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Abstract In our recent works we reported that physical and chemical characteristics of serum can vary in relation to the psychic
activity of an individual depending on whether it is oriented to stress or relaxation. We wandered if these observations could be
accompanied by an appreciable modification of the pH, electric conductivity and Delayed Luminescence of the same serum samples.
Our preliminary data may suggest that the serum pH could significantly increase during a Relaxation Response intervention
while electric conductivity seems to decrease. Moreover, Delayed Luminescense could vary in the same subject according to the
Relaxation Response practice. According to our preliminary data, we postulate the appearance of a coherent system within the
blood samples analyzed after the Relaxation Response. Further researches and some technical development are needed to support
our preliminary findings.
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Introduction In some recent works (Dal Lin, Gola, et al. 2018;
Dal Lin, Marinova, et al. 2018; Dal Lin, Brugnolo, et al.
The serum represents the liquid, non-cellular part of 2020) we have described how the characteristics of se-

. . . . rum can vary in relation to the psychic activity of an in-
the blood; it contains water, proteins, electrolytes, ion- o . T
dividual depending on whether it is oriented to stress or

ic radicals, antibodies, antigens, hormones, and is the relaxation. In fact, after about 20 minutes of relaxation

main biological material for the screening and diagnosis through meditation or music appreciation, the physi-
of many diseases (Harrison 2012). cal appearance of the serum changes, becoming clearer
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and less viscous (Dal Lin, Gola, et al. 2018). This is ac-
companied by a decrease in serum lipid levels, inflam-
matory molecules, stress hormones, oxidative stress
markers and by a change in gene expression (NfKB
network) in white blood cell precursors (Dal Lin, Ma-
rinova, et al. 2018). Furthermore, body temperature
seems to decrease with relaxation (Dal Lin, Marinova,
et al. 2018).

Research carried out in the 1990s and subsequent
years established the property of animal and plant tis-
sues to generate relatively strong transient non ioni-
zing radiations (NIR) wave in the electromagnetic ran-
ge (electromagnetic waves, infrared radiation, thermal
radiation, bioluminescence) due to mechanical stres-
ses and temperature changes in biological structu-
re (Chang 2008). These radiations are mainly due to
the piezoelectric and pyroelectric voltage and electric
polarization of natural biological structures (water,
ions, proteic molecules etc.). Owing to cell metabo-
lism, polarization domains due to molecular electric
dipoles are continuously destroyed and restored in a
non-equilibrium polarization (Del Giudice et al. 1985,
1986, 1988; Jiin-Ju, 2008) dynamical regime. Such
type of non-equilibrium electric polarization is known
as a main characteristic of electrets (Del Giudice et al.
1985, 1986, 1988; Jiin-Ju, 2008). Electrets are genera-
ted under certain conditions, e.g. under the influence
of an electrostatic or electromagnetic field or ionizing
radiation, light and other factors, and their polariza-
tion slowly diminishes in time (Cohen & Popp 2003;
Popp 2003).

Starting from the works of Gurwitsch in the 20s of
the last century and of F.A. Popp in the 70s, more and
more researches have documented the emission of bio-
photons from living organisms (Jursinic 1986; Niggli
1993; Van Wijk et al. 1993), with a possible role in cell
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growth and differentiation and intra- or inter-cellular
communication processes (Scordino et al. 1996; Lanza-
no et al. 2007).

The emission of biophotons is responsible for the
Delayed Luminescence (DL), the phenomenon of ul-
tra-weak photo-induced light emission that persists up
to a few minutes after a light source has stimulated the
studied material (Jursinic 1986; Niggli 1993; Van Wijk
et al. 1993).

DL seems to be closely correlated with the functio-
nal status of different biological systems studied to date
(Scordino et al. 1996; Lanzano et al. 2007; Scordino et al.
2008; Costanzo et al. 2008; Scordino et al. 2014; Yagura
et al. 2019). It has been possible to reveal DL from liquid
solutions of biological interest (Gulino et al. 2010; Musu-
meci et al. 2012; Colleoni et al. 2016; Grasso et al. 2018;
Sun et al. 2019) and, although the precise origin of the DL,
is still a subject of debate (Brizhik et al. 2001; Stawinski,
2003; Scordino et al. 2010; Alvermann et al. 2015; Cifra
et al. 2015; Scholz, Dédic, & Hala, 2017), these observa-
tions suggest it may vary depending on the REDOX state
of the analyzed biological system and according to its de-
gree of homeostatic stress (Stawinski 2003) .

