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Cover illustration by PSenica Kovaci¢ depicts a domestic cat and is inspired by the Editorial
manuscript - In the spotlight: Can illustration help us understand our cats better? by Erjvec and
Kovaci¢ in this issue. See page 181.
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With this issue, we will close 2023 and it is my distinct
pleasure to summarize the continued improvements of the
Slovenian Veterinary Research journal we've made this year.
To advance authors’, reviewers', and readers’ experiences,
we first updated the Open Journal System. We continuous-
ly revise and develop our instructions for authors, review-
ers, and editors to streamline the pathway from submission
to publication and make it easier for all. We have updated
the graphical image of the journal, invited an artist to the
Editorial team, and started featuring our manuscripts with
illustrated artwork on the cover of the journal (7). With this,
we want to emphasize the published work and novel dis-
coveries, but also strengthen the interconnectedness of sci-
ence and art (1). Furthermore, we emphasize manuscripts
published in our journal or work pertinent to the discoveries
on disease pathophysiology, therapy, prevention, and public
health by short articles, and editorials (1-4). With these ar-
ticles, which are published in both languages, English and
Slovenian, we want to also reach out to veterinary students,
educators, and clinicians and bring them relevant novel dis-
coveries, locally and internationally. One of the importance
of scientific journals is facilitating communication and
collaboration among researchers, practitioners, students,
and educators in the veterinary community. In the future,
we would like to further strengthen this contribution and

Spostovani sodelavci, avtorji, bralci, recenzenti in Clani ure-
dniskega odbora Slovenskega veterinarskega zbornikal!

S to Stevilko smo zakljucili leto 2023 in v posebno veselje mi
je opozoriti na novosti, ki smo jih opravili v tem letu. Da bi
izboljsali izkusnje avtorjey, recenzentov in bralcev, smo po-
sodobili sistem odprtega dostopa. Po potrebi prilagajamo
navodila za avtorje, recenzente in urednike, vse z namenom
izboljSanja postopkov do objave prispevkov.

Letos smo spremenili tudi grafi¢no podobo revije in v uredni-
Stvo povabili akademsko ilustratorko. Z njenimiilustracijami,
ki krasijo naslovnice posameznih Stevlk, predstavljavljamo
nekatere objavljene prispevke, s Cimer opozarjamo na znan-
stveno aktualne teme in novejSa odkritja, hkrati pa krepimo
povezovanje z umetnostjo (1). S kratkimi uvodniki veckrat
izpostavljamo posamezne objavjene Clanke, ki obravnavajo
znanstveno tematiko iz podrocij javnega zdravja, patofizio-
logije, terapije in preventive bolezni (1-4).

S temi uvodnimi prispevki, ki jih objavljamo v angleskem in
slovenskem jeziku, Zelimo predvsem Studentom veterinar-
ske medicine, pedagoskim delavcem in klinikom priblizati
pomembnejSa novejSa odkritja. Eden od pomenov znan-
stvenih revij je olajsanje komunikacije in sodelovanja med
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keep informing about the latest developments, best prac-
tices, and emerging issues, and encourage a continuous
exchange of ideas to help advance veterinary research and
medicine.

With the new image of the Jurnal, we also developed a new
logo. We kept the blue color, traditionally associated with
veterinary medicine, potentially because it is perceived as
calm, soothing, and associated with trust, care, and com-
passion, all adjectives pertinent to veterinarians. We also in-
cluded a symbol of veterinary medicine, “Rod of Asclepius’,
a serpent coiled around a rod with a little artistic touch of
our Art editor (2). We started to be active on social media,
we are now promoting and sharing our journal and manu-
scripts to readers through X (formerly known as Twitter),
Facebook, and LinkedIn. With all these activities we want
to strengthen our mission of fostering the growth and de-
velopment of the journal to advance comparative research
and ultimately veterinary and human medicine to enhance
the overall well-being and health of animals and humans.

All of these initiatives and improvements are only possible
because our journal is still self-published by the Veterinary
Faculty at the University of Ljubljana with the support of the
Slovenian Research and Innovation Agency (ARIS), and the
big publishing houses can't impose their culture, structure,
and systems on our efforts. Being self-published allows us
to be innovative and creative, however, it also requires a lot
of volunteer, unpaid work, and service from our Editorial
Team. We couldn't have done all of these without the
amazing Editorial Team, Co-Editors, Assistant to the editor,
Executive and Associate Editors, and | would like to thank
you all. Due to your passionate and voluntary work, we can
continue the more than 60-year-old legacy of our Journal.
Slovenian Veterinary Research Journal started in 1961
as "Reports Collection” of the Department for Veterinary
Medicine of the Biotechnical Faculty at the University of
Ljubljana (5). Much has changed since the launching of
the Journal, the Veterinary Faculty became an indepen-
dent member of the University of Ljubljana, accredited by
the EAEVE (European Association of Establishments for
Veterinary Education), the Journal changed names and be-
came an international journal in 2004, articles were pub-
lished in English language (we still translate abstracts to
Slovenian language and by doing so, keep them available
to local veterinary community), and obtained impact fac-
tor in 2010, but the mission stayed the same (5). Since day
one, the Journal has served as a scientific communication
platform and a vehicle for knowledge dissemination among
veterinary medicine researchers, clinicians, students, and
educators. Furthermore, the Journal also provides an edu-
cational hub for future editors and reviewers who continue
its mission. Last but not least, the Journal stimulates inter-
disciplinary networking and collaboration, central to impact-
ful discoveries that apply to both, animal and human health.
The interconnection between people and animals, and their
shared environment is now well recognized by the One
Health concept (6). Veterinary medicine and comparative
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raziskovalci, veterinarji-praktiki, Studenti in ucitelji v veteri-
narski skupnosti, kar bi v prihodnosti radi Se okrepili in hkrati
obvescali o razvoju, dobrih praksah in morebitnih nastaja-
jocCih tezavah ter spodbuijali neprekinjeno izmenjavo idej in
tako pospesili napredek v veterinarskih raziskavah in veteri-
narski medicini.

Z novo podobo revije smo oblikovali tudi nov logotip. Ohranili
smo modro barvo, ki je tradicionalno povezana z veterinar-
sko medicino, predvsem ker je umirjena, pomirjujoca ter po-
vezana z zaupanjem, skrbnostjo in socutjem; s pridevniki,
ki ponazarjajo osebno predanost veterinarskemu poklicu.
V logotip smo vkljucili tudi simbol veterinarske medicine,
Asklepijevo palico, ovito s kaco, znotraj Crke »V«, ki ga je
umetnisko oblikovala nasa likovna urednica (2). Postajamo
aktivni na druzbenih medijih, promoviramo in delimo naso
revijo in objavljene prispevke z bralci prek spletnih omrezij X
(nekdanji Twitter), Facebook in LinkedIn. S temi aktivnostmi
zelimo okrepiti prepoznavnost revije in prispevati k napredku
raziskovalnega dela tako v veterinarski, kot humani medicini
ter izboljSanju zdravja zivali in ljudi.

Vse te pobudeinizboljSave smo lahko izpeljali, ker naso revijo
izdaja Veterinarska fakulteta Univerze v Ljubljani ob podpori
Agencije za raziskovalno in inovacijsko dejavnost RS (ARIS)
in nam tako vecje zalozbe ne morejo vsiljevati njihovih lastnih
praks. |Izdajanje revije v samozalozbi nam omogoca inova-
tivnost in ustvarjalnost, vendar zahteva tudi veliko prosto-
voljnega dela nase uredniske ekipe. Vsega tega ne bi mogli
storiti brez izredne energije in dela sourednic, sourednika,
pomocnice urednice, izvrsnih in pridruzenih urednic ter ure-
dnikov in rada bi se vam vsem zahvalila. Z vaSim neutrudnim
in prostovoljnim delom lahko nadaljujemo vec¢ kot 60-letno
tradicijo nase revije. Slovenski veterinarski zbornik je zacel
delovatileta 1961 kot »Zbornik« Oddelka za veterinarsko me-
dicino Biotehniske fakultete Univerze v Ljubljani (5). Z dol-
goletnim izhajanjem se je marsikaj spremenilo. Veterinarska
fakulteta je postala samostojna ¢lanica Univerze v Ljubljani,
kasneje tudi akreditirana pri Evropskem odboru za veterinar-
sko izobrazevanje (European Association of Establishments
for Veterinary Education, EAEVE). V tem obdobju se je revija
nekajkrat preimenovala in postopno pridobivla vse vecji po-
men tudi v mednarodni raziskovalni skupnosti. Clanke obja-
vljamo v angleSkem jeziku, s slovenskimi prevodi izvleckov
pa hkrati skrbimo, da jih priblizamo lokalnim uporabnikom.
V letu 2010 je bil Slovenski veterinarski zbornik umescen na
seznam revij s faktorjem vpliva, kar je Se pove¢alo medna-
rodni ugled revije, poslanstvo pa je ves ¢as ostalo enako (5).
Slovenski veterinarski zbornik Zze od vsega zacrtka sluzi kot
platforma za Sirjenje znanja in novih dognanj med razisko-
valci, zdravniki, Studenti in ucitelji, poleg tega omogoca izo-
brazevanje raziskovalcev in bodocih urednikov ter recenzen-
tov, ki nadaljujejo njegovo poslanstvo. Nenazadnje spodbuja
interdisciplinarno mrezenje in sodelovanje, kot pomembna
dejavnika novih odkritij na presecCiscu zdravja zivali in ljudi.
Razumevanje nase medsebojne povezanosti z zivalmi v
skupnem okolju je klju¢no za doseganje optimalnega zdra-
vstvenega stanja ljudi in zZivali, s tem pa tudi ciljev iniciative



research play an integral role in achieving the One Health
goals (6). Not only because animals both impact and are
impacted by people and the environment, but also because
we learn from understanding similarities and differences
between humans and other animals, referred to as zoobig-
uity, a term coined by Barbara Natterson-Horowitz and
Kathryn Bowers (7,8). Furthermore, addressing the health
guestions through an evolutionary lens brings a novel, out-
of-the-box, understanding and opportunities for prevention
and therapeutic avenues (9).

Together, veterinary science and journals like ours can help
build bridges, cross-disciplinary and cross-continental. We
will strive to do that, we have plenty of room for improve-
ment and advancement, including the turn-around time of
the manuscripts, manuscripts quality, and expansion of in-
dexing to name a few, as we have plenty of ideas, how on
todoit.

Please enjoy this issue, send us your work, and serve as

reviewers - together we can contribute to the future of vet-
erinary and human medicine.
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»Eno zdravje« (6). Veterinarska medicina je tudi klju¢nega
pomena za primerjalne raziskave, ki igrajo znatno vlogo pri
doseganiju teh ciljev (6). Ne le zato, ker zivali vplivajo na ljudi
in okolje in obratno ampak tudi, ker se hkrati u¢imo iz razu-
mevanja podobnosti in razlik med ljudmi in zivalmi, kar sta
Barbara Natterson-Horowitz in Kathryn Bowers poimenova-
li »Zoobiquity« (7, 8). Poleg tega raziskovanje zdravstvenih
vprasanj prinasa tudi novejSa spoznanja o boleznih in vse
bolj$e moznosti za njihovo preprecevanije in zdravljenje (9).

Slovenski veterinarski zbornik, lahko pomaga graditi meddi-
sciplinarne mostove in prispeva k napredku znanja za vse.
Prizadevali si bomo, da postanemo boljsi, da skrajsamo Cas
presoje Clankov, da Se izboljSamo njihovo kakovost in razsi-
rimo indeksiranje.

Uzivajte v tej Stevilki, posiljajte nam svoje prispevke in posta-

nite nasi recenzenti — skupaj lahko prispevamo k boljsi pri-
hodnosti veterinarske in humane medicine.
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Recent feline behavioral research, spearheaded by Scott
and Florkiewicz (1), has made groundbreaking strides in
decoding the complexity of cat communication. The study
meticulously cataloged 276 facial expressions, each intri-
cately linked to a broad spectrum of the cats’ emotional
states and communicative intents. This extensive array of
expressions, which includes a “play face” akin to those ob-
served in other species, signifies a depth of social interac-
tion previously unacknowledged in domestic cats.

Florkiewicz also employs scientific illustration as an invalu-
able tool, enhancing the granularity of behavioral analysis
(2). Detailed illustrations highlight the subtleties of cats’
expressive range, previously obscured by less nuanced ob-
servation methods. Finka et al. (3) have demonstrated how
such visual articulation can deepen our comprehension
of feline social behaviors, transcending the constraints of
traditional observational techniques. This innovative study
categorizes and correlates expressions with fundamental
emotional-motivational systems (4). It distinguishes be-
tween affiliative behaviors—indicative of positive, engaging
interactions like play—and non-affiliative behaviors, which
encompass a spectrum of negative or protective states
from anxiety to aggression. The study extends to care-
giving and reproductive behaviors, further delineating the
emotional complexity of these animals.

Scott and Florkiewicz (1) also probe the broader implica-
tions of their findings for feline welfare. They argue that a
deeper understanding of feline expressions can significantly

Nedavne raziskave macjega vedenja, ki sta jih vodili Scott
in Florkiewicz (1), so naredile prebojne korake v desifriranju
kompleksnosti komunikacije mack. Studija je natanéno ka-
talogizirala 276 izrazov obraza, vsak tesno povezan s Siro-
kim spektrom Custvenih stanj in komunikacijskih namenov
mack. Ta obsezen nabor izrazov, ki vkljuCuje »igralni obraz,
podoben tistim, opazenim pri drugih vrstah, oznacuje globi-
no socialne interakcije, ki prej ni bila priznana pri domacih
mackah.

Florkiewicz prav tako uporablja znanstveno ilustracijo kot
neprecenljivo orodje, ki izboljSuje natancnost analize vede-
nja (2). Podrobne ilustracije poudarjajo subtilnosti izrazne-
ga obsega mack, prej zakrite z manj niansiranimi metoda-
mi opazovanja. Finka in sod. (3) so pokazali, kako lahko
takSna vizualna artikulacija poglobi nase razumevanje so-
cialnih vedenj mack, presegajo¢ omejitve tradicionalnih
tehnik opazovanja. Ta inovativna Studija kategorizira in ko-
relira izraze z osnovnimi Custveno-motivacijskimi sistemi
(4). Locuje med afiliativnimi vedenji — ki nakazujejo na po-
zitivne, vkljuéujoce interakcije, kot je igra — in neafiliativnimi
vedenji, ki obsegajo spekter negativnih ali zascitnih stan],
od anksioznosti do agresije. Studija se razteza na vedenje
oskrbe in reproduktivno vedenje, kar dodatno opredeljuje
custveno kompleksnost teh Zivali.

