
4862

Open Veterinary Journal, (2026), Vol. 16(7): 4862-4877�
Research Article�
DOI: 10.5455/OVJ.2026.v16.i7.64�

*Corresponding Author: Olena Karatieieva. Department of Production and Processing of Animal Husbandry Products, 
Standardization and Biotechnology, Mykolayiv National Agrarian University, Mykolayiv, Ukraine.  

Email: karateeva1207@gmail.com
Articles published in Open Veterinary Journal are licensed under a Creative Commons Attribution-NonCommercial 4.0 International License 

	 Submitted: 27/02/2026	 Revised: 11/06/2026	 Accepted: 26/06/2026	 Published: 20/07/2026

Estrus synchronization and ovulation induction in pigs
Olena Karatieieva* , Yevhen Barkar , Aleksandr Kramarenko  and Serhii Kramarenko

Department of Production and Processing of Animal Husbandry Products, Standardization and Biotechnology, 
Mykolayiv National Agrarian University, Mykolayiv, Ukraine

ABSTRACT
Background: Synchronization of estrus with artificial hormonal suppression and fixed insemination time is a promising 
tool in modern pig farming, which contributes to the optimization of reproductive processes, reduction of labor costs, 
and increase of herd productivity. At the same time, the effectiveness of this technology depends on the level of 
hormonal preparation of animals and the chosen synchronization protocol.
Aim: The study assessed the effectiveness of modern biotechnological methods for regulating the sexual function of 
sows to increase their reproductive capacity and optimize reproduction in pig farming.
Methods: Three hormonal protocols of estrus synchronization and ovulation induction were used in this study. Scheme 
A used oral administration of altrenogest for 14 days, followed by administration of eCG and hCG, and a fixed time 
of artificial insemination. According to scheme B, after 14 days of altrenogest use, a GnRH analog was administered 
to induce ovulation, followed by insemination according to the reaction time of the animals. According to scheme C, 
prostaglandin F2α or its analogues were used, followed by the introduction of eCG and hCG, and artificial insemination 
according to the unified scheme. 
Results: A comparison of the schemes shows that scheme A provides the highest synchronization efficiency, allowing 
the accurate regulation of the cycle. It ensures the highest rate of estrus expression (92%), a statistically significant 
increase in litter size (up to 12.1 piglets; p < 0.05), and a reduction in the inter-farrowing interval (to 153 days; p < 
0.05). Scheme B is characterized by more natural stimulation, but the effect may vary depending on the animal’s 
physiological state. Scheme C is technologically simpler but less effective from the point of view of synchronization, 
especially in different post-weaning statuses of sows. 
Conclusion: The use of scheme A made it possible to obtain an additional nearly 11 kg of piglet live weight at weaning 
per sow, corresponding to an additional income of +16.98 USD per head. Particularly important is the reduction of the 
inter-farrowing interval by 6–13 days in the experimental groups, which increases the potential number of farrowings 
from 2.1 to 2.3 per year, thereby allowing the production of up to 4–5 additional piglets per sow annually.
Keywords: Altrenogest, Artificial insemination, Estrus, Induction of ovulation, GnRH.

Introduction
Animal producers are progressively integrating 
advanced technologies into routine animal husbandry 
practices in response to the increasing demand for 
production efficiency. One area in which technological 
innovation has considerable potential to improve 
current management is estrus detection in pigs. Accurate 
identification of this phase of the reproductive cycle is 
crucial for improving the artificial insemination success 
rate. In modern pig production, the effectiveness of 
managing sow reproductive function largely depends 
on the use of hormonal protocols that enable estrous 
cycle synchronization, service period reduction, and 
regular farrowing rhythm maintenance (Glencorse et 
al., 2025).

Lykhach et al. (2022) and Lykhach et al. (2023) 
focused on the influence of not only internal but 
also external factors, such as timely detection of 
estrus, proper insemination, and heat stress, on the 
reproductive system’s functioning in animals, which is 
of direct importance for the estrous cycle’s formation 
and stability.
The return to estrus after farrowing is a major source 
of reproductive inefficiency in commercial pig herds. 
Therefore, the use of chorionic gonadotropins, with 
or without progestogens, can be a valuable strategy, 
especially for breeding herds practicing batch farrowing 
(Quirino et al., 2026).
Accordingly, estrus synchronization through artificial 
hormonal inhibition followed by controlled induction 
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at a fixed time represents a valuable tool for pig 
production. However, the response to and effectiveness 
of synchronization protocols depend on multiple factors, 
including the hormonal regimen, treatment protocol, 
breed, management conditions, and production system 
(Brüssow and Wähner, 2011).
A fundamental understanding of the sow estrous 
cycle is essential for the development of reliable 
tools for identifying physiological markers associated 
with estrus detection. The estrous cycle in sows lasts 
approximately 18–21 days and consists of two distinct 
phases: the follicular and luteal phases. The follicular 
phase is characterized by estrogen dominance and 
follicular development in preparation for ovulation, 
whereas the luteal phase is dominated by progesterone 
and prepares the reproductive tract for potential 
pregnancy. Domestic sows are polyestrous animals that 
exhibit continuous estrous cycles throughout the year, 
regardless of the season. Therefore, accurate detection 
of estrus and prediction of ovulation timing are critical 
for successful insemination (Geisert et al., 2020).
The determination of the optimal insemination 
time requires a clearly expressed estrus period with 
pronounced behavioral and physiological signs. 
Approximately 80% of sows treated with hormonal 
preparations exhibit moderate to strong estrus 
intensity. In addition, synchronized sows demonstrated 
a significantly longer estrus duration than untreated 
animals. Hormonal treatment increases circulating 
estradiol concentrations due to accelerated follicular 
growth, thereby prolonging estrus duration and 
enhancing its intensity (Roy and Prakash, 2009).
According to Rodrigues et al. (2020), the estrus 
can be synchronized using various timing schemes 
and hormonal treatments, which is a key factor in 
maintaining a stable farrowing output. Synchronization 
protocols allow specialists to control the timing of 
estrus and ovulation, enabling the implementation of 
fixed-time AI programs. Consequently, several estrous 
cycle synchronization protocols are currently used in 
pig production worldwide.
Souza-Fabjan et al. (2023) demonstrated the 
advantages of applying reproductive biotechnologies 
in animal husbandry. These technologies contribute to 
increased animal protein production, facilitate the use 
of small animals as experimental models, and support 
the development of innovative biomedical approaches 
for regulating estrus in livestock species.
Estrus and ovulation control form the basis of 
reproductive management in intensive pork production 
systems. Various hormonal agents, including 
altrenogest, equine chorionic gonadotropin (eCG), 
human chorionic gonadotropin (hCG), luteinizing 
hormone (LH), gonadotropin-releasing hormone 
(GnRH), and GnRH analogs, are used to promote 
estrus and ovulation synchronization in pigs. However, 
no single hormonal product can be universally 
considered optimal for the use of reproductive 

