APPLICATION NOTE

HumSilencer eliminates electrical hum
without causing signal distortion

Introduction

Electrical hum is the most common source
of background noise in electrophysiology
experiments. It is caused by the
alternating current (AC) of the electrical
mains, delivered via power outlets. This
background noise interferes with biological
signals of interest. We have previously
demonstrated that the HumSilencer™
Adaptive Noise Cancellation feature of
our Axon™ Digidata® 1550 Series digitizers
successfully eliminate 50 Hz or 60 Hz
line-frequency hum and its associated
high frequency harmonics in a variety of
electrophysiology applications'. Some

of our customers still question whether
the underlying HumSilencer algorithm
either (a) distorts the acquired biological
signal in any way, (b) removes 50/60 Hz
frequencies that are part of the biological
signal, and (c) is able to distinguish
between 50/60 Hz frequencies that are
caused by background interference, and
50/60 Hz frequencies within the biological
signal, and only removes the former.
These questions will be addressed in this

Amplifier. End-plate potentials and action
potentials were evoked by injecting
depolarizing current pulses to the muscle
cell. The acquired signal was sent into
two analog input channels of the Digidata
1550A, one of which was digitized using
the HumSilencer feature. This enabled
comparison of raw data to data where the
HumSilencer feature was used. Acquired
and digitized signals were then recorded
using the Episodic Stimulation mode and
analyzed using pCLAMP™ software version
10.5. In some experimental conditions, an
external noise generator was placed near
the headstage to introduce exogenous
line-frequency noise. Evoked end-plate
potentials and action potentials were
analyzed using the Event Detection
program in the pCLAMP software.
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Figure 1. HumSilencer (HS) does not distort current-induced action potentials. A series of action
potentials was evoked by injecting a depolarizing current pulse into the recorded muscle cell
(HumSilencer enabled data in top panel, raw data in middle panel). The injected current pulse is 100 nA
magnitude and 100 ms duration (bottom panel). The resting membrane potential of the muscle cell was
-71 mV. Data courtesy of Andrew Voss, PhD., Wright State University.
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dIStort Current_lnduced Raw HS Raw HS Raw HS Raw HS Raw HS

action potentia|s data | data | data | data | data | data | data | data | data | data
The injection ofa depolarizing current pulse Peak Amp (mV) 12.8 12.9 105.3 | 1053 | 1039 | 1040 | 1029 | 103.0 | 102.2 | 102.2
(100 nA, 100 ms) (Figure 1, bottom panel) Time of Peak (ms) 788 | 788 | 869 | 869 | 958 | 958 | 1052 | 1052 | 1149 | 114.9

evoked a train of action potentials (Figure 1,
middle panel). With HumSilencer enabled,
no distortion of the evoked action potential
train, in terms of frequency and amplitude

10t Spike

Raw HS Raw HS Raw HS Raw HS Raw HS
data data data data data data data data data data

i ) Peak Amp (mV) 128 | 129 | 1053 | 1053 | 103.9 | 1040 | 102.9 | 1030 | 102.2 | 102.2
of spikes, was observed (Figure 1, top
Time of Peak (ms) 78.8 78.8 86.9 86.9 95.8 95.8 | 105.2 | 105.2 14.9 14.9
panel). We further measured the peak
amplitude and time of peak amplitude of Table 1: Comparison of the peak amplitude and time of peak amplitude of each spike from the raw
each spike of the action potential train. The data trace vs spikes from the HumSilencer (HS) enabled trace shown in Figure 1.
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60 Hz bl0|OgIC8| signa Is Figure 2: HumSilencer (HS) does not eliminate 60 Hz end-plate potentials. A train of 60 Hz
To further investigate the elimination of 60 end-plate potentials was induced by injecting a series of 60 Hz depolarizing current pulses into the
Hz signals/interference by the HumSilencer recorded cell (HumSilencer enabled data in top panel, raw data in middle panel). The injected current
algorithm, 60 Hz end-plate potentials and pulse was 300 nA magnitude and 0.5 ms duration (bottom panel). The resting membrane potential of

. ) h | Il -71mV. D fA \Y PhD., Wrigh i ity.
60 Hz action potentials were evoked by the muscle cell was -71 mV. Data courtesy of Andrew Voss, , Wright State University.

