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Changes in the myoelectrical activity during electrical stimulation
of healthy and mastitis-changed mammary glands in dairy cows
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Abstract

The aim of this study was to develop a new method of mastitis diagnosis. The study was
carried out on 14 highly productive dairy cows of Holstein-Friesian breed. The animals were
divided into two groups. The first clinical group consisted of 7 animals with confirmed mastitis.
The second control group consisted of 7 mastitis-free animals. Mastitis was confirmed by clinical
examination, California Mastitis Test, and bacteriological examination of the milk. The recording
of spontaneous myoelectrical activity of the udder was followed by the registration of the voltage
of the electrical current passed through the udder using EMS (electrical muscle stimulator).
An increase of 540% in the amplitude of spontaneous spike potentials recorded in the mastitis-
changed udder compared to the healthy udder was noted. Simultaneously, a decrease of 54% in
the voltage of current generated by the electrical muscle stimulator passed through the mastitis-
changed udder compared to the healthy udder was observed. The method of diagnosing mastitis
in dairy cows shown in this study can be an alternative to California Mastitis Test because of its
simplicity, velocity and inexpensiveness.

Electrical resistivity, conductivity, udder examination, mastitis, inflammation

Animal and human tissues have the ability to conduct electrical signals. Study of the
bioelectricity can be helpful to understand the development, regeneration and variety
of pathological processes of cells (McCaig etal. 2005; McCaig et al. 2009). Evidence
suggests that induced tissue inflammation is associated with abnormal myoelectrical
activity (Aube et al. 1999; Banach et al. 2001). Analysing the changes occurring
in the spontaneous myoelectrical activity and tissue conductivity of the normal and
inflammatory-changed mammary glands can be a new method of diagnosing the
inflammatory process of the mammary gland. Quick tests showing the changes in the
milk content during inflammatory process are now used in the diagnostics of mastitis.
One of the most widely used tests is CMT — California Mastitis Test (Shitandi and
Kihumbu 2004). In this study a pioneering attempt was made to confirm the usefulness
of registering both the spontaneous myoelectrical activity and the changes in udder
resistance in the diagnosis of mastitis.

Materials and Methods
Animals
The study was carried out on a group of 14 highly productive dairy cows of the Holstein-Friesian breed on the
School Agricultural Farm in Zemplinska Teplica (Slovakia).The cows in their 34" lactation used in the study
were kept in free box housing system and milked in DeLaval parlour, tandem 2 x 4 (Tumba, Sweden) twice a day.
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Before the recording of the udder myoelectrical activity, a sample of milk from each udder’s quarter was collected
in a sterile way for examination to rule out bacterial infection and inflammation. Only the animals qualified in
the milk test as suffering from clinical mastitis, acute or subacute (n = 7), were subsequently used for the clinical
group. Cows qualified as healthy (n = 7) were used as the control group.

Methods of udder examination and milk analysis

Clinical changes in the udder were diagnosed by the presence of observable signs of inflammation, such as
swelling, heat, pain or redness, and by the presence of clots and flakes in the milk, or by its abnormal colour
or consistency. Milk samples from all 14 cows were examined microbiologically focusing on isolation and
identification of pathogens such as Staphylococcus spp. and Streptococcus spp.

California Mastitis Test (CMT) was performed, using equal volumes of milk and alkyl-aryl-sulphate, and was
evaluated as: 1) negative (-), not infected, healthy quarter, no thickening of the mixture; 2) trace (£), possible
infection, slight thickening of the mixture; 3) weak positive (+), infected, distinct thickening of the mixture but no
tendency to form gel; 4) positive on (++), (+++) CMT score.

According to clinical examination of the udder and results of CMT (Jackson and Cockcroft 2002), the
animals were divided into two groups. Group 1: the clinical group, that included cows with clinical changes in
the mammary gland, with positive CMT - more than (+++) score, and with positive bacteriological diagnosis
(samples with more than 5 colonies of isolated bacteria). Group 2: the control group, without clinical changes,
with negative or trace () CMT, and negative bacteriological examination.

Quarter milk samples were collected by hand-stripping into 25 ml tubes with stabilized reagent (1 mg/1 ml
potassium dichromate). After mixing, samples were transported at the temperature from 1 °C to 10 °C to the
laboratory, and examined within the next 24 h. Quarter milk samples for microbiological examination were
collected from each observed cow as follows: after drawing and evaluation of the first 6 squirts of milk, the teat
ends were disinfected with cotton wool dipped in 70% ethyl alcohol. Subsequently, milk was collected aseptically
from the teats directly into sterile 10 ml tubes. The tubes were held at an angle of approximately 45°. The samples
were kept at 4-8 °C during transportation to the laboratory.

Staphylococcus spp. detection and identification

Milk samples (0.05 ml) were inoculated onto blood agar (Oxoid, UK) and cultivated at 36 °C for 24 h. Based
on the colony morphology, Staphylococcus spp. bacteria were selected for the tube coagulase test (Staphylo PK,
ImunaPharm, Sarisské Michalany, Slovakia). Suspected colonies were isolated again on blood agar, cultivated
at 36 °C for 24 h and identified biochemically using the STAPHY'test 24, STREPTOtest 24 and identification
software TNW Pro 7.5 (Erba Lachema, Brno, Czech Republic). In case of doubtful results, the respective strains
were sent to the Czech Strain Collection of Microorganisms in Brno for more accurate identification using specific
biochemical tests or molecular methods.

