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Abstract. Contemporary research demonstrates the significant influence of the autonomic
nervous system on the adaptation and productivity of farm animals. The farrowing period in sows
is particularly critical, as changes in autonomic tone determine the course of parturition stress and
the rate of recovery. The aim of the study was to investigate the dynamics of variational pulsometry
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parameters in sows with normotonic, sympathicotonic and vagotonic autonomic nervous system
tone before farrowing, as well as one day and five days after parturition stress. The experiment
was conducted on fifteen sows of the Large White breed, divided into three groups according to
the level of the stress index. For each animal, one day before farrowing, and on the first and fifth
days after farrowing, one hundred consecutive intervals between heartbeats were recorded using
an electrocardiograph. The mean interval duration, interval mode, mode amplitude, range of
variation, vegetative balance index and stress index were calculated. It was found that prior to
farrowing, vagotonic animals exhibited the highest heart rate variability, whilst sympathicotonic
animals exhibited the lowest. One day after parturition stress, a decrease in the mean duration of
intervals and an increase in the stress index were noted in all groups; however, the fastest recovery
of parameters was observed in vagotonic sows. On the fifth day after farrowing, the parameters
in sows of the normotonic group approached baseline values, whereas in animals with increased
sympathetic tone, the stress response persisted. Thus, the use of variational pulse wave analysis
to assess the tone of the autonomic nervous system prior to farrowing allows for the identification
of the most stress-resistant sows and the implementation of targeted supportive measures in the
first days after farrowing. This approach will contribute to improving piglet survival, shortening the
recovery period for sows and increasing the economic efficiency of pig farming

Keywords: variational pulsometry; autonomic nervous system; parturition stress; adaptive

mechanisms; pigs

Introduction

Under conditions of the intensification of pig
production and increased requirements for
animal productivity and welfare, the study of
physiological mechanisms of adaptation in
sows during critical periods of ontogenesis
has become particularly relevant. Farrowing
represents one of the most stressogenic stag-
es of the reproductive cycle, accompanied by
considerable neuroendocrine load and capable
of significantly affecting both the condition of
the maternal organism and the viability of the
offspring. Individual differences in the func-
tional state of the autonomic nervous system
determine the variability of responses to par-
turition stress and the rate of post-farrowing
recovery; however, these aspects remain in-
sufficiently considered in livestock practice.
Thus, the application of methods for assessing
autonomic regulation of heart rhythm may al-
low the prediction of stress resistance in sows
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and the optimisation of management decisions
aimed at improving the efficiency and sustain-
ability of production.

The autonomic nervous system (ANS)
plays a decisive role in the formation of adap-
tive responses in the organism of sows under
various stress factors, particularly during far-
rowing. The ANS consists of two antagonistic
branches — the sympathetic and the parasym-
pathetic nervous systems — which, through
neuroendocrine interactions, respond rapid-
ly to external and internal stimuli. K. Stein-
erova et al. (2025) noted that under resting
conditions parasympathetic tone predom-
inates, maintaining a lower heart rate and
promoting energy conservation. L. Stovbets-
ka et al. (2021) reported that with the onset
of stress, particularly acute pain or emotional
stress during labour contractions, the sym-
pathetic nervous system becomes activated:
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the secretion of catecholamines (adrenaline
and noradrenaline) increases and cortisol is
released into the bloodstream. M.E. Lago-
da et al. (2022) and N. Manu et al. (2021) in-
dicated that this mechanism mobilises energy
resources, increases heart rate and arterial
pressure; however, an excessively pronounced
sympathetic response may be accompanied
by impaired uterine perfusion, prolonged la-
bour and even acute foetal hypoxia. R. Lem-
ery (2024), in a historical review of the devel-
opment of the concept of cardiac autonomic
regulation, demonstrated how ideas about
sympathetic and parasympathetic interaction
evolved gradually from early anatomical stud-
ies to modern multidisciplinary approaches.
Analysis of heart rate variability (HRV)
is a widely accepted non-invasive method for
assessing the state of the ANS in animals and
is recognised as one of the most informative
approaches for determining indicators of the
functional state of the ANS in farm animals
(Ishaque et al., 2021). A decrease in HRV in-
dicators within the low-frequency (LF) and
high-frequency (HF) spectra indicates the pre-
dominance of sympathetic activity, whereas
the predominance of parasympathetic activity
is reflected in an increase in the HF compo-
nent and in the overall SDNN index (standard
deviation of NN intervals) (Tiwari et al., 2021).
Considering that parturition stress in sows is
accompanied by abrupt changes in autonomic
tone and may significantly influence piglet sur-
vival and the economic efficiency of production
(Von Borell & Raoult, 2024), further investiga-
tion of these processes is necessary. According
to J. Calder6n-Amor et al. (2024), chronic stress
during pregnancy in sows, resulting from unfa-
vourable microclimatic conditions or hierarchi-
cal interactions, is associated with suppression
of HRV and elevated cortisol concentrations
long before farrowing, which negatively af-
fects subsequent reproductive performance.

