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Assessment of effects produced by physical and chemical occupational factors on changes in the relative telomere
length (RTL) in workers is a promising trend in contemporary research. It can be used as a marker of not only ageing but
also intensity of oxidative stress and chronic inflammation. Simulation of such effects in experiments on laboratory ICR mice
and Wistar rats enriches our knowledge on the subject.

In this study, we were interested in performing comparative assessment of isolated effects produced by physical and
chemical factors on the relative telomere length of laboratory animalsin a model experiment. The study involved using labo-
ratory animals (mice, n = 65; rats, n = 65) divided into the experiment (total vibration, noise and a mixture of aromatic hy-
drocarbons) and the control groups. Animals in the control group were intact. Exposure to chemical and physical factors
was simulated in a model animal experiment. The relative telomere length was established using the quantitative real-time
polymerase chain reaction. The experimental data were analyzed by non-parametric analysis techniques in Satistica 10
software package. Intergroup differences were estimated using the Mann — Whitney test. Critical significance in testing of
statistical hypotheses was taken below 0.05.

Physical and chemical factors had the greatest influence on RLT shortening in the experimental animals relative to the
control (intact animals). This indicates activation of the accelerated ageing pathways and growing risks of diseases associ-
ated with these exposures. The fastest RLT shortening rates were established upon exposure to total vibration and the chemi-
cal factor in mice after 30 days in the experiment; rats, after 60 days. The maximum growth in RLT shortening upon expo-
sure to noise was established in mice after 60 days in the experiment; rats, after 180 days. Differencesin RLT in comparison
with its initial value were lost in mice on the 90" day in the experiment and in rats on the 180" day of the modeled chemical
and physical exposure, which may be interpreted as overall ageing of the experiment animals.

RLT shortening in biological objects upon long-term exposure to adverse chemical and physical factors gives evidence
of accelerated ageing of the biological systems in the body and can create elevated risks of cardiovascular and aging-
associated diseases.

Keywords: occupational factors, periodic effects, physical exposure, chemical exposure, mice, rats, relative telomere
length, compar ative assessment, comparability of the results, accelerated ageing, risks.

such effects in experiments on laboratory ICR
mice and Wistar rats enriches our knowledge

Assessment of effects produced by physi-
cal and chemical occupational factors on

changes in the relative telomere length (RTL)
in workers is a promising trend in contempo-
rary research. It can be used as a marker of not
only ageing but also intensity of oxidative
stress and chronic inflammation. Simulation of

© Savchenko O.A., Novikova L.I., Savchenko O.A., 2025

on the subject [1].

Chronic effects produced by physical
[2] and chemical [3] occupational factors
(stressors) [4] on employable population can
lead to health impairments, increase risks of
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various diseases [5] and trigger accelerated
ageing [6, 7].

Long-term exposure to various stressors can
induce accelerated biological ageing (reduced
leucocyte telomere length) and chronic hyperac-
tivation of the body’s physiological stress sys-
tems [8]. Combined exposure to physical and
chemical stressors, both at workplace and at
home, also promotes prevalence of occupational
diseases and accelerated ageing [9].

A study by L.Y. Hao et al., 2005, estab-
lished that the progressive worsening of dis-
ease was directly associated with decreasing
telomere length, which was manifested by
stem cell failure [10]. This is also confirmed
by findings reported in some other studies;
thus, M. Shoeb et al., 2021, found that acceler-
ated ageing and incidence were closely related
to telomere length [11]. Several foreign studies
accomplished by leading experts (H. Li et al.,
2021; B. Celtikei et al., 2021) reported that
reduced RTL was a biomarker of human age-
ing and was associated with developing age-
related renal diseases [12]; it also increased the
risk of diseases associated with weaker cell
proliferation and tissue degeneration [13].
However, at present biomedical studies with
their focus on investigating isolated periodical
impacts exerted by physical and chemical fac-
tors on changes in RTL commonly rely on us-
ing model experimental animals, such as ICR
mice and Wistar rats [14, 15]. This helps in-
vestigate processes and pathways of acceler-
ated ageing.

The aim of this study was to perform
comparative assessment of isolated effects

produced by physical and chemical factors on
the relative telomere length of laboratory ani-
mals in a model experiment.