These premises given and having documented the
physical and biochemical change of the serum of the
same human subject after 20 minutes of relaxation with
reduction of oxidative stress markers, we wondered if
these observed changes could be accompanied by an
appreciable modification of the pH, electric conduc-
tivity and DL of the same serum samples previously
analyzed (Dal Lin, Gola, et al. 2018; Dal Lin, Marinova,
et al. 2018). This paper contains a first answer to this
question, reporting, as a pilot study, the response of a
limited number of subjects. The chosen parameters are
indeed the ones directly related (Gulino et al. 2005; Ku-
bera-Nowakowska, Lichszteld and Kruk, 2007; Nagare,

Figure 1: The study design (explanation in the text). RR: Relaxation Re-
sponse. RR 20 min: after 4 days of training, each subject relaxes through
meditation or music appreciation for 20 minutes. A blood sample is taken
immediately before and immediately after. The acute variation of the stu-
died parameters can be attributed to the practice of relaxation according
to the used methods because the precise timing of blood sampling (before
and immediately after the end of the session) prevents any other influen-
ce. All groups were subjected to the same environmental conditions: in
particular, also the control patients were taken in our classroom for 20 mi-
nutes and were not subjected to any intervention. We simply asked them
to relax and most of them sat down with eyes closed. For more details ple-
ase see our previous works (Dal Lin, Gola, et al. 2018; Dal Lin, Marinova,
et al. 2018). Modified from (Dal Lin, Brugnolo, et al. 2020).
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2013; Ho, 2015; Hansen, Nilsson and Rossmeisl, 2017;
Chaplin, 2020) to the changes of the polarization den-
sities and optical properties of the serum samples and
their changes may contribute to explain the difference
visible in Figure 2.

1. Material and methods

1.1. Biological samples

In this work we analyzed the serum samples col-
lected in our previous study (Dal Lin, Marinova, et al.
2018), approved by our institutional review board (Co-
mitato Etico per la Sperimentazione Clinica - Azien-
da Sanitaria di Padova, protocol number 3487/A0/15
- 13/7/2015 updated number 4895/AT/20 - 23/7/20).
Briefly, we enrolled 40 subjects: 30 consecutive patients
after myocardial infarction and 10 healthy controls. 10
patients were taught to meditate, 10 to appreciate music
and 10 did not carry out any intervention and served as
controls. As stated, in order to rule out that the disease
state could interfere with the relaxation effect, we en-
rolled 10 healthy volunteers (5 were trained to meditate
and 5 had music appreciation). The practices of medita-
tion and music appreciation are able to produce the so
called Relaxation Response (RR) in the same way (Ben-
son & Klipper 1975; Dal Lin et al. 2015; Dal Lin, Mari-
nova, et al. 2018). The details of the RR techniques that
we used and the description of their pathophysiological
mechanism is described in our previous works (Dal Lin
et al. 2015; Dal Lin, Gola, et al. 2018; Dal Lin, Marinova,
et al. 2018; Dal Lin, Brugnolo, et al. 2020).
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Figure 2: Variation of the physical
characteristics of the plasma of the
same patient during 20 min of medi-
tation. On the left: the blood sample
(after 4 min of centrifugation at 5000
rpm) before meditation is opalescent.
On the right, the blood sample imme-
diately after meditation is clearer. The
patient was fasting for more than 5 h
before meditating.

After the initial four-day training, after 6 and 12
months of RR practice, we collected a blood sample
immediately before and after the relaxation session (ac-
cording to the scheme reported in Figure 1) in order to
study any modification of the pH, electric conductivity
and DL of the same serum sample.

A clear variation of the physical characteristics of
the serum samples (Figure 2), was observed.

According to Benson’s researches (Benson & Klip-
per 1975) and to our previous study (Dal Lin, Gola, et
al. 2018; Dal Lin, Marinova, et al. 2018), there are no
significant differences between relaxation techniques.
Therefore, we merged into a single “intervention” group
(called “RELAXATION RESPONSE”) all patients tre-
ated with meditation and music and into a single “in-
tervention healthy controls” group (called “RELAXA-
TION RESPONSE HEALTHY CONTROLS”) all healthy
subjects. Finally, the patients that did not carry out any
intervention constituted the “CONTROLS” group.

We emphasize that in our work we observed the RR
using two conditioning techniques, meditation and mu-
sic, which have to be considered as two ways leading to
the same relaxation effect (Dal Lin et al. 2015). There-
fore, even from a strictly methodological point of view,
we used a unique technique—precisely the RR—from
which also the need to unite in a single “intervention
group” the treated subjects.

Indeed, all subjects enrolled in the study have con-
tinued the practice at home, twice a day, as they had
been taught. During the follow-up period, each subject
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reported to have pleasantly performed more than 80%
of the meditation or music listening sessions.

1.2. pH-metry measurement

The pH were monitored using a pH-meter model mi-
cropH2002 by CRISON, equipped with a pH electrode
for microsamples, model 52 09. The electrode specifica-
tions are: asymmetry potential < +15 mV, pH sensitivity
4...7 (at 25° C) > 98%.

1.3 Conductivity measurements

Systematic measurements of specific conductivity
were performed on the samples, using an YSI 3200 con-
ductometer with a conductivity cell having a constant of
1.0 cm™. The cell was periodically calibrated by determi-
ning the cell constant K (cm™). The specific conductivity,
¥ (S ecm™), was then obtained as the product of the cell
constant and the conductivity of the solution. For a given
conductivity measuring cell, the cell constant was deter-
mined by measuring the conductivity of a KCl solution
with specific conductivity known with great accuracy, at
several concentrations and temperatures. All conducti-
vities were measured in a room at controlled temperatu-
re of 25+1°C and temperature-corrected to 25°C, using
a pre-stored temperature compensation for pure water.