biotechnologies. The long-term or repeated use of 
certain hormones, particularly eCG, may be associated 
with adverse effects. For example, combined treatment 
with altrenogest and exogenous gonadotropins may 
increase the incidence of follicular cysts, negatively 
affecting ovulation rates. Furthermore, repeated eCG 
administration can induce a humoral immune response, 
resulting in the formation of neutralizing antibodies 
and a gradual decline in treatment efficacy (Zhang et 
al., 2025a).
These limitations stimulate ongoing research aimed 
at improving existing protocols and developing new 
approaches to estrus synchronization. Zhang et al. 
(2025b) recommended the use of gonadotropin-
releasing hormone (GnRH), a key regulator of 
pituitary gonadotropin secretion that plays a central 
role in mammalian reproductive physiology. Similarly, 
Jeyakumar et al. (2022) proposed the inclusion of 
follicle-stimulating hormone (FSH), which regulates 
follicular growth and development, as well as 
estrogens responsible for the onset of behavioral 
estrus and ovulation induction in synchronization 
programs. Feugang et al. (2025) also emphasized 
the transformative potential of modern reproductive 
biotechnologies, highlighting their capacity to enhance 
animal husbandry productivity and profitability.
One of the modern approaches in reproductive 
biotechnology in pig breeding is the use of prolonged-
acting recombinant hormonal drugs. Zhang et al. 
(2025b) used recombinant porcine follicle-stimulating 
hormone of long action (rpFSH-pFc) to stimulate 
and synchronize estrus in sows. The results indicate 
the high potential of this drug as an effective means 
for inducing estrus and improving reproductive 
performance.
Therefore, reproductive biotechnologies, particularly 
in pig production, play a crucial role in ensuring food 
security and sustainable agricultural development. 
Given the growing global demand for pork, optimizing 
reproductive efficiency is essential for increasing 
productivity while maintaining genetic diversity and 
environmental sustainability. Advanced reproductive 
technologies, including controlled breeding, estrus 
synchronization and stimulation, and artificial 
insemination, have significantly accelerated genetic 
improvement and ensured consistent reproductive 
performance in pigs. This issue remains particularly 
relevant in Ukraine due to the absence of unified 
approaches to regulating sow reproductive function. 
This gap provided the rationale for the present 
study, which aimed to scientifically substantiate and 
evaluate the effectiveness of modern reproductive 
biotechnologies in pig farming, with particular 
emphasis on methods for regulating sow reproductive 
function to enhance reproductive capacity, optimize 
reproductive processes, and support sustainable 
industry development.
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Materials and Methods
The research was conducted in the private agricultural 
enterprise “Techmet-Yug”, Mykolaiv region, Ukraine. 
The study included healthy crossbred sows of 
commercial genotype (Large White × Landrace) with 
2–6 farrowings, average fatness (3–3.5 points), no 
acute diseases, and fertility confirmed by anamnesis, 
which were kept under identical feeding and housing 
conditions (Khalak et al., 2024).
Animals were randomly assigned to groups based on 
their age and previous performance. The formation 
scheme of research groups is shown in Table 1, where 
one control group and three experimental groups were 
formed.
Scheme A (Altrenogest → eCG + hCG) (Gonzalez-
Ramiro et al., 2021).
1. � Oral Altrenogest: 15 mg/head/day for 14 days (days 

0–13).
2. � 24–48 hours after the last day of taking altrenogest, 

1,000 IU of eCG is administered intramuscularly (or 
subcutaneously).

3. � At 72 hours after eCG administration, hCG 500 
IU is administered, or GnRH is administered 
intramuscularly to induce ovulation at the appointed 
time.

4. � Insemination: artificial insemination twice (in 
24 and 40–48 hours after ovulation induction) 
or according to the practice accepted in the farm 
(Zhang et al., 2025a).

Scheme B (Altrenogest → GnRH) (Willmann et al., 
2011).
1.  Altrenogest: 15 mg/day, orally for 14 days.
2. � After 24–48 hours. After completion, the 

introduction of a GnRH analog (e.g., buserelin) 
0.01–0.02 mg intramuscularly to induce ovulation.

3. � Insemination: artificial insemination according 
to reaction time (24–36 hours after GnRH 
administration) (Willmann et al., 2011). The 
timing of insemination was determined based on 
the individual behavioral signs of estrus (standing 
reflex, hyperemia, swelling of the vulva, and 
mucous discharge) (Steverink et al., 1999). 

Scheme C (PGF2α → eCG + hCG) (Mirzaei et al., 
2023).
1. � PGF2α/analogues: once or twice (with an interval 

of 14 days) intramuscularly according to the 

manufacturer’s instructions (e.g., cloperstenol 0.075 
mg/head).

2. � 2–4 days after the last administration of PGF2α—
administration of eCG 1,000 IU; after 72 hours, 
hCG was administered intramuscularly at 500 IU.

3. � Insemination: as in Scheme A (Zhang et al., 2025a).
The described protocols comply with modern 
biotechnological approaches in pig production and the 
manufacturer’s recommendations for swine production.
The interval from weaning to the onset of treatment 
was determined through the daily clinical observation 
of the animals after weaning. The date of weaning and 
the date of the first clinical signs requiring therapeutic 
intervention were recorded. The interval (in days) 
was calculated as the difference between these dates 
(3–5 days). Individual observation cards were used to 
improve recording accuracy (Khalak et al., 2022).
Estrus detection in sows was performed twice a day 
(morning and evening) by visual observation of 
behavioral signs (restlessness, decreased feed intake, 
and characteristic sounds), assessment of physiological 
changes (hyperemia and edema of the external 
genitalia), and application of the “immobility reflex” in 
the presence of a boar or by pressing on the back. The 
onset of estrus was defined as a sustained immobility 
reflex moment. The period during which this reflex was 
maintained determined the duration of estrus (Khalak 
et al., 2024).
Artificial insemination of sows using ready-to-use 
semen doses was performed twice during estrus (12–
24 hours after the establishment of the standing reflex) 
using a sterile catheter (Roca et al., 2006).
The following reproductive parameters were evaluated: 
the proportion of individuals that exhibited estrus (after 
synchronization); time from drug administration to the 
onset of estrus (hours); interval between farrowings 
(days); conception rate (%); number of piglets born 
alive per litter (heads); average piglet birth weight 
(kg); piglet pre-weaning mortality (%); litter weight at 
weaning (кг); and coefficient of reproductive efficiency 
(Khalak et al., 2022).
Physiological and laboratory indicators: concentrations 
of hormones in the serum (estradiol, progesterone, and 
luteinizing hormone); sampling times: before treatment 
(baseline), on the day of ovulation induction, at the time 
of insemination, and on the 21st day after insemination; 

Table 1. Scheme of the formation of research groups.

