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Summary

Objective: To investigate the subtle magnetic fields produced by living normal breast tissue during the menstrual cycle.

Methods: The magnetic activity of the breast was recorded in four young women, 26-28 years old; two had regular and two irreg-
ular menstrual cycles. The recordings were accomplished with a biomagnetometer and covered two complete menstrual cycles. The
results were correlated with estrogen and progesterone levels on days 7, 14 and 21 of the menstrual cycle.

Results: The magnetic breast recordings in the two young women with the regular cycling endometrium showed a biphasic mag-
netic curve, apparently corresponding to the proliferative and secretory phase of the menstrual cycle. By contrast, the two young
women with irregular menstrual cycles showed a monophasic magnetic curve.

Conclusion: It is suggested that a biphasic, but not a monophasic, pattern of magnetic activity in the breast is indicative of an

ovulatory endometrial cycle.
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Introduction

The female breast is a target tissue for sex steroid hor-
mones and as such it responds to hormonal stimuli [1].
These responses have been correlated with the menstrual
cycle [2, 3]. Furthermore, the mammary gland, like all
living tissues, emits magnetic fields produced by the con-
tinuous ionic movement across the plasma membranes.
Interestingly, this activity, although very weak, can be
recorded by means of a superconducting quantum inter-
ference device (SQUID). SQUID is a non-invasive
research tool capable of recording the exceedingly weak
biomagnetic signals generated spontaneously by all
living tissues; it has been used successfully in recording
breast activity in normal [4], benign and malignant breast
tissues [5, 6].

In this study, we investigated whether the subtle histo-
logical changes observed in normal breast tissues during
the menstrual cycle can be recorded magnetically and
correlated with the menstrual cycle of young women of
the reproductive age.

Methods

Four young healthy females, aged 24-28 years, volunteered to
take part in this investigation. Of these, two were married, had
children and regular menstrual cycles, while the other two were
single and had irregular and rather prolonged menstrual cycles.

Blood measurements for estrogen and progesterone levels
were performed on days 7, 14 and 21 of the menstrual cycle.
With the exception of the weekends, biomagnetic measure-
ments were taken regularly on an everyday basis, starting from
the first day of menstruation; only occasional unexpected cir-
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cumstances resulted in the loss of some measurements.
Informed consent for the study was obtained from all partici-
pating women prior to the procedure.

The method used for recording magnetic activity has been
described previously [4-7]. In brief a single-channel SQUID
was used with a sensitivity of 95 pTesla/volt at 1000 Hz (DC
SQUID model 601, Biomagnetic Technologies, San Diego,
CA). During the procedure the woman was lying supine on a
wooden bed, free of any metallic objects. Recordings were
taken from the upper/outer quadrant of the right breast, i.e., the
area with the largest proportion of lobular units [8], at a distance
of 1 cm from the areola. For each point, 32 recordings of 1-sec
duration each were taken, with the SQUID detector placed 3
mm above the recording position which allowed the maximum
magnetic flux to pass through the coil with little deviation from
the vertical direction. The duration of the recordings was ade-
quate to cancel out all random events, leaving the persistent
ones undisturbed. Only measurements in the frequency range
between 2-7 Hz were considered. By convention, the maximum
value was used when assessing breast recordings. Data conver-
sion of the analog signals into digital recordings was accom-
plished by means of an AD converter on line with a computer.
The average spectral densities from the 32 I-sec recordings
were obtained after applying Fourier statistical analysis. In all
cases, the signals were related to measurements of background
magnetic activity (environmental magnetic noise).

Results

Figure 1A presents the biomagnetic profile of a young
woman with a normal menstrual cycle. High intensity
waveforms generated by epithelial activity during the
second half of the menstrual cycle can be observed.
Figure 1B shows the spectral densities of a waveform
from one representative day of Figure 1A with a peak
value of 110 fT/ VHz at the frequency of 2 Hz. Figure 1C
presents the biomagnetic profile of a young woman with
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Figure 1 A) — Biomagnetic profile in a young woman with a normal menstrual cycle: high intensity waveforms generated by epithe-
lial activity are noted during the second half of the menstrual cycle. B) The power spectrum of the waveforms, after statistical Fourier
analysis, from one representative day of Figure 1A. A peak value of 110 {T /NHz at the frequency of 2 Hz can be observed. C) Bio-
magnetic profile in a young woman with a prolonged menstrual cycle: high intensity waveforms generated by epithelial activity
throughout the menstrual cycle. D) The power spectrum of the waveforms, after statistical Fourier analysis, from one representative
day of Figure 1C. A peak value of 140 {T, AHz at the frequency of 2 Hz, can be observed.