Materials and methods. The study in-
volved using laboratory animals, ICR mice
(n=65) and Wistar rats (n = 65) for 90 and
180 days accordingly considering the rec-
ommendations stipulated in European Con-
vention for the Protection of Vertebrate
Animals used for Experimental and Other
Scientific Purposes' and Guide for the Care
and Use of Laboratory Animals (Washing-
ton, 2011)7.

According to the experiment design, the
animals were divided into four groups; each
group included the equal number of animals.
The first group (n = 15 + 15) was the control
one (animals not exposed to any physical or
chemical occupational factors).

The second animal group (n= 15 + 15) was
exposed to vibration similar to technological one
typical for stationary workplaces’: vibration ac-
celeration levels in octave bands with center fre-
quencies were 1-63 Hz, OX — 57.3-100.2; OY —
51.4-101.5; OZ — 62.5-103.6 dB; equivalent
adjusted vibration acceleration level was as fol-
lows, dB: OX — 98.6; OY — 99.9; OZ — 102.1;
the exposure lasted for 0.5 hour every day.

The third animal group (n= 15 + 15) was
exposed to noise at the level of 81.5-85.3 dBA
in a noise chamber for 0.5 hours every day.
The fourth animal group (n =15 + 15) was ex-
posed to a chemical mixture of hydrocarbons,
200 liter volume, in an inhalation exposure
chamber: dimethyl benzene (a mixture of 2-,
3-, 4-isomers), 225 mg/m3; benzine fuel sol-

"European Convention for the Protection of Vertebrate Animals used for Experimental and Other Scientific
Purposes ETS N 123 (Strasburg, March 18, 1986). GARANT: information and legal support. Available at:
https://base.garant.ru/4090914/?ysclid=1x32x1xmrq588324754 (December 12, 2024).

% National Research Council (US) Committee for the Update of the Guide for the Care and Use of Laboratory Animals.

Guide for the Care and Use of Laboratory Animals, 8"
DOI: 10.17226/12910

ed. Washington (DC), National Academies Press Publ., 2011.

3SanPiN 1.2.3685-21. Gigienicheskie normativy i trebovaniya k obespecheniyu bezopasnosti i (ili) bezvrednosti dlya

cheloveka faktorov sredy obitaniya (s izmeneniyami na 30 dekabrya 2022 goda), utv. postanovleniem Glavnogo gosudarstvennogo
sanitarnogo vracha Rossiiskoi Federatsii ot 28 yanvarya 2021 goda Ne 2 [Hygienic standards and requirements to providing safety
and (or) harmlessness of environmental factors for people (last amended as of December 30, 2022), approved by the Order of the
RF Chief Sanitary Inspector on January 28, 2021 No. 2]. KODEKS: electronic fund for legal and reference documentation.
Table 5.4. Available at: https://docs.cntd.ru/document/573500115 (December 12, 2024) (in Russian).
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vent, 225 mg/m3 ; methyl benzene, 450 mg/m3 ;
propane-2-on, 1200 mg/m’ in a concentration
equal to 1.5 MPL for 0.5 hour daily.

To perform a background analysis, con-
trol groups were made of five animals each
(n=5 +5), which were kept separately from
the rest.

RTL was established on the Day 0, 30
(60), 60 (120) and 90 (180) in the experiment.
DNA was extracted from biological samples of
transversal striated muscle fiber of the animal
thigh by phenol-chloroform extraction® using
quantitative real-time PCR based on the meth-
odology developed by R.S. Lee et al. [16] and
modified by V.N. Maksimov [17]. DNA con-
centration was measured with an Epoch mi-
croplate spectrophotometer (BioTek Instru-
ments, USA).

The albumin gene was taken as a single-
copy reference gene. Separate quantitative re-
actions for telomeres and the albumin gene
were set in pair 96 well plates in identical po-
sitions. Each plate included a series of DNA
dilutions (0.5; 1.0; 2.0; 5.0; 10; 20 and 30 ng),
which were used to create a calibration curve
and quantitative estimation of each sample.