1.4. DL measurement set up

The DL extends over a rather large time scale: from
about 107 seconds to more than 102 seconds. It requires,
therefore, a measurement system with a high dynamic
capacity. The signal intensity is also very weak (from a
few million to a few tens of photons per second, com-
pared with about 3 * 10”7 phonons per cm? per second
of sunlight) and thus it is necessary to use a single pho-
ton detection system and a total optical isolation of the
sample from the surrounding environment.

The measurement of DL is even more difficult when
one studies samples without photosystem. As compa-
red to plant cells, the DL intensity of the other systems
is considerably reduced and the time decay is faster. In
addition, the excitation spectrum shifts towards ultra-
violet. This entails the risk that the DL spectrum over-
laps the excitation spectrum of the materials used as
specimen holders as plastic or quartz cuvettes.

To solve these problems, a specific equipment has
been developed. Here we give a brief description of this
set up, more information can be found in the literature
(Tudisco et al. 2003; Scordino et al. 2014).
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The equipment is based on the use of a photomul-
tiplier (PMT) enhanced to count single photons. The

Optical filters E \
+ o N, Laser

-Gate Controlled
PMT Divider

Bifurcated
Fiber Bundle ’

Sample
Holder

Suspended
Cells

"

Figure 3: Drawing of the set-up. Schematic view of the
sample configuration (for the sake of clarity the distan-
ces and sizes are not in scale).

excitation source is a high intensity pulsed nitrogen la-
ser that illuminates the sample through an optical fiber.
During the laser pulse, an electronic shutter switches off
the PMT in order to prevent damage resulting from the
large amount of photons diffused by the sample. We use
an electronic shutter instead of a mechanic one because
the former has the ability to reduce the delay between
the laser pulse and the start of data acquisition.

The DL was measured in a time window that starts
from about 10 ps after the illumination switching off
and lasted until the signal is well distinct from the back-
ground. The entire data acquisition process is managed
by a personal computer equipped with a special multi-
channel scaler. It records the number of photons col-
lected in a time window as a function of time. To re-
duce the noise, a smoothing procedure was performed:
the experimental points were sampled and averaged in
such a way that final data are equally spaced on a loga-
rithmic temporal axis.

The low intensity emitted by the DL signal does
not allow to obtain a high spectral resolution. The-
refore, to evaluate the spectrum we used three bro-
adband interference filters (50 nm FWHM) placed
between the sample and the photomultiplier. The
central wavelength of the filter was 450 nm, 550 nm
and 650 nm, respectively.

To reduce its background noise the photomulti-
plier was cooled down to -30 ° C. The most important
background source in these measurements is represen-
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ted by the DL emitted by parts of the same apparatus,
such as the sample support.

With the objective of both reduce the quantity of
serum sample required and eliminate any background
signals deriving from the excitation of the sample con-
tainers, a specific support for the sample was develo-
ped. It consists of a hollow cylinder covered by a closing
disc with a small 3.5 mm diameter hole (see photo in the
insert in Figure 3).

The sample consisted of a “drop” (volume 20—25 uL.)
supported only by contact with the edge of the circular
hole. This eliminated the presence of any material be-
hind the sample and therefore the presence of spurious
components due to support.

A bifurcated optical fiber was positioned just abo-
ve the “drop” so that only the sample, not the sup-
port, fell inside its solid collection corner. In this way,
the fiber, connected to both the laser and the PMT,
was used both to illuminate the sample and to collect
the DL.

4 days of 4days 6months  6months  12months 12 months
Basal RRtraining ~ After 20 Before After 20 Before  After 20
Before  min of RR relaxation  minof RR  relaxation  minof RR
relaxation  session session session session  session

session

pH, Electric Conductivity, and Delayed Luminescence Changes in Human Sera of Subjects
Undergoing the Relaxation Response: A Preliminary Study and Theoretical Considerations

RELAXATION | 722(7,05- | 73(69- | 75(705- | 7,07(671- | 74(725- | 691(68- | 74(723-

RESPONSE 7,38) 74) 7,54) 7,3) 7,57) 7,19) 7,5)

CONTROLS 7,22(7,05- | 7A(705- | 7,2(69- | 74(725- | 7,07(671- | 74(723- | 695 (68-
7,38) 7,5) 7,4) 7,57) 7,3) 7,49) 7,19)

RELAXATION | 734(73- | 738(73- | 75(4- | 73(,07- | 74(73- | 7,03(687- | 74(735-
RESPONSE 74) 7,5) 7,5) 7,4) 7,5) 7,4) 7,5)
HEALTHY
CONTROLS

