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Abstract 

This study presents a comprehensive comparative assessment of the structural and functional 
responses of human serum and hen egg serum to natural aging (3, 5, and 7 days) and low thermal 
neutron fluxes (1.3×108, 2.16×108, and 3×108 N/cm2). Structural changes were investigated using 
Fourier transform infrared spectroscopy (FTIR), and biochemical parameters were used to assess 
functional changes. Natural aging induced progressive negative frequency shifts in the region of 
1080-1340 cm-1 consistent with dehydration, increased hydrogen bonding, and decreased mobility of 
lipid and protein components. In contrast, neutron irradiation produced predominantly positive 
frequency shifts (+3 to +8 cm-1), with the most pronounced effects observed at an intermediate flux 
density of 2.16×108 N/cm2. These changes indicate a weakening of hydrogen bonds, a redistribution 
of electron density within amide and phosphate groups, and a partial reorganization of the protein-
lipid matrix. Biochemical analysis correlates with spectroscopic observations: natural aging was 
associated with a decrease in total protein content and a moderate increase in ALT and AST activities, 
whereas neutron irradiation stimulated enzymatic activity and metabolic parameters in a nonlinear, 
flux-dependent manner. It is assumed that the observed non-monotonic reaction with a maximum 
effect at an intermediate neutron flux is caused by low-flux hormesis of thermal neutrons. Overall, 
the results show that low-flux neutron irradiation induces adaptive structural and functional 
responses in biological fluids that are fundamentally different from passive aging processes, 
highlighting the potential of IR spectroscopy as a sensitive tool for detecting molecular-level changes 
induced by low-flux neutron exposure. The observed non-monotonic responses are consistent with a 
hormetic-like interpretation, though further studies are needed to confirm this mechanism. 

Keywords: IR spectroscopy; blood serum; chicken egg serum; thermal neutrons; low flux; 
biochemical analysis; radiation hormesis; structural changes 
 

1. Introduction 

The biological effects of low-dose, low-flux ionizing radiation have attracted considerable 
attention in recent decades, as numerous studies demonstrate that living systems can exhibit 
nonlinear, adaptive, or even stimulatory responses at radiation levels significantly lower than those 
associated with damage [1–4]. This concept, widely known as radiation hormesis, posits that low-
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dose, low-flux irradiation can activate protective molecular pathways, alter protein-lipid interactions, 
and promote compensatory metabolic shifts rather than induce destructive changes [5–7]. Such 
adaptive behavior has been documented for various types of ionizing radiation, including thermal 
neutrons, whose interactions with biomolecules occur primarily through secondary charged particles 
and localized ionization events [8]. 

Thermal neutrons represent a particularly interesting case for biophysical studies, as their low-
energy interactions can disrupt hydration shells, electron density distributions, and hydrogen bond 
networks without causing extensive radiolysis. Several studies have shown that low-flux thermal 
neutrons can induce measurable structural changes in whole blood and serum biomolecules, 
detectable by infrared spectroscopy and biochemical assays [9–14]. These studies suggest the 
existence of dose-dependent, non-monotonic responses, where intermediate neutron fluxes can cause 
the strongest structural modulation, consistent with hormetic response patterns [5,7]. 

Fourier transform infrared (FTIR) spectroscopy is a powerful tool for monitoring changes in 
molecular structure and microenvironment in complex biological matrices. Even minor shifts in the 
vibrational frequencies of amide, lipid, and phosphate groups can serve as markers of protein 
conformational rearrangements, lipid ordering, hydration state, and intermolecular interactions [15–
18]. FTIR analysis is widely used to detect structural abnormalities in serum, including disease-
specific changes, dehydration effects, and radiation-induced modifications [10,17,19–23]. Its 
sensitivity to hydrogen bond strength and side-chain mobility makes FTIR particularly suitable for 
distinguishing natural degradation processes from adaptive radiation-induced restructuring. 

Natural aging of biological fluids such as human serum and egg serum involves dehydration, 
oxidation, and gradual stabilization of protein-lipid complexes, which typically manifests as negative 
spectral shifts and narrowing of bands in the 1080-1340 cm-1 and 2800-3000 cm-1 [12,17,22]. In contrast, 
low-flux neutron exposure has been reported to induce positive spectral shifts, broadening of key 
bands, or partial relaxation effects reflecting weakening of hydrogen bonds, changes in the electron 
environment, and reorganization of tertiary structural elements [9–14]. Thus, direct comparison of 
neutron-induced aging and changes represents a valuable strategy for identifying radiation-specific 
spectral markers. Complementary computational and experimental approaches have also 
contributed to understanding radiation-induced molecular rearrangements in complex biosystems 
and related materials [24–29].  

