Russian Journal of Veterinary Pathology. 2026;25(2):7-13. eISSN 2949-4826

ANIMAL PATHOLOGY, MORPHOLOGY, PHYSIOLOGY,
PHARMACOLOGY AND TOXICOLOGY

ITATOJIOT' YA ’KUBOTHbBIX, MOP®OJIOI'UA, ®DU3NOJIOI U,
OAPMAKOJIOI'YA U TOKCUKOJIOI'UA

W) Check for updates

UDC 619:616:591.4:636.2:616.61
https://doi.org/10.23947/2949-4826-2026-25-2-7-13

The Relationship between Caspase-3, -6 Expression and Morphological Changes E. E

in Kidneys of Cows .

Original Empirical Research

Irina M. Petrova™’, Maksim V. Bytov~, Sergey L. Khatsko*', Vladlena D. Zubareva'~, E

Lyudmila I. Drozdova=", Irina A. Shkuratova EDN: YNAITZ
Ural Federal Agrarian Scientific Research Center, Ural Branch of the Russian Academy of Sciences, Ekaterinburg,
Russian Federation

< bytovmaks@mail.ru

Abstract

Introduction. Cow kidneys are exposed to the impact of industrial factors, which is manifested in development of the
various nephropathies with systemic effects on organism. The Kidneys are the main organs responsible for homeostasis
by regulating osmolarity, mineral balance, and acid-base balance in organism through the excretion of water and inorganic
electrolytes. Renal pathology often has latent character and is diagnosed postmortem. Significant destructive changes,
including cell death, are often detected in lactating cows due to high metabolic load they undergo. Caspase pathway is
one of the pathways in the complex apoptotic signaling cascade. Unfortunately, the expression of caspases in bovine
kidneys has not been yet described in the literature. The aim of the study is to describe the relationship between the
expression of caspase-3 and caspase-6 and the pathological changes in the kidneys of high-yielding cows.

Materials and Methods. A morphological study of renal samples from high-yielding cows (46 lactations, 7-8 years old,
n=4) was conducted at the Ural Federal Agrarian Scientific Research Center, Ural Branch of the Russian Academy of
Sciences in the period from 2023 to 2025. Standard histological techniques including hematoxylin and eosin staining and
Mallory’s trichrome staining were used. Immunohistochemical analysis of the samples using antibodies to caspase-3, and
-6 was performed.

Results. It was found that in the kidneys of 7-8-year-old cows there develop the destructive processes including renal
failure, inflammatory reactions, and sclerotic and microcirculatory disorders. The observed conditions are associated with
high expression of caspase-6 at the level of the renal tubules, which confirms damage to the renal parenchyma. Caspase-
3 is expressed primarily in the renal tubules and in renal stroma elements, which indicates intensification of apoptotic
processes across the entire organ.

Discussion and Conclusion. The destructive processes revealed in the kidneys of high-yielding cows are likely to be
associated not only with the age but also with the high metabolic load imposed on the organism during lactation. The
research findings substantiate the need for further study of pro-apoptotic factors due to their influence on the development
of various pathologies in cattle.
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AHHOTALUA

Bseoenue. Tloukn KOpOB TOIBEPIKCHBI BO3ICHCTBHIO (DaKTOPOB IMPOMBIIIICHHOTO COAEPXKaHHSA, YTO IIPOSBIACTCS
Pa3BUTHEM Pa3JIMYHBIX He(PPOMATHIA, OKA3BIBAIONINX CHCTEMHOE JCHCTBHE Ha OpraHu3M. [loukum — OCHOBHOW OpraH,
00eCIICUNBAIOIIUI TOMEOCTa3 MYTEM PErYJISAIUU OCMOJISIPHOCTH, MUHEPATBLHOTO U KHUCIOTHO-OCHOBHOTO COCTOSIHUS
opraHu3Ma TOCPEACTBOM 3KCKPEIMH BOABI M HEOPTraHMYECKHX DJEKTPOJIUTOB. IlaToNorus modexk 3a4acTyi0 HOCHUT
JIATCHTHBIN XapaKTep U IUATHOCTUPYETCS IIOCTMOPTANIBLHO. Y JIAKTUPYIOIIIUX KOPOB B CBSI3H C BEICOKOHM METa00IHYCCKOM
HATPY3KOH YacTO BBISBISIOTCS 3HAYUTEIBHBIC NECTPYKTUBHBIC U3MEHCHUS, MPOSBISIONIMECS B TOM YHUCIE THOCIHIO
kinerok. OZHAM W3 TyTed B CIIO)KHOM KacKaJe CHUTHAJIMHTa aIonTo3a sBigeTcs KacmasHelil. K cokamenuro, Ha
CETOAHSMIHUHN IeHb ISl KPYITHOTO POTaToOTO CKOTa dKCIpeccus pepMEeHTOB-Kaclas B MOYKaxX He omucana. Llems paboTsl
— ONHCaHHE B3aMMOCBSI3M JKCIPECCHU Kacmas3bl-3 W Kacma3el-6 ¢ MaTOJIOTMYCCKHUMH H3MEHCHHSMH B TIOYKaX
BBICOKOTIPOIYKTUBHBIX KOPOB.