Table I: Serum pH at different BST. Median and interquartile

range.
4 days of RR 4days 6months  6months  12months 12 months
Basal training  After 20 min Before After 20 Before  After20
Before of RR relaxation  minofRR  relaxation  min of RR
relaxation  session session session session  session
session
RELAXATION
RESPONSE 11,6 11,3- | 11,8 (1L,6- | 1,6(A13- | 11,7(1L6- | 11,5(11,2- | 11,8 (118 | 11,6 (114-
11,8) 12,8) 11,7) 11,8) 11,6) 12) 11,8)
CONTROLS
11,6 11,3- | 11,6 (11,33- | 11,8(A16- | 11,6 11,23- | 11,7 (11,6- | 11,6 (114- | 11,8 (1L8-
11,8) 11,7) 12,78) 11,7) 11,8) 11,8) 12)
RELAXATION
RESPONSE 114 (113- | 11,7 (1,6~ | 11,6113 | 11,7 A16- | 11,5 (111 11,85 1145
HEALTHY 11,7) 12,8) 11,6) 11,7) 11,6) (11,6-12) | (11,2-11,7)
CONTROLS

Table II: Serum conductivity at different BST. Median and in-
terquartile range.
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To avoid contamination problems, the pierced me-
tal disk that closed the sample holder and held up the
“drop” was replaced at every measurement.

Due to the low level of the signal, for every sam-
ple the values of 100 runs were added in order to re-
duce the measurement error and increase the signal
to noise ratio. In addition, two technical replicates
of every sample were performed. The results presen-
ted here are average values from two to eight measu-
rements, depending on the evaluated DL parameter
(see Results).

2. Results

2.1 pH and Electric Conductivity

The results of pH and electric conductivity evalua-
tions are reported in Table I, Table II and in Figure 4
and 5 for different blood sampling timepoints (BST).
The pH seems to significantly increase in the RR groups
at 6 and 12 months while decreases in controls at 12

?Hi'T'i

— T
*
*
—— SN
— T
— T
N\ —

RELAXATION RESPONSE coNTROLS RELAXATION RESPONSE HEALTHY
CONTROLS

* p<0.01 Wilcoxon

°§# p<0.001 Mann-Whitney, delta comparison RR and controls (no differences of
variations for RR groups)

Figure 4: pH at different BST. Graph with statistical analysis of
the data reported in table I.

RELAXATION RESPONSE CONTROLS 'RELAXATION RESPONSE HEALTHY CONTROLS

* p<0.01 Wilcoxon

°§# p<0.001 Mann-Whitney, delta comparison RR and controls (no differences of
variations for RR groups)

Figure 5: Conductivity at different BST. Graph with statistical
analysis of the data reported in table II.
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months. Electric conductivity seems to decrease in
the RR groups at 6 and 12 months while increases in
controls at 12 moths and after the initial 4 days of trai-
ning. Data are expressed as median and interquartile
range (variables do not have a normal distribution
as assessed by the Shapiro-Wilk test). The compari-
son between the pre-post intervention changes was
performed by means of Wilcoxon test. In particular,
we compared the extent of the percentage changes of
each parameter occurring during each relaxation ses-
sion by means of the Mann-Whitney test. An initial
comparison between groups was performed by means
of Kruskal-Wallis test for independent samples or by
Friedman test for paired data. Bivariate correlation
was performed by Spearman test. Statistical signi-
ficance was assumed if the null hypothesis could be
rejected at p=0.05. The statistical analysis was per-
formed using software SPSS version 22.0 (Chicago,
SPSS, Inc., Chicago, IL).

2.2 Delayed Luminescence

Figure 6 shows DL time trends from basal serum
samples of one patient from the RELAXATION RE-
SPONSE group. Generally speaking, DL data, both in
the total number of photons re-emitted and in the time
trend, differ at the different blood sampling times we
considered.

First of all we tried to investigate possible difference
in DL response before and after the relaxation session
at each blood sampling times (BST). Starting from the
DL decay intensity I(t), we evaluated the total number
N, of emitted photons, that is

I (t) [counts/s]

10 104 103 1072 10t
time [s]

Figure 6: Delayed luminescence time trends of serum samples
from one RELAXATION RESPONSE HEALTHY CONTROLS
group patient, at different BST. () at first 4-days session, (A)
after 6 months and(O) after 12 months of RR practice
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'
N, = ‘[1‘ I(t)dt
where t, and t, represent the initial and final acquisition
times, respectively. Figure 7 shows the results at diffe-
rent BST in the case of a patient from the RELAXATION
RESPONSE group.

Actually N is an extensive parameter and it is subject
to variations whose causes are not always controllable.
The data reported in Figure 7, even when some (mini-
mal) differences could be seen by comparing data before
and after RR session, show that these differences do not
manifest themselves always in the same direction. Pre-
cisely, sometimes the data before RR session are greater
than the ones after, sometimes it is the opposite. This
result was observed in all the samples analyzed.

Measuring DL, the intensive parameters are often
more stable and therefore provide useful information
on the system even when the extensive parameters pre-
sent significant oscillations.

In our case a simple intensive parameter is linked to
the dynamics of the time decay trend I(t). A relatively
simple way to analyze changes in the dynamics of two
measurements is to compare the two time trends via a
log-log graph.