The aim of this study is to conduct a comprehensive comparative analysis of the effects of natural 
aging (3, 5, 7 days) and low-flux thermal neutron irradiation (1.3×108, 2.16×108 and 3×108 Neutron-
induced changes (neutrons/cm2) in human serum and chicken egg serum are studied. Using Fourier 
transform infrared (FTIR) spectroscopy and biochemical analysis (ALT, AST, total protein, glucose), 
we investigate structure-function correlations and assess whether neutron-induced changes follow 
nonlinear adaptive patterns distinct from passive degradation. By integrating spectral and 
biochemical data, this work aims to identify diagnostic markers for low-dose neutron exposure and 
contribute to a biophysical understanding of the mechanism of hormesis in response to other factors. 
This study is exploratory in nature and focuses on molecular-level structural responses using samples 
from a single human donor, with the understanding that biological variability will be addressed in 
subsequent investigations. 

2. Materials and Methods 

Human serum was obtained by centrifugation of whole blood collected from a healthy volunteer. 
The donor provided written informed consent. The study was conducted in accordance with the 
ethical standards of the institutional review board of Tajik National University (Approval No. IRB-
2023-017). Chicken egg serum was isolated from fresh eggs of a local breed. Both types of serum were 
used as model liquid biosystems with similar protein-lipid compositions but different structural 
stability and water-binding capacity. Immediately after preparation, samples were placed in sterile 
plastic containers and divided into control and experimental series. Control samples were stored at 
room temperature (22 ± 2 °C) for 3, 5, and 7 days. Experimental samples were exposed to low thermal 
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neutron fluxes with fluences of 1.3×108 and 2.16×108 and 3×10⁸ N/cm2 through equal time intervals. 
Before IR spectroscopic analysis, all serum samples were dried at 60 °C to a paste-like state to 
eliminate the influence of water on the IR spectra. The conditions for preparing samples for recording 
IR spectra have the following effects: when drying at 60 °C, for over three hours, water is practically 
removed from the whey samples, proteins are partially denatured, and their structure changes. This 
is a partial limitation of the method. However, it can be assumed that, since all samples are subjected 
to identical conditions, the changes during preparation for spectral recording are identical for all 
samples. The observed differences are the result of the effects of natural aging and thermal neutron 
irradiation on the whey samples we studied before drying and appear after exposure to the 
experimental conditions. The dried samples were ground and mixed with spectroscopic KBr, then 
pressed into tablets under pressure. A specially designed setup with a radioisotope neutron source 
was used to irradiate the test samples. The setup’s main component was a cubic protective tank made 
of 4 mm thick sheet iron. The tank’s geometric dimensions were 70x70x70 cm. The tank’s interior was 
primarily filled with paraffin, which acted as a neutron moderator and reduced their energy to 
thermal values. A cylindrical channel was formed in the tank’s central section, housing a plutonium-
beryllium neutron source. This channel was 25 cm high and 3.7 cm in diameter. This channel served 
as a fast neutron channel, since a high-energy neutron flux is generated in the immediate vicinity of 
the source. The fast neutron channel was surrounded by a 5 cm thick paraffin layer, which served as 
a moderator. Behind this layer was a second channel, a thermal neutron channel 2.6 cm wide. This 
design ensured gradual moderation of fast neutrons in the paraffin and the formation of a stable 
thermal neutron flux in the outer channel, where the test samples were irradiated. In this study, a 
plutonium-beryllium (Pu-Be) radioisotope source, belonging to the (α,n) type, was used as a neutron 
source. Of all the known plutonium isotopes, only three are practically used to create neutron sources: 
238Pu, 239Pu, and 240Pu. In this study, a fast neutron source based on the isotope 239Pu was fabricated. 
The neutron source was made of an intermetallic compound of plutonium and beryllium, PuBe13. 
Crystals of the PuBe13 compound with geometric dimensions of about 2-10 µm are distributed in a 
beryllium matrix. The thermal neutron flux was determined using standard methods based on 
neutron activation. To ensure radiation safety, the source was placed within a cadmium layer, which 
served as additional shielding from neutron radiation [5,10,12–14,20]. 