Purpose of the study Schematic of hormonal regulation Number of sows per head
Control natural estrus, no hormonal stimulation 75

I–Experimental classic scheme A Altrenogest → eCG (equine  chorionic gonadotropin) + 
hCG (human chorionic gonadotropin) 75

II–Experimental scheme B Altrenogest → GnRH″ (gonadotropin-releasing hormone) 75
ІІІ–Experimental alternative 
scheme C «PGF2α (prostaglandin F2α)→ eCG + hCG» 75
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and determination by enzyme-linked immunosorbent 
assay (Choi et al., 1987; Manickum et al., 2015). 
The study was conducted on a single farm, which 
limits the generalizability of the results. Uncontrolled 
factors such as housing conditions, feeding methods, 
and individual animal variability could have influenced 
the parameters obtained. Therefore, further validation 
of the data on other farms is desirable.
The Pearson chi-square test of independence was used 
to compare the proportion of individuals that exhibited 
estrus and the conception rate depending on the estrus 
synchronization and stimulation scheme.
Comparisons with the control group were performed 
using odds ratios (ORs) calculated from 2 × 2 
contingency tables. A one-way analysis of variance 
(ANOVA) was applied to assess the effect of different 
synchronization and stimulation schemes on the 
variability of reproductive traits of sows (quantitative 
variables), followed by post hoc multiple comparisons 
using Fisher’s least significant difference test. All 
statistical analyses were conducted according to the 
methods described by Sokal and Rohlf (1995) using 
the JAMOVI v. 2.6.19 freeware software (Navarro and 
Foxcroft, 2025).
Because two sow-related variables, namely the time 
from drug administration to the onset of estrus and 
the interval between farrowings, represent time-to-
event outcomes, survival analysis methods were 
applied. For each variable, Kaplan–Meier survival 
curves with 95% confidence intervals were constructed 
according to the estrus synchronization and stimulation 
scheme. The differences between survival curves were 
evaluated using the log-rank test. In addition, pairwise 
comparisons were performed using adjustment for 
multiple testing using the Holm–Bonferroni correction. 
Survival analyses were conducted following the 
methodologies described by Klein and Moeschberger 
(2003) and Machin et al. (2006) using JAMOVI v. 
2.6.19 (Navarro and Foxcroft, 2025).
The rules for the treatment of animals in experiments are 
fully consistent with European legislation (European 
Union Council Directive No. 98/58/EC, 1998; Nalon 
and Stevenson, 2019). 
Ethical approval
The protocol for the study of physiological and 
laboratory parameters of sows was approved by the 
local Bioethics Committee of the Mykolaiv National 
Agrarian University, Ukraine, in accordance with 
Good Clinical Practice for the protection and humane 
treatment of experimental animals.

Results
Biotechnological schemes for synchronization 
and stimulation of estrus in sows. Three different 
biotechnological schemes were used in the study, which 
differ in the mechanism of action, exposure duration, 
and pharmacological means (Table 2). Scheme A 
(Altrenogest → eCG + hCG, classic scheme). The 

scheme is based on the use of the progestagen drug 
altrenogest, which suppresses follicle maturation and 
delays ovulation. After stopping the administration of 
altrenogest, exogenous gonadotropins are prescribed, 
including endocrine chorionic gonadotropin (eCG) and 
human chorionic gonadotropin (hCG), which stimulate 
follicle growth and cause controlled ovulation. The 
average duration of action is 18 days of progestagen 
+ 3–4 days before the onset of estrus. Signs of estrus 
appear synchronously 72–96 hours after the introduction 
of gonadotropins, ensuring a high rhythmicity of estrus 
e and allowing planning insemination in the specified 
time. The biotechnological effect of the scheme consists 
of high controllability of the process, increased fertility, 
and optimal egg quality. However, the disadvantage is 
the higher cost of the program due to the use of several 
expensive drugs and the need to strictly follow the 
protocol.
Scheme В (Altrenogest → GnRH, physiological 
stimulation of ovulation)
Altrenogest is also used in this scheme to pre-
equalize the sexual cycle, but instead of exogenous 
gonadotropins, a recombinant analog of gonadotropin-
releasing hormone (GnRH), specifically buserelin, is 
used. The mechanism of action of the drug consists 
of stimulating the secretion of endogenous LH, which 
initiates natural ovulation. The duration of the protocol 
is somewhat shorter, i.e., 18 days of altrenogest + 
2–3 days before the appearance of estrus, and its 
manifestation is usually fixed 48–72 hours after the 
introduction of GnRH. The advantage of this scheme is 
the more physiological nature of hormonal regulation, 
which interferes less with the animal’s endocrine 
system. However, the effect may be less stable due to 
the variability of the endogenous response to GnRH, 
especially in weaning sows with different ovarian 
functional status.
Scheme С (PGF₂α → еCG + hCG, alternative scheme)
This scheme involves the use of prostaglandin F₂α 
(PGF₂α), which causes luteolysis, which is the 
dissolution of the corpus luteum of pregnancy or the 
sexual cycle, allowing you to start a new cycle without 
the use of progestogens. After luteolysis is induced, 
eCG and hCG are administered to the animals to 
stimulate follicular growth and ovulation, similar to 
the classical scheme. The duration of action is short, 
i.e., 3–6 days before estrus appears, and the first signs 
of sexual activity are usually observed 72–96 hours 
after stimulation. The biotechnological advantage of 
this scheme is its ease of implementation and use in 
sows after piglets are weaned, when the cycle recovery 
is natural. Simultaneously, the synchronization of the 
heat is less controlled, and the response of the animals 
can be heterogeneous, which reduces the accuracy of 
insemination planning.
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Evaluation of the reproductive performance of sows 
under different estrus synchronization schemes 
Fertilization with fresh sperm within 24 hours before 
ovulation is a prerequisite for optimal fertility of 
sows. However, the large individual variability of the 
beginning of estrus and the interval between ovulation 
limits the possibility of detecting and inseminating 
sows in heat. Therefore, to achieve high fertility, 
careful estrus detection is usually performed along with 
at least two artificial inseminations with high sperm 
count. Estrus detection and repeated insemination 
take a long time. Consequently, many producers are 
interested in switching to AI with a specific schedule, 
ideally using only one AI. The only approach that can 
achieve the optimal time interval between ovulation 
and artificial insemination is to control the time 
of ovulation (Gonzalez-Ramiro et al., 2023). The 
ability of exogenous gonadotropin-releasing hormone 
(GnRH) or equine chorionic gonadotropin to induce 
LH release is often used to synchronize ovulation 
in sows to minimize variability in the time interval 
between estrus and ovulation. The optimal breeding 
time of sows is difficult to predict, and the detection 
of estrus and repeated inseminations takes a long time. 
Therefore, controlling the time of ovulation is the only 
approach that can achieve the optimal time interval 
between artificial insemination and ovulation (Crespo 
and Gadea, 2024).
An important stage in increasing the efficiency of 
pig reproduction is the use of hormonal schemes for 
estrus synchronization and stimulation, which allow 
optimizing the time of insemination, shortening the 
inter-sparrow interval, and increasing the output of 
offspring. 
The estrus synchronization and stimulation scheme 
had a significant effect on the proportion of individuals 
that exhibited estrus (Pearson’s chi-square test: χ² 

