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Abstract. The main objective of the study is to find a new physical parameter meeting the
criterion of the biological age estimation in various stages of human ontogeny, and thus to
find a new research methodology for this field of research. For this purpose an NMR Bruker
200 MHz spectrometer was used. Two physical parameters: relaxation time (T,) and spectrum
shape were determined. The research material was oral mucosa epithelium sampled in a group
of young people of both sexes (31 subjects) and in a group of men (18 subjects). Relaxation
time (T,) and spectrum shape were recorded for hydrogen nuclei (H'). The physical
phenomena were analysed statistically (regression analysis) and their biological interpretation
was attempted.
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Introduction

The Electrophoretical Mobility of Cell Nuclei method used to estimate the
biological age in various stages of human ontogeny, confirmed a common character
of ontogenetic processes (Shakhbazov et al. 1985, 1986, Makatowska 1992, Cieslik
et al. 1994, Cieslik 1995, Shakhbazov et al. 1996, Czapla 1996). Changes of the
index of Electrophoretical Mobility of Nuclei (EMN) in the course of development
confirm the phasic character of ontogeny characteristic of a population, with the
preservation of varying levels of value of this index for a single individual. The EMN
phenomenon — not fully explained as yet — is related to the biochemical makeup of
cellular structures and their physiology and to physical and chemical or biodynamical
properties of these structures.

In relation to the above we undertook interdisciplinary research, in order to find
a physical parameter which would not be of strictly biological nature and which
could become a new criterion for the estimation of the biological age in various
stages of ontogeny. Finding a new physical parameter which would confirm a
specific reaction of an individual within the scope of his response norm in the course
of development does not seem easy. Taking the above problems into consideration
we defined the following research objectives:

I. Determination of the usefulness of spectroscopy methods (NMR) for the
estimation of the biological age and finding of physical parameters which could serve
this purpose — working out of a new methodology of research.

2. Discussion on the differences in the development of the two physical
parameters in the course of ontogeny and the appraisal of their usefulness:

a) relaxation times (T)), -
b) spectrum shape.

3. Attempt of biological interpretation of the occurring physical phenomena.

4. Attempt to answer the question: whether spectroscopy methods (NMR) and
distinguished physical parameters may in future become a new criterion for the
estimation of the biological age in various stages of human ontogeny.

Material and Methods

The study covered a group of young people between 13 and 21 years of age of
both sexes (31 subjects) and a group of men aged from 26 to 54 years (18 subjects).
Oral mucosa epithelium was the research material. Sampling method was compatible
with the method used in EMN studies (after Makatowska 1992), but due to certain
technical problems, material awaiting measurement was kept in Ependorf test tubes
in the temperature of —18°C.

In order to determine the degree of usefulness of NMR measurement methods and
to find out which physical parameters may be useful for the estimation of the
biological age, measurements of spin-lattice relaxation times (Ty), spectrum
shape and chemical shift (H'), that is of hydrogen nuclei (protons) were taken
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(Hausser, Kalbitzer 1993, Sldsarek 1996). For the study of relaxation times (T) of
hydrogen nuclei in epithelium cells dissolved in 0.09% NaCl solution, a NMR Bruker
200 MHz pulse spectrometer was used as well as a standard inverse-recovery pulse
sequence (Sobol 1981). Free precession signal values were analysed off peak at the
2/3 of the signal height. A non-standard construction of the B field coil was used.
For the duration of the experiment the co-linear solenoid coil was replaced with a
simple saddle coil (Hayes et al. 1985). All the measurements were taken in the
temperature of 37°C, stabilised with the accuracy of 0.1°C.

