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Abstract

A setup to electrically measure the heart rate was developed. Ambient light, or lack of it, during the incubation can influence hatching time for chickens1,2. With the recommendations given in this paper it should be possible to investigate the influence of laser light on a three-day-old chicken-embryo’s heart rate.
Introduction

The development of the human heart is an important topic of research. Researchers want to investigate that shear stress in the embryonic heart has influence on the development of the heart5. Shear stress can be derived from the spatial velocity distribution of the blood plasma4. This is measured with Particle Image Velocimetry (PIV)1. In this measurement technique a laser is used for illumination1. If the laser light has influence on the heart rate, this can lead to less valuable PIV results. Our goal was to facilitate future measurements by designing a setup that measures heart rate in real time without influencing the chicken embryo and which can be used on closed eggs as well. It will then be possible to measure the influence of laser light on the heart rate of a three day old chick embryo. This experiment should then verify the assumption that heart rate of the embryo is independent on the laser illumination as used in the PIV measurements1. Optical methods are unfavorable because they cannot be performed during PIV measurements since they take place in a dark room, acoustical methods require a microphone to be placed in contact with the embryo which is undesirable since this might influence the chicks heart rate
Materials & Methods

The setup consists of an amplifier, thin coax-cables, an adjustable thermobath, a thermometer and a computer with a DAQ card (Data Acquisition card) as shown in [figure 1].
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Figure 1 schematic drawing of the setup
The eggs were kept in an incubator at a temperature of approximately 38ºC. The eggs were positioned ‘stump-side down’ causing the embryos to float and develop in the top of the egg, proper placement of the electrodes is facilitated in this way. During the experiment the embryo is kept at the same temperature using the adjustable thermo bath. After opening the eggshell the electrodes are positioned on front and aft side of the embryo. To allow for precise and stable positioning a micro-manipulator was used. The signal was amplified using the analog amplifier and recorded on the computer using a DAQ card. Using the LabView 8.0 program the signals where digitally filtered.
Through iteration a “best setup” was designed with a reasonable signal to noise ratio. Then five experiments were performed to gauge the contribution of four noise factors and to measure the amplitude of the chick-embryo’s ECG.
Experiments one through five were performed in a salt-solution (isotonic with the embryo) and number six (the embryo’s ECG) was measured in a live egg.
1. Best setup Noise – Using Faraday cage, single grounding via DAQ and looped shielding, 10,000 times amplified.
2. Electrical grounding noise – Using Faraday cage, dual grounding via DAQ and amplifier power supply and looped shielding, 100 times amplified
3. Amplifier Noise – Using Faraday cage, single grounding via DAQ and no looped shielding, 10,000 times amplified.
4. Environmental Noise – Using no Faraday cage, single grounding and looped shielding, 10,000 times amplified.
5. Mechanical Noise – Using Faraday cage, single grounding looped shielding and a push to the table on which the setup is located, 1,000 times amplified
6. Chick-Embryo ECG – Using Faraday cage, single grounding and no looped shielding, 10,000 times amplified
Results

The following results where obtained:
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Graph 1 Best Setup – 10,000 times

Best setup, noise amplitude is approximately 0.000 01V.
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Graph 2 Electrical Grounding Noise – 100 times

Using only one grounding point decreases the noise amplitude two-hundred fold from 0.001V to 0.000 01V.
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Graph 3 Amplifier Noise - 10,000 times

Looping the shielding of the electrodes results in a ten-fold noise decrease from 0.000 1V to 0.000 01V. Randomly there are even larger noise amplitudes (time: 3 to 3.5 seconds).
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Graph 4 Environmental Noise – 10,000 times

Using a faraday cage noise amplitude decreases 20-fold from 0.000 2V to 0.000 01V.
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Graph 5 Mechanical Disturbance – 1,000 times

Mechanical noise depends on the severity of the disturbance, but measured amplitudes in a salt solution can be fourty times the noise of the “best setup”. It also shows a resemblance in shape when compared to an ECG.
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Graph 6 Chick-Embryo ECG – 10,000 times

Experiment number six uses the same setup as number 3, but with a live embryo in stead of a salt-solution. The ECG is not very clear, but its amplitude is estimated to be 0,000 02V.
All the above measurements contained offsets of various magnitudes, an origin was not identified. Graphs were modified for easy comparison.
Discussion

Experiment number six shows the ECG to be of very small amplitude, only two times the amplitude of the noise as measured in experiment one. We therefore conclude that all the noise cancelling methods were useful. 

What remains is a 4Hz component in all the measured signals, the amplifiers power supply was checked but revealed 4Hz disturbance. Our experiments reveal it to be a grounding issue or a mechanical disturbance, since the 4Hz amplitude increases in experiments two through five.
Another method for cancelling noise is taking several measurements and mediating these to eliminate noise from the desired signal, this strategy is not usable to us since we want to be able to measure changes in heart-rate.

The need for detecting the change in heart rate does not allow for adding multiple measurements and mediating to the eliminate noise from the signal.
Recommendations

The best noise reduction was achieved by improving grounding conditions, therefore a clean grounding channel connected close to the amplifier and an ungrounded laptop running on batteries should decrease noise amplitudes even further. When powering the amplifier with batteries the 50Hz electrical grid disturbance can be avoided. This removes the need for a 50Hz notch filter paving the way for simple hard-wired filtering. This allows for continuously measuring the heart rate in stead of digitally filtered batches. This setup can be easily used in conjunction with the PIV setup to provide data about the chicks blood pumping cycle.
Using a setup as described above should provide a signal with minimized noise and hopefully a clear chick-embryo ECG.
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