= 12.50, df = 3, p = 0.006). The largest differences 
were observed between the control group and sows 
subjected to scheme A (odds ratio [OR] = 4.47; 95% 
CI: 1.69…11.85; p = 0.003) and scheme B (OR = 2.86; 
95% CI: 1.21…6.74; p = 0.017). On the contrary, the 
proportion of sows that exhibited estrus did not differ 
significantly between the control and C groups (OR = 
2.04; 95% CI: 0.92…4.53; p = 0.079).
Analysis of estrus manifestation showed that 54 
out of 75 sows in the control group exhibited estrus, 
corresponding to 72.0% of the total sows (Table 3). 
This proportion was higher in the experimental groups, 
reaching 92.0% in scheme A, 88.0% in scheme B, and 
84.0% in scheme C.
The highest level of estrus manifestation was 
established when using the classical scheme A, where 
cycle synchronization was provided by altrenogest 
and stimulation was provided by a combination of 
endocrine drugs with gonadotropic action. Compared 
with the control, the increase in sexual cycle activity 
was +20%. Such an effect is probably due to the 
inhibition of endogenous luteolysis under the action 
of progestagen, with the subsequent synchronous 
response of the ovaries to the introduction of estrogen-
prolonging hormones.
Analysis of the mean time from drug administration to 
the onset of estrus demonstrated significant differences 
among experimental groups (one-way ANOVA: F₂,₂₂₂ 
= 235.01; p < 0.001). The average interval between 
drug withdrawal and the appearance of estrus signs was 
78.6 hours in sows treated with altrenogest followed 
by equine chorionic gonadotropin (eCG) and human 
chorionic gonadotropin (hCG) (scheme A), 65.3 hours 
in sows treated according to scheme B, and 72.8 hours 
in animals treated with prostaglandin followed by eCG 
and hCG (scheme C).

Table 2. Comparative characteristics of biotechnological schemes of heat synchronization and stimulation in sows.

Indication Scheme А (Altrenogest → 
еCG + hCG)

Scheme В (Altrenogest → 
GnRH)

Scheme С (PGF₂α → еCG 
+ hCG)

Action type Progestogen synchronization + 
exogenous gonadotropins

Progestagen synchronization + 
endogenous LH stimulation

Luteolytic action + 
gonadotropic stimulation

The main goal Fully controlled estrus 
synchronization

Physiological stimulation of 
ovulation

Triggering a new cycle 
without progestogens

Basic drugs Altrenogest, еCG, and hCG Altrenogest, GnRH 
(Buserelin) PGF₂α, еCG, and hCG

Duration of the 
implementation scheme 18 + 3–4 days before estrus 18 + 2–3 days before estrus 3–6 days before the estrus

Expected display of 
willingness

72–96 hours after 
gonadotropin administration

48–72 hours after 
administration of GnRH

72–96 hours after the 
stimulation

Biotechnological effect High synchronization and 
increased fertility

More natural hormonal 
balance and quicker reaction

Simplicity of the scheme, 
convenient after weaning

Restrictions Higher cost of the drugs Effect variability Less controlled 
synchronization
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Figure 1 presents Kaplan–Meier survival curves for the 
time from drug administration to the onset of estrus in 

sows subjected to different estrus synchronization and 
stimulation schemes. The shapes of the curves indicate 

Table 3. Reproductive performance of sows (M ± SE) under different estrus synchronization and stimulation schemes.

Indicator Control (natural 
estrus)

Exp I  
(Scheme A)

Exp II  
(Scheme B)

Exp III 
(alternative 
scheme C)

χ2
3 (P) or F3; 

296; (P) 

Number of sows in the group 
and heads 75 75 75 75 –

Number of sows that exhibited 
estrus (heads/%) 54/72.0 69/92.0 66/88.0 63/84.0 12.50 (0.003)

Time from drug administration 
to the onset of estrus (h) – 78.6  ± 0.60c 65.3  ± 0.34a 72.8 ± 0.30b 235.01  

(< 0.001)
Sows that have farrowed 
(heads/%) 45/83.3 60/87.0 51/77.3 48/76.2 3.32 

(0.345)
Interval between farrowings, 
days 166.4 ± 1.01d 153.2 ± 0.95a 157.7 ± 0.57b 160.3 ± 0.57c 47.17 

(< 0.001)

Note: Different letters indicate subgroup means that differ significantly (p < 0.05) according to Fisher’s least significant difference test. Ns 
indicates no significant difference (p > 0.05).

Fig. 1.  Kaplan–Meier survival curves for the time from drug administration to estrus onset in sows subjected to different estrus 
synchronization and stimulation schemes: A, scheme; B, scheme; C, scheme. Note: HD refers to the interval between drug 
administration and estrus onset (adjusted by 50 hours). Probability indicates the likelihood that no sow has yet exhibited estrus. 
Survival estimates for all groups are presented with 95% confidence intervals.
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significant differences among the groups (log-rank 
test: p < 0.001). Moreover, all pairwise comparisons 
of the survival curves revealed significant differences 
between groups (for all comparisons: p < 0.001).
For animals treated according to the classical scheme 
(scheme A), the first manifestations of eagerness 
are registered later, compared to animals of other 
groups, but all animals of this group gradually came 
to eagerness with a more or less uniform frequency 
between the 70th and 85th hour. 
In sows treated according to the classical protocol 
(scheme A), the onset of estrus occurred later than in 
the other groups; however, all animals in this group 
gradually exhibited estrus with a relatively uniform 
distribution over time between 70 and 85 hours after 
treatment.
Animals subjected to the alternative protocol (scheme 
C) also demonstrated a delayed onset of estrus, but a 
marked synchronization was observed between 70 and 
75 hours, when estrus was simultaneously exhibited by 
65 out of 75 sows (approximately 85%).
On the contrary, sows treated according to scheme B 
exhibited estrus earlier than those in the other groups, 
with the first signs appearing at 58–60 hours after 
treatment. Furthermore, a higher proportion of animals 
(approximately 90%) exhibited estrus within a narrow 
time window of 61–70 hours. Thus, synchronization 
schemes B and C were characterized by a high degree of 
uniformity in the onset of estrus, which may contribute 
to improved herd reproductive management.
As the sows treated according to scheme B, which were 
injected with GnRH, which stimulates the secretion of 
endogenous gonadotropins of the pituitary gland after 
withdrawal of altrenogest, responded to hormonal 
stimulation the fastest, this ensured faster follicle 
maturation and synchronous ovulation. Simultaneously, 
in schemes A and C, estrus appeared later, probably due 
to the need for a period of biochemical transformation 
of the injected gonadotropic hormones (eCG, hCG) in 
the receptor structures of the ovaries.
No significant effect of the estrus synchronization 
and stimulation scheme on sow conception rate was 
detected (Pearson’s chi-square test: χ² = 3.32, df = 3, p 
= 0.345). Accordingly, no significant differences were 
observed between the control group and any of the 
three experimental groups (all comparisons: p > 0.05).
The fertilization dynamics and the number of pregnant 
sows showed that the fertilization rate after artificial 
insemination was 83.3% of the control group, which 
is a typical indicator of the conditions of industrial pig 
farming in the absence of sexual cycle synchronization. 
Ambiguous results were shown in research groups 
where various biotechnological schemes of sexual 
function regulation were used. Thus, according to 
scheme A, the fertilization level was 87.0%, which 
ensured the pregnancy of 60 sows. According to 
scheme B, the fertilization percentage was 77.3% or 51 
sows. In scheme C, this indicator was somewhat lower 

than the previous groups and was 76.2% or 48 pregnant 
sows. Despite the higher level of estrus in the animals 
of the experimental groups compared to the control (by 
12%–20%), no statistically significant differences in 
fecundity were found between the groups (in all cases: 
p > 0.05). 