Complicated farrowing may prolong labour
due to impaired coordination of uterine con-
tractions: high levels of catecholamines re-
duce the effectiveness of oxytocin and hinder
the movement of piglets through the birth
canal (Buckley et al., 2023). Existing studies
by Ukrainian researchers are mainly focused
on investigations of young pigs (Todoryuk et
al., 2023). However, issues related specifically
to comparative analysis during the farrowing
period remain insufficiently studied. Despite
numerous investigations conducted in different
animal species, information concerning sows
with different baseline ANS tone in the context
of parturition stress and post-farrowing recov-
ery remains limited. It is therefore necessary to
determine how differences in the initial ANS
tone (normotonia, sympathicotonia and vag-
otonia) influence the recovery of animals.

Thus, based on the analysis of the available
literature, there was a need to conduct studies
comparing the dynamics of HRV in sows with
normotonic, vagotonic and sympathicotonic
ANS tone during critical periods of pregnancy
and after farrowing. Such research will allow
the development of scientifically substanti-
ated methods for the selection and manage-
ment of animals with the highest potential for
stress resistance. The aim of the study was to
determine the characteristics of the dynamics
of key indicators of variational pulsometry in
sows with different baseline ANS tone before
farrowing, as well as on the first and fifth days
after parturition stress.

Materials and Methods

The study was conducted during 2024-2025 at
the Department of Vertebrate Physiology and
Pharmacology of the National University of
Life and Environmental Sciences of Ukraine.
Experimental procedures involving animals
were carried out in accordance with the fun-
damental principles of bioethics and complied
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with Law of Ukraine No. 3447-IV (2006), the
European Convention for the Protection of
Vertebrate Animals Used for Experimental and
Scientific Purposes (1986), Directive 2010/63/
EU (2010), Law of Ukraine No. 249 (2012), and
the ARRIVE (n.d.) guidelines for reporting ex-
periments involving live animals.

The research was carried out on 15 Large
White sows (second-third farrowing, aged 2.5-
3.5 years, body weight 180-210 kg), selected
from a total of 40 animals using a preliminary
analysis of the stress index (SI) according to
Baevsky’s method modified for animals (Todo-
ryuk et al., 2023). The selected animals were
divided into three groups (n=>5): normotonic —
NT (SI 80-100 conventional units), sympath-
icotonic — ST (SI> 150 conventional units) and
vagotonic — VT (SI< 50 conventional units).

The study material consisted of short-term
electrocardiogram recordings (up to 5 min) ob-
tained one day before farrowing and on the first
and fifth days after farrowing, using a Heaco
300G MDT electrocardiograph (manufacturer:
HEACO, UK) with a tape speed of 50 mm/s. Key
indicators of heart rate variability were calcu-
lated based on the filtered intervals: Mean RR
(mean R-R interval), Mo (mode), AMo (ampli-
tude of mode), variability range (Ax), and the
vegetative balance index (VBI):

VBI = AMo/Ax, 1)

where AMo - the mode amplitude; Ax - the dif-
ference between the maximum and minimum
mode values (s).

And also the SI stress index:

SI=AMo/(2 X Mo X Ax), 2)

where AMo - mode amplitude; Mo - a varia-
tional pulsometry parameter; Ax — the differ-
ence between the maximum and minimum val-
ues of the mode (s).

Statistical analysis of the results was per-
formed using MS Excel. For each parameter, the
mean and standard deviation were calculated,
and the results were presented as M = SD. Prior
to conducting a comparative analysis, the distri-
bution of the samples was assessed for conform-
ity to a normal distribution. The significance of
differences between the mean values in the ex-
perimental and control groups was determined
using Student’s t-test for independent samples.
A difference was considered statistically signif-
icant at levels: P<0.05, P<0.01, and P <0.001.

Results and Discussion

Summary indicators of variational pulse rate in
sows with different baseline autonomic nervous
system tone were determined prior to farrow-
ing, as well as on the first and fifth days follow-
ing parturition stress. The results of the study
presented in Table 1 made it possible to ana-
lyse both the baseline intergroup differences in
the autonomic regulation of heart rate and the
dynamics of the autonomic nervous system’s
response to farrowing and subsequent recov-
ery. Analysis of the table indicates significant
changes in the integral indices of stress and au-
tonomic balance in the early post-farrowing pe-
riod, as well as varying rates of normalisation of
these indices depending on the animals’ initial
autonomic status.