injecting a 60 Hz series of depolarizing
current pulses into the recorded muscle 1t Spike 2 Spike 3 Spike 4t Spike 5t Spike 6" Spike

cell. The middle panel of Figure 2 shows Raw s Raw s Raw s Raw s Raw s Raw s

that 60 Hz end-plate potentials were data | data | data | data | data | data | data | data | data | data | data | data
evoked by injecting a train of depolarizing Peak Amp (mV) | 210 | 211 | 209 | 211 | 212 | 213 | 210 | 211 | 209 | 210 | 211 | 213
current pulses (300 nA, 0.5 ms) of 60 Hz Time of Peak

754 | 754 921 921 | 1087 | 1087 | 125.4 | 125.4 | 1421 | 1421 | 1587 | 1587

frequency (Figure 2, bottom panel). With (ms)
the HumSilencer enabled, the frequency Half-width (ms) | 22 | 22 | 22 | 22 | 22 | 22 | 22 | 22 | 24 | 24 | 22 | 22
and amplitude of the evoked 60 Hz end- Rise Tau (ms) 13 13 17 17 | 22 | 23 | 14 14 19 | 20 | 14 15

plate potentials did not change (Figure

S Decay Tau (ms) 33 33 33 33 33 33 34 34 33 33 34 34
2, top panel). More depolarizing current

(500 nA, 0.5 ms) (Figure 3, bottom panel) gAIfJ);;eRI(Sr:V/ms) 513 | 525 | 510 | 506 | 482 | 482 | 525 | 519 | 485 | 491 | 519 | 525
was then injected into the cell to elicit a Max Decay

train of 60 Hz action potentials (Figure 3, Siope (mv/ms) | 207 | 204 | -207 | -204 | 183 | 486 | 198 | 198 | 198 | 198 | 146 | 40
middle panel). No change in the evoked ise Ti

60 Hz apction)potential vx?as observed after %i/igg;e(ms) 04 04 04 04 04 04 04 04 04 04 04 04
HumSilencer was enabled (Figure 3, top Rise Slope

panel). We measured the peak amplitude, zgii,/zz? 440 | 441 | 435 | 435 | 437 | 438 | 429 | 430 | 431 | 432 | 424 | 425
time of peak amplitude, half-width, rise tau, Decay Tme

decay tau, maximal rise slope, maximal 90%10% (ms) 6.1 63 | 60 | 60 | 62 | 62 6.1 62 | 63 | 65 | 62 | 62
decay slope, 10%-90% rise time, 10%-90% Decay Slope

rise slope, 90%-10% decay time and 90%- 90%-10% 25 | 24 | 25 | 25 | 24 | 25 | 25 | 25 | 24 | 24 | 24 | 24
10% decay slope of each event. There (mv/ms)

was no significant difference in any of Table 2: Comparison of the characteristics of each spike from the raw data trace vs. spikes from

the measured parameters for the evoked the HumSilencer (HS) enabled trace shown in Figure 2.



end-plate potentials (Table 2) and action
potentials (Table 3) obtained with and
without HumSilencer enabled.

HumSilencer eliminates 60 Hz
interference but not 60 Hz

biological signals

To test whether the HumSilencer system
is able to eliminate 60 Hz line-frequency
noise without eliminating 60 Hz signals,
exogenous 60 Hz interference was
introduced to the recording system

by placing a noise generator near

the headstage. The introduced 60

Hz interference was picked up by the

headstage and acquired along with the 60

Hz end-plate potentials (Figure 4, middle
panel) evoked by injecting a 60 Hz series
of current pulses (50 nA, 0.5 ms) (Figure
4, bottom panel). When the HumSilencer
was enabled, the 60 Hz interference,

but not the 60 Hz biological signals,

was eliminated (Figure 4, top panel). We
measured the time of peak amplitude of
each spike of evoked end-plate potentials
and found no significant difference
between those obtained with and without

HumSilencer enabled, as shown in Table 4.