This indicates that the applied hormonal protocols 
mainly have a regulatory effect on the estrous cycle 
synchronization and ensure the consistent manifestation 
of estrus but do not guarantee an increase in the 
frequency of successful fertilization.
The fertilization percentage of sows in the experiment 
ranged from 76.2% to 87.0%, depending on the applied 
estrous cycle regulation scheme. The fertilization rate 
was 83.3% in the control group, where fertilization was 
carried out under conditions of natural estrus without 
hormonal stimulation.
The highest fertilization rate was noted in the 1st 
experimental group, where the classical scheme 
A was used (87.0%), which is 3.7% higher than 
the control. This indicates that the complex use of 
altrenogest with eCG and hCG has a positive effect 
on the synchronization of ovulation and increases the 
efficiency of fertilization.
In the II (scheme B) and III (scheme C) experimental 
groups, the fertilization rate was slightly lower 
(77.3% and 76.2%, respectively), which may be due 
to the peculiarities of the hormonal protocols and the 
response of sows to ovulation induction. At the same 
time, the obtained values remained at a level acceptable 
for production conditions and provided satisfactory, 
reproducible results.
A significant effect of the estrus synchronization and 
stimulation schemes on the variability of the farrowing 
interval was also detected (one-way ANOVA: F3; 

297 = 47.17; p < 0.001). The control group had the 
longest farrowing interval, averaging 166.4 days. The 
application of synchronization protocols had a positive 
effect on reproductive rhythm. The interval between 
consecutive farrowings was significantly reduced to 
153.2 days in sows treated according to the classical 
protocol (scheme A) compared with the control group. 
A reduction in the farrowing interval was also observed 
in sows treated according to schemes B and C, reaching 
157.7 and 160.3 days, respectively.
Figure 2 presents Kaplan–Meier survival curves for the 
farrowing interval in sows from different experimental 
groups subjected to various estrus synchronization and 
stimulation schemes. The shapes of the curves indicate 
significant differences among the groups (log-rank test: 
p < 0.001). Pairwise comparisons revealed significant 
differences between most groups (p = 0.001…0.004), 
with the exception of the comparison between schemes 
B and C, where no significant difference was detected 
(p = 0.313).
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In the control group, farrowing onset occurred 
noticeably later than in sows treated with the estrus 
synchronization and stimulation protocols. 
On the contrary, sows treated according to the classical 
protocol (scheme A) began farrowing earlier, and the 
occurrence of farrowing in this group was relatively 
evenly distributed over time between days 140 and 165.
The survival curves did not significantly differ for sows 
treated according to schemes B and C (p = 0.313). 
Farrowing in these groups began at approximately 
the same time as in the control group; however, the 
process was completed more rapidly and in a more 
synchronized manner, coinciding with the completion 
of farrowing observed in sows treated according to 
scheme A.
Therefore, the reduction in the interval between 
farrowings in sows of the classical treatment regimen 
can be explained by the faster recovery of sexual 
function after farrowing due to the controlled action of 
progestogen, which stabilizes the hormonal status and 
provides a more predictable return to estrus.

Evaluation of the sow's hormonal background
Induced ovulation is of great interest in commercial 
pig farming. It is a technology that can help obtain 
more genetic gains and increase the efficiency of pig 
production through the use of single insemination 
from the breeder and optimal insemination time. In 
addition, it can serve as a technology for transitioning 
to cryopreserved boar sperm, sex-sorted sperm of the 
future offspring, and low-dose single-use artificial 
insemination (Knox, 2015).
Several species of mammals and birds, with both 
spontaneous and induced ovulation, can respond 
to exogenous hormones for controlled ovulation. 
Ovulation induction has been performed using highly 
purified human chorionic gonadotropin, partially 
purified pituitary isolates (follicle-stimulating 
hormone and luteinizing hormone, as well as synthetic 
gonadotropin-releasing hormone and GnRH analogs) 
for many years. The approach used to induce ovulation 
in pigs varied depending on the maturity of the animal 
and whether follicular development synchronization 
was used. Induction of ovulation was used to study 

Fig. 2.  Kaplan–Meier survival curves for the farrowing interval in sows from different experimental groups subjected to various 
estrus synchronization and stimulation schemes: CON, control group; A, scheme A; B, scheme B; C, scheme C. Note: IFI refers to 
the farrowing interval (130 days adjusted). Probability indicates the likelihood that no sow has farrowed again. Survival estimates 
for all groups are presented with 95% confidence intervals.
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the physiology of ovulation, oocyte maturation, 
fertilization, embryo development, and survival, as 
well as to determine the effect of AI time on ovulation 
(Pal and Dar, 2021). 
The dynamics of the main sex hormones, namely 
estradiol, progesterone, and luteinizing hormone, in 
the blood serum of sows under different schemes of 
sexual cycle synchronization were analyzed. Sampling 
was performed at four control points: before the start of 
treatment (baseline), on the day of ovulation induction, 
at the time of insemination, and on the 21st day after 
insemination (Table 4).
Estradiol concentrations were significantly affected by 
the synchronization and estrus stimulation scheme both 
on the day of ovulation induction (one-way ANOVA: 
F3; 296 = 4.96; p = 0.002) and at the time of insemination 
(F3; 296 = 8.13; p < 0.001). Estradiol levels were lowest 
in sows of the control group and highest in animals 
treated according to scheme A, whereas intermediate 
concentrations were observed in sows subjected to 
schemes B and C.
The estrus synchronization and stimulation scheme at 
the time of insemination also significantly influenced 
progesterone concentrations (one-way ANOVA: F3; 

296 = 4.30; p = 0.005). As observed for estradiol, the 
lowest progesterone levels were recorded in the control 
group, whereas the highest concentrations were found 
in sows treated according to scheme A. Animals 
treated according to schemes B and C again showed 
intermediate hormone levels.

Luteinizing hormone (LH) concentrations were 
significantly affected by the estrus synchronization 
and stimulation scheme both on the day of ovulation 
induction (one-way ANOVA: F3; 296 = 12.32; p < 0.001) 
and at the time of insemination (F3; 296 = 11.04; p < 
0.001). LH concentrations were lowest in the control 
group and highest in sows treated according to schemes 
A and B, whereas intermediate values were observed in 
animals treated according to scheme C.
Hormone concentrations in the control group (natural 
estrus without hormonal stimulation) fluctuated within 
the physiological values typical for the natural sexual 
cycle. The estradiol level increased to 52.6 pg/ml during 
the estrous period, after which it gradually decreased. 
On the 21st day after insemination, the progesterone 
concentration increased to 9.8 ng/ml, indicating the 
formation of a functionally active corpus luteum. 
In scheme A, the most pronounced increase in the 
concentrations of estradiol (68.9 pg/ml) and LH 
(6.8 mIU/ml) was observed on the day of ovulation 
induction, confirming the effective stimulation of 
growth and maturation of follicles under the influence of 
exogenous gonadotropins. Accelerated corpus luteum 
formation was observed after hCG administration, as 
evidenced by a higher progesterone level on the 21st 
day after insemination (11.5 ng/ml, p < 0.05). These 
changes were correlated with the highest indicators of 
willingness (92.0%) and fertilization (87.0%).
In scheme B, an increase in the LH concentration 
(7.5 mIU/ml) and a moderately significant (p < 0.05) 

Table 4. Concentration of the main hormones in the blood serum of sows (M ± SE) under different estrus synchronization and 
stimulation schemes.