Table 1. Indicators of variational pulsometry in sows (M SD; n=5)

Indicators HRV
Normotonic

ANS Tone

Vagotonic Sympathicotonic

Before farrowing

Mean RR (s) 0.81+0.01
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1.02+0.01*** 0.68+0.01***
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Table 1. Continued

ANS Tone
Indicators HRV
Normotonic Vagotonic Sympathicotonic
Before farrowing
Mo 0.81+0.01 1.03+£0.01"* 0.68+0.01""*
AMo 27.2%2.2 17.4+0.6"* 40.6+ 1.4
AX (S) 0.19%0.01 0.25+0.01*** 0.09+0.01*
VBI (a.u.) 140.1+10.0 68.50.8"* 466.0+27.5""
SI (a.u.) 86.6%6.7 33.4£0.5"" 343.2+23.0""
1 day after farrowing
Mean RR (s) 0.76+0.01*** 0.80%0.01#** A 0.62%0.01%*#A1A
Mo 0.760.01%** 0.80%0.01#** A 0.62%0.01%**
AMo 37.8%1. 38.8£2.5%** 49.0%0.9%*# A
Ax (s) 0.10%0.01%** 0.13£0.01%** 0.08+0.01"*
VBI (a.u.) 389.0+44.3%** 296.4 £ 22.0%*#A 660.8 £ 57.4%*" A
SI(a.u.) 257.3%£29. 7% 185.5+14.8%** 533.3£46.9%**
5 days after farrowing
Mean RR (s) 0.79+0.01* 0.85%0.01%** 0,665+0.005""
Mo 0.79+0.01* 0.86+0.01#**A A 0.666+0.006""*
AMo 34.0+1.5%* 35£2.2%%* 42.0x1.1"
AX (S) 0.16+0.01%*** 0.17%0.01*** 0.11+0.01**
VBI (a.u.) 213.7+13.1%** 210.1£16.4%** 414.7+49.7"""
SI (a.u.) 135.2+7.8%** 122.9+10.0%*** 311.0+36.6"*

Note: 1. Mean RR - mean R-R interval duration (s); Mo — mode; AMo - amplitude of the mode; Ax — difference
between the maximum and minimum values of the mode (s); VBI — vegetative balance index (units); SI — stress index
(units). 2. Statistically significant differences compared with the previous study period: ***— P<0.001; **- P<0.01;
* - P<0.05. 3. Statistically significant differences compared with pigs with normotension: *** — P<0.001; "" -

P<0.01; - P<0.05
Source: authors’ own work

Table 1 shows that in sows with balanced
sympathetic and parasympathetic regulation
of heart rhythm (normotonia, NT) before far-
rowing, the mean values of the following in-
dicators — R-R intervals (Mean RR), R-R mode
(Mo), mode amplitude (AMo), R-R mode range
(Ax), vegetative balance index (VBI) and stress
index (SI) — indicated the absence of signs of ex-
cessive autonomic load. In vagotonic sows (VT)
before farrowing, Mean RR increased by 26.0%
(P < 0.001) compared with NT animals. This

indicates a slowing of heart rhythm under the in-
fluence of increased parasympathetic activity. At
the same time, Mo increased by 27.2% (P<0.001)
compared with NT animals, confirming a shift
of the most frequent R-R interval towards pro-
longation. In contrast, AMo decreased by 36.0%
(P<0.001) compared with NT animals, indicating
a wider distribution of intervals and increased
variability. Ax increased by 31.6% (P < 0.001)
compared with NT animals, suggesting greater
diversity of cardiac rhythms. VBI decreased by
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51.1% (P <0.001) compared with NT animals,
indicating the predominance of parasympa-
thetic tone. SI decreased by 61.4% (P < 0.001)
compared with NT animals, reflecting a sub-
stantial reduction in autonomic stress at rest.

