Measuring dynamic hormone release from
pancreatic islets using perifusion assay
Per-Olof Berggren (  PBerggren@med.miami.edu )
Berggren&Caicedo Groups (University of Miami)
Alejandro Caicedo (  ACaicedo@med.miami.edu )
Berggren&Caicedo Groups (University of Miami)
Alberto Fachado
Berggren&Caicedo Groups (University of Miami)
Judith Molina
Berggren&Caicedo Groups (University of Miami)
Rayner Rodriguez-Diaz
Berggren&Caicedo Groups (University of Miami)
M. Caroline Jacques-Silva
Berggren&Caicedo Groups (University of Miami)
Over Cabrera
Berggren&Caicedo Groups (University of Miami)
Midhat H. Abdulreda
Berggren&Caicedo Groups (University of Miami)

Method Article
Keywords: Perifusion, perifused islet, autocrine, paracrine, signaling, pancreas, islets of Langerhans,
acetylcholine, glutamate, GABA
Posted Date: October 10th, 2011
DOI: https://doi.org/10.1038/protex.2011.260
License:   This work is licensed under a Creative Commons Attribution 4.0 International License.
Read Full License

Page 1/8

Abstract
An important aspect of studying pancreatic islet physiology is to be able to measure hormone release
from islet cells in response to specific stimuli. We demonstrate here step-by-step how to quantitatively
measure hormone release from viable isolated pancreatic islets using the in vitro perifusion assay. Islet
perifusion has two great advantages over other existing assays: \(1) It allows pharmacological
manipulation to dissect out signaling mechanisms underlying release of different hormones in the
pancreatic islets and, \(2) it allows performing simultaneous experiments on multiple islet preparations
resulting in high throughput readouts. Other practical applications of islet perifusion include assessment
of islet function and viability for experimental purposes and/or clinical application in human islet
transplantation. The experimental conditions during islet perifusion are adjusted to simulate the islet
“physiological” environment within the pancreas. Therefore, the overall time required to execute the
described protocol will be more than 1 h to establish such conditions but should not exceed 2 h to avoid
compromising islet health.

Introduction
The islets of Langerhans constitute the endocrine pancreas which is responsible for maintaining normal
blood glucose levels. Pancreatic islets are composed of secretory endocrine cells, the alpha, beta, delta,
and pancreatic polypeptide cells. The alpha and beta cells are the most abundant in islets of most
species and they secrete glucagon and insulin, respectively. The delta cells secrete somatostatin and are
thought to modulate the function of alpha and beta cells. However, the coordinated secretion of all three
hormones from the alpha, beta, and delta cells is critical in the maintenance of glucose homeostasis.
Autocrine and paracrine signals from the different islet cells are primarily responsible for coordinating
and optimizing the overall function of endocrine pancreas. We and others have shown recently that
endogenously released substances including acetylcholine, glutamate, ATP, and gamma-aminobutyric
acid \(GABA) mediate autocrine and paracrine signals within human islets to ensure optimal hormone
release and glucose homeostasis \(Braun et al., 2010; Cabrera et al., 2008b; Jacques-Silva et al., 2010;
Rodriguez-Diaz et al., 2011). Therefore, it is critical to be able to assess the health and functional state of
pancreatic islets for experimental and clinical applications. Several assays have been used to assess
viability of pancreatic islet cells. These assays have improved our ability to discriminate among islet
preparations and select those most suitable for clinical transplantation \(Barnett et al., 2004; Boyce et al.,
2006; Fraker et al., 2006; Ichii et al., 2005). Quantification of islet viability is a fundamental measure that
can significantly influence experimental and clinical outcomes. However, viability of islets may not
necessarily reflect their functional state. Therefore, confirming the functional state of pancreatic islets is
also essential in both the preclinical and clinical settings. An important aspect in assessing the functional
state of pancreatic islets is to be able to measure release of hormones and other substances from the
islet cells in response to stimulation. This is particularly important in the study of islet physiology, where
practical considerations including quality of the islets, reproducibility and accuracy of quantification of
hormone release, simplicity of experimental design, speed and cost-effectiveness are crucial. Given the
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importance of autocrine/paracrine interactions among the difference islet cells in glucose homeostasis,
being able to measure hormone release in response to specific pharmacological manipulation is also
important to establish signaling mechanisms within the pancreatic islets. Specific stimuli can induce
changes in membrane potential of specific islet cells that are typically regulated by metabolismdependent alteration in ion channel activity. The study of such mechanisms can elucidate the effects of
endogenous substances \(e.g., hormones, neurotransmitters) or potential drugs on the function of
pancreatic islet cells and will improve our understanding or islet physiology and pathophysiology. This
will undoubtedly improve therapeutic approaches in diabetes. We have shown previously that islet
perifusion is an excellent experimental assay to measure hormone release from islet cells in the study of
pancreatic islet physiology \(Cabrera et al., 2008a; Cabrera et al., 2008b; Jacques-Silva et al., 2010;
Rodriguez-Diaz et al., 2011). We describe in the below step-by-step protocol how to perform the islet
perifusion procedure.