Scott in Florkiewicz (1) prav tako raziskujeta sSirSe posledice
svojih ugotovitev za dobrobit mack. Trdita, da lahko globlje
razumevanje macjih izrazov znatno izboljSa kakovost inte-
rakcij med ljudmi in mackami in s tem dobrobit domacih
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improve the quality of human-cat interactions, thereby en-
hancing the welfare of domestic cats. For instance, recog-
nizing expressions of pain or distress allows for more em-
pathetic and effective caregiving. Furthermore, the study
illuminates the potential impact of selective breeding on
the evolution of feline expressiveness, suggesting that hu-
man preferences might inadvertently alter the communica-
tive capabilities of future feline populations. In our ongo-
ing research (5) and collaboration in the project European
Researchers’ Night, Humanities Rock, Human(e), animal
22/23 (Evropska no¢ raziskovalcev, Humanistika, to si ti!
Clovek, zival), we integrate observational rigor with scien-
tific illustration (Figure 1) to delve into feline body language,
including facial expressions and cephalic types (brachyce-
phalic, dolichocephalic, mesocephalic). This approach, en-
riched by considering cats' living styles, aids in understand-
ing the expression of natural feline behaviors, enhancing our
insight into their emotional states and physical variations.

mack. Na primer, prepoznavanje izrazov bolecCine ali stiske
omogoca bolj empati¢no in ucinkovito oskrbo. Poleg tega
Studija osvetljuje morebitni vpliv selektivne vzreje na evolu-
cijo macjega izraznega jezika, kar nakazuje, da bi lahko ¢lo-
veske preference nenamerno spremenile komunikacijske
sposobnosti prihodnjih populacij mack.

V nasem tekocem raziskovanju (5) in sodelovanju v projek-
tu Evropska no¢ raziskovalcev, Humanistika, to si til Clovek,
zival 22/23, tudi zdruzujemo temeljito opazovanja vedenja
mack z znanstveno ilustracijo (Slika 1), da bi poglobljeno
raziskali njihovo telesno govorico, vklju¢no z izrazi obraza
in tipi glave (brahicefali¢ni, dolihocefali¢ni, in mezocefalic-
ni). Ta pristop, dopolnjen z upoStevanjemin poznavanjem
Zivljenjskih slogov mack, pomaga pri razumevanju naravne-
ga izrazanja macjih vedenj in izboljSuje nas vpogled v njiho-
va ¢ustvena stanja in fizi€ne razli¢nosti. Tako nase raziska-
ve kot tudi raziskave Florkiewicza (2) so pokazale pomen

Figure 1: Analysis of facial movement for better understanding (P. Kovacic)
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Our findings and Florkiewicz's (2) research underscores the
value of blending behavioral science with artistic represen-
tation, advancing our knowledge of cat welfare and foster-
ing a deeper human-cat connection.
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zdruzevanja vedenjske znanosti z umetnisko reprezentaci-
jo, kar napreduje nase znanje o dobrem pocutju mack in
spodbuja globljo povezavo med ¢lovekom in macko.
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Abstract: The pancreas is a complex gland that possesses both endocrine and exo-
crine functions. The present study investigated the gross anatomy, histochemical fea-
tures, and immunohistochemical expression of insulin, glucagon, somatostatin, and
pancreatic polypeptide in the pancreas of the Eurasian moorhen. Grossly, the pancreas
consisted of three duodenal lobes and unpaired splenic and gastric lobes. The pancre-
atic capsule appeared thin with no distinct lobulation pattern. Three islet types were
observed namely alpha, beta, and mixed types. The alpha-type islets formed mainly of
glucagon- and somatostatin-expressing cells. The beta-type islets appeared relatively
smaller than the two other islet types and formed predominately of insulin-expressing
cells with a limited number of other endocrine cells. The mixed islets were formed by
almost equal proportions of insulin-, glucagon- and somatostatin-expressing cells. A
higher number of alpha-type islets was observed in the splenic lobe than in other pan-
creatic lobes. Unlike other pancreatic endocrine cells which appeared oval or triangular
in shape, somatostatin-expressing cells appeared with irregular outlines with cytoplas-
mic processes contacting each other’s forming a meshwork within the islet. The results
of this study revealed species-specific features of the endocrine and exocrine pancreas
in the Eurasian moorhen and could suggest pancreatic functional differences depend-
ing on feeding habits.

Introduction

The pancreas is a glandular organ associated with the gas-
trointestinal tract with both digestive (exocrine) and hor-
mone-secreting (endocrine) functions. The avian pancreas
consists of 2-3 duodenal lobes and a single splenic lobe,
all located mainly inside the U-shaped coil formed by the
duodenum in these species (1). The exocrine pancreas is
formed by pancreatic acini and ducts. The latter structures
are presented in a progressive order and act mainly to drain
the secretion of the pancreatic acini into the duodenum.
The endocrine pancreas is made up of clusters of endo-
crine cells termed the pancreatic islets (of Langerhans).
The latter structures are considered as micro-organs and
produce several hormones including insulin (beta cells),
glucagon (alpha cells), somatostatin (delta cells) and pan-
creatic polypeptide, pancreatic polypeptide (PP cells) (2).

In contrast to the mammalian pancreas which contains only
a mixed type of islets, the avian pancreas contains more
than one islet type. The three main types of islets reported
in the avian species are alpha islets (formed predominately
of alpha cells), beta islets (formed predominately of beta
cells), and mixed type islets (contains equal proportions of
alpha and beta cells) (3). Different types of pancreatic islets
present in the avian pancreas act cooperatively to orches-
trate the blood glucose levels, a major source of bird ener-
gy. Failure of the endocrine pancreas to maintain sufficient
levels of pancreatic hormones in blood is associated with
incidence of diabetes mellitus. Indeed, diabetes mellitus
with an absence of insulin expression has been reported
in pet birds (4, 5). The avian pancreas has been reported to
be a target for pathogenic viruses, including avian affluenza
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and Newcastle disease viruses, that commonly infect birds
©,7).

The Eurasian moorhen (Gallinula chloropus - Linnaeus,
1758), also called the marsh hen or the black gallinule, is
a principal member of the family Rallidae that has been
shown to withstand harsh environmental conditions. It is
the most popular member of the family Rallidae around the
world (8). Moorhens are distributed across several areas of
the world including the Middle East, South and Central Asia,
Europe, and North and South America (9, 10). Their distribu-
tion is regularly affected by seasonal changes as they usu-
ally migrate during the winter towards the southern parts
of their range (11). The meat of moorhens is also famous
for its great taste and is often consumed by people in their
vicinity.

Understanding the functional anatomy of the pancreas is
essential for interpreting interspecies-specific differences
in diet and lifestyle. In the present study, the anatomy, mi-
crostructure, and distribution of different types of pancre-
atic islets in various regions of the moorhen pancreas were
investigated for the first time. Furthermore, the relative
proportions of hormone-expressing cells were compared
among the pancreatic islets, the exocrine pancreas, and the
pancreatic ducts.

Materials and methods

Animals and sampling

Ten adult black gallinules (Gallinula chloropus) from both
sexes collected from vegetated areas near the Nile Delta
of Dakahliya Governorate (Egypt) were obtained from a lo-
cal distributor. The birds were transported in suitable cag-
es to the Anatomy Laboratory at the Faculty of Veterinary
Medicine at Mansoura University. The animal study proto-
col was approved by the Ethics Committee of the Faculty of
Veterinary Medicine at Mansoura University (Code no. R.41),
agreed with the ARRIVE guidelines, and was done in accor-
dance with the National Institutes of Health guide for use
of animals in research (NIH Publications No. 8023, revised

Table 1: Primary antibodies used in the present study

1978). All birds were euthanized by cervical disarticulation
followed immediately by complete blood exsanguination.
Seven birds were utilized for identifying different pancreatic
lobes and characterizing the histological and histochemical
features of the pancreas. The whole pancreas of the three
remaining birds was extracted and different lobes were pro-
cessed for serial sectioning and subsequent screening of
islet composition and distribution within the whole organ
using immunohistochemistry (12). Pancreases were col-
lected as soon as the birds became completely immobile,
trimmed from surrounding tissues, and fixed in 10% neutral
buffered formalin. Following their fixation, pancreatic tis-
sue samples were dehydrated, cleared, and embedded in
paraffin.

Histological and histochemical analyses

Paraffin sections of 4-um thickness were cut and allowed
to dry at 56 °C for 1 hour. After that, the sections were de-
waxed, rehydrated, and the visualizations of the exocrine
and endocrine components of the pancreas were en-
hanced using the following stains: hematoxylin and eosin
(H&E), Masson'’s trichrome, alcian blue-PAS (AB-PAS), and
AB-aldehyde fuchsin following the protocols adopted by
Suvarna et al. 2018 (13). AB-aldehyde fuchsin staining was
employed to better differentiate the pancreatic islets from
the surrounding exocrine tissue (14).

Immunohistochemistry

Following their dewaxing and rehydration, tissue sections
selected for the immunohistochemical procedure were
prepared as previously described (15, 16). Briefly, antigenic
epitopes were retrieved via boiling the sections in citrate
buffer (pH = 6) using a microwave at 750 watts for 20 min-
utes. To minimize nonspecific binding of antibodies, tissue
sections were incubated with 5% bovine serum albumin
(BSA) for 1 hour before their incubation with the primary
antibodies. The optimal working dilution for each primary
antibody, that achieved strong positive signals with mini-
mal background, was determined and used. Incubation of
sections with primary antibodies was done for 3 hours at
room temperature. Details of primary antibodies used in

Target protein Clone Host Code # Company Dilution
. Monoclonal anti- . Abcam (Cambridge, .

Insulin Insulin (EPR17359) Rabbit ab181547 MA, USA) 1:100.000
Monoclonal anti- ) ) Invitrogen (Waltham, .

Glucagon Glucagon (ICACLS) Mouse 14-9743-80 MA, USA) 1:500
Monoclonal anti- Invitrogen (Waltham

Somatostatin Somatostatin Mouse 14-9751-80 I\%A USA) ' 1:200

(ICACLS) '
Pancreatic Polyclonal anti- Novus Biologicals
Polvpeptide Pancreatic Goat NB100-1793 (Littleton COg USAI) 1:200
ypep polypeptide (1973) T
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the present study are shown in Table 1. For negative control
sections, primary antibodies were omitted and replaced
with the blocking buffer. Next, all sections were washed
thoroughly in PBS containing 0.05% Tween-20 (PBST) and
further incubated with corresponding biotinylated second-
ary antibodies (Jackson ImmunoResearch, West Grove, PA,
USA) for 30 minutes.

The VECTASTAIN Elite ABC-Horseradish Peroxidase (HRP)
kit (PK-6100, Vector Laboratories, Burlingame, CA, USA)
was applied for an additional 30 minutes to allow binding
to the secondary antibody. The latter step was preceded
by covering the sections with 0.3% H202/PBS for 20 min-
utes to quench the endogenous peroxidase activity. Bound
antibodies were visualized by incubating the stained sec-
tions with diaminobenzidine solution (SK-4103, Vector
Laboratories) for 2-10 minutes. All sections were finally
counterstained with hematoxylin, dehydrated, and cleared
(17,18).

Photomicrography, morphometry, and cell
quantification

All stained sections were analyzed and photographed using
a Leica DM3000 light microscope. For the histological and
histochemical analyses, three pancreatic sections 500 ym
apart were examined per bird. For the immunohistochemi-
cal study, 12 sections 100 ym apart spanning the whole
pancreas were evaluated. Islet diameter was estimated
using the measure tool of the ImageJ2 software (19). The
number of cells expressing insulin, glucagon, somatostatin,
and pancreatic polypeptide per every 100 cells was quanti-
fled within and outside (acinar and ductal epithelium) the
pancreatic islets as described previously (15).

Statistical analysis

Data were analyzed using the GraphPad Prism 7 (GraphPad
Software, CA, USA). Differences in islet diameter and distri-
bution of each type of the hormone-expressing cells were
determined using one-way ANOVA followed by Tukey's
multiple comparison test. P-values <0.05 were considered
significant.

Results

Grossly, the pancreas of the Eurasian moorhen appeared to
consist of three duodenal lobes, two ventral and one dorsal,
a single gastric lobe, and a single splenic lobe (Figure 1).
The nomenclature of these lobes is based on their relation
to the duodenal loop, the gizzard, and the spleen respec-
tively (Figure 1A-C). The dorsal duodenal lobe is the largest
of all lobes. It was located dorsal and parallel to the left ven-
tral duodenal lobe and continued cranially with the gastric
and splenic lobes (Figure 1B,C,D).

Figure 1: Gross anatomic appearance of the pancreas in the Eurasian
moorhen. Photographs A-C) and schematic representation D) of ventral
views of the celomic cavity showing different parts of the pancreas and
their relations to surrounding organs. The paired ventral duodenal lobes
(p-du.v) are displaced to show the single dorsal duodenal lobe (p-du.d)
in B. The gizzard (gi) is also right-shifted to reveal the gastric (p-ga) and
splenic (p-sp) parts of the pancreas. Abbreviations: dl, duodenal loop; h,
heart; li, liver; lu, lungs; pv, proventriculus; sp, spleen

Microscopically, in both H&E- and AB-aldehyde fuchsin-
stained sections, the pancreatic islets appeared as lightly
stained cellular clusters permeated by a large number of
blood vessels and surrounded by the acini of the exocrine
pancreas (Figure 2A,B,F). Lymphoid aggregations were oc-
casionally seen in the vicinity of a number of islets (Figure
2B). Large-sized pancreatic islets (> 200 um in diameter)
were seen within the dorsal duodenal and the splenic lobes
(Figure 2E). The pancreas was invested by a thin connec-
tive tissue capsule through which pancreatic blood vessels
find their way to the pancreatic parenchyma (Figure 2C-E).
The lobulation of the pancreas appeared indistinct and the
parenchyma of each lobe formed a single entity. The pan-
creatic ducts appeared of variable sizes and secretory ac-
tivities based on their position within the pancreatic ductal
tree. The wall of the pancreatic ducts appeared thicker, and
their lumen became irregular towards the ductal exit from
the pancreas (Figure 2F-1). The pancreatic secretion is col-
lected by two main pancreatic ducts that were situated near
the midparts of the three duodenal lobes (Figure 2G). These
secretions showed moderate reactions for alcian blue-PAS
staining (Figure 2I).

