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Abstract: Myxomatous mitral valve disease (MMVD) is a prevalent heart condition in dogs, particularly affecting the mitral valve.
Stage B1 of MMVD, as per the American College of Veterinary Internal Medicine (ACVIM) guidelines, encompasses asymptomatic
dogs with structural heart disease. This stage is characterized by a range of radiographic and echocardiographic findings without
significant cardiac remodeling. Despite its prevalence, the impact of MMVD Stage B1 on cardiac weight remains unclear. In this
study, 28 dogs were examined to evaluate if MMVD Stage B1 correlates with abnormal increases in heart weight postmortem. Dogs
were clinically examined, underwent echocardiography, and were divided into two groups based on MMVD staging. Heart weight
relative to body weight (hW/bW) was assessed. Results revealed that MMVD Stage B1 had minimal impact on heart weight, with
hW/bW ratios remaining within normal ranges. Notably, despite differences in breed, sex, and age, hW/bW ratios did not signifi-
cantly deviate from normal values. This study provides valuable insights into the relationship between MMVD Stage B1 and cardiac
weight in dogs, indicating the need for further investigations with larger sample sizes to validate these findings. Understanding
cardiac weight alterations in MMVD can aid in refining diagnostic and management approaches for affected dogs.

Keywords: dog; MMVD stage B1; heart weight.

1. Introduction
Received: 1 April 2024

Accepted: 8 April 2024 Approximately 10% of dogs presented to primary care veterinary practices are

Published:9 April 2024 diagnosed with heart disease, with myxomatous mitral valve disease (MMVD) being

DOI10.52331/1d1711 the most common. In North America, MMVD accounts for approximately 75% of
heart pathologies [1]. This pathology is known by various names in literature,
including chronic valve disease, degenerative valve disease, endocardiosis, and
chronic myxomatous valvular disease [2].

While MMVD primarily affects the mitral valve, it has been reported to affect the

Copyright: © 2024 by the authors. mitral valve alone in 62% of dogs, both the mitral and tricuspid valves in 32.5%, and

Submitted for possible open access  the tricuspid valve alone in 1.3% [3]. The condition is approximately 1.5 times more
publication under the terms and

frequent in males than in females, with higher prevalence observed in smaller dogs

conditions of the Creative Commons . .
Attribution  (CC BY) license (<20 kg). Moreover, the prevalence of MMVD increases markedly with age,
(http://creativecommons.org/licenses  particularly in small breed dogs, with up to 85% showing evidence of valve lesions
[oy/4.00). by 13 years of age [1].

Although the precise cause of MM VD remains unknown, it has been established

that the disease has an inherited component in some breeds such as Cavalier King
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Charles Spaniels [11] and Dachshunds [12]. Additionally, the severity of the disease may have a genetic
component in other breeds [1].

The mitral valve leaflets consist of four distinct layers, and when the spongiosa layer thickens, it regains
the appearance of mesenchymal tissue, hence the name "myxomatous" [14]. Within the spongiosa layer,
myofibroblasts proliferate and form small nodules, which are characteristic of MMVD. Furthermore,
endothelial dysfunction promotes thickening of the valve leaflets due to shear stress [2, 13], contrasting with
normal atrioventricular valve leaflets, which appear as thin and translucent structures without nodules or
thickening at the valve margins [3].

The course of the disease can have four stages of progression: 1) It can start at an older age, progress slowly
and never end in heart failure; 2) It progresses slowly and then suddenly, after chordal rupture, progresses
rapidly and ends in acute heart failure; 3) It progresses slowly and eventually ends in heart failure; 4) It can
progress subclinically and end in sudden death [2].

The American College of Veterinary Internal Medicine (ACVIM) guidelines are commonly used for the
clinical classification of dogs with MMVD which describes 4 basic stages of heart disease and heart failure:
Stage A,B,C and D [1].

Stage B identifies dogs with structural heart disease and has 2 subcategories: stage Bl includes
asymptomatic dogs that have no radiographic or echocardiographic evidence of cardiac remodeling in response
to their MMVD, as well as those in which remodeling changes are present, but not severe enough to meet
current clinical trial criteria for treatment initiating [1]; stage B2 refers to asymptomatic dogs that have more
advanced mitral valve regurgitation that is hemodynamically severe and long-standing enough to have caused
radiographic and echocardiographic findings of left atrial and ventricular enlargement that meet clinical trial
criteria used to identify dogs that clearly should benefit from initiating pharmacologic treatment to delay the
onset of heart failure [1].

Stage B1 of myxomatous mitral valve disease (MMVD) encompasses a broad spectrum of radiographic
and echocardiographic findings. This stage includes dogs with normal left atrial (LA) and left ventricular (LV)
dimensions, normal LV systolic function, and normal radiographic vertebral left atrial size (VLAS). However,
it also includes patients with echocardiographic or radiographic evidence of left atrial and ventricular
enlargement that does not meet specific criteria, such as echocardiographic LA:Ao ratio in the right-sided short
axis view in early diastole >1.6, left ventricular internal diameter in diastole normalized for body weight
(LVIDDN) >1.7, and breed-adjusted radiographic vertebral heart score (VHS) >10.5 [1].

In most cases in the Bl ACVIM stage thoracic echocardiography often reveals remodeled, redundant valve
tissue extending across the annulus into the left atrium during systole (3). This is accompanied by the presence
of a turbulent jet flow at the level of the affected valve, clinicaly expres as a heart murmur with intensity >3/6.

Myxomatous degeneration transforms normal thin, translucent leaflets into opaque structures that become
thickened in their distal third, progressing to diffuse valve thickening, nodularity, and deformation [3]. A
simple classification scheme for grading the severity of gross, myxomatous lesions has been reported and is
based upon the degree of leaflet nodularity, thickening, and deformity: Type I lesions represent valve leaflets
that contain a few, small, discrete nodules in regions where leaflets contact each other, with areas of opacity
in the proximal valve; Type 2 lesions represent leaflets with larger nodules which tend to coalesce at the edges
of valve contact, and areas of diffuse opacity may be present; Type 3 lesions comprise larger nodules which
have coalesced into irregular, plaque-like deformities, and extend to involve proximal portions of the chordae;
Type 4 lesions denote gross distortion and ‘ballooning’ of the valve cusps, and the chordae tendineae are
thickened proximally [3].
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As part of a complete necropsy examination, a macroscopic and morphometric assessment of the canine
heart is required. The first step of this examination involves weighing the heart. Ventricular wall thickness has
shown a poor correlation with ventricular mass, so heart weight provides more valid information about
possible ventricular hypertrophy, especially in cases of dilation and eccentric hypertrophy [7].

Due to the wide variety of dog somatotypes, accurately assessing cardiac mass requires a ratio of heart
weight to total body weight. Few studies have mentioned the heart-to-body weight ratio, with similar results
reported: 0.43% t0 0.99% [7], 0.6% to 1.1% [5], 0.61% to 0.94% [6], and 0.66% to 1.20% [8]. A wider interval
was reported by Ghoshal [9], with a heart-to-bodyweight ratio of 0.5% to 2.2% [5]. Schoning et al. [17].
published similar data for Greyhounds, with results of 1.3 + 0.2% for females and 1.2 + 0.2% for males. It is
known that the heart-to-body weight ratio is higher in neonates than in adults and varies within species, being
higher in more athletic animals (such as horses and dogs) [7].

All the mentioned studies are based on normal macroscopic hearts. In this context, the aim of this study
was to evaluate if MMVD stage Bl (ACVIM) can be associated with an abnormal increase in heart weight

after postmortem evaluation.