In this case, if the dynamics are the same, the log-log
graph will have a slope of 1, otherwise it is possible to obtain
other useful information about the evolution of the system.

Concretely, looking for an intensive parameter to
compare the measures immediately before and imme-

diately after the relaxation session at the various BSTs,
we studied the relationship:

300

N, (counts)
N N
8 g

@
)

S
S

Basal 4D_before  4D_after
Blood sampling Time

6M_before  6M_after  12M_before  12M_after

Figure 7: Total number of photon emitted (N, ) at different BST
in the case of a patient of the RELAXATION RESPONSE group.
“Before” and “after” refer to the relaxation session. Average value
and standard deviation of two measurements are reported.
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Figure 8: DL intensity after RR session as a function of the cor-
responding (at the same time) intensity before RR session. Data
refer to blood samples from the same patient of Figure 7 at six
months of RR practice..

L, (®=kI, (O &
and determined the parameter m, i.e. the slope of the
curves like that drown in Figure 8, where the DL inten-
sities, as the one reported in Figure 6, are compared
point by point, that is at the same time from the begin-
ning of the decay.

The average of the 90 evaluated values (20 RELAXA-
TION RESPONSE GROUP and 10 RELAXATION RE-
SPONSE HEALTHY CONTROLS, 3 BSTs each patient)
we obtained was m = 0.99 + 0.01 with R? > 0.991. This
means that there is not a change in the slope of the DL
time decay from blood samples collected before and af-
ter relaxation session.

As a consequence, differently from the visual in-
spection shown in Figure 2, no significant differen-
ce can be ascribed to DL measurements performed
at each BST before and after the relaxation session.
Thanks to this result in the following the average value
of the two was considered.

Interestingly, a change in the slope of the DL time
decay was observed at different BSTs, that is on increa-
sing the time that patient dedicated to RR practice. To
point out this aspect we compared the DL time decay
I, (t) at each BST with the corresponding I (t) at the
basal condition (B) by considering again a log-log plot
described by the relationship:

I () = CL(t) (2)

As aresult, no change in the slope was observed at
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Figure 9. Values of the a parameter Equation 2 at different BST.
(Light blue bar) the first four days session 4D, (violet bar) after 6
months (6M) and (orange bar) 12 months (12M) of RR practice. (co-
lour with net) RELAXATION RESPONSE group, (colour) RELAXA-
TION RESPONSE HEALTHY CONTROLS group, (solid tick line)
CONTROLS. Mean and standard error of samples of the same group.

the different BST for samples from the CONTROLS (no
RR practice), getting as average value, with R2> 0.997
a =0.999 +£0.003

control

Significant differences were instead observed as a
consequence of RR practice, as shown in Figure 9, whe-
re the parameter a is reported as a function of the BSTs.
Data from patients of the same group were averaged.

It appears that for all subjects who have undergone
RR practice, however, there is a significant variation in
the parameter a of Equation 2 starting from the sam-
ples of the first BST, i.e. 4D. The most significant varia-
tions with respect to the CONTROLS occur in the sam-
ples from patients of the intervention group. In this case
values of a less than 1 indicates that DL intensity I(t)
from samples collected at different BSTs decays in time
more slowly than the one from samples collected before
the RR practice. Worth to note that it was previously
observed (Scordino et al. 2014) that the DL trends from
normal cells decay more slowly than in the case of DL
from tumor cells.

We explored the possibility of considering also the
total number of photon emitted N, at the different
BSTs and comparing them. Above we have already ar-
gued on the extensive characteristics of this parameter,
so in order to compare the response of the different
samples we evaluated, for every patient at each BST, the
dimensionless parameter R so defined:

R,=N,./N, (3)

where N, is the total number of photon emitted at the
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settled blood sampling time, evaluated as average value
between samples collected before and after the relaxa-
tion session, and the corresponding value N, evaluated
on samples collected before starting the training to re-
laxation practice.

Average values within the group of R is repor-
ted in Figure 10. It appears, as expected, that the er-
ror bars are very large. Nevertheless, we can assess
that R, does not change at the different BSTs in the
case of the CONTROLS (no RR practice) assuming
the value 1, within the error. In contrast, for the two
groups the behavior of R at different BSTs, i.e. on
increasing the time during which the RR is practi-
ced, not only is different from the CONTROLS but
also between the two groups. More precisely, in the
case of healthy people which experienced RR prac-
tice (RELAXATION RESPONSE HEALTHY CON-
TROLS), the parameter R increase with time; in the
case of patients which experienced RR practice af-
ter myocardial infarction (RELAXATION RESPON-
SE group), R, takes on much larger values than the
CONTROLS, with an increase up to six months, fol-
lowed by a decrease to the same value corresponding
to the first four-day session.

