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Background. Maintaining high fertilization capacity of spermatozoa is a key factor
for successful artificial insemination in dogs. Given that the use of chilled semen pro-
vides higher pregnancy rates and larger litter sizes compared with frozen semen, the
demand for this method of gamete preservation is increasing. Preservation of sperm
fertilizing ability in an in vitro system directly depends on the storage medium; however,
analysis of current literature indicates that most studies focus on the effects of antioxi-
dants, energy substrates, or membrane protectants, whereas the impact of buffer sys-
tem parameters on gamete homeostasis during cooling remains insufficiently studied.
Therefore, the aim of this study was to determine the influence of different buffers on the
characteristics of chilled canine semen at 4—6 °C.

Materials and Methods. Extenders differing in their buffer system were added to
the second fraction of canine semen: T-BSA (TRIS, pH 6.2), hT-BSA (TRIS, pH 7.3),
and HEPES-BSA (HEPES, pH 6.2). Sperm motility, membrane integrity (HOS test), and
the level of DNA fragmentation (SCD method, HALOMAX test system) were evaluated
every 24 hours over a period of 10 days.

Results and Discussion. It was established that the T-BSA extender (pH 6.2) most
effectively ensures long-term preservation of the functional parameters of canine sper-
matozoa during chilled storage at 46 °C. At the same time, DNA integrity remained
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a stable parameter in all groups, even under conditions of complete loss of sperm motility.
Thus, optimization of the buffer parameters of the extender is a key factor in prolonging
the shelf life of chilled canine semen in clinical practice.

Conclusion. The T-BSA extender (pH 6.2) was found to be the most effective for
preserving the functional parameters of canine spermatozoa during prolonged storage
at 4-6 °C. DNA integrity remained a stable parameter in all groups, even in the case of
complete loss of motility. Therefore, optimization of the buffer parameters of the extender
is a key factor for extending the shelf life of chilled canine semen in clinical practice.

Keywords: semen preservation, TRIS-citrate buffer, HEPES, reproductive
biotechnology, fertility
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INTRODUCTION

Artificial insemination (Al) in dogs is a fundamental tool of modern clinical veterinary
practice (Mason, 2018), enabling the overcoming of logistical barriers (Hori et al., 2014),
control of the genetic pool (Donner et al., 2018), and prevention of infectious diseases
(Quartuccio et al., 2020). However, the effectiveness of Al critically depends on the
quality of gametes, which, due to the absence of self-repair mechanisms, require the
use of specialized extenders to maintain homeostasis and motility (Martinez-Barbitta &
Rivera Salinas, 2022; Sinagra et al., 2024).

A key factor in sperm survival in an in vitro system is the stability of the medium pH
(Contri et al., 2013). Despite the wide tolerance range of canine spermatozoa to fluctua-
tions in acidity (pH 5-10), their maximum functional activity is observed at pH values
of 7.0-8.5 (Wales & White, 1958). It should be noted that the pH of the second fraction
of the native ejaculate is 6.1-6.2 (Martinez-Barbitta & Rivera Salinas, 2022; Litvinchuk
et al., 2025). The situation is further complicated by the variability of the pH of the
female reproductive tract (6.2—7.6), which requires synchronization of these parameters
to ensure successful fertilization (Antonov et al., 2014).

While buffer systems have been widely investigated in various domestic animals,
the extrapolation of these results to canine reproduction is limited by significant species-
specific differences in sperm physiology and seminal plasma biochemistry (Dziekonska
& Partyka, 2023). Specifically, the native pH of the canine sperm-rich fraction (6.1-6.2)
differs from that of other domestic animals, such as bovine (6.8-6.9) (Lavanya et al.,
2021) or boars (7.1) (Rivas et al., 2022), necessitating the development of specialized
extenders tailored to the unique homeostatic requirements of dog spermatozoa.

In view of the above, the development of protocols for chilling canine semen
requires careful selection of the buffer system and its acidity. Therefore, the aim of the
study was to evaluate the influence of different buffers on the functional characteristics
of canine spermatozoa in an in vitro system in order to improve the effectiveness of
artificial insemination in dogs in clinical practice.

MATERIALS AND METHODS

The study was conducted during 2024-2025. Experimental investigations were
carried out on a group of five German Shepherd dogs (Canis lupus familiaris), kept
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at the Kennel of the Department of the State Protection of Ukraine (Kyiv). All animals
involved were clinically healthy, had a reproductive history, and had produced offspring
within the previous year.