Mamepuanst u memoost. Mopdonorugeckoe ucciaenoBaHne 0Opa3moB MOYEK BHICOKONPOIYKTHUBHBIX KOPOB (4—6
nakranui, Bo3pact 7-8 jer, n=4) mposeneno B ®I'BHY Yp®AHUIL] VpO PAH B mepuon ¢ 2023 mo 2025 r.
Hcnonp30BaHbI CTaHAApTHBIE METOAbI TMCTOTCXHUKH C OKpallMBAHUEM IIpCHapaToB IcMaTOKCUIMHOM MU D03UHOM, a
Takke mo Mayiopu. [IpoBeIcHO IMMYHOTHCTOXUMHUYIECKOE HCCIICIOBAaHUE 00Pa3IloB C aHTUTEIAMH K Kacmase-3 u -6.
Pe3yromamut uccnedoeanus. BBIABICHO, 4TO y KOPOB B BO3pacTe 7-8 JET B MOYKaX pa3BUBAIOTCA ACCTPYKTHBHBIC
IIPOLIECCH] B BUJE NTOYEYHOU HEOCTATOYHOCTH, BOCIAJIIUTENBHBIX PEAKIUM, CKIEPOTUUECKUX U MUKPOLUPKYJIATOPHBIX
n3MeHeHnd. OOHapy>KCHHBIC SIBICHUS AaCCOLMUPOBAHBI C BBICOKOW JKCIIpecCHell Kacmasbl-6 Ha YPOBHE ITOYEYHBIX
KaHAJBIEB, YTO MIOATBEPKAACT MOBPEXKICHIE TIOUeYHOH nmapeHxuMsbl. Kacmasa-3 skcnpeccupyeTcs penMyIIeCTBEHHO B
KaHaJIbIAaX MOYKH, a TAKKE B 3JICMEHTaX €€ CTPOMEI, UYTO YKa3bIBacT Ha HHTCHCU(UKAINIO allONTHIECKUX MPOIIECCOB I10
BCEMY OpTaHy.

Oécyacoenue u 3axnouenue. OOHapYKCHHBIE JECTPYKTUBHBIE IIPOIECCH B ITOYKaX BHICOKOIPOJYKTHBHBIX KOpPOB
acCOIMUPOBAHBI, BEPOSATHO, HE TOJBKO C BO3PACTOM, HO TAK)KE C BBICOKO MeTa0OINYeCKON Harpy3KOi Ha OPTaHHU3M BO
Bpemst saktaruil. [logydeHHbIe JaHHBIE 0O00CHOBBIBAIOT AajJbHEHIIEE H3yUSHNE TPOATIONTHYECKUX (PaKTOPOB B CBETE MX
BJIMSIHUS HA Pa3BUTHUE PA3JIMYHBIX NMaTOJOTUN y KPYITHOT'O pOraToro CKoTa.

KiroueBble cjioBa: Kacmasza-3, kacmasa-6, anornTo3, KOPOBbI, HEPPOCKIEPO3, MOIUKKUCTO3, MMOYKH, MOP(POIOrHICCKOES
HCCIIeI0OBAaHUE

Hexnapauuss o coduaofeHuM npuHUUNOB EBponeilickoil KOHBeHUMH O 3alMTe INO3BOHOYHBIX >KMBOTHBIX,
HCMOJIb3yeMBIX [JIsl IKCIMEPUMEHTOB M [PYIMX HAYYHBIX Iejeii: aBTOPBI 3asiBIIOT, YTO BCE MPOBEACHHbBIE
HCCIICIOBAaHMS COOTBETCTBOBAJIH IIPUHITUIIAM KOHBCHIIMH W TIPaBUIIaM HaJUIekKallei 1ab0paTOpHOI MPAaKTHUKH.

dunancupoBanue. Pabora BeIoHEeHa B paMKax npoekTa Poccuiickoro HaygHoro ¢gonna 2023 r. «[IpoctpancTBeHHas
XapaKTepUCTHKA 0COOCHHOCTEH  NPEKAEBPEMEHHOH  CTPYKTYpHO-
(bYHKIHOHAIBHOM IeTeHepaIlii TKAHEH OPTaHOB CEIbCKOXO3SMCTBEHHBIX JKUBOTHBIX M MITHIBD (Ne 23-16-00117).
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B3amMocBs3p 3Kcmpeccuu Kacmasbl-3 U -6 ¢ MOP(HOJIOTHYECKUMH HM3MEHEHHSMH B IOYKaX KOPOB. Bemepunaphas
namonozust. 2026;25(2):7-13. https:/doi.org/10.23947/2949-4826-2026-25-2-7-13