The phenomenon of the nuclear magnelic resonance consists in the resonance
absorption of the energy of B; ficld electromagnetic wave (radiofrequency pulse)
travelling through the coil and subsequently through nuclear spins in the presence of
the external magnetic field By generated in our experiment with a superconducting
magnet. The radio pulse frequency was 200 MHz, while field induction in the
superconducting magnet — 4.7 Teslas. Atomic nuclei (of hydrogen atoms) with non-
-ZeT0 magnelic moment become polarised in relation to the magnet field. We refer to
such state as to the thermodynamic equilibrium of nuclear spins. Measuring of any
physical values in such a System 1s possible only when the thermodynamic
equilibrium of the system is disturbed (there is some external factor influencing it).
This can be achieved through the generation of a radio pulse with resonance
frequency (). When the resonance condition (described with Larmor equation
Wo=YBg) is met, a strictly determined quantity of energy necessary to disturb the
equilibrium of the system is absorbed (nuclear spins move to a higher energetic
level). Such a system emits the earlier absorbed energy (returning to the lower
energetic level) in the form of the free nuclear spin precession signal (in other words
the system returns to the state of equilibrium after the time called spin-lattice
relaxation time or T,), (Slésarek 1996). The T, parameter is an ideal too] for the
determination of the nuclear dynamics of molecular structures and their metabolic
and functional properties (Kowalski et al. 1991. Sequin et al. 1992). The following
correlation occurs: the shorter relaxation time (Ty) the more rigid (more stable) the
system, and conversely, the longer (T;) the more mobile (prone to changes) the
system.

The shape of the spectrum was the other parameter we studied. We focused our
attention in particular on the signal bandwidth and its chemical shift in relation to
water signal. The observed spectrum results from the mathematical analysis (fast
Fourier transformation) of the free precession signal (Bracewell 1968).

Analysis of results

The material was divided into 8 age categories (Fig. 1). In the group of females
only 3 age categories were distinguished. The material is relatively scarce in parti-
cular categories, which is true for its entire body. Mean values of relaxation times
(T1) in particular age categories are as follows: in the male group mean relaxation
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times grow in the progressive stage of ontogeny, then they gradually decrease up to
the age of 55 marked with the class mid-value of 49 years of age, while in the group
of girls mean values drop along with the progress of age (Fig. 2).

For the studied material regression lines of relaxation times (T,) with age were
determined. These confirmed the observed changes of mean values. Within the male
group a group of boys aged between 15 and 22 years and a group of males over
25 years of age were distinguished. A growing tendency was observed in the group
of boys. Here the growing value of the correlation coefficient r = 0.44, (for N = 16
o= 0.0863), is significantly different from zero at the level of o = 0.1 (Fig. 3).

In the group of males a negative tendency was observed, correlation
coefficient R = —0.55 (for N = 18 o = 0.0188). It is significantly different from zero
at the significance level o = 0.05 (Fig. 4). For girls the tendency with regard to the
time (T;) is negative, correlation coefficient r = -0.42 (for N= 15 a0 = 0.1 232), thus it
is not significantly different from zero when o = 0.05 (Fig. 5).

The other parameter we focused upon was the shape of the spectrum. In this case
the material was divided by the year of birth. Five typical spectra representing
particular year groups (1940, 1950, 1960, 1970 and 1980) were distinguished. All
spectra (Figs. 6, 7. 8, 9, 10) are characterised with the narrow line derived from
water. Wide components of the central signal are probably related to the occurrence
of hydrogen nuclei (H') in the structures of chemical compounds close to or in direct
chemical relation to water. Our observations indicate that in the area of 1-2 ppm of
chemical shift in particular year groups a signal of a certain bandwidth characteristic
of a given year group occurs. For the individuals born in 1980 and 1970 year groups
(Fig. 6 and 7) from 2 to several week separable signals of relatively small bandwidth
occur in this area. For individuals from 1960 year group (Fig. 8) we observe
widening of spectrum lines in this area and a slight increase of their amplitude. The
effects grow clearly stronger for older individuals born in 1950 and 1940 (Fig. 9 and
10), where in the area from 1 to 2 ppm chemical shift there is only one wide line of
a relatively high amplitude in relation to water signal.