A reaction mixture for the telomere analysis
contained the following reagents: 270 nM tellb
primer (5" ACACTAAGGT-TTGGGTTTGG-
GTTTGGGTTT-GGGTTAGTGT 3'); 900 nM
tel2b primer (5 TGTTAGGTAT-CCCTAT
CCCT-ATCCCTATCC-CTATCCCTAACA-3");
0,2X SYBR Green I; 5 mM DTT (dithiothrei-
tol); 1 % DMSO (dimethyl sulfoxide); 0.2 mM
of each dNTP; 1.5 mM MgCl2; 1.25 units of
DNA polymerase in the total volume of 15 pl
of the PCR buffer. The PCR cycles were as
follows: 10 minutes at 95 °C, then 25 cycles as
15 seconds at 95 °C, 30 seconds at 54 °C, and
90 seconds at 72 °C. A reaction mixture for the
albumin gene analysis contained the following
reagents: 300 nM Albd primer (5" GCTGACT
GCT-GTACAAAACA-AGAG-3'), Albr pri-

mer (5 TGACTATCAG-CATAAGTGTT-
ACTA-3"), 0.2X SYBR Green I; 5 mM DTT
(dithiothreitol); 1 % DMSO (dimethyl sulfox-
ide); 0.2 mM of each dNTP; 1.5 mM MgCl2;
1.25 units of DNA polymerase in the total vol-
ume of 15 pl of the PCR buffer. The PCR cy-
cles were as follows: 3 minutes at 95 °C, then
35 cycles as 15 seconds at 95 °C, 20 seconds
at 58 °C, and 20 seconds at 72 °C. Both reac-
tions were set on a QuantStudio 5 amplifier
(Thermo Fisher Scientific, USA). The quality
control was performed and the T / S (telomeres
to the single copy gene) ratio was calculated.
If sample amplification curves had standard
deviation > 0.5 in three replicas, than this sam-
ple was excluded from further analysis [18].

Experimental data were statistically ana-
lyzed using non-parametric analysis methods
in the Statistica 10 software. Intergroup dif-
ferences were estimated using the Mann —
Whitney test. Critical significance in statisti-
cal hypothesis testing was taken at the level
below 0.05.

Results and discussion. The experiment
on Wistar rats continued our previous experi-
ments on ICR mice [18], which made it possi-
ble to compare repeatedly obtained experimen-
tal data basing on biomechanical simulation.
Analysis of RTL in muscle thigh tissue sam-
ples in the experimental groups revealed a sig-
nificant association between RTL and age dur-
ing the 90 days of observation for ICR mice
and 180 days of observation for Wistar rats.
RTL differences were also established be-
tween the experimental group and the control.
For example, RTL turned out to be reduced in
control ICR mice on Day 90 in the experiment
(0.33 [0.32; 0.35] relative units) against Day 0
(0.84 [0.81; 0.93] relative units). In control
Wistar rats, a similar result was obtained as
regards RTL reduction (Table) on Day 180
(1.52 [1.48; 1.61] relative units) against Day 0
(2.38 [1.92; 2.41] relative units).

4 Smith K., Kalko S., Cantor Ch. Pul's-elektroforez i metody raboty s bol'shimi molekulami DNK [Pulsed-field gel elec-
trophoresis of large DNA molecules]. In book: Analiz genoma [Genome analysis|. Moscow, Mir Publ., 1990, pp. 58-94

(in Russian).
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Table

Comparative results obtained for isolated effects produced by occupational factors on RTL
of ICR mice [18] and Wistar rats in model experiment, Me [LQ; HQ)]

Group n| Day30 [n]| Day60 |[n| Day90 [n] Day60 | n| Day120 [ n| Day180
RTL of ICRmice[18] RTL of Widtar rats

Group 1 s | 07900.73; | o ] 062[0.55; | o | 0.33[032; | 5 [1.84[1.82%] o [ 1.79[1.66; | ¢ [1.52[148;
(control) 0.81] 0.76] 0.35]* 2.38] 2.22] 1.61]*
Group 2 5 | 06100615 | o[ 047[0.38; | o | 0.29[028; | ¢ [1.79 [1.72;] o [ 1.11[0.98; [ - [0.69[0.62;
(vibration) 0.66] 0.55]*" 0.32]*"* 2.31] 1.277+* 0.82]**
Group 3 5 | 06100615 | o[ 047[0.38; | o | 0.29[028; | o [1.72[1.51;] o [ 147 [0.96; | < [0.83[0.77;
(noise) 0.66] 0.55]*" 0.32]** 1.79] 1.49]** 0.93]**
Group 4 s | 0560056, [ o | 037[0.28; | o | 025[025; | o [1.51[1.39;] o [ 103 [1.01; | ¢ [0.67[0.67;
(chemicals) 0.697* 0.417* 0.35]* 1.57]* 1.13]* 0.82]*

Note: Table provides significant (p < 0.05) differences from the respective indicators: * — on Day 0, # —
against the control; table also contains the results obtained in our previous study focused on RTL of ICR mice [18].