Introduction. The organism of high-yielding dairy
cows is susceptible to metabolic imbalances. One of the
consequences of milk production stress is the develop-
ment of acidotic syndrome, which negatively effects the
kidneys [1]. Ketosis, which cows are particularly suscep-
tible to during lactation, can also lead to various nephrop-
athies [2]. The pathological processes developed in the
kidneys inhibit organ functioning, have a systemic nature

and affect the overall condition of an animal. In the sci-
entific community the role of apoptosis in the pathogene-
sis of various kidney diseases has long been actively dis-
cussed [3]. For example, it has been established that pro-
grammed death of tubular epithelial cells, along with ne-
crosis, are the basic signs of acute renal failure [4]. In ad-
dition to nephrocyte damage, renal vascular damage and
endothelial cell apoptosis are important factors in the de-
velopment of renal dysfunction. The loss of endothelial
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cells by apoptosis is deemed to play a significant role in
changing the microvascular network observed during re-
nal damage [5]. Apoptosis has also been described in re-
nal interstitial cells following ischemic renal injury [6].

Caspases are enzymes belonging to a group of prote-
ases that are involved in cell apoptosis. 12 caspases have
been described for humans and rodents, however for cattle,
the exact number of enzymes from this group has to be de-
termined yet. Caspases are divided into 3 groups: execu-
tioners, initiators and inflammatory caspases. Caspase-3
represents the executive caspase group, and caspase-6 —
the initiator caspase group. Studies on the role of caspases
in the development of various pathologies in the organs of
cattle are extremely few. For example, the role of caspase-
3 in the apoptosis of mammary gland cells in cows fed with
concentrated feed has been described [7]. Data on the role
of caspases in the development of renal pathologies in cat-
tle are not available in the literature. However, caspases are
known to be involved in inflammatory responses, apopto-
sis, vasoconstriction, and tubular necrosis in various kid-
ney diseases in humans and rodents [8]. Furthermore, the
important role of caspases in renal damage makes them a
favourable target for therapy. For example, on the example
of polycystic kidney disease in rats, it was demonstrated
that caspase inhibition can reduce apoptosis in renal tu-
bules and slow disease progression [9].

Therefore, the aim of the present study is to describe
the relationship between caspase-3 and caspase-6 expres-
sion and morphological changes in the kidneys of high-
yielding cows with pathologies.

Materials and Methods. The work was carried out at
the Ural Federal Agrarian Scientific Research Center, Ural
Branch of the Russian Academy of Sciences (Ekaterin-
burg) in the period from 2023 to 2025. To study the mor-
phological changes in the kidneys of cows, the material
was collected postmortem from animals aged 7-8 years
old, that had 4-6 lactations (n=4). For histological exami-
nation, tissue specimens of no more than 0.5 cm thick were
fixed in 10% Neutral Buffered Formalin (NBF) in a pro-
portion of 1:20. After fixation, the specimens were rinsed
in running water, dehydrated, then soaked in paraffin, and
paraffin blocks were prepared. Paraffin sections of 3-4 um
thickness were made. Sections were deparaffinized and
stained using hematoxylin and eosin and Mallory’s tri-
chrome staining techniques.

Immunohistochemical staining of the samples with an-
tibodies to caspase-3 and caspase-6 was performed to as-
sess the intensity of apoptosis in the organ. For immuno-
histochemical analysis, sections were placed on the adhe-
sive slides (Superfrost), then placed on a slide drying bench
(+60°C) until the paraffin was visibly melted. Immuno-
histochemical analysis was performed in compliance with
the following protocol:

1. The sections were placed in a Tris-EDTA buffer so-
lution heated in a water-bath up to 96°C for 12 min for

heat-induced epitope retrieval (HIER, pH 6; “PrimeBio-
Med”, Russia).

2. After 12 minute incubation in a water-bath, the sec-
tions were left in the buffer solution to cool to indoor tem-
perature and then rinsed with distilled water.

3. The sections were incubated in an H,O; solution for
10 min, then placed in distilled water for 2 min.

4. The sections were dried and outlined with a hydro-
phobic pen.

5. The sections were soaked in TBST buffer solution
for 1 min.

6. Primary antibodies were applied to the sections,
which were then placed in the humidified incubator for 1
hour at 30°C.

7. Sections were rinsed three times with TBST buffer
solution.

8. Secondary antibodies were applied to the sections,
which were then placed in the humidified incubator for 30
minutes at 30°C.