Reagents
**MATERIALS** **Pancreatic islets:** The perifusion assay is performed with isolated pancreatic islets.
The source of islets and islet isolation will vary depending on personal preference. In our hands, mouse
islet isolations are performed using the automated method for human islet isolation, adapted for
isolation of monkey islets and mouse islets \(Cabrera et al., 2008a). Human islets are typically obtained
through the Integrated Islet Distribution Program \(IIDP). **REAGENTS** **1. Culture Media:** Preferred
culture medium for maintenance of pancreatic islets **before** perifusion will vary depending on
personal preference and study parameters. In our hands, we cultured mouse and human in CMRL
medium-1066 \(Invitrogen) supplemented with niacinamide \(10 mM, Sigma), ITS \(BD Biosciences, San
Jose, CA), Zn2SO4 \(15 µM, Sigma), glutamax \(Invitrogen), HEPES \(25 mM, Sigma), fetal bovine serum
\(10%, Invitrogen), and penicillin-streptomycin \(Invitrogen) at 37°C and 5% CO2. **2. Extracellular
solution:** This is used to maintain the islets **during** the perifusion assay. The Extracellular solution is
composed of 125 mM NaCl, 5.9 mM KCl, 2.56 mM CaCl2, 1 mM MgCl2, 25 mM HEPES; 0.1% BSA; pH 7.4;
3 mM glucose or adjusted as needed. **3. Beads:** Bio-Gel P-4 Gel \(BioRad, Hercules, CA; Cat. #1504124). **4. Endocrine LINCOplex Kit:** This is used to measure the different hormones released by the
islets. Different kits are available with different analyte combinations \(Millipore Cat.# HENDO-65K-03).

Equipment
**1. Inverted fluorescence microscope** \(for counting islets). **2. Three-stop Tygon Tubing** \(VWR,
Cat.# 630160126). **3. High-capacity, automated perifusion system** Biorep® Perifusion V2.0.0. \
(Biorep Technologies, Miami, FL; Model No. Per14-01). **Note:** The Biorep® Perifusion V2.0.0 system
allows automatic and manual perifusion of 8 different solutions simultaneously. The automatic option
allows simultaneous perifusion of 8 different solutions per column \(8 columns in total). In contrast, the
manual option allows a higher number of permutations per column as the machine can be paused for
differential application of perifusion solutions. In the manual mode, perifusion solutions must be placed
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in the heating block outside the chamber and kept at 37 ˚C to allow placing the inlet tubing into the proper
solution as desired. **4. Perifusion Columns** \(Biorep Technologies; Cat.# CO-A-01). **5. Bio-Plex
protein array system** Bio-Plex 100, Serial: No. LX10001274004; Bio-Rad, Hercules, CA). **6. U-bottom 96
well plates** \(VWR; Cat.# 62408-940). **7. Heating Block** \(Barnstead International; Model No. 2003).