The recording of udder myoelectrical activity

The recording of udder myoelectrical activity was carried out using PowerLab/ 800 (ADInstruments, New
Zeland) connected to the computer. The Chart v4.1 (ADInstruments) software was used to write, read and analyse
the data. In each of the three channels the filters were set as follows: high cut-off filter on 35 Hz and low cut-off
filter on 0.3 Hz (Troedsson et al. 1993a; Troedsson et al. 1993b; Haluska et al. 1987; Janszen et al. 1993).
The signal was enhanced with BioAmp (ADInstruments, Melbourne, Australia). The sampling rate was set to
40 samples per second. The myoelectrical activity was registered using bipolar electrodes separately in each
quarter. The electrodes used for ECG (Bio Lead-Lok B, catalogue number: R-LFO-500) were adapted for the
study. One electrode was placed at the udder’s base; the other electrode was placed right at the base of the teat.
The electrical activity of the four quarters of the udder was recorded simultaneously using four bipolar electrodes.
The electrodes were covered with the ECG gel to provide a better contact between the electrodes and the tissue.

A 15-min udder myoelectrical activity recording was conducted to develop the patterns of electrical activity.
Subsequently, the udder was stimulated in order to verify the udder reaction to electrical current of constant voltage
and intensity generated by the EMS (electrical muscle stimulator) designed for the study. A uniphasic waveform was
employed in these studies. The mammary gland was electrically stimulated for 2 min at 33 Hz. Pulse duration was
54 ps (8 ps ramp down duration). The output voltage was 25 V and output current 50 mA (measured for a resistance of
500 Ohm). All four quarters of the udder were stimulated in the following order: right front, right back, left front, and
left back. The EMS electrodes were placed 3 cm from the electrodes used for registering the myoelectrical activity of
the udder with one electrode at the udder’s base and the second one right at the base of a teat.

Data analysis and statistical analysis of results

The obtained electromammograms were analysed off-line using Chart v4.1 software (ADInstruments) working
under Windows 980S. The value of myoelectrical index (Krishnamurti et al. 1982) and the number of spike potential
groups per minute (Troedsson et al. 1993a; Troedsson et al. 1993b; Harding et al. 1982; Massmann et al. 1991)
were calculated. Moreover, the mean duration of the spike potential group, the mean amplitude of the spike discharge,
and the mean number of spike discharges in the spike potential group, were calculated to describe the patterns of the
udder’s myoelectrical activity. In case of electrical stimulation, the reaction time and the amplitude of electrical current
flow (LV) were measured. The results were shown as mean values + standard deviation ( X + SD).
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Results

Bacteriological examination of milk

Animals from the control group showed no pathological changes in the CMT of milk

from all four quarters (CMT negative) and no pathogenic bacteria growth in the milk
bacteriological examination.

Animals from the clinical group showed positive results of the CMT, from (++) to (++++),

in all four quarters of the udder. Pathological changes in the clinical examination of the udder
were diverse and indicated mastitis. They included changes in the milk such as change of

Table 1. Results of CMT and bacteriological examination of each quarter of the udder from cows from the clinical group.
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BE of QS — bacteriological examination of quarter milk samples; RF — right front quarter; RB — right back quarter; LF — left front

quarter; LB — left back quarter; n — negative; p — positive; SaM — subacute mastitis; ChM — chronic mastitis

smell, consistency and colour, and/or changes in
the mammary gland such as redness and swelling
of the udder. Bacteriological examination showed
pathogenic bacteria growth in all four quarters of
the udder. Table 1 shows the results of the CMT
and bacteriological examination of each quarter
of the udder of cows from the clinical group.

Patterns of myoelectrical activity

The conducted experiment showed that a
mammary gland considered as mastitis-free in
cows during lactation shows a myoelectrical
activity characterized by the occurrence of spike
potential groups with the frequency of 2.33 +
0.6/min. The mean duration of the spike potential
group was 8.12 + 1.68 s. The mean amplitude
of discharge was 457 £ 147 pV, while the mean
count of spike discharges in a group was 3.86
+ 0.97. The myoelectrical index was MI = 31 +
4%. There were no significant differences in the
myoelectrical activity between the four quarters
of the udder (Fig. 1). It is also confirmed by
previous results (Czerski et al. 2013).

Stimulation of the udder in cows confirmed as
mastitis-free using EMS caused the appearance of
the electrical current flow of the mean amplitude
of 8.75 + 1.93 mV. After turning on the EMS, the
spike potentials emerged immediately and faded
instantly after turning the device off without
causing a reaction of the udder tissue to the
electrical current flow. Fig. 2 shows a recording
of an udder quarter stimulation using the EMS
(9 mV) in a cow from the mastitis-free group.