Biological interpretation

A question arises: How can one interpret the changes of the distinguished
parameters with age?

With regard to the metabolic processes occurring at the cellular and tissular level
in the course of ontogenetic development, three principal developmental stages are
distinguished: 1) progressive stage (anaplasis-evolution) with anabolic processes
prevailing over catabolic processes, 2) stable stage (metaplasis-transvolution) with a
balanced course of these processes, and 3) regressive stage (cataplasis-involution)
with catabolic processes prevailing over anabolic ones. This is the “model”
course of the ontogenetic development. Since the observed relaxation times (T)) and
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spectra shapes are good indicators of the dynamics of the changes in biomolecular
structures within the cell and, at the same time reflect the rate of its metabolism, we
based the interpretation of the physical phenomena on the earlier discussed “model”
way of the course of ontogeny and on the free radicals theory which explains the
mechanisms of biological ageing (Harman 1956, 1992).

Our analyses indicate that relaxation times increase in the group of boys along
with age, which can be related to the growth of the dynamics of biomolecular
systems and to sequential triggering of specific genes activating specific enzymes in
accordance with the operation and control of epigenetic factors in the course of
development (Atchley, Hall 1991) and with commonly accepted theory of epigenesis
(Waddington 1940). The situation is similar in the case of the group of men, where
relaxation times start to decrease along with age, which can be related to the decline
of the rate of biological processes connected with decrease of the mobility of tissular
structures and resulting from the increased number defects of building and enzymatic
structures in the cell: oxidation of lipids, proteins and DNA (Stadtman 1992, Oliver
et al. 1987a, 1987b after Marek Jurgowiak, Ryszard Olinski 1995). It was indicated
in the quoted papers that in the old age half of proteins (e.g. those which were earlier
active, metabolising enzymes) is damaged as a result of oxidation, apart from that
migration in rigid oxidised albuminous-lipidous membranes is also made difficult
(Jurgowiak, Olinski 1995), (Olinski, Jurgowiak 1996). Such structures are more rigid
by their nature and hence shorter relaxation times are observed. The above
interpretation fails in the case of the female group. This probably results from the
scarcity of the material and uneven distribution of the numbers of subjects in
particular age groups. The characteristic spectrum lines observed within the range
from 1 to 2 ppm appearing in the course of years we explain, according to the free
radicals theory, with the increase in the occurrence of biologically inactive
substances or substances of lowered reactivity deposited in the cells. The
interpretation presented here finds confirmation in the study by Baynes from 1991,
where it is stated that along with age the accumulation of oxygen related damages in
molecules of particularly long duration, such as collagen or elastin (Bailey et al. 1990
after Jurgowiak, Olinski 1995) and DNA (Rattan 1989), Rusting (1993) takes place.

Conclusions

1. Distinguished parameters: relaxation time (T;) and spectrum shape change
along with age. The correlation with age, which is statistically significant for the
group of males, was observed for the entire studied ontogeny period..

2. Tendency to the development of the parameters: (T;) and the shape of the
spectrum in the area of 1-2 ppm confirm the phasic character of ontogenetic
processes characteristic of the population. Within the distinguished age groups
individual differentiation of the values of the mentioned parameters for an individual
was observed.
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3. Spectroscopy (NMR) methods — next to other methods used in auxology —
proved to be useful.

4. Research should continue mainly in order to increase the body of the studied
material, to analyse the tendencies in the development of these parameters in the
course of ontogeny and their variability, and as a result to confirm or exclude the
applicability of (T;) parameter and the shape of spectrum as criteria of the biological
age estimation.

5. New research carried out with the use of a high resolution (HR) pulse
spectrometer will probably make it possible to distinguish a parameter changing with
age according to the model of ontogenetic transformations, namely the amplitude of
the signal coming from specific chemical groups. We mean, for instance, carbonyl
groups whose presence, in accordance with the free radicals theory, increases along
with age and becomes particularly strong in senility.
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