2. Materials and Methods

This research was conducted at the Department of Internal Medicine-Cardiology and Department of
Animal Pathology, University of Agricultural Sciences and Veterinary Medicine, Cluj-Napoca, Romania. It
involved 28 owner-owned dogs of various breeds, ages (over 1 year old), sexes, and body weights. All dogs
underwent a comprehensive clinical examination including assessment of body weight, heart rate, and
respiratory rate, followed by a thorough cardiac examination comprising thoracic palpation, auscultation,
electrocardiography, and echocardiography. Transthoracic echocardiographic examinations were performed
by the same examiner using an Esaote ultrasound (Esaote SpA, Genoa, Italy) equipped with phased-array
transducers ranging from 2 to 8 MHz, along with simultaneous single-lead electrocardiography. Dogs were
examined from both right and left parasternal positions, obtaining standard echocardiographic 2-dimensional,
M-mode, and Doppler images without sedation. For the assessment of ACVIM stage BIl, specific
echocardiographic criteria were employed. These included the presence of mitral regurgitation (MR) with a
mosaic pattern upon color flow Doppler, alongside a normal left atrium (LA) characterized by an
echocardiographic LA:Ao ratio <1.6 in the right-sided short-axis view during early diastole. Additionally,
normal left ventricular (LV) dimensions and systolic function despite the presence of MR were required. LV
measurements, including interventricular septum (IVS), left ventricular internal diameter (LVID), and left
ventricular posterior wall (LVPW), were determined in the right parasternal short-axis view using M-mode.
Diastolic measurements were taken at the beginning of the QRS complex, while systolic measurements were
timed at the shortest distance between the septum and the lateral wall. The leading-edge technique was used
for all measurements, as described by Wyatt et al. (1983) [10].

Inclusion criteria: Adult dogs (over 1 year old) with various pathologies, slated for euthanasia, without pre-
existing cardiac diseases or with ACVIM stage Bl MMVD as determined by echocardiographic imaging.

Exclusion criteria: Presence of a heart murmur greater than 3/6 on auscultation; morpho-structural thoracic
changes hindering quality echocardiographic imaging; administration of any cardio-vascular affecting
substance within the previous 14 days; identification of congenital or acquired cardiac anomalies beyond
ACVIM stage B1, as detected by 2D echocardiography, M-mode, and Doppler examinations.
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Based on the provided criteria, the patients (n=19) were divided into two groups: group 1 (n=13),
comprising patients without cardiac disease, and group 2 (n=6), comprising patients with MMVD stage B1
according to ACVIM.

In group 1, there were 7 females and 6 males, with body weights ranging from 7.9 to 65 kg and ages from
2 to 12 years old. The breeds represented were 4 mongrel dogs, 3 German Shepherds, and one each of Tosa
Inu, Teckel, Labrador Retriever, Bichon Frise, Dogo Argentino, and Boxer.

In group 2, there were 2 females and 4 males, with body weights ranging from 8 to 43 kg and ages from 10
to 15 years old. Three of them were mongrel dogs, and one each of Golden Retriever, Irish Setter, and West
Highland White Terrier.

All dogs from both groups exhibited normal body condition relative to their age and breed. No ECG
modifications were observed during a five-minute recording with the patients in lateral recumbency.

The dogs were humanely euthanized (owner consent previusly obtained, in accordance with the national
and interntional legislation) , and heart necropsy was performed. The necropsy examination was conducted
with the dogs in lateral decubitus on the left side, with the abdomen dorsal. The entire cardiorespiratory system
was dissected from the level of the tongue to the diaphragm. Initial inspection of the heart was done together
with the lungs before separation. The pericardium was removed for proper macroscopic examination. Residual
blood clots and large vessels were eliminated, and the heart was weighed using the same scale, with the weight

noted in grams.

3. Results

The results of the study are presented in Tables 1 and 2. The relationship between heart weight and body
weight (hW/bW) was assessed individually, indicating that the heart weight represented 0.44% to 1.11% of
the animal’s body weight for group 1 and 0.51% to 0.93% for group 2.

Table 1. Results obtained from group 1 (free of cardiac pathologies)

No. Breed Age (years) Sex Weight Cardiac Cardiac pa- hW/PW
(kg) murmur thology ratio
1 Tosa Innu 8 F 26 No No 0,79
Teckel 4 F 9,8 No No 0,85
3  Mongrel 2 F 26,3 No No 0,66
dog
g  Mongrel 10 M 30,7 No No 0,86
dog
5  Labrador 7 F 36 No No 0,57
Retriever
g ~ Serman 8 M 38,7 No No 0,77
Shepard
7 Bichon 5 M 7.9 No No 0,94
Frise
8 German 12 F 18,1 No No 1,03
Shepard
g  Mongrel 3 M 40 No No 0,68
dog
10 DosoAr 2 M 40 No No 0,7

gentino




Cluj Vet ] 2024, vol 29, issue 1 6 of 37

German

11 F 2 1,11
Shepard 6 3,6 No No ,
1p  Mongrel 6 M 65 No No 0,44
dog
13 Boxer 5 F 27 No No 0,74

bW=body weight; hW= heart weight.

Table 2. Results obtained from group 2 (with MMVD stage B1).

No. Breed Age (years) Sex Weight Cardiac Cardiac pa- hW/F)W
(kg) murmur thology ratio
y  Mongrel 10 F 8 Yes Yes 0,78
dog
,  Mongrel 15 M 30 Yes Yes 0,55
dog
5  Mongrel 13 F 21,4 Yes Yes 0,85
dog
g  GoldenRe- 10 M 23,2 No Yes 0,93
triever
5 Irish Setter 13 M 43 No Yes 0,51
West High-
6 land White 12 M 9,8 No Yes 0,88
Terrier

4. Discussion

Cardiac diseases often manifest through changes in the size and weight of specific heart components, with
the degree of change typically proportional to the severity of the disease, as seen in hypertrophic and dilated
cardiomyopathies [5, 18].

Stage B1 (ACVIM) represents perhaps the most common yet underdiagnosed form of MMVD,
characterized by the absence of clinical signs. In this stage, the heart murmur may be of low intensity and even
be missed by the examiner during cardiac auscultation. Additionally, ECG and thoracic radiographs may show
no significant changes, further complicating diagnosis. Consequently, Stage B1 represents a gray area in
MMVD, where pathology exists but without clinical signs and without the need for treatment at this stage.

In group 2, all patients showed no clinical signs attributable to cardiac pathology, had normal ECG
readings, but exhibited an audible heart murmur ranging in intensity from 1/6 to 3/6.

The likelihood of ACVIM stage B1 of MM VD affecting total cardiac weight is diminished, given that the
valvular apparatus is the primary element impacted. This fact is corroborated by the results obtained in this
study. However, significant weight variations may occur from ACVIM stage B2 onwards, indicating
substantial cardiac remodeling as identified by echocardiography. Exploring the correlation between left
ventricular mass and total body weight across different ACVIM MMVD stages could be a promising avenue
for future research. Such a study could reveal more notable differences in values due to the nature and
progression of the pathology, which affects the left ventricle in 62% of cases [3].

An overview of the age distribution among the patients involved in the study reveals a higher average age
for the dogs included in group 2, supporting the hypothesis of a higher incidence of cardiac pathology in
geriatric patients [1]. MM VD is widely recognized as a disease of the aging heart, as extensively described by
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Connell et al. [4]. Despite two patients being classified as large breed dogs, specifically a Golden Retriever
and an Irish Setter, it can be inferred that the remainder of patients in group 2 are predominantly medium to
small-sized dogs, which is also a risk factor and predictor for cardiac pathology. It's commonly observed that
small dogs tend to live longer on average than large dogs, potentially contributing to the development of
MMVD in smaller breeds [3].

The hW/bW ratio results in both groups were within normal ranges, with only 4 values falling below the
minimum range, set at 0.6%. However, when compared to Ghoshal's findings (9), which reported a wider
range of 0.5% to 2.2%, only one value fell below the lower limit. This value, at 0.44%, was observed in a
noncardiac mongrel dog (male) weighing 65 kg. Values below 0.6% were observed in both groups. Among
the cardiac patients, an Irish Setter exhibited a ratio of 0.51%, and a 30 kg male mongrel dog had a ratio of
0.55%. The noncardiac patient, a female Labrador Retriever weighing 36 kg, had a ratio of 0.57%.

Only two values exceeded 1%, both found in female German Shepherds without cardiac diseases. In group
2, no value reached 1%, and none of the patients reached the maximum value of 2.2% reported by Ghoshal
[9]. Consistent with other studies, neither breed, sex, nor age of adult dogs influenced the hW/bW ratio [5, 6,
17].