Table 1.— Blood sex steroid hormone measurements in the
four women in the series during the menstrual cycle — case 1
and 2 with normally cycling endometrium, case 3 and 4 with
menstrual irregularities. The second measurements are shown
in parentheses.

Case Hormone Day 7 Day 14 Day 21

1 Estradiol 75,8 (67.1) pg/ml 421 (435.7) 247.2 (251.5)
Progesterone 0.4 (0.45) ng/ml 5.23 (6.01) 19.2 (17.5)

2. Estradiol 160.1 (145.7) pg/ml  592.2 (610.3) 210 (230.4)
Progesterone 0.2 (0.39) ng/ml 5.1 (3.7 9.2 (14.7)

3. Estradiol 31.8 (28.3) pg/ml 148.3 (139.1) 160.6 (164.4)
Progesterone  0.05 (0.08) ng/ml 1.45 (1.43) 2.5(2.1)

4. Estradiol 42.6 (34) pg/ml 110.9 (121.1)  80.7 (125.5)
Progesterone  0.04 (0.03) ng/ml 1.2 (1.7) 2.6 (2.4)

Reference values. Estradiol: proliferative phase 30.0-200.0 pg/ml; ovulation 197.6-
693.1 pg/ml; secretory phase 189.9-269.7 pg/ml. Progesterone: proliferative phase
0.06-065 ng/mL; ovulation 2.88-7.79 ng/mL; secretory phase 3.00-24.56.

an irregular menstrual cycle. High intensity waveforms
generated by epithelial activity throughout the menstrual
cycle can be observed. Figure 1D shows the spectral den-
sities of a waveform from one representative day of
Figure 1C with a peak value of 140 fT/ VHz at the fre-
quency of 2 Hz.

At first appreciation, it becomes evident that the mag-
netic fields varied from day to day from as low as 66 fT/

VHz to as high as 179 fT/ VHz with a mean value for all
days of the cycle of 115 fT/ VHz. However, a more
careful evaluation of the results showed that the young
female volunteers with the normally cycling endometrium
had a biphasic magnetic curve, with low and almost flat
spectral amplitudes during the proliferative phase of the
cycle, and with two to three magnetic peaks during the
secretory phase of the menstrual cycle (Figures 1A/B).
By contrast, the young females with the irregular and
prolonged menstrual cycles showed a monophasic mag-
netic curve with low magnetic peaks uniformly distrib-
uted throughout the menstrual cycle (Figures 1C/D).
The plasma estrogen and progesterone levels of the
four women under investigation are shown in Table 1.

Discussion

This study exploits the phenomenon of superconduc-
tivity to detect the subtle magnetic fields produced by
living normal breast tissue during the menstrual cycle.
Earlier studies, using light microscopic and electron
microscopic techniques, have convincingly shown the
existence of cyclic changes in the breast, following those
of the endometrium [2, 3]. In addition, differences in
magnetic activity between normal, benign and malignant
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breast tissues have been detected by biomagnetometry [4-
6]. This is, however, the first time that such magnetic
field changes have been detected in normal mammary
tissues during a menstrual cycle. More importantly,
minor irregularities of breast responses to hormonal
stimuli could be detected by this technique, reflecting
analogous disturbances of the endometrial cycle.

It is true that estrogen and progesterone receptors have
been identified in both the endometrium and the breast,
but it is now becoming apparent that the two-receptor
systems share a common course in health and disease. It
would be fair, therefore, to say that the biphasic magnetic
curve noted in the young women with normal menstrual
cycles (as indicated by medical history and blood
hormone measurements) is suggestive of an ovulatory
endometrial cycle, while the monophasic magnetic field
curve observed in the young female volunteers with irreg-
ular menstrual cycles may be indicative of a non-ovula-
tory endometrial cycle. The higher magnetic fields noted
in the second half of the breast cycle (secretory phase of
the menstrual cycle) relative to the first half (proliferative
phase of the menstrual cycle) is in accord with the higher
mitotic activity reported at this phase in the adult breast
[1,3,9].

It is too early to assess the implications of these obser-
vations, particularly when they are based on an extremely
small sample, but they may offer a new dimension in the
investigation of functional endometrial disturbances. Cer-
tainly, such an option would be encouraged by the harm-
less, non-invasiveness and the great precision of the
method, which, in addition, is quick and easy to interpret.
The cons of the method are, mainly, the unavailability of
SQUID technology around the country and, perhaps, the
impracticability of regular measurements.
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