Analysis of insulin-expressing cells within the Eurasian
moorhen pancreas revealed the presence of three islet
types: alpha, beta, and mixed (Figure 3 A-L). The alpha-type
pancreatic islets lacked insulin expression, though few cells
could be observed in a number of serially sectioned islets
(Figure 3 A). These islets consisted mainly of glucagon-,
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Figure 2: Microscopic architecture of the pancreas in the Eurasian moorhen. Pancreatic islets (i) appeared as lightly stained cellular clusters surrounded
by the acini of the exocrine pancreas (“ex” in A,B,E,F). The connective tissue fibers are distributed mainly within the capsule (C) and the wall of the blood
vessels (D) and large pancreatic ducts (G,H). Note the secretion within the pancreatic ducts (“*" in F, G-1). Abbreviations: a, artery; at, adipose tissue; by,
blood vessel; ca, capsule; d, duct; la, lymphoid aggregation; mpd, main pancreatic duct; v, vein

somatostatin-, and PP-immunoreactive cells of decreas-
ing proportions (Figure 3 B-D, Table 2). The mixed-type is-
lets contained almost equal proportions of the insulin- and
glucagon-expressing cells in which the former type of cells
tended to have a centric position within the islet (Figure 3
E,F). The beta-type pancreatic islets appeared of smaller
diameter (38 + 2.9 ym) compared to the alpha- (183 + 55.4
um, P < 0.001) and mixed-type (72 + 15.6 um, P < 0.05) is-
lets and formed predominately of insulin-expressing cells
(Figure 3I-L). Although the majority of insulin-expressing
cells were found within the islets especially those of beta
and mixed types (Figure 4 A-C), a fraction of these cells was
also detected within or near the wall of pancreatic ducts
especially those having small size (Figure 4 D, E). The spec-
ificity of these immunoreactions was confirmed by their
absence in pancreatic sections incubated with no primary
antibody (Figure 4 F).

Regarding the glucagon-expressing cells within the
Eurasian moorhen pancreas, they revealed widespread ex-
pression within the pancreatic islets (Figure 5 A, B), the exo-
crine pancreatic acini (Figure 5C), and the pancreatic ducts
(Figure 5D, E). Their numbers markedly exceeded those of
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insulin-expressing cells, especially those located within the
exocrine pancreas and pancreatic ducts (Table 2). They re-
vealed the highest abundance within the alpha-type islets
especially those of the dorsal duodenal and splenic lobes
(Figure 5B). The extra insular glucagon-expressing cells
appeared with regular outlines without any cytoplasmic
branching (Figure 5 D).

The somatostatin-expressing cells revealed a branched
morphology especially in the alpha-type pancreatic islets
(Figures 3C, 6 A-D). The cytoplasmic processes of these
cells formed an interconnected network surrounding the
other types of islet cells (Figure 6 C, D). The frequency of
these cells was observed to be proportionally related to that
of the glucagon-expressing cells within the islet (Figure 6
A, B).

The pancreatic polypeptide-expressing cells were found
mainly toward the periphery of alpha- and mixed-type is-
lets (Figure 3 D, H). They revealed oval or triangular shapes
and their frequency appeared higher within the small (<
50 um in diameter) and medium-sized (> 50 to 100 um in
diameter) islets compared to the large-sized (> 100 um in



Figure 3: Representative photomicrographs for the distribution of hormone-expressing cells within the three different types of pancreatic islets of the
Eurasian moorhen pancreas. A-D) Alpha islets. E-H) Mixed islets. I-L) Beta islets. The islet perimeter is indicated by a dotted yellow line in Figure 3A. INS,
insulin; GCG, glucagon; SST, somatostatin; PP, pancreatic polypeptide

--

Figure 4: Representative photomicrographs for insulin expression in the dorsal duodenal lobe of the Eurasian moorhen pancreas. A-C) Insulin-expressing
cells were observed within beta (b) and mixed (m) type islets but were absent within the alpha-type islets (a). D,E) Insulin-expressing cells (arrowheads)
were occasionally seen close to the wall of small pancreatic ducts (d). F) Negative control. The islet (i) perimeter is indicated by a dotted yellow line in
Figure 4F

diameter) ones (Figure 7 A-C). A number of these cells was
also seen within or near the lining epithelium of pancreatic
ducts (Figure 7 D, E). The specificity of such immunoreac-
tions was verified by their absence in stained pancreatic
sections in which the primary antibody was omitted (Figure
7F).

A schematic representation for the distribution of various
types of islets in different lobes of the Eurasian moorhen
pancreas is shown in Figure 8. Based on data from com-
plete analyses of pancreases from three adult moorhens,
the splenic and gastric lobes contained a higher number of
alpha-type islets and fewer beta- and mixed-type islets than
the paired ventral and single dorsal duodenal lobes.
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Table 2: Distribution of endocrine cells in the Eurasian moorhen pancreas

Part Pancreatic islet type

Exocrine pancreas Ductal epithelium
Hormone Alpha Beta Mixed
Insulin +/- (1.940.3%) 44+ (98.749%) +++ (45.2+5.6M) +/- (0.5+0.01%) +/- (0.3+0.07¢4)
Glucagon +++ (74.7£9.6%9) +/- (0.5+0.0%) +++ (46113%) +(8.610.55*) +(5.20.609)
Somatostatin ++ (2145.0%) +/- (0.840.1%) +(7.047.450) +/- (0.1+0.00¢9) +/- (0.2+0.05%9)
Pancreatic . ) . : c : b 5
polypeptide +(2.4+0.7%) (0.0+0.0%) +/-(1.8+0.9%) +/-(0.2+0.00%) +(2.3+0.555)

The number of hormone-expressing cells per each 100 cells was used to generate the following scheme: +/-, < 2 cells; +, 2-10; ++, 10.1-45; +++, 45.1-80; ++++,
> 80. Different superscript letters (uppercases for columns; lowercases for rows) indicate statistical significance. P < 0.05.

Discussion

The composition of the endocrine pancreas is influenced
by several physiological and pathological conditions that
include fasting, and pancreatectomy. The pancreatic re-
sponse to damaging insults varied according to the dietary
regime. For instance, complete removal of the endocrine
pancreas resulted in lethal hypoglycemia in granivorous
birds, but it caused severe hyperglycemia and diabetes
mellitus in carnivorous birds (20).

Differences in islet cell composition among different ver-
tebrate species may also represent a further endocrine
pancreatic adaptation. Unlike pancreatic islets of raptors
which were dominated by insulin-expressing cells, the cel-
lular composition of the three types of islets observed in
the moorhen pancreas revealed a higher abundance of

glucagon-expressing cells than any other type of endocrine
cells which is the case for a number of granivorous birds
including chickens and ducks (21). Another similarity be-
tween the pancreas of moorhen and that of chicken is the
presence of a large number of glucagon-expressing cells in
the splenic lobe of the moorhen's pancreas. The presence
of this large number of glucagon-secreting cells close to
the spleen which is known for richness in blood possibly
accelerates the delivery of the secreted glucagon to the
systemic circulation. Tomita et al. noted that alpha-type is-
lets constituted more than 75% of all islets present in the
splenic lobe of chicken pancreas (22). Such enrichment of
chicken pancreas with glucagon-expressing cells is usually
reflected by their extremely high blood glucagon levels, ~
10-fold more than those of mammals (20). Differences in
body metabolic requirements between birds of prey and
other herbivorous or omnivorous birds account for such

Figure 5: Representative photomicrographs for glucagon expression in the ventral duodenal (A, C-E) and splenic (B) lobes of the Eurasian moorhen
pancreas. Glucagon-expressing cells were observed within mixed type islets (A), alpha type islets (B), exocrine pancreas (C), and pancreatic ductal
epithelium (D,E) but were absent within the negative control section (F). Theislet (i) perimeter is indicated by a dotted yellow line in Figure 5F. Abbreviations:
a, alpha type islet; d, duct; m, mixed type islet
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Figure 6: Representative photomicrographs for somatostatin expression
in the splenic (A, B) and dorsal duodenal (C, D) lobes of the Eurasian
moorhen pancreas. Somatostatin-expressing cells appeared with irregular
outlines with interconnected cytoplasmic processes. The islet (i) perimeter
is indicated by a dotted yellow line in the negative control (-ve ctrl) inset of
Figure 6A. Abbreviations: d, duct; i, pancreatic islet

variation. Avian insulin has a strong anabolic effect; thus, it
is required for building the body muscles required for hunt-
ing and grasping the prey. Conversely, glucagon is a potent
catabolic hormone, and it is high levels in the herbivorous
or omnivorous birds work to prevent hyperglycemic epi-
sodes via maintaining steady levels of blood glucose (23).

The pancreatic polypeptide-expressing cells appeared
as the lowest abundant islet cell type within the Eurasian
moorhen’s pancreas. The functional roles and biological
relevance of the pancreatic polypeptide-expressing cells
in the avian pancreas remain poorly understood (24). The

islet numbers of these cells were higher within the duode-
nal lobes of the pancreas than in the splenic lobes. This
corresponds to their distribution pattern in the pancreas of
other vertebrates including humans (25) and chickens (22).

Somatostatin-expressing cells or delta cells produce soma-
tostatin hormone which suppresses the secretion of both
glucagon and insulin from alpha and beta cells respectively
(26). These cells continuously work to balance both the ana-
bolic and catabolic activities of birds (27). Recently, recipro-
cal feedback from alpha and beta cells has been suggested
(28). The juxtaposition of delta cells to other types of islet
cells is fundamental for the proper interplay between these
cells in terms of hormonal control. In accordance with a
such important role, somatostatin-expressing cells were
observed in all types of islets of moorhen’'s pancreas with
a higher presence in the alpha-type islets by the present
study and others (21). In contrary to islets of humans and
rodents in which somatostatin-expressing cells appear with
regular outlines (29), the somatostatin-expressing cells ap-
peared branched in moorhen's pancreas suggesting a role
for cell-cell contact alongside the classical paracrine mode
of signaling in the studied avian species (30).

Despite the small portion of the pancreas occupied by pan-
creatic ducts, their contribution to the proper functioning of
both exocrine and endocrine parts of the pancreas is sub-
stantial. Pancreatic ducts convey the enzymatic secretion
of the exocrine pancreas towards the duodenum. Also, their
lining epithelium produces a large amount of bicarbonate
for neutralizing the acidity of pancreatic juice and stomach
brought chyme. In addition to this, the ductal epithelium
has been suggested as a potential source for endocrine

Figure 7: Representative photomicrographs for pancreatic polypeptide expression in the splenic lobe of the Eurasian moorhen pancreas. Pancreatic
polypeptide-expressing cells (arrowheads) were observed within mixed type islets (A), alpha type islets (B,C), and pancreatic ductal epithelium (D,E) but
were absent within the negative control section (F). The islet (i) perimeter is indicated by a dotted yellow line in Figure 7F. Abbreviations: a, alpha type islet;
d, duct; m, mixed type islet
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Figure 8: Schematic representation for the distribution of various types
of islets in different lobes of the pancreas in the Eurasian moorhen.
Abbreviations: p-du.d, dorsal duodenal lobe; p-du.v, ventral duodenal lobes;
p-ga, gastric lobe; p-sp, splenic lobe

cells during development and regeneration (31). This role is
further highlighted by the lack of a definite stem cell niche
within the pancreas (32). The presence of hormone-ex-
pressing cells among and close to the ductal epithelium of
the moorhen pancreas confirms the role of the pancreatic
ducts in the neogenesis of endocrine cells and suggests an
evolutionarily conserved role for these structures.

Taken together, the results of the present study provided
a complete picture of the macroscopic and microscop-
ic anatomy of the pancreas in the Eurasian moorhen.
Although the gross anatomy of the Eurasian moorhen pan-
creas revealed several shared similarities with other do-
mestic birds, the immunohistochemical analysis of the ex-
pression of insulin, glucagon, somatostatin, and pancreatic
polypeptide revealed a species-specific expression pattern
that suggested unique endocrine signaling pathways. The
large extent and the high glucagonic nature of the moorhen
pancreas could represent an adaptation to its omnivorous
feeding behavior via sustained and controlled release of di-
gestive enzymes and glucose-sensing hormones. The de-
velopmental mechanisms governing the arrangements of
these hormone-expressing cells into three different types
of definitive islets warrant further investigations and will
give insights into the adaptation of the vertebrate pancreas
to various metabolic and ecological conditions.
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Izrazanje insulina, glukagona, somatostatina in pankreaticnega
polipeptida v trebusni slinavki evrazijskega zelenonoge tukalice
(Gallinula chloropus)

A. M. Abdellatif

Izvlecéek: Trebusna slinavka je kompleksna Zleza z endokrino in eksokrino funkcijo. V tej Studiji smo preucevali splosno
anatomijo, histokemicne znacilnosti in imunohistokemic¢no izrazanje inzulina, glukagona, somatostatina in pankreas-
nega polipeptida v trebusni slinavki evrazijske zelenonoge tukalice. Makroskopsko je bila trebusna slinavka sestavljena
iz treh dvanajstnikovih reznjev ter neparnih vranicnega in zelodcnega reznja. Kapsula trebusne slinavke je bila tanka,
brez izrazitega vzorca lobulacije. Opazni so bili trije tipi otockov - alfa, beta in meSani. Otocki tipa alfa so bili sestavljeni
predvsem iz celic, ki so izrazale glukagon in somatostatin. Otocki tipa beta so bili relativno manjsi od drugih dveh tipov
otoCkov in sestavljeni pretezno iz celic, ki so izrazale inzulin ter omejenega Stevila drugih endokrinih celic. MeSani tipi
otockov so bili sestavljeni iz enakega deleza celic, ki izrazajo inzulin, glukagon in somatostatin. V vranic¢nem reznju je bilo
opazno vec otockov tipa alfa kot v drugih reznjih trebusne slinavke. V primerjavi z drugimi endokrinimi celicami trebusne
slinavke, ki so bile ovalne ali trikotne oblike, so bile celice, ki izrazajo somatostatin, nepravilnih obrisov s citoplazems-
kimi izrastki, ki so se stikali med seboj in tvorili mreZzo znotraj otocka. Rezultati te Studije so razkrili vrstno specificne
znacilnosti endokrine in eksokrine trebusne slinavke pri evrazijski zelenonogi tukalici in bi lahko nakazovali funkcionalne
razlike v delovanju trebusne slinavke glede na prehranjevalne navade.