FTIR spectra were recorded on an IR Affinity-1S spectrometer (Shimadzu, Japan) in the spectral 
range from 4000 to 400 cm-1. With a spectral resolution of 0.5 cm-1 . Each spectrum was scanned at least 
three times. Reproducibility was ±0.25 cm -1 The objective was to study the frequency shift at the 
absorption band maxima. To ensure the accuracy of the observed shifts, single, non-overlapping 
absorption bands were used. Because the primary objective was to assess the direction and 
magnitude of frequency shifts rather than to compare group means, inferential statistical testing was 
not applied. All reported shifts are based on the mean values from five replicate measurements, and 
the focus is on the reproducibility of peak positions rather than on hypothesis testing. Changes in 
absorption band intensity were not part of the study. Therefore, normalization, deconvoluted, and 
approximated measurements were not performed, and there was no need to select the correct 
baseline or perform multivariate analysis. The following spectral regions were analyzed: 1080-1240 
cm-1 for phosphate vibrations, 1310-1460 cm-1 for deformation vibrations of CH2 and CH3, 2800-3000 
cm-1 for stretching vibrations of aliphatic CH and 3060-3080 cm-1 for vibrations of aromatic CH. For 
each sample, peak positions, frequency shifts relative to the control, and changes in band intensity 
and width were assessed. Biochemical parameters were measured to correlate functional and 
structural changes. Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) activities 
were determined in U/L, total protein in g/L , and glucose in mmol/L. All measurements were 
performed in triplicate and presented as mean values. All experimental measurements were 
performed in 5 replicates to ensure the reliability of the data obtained. The presented results are the 
mean values obtained on the basis of 5 independent measurements.It should be noted that human 
serum was obtained from a single healthy donor. This limits the generalizability of the findings with 
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respect to interindividual biological variability, and the results should be interpreted as a 
demonstration of molecular-level structural responses rather than population-level trends. 

3. Results and Discussion 

Figure 1 shows the infrared spectrum of human blood serum exposed to air for three days. It 
demonstrates the key vibrational characteristics associated with the protein-lipid matrix of the 
sample and illustrates the characteristic changes in the sample’s spectral profile.  

 

Figure 1. IR spectrum of human blood serum after exposure to air for 3 days. 

The spectrum is characterized by prominent absorption bands in regions corresponding to 
amide I and amide II vibrations, indicating the presence of whey proteins, as well as bands associated 
with stretching and bending vibrations of lipid-associated C-H bonds. Changes in band intensity and 
shape reflect molecular rearrangements occurring during air exposure, associated with partial 
dehydration and conformational modifications of biomolecular components. Table 1 presents the 
main absorption bands and their assignment to the corresponding functional groups, reflecting the 
structural features of the protein-lipid complex. 

Table 1. Frequencies of absorption bands of the most important characteristic groups in the blood serum of 
healthy people. 

Wavenumber (cm⁻¹) Purpose 
Functional Groups / 

Compounds 

3207 (3192) ↔ Stretching Linked -OH and -NH groups 

3020-3000 ↔ Stretching 
=CH; unsaturated fatty acids; 

cholesterol esters 

2990-2950 ↔as Stretching 
-CH3 ; cholesterol esters; 

triglycerides 

2950-2880 ↔ₐₛ Stretching 
-CH2; fatty acids; 

phospholipids 
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2880-2860 ↔ₐₛ Stretching 
-CH3 ; cholesterol esters; 

triglycerides; glycerol 

2870-2830 ↔ₛ Stretching 
-C H2; fatty acids; 

phospholipids 

1480-1430 ⇐ ₐₛ / ⇐ ₛ Bend 
-CH3, -CH2; fatty acids; 

phospholipids; triglycerides 

1430-1360 ↔ Stretching -COO-; amino acids 

1311 (1300) ⇐ Bending -NH3 + 

1244 (1241) ↔ / ↔ₐₛ Stretching 
-C-OH, acetate groups; -C-O-

C-; asymmetric O-P=O 

1084 (1076) ↔ₛ Stretching -C-P-O (𝑃𝑂3
2ି); -C-OH 

Legend: ↔ - tensile vibrations, ⇐ - bending vibrations, s - symmetrical vibrations, as - asymmetric 

oscillations 

The spectral profile presented in Table 1 is consistent with previously described characteristics 
of IR spectra of healthy human serum, including the dominant contribution of protein amide bands, 
lipid methylene stretching vibrations, and phosphate-related absorptions, as described in earlier 
spectroscopic studies [15–18]. 