Conclusion

In this application note, we have answered

many of the questions and concerns

of using HumSilencer to remove line-
frequency interference without distorting
the biological signals during data
acquisition. Our results indicate that

the HumSilencer itself does not distort
acquired biological signals in any way.
More importantly, it eliminates 60 Hz
line-frequency interference but not 60 Hz
biological signals. These results confirm
that the HumSilencer feature is not a filter
and does not have a filtering effect on

acquired signals; nor does the Humsilencer

system cause signal distortion, such as
frequency change, amplitude attenuation,
phase shift, or DC voltage change.
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Figure 3: HumSilencer (HS) does not eliminate 60 Hz action potentials. A train of 60 Hz action
potentials was evoked by injecting a series of 60 Hz depolarizing current pulses into the recorded cell,
HumSilencer enabled data (top panel), raw data (middle panel). The injected current pulse was 500

nA magnitude and 0.5 ms duration (bottom panel). The resting membrane potential of the muscle cell
was -71 mV. HumSilencer was enabled in the top panel during the entire recording. Data courtesy of
Andrew Voss, PhD., Wright State University.

1¢t Spike 2" Spike 3 Spike 4t Spike 5% Spike 6" Spike

Raw HS Raw HS Raw HS Raw HS Raw HS Raw HS
data | data | data | data | data | data | data | data | data | data | data | data

Peak Amp (mV) | 112.2 | 123 | 1122 | 123 mo | 120 | 12.0 121 ms m.o me m7z

Time of Peak 761 761 926 | 926 | 109.2 | 109.2 | 125.9 | 125.8 | 1425 | 1425 | 159.2 | 159.2
(ms)

Half-width (ms) 1.5 1.5 16 16 16 16 17 17 17 17 17 17
Rise Tau (ms) 0.2 0.2 0.3 0.3 0.3 0.3 0.2 0.2 0.2 0.2 0.3 0.2
Decay Tau (ms) | 0.9 0.9 1.0 1.0 11 11 11 11 11 11 11 11
Max Rise 476.8 | 4777 | 4641 | 4659 | 448.2 | 450.0 | 444.9 | 4455 | 429.3 | 4296 | 433.9 | 4351
Slope (mV/ms)

Max Decay -913 | -92.2 | -757 | -748 | -70.8 | -70.2 | -70.8 | -70.2 | -686 | -68.0 | -65.6 | -66.0
Slope (mV/ms)

Rise Time 0.8 0.8 07 07 07 07 07 07 07 07 07 07
10%-90% (ms)

Rise Slope 786 | 783 873 86.9 | 930 | 926 | 989 | 985 | 1003 | 999 | 970 | 102.9
10%-90%

(mV/ms)

Decay Time 4.8 4.8 53 5.3 57 57 6. 6.1 6.4 6.5 6.5 6.5

90%-10% (ms)

Decay Slope <134 | 1133 | 126 | 126 | -11.2 -1.3 | <103 | 103 | -96 -95 -9.3 -93
90%-10%
(mV/ms)

Table 3: Comparison of the characteristics of each spike from the raw data trace vs. spikes from
the HumsSilencer (HS) enabled trace shown in Figure 3.
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Figure 4: HumSilencer (HS) eliminates 60 Hz line-frequency noises but not 60 Hz end-plate
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potentials. A train of 60 Hz end-plate potentials was evoked by injecting a series of 60 Hz

depolarizing current pulses (50 nA, 0.5 ms) into the recorded cell (bottom panel). 60 Hz end-plate

potentials were purposely contaminated with exogenous 60 Hz line-frequency interference by placing
an external noise generator near to the headstage (middle panel). Introduced 60 Hz interference, but

not 60 Hz signals, was eliminated by HumSilencer system (top panel). The resting membrane potential
of the muscle cell was -80 mV. HumSilencer was enabled in the top panel during the entire recording.

Data courtesy of Andrew Voss, PhD., Wright State University.

1%t Spike 2" Spike 3 Spike 4t Spike 5t Spike 6t Spike
Raw HS Raw HS Raw HS Raw HS Raw HS Raw HS
data data data data data data data data data data data data
(Trinrg)e ofPeak | 55 | 755 | 921 | 921 | 1087 | 1087 | 1254 | 1254 | 1421 | 1421 | 1587 | 1587

Table 4: Comparison of time of peak amplitude of each spike from the raw data trace vs. spikes
from the HumSilencer (HS) enabled trace shown in Figure 4.
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