Comparative assessment of isolated im-
pacts exerted by physical factors on mice RTL
(Group 2 and 3) revealed a significant RTL
reduction on Day 60 (Group 2 and Group 3
(0.47 [0.38; 0.33] relative units) and Day 90
(Group 2 and Group 3 (0.29 [0.28; 0.32] rela-
tive units) against the control on Day 60 (0.62
[0.55; 0.76]) and Day 90 (0.33 [0.32; 0.35]). A
similar picture involving RTL reduction was
observed for the experimental Wistar rats ex-
posed to the selected physical factors on Day
120 in Group 2 (exposed to vibration (1.11
[0.98; 1.27] relative units) and Group 3 (ex-
posed to noise (1.47 [0.96; 1.49] relative
units)) and on Day 180 (Group 2 (0.69 [0.62;
0.82] relative units) and Group 3 (0.83 [0.77;
0.93] relative units)) against the control on
Day 120 (1.79 [1.66; 2.22]) and Day 180 (1.52
[1.48; 1.61]). The analyzed physical factors
affected the central nervous system (CNS) and
cerebellum functioning, which led to RTL re-
duction and accelerated ageing of the biologi-
cal systems in the experimental animals (on
Day 60 and 90 in mice; on Day 120 and 180 in
rats) against the control.

Exposure to a mixture of toxicants re-
sulted in a considerable RTL reduction in the
mice and rats from the chemically exposed
groups against the control and those groups
exposed to isolated impacts of the analyzed
physical factors (see Table). In the experimen-
tal mice, RTL reduction occurred on Day 30
(0.56 [0.56; 0.69]) and only grew later on Day
60 (0.37 [0.28; 0.41]) and 90 (0.25 [0.25;

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163 ISSN (Eng-online) 2542-2308

0.35]) against the control on Day 30 (0.79
[0.73; 0.81]), Day 60 (0.62 [0.55; 0.76]) and
Day 90 (0.33 [0.32; 0.35]) [18]. Similarly, re-
duced RTL was established in the experimen-
tal rats (see Table) starting from Day 60, 1.51
[1.39; 1.57], against the control (1.84 [1.82;
2.38]); Day 120, 1.03 [1.01; 1.13], against the
control (1.79 [1.66; 2.22]); and Day 180, 0.67
[0.67; 0.82], against the control (1.52 [1.48;
1.61]). Exposure to the 4-component mixture
of hydrocarbons affected the alveolar-capillary
lung membrane and the olfactory bulb and had
negative effects on the CNS together with
RTL reduction and accelerated ageing in the
experimental mice and rats from the exposed
groups against the control.

The results obtained by the previous ex-
periments performed on ICR mice (Figure)
[18] turned out to be quite comparable with
experimental data repeatedly obtained in the
experiment on Wistar rats (% of the RTL value
on Day 0).

The greatest RTL reduction rates upon
chemical exposure were established in the ex-
perimental mice after Day 30 in the experi-
ment; the rats, day 60 in the experiment. RTL
reduced most considerably upon exposure to
vibration and noise on Day 60 in the experi-
mental mice and Day 120 in the experimental
rats. Differences in RTL against its initial level
(% of the RTL value on Day 0) were lost in
the experimental mice on Day 90 in the ex-
periment and in the rats on Day 180 upon ex-
posure to the analyzed physical and chemical
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Figure. Changes in RTL (@) in ICR mice [18] and
(b) Wistar rats upon periodic isolated exposure to
physical and chemical factors

factors. This may be interpreted as overall age-
ing of the animals and elevated risks of
chronic non-communicable diseases (as a per-
centage of their initial level on Day 0).
Available literature does not contain any
publications, which allow us to fully estimate
isolated effects produced by physical and
chemical factors on RTL of Wistar rats in dy-
namics. The only exclusion was our own ex-
perimental study performed on ICR mice [18]
and few works by various researchers (J. Lin
et al., 2012; D. Stefler et al., 2018; D.D. Ka-
rimov et al., 2021), which reported a negative
role played by exposure to stress [19] on RTL
reduction [20] and developing cellular ageing
in industrial workers [21]; this had a direct
negative effect on life quality and life expec-
tancy. Given that, we conducted several sub-
chronic and chronic experiments to obtain
comparable data about effects produced by
periodical physical and chemical exposures
(at the level of 1.5 MPL) on different animal
species (mice and rats). This made it possible
to get more profound knowledge of how to
establish health risks and processes of accel-
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erated ageing in biological systems of warm-
blooded organisms.