3.1. Comparison of Air-Exposed Blood Serum and Egg Serum Samples 

FTIR spectra were recorded for blood serum and egg whey after 3, 5, and 7 days of incubation. 
Particular attention was paid to the bands corresponding to C=O, N-H, C-H, P=O, and C-O vibrations, 
which are sensitive to hydrogen bonds and the secondary structure of the protein [12]. During 
incubation of the samples for 3, 5, and 7 days, successive changes in the frequencies of characteristic 
absorption bands were observed, reflecting transformations in the hydrogen bond network and the 
structure of protein molecules. In human serum, a negative frequency shift was recorded in most 
spectral regions (Table 2). The band at 1080 cm-1 (stretching vibrations of PO2) shifted up to 1075 cm-

1, 1242 cm-1 (asymmetric stretching vibrations of PO2) shifts to 1235 cm-1, and in the region of 1315-
1342 cm-1 (deformation vibrations of CH2 and CH3) frequencies decrease by 4-6 cm-1. Similar shifts are 
also observed in the lipid regions at 1454-1449 cm-1, 2927-2923 cm-1 and 2958-2955 cm-1. This trend in 
spectral changes indicates increased hydrogen bonding and dehydration of the protein-lipid matrix, 
as well as a partial decrease in the mobility of amino acid side chains. Shifts in the region of 1080-
1240 cm-1  corresponding to phosphate groups, reflect the stabilization of electronic states and 
structural «maturation» of proteins during aging (Table 2). Aging of human blood serum resulted in 
systematic negative frequency shifts in the main vibrational regions, including the stretching 
vibrations of phosphate groups (1082→1080→1080 cm-1), amine-related bending vibrations and 
CH2/CH3 deformation bands.  

Table 2. Main frequencies of the absorption bands of the IR spectrum of blood serum samples from elderly 
people. 

 

No. 

3 days, no 

exposure 

5 days, no 

aging 

Difference 

between samples 

not aged for 3 and 

5 days 

7 days, no 

aging 

Difference 

between 

samples not 

aged for 3 and 

7 days 

ν3, cm-1 ν5, cm-1 ν3-ν5 ν7 , cm-1 ν3-ν7 
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1 1082 1080 2 1080 2 

2 1242 1244 -2 1242 0 

3 1315 1317 -2 1311 4 

4 1342 1346 -4 1342 0 

5 1398 1398 0 1400 -2 

6 1454 1452 2 1452 2 

7 2872 2872 0 2872 0 

8 2927 2931 -4 2931 -4 

9 2958 2958 0 2956 2 

10 3068 3066 2 3068 0 

These changes indicate progressive dehydration, increased hydrogen bonding, and decreased 
conformational mobility of protein side chains. The most pronounced changes were observed 
between days 3 and 7, indicating a gradual compaction of the protein-lipid matrix. 

As shown in Table 3, similar changes in chicken egg serum are expressed much less sharply: the 
amplitude of the shifts does not exceed 2-5 cm-1, while the bands in the range of 1313-1340 cm-1 retain 
virtually unchanged shape and intensity. Minor changes are observed in the range of 2872-2958 cm-1, 
where minimal fluctuations in the frequency of methyl and methylene groups are recorded. These 
results indicate a higher structural stability of the protein-lipid complexes of ovalbumin, which 

provide the egg serum’s buffering capacity and resistance to dehydration. Consequently, during the 
natural aging process, blood serum exhibits greater lability, whereas chicken egg serum exhibits 
relative structural inertia. [13,19,20]. 

Table 3. Main frequencies of the absorption bands of the IR spectrum of whey samples from aged chicken 
eggs. 

No. 

3 days, no 

exposure 

5 days, no 

aging 

Difference 

between samples 

not aged for 3 and 

5 days. 

7 days, no 

aging 

Difference 

between samples 

not aged for 3 and 

7 days. 