Indicator Control   
(natural estrus)

Exp I 
(Scheme A)

Exp II  
(Scheme B)

Exp III  
(alternative scheme C) F3; 296 (p)

Estradiol (pg/ml)
Before treatment (base) 24.3 ± 0.5a 23.8 ± 0.7a 25.1 ± 0.6a 24.7 ± 0.5a 0.12  (0.946)
Day of ovulation induction 52.6 ± 0.8a 68.9 ± 0.2b 61.4 ± 0.9bc 59.7 ± 0.1ac 4.96 (0.002)
Moment of insemination 47.5 ± 0.5a 65.2 ± 0.7c 58.0 ± 0.4b 56.1 ± 0.6b 8.13 (< 0.001)
Day 21 after insemination 18.7 ± 0.3a 22.1 ± 0.4a 21.3 ± 0.5a 20.9 ± 0.4a 1.08 (0.359)
Progesterone (ng/ml)
Before treatment (base) 2.1 ± 0.2a 2.0 ± 0.2a 2.2 ± 0.3a 2.1 ± 0.2a 0.13 (0.174)
Day of ovulation induction 1.4 ± 0.1b 1.1 ± 0.1a 1.2 ± 0.1ab 1.3 ± 0.1ab 1.67 (0.147)
Moment of insemination 3.6 ± 0.3a 5.2 ± 0.3b 4.8 ± 0.4bc 4.5 ± 0.3bc 4.30 (0.005)
Day 21 after insemination 9.8 ± 0.5a 11.5 ± 0.6b 10.9 ± 0.5ab 10.6 ± 0.5ab 1.80 (ns)
LH (mIU/ml)
Before treatment (base) 1.6 ± 0.1a 1.5 ± 0.1a 1.5 ± 0.1a 1.6 ± 0.1a 0.33 (0.801)
Day of ovulation induction 4.2 ± 0.3a 6.8 ± 0.4c 7.5 ± 0.5c 5.9 ± 0.4bc 12.32 (< 0.001)
Moment of insemination 3.7 ± 0.3a 5.9 ± 0.4c 6.4 ± 0.4c 5.2 ± 0.3bc 11.04 (< 0.001)
Day 21 after insemination 2.3 ± 0.2a 2.1 ± 0.2a 2.2 ± 0.2a 2.2 ± 0.2a 0.17 (0.919)

Note: Different letters indicate subgroup means that differ significantly (p < 0.05) according to Fisher’s least significant difference test. Ns 
indicates no significant difference (p > 0.05).
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increase in estradiol (61.4 pg/ml) were also noted. The 
use of the GnRH antagonist (buserelin) contributed to 
the physiological stimulation of ovulation due to the 
activation of the endogenous release of gonadotropins, 
but the level of estradiol remained lower than in group 
A, which could cause a slightly lower synchrony of the 
ovulation reaction. An increase in progesterone on day 
21 (10.9 ng/ml) indicated sufficient functional activity 
of the corpus luteum, although the fertilization rate was 
77.3%, which was 5.7% lower than the control.
In scheme C, where synchronization was based on 
the luteolytic action of prostaglandin, the hormone 
dynamics had a slightly different character. The 
estradiol level increased to 59.7 pg/ml, while the LH 
concentration increased to 5.9 mIU/ml, indicating 
the activation of a new follicular cycle. On day 21, 
progesterone level was 10.6 ng/ml, i.e., it remained at 
a level close to control, indicating stable development 
of the corpus luteum, but fertilization efficiency was 
lower (76.2%), which is likely due to greater variability 
in ovulation timing and lower synchronization of 
reproductive processes.
Analysis of the reproductive performance of sows using 
different estrus synchronization schemes
Reversion to estrus after artificial insemination is 
one of the most common infertility problems that 
causes delayed pregnancy in sows. Fertilization 
rates and embryo numbers are maximal when sows 
are inseminated between 0 and 12 hours before 
ovulation. Optimum sperm doses and optimal timing 
of insemination relative to ovulation in sows are key 
factors in fertility improvement (Kadirvel et al., 2017; 
Karatieieva, 2025).
When the ovulation of weaned sows is synchronized 
with gonadotropic hormones followed by artificial 
insemination at a fixed time, 30–33 hours after their 
administration, the reproductive performance of sows 
is significantly improved. Controlling the development 
of follicles and the time of ovulation helps increase the 
reproductive capacity of sows. This sparked our interest 

in determining the effect of estrus synchronization 
schemes on the reproductive qualities of sows.
Table 5 shows the comparative characteristics of the 
reproductive qualities of sows under different schemes 
of farrowing synchronization and stimulation, allowing 
the evaluation of the biotechnological efficiency of 
the hormonal protocols in comparison with natural 
(control) reproduction.
When analyzing the variability of the reproductive 
traits of sows, a statistically significant effect of the 
farrowing synchronization scheme was observed only 
for the number of piglets born alive (F3; 296 = 3.88; p = 
0.010) and litter weight at weaning (F3; 296 = 3.30; p = 
0.021). In both cases, sows in the control group showed 
lower values than animals in all three experimental 
groups.
Multifertility of sows, as one of the key indicators of 
reproductive capacity, was 10.2 piglets per farrowing 
in the control group (natural farrowing without 
stimulation). In the experimental groups, this parameter 
increased significantly: under scheme A to 12.1 
piglets, under scheme B to 11.8 piglets, and under the 
alternative scheme C to 12.0 piglets (in all cases: p < 
0.05). Thus, all three stimulation schemes contributed 
to an increase in the number of newborn piglets, but 
the most pronounced effect was observed under the 
classical scheme A, where estrus synchronization and 
controlled ovulation provided optimal conditions for a 
larger number of gametes to be fertilized.
The indicator of large fattening, i.e., the average weight 
of piglets at birth, varied within 1.49–1.54 kg, without 
statistically significant differences between groups (p 
= 0.772).
This indicates that hormonal stimulants do not 
negatively impact fetal development during the prenatal 
period. A slight increase in the weight of piglets in the 
experimental groups (especially in scheme A) indicates 
a better physiological readiness of sows for pregnancy 
and a more balanced hormonal background during 
fertilization.

Table 5. Reproductive qualities of sows (M ± SE) under different estrus synchronization and stimulation schemes.

