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The use of fluorescent probes in cell physiology has 
emerged as an indispensable tool in the analysis of cell 
functioning over the past years. Typically, a fluorescent 
dye is introduced into tissue or single cells to obtain a 
fluorescent response of the labeled molecule. A typical 
example is the detection of the transient increase in 
the cytoplasmic/myoplasmic free calcium concentration 
(Δ[Ca2+]) as the intermediate signaling event of the 
excitation-contraction coupling. The quantification of 

Δ[Ca2+] is accomplished using a monochromatic light 
to excite the dye labeled Ca2+ molecule in a tissue/
cell sample, either in a tissue bath or microscope 
experimental setup. The emitted fluorescence signal 
from the indicator dye can then be used to monitor 
the amplitude and time-course of the Δ[Ca2+] detected 
by sensitive detectors, so-called photomultiplier tubes 
(PMTs). 

System configuration
WPI offers a fiber optic based Biofluorometer (SI-BF-100) 
for physiological research. The instrument features three 
exchangeable high power LED modules as excitation 
source and two highly sensitive photomultipliers, allowing 
the detection of weak fluorescent signals. Excitation light 
is guided from the SI-BF-100 light output to the tissue/
cell sample and emission light from the tissue/cell sample 
to the PMTs using optical fibers, called liquid lightguides 
(LLGs) or small tissue probes (dipping probes). Such 

an optical instrumentation allows direct and simple 
connection using either fiber probes to a microscope 
set-up or adjacent to a tissue bath (like the SI-MT or SI-
HTB2). The emitting fluorescent signal can be measured 
directly and displayed via a data acquisition system 
(LabTrax 8/16 with MDAC), allowing the quantification 
of rapidly changing temporal events, like changes in the 
concentration of free calcium (Δ[Ca2+]).

Biofluorometer 
Application: Fluorescence detection of Ca2+ in muscle tissue
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Research Disciplines
• Muscle Physiology
• Neurophysiology
• Pre-clinical & toxicology
• Sports & Rehabilitation

Application Areas
• Screening of potential drugs
• Models of cardiac disease
• Functioning of transplanted heart
• Functioning of cultured heart tissue
• Muscle dystrophies/myopathies
• Muscle disuse/overuse or damage
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Four different modes
The SI-BF-100 enables the detection and analysis of fluorescence signals in four different modes:

• Single excitation/single emission: In this classical mode, a fluorophore is 
excited at one wavelength and the fluorescence signal is detected at a single 
higher wavelength using one photomultiplier. The concentration of the analyte 
is directly proportional to the intensity of the detected signal. 

• Dual excitation/single emission: A fluorophore is excited at 
two wavelengths and the fluorescence signal is detected at one 
wavelength using one photomultiplier. The concentration of the 
analyte is proportional to the ratio of the two detected fluorescence 
signals. This ratiometric concept minimizes the effect of indicator dye 
bleaching and motion artifact in experiments. 

• Single excitation/dual emission :   A 
fluorophore is excited at one wavelength 
and the fluorescence signal is detected at 
two wavelengths using two photomultipliers. 

• Dual excitation/dual emission: Two separate 
fluorophores are excited at different wavelengths 
and the fluorescence signal of each fluorophore is 
detected at two separate wavelengths using two 
photomultipliers.

Experimental overview
In the present study fluorescence measurements were performed on slices from human left ventricular or from 
mouse whole heart, either in a microscope set-up (SI-BF-100LLG) or in an organ bath (SI-BF-100SMA). This allows:

• The quantification and comparison between high spatial vs. high time resolution techniques on the human left 
ventricular slices.

• The possibility of measuring changes in free calcium concentration (Δ[Ca2+]) transients in an organ bath on 
murine myocardium slices
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• SI-BF-100 Biofluorometer, with high-power LEDs in UV and VIS range in either LLG or SMA setup
• SI-MT Muscle Tester System or SI-HTB2 Horizontal Tissue Bath
• LabTrax 8/16 with MDAC
• Option: Euromex Inverted Microscope

Products actually used include the following:
• SI-BF-100 Biofluorometer, with high-power LEDs in UV and VIS range in either LLG or SMA setup
• Bandpass filter with center wavelength of 525/50 nm
• Axio Examiner Z1, Zeiss
• QImaging Rolera EM-c2 camera controlled by VisiView software
• Sutter Instrument light source 
• Tissue bath