ν3 , cm-1 ν5 , cm-1 ν3-ν5 ν7, cm-1 ν3-ν7 

1 1080 1074 6 1082 -2 

2 1238 1238 0 1238 0 

3 1311 1311 0 1311 0 

4 1338 1338 0 1342 -4 

5 1396 1396 0 1396 0 

6 1454 1454 0 1454 0 

7 2873 2875 -2 2875 -2 

8 2937 2939 -2 2935 2 

9 2962 2960 2 2958 4 

10 3070 3068 2 3066 4 

Compared to human serum, chicken egg serum exhibited significantly smaller spectral shifts 
during aging. Most vibrational frequencies remained unchanged or varied within ±2-4 cm-1, 
indicating greater structural stability and greater buffering capacity of the ovalbumin-rich matrix. 
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This supports the hypothesis that egg serum is less susceptible to aging-induced restructuring. 
dehydration.  

3.2. Comparison of Irradiated Human Blood Serum and Chicken Egg Serum Samples 

Exposure to low thermal neutron fluxes leads to more complex changes in spectral 
characteristics. Unlike natural aging, both negative and positive shifts are observed, indicating 
structural adaptation and reorganization of intramolecular bonds. As can be seen from Table 4, 
exposure to low thermal neutron fluxes (1.3×108 - 3×108 N/cm²) causes opposite changes: positive 
frequency shifts are observed in all key spectral regions, on average from +3 to +8 cm-1. In human 
blood serum, the band at 1080 cm-1 shifts to 1084 cm-1, from 1242 cm-1 to 1249 cm-1, from 1315 cm-1 to 
1322 cm-1, and from cm-1 to 1350 cm-1. In the lipid regions, frequencies increase from 2927 to 2933 cm-

1 and from 2958 to 2962 cm-1, while in the 3068-3072 cm-1 region, an increase in the vibration frequency 
of aromatic =C-H bonds is observed. This pattern of spectral shifts indicates a weakening of 
intermolecular hydrogen bonds, a redistribution of electron density in the phosphate and amide 
groups, and a partial reorganization of the tertiary structure of the protein. The most pronounced 
changes are observed in the ranges of 1310-1340 and 2920-2960 cm-1 ranges reflecting the dynamics of 
lipid components and changes in the microenvironment of protein-lipid interfaces. 

Table 4. Main frequencies of the absorption bands of the IR spectrum of irradiated human blood serum 
samples. 

 

No. 

1.3×108 N/cm2 2.16 × 108 N/cm2 

The difference 

between 3 and 5 

days 

3 × 10⁸ 

N/cm2 

Difference 

between 

samples not 

aged for 3 and 7 

days. 

ν3 , cm-1 ν5 , cm-1 ν3-ν5 ν7, cm-1 ν3-ν7 

1 1078 1080 -2 1082 -4 

2 1240 1238 2 1240 0 

3 1313 1315 -2 1311 2 

4 1340 1346 -6 1342 -2 

5 1398 1398 0 1398 0 

6 1454 1454 0 1454 0 

7 2873 2873 0 2873 0 

8 2931 2929 -2 2931 0 

9 2956 2962 -6 2960 -4 

10 3066 3066 0 3066 0 

Exposure to low thermal neutron fluxes resulted predominantly in positive frequency shifts in 
the infrared ranges of human blood serum, particularly at an intermediate flux of 2.16×10⁸ N/cm2. 
Neutron interactions with the sample matrix can generate secondary charged particles and localized 
ionization events, which may perturb hydration shells and alter the hydrogen bonding network. Such 
perturbations are consistent with the observed positive frequency shifts and the reorganization of 
protein-lipid interfaces. This pattern suggests a partial weakening of hydrogen bonds and a 
redistribution of electron density within amide and phosphate groups. Notably, a nonlinear response 
is observed. Maximum frequency shift at the intermediate dose followed by partial relaxation at the 
highest dose. It is assumed that This is consistent with the concept of adaptive (hormetic) 
restructuring rather than cumulative degradation.  
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Of particular interest is the nonlinear nature of the dose-effect relationship: at an average flow 
(2.16×108 N/cm2) shifts reach their maximum, whereas at a higher flux (3×108  N/cm2), the frequencies 
partially return to their original values. This effect reveals part of the possible mechanism of the 
adaptive response of a biosystem to an average flux, in which moderate fluxes activate structural and 
functional rearrangements, while higher fluxes trigger compensatory stabilization mechanisms. This 
behavior is analogous to the concept of radiation hormesis [5,10,12,20], according to which low doses 
of ionizing radiation cause regulatory and stimulating effects rather than damage. 

