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Introduction and Methods
Increase in blood glucose concentration leads to glucose-induced
electrical activity of pancreatic beta cells resulting in insulin secretion. This
electrical activity manifests in glucose concentration-dependent
oscillations which can easily be recorded by microelectrode arrays (MEA)
[1]. To increase the throughput of the measurements to be suitable for
drug development we engineered a MEA-based parallelized recording
system for primary rodent, human or stem cell derived islets of
Langerhans called Beta-Screen.
In addition, to study the long-term effects of a diabetes-promoting
environment on islets of Langerhans’ functions (e.g. to mimic the develop-

ment of T2DM), monitoring of electrical activity of the islets over several
days or weeks is required. So far, all electrophysiological techniques have
been limited to short-term recordings. Therefore, we developed a
noninvasive MEA-based long-term culture of intact islets [2].

Isolated islets of Langerhans were placed on MEAs via negative pressure
or cultivated and oscillations of membrane potential of beta-cells were
either measured acutely or after up to 34 days in vitro culture. Recordings
were performed with isolated mouse and human islets.

Figure 1: Mechanism of insulin secretion. (a) Passive transport of glucose into the
beta-cell. (b) ATP/ADP ratio increase in the close vicinity of the KATP channel. (c)
closure of the KATP channel leads to (d) calcium influx through L-type channels
which triggers the exocytocis of insulin (e)

The Beta-Screen Device
MEA-based parallelized screening system
for intact islets of Langerhans
The number of MEA-based islet recordings was limited to one recording
per experiment. To increase the throughput to a level suitable for drug
screening and profiling we developed a MEA-based parallelized recording
system for acute recordings with intact islets of Langerhans. The current
layout of the Beta-Screen will allow to record electrical oscillations from up
to 40 intact islets simultaneously.

Figure 2: Beta-Screen System (A) View of a Beta-Screen headstage with recording
chamber. (B) Suction placed intact murine islet of Langerhans on a recording
electrode. Placed with 10 mbar. (C) View into the recording chamber with five
independent electrodes. Two of the electrodes are covered with intact islets. (D)
Two simultaneous islet recordings in 10 mM glucose.

Figure 3: Human islet activity can be recorded with the MEA technology. [3]
Electrical activity of a human islet of Langerhans obtained from an adult donor.
The application of 10 mM glucose (FOPP in % = 35) evoked spike activity and
additional application of tolbutamide further increased the spikes (FOPP in
% = 85).

Figure 4: Recordings of human islets with the Beta-Screen and insulin secretion
measurements A Effect of diazoxide/tolbutamide on spike activity of human
islets. Diazoxide (100 μM, n=10) reduced spike activity, whereas additional
application of tolbutamide (150 μM, n=10) reversed this inhibition. B TTX reduced
spike activity significantly (300 nM, n=11). The effect of TTX is reversible, which
can be seen after washout (n=11). C Glucose concentration-response curve of
spike activity. Spike activity increased with increasing glucose concentrations. The
data are fitted with the Hill equation and revealed a half-maximal glucose
concentration of 8.66 ± 3.02 mM. D Insulin secretion experiment of human islets
(curtesy of Prof. Dr. Susanne Ullrich from the Universitätsklinikum Tübingen).

Development of a MEA-Based Islet Culture
Chronic recordings of cultivated islets
Development and progression of T2DM is a slow process. Unfortunately,
there are currently no in vitro electrophysiological approaches available for
long-term recordings of beta cell electrical activity. For a better
understanding of the pathological processes leading to T2DM, we
designed a MEA-based non-invasive islet culture on MEAs. Cultivation of
intact islets of Langerhans on MEAs is viable for more than 34 days with
stable electrical activity.

Figure 5: Parallel recordings of beta-cell activity from different islets after longterm cultivation on MEAs. Upper left: Microscopic view of islets cultivated on the
electrode field of a MEA. Typical oscillations from seven islets (red circles) are
presented aside, showing the increase in electrical activity with increasing glucose
concentrations.
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Figure 6: TTX effect on electrical activity of human vs. mouse islets. A 300 nM
TTX almost completely diminished electrical activity of a human islet (n=11) in
the presence of 10 mM glucose and 100 μM tolbutamide (Spike activity in 10
mM glucose 1047 ± 314, glucose and TTX 199 ± 90 and after washout of TTX
779 ± 301). B TTX without effect on murine islets in the presence of 10 mM
glucose (n=3) (FOPP in % for 10 mM glucose = 61 ± 9, FOPP in % in 10 mM
glucose and 300 nM TTX = 60 ± 8 and after the washout of TTX = 63 ± 9).

Figure 7: Electrical activity of islets is preserved in culture. A Two
representative recordings from islets cultured for 6 and 34 days on a MEA. B
(left) FOPPs for glucose concentrations of 10 and 15 mM are not significantly
altered up to 34 days in culture and are comparable to (right) FOPPs recorded
from freshly isolated islets. *P ≤ 0.05, ** P ≤ 0.01, *** P ≤ 0.001. Statistical
differences between the FOPP at 10 and 15 mM glucose at each culture day.

Conclusion
The development of MEA-based recordings opens the door for large-scale investigation of electrical beta cell activity
• For both academic and industrial purposes
• To develop new drugs for type-2 Diabetes mellitus (T2DM)
• To elucidate beta-cell pathophysiology e.g. during the progression of T2DM
• To establish in vitro models to investigate functional behavior of individual islets in long-term studies
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