In sows of the ST group before farrowing,
Mean RR decreased by 16.2% (P < 0.001) com-
pared with NT animals. Mo also decreased by
16.0% (P < 0.001) compared with NT animals.
However, AMo increased by 49.3% (P < 0.001)
compared with NT animals, indicating a nar-
rowed distribution of intervals and predomi-
nance of a single mode. Ax decreased by 52.6%
(P<0.001) compared with NT animals, reflecting
lower diversity of R-R intervals. VBI increased by
232.7% (P <0.001) and SI by 296.8% (P < 0.001)
compared with NT animals, indicating pro-
nounced sympathetic load and a high level of
autonomic stress at rest. In sows of the NT group
one day after farrowing, Mean RR decreased by
6.2% (P<0.001) compared with the pre-farrowing
value, indicating an acceleration of heart rhythm
due to activation of the sympathetic nervous
system. Mo also decreased by 6.2% (P < 0.001)
compared with pre-farrowing values, confirm-
ing a shift of the modal R-R interval towards
shortening. AMo increased by 39.0% (P < 0.001)
compared with pre-farrowing values, indicat-
ing strengthening of the dominant interval and
reduced diversity of rhythms. Ax decreased by
47.4% (P <0.001) compared with pre-farrowing
values, demonstrating a reduction in the overall
variability of intervals. VBI increased by 177.6%
(P<0.001) and SI by 197.2% (P<0.001) compared
with pre-farrowing values, indicating a shift in
autonomic balance towards sympathetic tone
and reflecting a high level of autonomic stress.

In sows of the VT group one day after far-
rowing, Mean RR decreased by 21.6% (P<0.001)
and Mo by 22.3% (P < 0.001) compared with
pre-farrowing values, confirming a shift of the
most frequent R-R interval towards shortening.
AMo doubled, indicating the strengthening of
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one dominant interval and reduced diversity. Ax
decreased by 48.0% (P < 0.001) compared with
pre-farrowing values, demonstrating a reduction
in the overall variability of R-R intervals. VBI
increased fourfold (P < 0.001) and SI increased
fivefold (P < 0.001) compared with pre-farrow-
ing values, indicating a shift in autonomic bal-
ance towards the dominance of the sympathetic
nervous system. In sows of the ST group one day
after farrowing, Mean RR and Mo decreased by
8.8% (P <0.05) compared with the pre-farrow-
ing values. In contrast, AMo increased by 20.7%
(P < 0.001) compared with the pre-farrowing
values, reflecting an increased contribution of
the modal interval and a simultaneous narrow-
ing of the variability spectrum. Ax decreased by
11.1% compared with the pre-farrowing values,
indicating reduced diversity of intervals. VBI
increased by 41.8% (P < 0.01) and SI by 55.4%
(P < 0.001) compared with the pre-farrowing
values, indicating predominant activation of
the sympathetic branch of the autonomic nerv-
ous system during the first day after farrowing.

From the first to the fifth day after farrow-
ing in the NT group, Mean RR increased by 4%
(P <0.05), indicating partial recovery of the ini-
tial heart rate. At the same time, AMo decreased
by 10% (P < 0.01) and Ax increased by 60%
(P <0.001), reflecting an increase in variability.
Meanwhile, VBI decreased by 45% (P <0.001) and
SI by 47% (P < 0.001). In sows of the VT group,
Mean RR increased by 6% (P <0.001) and Ax by
31% (P < 0.001). However, AMo decreased by
10% (P < 0.001), indicating greater diversity of
intervals. VBI decreased by 29% (P <0.001) and
SI by 34% (P <0.001). In sows of the ST group,
Mean RR increased by 7%, indicating a gradual
reduction of excessive sympathetic activity. AMo
decreased by 14%, while Ax increased by 38%.
VBI decreased by 37% and SI by 42%, indicating
a gradual reduction of sympathetic dominance.

Thus, a similar pattern of variational pul-
sometry dynamics was observed in all studied
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groups of sows during parturition stress and
recovery after farrowing: before farrowing, ANS
tone determined the baseline levels of varia-
bility (lowest stress in VT, moderate in NT, and
highest in ST). After farrowing (day 1), all groups
demonstrated asharpincrease in STand VBIindi-
ces together with a decrease in Ax and Mean RR,
indicating activation of the sympathetic branch
and a high level of autonomic stress. By the
fifth day, heart rate variability began to recover

1.1

0.9

]

Before farrowin,

gradually: Mean RR and Ax approached their
initial values, AMo decreased, and SI and VBI
declined, reflecting restoration of autonomic
balance and a reduction in the stress response to
a level closer to the baseline. Figure 1 presents
measurements of 100 consecutive R-R intervals
(in seconds) for one sow in each group (normo-
tonic — blue, vagotonic — green, sympathicoton-
ic —red) at three time points: before farrowing, on
the first day, and on the fifth day after farrowing.

0.7 . A A n AAA ~ An
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1
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Figure 1. Cardiointervalogram of sows with different parameters
of autonomic regulation, R-R, s (n=1)

Source: authors’ own work

Ukrainian Journal of Veterinary Sciences. 2026. Vol. 17, No. 1




Danchuk et al.

