measurement of NAD(P)H-Autofluorescence 
 and Oxygen Consumption  
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 The Combined Chip - How it May Look 
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Conclusion 
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A combination of well depth  
and medium flow rate could 
be defined which permits  
stable recordings. 
 
Simultaneous measurements  
of (UV-excited) fluorescence  
and oxygen consumption of  
the islets are possible 
 
Future challenges: 
 
- Valve control of channel perfusion 
- Parallel channel design 
- Further integration of oxygen sensor spots 
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