Indicator Control 
(natural estrus)

Exp I  
(scheme A)

Exp II  
(Scheme B)

Exp III 
(alternative 
scheme C)

F3; 296; (p)

Number of sows and heads 54 69 66 63 –
Number of alive piglets born, heads 10.2 ± 0.4a 12.1 ± 0.5b 11.8 ± 0.5b 12.0 ± 0.4b 3.88  (0.010)
Average piglet birth weight (kg) 1.49 ± 0.04a 1.54 ± 0.04a 1.52 ± 0.03a 1.53 ± 0.03a 0.37 (0.772)
Piglet preweaning mortality, % 12.0 ± 2.9a 6.0 ± 2.1a 7.0 ± 2.3a 6.5 ± 2.2a 1.35 (0.259)
Litter weight at weaning (kg) 69.5 ± 2.6a 80.2 ± 2.8b 77.8 ± 2.5b 78.5 ± 2.6b 3.30  (0.021)
Coefficient of the reproductive 
efficiency 0.78 0.85 0.80 0.81 –

Note: Different letters indicate subgroup means that differ significantly (p < 0.05) according to Fisher’s least significant difference test. Ns 
indicates no significant difference (p > 0.05).
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Before weaning, piglet mortality was 12.0% in the 
control group and decreased to 6.0%, 7.0, and 6.5% in 
scheme A, B, and C sows, respectively. 
The weight of the nest at weaning, an integral indicator 
that combines the effect of multiple fecundity, high 
fecundity, and preservation, was 69.5 kg in the 
control group, whereas it increased significantly in the 
experimental groups: under scheme A, it was 80.2 kg, 
under scheme B, it was 77.8 kg, and under scheme C, 
it was 78.5 kg (in all cases: p < 0.05). This confirms 
the positive effect of hormonal stimulation on the 
reproductive potential of sows and the development of 
piglets before the weaning period.
The coefficient of reproductive efficiency, which 
comprehensively reflects the results of insemination, 
farrowing, and piglet survival, in the control group was 
0.78 points, and in the experimental group it increased 
to 0.85 points in scheme A, to 0.80 points in scheme B, 
and to 0.81 points in scheme C. 
Thus, the highest level of biological and economic 
efficiency was established when the classic scheme 
altrenogest → eCG + hCG, indicating its optimality for 
the planned regulation of reproduction and increasing 
sow productivity.
Biotechnological methods of reproductive 
management in pigs, particularly hormonal estrus 
synchronization, represent an important tool for 
intensifying the industry. They can shorten the 
farrowing interval, increase the number of litters 
per year, and improve the output of viable offspring. 
However, the implementation of such protocols is 
associated with additional costs for pharmaceuticals, 
labor, and veterinary support; therefore, assessing 
their economic feasibility is a key component of a 
comprehensive evaluation of technological efficiency 
(Banerjee et al., 2026).

The implementation of estrus synchronization 
protocols involves certain expenses related to hormonal 
preparations, veterinary services, and additional labor 
resources; however, these costs can be fully offset 
by higher productivity and overall profitability of 
the production system, provided that reproductive 
performance and the number of viable offspring 
increase (Crespo and Gadea, 2024).
According to the data presented in Table 6, the highest 
economic effect was achieved using the classical 
scheme A, where the profit amounted to +12.22 USD 
per sow with a profitability level exceeding 88.5%. 
This result is explained by the greatest increase in litter 
size (+1.9 piglets) and weaning litter weight (+10.7 
kg), which ensured the highest additional income at 
relatively moderate drug costs. Such a high outcome 
can be attributed to the combined action of progestagen 
(altrenogest), which establishes a controlled hormonal 
balance, and gonadotropins (eCG and hCG), which 
stimulate synchronous ovulation and improve embryo 
survival.
Scheme B also demonstrated a positive economic 
outcome, with a profit of 9.21 USD per head at a 
profitability level exceeding 56.2%, although its 
efficiency was somewhat lower due to reduced litter 
size and higher variability in the hormonal response. 
This protocol may be effective under stable hormonal 
status conditions in sows, but it requires high precision 
in determining the timing of insemination.
Despite lower drug costs, scheme C ensured a relatively 
high level of profitability (11.0 USD per head, 68.3% 
profitability), indicating its feasibility for farms 
with limited budgets, especially in the post-weaning 
period when rapid restoration of the reproductive 
cycle is required. This scheme is optimal for small- 
and medium-sized farms because it does not require 

Table 6. Economic indicators of the effectiveness of estrus synchronization schemes in sows.

Indicator Control  
(natural estrus)

Exp I  
(Scheme A)

Exp II 
(Scheme B)

Exp III (alternative 
scheme C)

Number of piglets at birth and head 10.2 12.1 11.8 12.0
Number of weaned piglets and heads 9.0 11.4 11.0 11.2
Additionally, piglets and heads were obtained 
(compared to the control) – +2.4 +2.0 +2.2

Cost of drugs per 1 sow, $ – 4.08 3.40 2.72
Additional costs (insemination and labor, $) – 0.68 0.57 0.57
Total additional cost per head, $ – 4.76 3.97 3.29
Additional live weight at weaning (kg) – +10.7 +8.3 +9.0
Conditional price of 1 kg of a piglet’s live weight, $ 1.59 1.59 1.59 1.59
Additional income per 1 sow ($) – +16.98 +13.17 +14.29
Economic effect (profit), $/head – +12.22 +9.21 +11.0
Profitability level (%) – 88.5 56.2 68.3
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prolonged preparation and rapid resumption of the 
reproductive cycle after piglet weaning.

Discussion
Breeding is one of the main areas of development 
of animal husbandry. One of the most common 
reproductive management methods in pig farming 
is estrus synchronization. It allows you to obtain 
year-round farrowings. However, the effectiveness 
of synchronization largely depends on correctly 
selected and implemented protocols. Therefore, 
additional adjustments to the methods of stimulating 
the reproductive system of sows are relevant when 
applying innovative scientific ideas (Julanov et al., 
2024). 
Simultaneously, an integral part of sow reproductive 
management is the quick and accurate detection 
of estrus, which directly determines the overall 
productivity of the use of sows, influencing the optimal 
moment of insemination, reducing inefficient feeding, 
and eliminating sows with low reproductive capacity 
(Xin et al., 2023). 
In the work of Lugovoy et al. (2018), general 
physiological mechanisms of reproductive function 
regulation in farm animals are considered. The authors 
also indicated the role of hormonal and metabolic 
factors in ensuring the normal sexual cycle.  
For a long time, the most promising method of 
controlling estrus and ovulation in pigs was believed 
to be the use of an orally active synthetic progestogen 
compound, L-allyltrenbolone. However, there is 
currently no single method of managing the estrous cycle 
of sows, which is consistent with our findings. Thus, 
Bielas et al. (2025) studied the effect of peforelin, i.e., 
synthetic l-GnRH-III, on the reproductive parameters 
of sows treated with altrenogest. Young sows were 
synchronized with altrenogest for 18 days. Forty-
eight hours after the last administration of altrenogest, 
young sows and 24 hours after weaning, adult sows 
received peforelin according to the manufacturer’s 
instructions. Based on the presented results, the use of 
peforelin in the conditions of industrial farms improved 
the reproductive performance of production batches 
in young pigs and adult sows after estrous cycle 
synchronization. 
Degenstein et al. (2008) showed that porcine luteinizing 
hormone can reliably synchronize ovulation in weaned 
sows.  
According to Viana et al. (2006), the most common 
treatment protocol for ovulation control in pigs involves 
the use of a combination of eCG to stimulate follicular 
growth, followed by human chorionic gonadotropin 
(hCG) to trigger ovulation. However, many variations 
of such procedures have been found, suggesting that no 
single approach has consistently yielded optimal results 
(Cassar et al., 2005; Knox, 2015; Li et al., 2024).
Quirino et al. (2024) recommended using both horse 
and human chorionic gonadotropin (eCG and hCG, 