An important factor that should not be overlooked and can significantly influence the hW/bW ratio
investigated in this study is the patient's body condition score (BCS). BCS is a numeric evaluation system
commonly used to assess body fat accumulation [15], with the 9-point scale being most frequently employed
in dogs [16]. Utilizing this scale helps reduce subjectivity in the assessment. Excessive body fat accumulation
leading to overweight or obesity in dogs may result in a low or normal hW/bW ratio. Conversely, various
pathologies can induce cachexia in a patient, potentially leading to a falsely higher ratio than the normal range.
Therefore, evaluating BCS before or during necropsy examination is becoming increasingly essential.
Although the dogs involved in this study were neither obese nor emaciated, a formal BCS assessment was not
performed.

Additionally, previous studies [5-8, 17]. considered dogs to have normal weight based on subjective
assessments. Overweight dogs could provide a valid explanation for the lower results observed in this study.
For instance, the values of 0.44% and 0.51% were obtained from dogs with the highest weights, 65 kg and 43
kg, respectively. However, the value of 0.44% may still be considered normal according to references provided
by some authors [7].

The novelty of this study lies in its comprehensive approach, which involves both pre- and post-necropsy
examinations of the heart, a methodology not previously employed in existing studies [5-9]. Previous studies
typically examined dogs without the clinical examination being complemented by ultrasound, and the heart
was considered normal based solely on macroscopic examination during necropsy.

Estimating cardiac hypertrophy at necropsy is typically attempted through various methods, including gross
observation of cardiac structure, measurements of ventricular wall thickness, and weighing of the heart in
relation to body weight [5]. However, the variations in heart weight depending on cardiac pathology remain
largely unknown, as there are no published studies of this nature. Therefore, this study fills an important gap
in the literature by providing a more detailed and nuanced understanding of cardiac pathology and its impact
on heart weight.
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5. Conclusions
The ACVIM stage B1 of MMVD has a minor effect on heart weight, keeping the hW/bW ratio within the
normal range. Further research is needed due to the limited patient pool. These findings provide a foundation

for calculating this ratio across different ACVIM stages. Results for noncardiac patients align with past studies.

Author Contributions: Conceptualization, M.C. and L.P.; methodology, investigation, M.C. and L.P.; writing—original
draft preparation, MC.; writing—review and editing, I.P.; supervision, I.P.; All authors have read and agreed to the
published version of the manuscript.
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Abstract: The presence of muscle islands in the tunica media of elastic arteries has been reported in both large and small ruminants.
According to some authors, these islands can have a certain influence on the physical-mechanical properties and the pattern of dis-
eases in the aortic wall. The aim of the current study was to highlight the muscle islands and their distribution throughout the aortic
segments in the goat and to understand the reason why they are present only in certain species of animals, including the goat. Gross
anatomical dissection of the aorta was performed and samples from the following segments were harvested for histological investi-
gations: ascending aorta, aortic arch, descending thoracic aorta and descending abdominal aorta. The muscle islands in the wall of
the aortic segments are formed by smooth muscle cells interconnected with connective tissue and are preferentially vascularized by
vasa vasorum and innervated by nervi vasorum. The aorta in the goat presents polymorphic muscle islands, arranged in the outer
two thirds of the tunica media in the ascending aorta, the outer half at the level of the aortic arch and the descending thoracic aorta,
but they are absent in the descending abdominal aorta. Their presence completes the windkessel function of the aortic wall, thus
constituting an additional pump necessary to propel the blood towards the abdominal viscera, which in goats, in addition to those
present in monogastrics, also contain three large and very active organs, namely the rumen, the reticulum and the omasum.
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1. Introduction

During ventricular systole, blood is forced into the aorta in the form of inter-

mittent jets, so it exerts a certain pressure on the vascular walls. Due to this pres-

sure, the elastic structures in the wall of the arteries expand and store part of the
BY pressure exerted on them, causing the dilation of the arterial lumen, to take over
Copyright: © 2024 by the authors.  the surplus blood that arrives here during the ventricular systole. During diastole,
Submitted for possible open access  the elastic fibers passively contract and return to their original size, causing excess
conditions of fhe Creative Commons  2100d t0 propel to the next segments. In this way, the elastic fibers produce what
Attribution  (CC BY) license 1S called the windkessel effect during ventricular systole and diastole [1]. The
(http//creativecommons.org/licenses  muscle cells existing between the elastic lamellae complement the action of the
fby/4.0)- elastic fibers through active contraction, so that through the action of the elastic

publication under the terms and
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and muscular components, blood flow becomes continuous in the following vessels [2].

In elastic arteries, the thickest tunic is the media containing the concentric elastic lamellae,
between which there are circularly arranged smooth muscle fibers, collagen fibers, and reticular
fibers [3]. These components have a particular arrangement among the elastic lamellae, which en-
sures their participation in completing the windkessel mechanism. In lower pressure arteries such
as the abdominal descending aorta, the windkessel mechanism is complemented by a prominent
internal elastic limiter [4].

In some species of mammals, the muscle component in the middle of the elastic arteries ap-
pears significantly better represented and with a particular disposition. Thus, [5] found that in the
goat, the tunica media of the ascending aorta, the aortic arch and the descending thoracic aorta,
present two areas: the luminal elastic area, which has a structure comparable to that of elastic ar-
teries from other species, and the adventitial musculo-elastic area, in which elastic lamellae are
zonally interrupted by polymorphic muscle islands. The presence of muscle islands in the tunica
media of elastic arteries has been reported in both large and small ruminants [6-9]. According to
some authors, these islands can have a certain influence on the physical-mechanical properties and
the pattern of diseases in the aortic wall [9]. The aim of the current study was to highlight the
muscle islands and their distribution throughout the aortic segments in the goat and to understand
the reason why they are present only in certain species of animals, including the goat.

2. Materials and Methods

The biological material used in this study was represented by 5 adult goats, of common
breed, slaughtered for consumption in a CE approved slaughterhouse. The study was conducted
according to the guidelines of the Declaration of Helsinki, and approved by the Bioethics Com-
mittee of the University of Agricultural Sciences and Veterinary Medicine Cluj-Napoca, nr. 403
from 29.09.2023. The AVMA guidelines set criteria for euthanasia were followed, and the proce-
dure was in line with the recommendations of the permanent OIE (World Organisation for Ani-
mal Health) Animal Welfare Working Group for Humane slaughter of animals.

Gross anatomical dissection of the aorta was performed and samples from the following seg-
ments were harvested for histological investigations: ascending aorta, aortic arch, descending tho-
racic aorta and descending abdominal aorta. The samples were fixed in 10% formalin solution for
7 days, then dehydrated in three successive baths of ethyl alcohol (70%, 96%, and absolute), clari-
fied with three baths of 1-Butanol and embedded in paraffin. Sections with a thickness of 5 um
were made, which were stained by the Trichrome Goldner method. The obtained preparations
were examined under an Olympus BX41 microscope, equipped with a digital camera for capturing
images, model Olympus E-330.

3. Results

The first segment of the arterial system at the exit from the heart is the ascending aorta, which
in the goat has a very peculiar wall structure, differing in some respects from that of most mam-
mals. These particularities are found in the media, while the intima and adventitia are comparable
to the existing situation in other mammals. The particularity consists in the fact that the ratio be-
tween the elastic and the muscular component is different here and the disposition of the muscular
component has some particularities. In the media of the ascending aorta of the goat, two areas can
be distinguished, an internal one that occupies approximately 40% of the wall thickness that has
the appearance found in the elastic arteries of other mammalian species, and an external one that
occupies approximately 60% of the wall thickness in which the muscular component it is much
better represented compared to the intima. Here the muscle component forms islands arranged
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at a certain distance from each other, without respecting a rigorous distribution. Islets are poly-

morphic in both shape and size and even muscle cell orient
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ation (Fig. 1).
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Figure 1. Ascendig aorta of the domestic goat (ob. 4X

Black arrow: muscle islands in tunica media; red arrow — tunica adventitia; blue arrow - tunica

intima

The situation is largely the same in the middle of the aortic arch, both in terms of the presence,

distribution, shape, density or appearance of the muscle islands in the tunica media. (Fig. 2).