Before farrowing, sows in the VT group
showed wide fluctuations around 1.00 s (peaks
up to 1.10 s and a minimum of about 0.90 s), in-
dicating high interbeat variability under the in-
fluence of parasympathetic dominance. In sows
of the NT group, moderate fluctuations were
observed around 0.80 s (range approximately
0.75-0.90 s), whereas in sows of the ST group
a narrow clustering of intervals within 0.65-
0.70 s was detected, indicating low variability
associated with the predominance of sympa-
thetic tone. On the first day after farrowing,
shifts towards shorter intervals were observed
in all three curves. In ST sows, the interval re-
mained the most “compressed” (approximately
0.60-0.65 s), whereas in sows of the NT and VT
groups the curves converged around 0.75-0.80 s
with smaller fluctuations, demonstrating acute
sympathetic activation in all groups. On the
fifth day after farrowing, the cardiointervalo-
gram curve of VT sows expanded again to 0.85-
0.95 s, indicating recovery of parasympathetic
activity. In NT sows, fluctuations partially re-
covered (approximately 0.70-0.85 s), whereas
in ST sows the intervals remained relatively
“compressed” (0.60-0.70 s), indicating a slower
return to baseline variability. These cardioint-
ervalograms illustrate the influence of the in-
itial tone of the autonomic nervous system on
the level of heart rate variability and on the rate
of its recovery after farrowing stress.

Figure 2 presents the distribution of R-R
intervals in sows of the three experimental
groups with different ANS tones before far-
rowing: vagotonic — the green curve — show
a peak interval frequency around 1.02 s with
a wide distribution “tail” (maximum =12%),
indicating high variability due to dominant
parasympathetic influence; normotonic - the
blue curve - demonstrate an average inter-
val of approximately 0.78 s with a smoother
and more symmetrical distribution (maximum
~14%), reflecting balanced sympathetic-para-
sympathetic regulation; sympathicotonic - the

Ukrainian Journal of Veterinary Sciences. 2026. Vol. 17, No. 1

red curve - are characterised by a narrow peak
around 0.67 s with the highest recurrence per-
centage (=18%), indicating rigid “clustered” in-
terval grouping and low variability under sym-
pathetic dominance.

35
30

A A

0.57 0.67 077 087 0.97 1.07
R-R; s

Before farrowing

35
1 day after farrowing

15
10
5

0

0.57 0.67 0.77 0.87
R-R,s

0.97 1.07

35
5 day after farrowing

0.57 0.67 0.77 0.87

R-R,s

0.97 1.07

Figure 2. Variation graph of R-R interval
repetition (s) in pigs with different ANS tone
(M;n=5)

Note: yellow line — normotonic; dark blue line -
vagotonic; light blue line — sympathicotonic

Source: authors’ own work

On the graph of the R-R interval distribution
on the first day after farrowing, the red curve
(ST sows) was narrowly concentrated around
~0.62 s with a peak of about 20%, indicating the
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persistence of rigid “clustered” interval con-
traction under dominant sympathetic activity.
The blue curve (NT sows) had a peak value of
approximately 0.76 s with a peak of about 20%
and a slightly wider yet fairly symmetrical dis-
tribution, reflecting moderate variability dur-
ing the acute stress response. The green curve
(VT sows) was shifted towards approximately
0.80 s with a peak of about 16% and showed the
most extended distribution among all groups,
indicating relatively high R-R interval varia-
bility even in the presence of enhanced auto-
nomic activation following parturition stress.
The fifth day after farrowing was charac-
terised by a further shift and widening of the
R-R interval distributions in sows of all groups.
In sympathicotonic animals, the intervals re-
mained narrowly clustered around ~0.665 s
with the highest peak percentage (~32%), in-
dicating persistent rigid sympathetic tone. In
normotonic sows, the peak interval was ap-
proximately 0.79 s with a more uniform but still
relatively narrow distribution (~19%), reflect-
ing moderate variability during the recovery
period. In vagotonic animals, the widest distri-
bution was observed, with a maximum around
0.85 s (~24%), indicating a well-expressed par-
asympathetic recovery response and a gradual
restoration of high heart rate variability.
Analysis of the R-R interval distributions
in sows with different ANS tones showed that
the baseline autonomic status determines the
initial level of variability: vagotonic animals
had the widest distribution and the longest
intervals, normotonic animals had intermedi-
ate values, and sympathicotonic animals had
the narrowest distribution. On the first day af-
ter farrowing, sows in all experimental groups
demonstrated a shift of the peaks towards
shorter R-R intervals and a sharp “clustered”
contraction of the distributions, reflecting acti-
vation of the sympathetic branch and high au-
tonomic stress. By the fifth day after farrowing,

the distributions gradually widened and ap-
proached their initial values: the greatest var-
iability was again observed in vagotonic sows,
moderate variability in normotonic animals,
whereas sympathicotonic sows still retained a
relatively rigid “clustered” interval structure.
Such dynamics demonstrate a universal re-
sponse to parturition stress, followed by a grad-
ual reduction of sympathetic load and restora-
tion of autonomic balance in sows during the
first five days after farrowing.