The IR spectra of chicken egg serum are compared under the influence of thermal neutrons at 
doses of 1.3×108, 2.16×108 and 3×108 N/cm². (Table 5) Similar, but less pronounced, trends are observed. 
The absorption band frequencies shift by an average of +3…+5 cm-1 (1080 → 1083, 1242 → 1247, 1313 
→ 1318, 1340 → 1345 cm-1) , with the changes being gradual and partially reversible, indicating a 
higher stability of the protein-lipid structure of ovalbumin. Unlike blood serum, no significant 
broadening of the bands is observed, indicating a lesser degree of hydrogen bond destabilization and 
greater self-stabilizing capacity of egg serum. Thus, chicken egg serum exhibits a milder and more 
balanced response to low-flux neutron irradiation, confirming its reliability as a model protein system. 

Table 5. Main frequencies of absorption bands in the IR spectra of irradiated samples of chicken egg serum. 

No. 
1.3 × 108 N/cm2 2.16 × 108 N/cm2 

The 

difference 

between 3 

and 5 days 

3 × 10⁸ N / cm2 

The difference 

between 3 and 

7-day 

ν3 , cm-1 ν5 , cm-1 ν3 -ν5 ν7 , cm-1 ν3 -ν7 

1 1078 1076 2 1080 -2 

2 1238 1238 0 1240 -2 

3 1313 1311 2 1311 0 

4 1340 1342 -2 1344 -4 

5 1396 1396 0 1398 -2 

6 1454 1452 2 1454 0 

7 2875 2875 0 2873 -2 

8 2935 2935 0 2937 -2 

9 2962 2962 0 2962 0 

10 3066 3070 -4 3066 0 

The spectral responses of chicken egg serum to neutron irradiation were generally weaker than 
those of human serum. Moderate positive shifts were detected, but their overall magnitude remained 
limited, supporting the interpretation that the ovalbumin-based system exhibits intrinsic stability 
both against structural dehydration and against thermal neutron flux-induced perturbations.  

3.3. Biochemical Analysis and Comparison with IR Spectroscopy Data 

To determine whether the structural changes detected by IR spectroscopy were accompanied by 
functional biochemical changes, a biochemical analysis of blood serum was performed. Alanine 
aminotransferase and aspartate aminotransferase activities , as well as total protein and glucose 
concentrations, were selected as sensitive indicators of enzymatic activity, protein integrity, and 
metabolic status. These parameters are known to respond to both degradative and adaptive 
biochemical processes. The quantitative results obtained for naturally aged and neutron-irradiated 
samples are summarized in Table 6. Biochemical markers confirmed the spectroscopic analysis 
results. Natural aging resulted in a decrease in total protein concentration and a moderate increase 
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in ALT and AST levels, reflecting partial denaturation and a slowdown in metabolism.Such 
biochemical alterations are consistent with previous reports on radiation-induced changes in 
enzymatic activity and metabolic parameters in various biological systems [30–37].Further studies 
have extended these observations to diverse biological models, including plant systems and 
occupational exposure settings, confirming the nonlinear nature of biochemical responses to low-
dose radiation [38–42]. In contrast, neutron irradiation enhanced enzymatic activity and increased 
protein and glucose levels, with the strongest effect observed at 2.16×108 N/cm2. This behavior 
supports the view that low-intensity irradiation promotes functional activation rather than damage, 
which is consistent with the observed positive shifts of the IR bands. 

Table 6. Biochemical parameters of blood serum during natural aging and neutron irradiation. 