Fig. 2 Aortic arch (ob 4X)
Black arrow: muscle islands in tunica media; red arrow — tunica adventitia; blue arrow - tunica
intima



Cluj Vet ] 2024, vol 29, issue 1 12 of 37

In the descending thoracic aorta, the situation is similar to that existing at the level of the aortic arch,
which is otherwise continued by this arterial segment. Muscle islands are numerous, with the most and larger
islands being found in the outer third of the media versus the middle where the islands are somewhat scarce
and the muscle cells less dense (Fig. 3).

Fig. 3 Descending aorta — thoracic segment 221 (ob 4X)
Black arrow: muscle islands in tunica media; red arrow — tunica adventitia; blue arrow - tunica
intima

The situation changes radically at the level of the descending abdominal aorta where muscle islands
are no longer found as in the previous segments, but the general appearance is that of a typical elastic artery
in which the main component is the elastic one represented by relatively rigorously arranged wavy elastic
lamellae and between them cells muscle and collagen fibers. It should be noted that the adventitia of the
descending abdominal aorta is thicker than that at the level of the ascending aorta, the aortic arch and the
descending thoracic aorta (Fig. 4).

F

Fig. 4 Descending aorta — abdominal segment 345 (ob. 4)
Black arrow: tunica intima; blue arrow - tunica intima; red arrow — tunica adventitia
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4. Discussion

In our study, we found the presence of polymorphic muscle islands in the middle of the
ascending aorta, aortic arch, and descending thoracic aorta, but not in the descending abdominal
aorta. These muscular islands zonally interrupt the concentric elastic lamellae characteristic of
elastic arteries. In terms of number and location, the muscle islands were the most and largest in
the ascending aorta, for their number and size to decrease progressively so that at the level of the
abdominal aorta they disappeared completely. As an extension they are present in the outer 2/3 of
the media in the ascending aorta and in the outer half in the case of the aortic arch and the
descending thoracic aorta. Muscle islands present in the external half of the media were also
identified by [10] in ascending aorta, aortic arch and goat thoracic aorta up to T9. From T10 and
T11, the islands visibly decreased in both size and arrangement, being present here only in the
outer third of the media. At the level of the abdominal descending aorta, the muscle islands were
no longer found. The presence of muscle islands only in the proximal segments of the aorta
suggests that they are related to the blood pressure aspects of each segment. At least two functions
have been attributed to these muscle islands: strengthening the aortic wall and supplementing the
windkessel function [8,9].

A gradual decrease was also noted in the case of elastic lamellae, an aspect that seems to be
directly related to the stress given by blood pressure [11,12]. Blood propelled from the heart exerts
the greatest tension on the ascending aorta, then the aortic arch and the proximal portion of the
thoracic descending aorta. The structure of the walls of these aortic segments provides an elastic
recoil that causes blood flow to become continuous and under significantly reduced pressure in
the abdominal descending aorta [11]. In this context, the descending abdominal aorta has a lower
number of elastic lamellae than the cranial segments, an aspect that has also been reported in
humans [13]. Due to this similarity, we believe that among the goat aortic segments, the only one
that lends itself as a model for studying aortic diseases in humans is the abdominal descending
aorta. Being adapted to lower blood pressure than the cranial aortic segments, the goat abdominal
descending aorta is structurally weaker than the thoracic aorta. This aspect appears to make it
more vulnerable (prone) to atherosclerosis and aneurysm formation compared to the thoracic
lineage [10, 14]. But there are also conditions such as penetrating atherosclerotic ulcers, which
occur more frequently in the thoracic than in the abdominal lineage [15,16].

The muscle islands in the wall of the aortic segments are formed by smooth muscle cells
interconnected with connective tissue and are preferentially vascularized by vasa vasorum and
innervated by nervi vasorum. During ventricular systole, the blood is forced as a jet into the aorta,
the elastic lamellae stretch and due to the fact that they are interconnected with the muscle cells,
they pull the muscle islands, which also stretch to some extent. During diastole, by the rebound of
the elastic lamellae, the excess blood is pushed to the next segments, and the muscle cells contract
and complete the action of the elastic lamellae. These muscle islands thus represent an auxiliary
pump that helps propel the blood by amplifying the elastic recoil during diastole but also ensures
the increase of the mechanical resistance of the aortic wall [9]. Some authors claim that the muscle
islands are probably involved in the regulation of blood flow to certain anatomical regions, more
requested in a certain period. An argument in support of this statement is the fact that a similar
arrangement allows for drastic circulatory changes in the posterior part of the bird's body during
flight [17]. Another example is the regulation of blood flow for the brachiocephalic trunk and
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common carotids in the giraffe [18]. These examples suggest the continuous adaptation of animals
regarding feeding and locomotion with and against gravity [1]. These examples suggest that
muscle islands constitute an auxiliary pump in vessels that conduct blood in a cranial direction,
while the aortic segments taken in our study conduct blood in a caudal direction. The presence of
muscle islands in the wall of very well represented goat aortic segments suggests the need for an
auxiliary pump to propel blood caudally. In other words, the goat needs a larger amount of blood
sent to the abdominal viscera than other species of comparable size. The explanation is the fact that
the goat's digestive system contains three organs in addition to monogastric animals, namely the
rumen, the reticulum and the omasum. These organs, in addition to being large, are also very
actively involved in the complex digestion process characteristic of ruminants. The existence of
these gastric compartments makes the need for blood sent through the aorta greater in a
polygastric animal than in a monogastric of comparable size. This would explain why, in the goat,
the aortic media requires this additional blood propulsion pump to provide the right amount of

blood and pressure to supply the viscera.

5. Conclusions

The aorta in the goat presents polymorphic muscle islands, arranged in the outer two thirds
of the tunica media in the ascending aorta, the outer half at the level of the aortic arch and the
descending thoracic aorta, but they are absent in the descending abdominal aorta. Their presence
completes the windkessel function of the aortic wall, thus constituting an additional pump
necessary to propel the blood towards the abdominal viscera, which in goats, in addition to those
present in monogastrics, also contain three large and very active organs, namely the rumen, the
reticulum and the omasum.
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Abstract: Hepatocellular carcinoma is a major global health concern and a leading cause of cancer-related mortality.
This study employed chemically induced murine models to simulate human hepatocellular carcinoma, utilizing 28
albino Swiss mice with the administration of a single dose of the complete carcinogen diethylnitrosamine (DEN) at
100mg/kg, followed by serial euthanasia. The focus was on understanding early hepatocellular alterations and distin-
guishing precursor changes from incidental changes. The assessment of hepatocellular alteration foci relied on hema-
toxylin and eosin (H&E) staining. However, the research introduced a novel approach by exploiting the fluorescence
properties of eosin, a component of the H&E stain. This approach was applied to investigate basophilic alteration foci
indicating alterations in cellular composition exhibiting notably heightened RNA staining. To achieve this, confocal
laser scanning microscopy was employed, correlating changes in fluorescence intensity with tinctorial alterations. The
histological examination revealed that basophilic foci displayed unique nodular lesions with intense basophilic cyto-
plasm. Nuclear alterations, including hyperchromasia and basophilia, contributed to understanding cellular and nu-
clear changes in these foci. Statistical analysis highlighted a discernible reduction in eosin fluorescence intensity within
basophilic foci compared to normal hepatic tissue.