Thus, this study presents the first com-
prehensive analysis of variational pulsometry
in sows with different baseline tones of the
autonomic nervous system during the periods
before and after farrowing. The obtained re-
sults revealed a clear correlation between the
baseline balance of sympathetic and parasym-
pathetic tone and the cardiovascular response
to parturition stress, supporting hypotheses
regarding the role of autonomic regulation in
post-parturition recovery.

Firstly, the baseline HRV indicators reflect
the classical distribution according to auto-
nomic tone: in VT sows, an increased mean
duration of R-R intervals and wide variability
were observed, correlating with enhanced para-
sympathetic activity (Todoryuk et al., 2023). In
NT sows, a balance between both branches of
the ANS was maintained, whereas in ST sows
the sympathetic branch predominated, with a
rigidly “compressed” spectrum of R-R intervals
corresponding to lower adaptive flexibility, as
reported by A. Youssef et al. (2020). These find-
ings are consistent with the work of C.]. Byrd et
al. (2020), which indicated that high sympa-
thetic activity is associated with a reduced
range of variability in mammals during stress.

Secondly, on the first day after farrowing,
sows in all groups demonstrated a significant
increase in the stress index (SI) and the vege-
tative balance index (VBI), as well as a decrease
in Mean RR and Ax, indicating activation of the
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sympathetic branch and a high level of stress
response. Such rapid changes correspond to the
phenomena of “parturition shock” in mammals
described by F.T. Spradley (2019), in which sym-
pathetic predominance promotes mobilisation
of physiological resources and thermoregula-
tion. Similar observations were reported in the
studies of W. Sipos et al. (2013), where in pigs
during parturition stress the stress index and
vegetative balance index increased almost two-
fold within the first 12 hours after farrowing.
According to L. Stovbetska et al. (2021), acute
pain stress and hormonal changes during far-
rowing cause a sharp shift towards sympathetic
dominance: sows exhibit tachycardia, reduced
heart rate variability, and elevated levels of
adrenocorticotropic hormone and cortisol.
Thirdly, by the fifth day after farrowing,
HRV indicators partially returned towards
baseline levels: Mean RR and Ax approached
their initial values, while AMo decreased, in-
dicating recovery of parasympathetic activity.
According to C.]J. Byrd et al. (2020), after far-
rowing the intensity of sympathetic activity
gradually declines and the parasympathetic
nervous system becomes capable of regulat-
ing homeostasis: in sows respiratory rate and
cardiac intervals normalise, uterine perfusion
improves, and milk let-down becomes more
efficient. However, in the present study, sym-
pathicotonic sows showed the greatest delay
in recovery, with VBI and SI values remaining
markedly elevated compared with NT and VT
animals even on the fifth day. This finding is
consistent with the concept that a baseline
sympathicotonic tone reduces adaptive ca-
pacity to repeated stress stimuli (Lipsitz et
al., 1997). As noted by L. Stovbetska et
al. (2021), insufficient transition to parasym-
pathetic recovery may lead to complications
such as delayed uterine involution, increased
risk of postpartum metritis, and deterioration
in milk quality. Conversely, facilitating a rapid
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shift towards parasympathetic dominance
correlates with a better onset of lactation
and improved survival of newborn piglets.

In veterinary science, ANS tone is regard-
ed as a key factor determining stress resistance
and productivity in animals. Scientific liter-
ature describes in detail the anatomical and
functional relationships between the ANS and
central brain structures and their influence on
cardiac regulation (Ten Donkelaar et al., 2020).
V. Todoryuk et al. (2023), in experiments on
piglets, found that vagotonic individuals adapt
better to environmental changes during ear-
ly ontogenesis, whereas sympathicotonic an-
imals demonstrate increased levels of stress
reactions. V.O. Danchuk et al. (2024) also drew
attention to changes in biochemical markers
(total protein and its fractions) in sows with
different ANS tones during pregnancy and far-
rowing, emphasising the influence of autonom-
ic status on the physiological condition of ani-
mals during critical periods.