Kljucne besede: trebusna slinavka; otocek; inzulin; glukagon; somatostatin; polipeptid; sladkorna bolezen
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Abstract: The aim of this study was to identify the model that best describes the growth
trajectory from birth to 24 months of age in Anatolian Black Cattle (ABC) raised for con-
servation purposes. A total of 493 weight records of 113 animals at birth, 3, 6, 12, 18,
and 24 months were collected. Six different non-linear models were used to describe
the growth curve of animals: 2" degree polynomial, 3™ degreee polynomial, Logistic,
Brody, Von Bertalanffy, and Gompertz models. In the study, R? values of the models
were: 0.997, 0.999, 0.953, 0.979, 0.924, and 0.862; corel values (correlation between
the observed and estimated curves) were 0.994, 0.998, 0.989, 0.993, 0.961, and 0.703;
Residual Standard Deviations (RSD) were 3.216, 1.388, 11.533, 3.561, 14.736, and 27.141,
respectively. Given these values, it was found that the 3 degree polynomial model was
the best to describe the growth curve of ABC. As a result of the analyses, it was noticed
that the values predicted by this model deviated by 1-3 kg from the observed values in
all periods and in all environmental factors examined (sex, dam age, parity, birth year
and birth, season). It was found that these differences increased up to 4-5 kg only in the
18-month period. The results also showed that ABC continued to grow after 24 months
of age. As a result, traits such as age at sexual maturity, breeding age, and slaughter
age can be easily predicted by identifying the model that best describes growth and

Accepted: 12 September 2023 development in herds.

Introduction

Cattle breeding has an important place in Turkey's animal
husbandry; while there are around 18 million cattle in Turkey,
approximately 8% of this is local breeds (1). Domestic cat-
tle breeding is important in terms of rural employment and
development, rural sociology and the use of poor pasture
areas. Anatolian Black Cattle (ABC) is one of the breeds
that is most widely grown and spread among the domes-
tic breeds in Turkey. This breed is grown especially in the
Central Anatolian Region of Turkey and is mostly grown for
meat and milk yield by breeders living in rural areas. It has
adapted to these conditions since it has grown in unfavour-
able conditions in this region for many years. They have
gained resistance to harsh winters, drought, hunger, thirst,
and diseases (2, 3). Growth and development values in
Turkey's domestic cattle breeds are generally slower than
those of developed cattle breeds. In studies conducted with

the ABC breed in Turkey, live weights at birth, 3, 6 and 12
months of age were found to be 14.85 kg, 49.37 kg, 81.22
kg, and 97.29 kg, respectively (2). In other studies with the
same breed, live weights from birth to 12 months of age
were the following: 16.97- 21.35 kg, 63.21 - 68.18 kg, 101.04
- 110.33 kg, and 152.16 kg- 184.57 kg, respectively (3, 4, 5).

Growth in cattle is a function that continues throughout the
life of the animal, from embryonic stages to adulthood, and
can be explained mathematically by growth curve models
(6). The change in any of the examined features over a cer-
tain period is defined as the growth curve (7). The growth
curve shows the statistical relationship between the weight
and time or age of animals, which is shaped under the in-
fluence of genetic potential and environmental factors (8).
The growth of living organisms does not progress at a
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Figure 1a: Anatolian Black cows and calves

constant rate throughout their lives (9). In the case of con-
stant growth, linear models are used, and when the growth
rate occurs at different times depending on age, nonlinear
models (such as Negative Exponential, Brody, Logistics,
Gompertz, Bertalanffy, Richards, and Weibull) are used (6,
10). The fact that living things have different growth rates
in some periods necessitated the use of nonlinear models,
which were more comprehensive models (8). There is still a
need to investigate whether the most commonly preferred
non-linear models are sensitive to the length of the growth
period prior to truncation of the data (11).

The aim of this study was to evaluate non-linear models of
the growth curve in ABC cattle taken at individual weights
from birth to 24 months and to determine the model that
best explains growth. For this purpose, 2" degree polyno-
mial, 3" degree polynomial, Logistic, Brody, Von Bertalanffy,
and Gompertz models were analysed.

Figure 1b: Animal weighing

Materials and methods

Animals

The animal material of this study consisted of Anatolian
Black Cattle (ABC) grown in the “International Center for
Livestock Research and Training” (39°97' N, 33°10' E; el-
evation 826 m) located in Ankara. This breed has been
conserved within the scope of the project “Conservation
of Domestic Genetic Resources and Sustainable Use” con-
ducted by the General Directorate of Agriculture Research
and Policies. The study was carried out on a total of 113
heads of ABC born between 2015 and 2020.

ABC calves were raised with their dams from birth, and they
were allowed to suckle their dams freely. The cows were
not milked on the farm. Feeding of ABC bred cows was two
meals a day, morning and evening, ad libitum in the form
of total mixed feed. ABC cows were given 80% barley bales
and 20% dry meadow grass as roughage.

Table 1: Descriptive statistics of body weight at different ages in Anatolian Black Cattle

Statistics BW 3MW 6MW 12MW 18MW 24MW
N 113 93 9% 98 35 58
Minimum (kg) 13.00 37.00 52.50 89.00 144.00 178.00
Maximum (kg) 30.00 99.00 153.00 283.00 332.00 444,00
Female (kg) 17.25 61.70 90.42 144.30 188.65 225.34
Male (kg) 19.55 67.66 103.08 162.75 245.50 303.90
Mean (kg) 18.57 65.10 98.33 155.60 217.89 264.64
Standard Error 0.312 1.340 2120 3.830 7970 7910
Coefficient of 17.86 19.88 2117 24.40 21.64 2278

Variation (CV%)

Notes: BW=birth weight, 3MW=3 month weight, E(MW=6 month weight, 12MW=12 month weight, 18MW=18 month weight, 24MW=24 month weight.
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Table 2: Non-linear models used to describe the growth of Anatolian Black

Cattle

Model Equation Reference
2" Degree Pol. y =B, + Bt +B,t? 12

3 Degree Pol. V=B, + Bt + B2+ B,t° 12
Logistic y=A (1 +be)? 13
Brody y.=A (1 -be™) 14
Von Bertalanffy y=A(1-be*)? 15
Gompertz y=A exp(-be™) 16

yt = observed BW at age t (kg); B, B, B, B,: regression coefficients of 2
and 3 degree polynomial models; A: the asymptotic limit of the BW when
age t approaches infinity (kg); b: the integration constant, related to the initial
weights of the animal and without a well-defined biological interpretation;
k: ratio of the relative intensity of growth (maturation rate); t: time (month).

Figure 1a shows Anatolian Black cows and calves, while
Figure 1b shows the weighing of an animal.

Data set

In this study, birth weight, 3, 6, 12, 18, and 24 month live
weights of 113 calves born between 2015 and 2020 were
used. These values were determined by weighing them with
precision scales up to 200 g. The characteristics of the data
are presented in Table 1. In addition, information on sex,
dam age, parity, birth year, and month was also recorded.

Table 3: Model comparison for growth of Anatolian Black Cattle

Predicting the growth curve

In the study, six different non-linear models were used in
the estimation of growth curves, and these models are pre-
sented in Table 2.

In the study, R? (coefficient of determination), RSD (Residual
Standard Deviation), and corel (correlation) between the ob-
served and estimated growth curves were used to compare
the models.

Statistical analysis

Statistical analyses were carried out using the Proc Nlin in
SAS (17). Growth curve models were fitted for each animal
separately, and then the best-fitted model parameters and
the other phenotypic data were analyzed using the Proc
Glm in SAS (17). For analysis, sex (female, male), age of
dam (2-3, 4-7, 8-10, 114), parity (1, ...7), birth year (2015, ...
2020), and birth season (winter, spring, summer, autumn)
were included in the model, and these were taken as fixed
effects in the GLM analyses. To determine the differences
between groups, the Tukey test was used.

Results and discussion

The growth curve parameters as derived from 6 different
models using 493 weight records for ABC are presented in
Table 3. The 3 degree polynomial model showed the high-
est R? and corel and lowest RSD, indicating the best good-
ness of fit. On the other hand, the Gompertz model was the
least fitted to estimate the ABC weight based on its lowest
value of R? That is, the 3 degree polynomial model with
four parameters (B, B,, B,, B,), which has the highest R? and
smallest RSD value, best explains the change in live weight

Model B, B, B, B, R? RSD corel
2" degree polynomial ~ 21.80+0.619 0.44+0.0132 0.01£0.001 0.997 3.216 0.994
3 degree polynomial ~ 18.72+0.361 0.33+0.099 0.01+0.002 0.01+0.001 0.999 1.388 0.998
A b k t
Logistic 206.09+8.417 - 17941788 8.84+8.839 0953 11.533 0.989
Brody 225.56415.625 0.83+0.027 0.01+£0.001 0.979 3.561 0.993
Von Bertalanffy 169.96+15.650  -0.19+0.124 0.01+0.005 0924 14736 0.961
Gompertz 129.05+4.530 2.751£0.079 0.40+0.000 0.862 27147 0.703

B, B.. B,, B,: regression coefficients of 2" and 3" degree polynomial models; A: the asymptotic limit of the BW when age t approaches infinity (kg); b: the
Integration constant, related to the initial weights of the animal and without a well-defined biological interpretation; k: ratio of the relative intensity of growth

(maturation rate); t: time (month).

R coefficient of determination; RSD: Residual Standard Deviation; corel: correlation between observed and estimated growth curves
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Figure 3: Growth curve with 3" degree polynomial model by sex

according to age in ABC. In Figure 2, the growth curve of
the observed weights by gender and estimated according
to the models is presented. As can be seen in Figure 2, the
model most compatible with the values observed in ABC
from birth to 24 months is the 3 degree polynomial model.

In similar studies, the 3™ degree polynomial model was
determined to be the most suitable model in the Holstein
breed by Heinrichs and Hargrove (12); in the Ayrshire, Brown
Swiss and Shorthorn breeds by Heinrichs and Hargrove
(18); and in the Holstein and Brown Swiss breeds by Akbulut
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(19). On the other hand, the most suitable models were the
Gompertz and Von Bertalanffy model (R?=0.70) in Madura
breed by Hartati and Putra (6); Richards model (R?=0.999) in
Holstein by Tutkun (10);the Logistic model in the pre-wean-
ing period; the Gompertz and Richards models in the post-
weaning period in the Holstein breed by Koskan and Ozkaya
(20); Richards model (R?=0.968, 0.960) in Brown-Swiss and
Holsteins by Bayram and Akbulut (21); the Richards model
(R?=0.976) in Anatolian Buffaloes by Sahin et al. (22). The
most suitable models differ in studies conducted with dif-
ferent breeds and environmental conditions. In practice,



Table 4: Least square means and standard errors (SE) of the 3rd degree polynomial model parameters by different environmental factors

Factor Group n B,tSE B,SE B,*SE B,+SE
Female 48 17.61+0.608 0.01+0.182 0.011+0.0028 0.0009+0.0004
Sex
Male 65 20.25+0.573 0.35£0.171 0.005+0.0027 0.0005+0.0003
2-3 31 21.18+1.773 -0.52+0.530 0.006+0.0083 -0.0006£0.00M
4-7 46 17.45£0.797 0.80+0.238 0.002+0.0037 0.0006+0.0005
Dam Age
8-10 17 18.1241.037 0.17+0.310 0.006+0.0048 0.0007+0.0006
1+ 19 18.99+0.979 0.26+0.293 0.019+0.0046 0.0020+0.0006
1 29 14.40+1.704 0.92+0.510 0.010+0.0080 0.0023+0.0010
2 24 18.00+£0.985 -0.45+0.295 0.016+0.0046 0.0012+0.0006
3 19 19.95+0.995 -0.34+0.297 0.018+0.0046 0.0008+0.0006
Parity 4 15 19.48+1.084 -0.39+0.324 0.012+0.0050 -0.0001+0.0007
5 12 20.90+1.189 0.13+0.355 0.003+0.0055 -0.0002+0.0007
6 8 20.33+1.511 0.63+0.452 -0.002+0.0071 0.0001+0.0009
7 6 19.47+1.683 0.73+0.503 -0.002+0.0079 0.0005+0.0010
2015 18 17.81£1.026 0.49+0.307 0.003+0.0047 0.0005+0.0006
2016 23 19.03+£0.876 0.15+0.262 0.007+0.0041 0.0001+0.0005
2017 17 18.39£0.967 0.17+0.289 0.003+0.0045 -0.0001+0.0006
Year
2018 24 19.70+0.784 0.21£0.234 0.008+0.0036 0.0011+0.0005
2019 10 19.27£1.147 -0.10+0.343 0.012+0.0054 0.0016+0.0007
2020 21 19.3941.041 0.14£0.311 0.013+0.0047 0.0009+0.0006
Winter 17 17.49+£0.960° -0.15+0.287 0.179£0.00442 0.0019+0.001
Spring 55 19.78+0.696% 0.37£0.208 0.002+0.0032° 0.0002+0.000
Season
Summer 26 20.58+0.777° 0.41£0.232 0.004+0.0036° 0.0007+0.000
Autumn 15 17.88+1.038° 0.08+0.310 0.008+0.0048° 0.0006+0.001

2b The means with the different superscripts within the factor in the same column are different (P<0.05).

B, B, B,, B, regression coefficients of 3 degree polynomial model

determining the weight-age relationship of cattle requires
a lot of expense and time (21). In order to make reliable es-
timations in different regions and different breeds and to
use the obtained parameters for selection purposes, first
the identification of the appropriate model is necessary.

In the rest of this paper, the results of the 3 degree
polynomial model were presented since this model was

determined to be the best fitted to real measurements
obtained from animals. Table 4 reflects the least square
means and their corresponding standard errors of B, B,
B,, B, parameters by environmental factors. As a result of
the analysis, B, values vary between 17.45-21.18 (except for
parity 1) in all environmental factors. The differences be-
tween these values were found to be statistically significant
only in the seasonal group (P<0.05). In addition, B, values
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Figure 5: Growth curve with 3 degree polynomial model by parity

were found to be statistically significant between seasons
(P<0.05).