Semen collection and processing. Work with the biomaterial was carried out
at the Educational and Scientific Laboratory “Center for Animal Reproductive Biology
with a Semen and Embryo Bank” of the National University of Life and Environmental
Sciences of Ukraine (Kyiv). Semen was collected by masturbation, three times from
each of five dogs with a 14-day sexual rest period between collections. The ejaculate
was obtained fractionally and collected into separate sterile containers (Biosigma, Italy).
This approach, involving repeated sampling from the same animals, was implemented
to minimize intra-individual variability and ensure a sufficient volume of biological mate-
rial (total n = 15 ejaculates), thereby achieving statistical power and reliability of the
results. For further work, the second (sperm-rich) fraction was used, allowing minimal
presence of the first and third fractions. Transportation to the laboratory was carried out
within 30-60 min at a temperature of 20-24 °C.

After dilution of the native semen, its motility, concentration, proportion of abnormal
forms, membrane status, level of sperm DNA fragmentation, and pH were analyzed.
The samples were then aliquoted into tubes (Sarstedt, Germany) at a dose of 150 mil-
lion gametes per sample and centrifuged for 20 min (200 g). After removal of the super-
natant, 5 cm?® of one of three experimental extenders (composition provided in Table)
was added to the pellet.

Composition and pH of canine semen extenders

Components Extender
T-BSA hT-BSA Hepes-BSA

TRIS, mg 2400 3000 -
Citric acid, mg 1400 1400 -
HEPES, mg - s 450
Glucose, mg 4900 4900 4900
BSA, mg 300 300 300
Gentamicin, mg 200 200 200
Deionized water, cm? 100 100 100

pH 6.2 7.3 6.2

For the preparation of media based on deionized water (Diowater, Ukraine), rea-
gents from Sigma (USA) were used: bovine serum albumin (BSA), citric acid, gentamicin
sulfate, D-(+)-glucose, HEPES, as well as Tris(hydroxymethyl)aminomethane (TRIS)
from Merck (Germany).

The obtained samples were stored in a refrigerator at a temperature of 4—6 °C.
Evaluation of sperm parameters was performed every 24 hours. Aliquots of 0.2 cm?
were incubated in a thermostat for 30 minutes at 37 °C, after which sperm motility, mem-
brane integrity, DNA preservation, and pH were assessed.
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Semen quality assessment. Sperm concentration was determined by counting
in a Goryaev chamber. Sperm motility was evaluated using the “crushed drop” method
at 120x magnification under a microscope (Litvinchuk et al., 2025). Measurement
of hydrogen ion concentration (pH) was performed using a calibrated EcoTestr pH 1
device (Thermo Scientific, USA).

Membrane integrity (hypo-osmotic swelling test, HOS test). The functional
integrity of sperm plasma membranes in all experimental groups was assessed using
the hypo-osmotic swelling test (HOS test), according to the manufacturer’s protocol.

DNA fragmentation. DNA integrity was analyzed using the species-specific test
system “HALOMAX” (Halotech DNA, Spain), developed for Canis familiaris, according
to the manufacturer’s protocol. A comprehensive step-by-step description of the proce-
dure can be found in Litvinchuk et al. (2025).

Statistical analysis. Experimental data were processed by methods of variation
statistics using Microsoft Excel and XLSTAT software. The obtained results were pro-
cessed by calculating the mean value and its standard error (x = SE). A two-way analy-
sis of variance (ANOVA) was employed to evaluate the effects of the extender, storage
duration, and their interaction. Post-hoc multiple comparisons were conducted using
the Bonferroni test to assess changes within each extender over time, while Tukey’s
HSD test was applied to identify significant differences between different extenders at
specific time points. Differences were considered statistically significant at p < 0.05.

RESULTS AND DISCUSSION

The functional status of spermatozoa is directly dependent on the pH of the medium
(Mishra et al., 2018); however, the influence of acid—base balance on male gametes is
described in the literature only fragmentarily (De Pauw et al., 2003; Dai et al., 2024).
Therefore, within the current stage of the study, we investigated the effect of different
buffers on the functional parameters of spermatozoa by selectively altering the buffer
component in the T-BSA extender, which had previously demonstrated high efficacy
(Litvinchuk et al., 2025).

Thus, over the 10-day experimental period, a statistically significant decrease in
total sperm motility was recorded in all studied groups (Fig. 1A).

Up to day 3, no significant differences were observed among the studied samples
(total motility 88.0-91.6 %), whereas from day 4 a significant advantage of the T-BSA
extender was noted (P < 0.05), where motility remained at 87.7 + 2.8 % compared with
77.4 £ 3.1 % for hT-BSA. However, by day 8, the differences between the parame-
ters became statistically non-significant (P > 0.05), despite the continued advantage of
T-BSA. The lowest efficiency was demonstrated by the HEPES-BSA extender: on day 6,
total sperm motility was only 31.8 + 4.0 %, which was 2.4 times lower than in the T-BSA
group (P < 0.001), and by day 8, a complete loss of motility was observed.