As the results of the present study demon-
strated, assessment of adaptive changes in the
ANS of sows during farrowing should include
HRV monitoring both before and directly dur-
ing parturition. This conclusion is supported
by C.J. Byrd et al. (2020), who indicated that
data collection using ECG telemetry enables
the determination of spectral indicators such
as LF and HF, the LF/HF ratio, and, shortly af-
ter farrowing, the RMSSD (root mean square of
successive differences). A decrease in RMSSD
and HF during the contraction phase indicates
intense sympathetic activation, which can be
moderated by the administration of antispas-
modics and analgesics to reduce pain load.
M.D. Ghezzi et al. (2024) emphasised the im-
portance of combining HRV analysis with infra-
red thermography to record real-time changes
in ANS tone and to predict physiological stress
before visible clinical signs appear. K.E. Speer et
al. (2024) also noted that the inclusion of
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hormonal markers, particularly cortisol, pro-
vides a deeper understanding of the mecha-
nisms of adaptation in homeothermic organ-
isms. Furthermore, the authors emphasised
that most responses arising in animals under
the influence of stress factors are mediated
by the autonomic nervous system, and that a
comprehensive assessment of HRV parameters
combined with thermographic and endocrine
markers increases the accuracy of early stress
diagnostics. Such a multidisciplinary approach
creates a basis for the development of predic-
tive models for assessing stress reactivity and
for the timely implementation of corrective
measures under production conditions.

Thus, determination of ANS tone using
variational pulsometry, as demonstrated in
the present study, may serve as a practical in-
dicator of stress resistance in sows prior to
farrowing and may help predict their ability to
recover rapidly afterward. This is particularly
important for highly intensified livestock pro-
duction systems, where reducing the recovery
period after farrowing contributes to increased
piglet survival and improved sow productivity.
Farrowing stress in sows is accompanied by a
universal activation of the sympathetic branch
of the autonomic nervous system, resulting in
pronounced changes in variational pulsometry
parameters regardless of the initial autonomic
status. At the same time, the type of autonom-
ic regulation influences both the magnitude of
the stress response and the rate of post-far-
rowing recovery of cardiovascular regulation,
which was reflected in different dynamics of the
stress index and vegetative balance indicators.

The greatest adaptive potential was
demonstrated by vagotonic sows, whereas sympa-
thicotonic animals exhibited prolonged autonom-
ic tension. The obtained data confirm the feasibil-
ity of using variational pulsometry as an integral
tool for assessing stress resistance and predicting
adaptive capacity in sows during the farrowing

period. The expected outcome of such studies will
be the development of validated predictive models
for evaluating stress resistance in pigs, which will
improve the accuracy of early diagnosis of mala-
daptive conditions, optimise housing and manage-
ment technologies, and enhance productive per-
formance during different physiological periods.

Conclusions

According to the obtained results, a clear tempo-
ral dynamics of variational pulsometry param-
eters was identified in Large White sows with
different baseline tones of the autonomic nerv-
ous system during the pre-farrowing period and
the early post-farrowing period. A step-by-step
analysis of heart rate variability was conducted
in normotonic, vagotonic and sympathicoton-
ic animals one day before farrowing, as well as
on the first and fifth days after parturition stress
using the method of variational pulsometry. It
was established that the baseline autonomic
status determines the initial level of heart rate
variability, the intensity of the stress response to
farrowing, and the subsequent rate of recovery.

The highest adaptive potential was demon-
strated by vagotonic sows, whereas sympathico-
tonic animals were characterised by a prolonged
persistence of autonomic tension. On the first
day after farrowing, a pronounced activation
of the sympathetic branch of the autonomic
nervous system was recorded in all groups, ac-
companied by an increase in the stress index
and the vegetative balance index, reflecting the
mobilisation of the organism’s regulatory re-
sources. In particular, in normotonic sows the
VBI increased by 177.6% (P <0.001) and the SI
by 197.2% (P < 0.001), while in vagotonic ani-
mals the VBI increased fourfold and the SI five-
fold (P < 0.001), indicating acute sympathetic
activation regardless of the initial autonomic
tone. By the fifth day after farrowing, partial
restoration of autonomic balance was observed,
the degree of which depended on the type of
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autonomic regulation: in normotonic sows the
SI decreased by 47% (P <0.001) and the VBI by
45% (P < 0.001) compared with the first day,
whereas in sympathicotonic animals, even af-
ter a 42% decrease, the SI remained at the level
of 311.0 £ 36.6 conventional units, indicating a

adaptive processes. A promising direction for fur-
ther research is the integration of heart rate vari-
ability indicators with hormonal, behavioural and
productivity markers in order to develop compre-
hensive predictive models of stress resistance
in pigs during different physiological periods.

slower normalisation of regulatory mechanisms.