Procedure
We describe here how to perform manually islet perifusion using the Biorep® Perifusion V2.0.0 following
these steps: **1.** Put 5 drops of Bio-Gel beads in the perifusion column. **CAUTION:** The beads must
be kept hydrated at 37 ˚C when used. **2.** Place ~100 islets in culture medium above the beads and
add another layer of beads over the islets. **CRITICAL STEP:** The islets should not be older than 48 h in
culture after isolation. Longer culture times may compromise islet function. **3.** Place the perifusion
column containing the islets in the column holder of the machine and connect the proper tubing to the
inlet and outlet of the column. **4.** Connect the inlet tubing that will be placed in **STEP 7** inside the
different perifusion solutions. Tubing should be passed through the peristaltic pump to enable flow of the
different solutions. Flush 50ml of extracellular solution for 1 h at 37 ˚C. **CRITICAL STEP:** This will
allow the islets to equilibrate to basal glucose levels before subsequent stimulations in the experiment.
**5.** Connect the outlet tubing to the proper collection ports to capture the perifusate \(i.e., solution
exiting column) in the 96 well plate for later evaluation. **CRITICAL STEP:** Different experimental
conditions \(e.g., glucose concentrations, stimuli) can be applied simultaneously to multiple islet
preparations in the 8 parallel columns. **CAUTION:** Re-used tubing must be clean to ensure proper flow
of perifusate into the collecting 96 well plate. **6.** Place the inlet tubing inside the appropriate
perifusion solution heated to 37 ˚C in the heating block. **CAUTION:** If perifusion solution are placed
inside the chamber, allow the chamber to equilibrate to 37 ˚C for 2 - 5 min before turning **ON** the
pump. **7.** Turn **ON** the peristaltic pump to begin flow \(100 µL/min) of the perifusion solutions,
stimulation of the islets, and collection of the islet secretion product\(s) in the perifusate. **CRITICAL
STEP:** Perifuse the islets for 10 - 15 min per stimulus to allow proper exposure of the islets and
collection of their secretion product. Set the perifusate collection time to 1 min/well \(i.e., 100 µL/well) for
proper hormone measurement during the 10 - 15 min stimulation. **CAUTION:** Do not exceed 15
min/stimulus to avoid desensitization of the islets. Do not open the chamber during islet perifusion to
prevent temperature changes and consequent effects on the islet hormone secretion. **8.** Press
**PAUSE** to switch perifusion solutions applied to the same column\(s) as needed and repeat **STEP
7** according to the stimulation schedule. **CAUTION:** Allow wash out between stimulation using your
preferred solution. **9.** Turn **OFF** the pump after the stimulation schedule is completed and after
thorough washing of the tubing with distilled water \(pump tubing can be re-used up to 10 times). **10.**
Retrieve the 96 well plate and cover it with included adhesive plastic and store at -20 ˚C until later
analysis. **CAUTION:** Quickly store the covered plates to avoid hormone degradation. **11.** Measure
the concentration of different hormones released from the islets using the appropriate Endocrine
LINCOplex Kit. Hormone concentration is determined colorimetrically in the Bio-Plex protein array system
\(Bio-Rad). **CRITICAL STEP:** Measurement of the different hormones can be done in different wells of
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the same 96 well plate. In principle, 96 samples from multiple islet preparations with different
experimental conditions can be measured simultaneously allowing for high throughput screening.

Timing
Execution of the above protocol will require a minimum of 1 h during islet equilibration before perifusion.
The overall time required to perform the actual perifusion step\(s) will vary depending on the
experimental conditions which is primarily dependent on the number of stimuli applied in **SETP 7** \
(stimulation schedule). While as many desired repetitive stimulation can be applied to the same column\
(s), we do not recommend exceeding 1 h during **SETP 7** to avoid compromising islet function and
confounding the results. We therefore recommend taking advantage of the multiplicity of this approach
by running parallel experiments in multiple columns to accomplish the same results within appropriate
time.

Anticipated Results
For representative islet perifusion results, please refer to the **Associated Publications** where perifusion
results are presented and discussed in details.
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Figure 1
*High-capacity, automated perifusion system (Biorep® Perifusion V2.0.0):* This system was developed
to dynamically measure hormone secretion from pancreatic islets. The system is temperature controlled
inside Plexiglas chamber where the islets and solutions are housed. A low pulsatility peristaltic pump
allows flow of 8 different perifusion solutions into 8 islet-containing columns simultaneously. The
columns are positioned on a special holder and the perifusate is collected in a multi-well plate positioned
on a robotic plate holder. The plate holder is kept at < 4ºC, to preserve the integrity of the analytes in the
perifusate.
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Figure 2
*Bio-Plex protein array system (Bio-Rad, Hercules, CA):* This colorimetric plate reader is a flow-based dual
laser system that simultaneously identifies and quantifies up to 100 different analytes in a single assay.
Release of different hormones in the perifusate was determined using the appropirate Endocrine
LINCOplex Kit following manufacturer’s instructions (Linco research, St. Charles, MO).
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