In Figures 3, 4, 5, 6, and 7, the growth curves of animals ac-
cording to sex, dam age, parity, birth year, and birth season
are presented using the 3 degree polynomial model. As
Figure 3 is examined, it has been determined that males
have a higher weight than females in both observed and
predicted values in all periods. Sahin et al. (22) found that
adult live weight was higher in males in all models (Logistic,
Gompertz, Richards, Brody) examined in Anatolian buf-
faloes. Hartati and Putra (6) reported that the animals
had similar growth characteristics in all models (Logistik,
Gompertz, Von Bertalanffy) which were examined in both
sexes in Madura cattle. Growth in both males and females
in the study continued until the age of 24 months, which
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can be clearly seen in the linearly plotted growth curve in
Figure 3. Akbulut (19), using the 3 degree polynomial mod-
el, determined that the growth in Holstein and Brown Swiss
breeds continued linearly up to 18 months.

When Figures 4 and 5 were examined, the differences ac-
cording to dam age and parity became more pronounced
after 18 months of age. According to the chosen model,
it was estimated that calves from the 11+ dam age group
had higher live weights in periods BW, 3M, and 24M. It was
also estimated that the 8-10 dam age group had higher
live weights in periods 6M and 12M, while the 2-3 dam age
group had higher live weights in the 18M period. When live
weights measured in different periods were examined ac-
cording to parity, it was determined that the animals born
from the 5" parity cows had a higher live weight in the birth



350 2015 2016 2017 |

300
250 ® &
2 200 / y
g" 150 ’.J o ’
= 100 4 f d

s0 & g 4

0

M W N Co <k
~ ™~

Birth &

™M WD o0 <t
=~

Birth

Periods (month)

- Q== Observe
Figure 6: Growth curve with 3 degree polynomial model by birth year

Winter | | Spring

350

=+« e+ Estimate

Summer | Autumn I

O A G L

Periods (month)

- Q== Observe

Figure 7: Growth curve with 3rd degree polynomial model by birth season

period. In addition, while the animals born from the 7th par-
ity cows had a higher live weight in the 3M, 6M, and 12M
periods, the animals born from the 2™ parity cows had a
higher live weight in the 18M and 24M periods.

When Figures 6 and 7 are examined, the differences ac-
cording to the year of birth and season of birth begin to
appear mostly in 6M. While studying the differences in live
weights by years, it was observed that the calves born in
2020 had higher live weights at birth, 6M, and 12M periods.
Additionally, those born in 2018 had higher live weights
in the 3M period, and those born in 2019 had higher live
weights in the 18th and 24M periods. When the differences
in live weights according to the seasons were examined,
it was found that the animals born in the summer season
had higher weights at birth and 3M periods. It was also

++«@++ Estimate

observed that while the animals born in the spring season
had higher live weights at the 6M and 12M periods, the ani-
mals born in the autumn season had higher live weights at
the 18M and 24M periods.

According to this model, the estimated values showed a de-
viation of around 1-2 kg in female and male animals at all
periods compared to the observed values, while in males
they showed a deviation of 3-5 kg only in the 12M and 18M
periods (Figure 3). In other graphs (Figure 4-7), the differ-
ences between the generally estimated values and the
observed values are between 1-3 kg, and the differences
were found to be around 4-5 kg only in 18M periods. This
indicates that the 3rd degree polynomial model is the most
appropriate model for the growth values of ABC.
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Monitoring the growth and development of animals during
some periods in the growth process will be of great benefit
to the farms in terms of herd management, care, and feed-
ing regulation (22). In order to obtain reliable estimates of
the growth curve parameters, it may be necessary to collect
growth data until the point when the growth curve starts to
flatten or the growth rate slows down (11). Changes in body
weight in animals reflect the influence of environmental fac-
tors and management systems, particularly nutrition (23).
In addition, by monitoring the growth of the animals, early
intervention can be made for animals that have a problem
in their development.

Conclusions

According to the results of the study, the 3" degree polyno-
mial model was determined to be the most suitable model
in ABC according to the R?% RSD, and corel values. By using
the 3 degree polynomial model on the farm, the general
growth and development of the animals can be followed,
and conditions such as sexual maturity age, breeding age,
and appropriate slaughter age can be easily predicted.
Examining the growth curve is important for breeders to
decide on the optimum body weight of the animals, the ap-
propriate age, and the ideal weight. Growth curve parame-
ters can be successfully applied to animals and may benefit
the development and design of selection strategies.
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Dolocitev najboljsega modela krivulje rasti za anatolsko ¢rno govedo
C. M. Sakar, S. Koncagdil, I. Unal

Izvle€ek: Namen te Studije je bil dolociti model, ki najbolje opisuje potek rasti od rojstva do 24 mesecev starosti anatol-
skega ¢rnega goveda (ABC), vzrejenega za namene ohranjanja. Zbranih je bilo 493 podatkov o telesni tezi 113 Zivali ob
rojstvu ter pri 3, 6, 12, 18 in 24 mesecih starosti. Za opis krivulje rasti Zivali je bilo uporabljenih Sest razlicnih nelinearnih
modelov, in sicer polinom 2. stopnje, polinom 3. stopnje, logisti¢ni model ter modeli Brody, Von Bertalanffy in Gompertz.
V $tudiji so bile vrednosti R? modelov naslednje: 0,997,0,999, 0,953, 0,979, 0,924 in 0,862; vrednosti correl (korelacija med
opazovanimi in ocenjenimi krivuljami) so bile 0,994, 0,998, 0,989, 0,993, 0,961 in 0,703; ostanki standardnih odklonov
(RSD) so bili 3,216, 1,388, 11,533, 3,561, 14,736 in 27,141. Glede na te vrednosti je bilo ugotovljeno, da je polinomski model
3. stopnje najbolje opisal krivuljo rasti ABC. Na podlagi analiz je bilo ugotovljeno, da so vrednosti, ki jih je napovedal ta
model, za 1-3 kg odstopale od ugotovljenih vrednosti v vseh obdobjih in pri vseh preucevanih okoljskih dejavnikih (spol,
starost matere, pariteta, leto rojstva in sezona rojstva). Ugotovljeno je bilo, da so se te razlike povecale na 4-5 kg le v
18-mesecnem obdobju. Rezultati so tudi pokazali, da se je ABC Se naprej povecevala po 24 mesecih starosti. Posledi¢no
je mogoce lastnosti, kot so starost ob spolni zrelosti, plemenska starost in klavna starost, enostavno napovedati z
dolocitvijo modela, ki najbolje opisuje rast in razvoj v ¢redah.

Kljucne besede: anatolsko ¢rno govedo; ziva teza; krivulja rasti; nelinearni model
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Abstract: The purpose of this study was to determine the diagnostic value of the ver-
tebral heart score (VHS), radiographic left atrial dimension (RLAD), and vertebral left
atrial size (VLAS) in the radiographic evaluation of doxorubicin-induced dilated cardio-
myopathy (DCM) in rats. The animals were allocated into two experimental groups, a
DCM group (n=100), which received weekly injections of doxorubicin (2 mg/kg per dose
intraperitoneally [ip]) over nine weeks, and a control group (n=18) receiving an appropri-
ate volume of 0.9% saline ip. Radiographic cardiac indices (VHS, RLAD, VLAS) were
measured two weeks after the final injection, and cardiac morphological parameters
(heart weight [HW], heart weight:body weight ratio [HBW], and heart weight:tibial length
ratio [HTL]) were determined after sacrifice in all surviving rats (17 control and 54 DCM).
Correlations were calculated between the indices and parameters, as well as their sen-
sitivity and specificity in detecting cardiomegaly and left atrial enlargement (LAE) with
the three classifiers (HW=0.96 g, HBW<235, and HTL<201). A powerful negative correla-
tion was observed between the indices and parameters (rs=-0.711, P<0.001). Area under
the curve values were 0.989 for RL-VHS, 0.992 for DV-VHS, 0.971 for RLAD, and 0.948
for VLAS. The sensitivity and specificity of these indices in detecting cardiomegaly and
LAE at the optimal cut-off values were 94.4% and 100%, respectively, at 8.8 vertebrae
(v) for RL-VHS and DV-VHS, 96.3% and 94.1% at 1.4v for RLAD, and 94.4% and 88.2% at
2.1v for VLAS. Radiographic cardiac indices offer an accurate and repeatable method
for predicting cardiomegaly and LAE in rats with DCM.

Introduction

Exotic animal practice is one of the fastest-growing disci-
plines in veterinary medicine (1). As with other pet animals,
specific medical tests, including diagnostic imaging, are
now both a requirement in small exotic mammals and also
specifically requested by their owners. Similar to other ex-
otic animals (2), heart diseases are also observed in pet
rats (3). Left ventricular hypertrophy, left atrial enlargement
(LAE), diastolic dysfunction, and heart failure with pulmo-
nary congestion can be seen in addition to spontaneous

cardiomyopathy associated with the presence of aging-
related left atrioventricular thrombus in rats (4, 5). Dilated
cardiomyopathy (DCM) has been reported in pet rats (6).

DCM is a primary myocardial disease mainly characterized
by cardiac chamber dilation, resulting in impaired systolic
and diastolic function. The use of the anthracycline drug
doxorubicin as a chemotherapeutic agent frequently induc-
es myocardial toxicity, making it an optimal and widely used
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experimental model for DCM (7, 8). The reference model of
chronic doxorubicin-induced DCM was initially described in
rabbits (9). This model has also been used in rats and has
shown to be successful in inducing not only morphological
changes but also cardiac remodeling and systolic and dia-
stolic left ventricular dysfunction (8).

Although echocardiography is a well-established method
for assessing cardiac structure and function in both human
and veterinary medicine (10), it is not used routinely in pet
rats (11). Heart size and left atrial dimension can be evalu-
ated using radiographic cardiac indices including vertebral
heart score (VHS) (12), vertebral left atrial size (VLAS) (13),
and radiographic left atrial dimension (RLAD) (14). While
these indices have also been described for healthy rats (11,
15), they have not to date been reported for rats with DCM.

The purpose of this study was to determine the diagnostic

value of VHS, RLAD, and VLAS in the radiographic evalua-
tion of doxorubicin-induced DCM in rats.

Materials and methods

Animals

One hundred eighteen adult male Wistar albino rats (n=118,
weight 280-360 g) were housed in the Akdeniz University
Experimental Research and Application Center (Trkiye) in
groups of four to six animals at 50-60% humidity and 20-
21°C in a 12-h dark/light cycle. Standard rat chow and free
access to water were provided. The study was conducted
in compliance with the national guidelines for the Care and
Use of Laboratory Animals. The experimental protocol
was approved by the Akdeniz University animal care ethics
committee (no. B.30.2.AKD.0.05.07.00/1117). The rats were
randomly divided into two groups; control (n=18) and DCM
(n=100), before drug or saline injection.

Experimental protocol

Adriamycin (doxorubicin chloride) was purchased from
Saba (Istanbul, Tlrkiye) and dissolved in saline (10 mg/100
ml). It was then injected (2 mg/kg per dose) weekly via the
intraperitoneal (ip) route over a period of nine weeks (cu-
mulative dose 18 mg/kg) for the induction of DCM (7, 8).
A control group was constituted consisting of animals of
matched body weight receiving an appropriate volume of
0.9% saline ip over nine weeks. All surviving rats (17 control
and 54 DCM) were subjected to radiographic examination
two weeks after the last drug or saline injection.

Radiographic procedures

All surviving rats were then anesthetized using a combi-
nation of ketamine (75 mg/kg, Ketasol, Richter Pharma-
Interhas, Tirkiye) and xylazine HCI (5 mg/kg, Xylazine Bio,
Bioveta-Interhas, Tirkiye) administered ip.
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RL contrast radiographs were obtained by means of a bo-
lus injection of 0.5 ml of non-ionic opaque contrast agent
(300 mg I/ml lohexol, Omnipaque®, Opakim, Tirkiye) from
the tail vein. Exposure was performed as soon as the injec-
tion of the contrast agent was completed (15). For DV pro-
jection, the animal was immediately placed onto another
cassette in the sternal position, and the thoracic region was
imaged under the same exposure conditions.

Radiographic images obtained using a computed radiogra-
phy reader (FCR Prima T2®, FujiFilm, Tokyo, Japan) were
stored for subsequent use. These radiographic images
were anonymized and randomized, and then evaluated
by two observers using commercially available computer
software (Image Intelligence™, FujiFilm, Tokyo, Japan). The
observers, both with more than 20 years’ veterinary expe-
rience, were blinded to the groups, and the body weight
(BW), heart weight (HW), and tibial length (TL) of each rat.
They were able to manipulate the images as required, in-
cluding by changing the window width, window level, and
magnification, and the radiographic cardiac indices were
measured. Intra-observer agreement for all radiographic
measurements was determined with one observer (MK)
performing measurements on two separate occasions on
10 randomly selected rats from each group. Inter-observer
variability was determined by two observers (MK and MAC)
completing all radiographic measurements for the same 20
rats.

Measurements of radiographic cardiac indices

VHS was measured as described by Buchanan (2000) (16).
On RL view, the cardiac long (L) axis was measured from
the tracheal bifurcation to the cardiac apex. The cardiac
short (S) axis was determined by measuring the distance
from the intersection of the caudal border of the heart with
the dorsal border of the CaCV to the cranial border of the
heart. Commercially available computer software was
used to apply 90° rotation between the L and S axes (Figure
TA1 and 1B1). On DV view, the L axis was determined by
measuring the distance from the intersection of the right
mediastinal border with the silhouette of the heart to the
apex. The S axis was defined as the widest measurement
obtained perpendicular to the L axis (Figure 1A2 and 1B2).
These two axes were then repositioned over the thoracic
vertebrae from the cranial edge of T4, parallel to the verte-
bral column, and each length was then expressed in terms
of the number of thoracic vertebrae (v), to the nearest 0.1v.
The sums of vertebral numbers on the L and S axes ob-
tained from RL and DV views were used as RL-VHS and DV-
VHS, respectively.