In addition, results reported in Figure 10 are in ac-
cordance with that reported in Figure 9. Indeed, an in-
crease of the total number of counts corresponds to a
better capacity of the system to store and transmit the
excited levels inside its structures and the decrease of
slope in the intensity time decay (slow decay) corre-

parameter a

om a1
Blood Sampling Time

Figure 10: RN ratio between the total number of photon emitted
at the settled blood sampling time and the corresponding value eva-
luated before starting the training to relaxation practice. (Light blue
bar) the first four days session 4D, (violet bar) after 6 months (6M)
and (orange bar) 12 months (12M) of RR practice. Average values
and standard errors of the measurements on the whole group.
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sponds to a decrease of the decay probability of these
excited states.

Up to now we have considered DL emission in the
wavelength range (400—-850 nm) of the acquisition sys-
tem. A spectral analysis was performed by considering
DL emission in three spectral intervals, centered at wa-
velengths 450 nm, 550 nm and 650 nm respectively,
where important natural biomarkers, as for instance
nicotinamide adenine dinucleotide, flavins, lipopig-
ments, protoporphyrin, singlet oxygen, emit.

Figure 11 reports the DL emission spectrum relati-
ve to samples from the same patient (the one of Figure
6). It results that each spectral component is affected
by a rather high error so no significant difference in the
spectrum can characterize DL data at different BSTs.
The same occurred for all the patients. Nevertheless, if
one considers the contribution of these spectral com-
ponents to the total emission some differences can be
pointed out. More precisely, by denoting DL the to-
tal number of photon emitted in the wavelength range
(400-850 nm) of the acquisition system, and DL,
DL, and DL, the total number of photons emitted
when filters centered at wavelengths 450 nm, 550 nm
and 650 nm, respectively, were used, the portion Q of
the total emission within spectral range we observe can
be evaluated as

Q=(DL,, +DL_ +DL_) /DL, . (4)

To point out difference at different BSTs with re-

spect the initial Basal condition, the ratio Q,/Q,

0.4
03 [ i
3 1]
s I
- 02
o
‘@
2
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0

450 nm 550 nm 650 nm
Wavelength

Figure 11: DL emission spectrum for samples from one pa-tient
of the RELAXATION RESPONSE HEALTHY CONTROLS Group
(the same as in Figure 6) at different BST. (light grey bar) Basal
condition, (light blue bar) at the first four days session (4D), (vio-
let bar) after 6 months (6M) and (orange bar) 12 months (12M)
of RR practice.
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between such portion, as defined in Equation 4, at a
fixed BST and the corresponding value before begin-
ning the training to relaxation practice was evaluated.
Variance from the unitary value indicates a shifting of
the spectrum out of the spectral emission range moni-
tored by the used filters.

Figure 12 shows the values of the ratio Q,/Q,, eva-
luated as average within each group, at the different BSTs.
A significant change as a consequence of the RR practice
can be observed. This change can be interpreted as due to
a red shift of the sample spectra after the RR practice and
could be useful in the design of further set-ups.

o

i T |

0.50

RELAXATION RELAXATION CONTROLS
RESPONSE RESPONSE HEALTHY
CONTROLS

Figure 12: Ratio of the Q portion of the total emission within
spectral observed range with respect the corresponding value
evaluated before starting the training to relaxation practice
at different BST. (Light blue bar) at the first four days session
(4D), (violet bar) after 6 months (6M) and (orange bar) 12
months (12M) of RR practice. Average values and standard
errors of the measurements on the whole group.

4. Discussion

In this paper we have presented some results of
an exploratory study. In fact, during the study repor-
ted in our previous works (Dal Lin, Gola, et al. 2018;
Dal Lin, Marinova, et al. 2018; Dal Lin, Brugnolo, et
al. 2020) we have noticed an evident, visible change
in the physical characteristics of the plasma of the
subjects who undergo a Relaxation Response practi-
ce (Figure 2). Aiming to explain this observation, we
analyzed some physical parameters characterizing
the behaviour of human serum, i.e. of its main com-
ponent, the water, in equilibrium with many proteins
and ionic molecules.

Summing up, our preliminary data may suggest
that the serum pH could significantly increase during
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a Relaxation Response intervention while electric con-
ductivity decreases.

Regarding the evaluation of the DL on a complex
medium such as human serum, more precise me-
thods will have to be developed in order to bypass the
background noise due to the huge chaotic balance of
molecules contained in it. However, our preliminary re-
sults seem to indicate that a DL modification could be
present according to the Relaxation Response practice.
In fact we noticed a modification of the slope of the DL
time decay with the Relaxation Response, namely that,
in the same subject, DL. may decay in time more slowly
in blood samples collected after the RR practice than
before. Worth to note that it was previously observed
(Scordino et al. 2014) that the DL trends from normal
cells decay more slowly than in the case of DL from tu-
mor cells. Moreover, after the RR practice a red shift of
the sample spectra may occur. Interestingly this would
be in line with the brain activity during the techniques
that lead to Relaxation Response (Wang et al. 2016; Dal
Lin, Brugnolo, et al. 2020).

From the theoretical analysis standpoint, Figure 2
and these preliminary observations suggest the appea-
rance of a coherent molecular dynamics within the blo-
od samples analyzed after the Relaxation Response.