The obtained data indicate that for canine spermatozoa, not only the pH level
(which in T-BSA and HEPES-BSA was identical — 6.2) is decisive, but also the chemi-
cal nature of the buffer. The TRIS-citrate buffer proved more effective compared with
HEPES, which is consistent with the findings of J. L. Yaniz et al. (2012). The low effi-
ciency of HEPES may be explained by inhibition of ion channels and mitochondrial
functions (Mendola et al., 2024). Blockade of Ca?" CatSper channels leads to flagellar
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paralysis (Lishko et al., 2012), while an increase in intracellular pH (pHi) stimulates oxi-
dative stress and ATP depletion (Koppers et al., 2008).

Along with total motility, the quality of sperm movement is a sensitive marker of
functional competence (Fig. 1B). Thus, when using the HEPES-BSA and T-BSA exten-
ders, a proportional decrease in the percentage of motile spermatozoa and cells exhibi-
ting progressive linear motility was observed. In contrast, analysis of progressive linear
motility in the hT-BSA group (pH 7.3) revealed a sharp decline in this parameter: by
day 6 of the experiment, it was 2.3 times lower than in T-BSA group (P < 0.001), and
from day 8 onward, only spermatozoa with an oscillatory type of movement were
recorded, whereas in T-BSA group, the studied parameter was maintained at the level
of 31.2 £ 3.3 % up to day 10 (P < 0.001). The loss of progressive linear motility while
preserving total motility indicates profound functional impairment of spermatozoa. The
likely causes of this phenomenon include premature activation of spermatozoa under
alkaline pH conditions (Suarez, 2008) and a decrease in mitochondrial membrane
potential (Contri et al., 2013).
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Fig. 1. Dynamics of canine sperm motility parameters during storage using semen extenders with different
buffering systems: A — total motility; B — progressive linear motility. * — P < 0.05; ** — P < 0.01; *** —
P < 0.001 compared with the control (day 0) and between groups within a row (x + SE, n = 5)

The results of the HOS test (Fig. 2A) confirmed the destructive effect of alkaline pH
when using the hT-BSA extender. Thus, by day 4, membrane integrity sharply decreased
to 68 £ 4.1 % (P < 0.01), which temporally correlates with the onset of a rapid loss of
the spermatozoa’s ability for progressive linear motility. In contrast, semen diluted with
media at pH 6.2 maintained more than 80 % HOS-positive spermatozoa until the end of
the experiment. This indicates the initiation of oxidative stress and disruption of mem-
brane permeability under alkaline pH conditions (Aitken et al., 2014).

At the same time, the level of DNA fragmentation remained consistently low in all
groups (Fig. 2B), without statistically significant differences from the control, which is
consistent with the findings of D. Bencharif et al. (2013) and I. K. Puja et al. (2018). This
confirms the hierarchical model of sperm degradation: coordinated motility is lost first,
followed by membrane integrity, while the genetic material remains stable for the longest
period (Zdunczyk et al., 2025).
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Fig. 2. Indicators of functional competence of canine spermatozoa when using extenders with different buff-
ering properties during storage: A — plasma membrane integrity; B — DNA fragmentation. * — P < 0.05;
** - P <0.01; ** — P < 0.001 compared with the control (day 0) and between groups within a row
(x £ SE, n=5)

CONCLUSION

It was established that the T-BSA extender (TRIS-citrate buffer, pH 6.2) is optimal
for long-term storage of canine semen at 4—6 °C, allowing preservation of progressive
linear motility in 31.2 + 3.3 % of spermatozoa up to day 10. The use of the TRIS-citrate
buffer with an increased pH of 7.3 proved to be ineffective due to premature desensi-
tization of plasma membranes and metabolic exhaustion of gametes. Although the pH
when using HEPES was also 6.2, this extender was ineffective, likely due to inhibition
of ion channel activity and mitochondrial functions, confirmed by the absence of motile
spermatozoa in the samples on day 8 of the experiment. At the same time, the genetic
material of spermatozoa demonstrates high stability: the level of DNA fragmentation
remains stable even when spermatozoa lose motility.
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BMJINB PI3HUX BY®EPIB HA XAPAKTEPUCTUKN XXKUTTE3OATHOCTI
CMNEPMATO30IAIB NCIB Nif YAC 3BEPIFAHHA 3A TEMMNEPATYPU 4-6 °C

FOpiti Jlimeinyyk', Bimanili Koenak', OkcaHa Koenax?,

Cepeili Jepkay', OnexkcaHdp Banbuyk', FOpili XKyk'

" HayjoHanbHull yHieepcumem 6iopecypcis i npupodokopucmyeaHHs1 YkpaiHu
syn. lepoie ObopoHu, 15, Kuis 03041, YkpaiHa