RLAD was obtained as described by Sanchez Salguero et
al. (2018) (14). A line bisecting the 90° angle at the junction
of the RI-VHS, and L and S axes was extended from there
to the radiographic projection of the dorsocaudal edge of
the LA. Computer software was employed in order to es-
tablish a 45° angle between this line and the junction of
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Figure 1: Contrast right lateral (RL) and dorsoventral (DV) thoracic
radiographs (parameters: 65 kVp, 8 mA, 0.1 s, 30-cm film-focus distance)
at 2 weeks after the last DOX dose or saline injection from two rats in the
control (A) and dilated cardiomyopathy (B) groups. A and B- The black
line (L) represents the long axis of the heart, and the dashed black line (S)
represents the short axis. The vertebral heart score (VHS) was obtained
from the total of S and L converted into vertebral values (v) by moving from
the cranial margin of the 4th thoracic vertebra in a caudal direction. Al-
The radiographic left atrial dimension (RLAD) was obtained by converting
the measurement (white line) from the intersection of the L and S axes to
the dorsal wall of the left atrium (LA) at a 450 angle into a vertebral value,
as in VHS. B1- The white line represents the distance from the ventral of
the tracheal bifurcation to the intersection of the caudal edge of the left
atrium with the caudal vena cava. Similarly to RLAD, vertebral left atrial
size (VLAS) was obtained by converting this measurement into a v value

the L and S axes (Figure TA1). Similar to the VHS, the same
line was then positioned over the thoracic vertebrae begin-
ning, at the cranial edge of T4, and the number of vertebral
units was estimated to the nearest 0.1 vertebral body length
(Figure 1A1).

VLAS was obtained as described by Malcom et al. (2018)
(13). A line was measured from the tracheal bifurcation to
the most caudal aspect of the LA at the junction with the
dorsal border of the CaVC. The same line was normalized
to v, beginning from the cranial edge of T4, similar to VHS
and RLAD (Figure 1B1).

Cardiac morphological parameters

Once the radiographic cardiac indices had been measured,
all rats under ketamine-xylazine anesthesia were weighed
and sacrificed via a thoraco-abdominal incision. The heart
was removed, washed in ice-cold saline, and then weighed.
Tibial length (TL) was measured from the mediolateral
view of the right tibia. HW was divided by the BW and TL

to yield heart weight:body weight ratio (HBW) and heart
weight:tibial length ratio (HTL) values for each rat.

Statistical methods

Statistical analysis was performed on commercial software
(IBM SPSS Statistics 22.0, SPSS Inc., USA). Descriptive sta-
tistics were generated, and the Shapiro-Wilk test was ap-
plied to evaluate the normality of the distribution of continu-
ous data. BW, HW, HBW, TL, HTL, RL-VHS, DV-VHS, RLAD,
and VLAS values are presented as median and interquartile
ranges (IQR). Comparisons between the control and DCM
groups were performed using the Mann-Whitney U test.
Spearman’s rank-order correlation coefficient (rs) was ap-
plied to evaluate correlations between cardiac morpho-
logical parameters (HW, HBW, and HTL) and radiographic
cardiac indices (RL-VHS, DV-VHS, RLAD, and VLAS). The
following indices were used to evaluate this relationship
for this analysis: an rs value from -1.0 to -0.7 was regarded
as indicating strong negative correlation, values from -0.7
to -0.3 negative correlation, values from -0.3 to +0.3 small
correlation or no association, values from +0.3 to +0.7
weak positive correlation, and values from +0.7 to +1.00
strong positive correlation. ROC curves, and the area under
the curves (AUC) with 95% confidence intervals (Cl) were
generated for each radiographic cardiac index using HW <
0.96 g, HBW < 235, and HTL <201 as the classifiers. The
AUC values of the four measurements were compared us-
ing Delong’'s method (17) (MedCalc® Statistical Software
version 20115, 2022, MedCalc Software Ltd., Ostend,
Belgium). Sensitivity and specificity for each radiographic
cardiac index were determined with the Youden index in
order to determine optimal cut-off values. Intra- and inter-
observer variabilities were assessed for each radiographic
cardiac index by means of intraclass correlation coefficient
(ICC) estimates and 95% confidence intervals based on a
single rater, absolute agreement, and a two-way random
(inter-observer) and mixed (intra-observer) effect. ICC val-
ues >0.9 were regarded as excellent, 0.75t0 0.9 as good, 0.5
to 0.75 as moderate, and values <0.5 as poor (18). P values
<0.05 were regarded as statistically significant.

Results

The mortality rate in the DCM group was 46% (n=46/100),
while one animal from the control group (n=1/18, 5.6%) died.

Significant decreases in terminal BW and cardiac morpho-
logical parameters (HW, HBW, and HLT) and significant
increases in radiographic cardiac indices (VHS, RLAD, and
VLAS) were observed in the DCM group compared to the
control group (P<0.007). The change in TL was not statisti-
cally significant (P=0.246) (Table 1).

The degrees of association between the radiographic car-
diac indices and cardiac morphological parameters for all
rats enrolled in the study are presented in Table 2. A strong
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Table 1: Descriptive data for the radiographic cardiac indices (VHS, RLAD, and VLAS) and cardiac morphological parameters (HW, HBW, and HTL)

between the control and DCM groups

Groups
Variables Control DCM
Median IQR Median IQR

Terminal BW (g) 483 447-521 425% 355-460
HW (g) 117 1.09-1.27 0.9* 0.84-0.96
HBW ([mg/g]100) 244 232-259 211 193-235
TL (cm) 4.59 4.30-4.81 4.51ns 4.25-4.79
HTL (mg/cm) 260 245-278 198* 185-201
RL-VHS 8 7.5-8.9 9.1* 8.7-9.6
DV-VHS 8.2 7.6-9 9.2% 8.7-9.9
RLAD 1.2 1-1.5 1.7% 1.5-2.1
VLAS 19 1.6-2.2 2.3* 2.1-31

Data are presented in median and interquartile ranges (IQR) unless stated otherwise. ns, not significant P=0.246.

*Values within a row differ significantly (P<0.007) from that of the control group. Abbreviations: DCM, dilated cardiomyopathy; BW, body weight; HW, heart
weight; HBW, heart weight:body weight ratio; TL, tibial length; HTL, heart weight: tibial length; RL-VHS, right lateral vertebral heart size; DV-VHS, dorsoventral
vertebral heart size; RLAD, radiographic left atrial dimension; VLAS, vertebral left atrial size

negative correlation was determined between these indi-
ces and parameters (r>-0.711, P<0.001).

Diagnostic accuracy, cut-offs, and likelihood ratios for RL-
VHS, DV-VHS, RLAD, and VLAS in the radiographic predic-
tion of cardiomegaly and LAE as determined by the three
classifiers (HW<0.96 g, HBW<235, and HTL<201) in the 71
rats are summarized in Table 3. Since two animals from the
control group and one from the DCM group did not meet
all these three classifiers, these were not included in the
ROC analyses (15 control, 53 DCM). The ROC curve, AUC,

and cut-off values for the radiographic cardiac indices are
shown in Figure 2. The ROC analyses indicated that all ra-
diographic cardiac indices were useful in identifying rats
with cardiomegaly and LAE due to DCM. AUC values were
similar for RL-VHS (0.989), DV-VHS (0.992), RLAD (0.977),
and VLAS (0.948). The optimal cut-off values for VHS,
RLAD, and VLAS with the greatest sensitivity and speci-
ficity for detecting cardiomegaly and LAE were 8.8v, 1.4v,
and 2.1v respectively. Sensitivity and specificity for both
RL-VHS and DV-VHS were 94.4% and 100%, compared to

Table 2: Spearman correlation coefficients (rs)* quantifying the degree of association between radiographic and cardiac morphological variables in 71

rats

Cardiac morphological variable

Radiographic variable

HW HBW HTL
RL-VHS -0.830 -0.755 -0.790
DV-VHS -0.825 -0.7M -0.782
RLAD -0.868 -0.731 -0.810
VLAS -0.841 -0.727 -0.784

Abbreviations: HW, heart weight; HBW, heart weight:body weight ratio; HTL, heart weight:tibial length ratio; RL-VHS, right lateral vertebral heart size; DV-VHS,
dorsoventral vertebral heart size; RLAD, radiographic left atrial dimension; VLAS, vertebral left atrial size, * All P<0.0001
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Table 3: Receiver operating characteristic curve analyses for determining the diagnostic accuracy of the radiographic variable cut-offs for radiographic
prediction of cardiomegaly and LA enlargement due to dilated cardiomyopathy when heart weight <0.96 g, heart weight:body weight ratio <235, and heart

weight:tibial length ratio <201 were adopted as criteria in 68 rats

oo oouey ~ zendPualues  CEOT sne)  spe)  HR ARl
RLVHS 0080 0001 S -838 94,44 100.00 n/a 0056 0944
DV-VHS O 008 i -88 94.44 100.00 n/a 005 07706
RLAD e s >4 96.30 9412 1637 0039 09041
VLAS 09880031 i >21 94,44 8824 803 0063 08268

Abbreviations: AUC, area under the curve; Cl, confidence interval; Sn, sensitivity; Sp, specificity; +LR, positive likelihood ratio; -LR, negative likelihood ratio;
RL-VHS, right lateral vertebral heart size; DV-VHS, dorsoventral vertebral heart size; RLAD, radiographic left atrial dimension; VLAS, vertebral left atrial size
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Figure 2: Receiver-operating characteristic curves and areas under the curve (AUC) for variables right lateral (RL)-vertebral heart score (VHS),
dorsoventral (DV)-VHS, radiographic left atrial dimension (RLAD), and vertebral left atrial size (VLAS) to differentiate rats with the heart weight <0.96 g,
heart weight:body weight ratio <235, and the heart weight:tibial length ratio <201. The RL-VHS, DV-VHS, RLAD, and VLAS optimal cutoff values which
provided the greatest sensitivity and specificity along their respective curves are shown
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96.3% and 94.1% for RLAD and 94.4% and 88.2% for VLAS,
respectively.

Both intra- and inter-observer variabilities assessed using
ICC values demonstrated good to excellent agreement for
all radiographic cardiac indices (ICC>0.75, P<0.05) (Table
4).

Discussion

This study describes objective measurements (VHS, RLAD,
and VLAS) for estimating cardiomegaly and LAE in rats
with DCM using thoracic radiographs.

The heart silhouette from thoracic radiographs in animals
can be objectively evaluated by means of VHS. VLAS and
RLAD have been employed in the radiographic diagnosis
of LAE in dogs in recent years. However, the cranial car-
diac border on lateral thoracic plain radiographs in rats is
unclear due to the opacity of the soft tissue in the cranial
mediastinum. This radiographic feature in rats can lead to
erroneous VHS values being obtained, especially by inexpe-
rienced operatives. Lateral thoracic contrast radiography,
a simple and complication-free method, has been shown
to be more effective than thoracic plain radiography, and
that the heart can be evaluated with radiographic indices
independently of the heart silhouette (15). Lateral thoracic
contrast radiographs were therefore employed in the pres-
ent study.

Short-term (19, 20) and long-term (7-9) doxorubicin injec-
tion models are generally used for the induction of DCM
and heart failure. Although cardiac dysfunction and irreg-
ularity in cardiac functions have been documented using
the Langendorff preparation of myocardial contractility
in a short-term model in which high-dose anthracyclines
were used for less than two weeks, functional and struc-
tural cardiac changes, cardiac function and remodeling
consistent with DCM have not been confirmed with in vivo

imaging techniques. Nonetheless, both changes in cardiac
morphology and also cardiac remodeling and left ventricu-
lar systolic dysfunction have been shown to be induced in
rats in long-term injection models over an 8-12 week period
(8). A long-term injection model was therefore employed in
this study. However, since doses exceeding 1 mg/kg result
in heart failure due to cardiotoxicity associated with the
dose of doxorubicin used, they yield the classic symptoms
of DCM, but similarly to the present study (46%), they also
cause mortality rates of between 32% and 82% (8, 9, 19,
20). Mortality is associated with acute heart failure result-
ing from cardiotoxicity, although other factors reducing sur-
vival rates include nephrotoxicity, hepatotoxicity, and severe
gastrointestinal bleeding (8, 21, 22).

A decrease in cardiac morphological parameters (HW,
HBW, and HTL) is widely regarded as indicating cardiac at-
rophy in experimental studies involving doxorubicin (23-25).
At the same time, a powerful correlation exists between HW
and the echocardiographic left ventricular mass index (26).
In addition, the cardiac morphological parameters used in
the present study decreased significantly compared to the
control group, and a strong negative correlation was de-
termined between these parameters and the radiographic
cardiac indices (P<0.001) (Table 2). The three cardiac
morphological parameters (HW<0.96 g, HBW=<235, and
HTL<207) were thus used as classifiers for ROC curve and
AUC analysis of the radiographic variables. In our previous
study (32), when HBW=293 was employed as a criterion for
radiographic prediction of cardiomegaly and LEA in rats
developing eccentric cardiac hypertrophy due to volume
overload, the AUC and cut-off values obtained were similar
to the results of the present research (Table 3). Compared
with our results, other studies using echocardiographic the
left atrial-to-aortic root ratio (LA:Aoz1.6) and normalized
left ventricular end-diastolic dimension (LVIDDN=1.7) as
cardiomegaly and LAE criteria in dogs with degenerative
mitral valve disease (13, 14, 27-29) have reported higher
cut-off values (210.7 to >11.7 for VHS, 1.7 to =1.8 for RLAD,
and 2.3 to 2.4 for VLAS) despite lower AUC values (0.81 to

Table 4: Intra- and inter-observer agreements for RL-VHS, DV-VHS, RLAD, and VLAS in rats

Intra-observer agreement

Radiographic

Inter-observer agreement

variable
ICC 95% CI P value ICC 95% CI P value
RLVHS Control 0.92 0.58-0.98 <0.01 0.87 0.48-0.97 <0.01
DCM 0.83 0.48-092 <0.01 0.78 0.40-0.93 <0.01
DV-VHS Control 0,90 0.59-0.93 <0.01 0.82 0.55-0.97 <0.01
DCM 0.88 0.36-0.94 <0.01 0.86 0.60-0.97 <0.01
RLAD Control 0.90 0.71-0.95 <0.001 0.88 0.68-0.93 <0.001
DCM 0.86 0.55-0.95 <0.001 0.90 0.59-0.96 <0.001
VLAS Control 095 0.79-0.98 <0.001 091 0.74-0.97 <0.001
DCM 0.91 0.77-0.97 <0.001 0.90 0.72-0.96 <0.001

Abbreviations: DCM, dilated cardiomyopathy; RL-VHS, right lateral vertebral heart size; DV-VHS, dorsoventral vertebral heart size; RLAD, radiographic left

atrial dimension; VLAS, vertebral left atrial size
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0.94 for VHS, 0.93 to 0.99 for RLAD, 0.84 to 0.95 for VLAS).
In contrast to dogs, such echocardiographic criteria have
not been reported in either experimental cardiological rat
studies, or in pet rats. Although cardiac morphological pa-
rameters are regarded as useful in experimental DCM stud-
ies, compared with echocardiography, magnetic resonance
imaging, or computed tomography (30-33), they are not a
true gold standard method in determining radiographic car-
diac index cut-off values. In addition, there is a small limit
to our study in that only adult males from one rat strain are
used; therefore, the cut-off values may differ in females, ju-
veniles, or other strains. Nevertheless, our results should
constitute a useful tool for comparison in future studies
with both more advanced diagnostic methods and gender,
age, and strain of rats, and can also be used to predict car-
diomegaly and LAE in rats with DCM.