The available theoretical modeling (Del Giudice et
al. 1985, 1986, 1988) in terms of many-body physics
suggests indeed that a diffused coherent dynamics at
intra- and inter-cellular level is at work in healthy bio-
logical systems and provides the conditions favorable
to an efficient metabolic activity. Some technical and
mathematical details of the theoretical analysis are
presented in the Appendix. Here we briefly mention
(cfr. the Appendix) that the coherent molecular dyna-
mics is negatively affected by functional or chemical,
oxidative stress. The theoretical model agrees with the
observed red shift of light in the DL emission and the
measured temperature decrease (Dal Lin, Marinova,
et al. 2018). Coherence also accounts for the storage
of energy in a convenient lapse of time, so that its ra-
diation may be “delayed” till a convenient threshold is
reached. Moreover, the theory predicts that biophoton
emission occurs in the presence of dynamical singula-
rities, in agreement with the observation that DL oc-
curs in stressing situations.

In the Appendix we also comment on the linear log-
log plot (Figure 8) of the measurements, which may ex-
presses fractal self-similarity properties of the coherent
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molecular dynamics and relate them to equations (1)
and (2) (see the Appendix for details).

Finally, theoretical and invitro experimental results
show that higher pH corresponds to lower electric con-
ductivity (and vice versa) for water in the presence of
hydrophilic polymers (for example nafion (Capolupo et
al. 2014)), where the formation of domains, called EZ
(exclusion zones), is observed, which suggest that bio-
logical fluids may present similar properties of pH and
electrical conductivity, consistently with the measure-
ments mentioned above in the RR practice.

In conclusion, the theoretical modeling of a cohe-
rent dynamics within the blood samples analyzed af-
ter the Relaxation Response appears to be in agree-
ment with the preliminary data reported above. Our
analysis is also inspired by the finding of coherent re-
sponses of cells submitted to sound wave stimulation
(Dal Lin, Radu, et al. 2021). Further researches and
technical developments are needed to support our
preliminary findings.

Appendix: Theoretical modelling

The electric dipoles characterizing macromolecules
and the molecules of the water bath in which they are
embedded offer the possibility of a molecular dynamics
rich of phenomenological aspects. The theoretical mo-
del describes indeed the formation of the electret do-
mains (already mentioned in the text, cfr. section 1) of
coherent dipole oscillations and the generation of non-
vanishing polarization density P(x,t) arising from dyna-
mically generated longrange correlation modes among
the system microscopic components (Goldston, Salam,
& Weinberg 1962; Del Giudice et al. 1985, 1986, 1988;
Umezawa 1993; Blasone, Jizba, & Vitiello 2011; Vitiello
2012). The energetic feeding of the system at molecular
level, by ATP hydrolysis or by other external or endoge-
nous sources, is used for its coherent ordering (organi-
zational activity). The quanta of the collective dipole wa-
ves (the dipole wave quanta, dwq) are condensed in the
system ground state, out of which they may be excited
under the action of some external input. The coherent or-
dering is negatively affected when the system undergoes
mechanical or electromagnetic stress, or else, as already
mentioned in the text, by functional or chemical, oxidati-
ve stress or other kind of stressing occurrences.

The coherent condensation of dwq provides the
change of scale, from the system microscopic activity to
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its macroscopic behavior at the cellular and multicel-
lular levels.

Due to boundary effects from the system finite size
an effective nonzero mass m, is dynamically acquired
by the dwq. Their propagation is in fact limited to the
linear size L = h/(c meff) (Gulino et al. 2005; Hansen,
Nilsson, & Rossmeisl 2017). In stationary conditions
the wavelength A of the coherent dipole vibrational wa-
ves is related to L by L = n A/2, with n integer. We thus
see that larger coherent domains correspond to smaller
m,and larger A. This agrees with the red shift of light in
the DL emission of treated subjects. Their RR practice
consists indeed in the enhancement of the system cohe-
rent ordering at microscopic cellular and intercellular
levels, i.e. in the increase of the linear extension L of
coherent domains, thus shifting toward larger A (toward
the red band spectrum).

One also finds that L = (.the/6k n? /T , with T the
temperature and k, the Boltzmann constant, which
shows that more extended coherent domains, i.e. lar-
ger L consequent to RR practice, leads to temperature
decrease, in agreement with measurements reported in
previous observations ( Dal Lin, Marinova, et al. 2018).