2 Tosapucmeo 3 obmexeHoro gidnosidanbHicmio “BioTexCom”
8yrn. KHs3s Bornodumupa MoHomaxa, 2/6, Kuig 04107, YkpaiHa

OOrpyHTYBaHHA. 30epexeHHs1 BUCOKMX MOKa3HWKIB 3anfigHEHHSA cnepMaTo30iais
€ BaXXITMBOK YMOBOH0 YCMILLIHOTO LUTYYHOTO OCIMEHIHHSA cobak. 3BaXkatoum Ha Te, Lo OXO-
nofxeHa crnepma 3abesnedvye BULL MOKa3HWKM BariTHOCTi Ta BinbLUMI po3mip npunnogy
Yy THi3aji, NOPIBHAHO i3 3aMOPOXEHOHD, 3pOCTaE NOMUT Ha Len MeTof 36epexXeHHs ramMer.
30epexeHHs hepTUNbHOCTI cnepmaro30ifiB y CUCTEMI in Vitro HanNpsaMy 3anexuTb Big
cepefoBuLLa 30epiraHHsA, MPOTe aHani3 cydacHUX niTepaTypHUX [Xepen CBig4vTb, Lo
GiNbLUICTb HAYKOBUX MOLLYKIB 30CepeKeHa Ha BUBYEHHI BMIMBY aHTMOKCUOAHTIB, eHep-
reTM4HMxX cybceTpatiB Y MembpaHONpPOTEKTOPIB, TOAI K BMMMB napamMeTpiB bydepHux
CUCTEM Ha romMeocTa3 rameT Mig Yac OXONOMKEHHS 3anvLIaeTbCs ManogoCHigKEHNM.
Tomy meTow Hawwoi poboTn Byno BCTAHOBUTW BMMB pi3HMX OydepiB Ha xapakTepuc-
TUKM OXONOMXEHOI cnepmu nciB 3a Temnepatypu 4—6 °C.

Matepianu ta metoam. [lo apyroi cdpakuii cnepmmn nciB gogasanu po3piaxy-
Baui, Wo BigpisHanucs OydepHot cuctemoro: T-BSA (TRIS, pH 6.2), hT-BSA (TRIS,
pH 7.3) Ta HEPES-BSA (HEPES, pH 6.2). PyxnuBicTb cnepmaros0ifiB, LiniCHICTb
ixHbOT MembpaHm (HOS-TecT) Ta piBeHb pparmenTauii AHK (metog SCD, TecT-cuctema
“HALOMAX”) ouiHoBanu KoxHi 24 rog, ynpogosx 10 gib.

Pesynbratu. BcTaHoBneHo, wo po3spigpkysad T-BSA (pH 6.2) HanedekTuBHiwe
3abe3nedvye TpmBane 36epexeHHs PyHKLiOHaNbHUX NapameTpiB cnepmaTo3oigiB cobak
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nig yac 36epiraHHA METOOOM OXONOMXEHHS 3a Temnepatypu 4—6 °C. BogHouyac uinic-
HicTb OHK 3anuwanacs ctabinbHMM napaMeTpoM y BCix rpynax, HaBiTb 3@ yMOBMW NOBHOT
BTPaTK PyXIIMBOCTI cnepmarto3oigiB. 3 ornsay Ha ue, nigbip ontumaneHux 6ydepHmx
XapaKTepUCTUK po3pigKyBada Bidirpae BupilanbHy porb Yy MpornoHrauii 36epiraHHs
OXONOOKEHOI Cnepmu Mnci..

BucHoBku. BctaHoBneHo, o po3pigxysay T-BSA (pH 6.2) € HanbinbL edekTus-
HUM Onsi 36epexeHHs PyHKLUiOHaNbHMX NOKa3HWKIB crepMaTo30idiB NciB nig yac Tpu-
Banoro 30epiraHHsA 3a Temnepatypu 4—6 °C. Togi sk uinicHicte OHK BusiBunacs cra-
OinbHUM NOKa3HUKOM Y BCiX rpynax, HaBiTb 3@ yMOBM NMOBHOI BTpaTh pyxnmeocTi. OTxe,
onTuMmisauis bydepHrx napameTpiB po3pigKyBada € Kr4oBUM (DAaKTOPOM 1St Npo-
OOBXEHHS TEPMiHY NPUAATHOCTI OXOSOMKEHOT cnepMu NCiB Y KNiHIYHIA BETEPUHAPHIN
npaxkTui.

Knrovoei crioea: 30epexeHHss cnepmu, TRIS-uutpatHuin  6ydep, HEPES,
penpoayKTMBHa GioTexHonorisA, epTUNbHICTb
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