Inter-observer variability has been described as one of the
factors impacting on radiographic cardiac indices (34, 35).
Consistent with previous studies (11, 15, 28, 29, 36), good
to excellent agreement was observed in intra- and inter-ob-
server variabilities for all radiographic cardiac indices in the
present research (Table 4).

Conclusions

Radiographic cardiac indices exhibiting powerful negative
correlation with the cardiac morphological parameters em-
ployed as a marker of cardiac atrophy exhibited high sen-
sitivity and specificity in predicting cardiomegaly and LAE
resulting from DCM in rats. The recommended cut-off val-
ues (8.8v for VHS, 1.4v for RLAD, and 2.1v for VLAS) can be
used for this purpose in both pet rats and in rat models of
DCM.

Acknowledgements

The authors declare that they have no conflict of interest.

This research was not financially supported by any public,
commercial, or nonprofit entity.

The authors express special thanks to Pharmacist Emin

Egemen Seyhan for his friendly assistance in obtaining
some of the drugs (Adriamycin) used in this study.

References

1. Mayer J, Martin J. Barriers to exotic animal medicine. Vet Clin North
Am Exotic Anim Pract 2005; 8: 487-6.

2. Orcutt CJ, Malakoff RL. Cardiovascular disease. In: Quesenberry KE,
Orcutt CJ, Mans C, Carpenter JW, eds. 4th ed. Ferrets, rabbits and ro-
dents: clinical medicine and surgery. Elsevier: Missouri, 2020: 250-57.

3. Sharp P, Villano J. Important biological features. In: Sharp P, Villano J,
eds. The laboratory rat. 2nd ed. CRC Press: Boca Raton, 2012: 64-127.

10.

1.

12.

13.

14.

18.

16.

17.

18.

19.

20.

21.

22.

Mclnnes EF. Wistar and Sprague-Dawley rats. In: Mclnnes EF, ed.
Background lesions in laboratory animals a color atlas. Elsevier:
Missouri, 2011: 17-36.

Mesquita TRR, Zhang R, Couto G, et al. Mechanisms of atrial fibrilation
in aged rats with heart failure with preserved ejection fraction. Heart
Rhythm 2020; 17: 1025-33.

Dias S, Anselmi C, Casanova M, Planellas M, Martorell J. Clinical and
pathological findings in 2 rats (Rattus norvegicus) with dilated cardio-
myopathy. J Exot Pet Med 2017; 26: 205-12.

Coutinho E Silva RDC, Zanoni FL, Simas R, et al. Effect of bilateral sym-
pathectomy in a rat model of dilated cardiomyopathy induced by doxo-
rubicin. J Thorac Cardiovasc Surg 2020; 160: e135-e44. doi: 10.1016/j.
jtcvs.2019.09.031

O’Connell JL, Romano MMD, Campos Pulici EC, et al.. Short-term and
long-term models of doxorubicin-induced cardiomyopathy in rats: a
comparison of functional and histopathological changes. Exp Toxicol
Pathol 2017; 69: 213-9.

Jaenke RS. An anthracycline antibiotic-induced cardiomyopathy in
rabbits. Lab Invest 1974; 30: 292-304.

Coatney RW. Ultrasound imaging: principles and applications in rodent
research. ILAR J 2001; 42: 233-47.

Dias S, Anselmi C, Espada Y, Martorell J. Vertebral heart score to evalu-
ate cardiac size in thoracic radiographs of 124 healhy rats (Rattus nor-
vegicus). Vet Radiol Ultrasound 2021; 62: 394-401.

Buchanan JW, Bucheler J. Vertebral scale system to measure canine
heart size in radiographs. J Am Vet Med Assoc 1995; 206: 194-9.

Malcom EL, Visser LC, Phillips KL, Johnson LR. Diasgnostic value of
vertebral left atrial size as determined from thoracic radyographs for
assesment of left artial size in dogs with myxomatous mitral valve dis-
ease. J Am Vet Med Assoc 2018; 253: 1038-45.

Sanchez Salguero X, Prandi D, Labres-Diaz F, et al. A radiographic mea-
surement of left artial size in dogs. Ir Vet J 2018; 71: €25. doi: 10.1186/
s13620-018-0137-x

Cetinkaya MA, Kaya M. Radiographic cardiac indices for the evalua-
tion of cardiac and left atrial sizes in healthy Wistar albino rats (Rattus
norvegicus). Thai J Vet Med 2022; 52: 485-92.

Buchanan JW. Vertebral scale system to measure heart size in radio-
graphs. Vet Clin North Am Small Anim Pract 2000; 30: 379-93.

Delong ER, DelLong DM, Clarke-Pearson DL. Comparing the areas un-
der two or more correlated receiver operating characteristic curves: a
nonparametric approach. Biometrics 1998; 44: 837-45.

Koo TK, Li MY. A guideline of selecting and reporting Intraclass cor-
relation coefficients for reliability research. J Chiropr Med 2016; 15:
155-63.

Hayward R, Hydock DS. Doxorubicin cardiotoxicity in the rat: an in vivo
characterization. J Am Assoc Lab Anim Sci 2007; 46: 20—32.

Miyoshi T, Nakamura K, Amioka N, et al. LCZ696 ameliorates doxoru-
bicin-induced cardiomyocyte toxicity in rats. Sci Rep 2022; 12: e4930.
doi:10.1038/s41598-022-09094-z

Bardi E, Bobok I, Olah AV, Kappelmayer J, Kiss C. Anthracycline antibi-
otics induce acute renal tubular toxicity in children with cancer. Pathol
Oncol Res 2007; 13: 249-53.

Kalender VY, Yel M, Kalender S. Doxorubicin hepatotoxicity and hepatic
free radical metabolism in rats. The effects of vitamin E and catechin.
Toxicol 2005; 209: 39-45.

Slov Vet Res 2023 | Vol 60 No 4 | 211



23. Freiwan M, Kovacs MG, Kovacs ZZA, et al. Investigation of the anti-  30. Badea CT, Hedlund LW, Cook J, Berridge BR, Johnson GA. Micro-CT
remodeling effects of losartan, mirabegron and their combination on imaging assessment of dobutamine-induced cardiac stress in rats. J
the development of doxorubicin-induced chronic cardiotoxicity in a rat Pharmacol Toxicol Methods 2011; 63: 24-9.

model. Int J Mol Sci 2022; 23: €2201. doi: 10.3390/ijms23042201
31. Azar AD, Tavakoli F, Moladoust H, Zare A, Sadeghpour A.

24. Medeiros-Lima DJM, Carvalho JJ, Tibirica E, Borges JP, Matsuura Echocardiographic evaluation of cardiac function in ischemic rats:
C. Time course of cardiomyopathy induced by doxorubicin in rats. value of mjmode echocardiograpohy. Res Cardiovasc Med 2014; 3:
Pharmacol Rep 2019; 71: 583-90. €22941. doi: 10.5812/cardiovascmed.22941

25. Willis MS, Parry TL, Brown DI, et al. Doxorubicin exposure causes  32. Fries RC, Gordon SG, Saunders AB, Miller MW,Hariu CD, Schaeffer DJ.
subacute cardiac atrophy dependent upon the striated muscle-spe- Quantitative assessment of two- and three-dimensional transthoracic
cific ubiquitin ligase MuRF-1. Circ Heart Fail 2019; 12: e005234. doi: and two-dimensional transesophageal echocardiography, computed
10.1161/CIRCHEARTFAILURE.118.005234 tomography, and magnetic resonance imaging in normal canine

hearts. J Vet Cardiol 2019: 21: 79-92.
26. Cantor EJ, Babick AP, Vasanji Z, Dhalla NS, Netticadan T. A compara-

tive serial echocardiographic analysis of cardiac structure and func- 33 Ederhy S, Mansencal N, Reant P, Piriou N, Barone-Rochette G. Role of

tion in rats subjected to pressure or volume overload. J Mol Cell Cardiol multimodality imaging in the diagnosis and management of cardiomy-
2005;38:777-86. opathies. Arch Cardiovasc Dis 2019; 112: 615-29.

27. Duler L, Visser LC, Jackson KN, Philips KL, Pollard RE, Wanamaker  34. BagardiM, Manfredi M, Zani DD, Brambilla PG, Locatelli C. Interobserver
MW. Evaluation of radiographic predictors of left heart enlargement variability of radiographic methods for the evaluation of left atrial size
in dogs with known or suspected cardiovascular disease. Vet Radiol in dogs. Vet Radiol Ultrasound 2021; 62: 161-74.

Ultrasound 2021; 62: 271-81. )
35. Hansson K, Haggstrom J, Kvart C, Lord P. Interobserver variability of
28. Lam C, Gavaghan BJ, Meyers FE. Radiographic quantification of left vertebral heart size measurements in dogs with normal and enlarged
atrial size in dogs with myxomatous mitral valve disease. J Vet Intern hearts. Vet Radiol Ultrasound 2005; 46: 122-30.

Med 2021; 35: 747-54. 36. Sirin YS, Cetinkaya MA, Kaya M. The evaluation of eccentric cardiac hy-

29. Poad MH, Manzi TJ, Oyama MA, Gelzer AR. Utility of radiographic pertrophy due to volume overload using radiographic cardiac indices
measurements to predict echocardiographic left heart enlargement in in rats. Thai J Vet Med 2022; 52: 737-44.
dogs with preclinical mitral valve disease. J Vet Inter Med 2020; 34:
1728-33.

Natancnost diagnostike radiografskih kazalcev srca pri ocenjevanju
kardiomegalije in povecanja levega preddvora pri podganah z dilatativno
kardiomiopatijo: Eksperimentalna studija

M. Kaya, M. A. Cetinkaya

Izvleéek: Namen te Studije je bil dolociti diagnosti¢no vrednost vertebralne sréne ocene (VHS), radiografske dimenzije
levega atrija (RLAD) in vertebralne velikosti levega atrija (VLAS) pri radiografski oceni z doksorubicinom povzro¢ene
dilatativne kardiomiopatije (DCM) pri podganah. Zivali so bile razdeljene v dve eksperimentalni skupini: skupino z DCM
(n=100), ki je devet tednov prejemala tedenske injekcije doksorubicina (2 mg/kg na odmerek intraperitonealno [ip]), in
kontrolno skupino (n=18), ki je prejemala ustrezno koli¢ino 0,9 % fizioloSke raztopine ip. Radiografske kazalnike srca
(VHS, RLAD, VLAS) smo izmerili dva tedna po zadnji injekciji, morfoloske parametre srca (teZa srca [HW], razmerje
med teZo srca in telesno tezo [HBW] ter razmerje med teZo srca in dolzino goleni [HTL]) pa smo dolodili po Zrtvovanju
vseh prezivelih podgan (17 kontrolnih in 54 DCM). Izracunane so bile korelacije med kazalniki in parametri ter njihova
obcutljivost in specificnost pri odkrivanju kardiomegalije in povecanja levega atrija (LAE) s tremi klasifikatorji (HW=0,96
g, HBW=235in HTL=201). Med kazalniki in parametri je bila ugotovljena moc¢na negativna korelacija (rs=-0,711, P<0,001).
Vrednosti povrsine pod krivuljo so bile 0,989 za RL-VHS, 0,992 za DV-VHS, 0,971 za RLAD in 0,948 za VLAS. Obcutljivost
in specificnost teh kazalnikov pri odkrivanju kardiomegalije in LAE pri optimalnih mejnih vrednostih sta bili 94,4 % oziro-
ma 100 % pri 8,8 vretencu (v) za RL-VHS in DV-VHS, 96,3 % oziroma 94,1 % pri 1,4 v za RLAD ter 94,4 % oziroma 88,2 % pri
2,1 v za VLAS. Radiografski kazalniki srca omogoc¢ajo natan¢no in ponovljivo metodo za napovedovanje kardiomegalije
in LAE pri podganah z DCM.

Kljucne besede: dilatativna kardiomiopatija; doksorubicin; VHS; RLAD; VLAS; podgana
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Abstract: In male dogs, long-acting gonadotropin-releasing hormone (GnRH) analogs
are widely accepted as an alternative to surgical castration but are also used to sup-
press and induce estrus in bitches (off label). Behavioral changes reported in bitches in
association with the use of long-acting GnRH analogs have included male-like behav-
ior associated with triggered estrus, increased food intake, enlargement of mammary
glands and milk production, pseudopregnancy, and urinary incontinence. In male dogs,
intra-species and rarely inter-species aggression may occur during the flare-up effect.
However, at the time of downregulation, this behavior should no longer occur if it is tes-
tosterone dependent.

An intact, three-year-old female cocker spaniel with Addison’s disease was admitted to
our clinic for consultation on spaying options because of pseudopregnancies followed
by mastitis, which had to be treated with antibiotics, after her heat cycles. The owners
were hesitant about surgical sterilization and therefore, deslorelin implant was inserted.
Approximately one month after implantation, owners observed the onset of aggressive
behavior, including incessant barking, extreme irritability, and aggression toward other
dogs and towards family members. The behavior problems started to escalate and the
owners were not able to handle her anymore. After removal of the implant, the observed
aggression ceased, and the bitch returned to normal behavior.

Although aggressive behavior toward other dogs and sometimes even toward owners
has been observed after neutering or insertion of a deslorelin implant, this is the first
report of extremely aggressive behavior toward owners and other dogs in a female dog
after insertion of a 4.7 mg deslorelin implant.

Introduction

Aggression is the most common and serious behavioral
problem in dogs. It is also the most common reason pet
owners seek professional help from veterinarians and be-
haviorists (1). Aggression in dogs can be directed toward
familiar people, toward strangers, or toward other dogs.
Aggressive behavior in dogs is a common problem in soci-
ety and a frequent cause of dog-human bites (2), surrender
of adult dogs to shelters, and euthanasia of adult dogs (3).