The fact that luminescence is delayed also finds its
origin in the coherent dynamics. Indeed we recall that
an electromagnetic (e.m.) field finds its way through
the ordered medium of polarization density P(x,t) by
selffocusing propagation. According to general results
of quantum field theory (QFT), the so-called Ander-
sonHiggsKibble (AHK) mechanism predicts that the
e.m. field in its filamentary propagation acquires a mass
M, proportional to P(x,t) (Del Giudice et al. 1986,1988).
For M, = 13.60 eV, the hydrogen ionization energy, the
diameter of the filament (channel) isd = h/(c M) = 125
A. This means that photons of energy h v > 13.60 eV
may produce destructive effects on the coherent dipole
ordered region and destruction of the e.m. filamentary
propagation. Photons of energy h v < 13.60 eV inste-
ad may not be able to penetrate the ordering. However,
small energy photons may themselves contribute to the
system polarization and in this way they may be ‘sto-
red’ within the system. The energy so accumulated in
a convenient lapse of time may reach the threshold ne-
cessary to trigger a chemical reaction, or else it may be
radiated under convenient stimuli, thus generating the
“delayed” luminescence whose red shift signals its low
energy (recall that the spectrum between 1/7 and 1/8 of
13.60 €V covers the red band spectrum). The radiated




Organisms

energy also carries the imprint of the long-range dwq
coherent correlation in the system ground state. This is
consistent with the discussion on the log-log plot (cfr.
Figure 8) of the measurements reported above. It is in
fact known (Zheng & Pollack 2003; Vitiello 2012) that
the linear log-log plot generated form self-similarity re-
lations, like (ga)" = 1, signals a coherent state structure
in the system. In our case it is ga = Iafm( t)/1 befo LD, or
qa =1,.(t)/I (1), from equations (1) and (2), with k and
C equal to 1, respectively. The strength of the coheren-
ce in the coherent state expression (Zheng & Pollack
2003; Vitiello 2012) is given by the quantity ga, with
g related to the slope m or a of the straight line in the
log-log plot; m and a are the self-similarity, or fractal
dimension.

It can be shown that biophotons can be emitted in
the self-focusing regime (i.e. for non-zero M, ) (Del Giu-
dice et al. 1988) and in the presence of topological sin-
gularities in the dwq condensate (Goldstone, Salam, &
Weinberg 1962; Del Giudice et al. 1988; Blasone, Jizba,
& Vitiello 2011; Vitiello, 2012). These singularities in
the space-time non-homogeneous condensation are de-
scribed by the condensation distribution f{x,t). Moreo-
ver, singularities of f(x,t) are only allowed (Goldstone,
Salam, & Weinberg S 1962; Blasone, Jizba, & Vitiello,
2011; Vitiello, 2012) when dwq have vanishingly small

effective mass, m . —> 0, i.e. for quite large size L of

the ordered domaif;, which determines the scale for the
(delayed) luminescence wavelength.

The theory prediction that biophotons are emitted
in the presence of singularities of the condensation di-
stribution f{(x,t) is consistent with the observation that
DL occurs when the system undergoes stressing situa-
tions, like those indeed induced by illuminating the sy-
stem with the high intensity pulsed nitrogen laser used
in the experiments, exciting condensate modes, or by
other endogen functional stress regimes, like during cell
growth and differentiation.

The theoretical model seems to be consistent also
with the observed behavior of pH and electrical conduc-
tivity reported above. This can be seen by considering
that sources of singularities for f{x,t) also come from
surface boundaries in the biological structure, e.g. cell
membranes, veins and arteries surfaces, etc., or surfa-
ces due to the presence of impurities or any ionic ag-
gregates in biological fluids, or surfaces dynamically
generated by turbulent fluid circulation, e.g. by vortices
(Vitiello 2012). In order for the coherent condensation

27

Organisms

pH, Electric Conductivity, and Delayed Luminescence Changes in Human Sera of Subjects
Undergoing the Relaxation Response: A Preliminary Study and Theoretical Considerations

SAPTENZA

UNIVERSITA DI ROMA

to survive to the presence of these surfaces singularities,
the correlation length modes dynamically respond pro-
pagating to enough large L so to have vanishingly small
m, compatible with the existence of the f{(x,t) singula-
rities. This means that a coherent stratum of biological
fluids (serum, blood), will form near the surfaces. This
is similar to what commonly observed (Vitiello 2012)
in laboratory, where strata of coherent water molecular
dipoles extending for a hundred of microns of thickness
are observed adjacent to hydrophilic polymers (for
example nafion). These strata are called EZ (exclusion
zones) since their coherent organization expels present
particle and is impenetrable by them or other impuri-
ties. The strata are polarized so that charges of sign op-
posite to the one of the charges of the material surface
(negative in the case of nafion) are pushed out of the
strata. A gradient of the pH orthogonal to the surface is
thus produced (in the nafion case, pH is lowering mo-
ving far away from the surface). It is also known that
the splitting of water molecules into OH~ and H* in the
EZ region (Zheng & Pollack 2003; Zheng et al. 2006;
Zheng, Wexler, & Pollack 2009; Del Giudice et al. 2015)
is energetically advantageous, with consequent effects
in the electrical conductivity (Del Giudice et al. 2015).
Measurements have shown that higher pH corresponds
to lower electric conductivity (and vice versa) for water
in the presence of nafion (Capolupo et al. 2014). The
conclusion is that theoretical and experimental results
suggest that biological fluids in the cells or flowing in
veins or arteries may present properties of charge di-
stribution, pH and electrical conductivity of the kind
just described, which may be consistent with the mea-
surements described in the text according to Relaxation
Response practice.
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