Keywords: hepatocellular carcinoma; animal model; basophilic foci; histology, eosin, confocal microscopy

1. Introduction

Received: 14 December 2023 Hepatocellular carcinoma (HCC) ranks as the fifth most prevalent neoplasm
Accepted: 15 March 2024 . . . .
Published: 9 April 2024 in humans worldwide and stands as the primary cause of cancer-related mortality

in specific regions [1]. This reality drives continuous research directed at formu-
DOI:10.52331/nqpej009

lating innovative therapies and diagnostic methods. The investigation into HCC
mechanisms and the assessment of potential treatments heavily rely on animal
models. Apart from spontaneous models involving animals like dogs and wood-
chucks, chemically induced rodent models take a central position in HCC re-
Bv search [2-5]. The administration of the carcinogenic and mutagenic compound
Copyright: © 2024 by the authors. Dyjethyinitrosamine (DEN) (CH3-CH2)2N-N=0) through parenteral or oral routes
Submitted for possible open access
publication under the terms and  in experimental models animals is particularly utilized for its significant transla-
conditions of the Creative Commons i onal value in understanding the compl file of ive f f hepato-
Attribution  (CC BY) license & plex proiile or aggressive orms of hepato
(http//creativecommons.org/licenses  ce]lular carcinoma (HCC) in humans [6]. DEN-induced hepatic tumors in rodents,
4.0/). . . . . . .
V0D through various mechanisms such as epigenetic and genetic changes, typically
undergo a sequential progression. This starts with an initial phase of inflamma-

tion and necrosis, leading to long-term hepatocellular hyperplastic and dysplastic
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changes, defined as "alteration foci," ultimately resulting in neoplastic transformation, including hepa-
tocellular adenoma and carcinoma [7,8]. The hepatocellular "alteration foci" are identified as prene-
oplastic changes, characterized by their distinctive staining patterns on the conventional hematoxylin
and eosin (HE) stain. While both acidophilic and basophilic foci are referenced in the context of hepa-
tocellular alteration, in cases of HCC induced by DEN, the "basophilic foci" emerge as the primary
preneoplastic phenotype changes in hepatocytes. Despite being mechanistically complex, the hepato-
cellular basophilic phenotype observed in alteration foci in DEN-induced HCC is attributed to meta-
bolic shifts within cells. This reflects a progressive transition from anabolic to catabolic glucose metab-
olism, indicative of the Warburg effect, to sustain irregular cell proliferation [9]. A significant problem
in comprehending the progression of chemically induced hepatocellular carcinomas in rodents is dis-
tinguishing early hepatocellular alterations that serve as precursors to carcinomas from those that are
incidental or secondary phenomena [10]. The conventional method for defining and assessing hepa-
tocellular alteration foci [11] traditionally relies on H&E staining. This classic staining technique, em-
ployed in all regulatory toxicological studies in animal models, utilizes hematoxylin (C1sH14Op) to stain
anionic components (like DNA and RNA). Simultaneously, the xanthene pigment eosin Y
(C20HeBrasNa20s) is applied to stain cationic compounds (such as proteins). Eosin Y binds electrostati-
cally to the carboxylic and phenolic groups of arginine, histidine, lysine, and tryptophan residues [12].
Interestingly, Eosin is produced through the bromination of fluorescein, displaying a fluorescence
photoactivity similar to its parent compound [13]. This unique fluorescence characteristic of eosin has
been recently utilized as a diagnostic tool for quantifying liver injury [14]. Moreover, eosin serves as a
fluorescent pH indicator, and certain derivatives are employed as reactive fluorescent labels. Eosin Y
and fluorescein are applied as benchmarks for quantum yield, photosensitizing agents, laser dyes, and
labeling biological specimens [15]. The present work aims to systemically assess the changes in the
eosin fluorescence pattern in the preneoplastic, basophilic hepatic nodules obtained in a DEN-induced
HCC murine model.2. Materials and Methods

Animals

The study involved 28 albino Swiss mice, young males, with an average weight of around 25g.
Mice of the Swiss strain were purchased according to the regulations in force from the Iuliu Hatieganu
UMF Animal Facilities Cluj-Napoca. These mice were housed in plastic cages with unrestricted access
to food and water, under conditions of 22-23°C temperature, 55% humidity, and a 12-hour light/dark
cycle. They were provided with standard pelleted rodent feed manufactured by Cantacuzino National
Insitute for Medical-Military Research and Development. The research protocol received approval
from DSVSA (National Veterinary Medicine Authority no. 267/12.07.2021). All procedures related to
the use of laboratory animals adhered to the guidelines and European regulations outlined in EU Di-
rective 2010/63/EU and Romanian law 43/2014.

Experimental design

The procedure for inducing liver carcinoma was modified from the method outlined by Sun et al.
in 2012 [16], involving the following steps. The mice were assigned to four groups (Control, G1, G2,
and G3), each with seven mice. Before each injection, mice were weighed to ensure accurate calculation
of the diethylnitrosamine (DEN) dose. A single intraperitoneal dose of diethylnitrosamine at 100mg/kg
was administered. The progression of hepatic alterations and HCC was monitored over time by sys-
tematically euthanizing animals at 2 months (G1), 5 months (G2), and 8 months (G3) post-DEN ad-
ministration. The mice were euthanized with prolonged exposure to isoflurane. The spontaneous
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deaths were not recorded during this experiment.The analysis of eosin fluorescence was carried out
on the first and second sacrificed groups in which the presence of basophilic foci was observed..

Histopathological analysis

The liver was sampled for subsequent analysis and fixed in 10% formalin for 48 hours. Samples
were fixed, dehydrated, and clarified in ethyl alcohol and xylene. Paraffin infiltration at 58°C for 5
hours was done, and 2 pum-thin sections were obtained. For staining, slides underwent xylene immer-
sion, ethanol solutions, hematoxylin, and eosin Y. Dehydration included ethanol immersions, and
clearing was done with xylene. Finally, Permount and coverslips were applied for microscopic obser-
vation of stained tissue sections. [17]. Histological examination of the samples was conducted using
an Olympus BX51 microscope, and bright field images were captured using an Olympus SP350 digital
camera, and processed using the Olympus cellSens software. The assessment of liver histopathology
was performed based on the International Harmonization of Nomenclature and Diagnostic (IN-
HAND) histological criteria standards for rodents [11.]Chemical and Reagents

N-Nitrosodiethylamine solution was purchased from Sigma (Lot# 049K1613). H&E staining kit

was acquired from Abcam (H&E Staining Kit ab245880).

Confocal scanning laser microscopy (CSLM) analysis

Confocal fluorescent pictures were captured utilizing a Zeiss LSM 710 confocal laser scanning
module installed on an Axio Observer Z1 Inverted Microscope. To visualize cell structures, a 488 ex-
citation laser line was employed to detect Eosine (BP 493-625 nm emission). All pictures were taken
with a Plan Apochromat 63x (1.4; oil immersion, DIC M27) Zeiss objective. Standard ZEN software
provided by the Zeiss system manufacturer was utilized for image merging, processing, and analysis.
Fluorescence values were denoted in arbitrary units (AU).

Eosine quantification by CLSM

The assessment of Eosine expression in the liver followed a methodology similar to our previous
work [18]. Quantitative analysis of the confocal images was automated using the point-by-point fluo-
rescence quantification functions within the ZEN software. To ensure consistent quantification condi-
tions and maintain high reproducibility, CLSM image acquisition was standardized and upheld
throughout the experiment (acquisition time 30 s, lasers' output power 20%, pinhole diameter 53 um,
master gain 420, digital gain 15 Each image section measured 512 x 512 pixels (135x 135um), covering
an area of 18.225 um? for every scanned microscopic field. Mean fluorescence was assessed on five
basophilic foci by examining two fields (obx63) per focus (totaling 10 fields with basophilic foci). In a
similar matter, the perilesional liver for each basophilic focus was assessed in 2 histological fields from
the same histological slides. Additionally, measurements on 10 fields from an uninjected mouse serv-
ing as the control were conducted Statistical analysis

Statistical evaluations were conducted utilizing RStudio version 4.3.1. For datasets distribution it
was used the Shapiro-Wilk normality test. To assess the intensity of the Eosine in the Kruskal-Wallis
and with Dunn’s post-hoc analysis with Bonferroni correction was utilized.