The mammary gland of cows considered as
suffering from mastitis during lactation showed
a myoelectrical activity characterized by the
occurrence of spike potential groups with the
frequency of 2.6 + 0.84/min. The mean duration
of the spike potential group was 5.56 + 1.58 s.
The mean amplitude of discharge was 2470 +
578 uV, while the mean count of spike discharges
in a group was 3.38 + 1. The myoelectrical index
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Fig.1. Myoelectrical activity of a highly productive dairy cow’s udder from the control group. From the top: right
front, left front, right back and left back quarter of the udder. The discharge amplitude [pV] and time (in min) is
shown in the recording.
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Fig. 2. Stimulation of the left back quarter of the udder of a cow considered as mastitis-free using the EMS
(electrical muscle stimulation).

was MI = 35 £+ 6%. There were no significant differences in the myoelectrical activity
between the four quarters of the udder. Fig. 3 shows a recording of the myoelectrical
activity of the mammary gland of a cow considered as suffering from mastitis.

The udder stimulation using EMS (electrical muscle stimulator) in cows considered as
suffering from mastitis caused the flow of electrical current of the mean amplitude of 4 +
1.53 mV. After turning on the EMS, the spike potentials emerged immediately and faded
instantly after turning the device off without causing any reaction of the udder tissue to the
flowing electrical current. Fig. 4 shows a recording of stimulation of udder quarter using
the EMS in a cow considered as mastitis-free (upper recording) and in a cow considered as
suffering from mastitis (lower recording).

Discussion

The spontaneous electrical activity of the mammary gland of the mean amplitude
of 457 + 147 pV can be recorded from the surface of the udder. The groups of action
potentials emerge with the frequency of 2.33 £ 0.6/min. It confirms our previous study
on spontaneous electrical activity of the mammary gland and on the stimulating effect of
manual and mechanical milking on this activity (Czerski et al. 2013).
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Fig. 3. Myoelectrical activity of the udder of a highly productive dairy cow considered as suffering from mastitis.
From the top: right front, left front, right back and left back quarter of the udder. The discharge amplitude [pV]
and time (in min) is shown in the recording.
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Fig. 4. Stimulation of the mammary gland using the EMS signal amplitude of 5 mV. The upper recording shows
stimulation of the right back quarter which showed the CMT result as (-). The lower recording shows stimulation
of the left back quarter which showed the CMT result as (++++).

In case of the registration from the surface it has to be taken into consideration that the
recorded potential is a resultant of the sum of potentials occurring in the vicinity of the
electrode, and in the case of using the bipolar electrodes it is a resultant of the potential
between the electrodes. The differences in tissue resistance between blood, muscle,
adipose tissues and glandular tissue are used in diagnostics (Karpov et al. 1997). Our
study shows a significant difference in the spontaneous electrical activity of the normal
and inflammatory-changed cow’s mammary gland. In the abnormal glandular tissue the
mean amplitude of registered spike potentials showed an increase of 540% compared to
the amplitude in normal tissue (2479 pV compared to 457 pV; P < 0.005). The mean
duration of spike potential group was also changed. The decrease of 31% (P < 0.005)
compared to the normal glandular tissue was noted. As shown in many studies, epithelial
glandular cells forming the mammary gland do not show action potentials (Loewenstein
and Penn 1967; Adams et al. 1982). Only the stimulation of those cells, for example
the hormonal stimulation (with epidermal growth factor or insulin), causes a spontaneous
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hyperpolarization, which results in the presence of potentials that can be recorded. This
fact was observed in the glandular epithelial cells in mice (Enomoto et al. 1986). It is
possible that the reaction is caused by activation of calcium-activated potassium channels
(Williams 1981), or that the hyperpolarizing potential originates from activation of the
sodium-potassium pump (Enomoto et al. 1986).

An increase in the amplitude of the spontaneous myoelectrical activity during
inflammation was observed. It is probably caused by mediators of the inflammatory process
released from leukocytes, irritating both the glandular epithelium cells and the smooth
muscle tissue (Enomoto et al. 1986). Also the disturbances in microcirculation in the
mammary gland and the oedema of the gland have undoubted influence. In our study the
change in resistance of the inflammatory-changed gland compared to the normal one was
also noted. During the electrical current flow through the glandular tissue, a mean decrease
of 54.28% in the current voltage in the mastitis-changed gland compared to healthy tissue
was noted. This change in the current voltage is an evidence of a considerable increase
in resistance of the inflammatory-changed tissue. The impedance of glandular tissue is
relatively small (25 MQ) compared to other tissues, for example the chromaffin endocrine-
active cells in the adrenal glands, where the impedance amounts to approximately 430 MQ
(Brandt et al. 1976).

Both the measurement of the spontaneous myoelectrical activity (the increase in the
amplitude of spike potentials in the inflammatory-changed gland) and the measurement
of the decline in the voltage of the electrical current passed through the gland can be an
alternative to the CMT test because of their simplicity, velocity and inexpensiveness (the
device can be used for years). Nonetheless, the device has to be tested on a larger number
of animals for better verification of its diagnostic effectiveness.
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