The Biofluorometer can be connected to the epifluorescence port 
of an inverted microscope and its high intensity LED light source is 
used for excitation of the corresponding dye.
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The ratiometric dye Fura-8™ was selected for the detection of free calcium concentration (Δ[Ca2+]) in heart muscle 
tissue slices using a ratiometric fluorescent measurement technique (dual excitation/single emission mode option). 
Fura-8™ was chosen to cancel out possible effects of uneven dye loading, inhomogeneous distribution of fluorescence 
indicator in the cells or indicator bleaching in the detection of free calcium concentration (Δ[Ca2+]) in the muscle 
tissue. A further key advantage of Fura-8™ in the present application is that the dye can be excited at either 340/410 
nm or 365/410 nm and emission is recorded at 525 nm. This improves the use of annexed imaging based systems 
(e.g. camera based Ca2+ detection) and optic fiber probes (SI-BF-100LLG). 

1. Prepare human myocardium slices and culture them for 12 days. They are used on the day of the experiments 
for Fura-8™ dye loading and mounted in an organ bath. 

2. Prepare the murine slices the day of experimentation and load them with Fura-8™ dye. 

3. Choose the appropriate SI-BF-100 experimental setup for your application. Possible experimental setups for 
the SI-BF-100 include: A: This SI-BF-100LLG setup depicts the attachment to a fluorescent microscope. B: This 
SI-BF-100LLG setup shows a single fiber based detection system with a dichroic mirror and an imaging system 
at the distal end of a liquid light guide. Dichroic mirrors are used in A and B to separate excitation and emission 
light. C: The SI-BF-100SMA setup has a round shaped fiber bundle that is used to deliver excitation light to and 
pick up fluorescent light from the sample (adapted from Belz et al., 2016).
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The present results are for qualitative representation:

The present study examined changes in free calcium concentration with a microscope setup (first figure) and in an 
organ bath (second figure). 

Representative results from human left ventricular slices (first figure) in the microscope setup shows a clear increase in 
the Δ[Ca2+] when the slices were electrically stimulated to obtain a single twitch contraction. Qualitatively, fluorescence 
data from the SI-BF-100LLG detection were similar to those detected by the camera-based imaging system (left 
side), while data processing allowed for further sharpening of the detected signal, using a 50 Hz low-pass filter and 
a round shaped fiber bundle probe.

The murine myocardium samples (second figure) were setup in a horizontal tissue bath with a microscope. In both 
conditions, a clear increase in the Δ[Ca2+] was observed, although the microscope setup allowed only for the detection 
of Δ[Ca2+] using a 0.3 Hz electrical stimulation. Thanks to the higher time resolution of the SI-BF-100SMA (sampling 
rate of 1,000 Hz), it was possible to detected Δ[Ca2+] at 3 Hz electrical stimulation with a good spatial resolution, 
even when filtered at 50 Hz.

Microscope setup: Average fluorescence intensities of Fura-
8™ loaded human left ventricular slices excited at 340/410 
nm or 365/410 nm, respectively and detected at 525 nm. 
Data represent the calculated ratios (lower traces). Left 
the imaging data of a Rolera EM-c2 camera and right the 
response of the SI-BF-100LLG using two aperture settings. 
The fluorescent data collected with the small aperture setting 
and low-pass filtered at 50 Hz, gives lower noise disturbed 
data but are still comparable to those data obtained with 
the large aperture. Note the large time difference in the 
detection of the fluorescence signal between SI-BF-100LLG 
detection and the camera based imaging data (1ms vs. 
210 ms), allowing the detection of rapidly changing Ca2+ 
transients (adapted from Belz et al., 2016).

Organ bath: Average fluorescence intensities of Fura-
8™ loaded murine myocardium slices excited at 
365/410 nm wavelengths and detected at 525 nm. 
Left, using two apertures for fluorescence detection via 
the microscope. Right, same experimental condition 
using optical fiber fluorescence detection with the SI-
BF-100SMA in the organ bath, sampled at 1 kHz. The 
organ bath data are low-pass filtered at 200 Hz or 50 
Hz cut-off frequency (adapted from Belz et al.,  2016)
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Biofluormeter
Fluorescence detection of Ca2+ in muscle tissue
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The SI-BF-100 system is an accurate tool for the detection 

of Ca2+ transients in human and murine myocardium 

slices. The research was carried out successfully using 

a microscope setup and an organ bath. The SI-BF-100 

system performs well with excitation light from high power 

LEDs of 365 nm and 410 nm for Fura-8™ use. Sampling 

speeds of up to 1,000 Hz can be measured from the two 

PMT-based fiber coupled detector inputs.

  

This optimized optical fiber probe for muscle strips, uses the 
inner fibers for excitation and the outer fibers for detection of 
the emitted fluorescence signal.