3. Results

Modifications associated with DEN administration were noted in the second and third groups,
occurring approximately 5 and 8 months following administration. Pathologically, the first group (sac-
rificed at 2 months) showed no visible macroscopic changes, while the second group displayed distinct
masses in four out of seven examined livers. The masses were white-beige, well-demarcated, measur-
ing up to 3 mm, with a multifocal or multifocal-coalescing arrangement, distributed in all hepatic lobes
(up to 15 masses /liver). Similarly, in the third experimental group, masses were detected in five out
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of seven examined livers. In this group, the masses measure up to 1 cm, maintaining the same multi-
focal or multifocal-coalescing arrangement as in group 3. Intratumoral necrosis was occasionally noted
in the masses of this group. Histologically, the basophilic foci, (randomly distributed and predomi-
nantly observed within the initial two groups and evaluated in the context of this experiment), consist
of well-defined, nodular, circular, un-encapsulated lesions characterized by hepatocytes organized in
interconnected cord-like structures, exhibiting minimal cellular polymorphism. These foci promi-
nently displayspecific tinctorial staining patterns and granularity. The global tissue architecture within
the basophilic foci experiences a moderate level of disruption. The cellular components in these foci
may appear darker (basophilic) compared to adjacent tissues. The majority of hepatocytes within the
basophilic foci exhibit a prominent abundance of granular and intensely basophilic cytoplasm. Note-
worthy histological features encompass nuclear alterations, including occasional nuclear enlargement,
and heightened chromatic intensity (hyperchromasia). The nuclei within these foci reveal vacuolated
chromatin, and in some instances, the presence of 1-2 distinct basophilic nucleoli. These observed his-
topathological characteristics collectively contribute to the comprehensive understanding of the cellu-
lar and nuclear alterations inherent in basophilic following DEN administration (Figure 1 image A, B,
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Figure. 1. Histological images (A, B and C) and Confocal laser (D, E, and F) of the mice liver,
comparing the hepatocellular preneoplastic basophilic alteration foci (BF) with the normal liver pa-
renchyma (NL). Image A. Histological micrographs showing a well-demarcated, subscapular hepato-
cellular basophilic focus (BF), characterized by tortuously arranged hepatic chords, with hepatocytes
showing increased cytoplasmic basophilia relative to adjacent normal parenchyma, without signifi-
cant compression of the bordering tissue. Image B. The hepatocytes of the basophilic focus, are
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characterized by bands of localized, clumped basophilic bodies in the peripheral cytoplasm with clear
intervening areas ("tigroid" pattern). Image B. Hepatocytes from the control group, showing normal
patterns of cytoplasmic staining. Image D. Confocal images of the basophilic focus (BF) presented in
image A, showing reduced overall fluorescence compared with the adjacent hepatic tissue (NL). Im-
age E. Confocal images of the hepatocytes from the basophilic focus, showing a reduced cytoplasmic
fluorescence compared with the fluorescence observed in the adjacent, normal liver (image F). CLSM
objective 10 (image D) and x63x/1.4 Oil Plan Apochromatic objective (images E and F); H&E images,
ob x10 (images A) and x 100 (images B and C). Scale bar=20um.

Concerning the CLSM manifestation of Eosin expression, a discernible reduction in fluorescence
intensity was evident when comparing normal hepatic tissue to basophilic foci. Within the confines of
a morphological normal liver, the fluorescence intensity of Eosin exhibits a visibly elevated profile as
opposed to the diminished Eosin fluorescence encountered within basophilic foci, thereby indicating
a discernible alteration in Eosin fluorescence within the latter. (Figures 1 Image D,E,F, and Figure 2,).

Basophilic focus

Figure. 2. Confocal laser scanning microscopy micrographs of liver tissue, presenting the basophilic
foci (images A and B) and their fluorescence spectra (image E) compared with the normal adjacent
liver parenchyma (images C, and D) and its fluorescent spectra (image F). The fluorescence inten-
sity distribution histograms (images E and F) show the altered expression of the Eosin/fluorescein
within the hepatocytes of the basophilic foci compared with normal hepatic tissue. The Eosin/flu-
orescein expression = red channel. Images B and D compare the fluorescence expression of Eo-
sin/fluorescein as a heatmap in the basophilic foci (B) compared with normal tissue hepatic (D).
Warmer colors indicate higher Eosin/fluorescein expression intensities. 63x/1.4 Oil Plan Apochro-
mate objective.
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Statistically, the Shapiro-Wilk test indicates that the data for all groups are normally distributed.
Posthoc Dunn's test with Bonferroni correction revealed significant differences between the "Baso-
philic foci" group and both the "Normal liver (control)" and "Normal liver (perilesional)" groups, but
not between the latter two. Specifically, the comparison of basophilic foci with normal liver (control)
yielded a P-value of 0.00485, while the comparison with normal liver (perilesional) also resulted in a
P-value of 0.00485. Despite the data's normality, the Kruskal-Wallis test revealed significant differ-
ences among the groups' medians, with post-hoc Dunn's test confirming significant disparities be-
tween the "Basophilic foci" group and both "Normal liver (control)" and "Normal liver (perilesional)"
groups, albeit not between the latter two.

Median Intensity of Eosin

Standard Deviation Intensity of Eosin
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Figure 3. Image A. represets Comparative Analysis of Eosin Median Intensity Across Liver Tis-
sue Conditions in Mice. Box plot A representation of the median intensity of eosin staining
across three distinct liver tissue conditions in mice: Basophilic foci (BF), Normal liver (control,
NLC), and Normal liver (perilesional, NLPL). The eosin median intensity is markedly lower in
Basophilic foci (BF) compared to Normal liver (control, NLC), suggesting a diminished central
tendency of eosin intensity in BF. In contrast, the median intensity in Normal liver (perilesional,
NLPL) is elevated, indicating a higher eosin affinity or increased density of staining in perile-
sional compared to control tissues. These observations may reflect differential eosinophilic ac-
tivity or structural variations among the hepatic conditions examined. Image B represents Var-
iability in Eosin Staining Intensity Among Liver Tissue Conditions in Mice. This box plot illus-
trates the variability, as measured by standard deviation, of eosin staining intensity within three
different liver tissue conditions in mice: Basophilic foci (BF), Normal liver (control, NLC), and
Normal liver (perilesional, NLPL). The standard deviation is substantially lower in the Baso-
philic foci (BF) group, suggesting more homogeneity in staining intensity, whereas the Normal
liver (perilesional, NLPL) exhibits a higher standard deviation, indicating greater variability in
eosin uptake or distribution. The Normal liver (control, NLC) shows intermediate variability.
These differences in standard deviation may imply distinct histological characteristics or differ-
ential responses to staining due to the underlying pathology of the tissue."
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Figure 4. Image A represents Evaluation of Maximum Eosin Staining Intensity in Diverse Liver
Tissue States in Mice. The box plot showcases the maximum intensity of eosin staining within three
liver tissue states: Basophilic foci (BF), Normal liver (control, NLC), and Normal liver (perilesional,
NLPL). The Basophilic foci (BF) group exhibits a lower range of maximum intensity, suggesting a
restricted eosin presence or a lesser degree of staining peak. In contrast, the Normal liver (perile-
sional, NLPL) displays a substantially higher maximum intensity, indicating intense eosinophilic
engagement or staining concentration, potentially reflective of heightened inflammatory or morpho-
logical alterations in perilesional tissue. Image B represents Assessment of Minimum Eosin Staining
Intensity Across Varied Liver Conditions in Mice. The box plot depicts the minimum intensity of
eosin staining for Basophilic foci (BF), Normal liver (control, NLC), and Normal liver (perilesional,
NLPL) conditions in murine hepatic tissue. The minimum intensity levels are notably higher in the
Basophilic foci (BF) and Normal liver (perilesional, NLPL) groups compared to the Normal liver
(control, NLC), indicating a greater baseline level of eosin staining in these conditions. This could
suggest a floor effect of eosinophil infiltration or binding affinity in the BF and NLPL tissues."