The obtained data allow heart rate varia-
bility to be considered an integral indicator of
stress resistance and adaptive capacity in sows
during the critical period of farrowing and ear-
ly post-farrowing recovery. The limitations of
the study are associated with the small sam-
ple size (n=5 in each group) and the absence
of long-term monitoring beyond the fifth day,
which may affect the assessment of longer-term
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AHoranis. CyvyacHi JOCTiIKeHHS NeMOHCTPYIOTh 3HAUHMII BIUIMB BereTaTMBHOI HEPBOBOI
CUCTEMM Ha aJamTalil0 Ta MPOLYKTUBHICTb CiIbCBKOTOCMOAAPCHKUX TBapuH. Oco6IMBO
KPUTUYHUM € TIepios; 0II0POCy B CBMHOMATOK, KOJIM 3MiHYM BET€TaTMBHOTO TOHYCY I€TePMiHYIOTh
repebir pomoBOro CTpecy Ta MBUAKICTh BigHOBIEHHS. METOI MOCTIIKEeHHS OYy/lI0 BUBUUTU
0COGIMBOCTI IMHAMIKM ITapaMeTpiB BapialliifHOi Imy/ibcoMeTpii y CBMHOMATOK i3 HOPMOTOHIUHMM,
CUMIIATMKOTOHIYHMM Ta BarOTOHIYHMM TOHYCOM BereTaTMBHOI HEPBOBOI CMCTEMM 10 OIIOPOCY, a
TaKOX yepe3 J0o6Y Ta IT'SITh [1i6 Mic/st POLOBOTO cTpecy. EKCriepuMeHT mpoBeeHO Ha 1T ITHALSTH
CBMHOMATKAaX BEJIMKOI 6iI0i MOpoay, po3nogiieHuX Ha TPU TPYIU 32 PiBHEM iHIEKCY HAIMPYTH.
Il KOKHOI TBapMHM 3a OFHY Ao0y IO OIMOpPOCY, Ha Iepuly Ta IATy AoOY Micasi ornopocy
peecTpyBajM CTO TOCTIZOBHMX iHTepBaliB MiX CepleBMMM CKOPOUYEHHSIMM 3a JOIOMOTOI0
efekTpokapziorpada. PospaxoByBajyu CepemgHI0 TPUBAIICTh iHTepBajiB, MOAy iHTepBaiB,
aMIUTITyly MOIM, BapialiiiHuii po3Max, iHIeKC BereTaTMBHOTO GajaHCy Ta iHAEKC HAIpPyTH.
BcTaHOBNIEHO, WO [0 OMOPOCY BAarOTOHIUHI TBapMHM MaayM MaKCHMMaJIbHY BapiaberabHIiCTb
cepleBMx iHTepBaliB, CUMITATMKOTOHIUHI — HaliHWK4y. Yepes mo6y Micjis POAOBOTO CTpecy B
yCix rpymnax Bif3HaueHO 3MeHILIeHHS cepeHbOI TPUBAIOCTI iHTepBaliB Ta 30i/blIIeHHS iHIEKCY
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HaNpyru, OAHAaK HaWUIBM[IIE BiJHOBJIEHHS TapaMeTpiB CIIOCTepirajiocs y BaroTOHIYHUX
CBMHOMATOK. Ha 1’sITMii AeHb Mic/asi omopocy MOKa3HMKM Y CBMHOMATOK HOPMOTOHIUHOI TPyIin
HaGMM3UINCh 0 BUXIAHMX 3HAU€Hb, TOAI SIK Y TBAPUH 3 MiABUIIEHUM CUMIIATUUYHUM TOHYCOM
CTpecoBa peakiiisi 36epiranacsi. OTske, BUKOPUCTaHHS BapianiiiHoi mynbcomeTpii st OLiHKU
TOHYCY BereTaTMBHOI HEPBOBOI CUCTEMM Tepef, OMOPOCOM JO3BOJISE BUSIBUTM HaAOiIbII
CTPECOCTiIIKMX CBMHOMATOK i 3alIPOBaMTH I[iJIbOBI MiATPMUMYIOUi 3aX00y y Tepili o6u micist
oropocy. Takuit migxis crpusiTUMe MiJBUIIEHHIO BUKMBAHOCTI ITOPOCAT, CKOPOUEHHIO IMepiomy
BiTHOBJIEHHST CBMHOMATOK Ta ITiJBUIIEHHIO eKOHOMIUHOI e(peKTMBHOCTiI CBMHAPCTBA

KiniouoBi ciioBa: BapialliiiHa My/JbCOMETpisl; BereTaTuBHAa HEPBOBA CUCTeMAa; POMAOBUIl CTpec;
aarTUBHI MexXaHi3MM; CBUHI
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