Conclusion. The following conclusions
can be drawn basing on the accomplished ex-
perimental studies. Telomeres protect the ends
of chromosomes and play the key role in main-
taining the genome stability and regulating cel-
lular ageing. Our findings can be considered as
a confirmation of the hypothesis that RTL re-
duction in biological objects upon long-term
occupational physical and chemical exposure
gives evidence of premature cellular ageing.
This conclusion is consistent with findings re-
ported in previous studies about the telomere
length being a marker of risks of age-related
diseases and occupational diseases, including
cardiovascular ones (infarctions and strokes)
[22]. In addition, isolated periodical exposure
to physical and chemical factors (at the level
of 1.5 MPL) in a chronic experiment on ani-
mal models induced RTL reduction [19],
weakened motion, emotional and exploratory
activity [1] as well as provoked morphological
changes in two and more internal organs (bio-
marker of accelerated ageing) in animal
models. Vascular changes were the most pro-
nounced on Day 180 in the experiment but
some initial manifestations occurred on Day
60 and 120 [23], which may indicate that age-
ing of biological systems was triggered and
life expectancy of such animals can be af-
fected.

The greatest effect that promoted RTL re-
duction in the experimental animals was pro-
duced by long-term chemical and vibration
exposure in comparison with the control group
(the intact animals).

At the initial stage, the smallest effect on
RTL in the experimental mice and rats was
produced by exposure to noise; later on, noise
exposure continued to have the minimal effect
on RTL in both species. These manifestations
may imply that initially noise does not affect
DNA considerably and does not induce the
same levels of oxidative stress as total vibra-
tion and exposure to a mixture of hydrocar-
bons. However, despite its less considerable
influence, long-term noise exposure can also
trigger pathology of many organs and systems
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[23] and have negative consequences for
health of the whole body [24].

Changes in RTL were the most pro-
nounced in the ICR mice on Day 90 in the
experiment and in the Wistar rats on Day 180
upon periodical isolated exposure to the ana-
lyzed chemical and physical factors. This
term can be recalculated for humans (1.3
weeks of a mouse’s life are equal to one hu-
man year; 1 week of a rat’s life is equal to
one human year) and the result may indicate
that negative outcomes of occupational expo-
sures appear starting from 10-15 years of
work. It should be noted that initial RTL re-
duction [18] and changes in animals’ internal
organs start developing when work records
reach 5-9 years [23].

RTL reduction in biological objects upon
long-term physical and chemical exposures
indicates accelerated ageing of the biological
systems in the body and may increase risks of
cardiovascular and age-related diseases. Some
experimental results give evidence of acceler-
ated cellular ageing in the test groups against
the control, which is also confirmed by appear-
ing angiopathies in internal organs [23],
weaker orientation and exploratory behavior
and overall signs of accelerate ageing in ex-
perimental animals [1].

Our study emphasizes how important it is
to reduce risks of accelerated (cellular) ageing,
cardiovascular  diseases (infarctions and

strokes) in biological objects upon long-term
adverse exposure to physical and chemical fac-
tors (at the level of 1.5 MPL). Our findings
give evidence of the necessity to conduct hy-
gienic control and qualitative hygienic assess-
ment of working conditions at workplaces; to
minimize physical and chemical exposures for
workers by implementing additional preven-
tive measures, breaks, use of necessary per-
sonal protective equipment (protection for
eyes, skin and respiratory organs including
ear-plugs, gas masks, respirators, goggles, and
gloves) and protective clothing and footwear;
to conduct ultrasound examinations during
mass health examinations aimed at early diag-
nostics of diseases in workers exposed to oc-
cupational adverse factors in order to achieve
career longevity.

In future, we plan to have a more pro-
found investigation of pathways through
which the above mentioned factors influence
telomere length and processes of accelerated
ageing of the biological systems in the body.
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