9. Sections were rinsed three times with TBST buffer
solution.

10. DAB chromogen was applied to the sections,
which were incubated until darkening, approximately
during 30-60 seconds.

11. Sections were rinsed in distilled water and then
counterstained with hematoxylin for 10 seconds.

12. Sections were rinsed in distilled water, decolorized,
and placed in balsam.

Antibodies to caspase-3 (PAA626B001, Cloud-Clone
Corp., China) and caspase-6 (PAC340B002, Cloud-Clone
Corp., China) were used as primary antibodies at a 1:100
dilution. Antibodies to rabbit 1gG (SAA544Rb19, Cloud-
Clone Corp., China) were used as secondary antibodies
with DAB (Bio-Rad Laboratories, Inc., USA) as a horse-
radish peroxidase substrate in accordance with the manu-
facturer’s instructions.

Histological description of the specimens was made,
and the intensity of immunohistochemical staining was vis-
ually assessed.

Research Results. Examination of the cows’ renal
specimens has revealed significant changes in the organ.
The dilation in Shumlyansky Bowman capsule of renal
corpuscles was seen in the renal cortex. Endothelial pro-
liferation was visible in the Juxtaglomerular apparatus,
indicating the development of intracapillary glomerulo-
nephritis (Fig. 1.1). Cystic cavities of varying sizes were
found throughout the cortex, indicating renal failure (Fig.
1.2). Protein casts were deposited in the lumen of the
proximal tubules, indicating a protein metabolism disor-
der. Nephrocytes with degenerative changes, and a num-
ber of cells exhibiting structural abnormalities were ob-
served. The renal tubules demonstrated narrowing of the
lumen, swelling of the nephrocytes, and changes in their
structure (Figs. 1.1 and 1.2).

Animal pathology, morphology, physiology, pharmacology and toxicology
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Mallory’s trichrome staining has revealed increased
connective tissue patterns in the Shumlyansky Bowman
capsule and between the proximal convoluted tubules, in-
dicating productive inflammation (Fig. 1.3). Foci of
nephrosclerosis were found in renal interstitium between
the tubules (Fig. 1.4). In the area of blood vessels, partic-
ularly near the perivascular zone of arcuate arteries, the

7= 5 o

pronounced sclerotic processes were observed — the ex-
tensive areas of connective tissue proliferation, stained in
various shades of blue (Fig. 1.5). Within the vessels them-
selves, the active processes of disorganization and prolif-
eration of vascular wall elements, and sharp narrowing of
the arterial lumen were observed (Fig. 1.6).

Fig. 1. Morphological structure of the kidneys of high-yielding cows aged 7-8 years:
1, 2 — hematoxylin and eosin staining, 200x magnification; 3-5 — Mallory’s trichrome staining, 200x magnification;
6 — Mallory’s trichrome staining, 400x magnification

Along with the morphological changes, expression of
the proapoptotic proteins caspase-3 and caspase-6 was ob-
served in the kidneys of the cows studied. Moderate ex-
pression of caspase-3 was revealed in the nephrocytes of
the cortical tubules (Fig. 2.1), as well as in the cells of the
parietal layer of the Shumlyansky-Bowman capsule of de-
formed glomeruli (Fig. 2.2). A large number of caspase-3-
positive cells were also detected in the interstitium around
the cystic cavities (Fig. 2.3). Nephrocytes in both the renal

cortex and medulla tubules were intensely colored in
brown, which indicates a high degree of caspase-6 expres-
sion in them (Fig. 2.4 and 2.5). At the same time, renal cor-
puscles that retained their structure were not expressing
caspase-6, unlike the deformed glomeruli (Fig. 2.6). It is
worth noting that not all the tubules had a caspase-positive
reaction, which may be due to the possibility of cell death
not only by apoptosis, but also by necrosis, and is discussed
in the literature [4].

o
\

Fig. 2. Immunohistochemical detection of caspase-3 (1-3) and caspase-6 (4-6) in kidney tissues of high-yielding cows aged 7-8
years, hematoxylin counterstaining: 1, 2, 4, 5 — 400x magnification; 3 and 6 — 200x magnification
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Discussion and Conclusion. Morphological examina-
tion of kidney tissues in cows aged from 7- to 8-year-old
reveals the development of destructive processes in the or-
gan, which are likely related not only to the age but also to
the high metabolic load endured by the organism during
lactation. Changes affect not only functioning of the organ
parenchyma but also the stroma and microvasculature. The
formation of cystic cavities, the presence of deformed glo-
meruli, and abnormalities in the structure of the Juxtaglo-
merular apparatus indicate the development of renal fail-
ure. The deposition of protein casts in the renal tubules and
the death of nephrocytes indicate the development of de-
generative processes. Foci of nephrosclerosis and signifi-
cant microcirculatory disorders indicate the presence of in-
flammatory reactions and fibrotic changes in the organ.

The described changes are accompanied by the ex-
pression of apoptotic factors—caspase-3 and caspase-6.
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