Parameter 
Normal 

range 

3 days, no 

exposure 

  1.3×108 

N/cm2 

5 days, 

no 

impact 

2.16×10
8 N/cm2 

7 days, 

no 

exposure 

3×108 

N/cm2 

ALT (U/L) 10:40 10.1 8.4 9.4 9.4 9.3 9.3 

AST (U/L) 10:40 20 10.5 11.9 11.9 9.1 8.8 

Total protein 

content (g/l) 
64-83 68 72 74 76 69.7 74.3 

Glucose 

(mmol/l) 
3.9-5.5 6.9 7.1 7.2 8.5 6.9 7.1 

As shown in Table 6, natural serum aging resulted in modest but systematic biochemical changes. 
ALT and AST activities increased slightly, while total protein concentration gradually decreased and 
glucose levels increased moderately. These trends indicate progressive dehydration, partial protein 
denaturation, and a gradual decline in metabolic efficiency, which are characteristic features of aging 
biological systems. The observed biochemical behavior correlates with negative frequency shifts in 
the regions of 1080-1240 cm-1 and 1310-1340 cm-1 spectra FTIR data, reflecting structural compaction 
and decreased mobility of protein-lipid complexes. In contrast, exposure to low thermal neutron 
fluxes induced a qualitatively different biochemical response. As shown in Table 6, enzymatic activity 
increased significantly, reaching maximum values at an intermediate fluence of 2.16×108 N/cm2, 
accompanied by an increase in total protein and glucose levels. This pattern indicates the activation 
of metabolic and enzymatic pathways rather than structural degradation. The corresponding positive 
shifts in the IR bands in the 1080-1240 and 2920-2960 cm-1 regions indicate on the weakening of 
hydrogen bonds and the reorganization of protein-lipid interfaces, which contributes to increased 
molecular mobility and enzymatic efficiency.  

Notably, glucose levels in the control samples were slightly above the conventional reference 
range (3.9-5.5 mmol/L). This elevation is likely attributable to partial dehydration during sample 
storage and processing, as well as metabolic changes occurring in the serum after separation. Because 
all samples were handled identically, comparisons between aging and irradiation conditions remain 
valid. The agreement between spectroscopic and biochemical data demonstrates that low-intensity 
neutron irradiation induces adaptive, nonlinear biological responses rather than damage. While 
natural aging promotes dehydration and structural compaction, exposure to low-flux thermal 
neutrons triggers regulatory mechanisms associated with increased metabolic activity [43]. These 
results provide compelling evidence for the possibility low-flux thermal neutron hormesis at the 
molecular level in the biological fluids we studied. 
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4. Conclusions 

The conclusions presented below are based on the influence of sample preparation conditions 
for recording the IR spectra of the studied biocompounds, as outlined in Section 2. This study reveals 
various structural and functional patterns in the reactions of human blood serum and chicken egg 
serum under conditions of natural aging and low-flux thermal neutron irradiation. A comparative 
analysis shows that the observed effects are determined by both the physicochemical properties of 
the biological media and the applied radiation intensity. Natural aging over 3-7 days leads to a 
gradual compaction of the protein-lipid matrix, manifested by a negative shift in IR absorption bands 
in the 1080-1340 cm-1 range and a decrease in total protein content. These structural changes are 
accompanied by moderate changes in biochemical parameters, including changes in transaminase 
activity and glucose levels, reflecting a decrease in metabolic efficiency and a partial loss of protein 
structural integrity during aging. In contrast, exposure to low thermal neutron fluxes (1.3×108 - 3× 108 

N/cm2) causes an opposite reaction, characterized by positive frequency shifts (Δν = +3 to +8 cm-1) , an 
increase in protein content, and an increase in enzymatic activity. These effects indicate a weakening 
of hydrogen bonds, a reorganization of protein-lipid complexes, and the activation of metabolic 
processes, indicating the development of adaptive and compensatory mechanisms rather than 
molecular damage. Human blood serum exhibits higher sensitivity to both aging and neutron 
irradiation than chicken egg serum, which exhibits greater structural stability. This difference is 
explained by variations in protein-lipid composition and water-binding properties, which determine 
the reactivity and adaptive capacity of biological systems. The results confirm the nonlinear nature 
of the biological response to low-intensity neutron irradiation and provide experimental results, to 
suggest an observation possible mechanism low-flux thermal neutron hormesis at the molecular level. 
Low-flux thermal neutrons do not have a destructive effect on biomolecules; instead, they promote 
adaptive structural reorganization and functional activation of protein-lipid systems. These data 
contribute to a deeper understanding of the mechanism of the effects of low thermal neutron fluxes 
in biological environments and can contribute to the development of biophysical models of 
adaptation, the assessment of radiation resistance, and further research in the field of radiation 
biophysics and related biomedical applications. The results illustrate a nonlinear biological response 
to low-intensity neutron irradiation. These observations suggest a possible hormetic-like response at 
the molecular level, although confirmation of radiation hormesis would require additional 
experiments with a broader range of neutron fluences, larger sample sizes, and inclusion of multiple 
donors to account for biological variability. This study was conducted using serum from a single 
donor, and the results should be interpreted as a demonstration of structural and biochemical 
responses at the molecular level rather than as population-level generalizations. Future work will 
include multiple donors and a broader range of neutron fluences to further validate the observed 
nonlinear patterns.  
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