respectively) for the treatment of weaned sows during 
lactation to control the expression of estrus and 
ovulation in them. Ovulation may be weak or variable 
only after hCG treatment. To improve the pregnancy 
rate, combined treatment with both chorionic 
gonadotropins is recommended after the second week 
of lactation. This approach is consistent with the results 
of our research.
Brüssow and Wähner claimed a “reproductive 
biotechnology” that included estrus synchronization 
procedures based on the use of altrenogest in gilts 
and adult sows. Simultaneously, eCG was used to 
stimulate follicle development, and hCG or LH and 
a GnRH analog were used to induce ovulation. The 
researchers noted that if the goal is a fixed insemination 
time, the estrus should be synchronized, and follicular 
development and ovulation should be induced with 
GnRH and hCG analogs, with ovulation occurring 
36–42 hours later. It is usually recommended to 
inseminate these animals twice, 24 and 40 hours after 
ovulation induction. However, this technology requires 
healthy and careful animal care (Banerjee et al., 2026). 
The results obtained prove the effectiveness of such 
approaches, provided that the animals are healthy and 
carefully cared for.
The discovery of the structure and synthesis of a 
GnRH analog has led to its emergence as a potential 
replacement for hCG and eCG for follicular growth 
stimulation and ovulation induction.  
Gonadotropin-releasing hormone (GnRH) analogs can 
mimic endogenous GnRH to stimulate the synthesis 
and secretion of gonadotropic hormones, such as 
follicle-stimulating hormone (FSH) and luteinizing 
hormone (LH). Thus, GnRH analogs are widely used 
as ovulation-inducing agents in the reproductive 
management of gilts and sows, particularly to trigger 
the endogenous LH surge, thereby synchronizing 
ovulation in sows during artificial insemination 
procedures (Hassanein et al., 2024; Shi et al., 2025).
The use of GnRH to induce LH release has several 
advantages over hCG treatment. While hCG acts 
directly on ovarian receptors, GnRH stimulates the 
release of LH from the pituitary gland, which then 
reaches the ovaries to aid in the ovulation process. 
Treatment involving exogenous gonadotropins and 
altrenogest can also cause ovarian follicular cysts in 
sows (Falceto et al., 2023). 
The estrus synchronization protocol used by Leal et 
al. (2022) produced encouraging results. Estrus in 
sows was synchronized with a single application of EC 
and two applications of PGF2α with greater than 90% 
efficiency. No adverse effects on ovarian function or 
fertility were observed. Another alternative for estrus 
synchronization in repair pigs (Leal et al., 2022). 
According to Liu et al. (2024), most sows experience 
a negative energy balance during lactation, which 
leads to impaired follicle development. Therefore, the 
authors recommend treatment of 28-day-old lactating 
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sows with altrenogest (ALT) to inhibit follicular 
enlargement during lactation and to assess estrus 
and reproductive performance after weaning. Thus, 
ALT treatment significantly suppressed the increase 
in follicle size (p  < 0.05) and reduced the levels of 
FSH, LH, and E2 in the serum (p > 0.05). In addition, 
ALT treatment increased estrus concentration and 
preovulatory follicle size (p  < 0.05), while it delayed 
WEI (p  < 0.001). However, the estrus rate, pregnancy 
rate, and total number of piglets born and live births 
did not differ between the treatment groups (p > 0.05) 
(Liu et al., 2024). 
In other studies, an improved fixed-time artificial 
insemination protocol for sows was proposed, which 
included ALT tablets, long-acting rpFSH, and rhCG. 
Compared with conventional regimens, this protocol 
achieved comparable synchronization efficiency while 
improving litter performance, thereby confirming its 
potential as an effective alternative for reproductive 
management in gilts and sows (Liu et al., 2025).
Therefore, the functional state of the reproductive 
system of animals is closely related to the general 
physiological state of the body and its hormonal 
background, which determines the variability of sexual 
cycle manifestations and reproductive activity in 
general (Snegin et al., 2021).

Conclusion
The classical scheme (altrenogest + eHCG + hCG) is 
the most effective way to synchronize and stimulate 
the estrous cycle in sows. It provides the highest 
farrowing rate (92%), a significant increase in fertility 
(up to 12.1 piglets; p < 0.05), and a reduction in the 
period between farrowings (up to 153 days; p < 0.05). 
Schemes using GnRH (B) or PGF₂α (C) also help to 
increase the number of live-born piglets, but they are 
somewhat inferior to the classic option in terms of 
synchronization and results stability. Although the 
difference in fecundity and offspring mortality up to 
30 days between the groups did not reach statistical 
significance, the experimental variants exhibited 
a positive biological tendency to increase these 
indicators. Comparative analysis showed that the use 
of combined schemes with progestagen (altrenogest) 
and gonadotropins (eCG + hCG) provided the highest 
hormonal activity and better synchronization of heat 
in sows. It contributed to a more intense maturation 
of follicles, an increase in estradiol and LH levels, 
and the formation of full-fledged corpora lutea, which 
was confirmed by an increased progesterone level on 
the 21st day after insemination. Scheme A provided 
the highest concentrations of all three hormones, 
confirming its effectiveness in stimulating ovulation 
and maintaining the luteal phase. Simultaneously, the 
use of hormonal schemes for estrus synchronization 
significantly improves reproductive performance, and 
the most effective is the combination of altrenogest 

with eCG and hCG, which provides the highest fertility 
and litter weight at weaning (p < 0.05). 
The results of the economic evaluation indicate that 
all studied hormonal synchronization protocols are 
effective and provide additional profit compared 
to conventional technology. The highest economic 
effect was achieved using the classical scheme, which 
ensured maximum litter size and sow productivity and, 
consequently, the highest profitability level of 88.5% or 
12.22 USD per sow. Scheme B demonstrated a stable 
but somewhat lower economic effect (56.2% and 9.21 
USD) and may be appropriate under conditions of 
strict insemination timing control. Scheme C showed a 
sufficiently high level of profitability (68.3% and 11.0 
USD) despite lower biological efficiency due to lower 
drug costs, making it a rational alternative for farms with 
limited resources. Therefore, the choice of hormonal 
stimulation scheme should be based on production 
goals, the physiological state of the livestock, and the 
economic feasibility of using the drugs.
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