4. Discussion

In rodent toxicity experiments involving specific xenobiotics, cellular changes known as baso-
philic foci are observable alterations in liver tissue. These changes, visible under stains like H&E,
reveal unique characteristics in terms of cell type, staining patterns, and texture, offering insights
into liver morphological variations linked to hepatocarcinogenesis [19]. Basophilic foci typically
appear as circular or ovoid lesions, differing noticeably from normal liver tissue in staining reac-
tions and cellular appearance. The differentiation of basophilic foci types, based on staining attrib-
utes, hepatocyte size, and texture, aids in understanding the complex cellular transformations
within the liver. While maintaining lobular architecture, these foci may vary in portal areas and
central veins depending on their size. Compression of sinusoids within the foci can affect the de-
tection of typical parenchymal plates, and increased cellular numbers may lead to the development
of tortuous hepatic cords [11].
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Early stages of hepatocarcinogenesis induced by DEN administration involve molecular
changes highlighted by Watanabe et al. [20], revealing mRNA networks associated with cancer-
related genes, cell cycle regulation, and cell death. The progression from pre-neoplastic foci to dis-
tinct phenotypes such as basophilic, eosinophilic, or clear cell foci is linked to metabolic turnover,
with specific molecular events driving this transition. Elevated insulin growth factor 2 (IGF-2) levels
and downstream signaling play key roles in shaping glycogen storage phenotypes, ultimately lead-
ing to the basophilic phenotype [21]. Initially, exposure to DEN elevates insulin IGF-2 levels, initi-
ating downstream signaling that reduces glucose-6-phosphatase (G6Pase) activity, resulting in gly-
cogen storage phenotypes. Moreover, IGF signaling activates the Ras/Raf mitogen-activated signal-
ing cascade, promoting cell proliferation [22]. Over time, the foci transition from anabolic to cata-
bolic glucose metabolism to support cell proliferation, culminating in the development of the baso-
philic phenotype. Some altered hepatocyte foci (AHF) exhibit mutations in Hras and Braf onco-
genes, potentially providing a growth advantage, as these molecular alterations are more frequently
observed in late-stage neoplastic lesions [23]. Braf mutations induce ERK1/Akt hyperphosphoryla-
tion, leading to the induction of pro-survival/pro-proliferative complement component C5/Cba in
basophilic foci [24]. Consequently, AHF are generally considered putative preneoplastic lesions in
chemically induced models, although the full significance of morphologically similar lesions in hu-
man hepatocarcinogenesis remains incompletely understood.

The development of hepatocellular carcinoma (HCC), involving initiation, promotion, and pro-
gression, is influenced by interactions among genetic, epigenetic, and environmental factors. Initi-
ation often arises from genetic mutations induced by various carcinogens, such as aflatoxin, hepa-
titis B or C viruses, alcohol, metabolic disorders, and inflammation, causing DNA damage [26,27].
Chronic liver diseases create a conducive environment for HCC promotion, leading to the accumu-
lation of genetic abnormalities and preferential selection of growth-advantaged cells. Subsequent
genetic modifications in the promotion phase activate oncogenes, facilitate cell growth, and deacti-
vate tumor suppressor genes, collectively contributing to unregulated cell multiplication [28,29]. As
tumors progress, angiogenesis is triggered for continued growth, enabling infiltration into adjacent
tissues and dissemination to distant organs, involving alterations in adhesion, migration, and inva-
sion. HCC strategically evades the immune system, avoiding detection and elimination by the
body's innate defense mechanisms [30,31].

Traditional staining methods, like hematoxylin-eosin, and selective fluorescence reactions, no-
tably with eosin Y, provide valuable tools for histological examination. Eosin Y's versatility extends
beyond histology, serving as a fluorescent dye for various cellular structures, highlighting its utility
in diverse applications [13,32]. By comparing optical images of basophilic alteration foci stained by
H&E with their confocal fluorescence spectra, a correlation between the loss of fluorescence inten-
sity and loss of hepatocyte tinctorial affinity for eosin (defined as "basophilia”) is observed. These
findings are significant from a diagnostic perspective, employing confocal laser scanning micros-
copy (CLSM) as a tool in toxicological pathology, aiding in establishing the link between tinctorial
changes of basophilic foci (preneoplastic changes) and their fluorescence spectral shifts

5. Conclusions

Following this study, we managed to demonstrate the presence of alterations in the fluores-
cence spectrum of eosin when bound to proteins in both normal and tumoral liver tissues. This
highlights how fluorescence spectroscopy can potentially complement histopathological observa-
tions and unveil information that aligns with classical H&E staining methods. Given its inherent
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sensitivity to changes in the biomolecular composition across diverse cell and tissue types, fluores-
cence microscopy can offer information surpassing that of individual conventional diagnostic tech-
niques. Anticipating widespread applications, we envision that this fluorescence imaging approach
will prove valuable in diverse fields, including cell biology, biomedical analysis and diagnosis, and
the chemical identification of various components within cells and tissues.
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Abstract: Failure of Passive Transfer (FPT) is a critical concern in neonatal calves, marked by inadequate maternal im-
munoglobulin transmission due to the synepitheliochorial placenta. This leads to heightened disease prevalence, sig-
nificantly impacting calf health and imposing substantial economic burdens. The prevalence of FPT varies globally,
with studies reporting incidence rates ranging from 13% to 41%, one of the explanations for such high variability being
the use of different methods and non-adapted thresholds. Efficient diagnostic methodologies are essential to address
this challenge, with ongoing exploration of alternative approaches beyond the established gold standard of radial im-
munodiffusion (RID). This review critically evaluates the available direct methods for FPT assessment gathering the
most recent data on both established methods such as enzyme-linked immunosorbent assay (ELISA) and innovative
methodologies such as immunoturbidimetry, split trehalase IgG assay (STIGA), ionization techniques (IT), mass spec-
trometry (MS), proteomics, and infrared spectroscopy (IS) with attenuated infrared spectroscopy (ATR). Exploring be-
yond conventional practices is vital for enhancing diagnostic accuracy and addressing the complexities of FPT in calf
health management.
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nal and fetal blood supplies, effectively inhibits the in-utero transmission of pro-
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The colostrum incorporates blood serum components [3], such as immuno-

globulins, mainly IgG [4]. The secretion is transitory, and the antibody levels

gradually decline over time, reaching very low levels 24 hours after birth [5]. An-
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this point, additional intake of colostral immunoglobulins can offer local intestinal protection but
does not contribute to the calf's overall systemic protection [2].

The neonatal calf's inability to absorb sufficient colostral immunoglobulins during the initial
hours of life leads to a failure in passive transfer (FPT) [6]. FPT was associated with high economic
losses [6] and increased disease prevalence [7, 8]. Dairy calves experiencing FPT were twice as
likely to develop diarrhea and necessitate antibiotic therapy before weaning [9-12]. Various thresh-
olds for serum IgG were contemplated based on the animal category. In the case of the mentioned
dairy calves, the designated cut-off value for FPT was established at 10 g/L, with lower levels cor-
relating to elevated rates of mortality and morbidity [2, 13]. The situation appears to be more
alarming in beef cattle, with the established threshold set at 24 g/L [14]. Beef calves with serum
IgG levels below 24 g/L may be 1.6 times more susceptible to death compared to those with higher
IgG values [14]. Other studies report even more concerning findings, considering a mortality rate
2.7 times higher before weaning, under the same circumstances [15]. An alternative approach is
represented by the measurement of serum total protein concentrations (STPC), considering a
threshold of 52 g/dL as equivalent to IgG levels inferior to 10 g/L [16]. These results motivated a
series of researchers to orient their work to different treatment and prophylactic alternatives, such
as the use of hyperimmune plasma [17], along with non-enriched blood products [18].

The prevalence of FPT was intensively studied in the last decade different prevalence rates
being recorded, ranging from 13% [19] to 33% [20] and even 46.5% [21].

However, these results may be method-dependent, and several direct or indirect techniques
for FPT assessment being scrutinized such as: Brix refractometry (BR), gamma-glutamyl transfer-
ase activity, zinc sulfate turbidity test, enzyme-linked immunosorbent assay (ELISA), radial im-
munodiffusion (RID), electrophoresis, capillary electrophoresis (CE), turbidimetric immunoas-
says, Split trehalase IgG assay (STIGA), Ionization techniques (IT) and mass spectrometry (MS),
Infrared spectroscopy (IS) with Transmitted & Attenuated Infrared Spectroscopy (ATR) and pro-
teomics. The suitability of various methods is still a topic of discussion, with some techniques
proving more fitting for on-site calf applications but potentially lacking in sensitivity. The aim of
this paper is to gather the most recent information on the direct methods available for FPT evalu-
ation, as indirect methods have been recently reviewed [22].