Gonadectomy is commonly used to treat and prevent be-
havior problems, including aggressive behavior in dogs
and it is advocated by veterinarians as a way to make
dogs better-behaved companions (4). However, research-
ers provide conflicting information. In a study by Hopkins
et al. (5), it was found that in gonadectomized dogs, ag-
gressiveness toward other dogs decreased by 62%, but
territorial and fear-induced aggressive behavior remained
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unchanged. The same observations were made in another
study in which neutering had an effect on all behavioral
problems related to aggression except aggressive behavior
toward strangers (6). In contrast, other studies suggest no
discernible pattern of changes in aggression (7, 8). Some
studies note that gonadectomized dogs of both sexes are
significantly more likely than intact dogs to bark, growl,
lunge, snap, open their eyes wide, and raise or curl their lips
when approached by an unknown human or dog (9, 10). A
recent study of 15, 370 dogs concluded that no single fac-
tor is responsible for aggressive behavior in dogs, but that
there are multiple environmental and genetic factors that
contribute to aggressive behavior. Neutering does not re-
sult in a predictable decrease in aggressive behavior in all
male and female dogs, although it may be effective in some
(4). This supports the previous 2013 recommendation from
the Society for Theriogenology and the American College
of Theriogenology Board of Directors that gonadectomy
should be decided on a case-by-case basis (11).

Gonadotropin-releasing hormone (GnRH) is a key regulator
of reproductive function. It is released in a pulsatile fashion
from hypothalamic neurons. The peptide binds to specific
GnRH receptors on pituitary gonadotrophs. Its activation
leads to synthesis and secretion of LH and FSH. In females,
gonadotropin secretion from the pituitary gland is modulat-
ed by estradiol and progesterone. These feedback effects
of ovarian steroids initiate the LH surge and lead to sup-
pression of GNRH release in the luteal phase. The pulsatile
release of GnRH from the hypothalamus is essential for the
maintenance of ovarian function (12). Slow-release GnRH
agonist implants are widely accepted as an alternative to
surgical castration in male dogs and cats. Although deslo-
relin implants are approved in the EU for male dogs and, as
of June 2022, for male cats and prepubertal bitches (13),
numerous studies have been conducted in the adult bitch
to investigate its use as a contraceptive and/or method of
estrus induction (14, 15, 16). The first step in the mecha-
nism of action is a flare-up effect with an increase in go-
nadotropin synthesis. Such increased gonadotropin syn-
thesis leads to estrus induction in females, when treated in
anestrus (14, 15). This was indeed observed when females
in anestrus were treated with GnRH analog (14). However,
when females in diestrus with P4 > 5 ng/ml were treated,
the first report concluded that there is no flare-up effect
(17). Later studies showed that the initial flare up effect
is associated with estrus induction when deslorelin is ad-
ministered to bitches both in anestrus as well as (although
more rarely) in diestrus (18). Most authors have confirmed
that all adult bitches respond in the same manner regard-
less of size and age; however, depending on the stage of
the cycle, the bitch’s response may vary (19, 20, 21). After
the flare-up effect desensitization of the GnRH receptors
occurs, resulting in a transient, long-term, and fully revers-
ible down-regulation of reproductive endocrine functions in
dogs (21, 22, 23). These promising results led to the use of
the implants for estrus induction and suppression in bitch-
es predisposed to the side effects of sterilization (off-label
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use). Although many adult bitches do well when treated
with deslorelin, some signs such as persistent oestrus,
pyometra, urinary incontinence, ovarian tumors, and minor
behavioral and physical changes may occur (24).

Case

An intact, three-year-old female cocker spaniel was admit-
ted to our hospital for consultation on spaying options. The
dog was diagnosed with Addison’s disease at one year of
age and was well controlled with a combination of oral hy-
drocortisone (Hydrocortisone Roussel, Sanofi Winthorp
Industrie, France) at a dosage of 0.4 mg/kg/12h and subcu-
taneous desoxycorticosterone pivalate (Zycortal, Dechra,
UK) at a dosage of 1.3 mg/kg/30 days. Based on clinical
response to therapy and biannual laboratory checks, her
disease was stable. Her first heat occurred at 9 months
of age, and since then she has had regular cycles every 6
months. After the fourth cycle, she developed pseudopreg-
nancy followed by mastitis, which had to be treated with
antibiotics. The owners wanted to stop the cycles and pre-
vent the pseudopregnancy but were hesitant about surgical
sterilization because of the risk of anesthesia, due to her
condition. Moreover, they feared irreversible consequences
of gonadectomy, especially weight gain. They decided to
use a deslorelin implant because its effect is reversible and
can be implanted without surgical intervention.

Deslorelin (Suprelorin 47 mg implant for dogs, Virbac,
France) was implanted subcutaneously in the umbilical
region on day 23 after the onset of visible signs of proes-
trus. Diestrus was confirmed by vaginal cytology, but pro-
gesterone was not measured. Approximately one month
after implantation, owners observed the onset of aggres-
sive behavior, including incessant barking, extreme irritabil-
ity, and aggression toward other dogs. Such behavior was
not normal for this previously very well-mannered dog. The
aggression escalated rapidly with her becoming aggres-
sive also toward people, firstly toward strangers but later
toward family members as well, culminating in a bite attack
requiring medical intervention on one of the owners. The
change in behavior was so extreme that the owners were
unable to physically interact with her any more as she at-
tacked anyone who approached her. About 70 days after
implantation signs of pseudopregnancy became visible
with enlarged mammary glands but no milk production and
lethargy. Another side effect of the implant was polyphagia
and about 10% weight gain.

Approximately two and a half months after administration,
the implant was removed. All signs of aggressive behavior
ceased within the next few months, and according to the
owners, she returned to the gentle dog she was prior to im-
plantation. Within two weeks, she also lost 600 g in weight
despite being fed the same diet. In the two years after the
implant removal, once resolved, the aggressive behav-
ior never reoccurred although her heat cycles returned to
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Figure 1: The exact course of events that took place from the insertion of the implant to its removal

normal as before deslorelin implantation. The exact course
of events are shown in Figure 1.

Discussion

The present case is the first report of the occurrence of
severe aggression in a bitch after the insertion of a des-
lorelin implant. Surgical sterilization is often suggested to
the owners to alleviate unwanted and aggressive behavior
in some dogs (25). Because of their ability to suppress sex
steroid hormones, GnRH agonist-releasing implants may
also be useful in modifying or minimizing testosterone-re-
lated behaviors. In castrated male dogs and dogs with des-
lorelin implants, improvements have been noted in sexually
dimorphic male behaviors described as libido, hypersexu-
ality, intermale conflict, and excessive urine marking (26).
Therefore, it has been suggested that implants releasing
GnRH agonists are an alternative for clients seeking to alter
testosterone-mediated behavior in their male dogs without
having to perform castration or as a trial to what could be
achieved by permanent sterilization (27). On the other hand,
recent studies have shown that the likelihood of undesir-
able behavior increases significantly in neutered animals.
Neutered dogs were more aggressive, more fearful, more
restless, more difficult to train, and less responsive to sig-
nals (2, 4, 23). In addition, and of bigger importance, there is
a risk of an increase in dominance aggression toward fam-
ily members (28), with owners (2) and children (29) being
bitten more likely by neutered animals. Another study found
that these effects were more pronounced when animals
were neutered before puberty (27).

The behavioral aspect of GnRH agonist implants in bitch-
es has not yet been described, but it is generally expected
that the effects should be similar to those of sterilization.
However, there is a major difference between surgical and
medical castration, namely that gonadotropin levels are

very high after surgical castration (30) whereas they are
likely to be low to basal during deslorelin treatment be-
cause of the inhibitory effect of deslorelin on gonadotropin
release. In general, it is not known whether such a change
may have an impact on disease and possibly on behavior.
In the present case, severe aggressive behavior toward oth-
er dogs and strangers was initially observed. Subsequently,
the aggression toward family members escalated and the
dog became so aggressive that the owners could no longer
safely handle her. Most studies have found that the risk of
unwanted aggressive behavior after sterilization is higher in
dogs that already showed behavioral problems before go-
nad removal (31). However, in our case, no aggression was
observed in this bitch before implant placement, and the
aggression resolved after implant removal.

We must mention that the dog suffered from Addison’s
disease and was treated with a physiological dose of corti-
costeroids and mineralocorticoids. Exogenous corticoste-
roids are synthetic analogues of natural steroid hormones
and are used in both human and veterinary medicine mainly
for their anti-inflammatory and immunosuppressive ef-
fects. The synthetic analogues of cortisol have increased
glucocorticoid activity (32). Exogenous corticosteroid
treatments have been reported to cause negative emotion-
al states in human patients and laboratory animals, with
similar changes noted in domestic dogs (33). Behavioral
changes associated with exogenous corticosteroid treat-
ments in dogs have been reported in only a few studies (33,
34), showing increased anxious behavior and avoidance of
contact with humans. This may include a greater tendency
to retreat when approached or attempts to snap or bite un-
der these circumstances. It has been reported by owners
that dogs treated with corticosteroids tended to react ag-
gressively when petted or even approached, and that their
dogs also appeared to be significantly more prone to avoid
people or situations (34, 35, 36). It was also found that dogs
receiving corticosteroids after being referred for behavioral
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problems were significantly more likely to exhibit negative
behavior compared to dogs not treated with these medi-
cations (33). Thus, aggressive behavior in this bitch could
potentially be caused by treatment with corticosteroids.
However, it should be mentioned that the bitch had been
taking these medication for more than two years before im-
plantation of deslorelin and returned to her normal behavior
after the implant was removed despite continued treatment
with the same dose and type of corticosteroids.

In humans, it has recently been found that Addison’s dis-
ease can cause psychiatric symptoms that often accom-
pany the cardinal symptoms of adrenal insufficiency and
are related to the severity of the disease (37). Therefore, un-
treated and uncontrolled Addison’s disease in dogs could
cause similar problems and lead to aggressive behavior.
However, as mentioned earlier, the bitch had been treated
with medication for more than two years and was very well
controlled. Because both corticosteroids and gonadecto-
my produce behavioral changes in some animals, it is pos-
sible that the corticosteroid treatment with the implant in-
creased the behavioral changes. Despite physiologic doses
of corticosteroids used in this case such scenario can not
be fully excluded.

A possible mechanism to investigate may be that deslore-
lin treatment somehow stimulated minor adrenal function
by stimulating ACTH-secreting neurons of the pituitary
gland, thereby increasing adrenal cortisol production and
causing a hyperadrenocortical state (due to concomitant
exogenous corticosteroid administration). A recent article
(13) reported the development of pituitary carcinoma caus-
ing a Cushing-like syndrome in a bitch chronically treated
with deslorelin for urinary incontinence. A relationship be-
tween the pituitary tumor and the clinical signs could not
be confirmed, but the possibility that deslorelin causes a
minor stimulation of the pituitary corticotrophs should not
be discounted. From this point of view, it would have been
interesting to know the status of Na-K balance in this bitch
during the period of increased aggressiveness, but we do
not have these data.

This case also raises the question of the risk of taking mul-
tiple endocrine drugs at the same time and their possible
interactions on general health and behavior. Since inappro-
priate behavior is the most common cause of animals end-
ing up in shelters or abandoned by their owners, it is very
important to inform owners before sterilization about pos-
sible behavioral side effects which, although rare, are irre-
versible following surgical gonadectomy. The use of GnRH
agonist implants to determine the effects of gonad removal
is therefore beneficial and strongly recommended for male
dogs and cats, perhaps even prepubertal females, but we
cannot say with certainty at this time that such treatment
is also recommended for adult females, given all the report-
ed side effects. The veterinary profession should increase
awareness about treatments that alter animal behavior and
the importance of monitoring and reporting behavioral side
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effects as adverse events. Drug-drug interactions should
be discussed more frequently, as they can affect the ef-
fectiveness of the medication and treatment, cause unex-
pected side effects, or enhance the effects of a particular
medication.
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Agresivno vedenje psice po vstavitvi implantata deslorelina
M. ZakoSek Pipan, D. Pavlin

Izvle€ek: V veterinarski praksi so dolgo delujo¢i analogi gonadotropin-spro$éujo¢ega hormona (GnRH) Siroko sprejeta
alternativa kirurski kastraciji psov. Uporabljajo se tudi pri psicah bodisi za supresijo ali indukcijo estrusa, pri Cemer gre za
neoznaceno uporabo zdravila. Pri uporabi dolgo delujocih analogov GnRH so pri psicah opazili vedenjske spremembe,
kot so mosko obnasanje, povecan apetit, rast mlecnih zlez, laktacija, navidezna brejost in urinska inkontinenca. Pri pasjih
samcih pa se lahko v zaCetnem obdobju, ko implantat spodbudi izloCanje testosterona, pojavlja agresivnost do drugih
psov ali redko drugih Zivali.

Na nasi kliniki smo obravnavali nesterilizirano, tri leta staro psico pasme koker Spanjel z diagnosticirano Addisonovo
boleznijo. Lastniki so Zeleli nasvet glede moznosti kontracepcije, saj je pri psici v preteklih ciklusih prihajalo do navidezne
brejosti in posledicnega mastitisa, ki je zahteval antibioti¢no zdravljenje. Lastniki so bili zadrzani do kirurske sterilizaci-
je, zato so se odlocili za vstavitev deslorelinskega implantata. Priblizno mesec dni kasneje so pri psici opazili zaCetek
agresivnega vedenja, ki je vkljucevalo stalno lajanje, izjemno razdrazljivost in agresijo do drugih psov ter do druzinskih
¢lanov. Nezeleno vedenje se je stopnjevalo do te mere, da lastniki niso mogli ve¢ obvladovati svoje psice. Po odstranitvi
implantata je opazena agresija umirila, in psica se je vrnila v normalno stanje.

Ceprav je agresivno vedenje do drugih psov in v&asih tudi do lastnikov opisano po kirurski kastraciji ali vstavitvi deslo-
relinskega implantata pri psih, je ta prispevek prvi, ki opisuje izjemno agresivno vedenje do psov in lastnikov pri psici po
vstavitvi 4,7 mg deslorelinskega implantata.

Kljucne besede: psica; agresija; vedenje; deslorelinski implantat; dolgo delujoCi GnRH
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