2. Direct methods for FPT evaluation

2.1 Radial immunodiffusion (RID) — golden standard for FPT assessment

Currently, the reference test for IgG determination is RID but even this method has several
drawbacks being impractical for clinical use. This belief is backed up by the relatively high cost,
the need for skilled operators, and a specifically equipped laboratory [23]. In addition, this method
implies working on low-volume assays [23], the reagents and required antibodies having limited
durability [24]. Results are usually obtained in 18 or 24 hours after admitting the samples to work,
the measurements applied to the precipitation zones being time-consuming [25, 26]. In addition,
if the coefficient of variation between the samples exceeds 10%, carrying out the test at least twice
may be recommended [27, 28].

However, the method described by Mancini et al. (1965) with its variations has been
extensively applied for different purposes in immunoglobulin quantitative studies [29, 30].


https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/capillary-electrophoresis

Cluj Vet ] 2024, vol 29, issue 1 28 of 37

In contemporary literature, the use of RID is acknowledged as a valuable approach for
assessing IgG levels in bovines. Findings indicate that, in certain instances, results obtained
through RID may diverge from those obtained through alternative methods such as ELISA or
electrophoresis [29] [31-33]. Gathering four different analytical methods of assessing FPT (ELISA,
electrophoresis, and refractometry), a German research group used RID as gold standard, with
results from the other procedures being referred to the latter [32]. Even if the same authors
considered that the results from the other techniques are highly correlated to the standard, they
stated that a true quantitative comparison between RID and ELISA or electrophoresis is
inadequate. Moreover, the demand to adapt the thresholds for every assay depending on the
sample type, serum or plasma, has been pinpointed.

Beyond several studies comparing other methods to the RID IgG results in order to assess the
applicability of different techniques [31-34], there is also data available regarding the comparison
between commercial RID kits [35]. Thus, it has been ratified that even different available kits may
be subject to variability. Accordingly, it was considered that a three internal standard kit
formulation may reveal with higher precision IgG levels compared to a single RID kit [35].

2.2. Immunoturbidimetry

Turbidimetric immunoassays have been recently developed and proposed for different
applications such as acute phase protein determination in swine [36] and IgG serum evaluation in
bovines [37]. Published research has indicated the potential for rapid analysis, with absorbance
readings through spectrophotometry yielding results within 10 minutes [37]. This became
achievable after adapting the original method [38] to the use of a portable laboratory instrument
for in-farm applications [37]. The suitability of the method was backed up by analytical survey.
Based on regression analysis, the automated immunoassay results closely paralleled those
obtained by RID, with a correlation coefficient of 0.988,and a coefficient of determination value
between immunoturbidimetry and RID of 0.98 [37].

Point-of-care assays based on turbidimetry have proven good sensitivity and specificity [39].
Based on these premises other authors compared bovine specific turbidimetric assays to several
techniques for FPT evaluation [40]. However, the turbidimetric immunoassays were deemed to be
only fairly correlated to RID, and a large bias was determined between the two [40].

Further studies have analyzed the use of turbidimetry-based calf-side tests [41, 42]. The high
efficiency of the above-mentioned for FPT diagnosis in calves is considered relatively sensitive
and suitable for initial screening [42]. Moreover, to reduce processing time requirements, further
validation of whole blood tests, through semiquantitative IgG determinations were proposed [41].
Unfortunately, the method did not prove to be sufficiently accurate for immune status assessments,
exhibiting a 77% sensitivity and 44% specificity compared to RID [41].

2.3. Split trehalase IgG assay (STIGA)

A novel detection platform based on a glycolytic enzyme, trehalase respectively, was recently
proposed [43].

Further research has proven the possibilities of measuring IgG levels in more than one species,
through the use of three bacterial immunoglobulin binding proteins (protein G, protein A, and
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protein L) [44]. Thus, the use of this method has been ratified in a large number of species, with
activation being detected in almost all tested situations, except for birds [44].

In bovines, the results are spectacular, at an absorbance optical density of 0.2 sensitivity rate
reaching 77.8% and specificity 98.2% [27]. Moreover, a blinded trial has been carried out, with high
correlation values being observed when compared to RID for both colostrum and serum [27]. In
this manner, the authors managed to obtain 100% sensitivity and 94.7% specificity, for FPT
diagnosis when using serum samples [27].

The advantages of the method have been further depicted, highlighting its high efficiency in
the direct detection of IgG levels through a single-step analysis [27]. In addition, STIGA provides
swift results, requiring only 90 minutes as opposed to longer time intervals needed for RID (up to
48 h) [27, 45]. From an economic perspective, STIGA is less expensive due to the lower production
costs of the reagents compared to RID, less laborious, and suitable for automatization [27]. The
latter statement was backed up by the user-friendly format that could be optimized for field testing,
STIGAFFP ® which rendered the same high correlation between its results and the ones obtained
by RID [27].

2.4. Enzyme-linked immunosorbent assay (ELISA)

ELISA is broadly used for different means regarding veterinary practice. Among its diverse
applications, this technique has been utilized extensively to determine IgG levels in colostrum,
plasma, and sera [31, 33] [46-49].

Additionally, as a direct, laboratory-based method [49], ELISA proved to be a good alternative
to RID in terms of costs [33]. Comparative studies have shown that the level of agreement between
the two stated methods is considered to be high (94%), this assay being suitable for both screening
and diagnosis of FPT. Another study gathering 206 Holstein-Friesian calves, compared ELISA to
other methods while using different sample types. The Pearson correlation coefficients between
the latter and RID remained at a high level (0.9) when serum was analyzed [32]. Also, a high
correlation has been established between CE and ELISA (0.89), with the same authors proposing
method-dependent cut-off values (5.4 mg IgG/mL for ELISA and 6.9 mg IgG/mL for CE) [32]. In
contrast to these results, other authors were able to display only a relatively weak correlation
between ELISA and RID (r= 0.59, P < 0.01), when using plasma samples [33], their results being
closer to the ones obtained through immunoturbidimetry, also consistently lower than the RID
values [50]. However, not only one statement rendering the comparison between such methods
(RID vs ELISA) as being inadvisable, has been formulated [31, 33]. The main reason for the
hindmost statement refers to the poor agreement between the assays [31].

A rapid test based on a competitive immunoassay was also compared to ELISA using 277
samples obtained from calves housed in 16 farms [51]. The quick method and ELISA were highly
significantly correlated but the strength of the correlation was only moderate (rs= —0.36) [51].
Moreover, the fast diagnosis kit revealed questionable sensitivity and specificity rates, reaching
61.1% and 58.7%, respectively [51].

Even though ELISA is a time-consuming method, it is still broadly used when laboratory
infrastructure is available. However, current data analysis does not consider it to have high
potential for point-of-care or calf-side applications.
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2.5. Ionization techniques (IT) and mass spectrometry (MS)

IT such as solid or liquid matrix-assisted laser desorption/ionization (MALDI) are considered
core techniques for molecular analysis through MS [52].

Solid MALDI MS profiling has been applied in many areas [53]. Thus, these attempts were
carried out with variable success rates because of many reasons, including the limited analytical
power [53]. Generally, liquid MALDI has additional advantages compared to the solid alternative
such as greater sample homogeneity, greater ion beam stability, and lower sample consumption
[54]. This kind of advanced diagnosis has been used for the detection of dairy cow mastitis,
proving 98.5% accuracy and 100% specificity [53].

Liquid MALDI MS is relatively affordable and highly efficient in terms of operating times as
it has been previously shown [55] while dealing with sheep and goat milk protein and lipid
profiling. Therefore, the latter study has highlighted a new potential alternative for colostrum
discrimination via IgG detection. MALDI MS was compared to the presently employed methods,
ELISA and BR, and was deemed globally superior [55].

Even if current literature does not state the use of these techniques for FPT evaluation in calves,
it has been previously hypothesized that these advanced methods would be at a higher value in
comparison with current alternatives [23]. Thus, research activity concerning these applications

should be considered.

2.6. Proteomics

Fluid and tissue sample characterization through proteomic studies have been recently
discussed, along with their implications in veterinary practice [56-59].

Numerous proteins have been individualized through proteomics, during colostrum or milk
analysis. One group identified 212 compounds, 208 being also quantified [59]. The same study
highlighted the link between the decrease in protease inhibitors and the subsequent drop in im-
munoglobulins, suggesting that certain enzymes may have the ability to protect IgG from proteo-
lytic degradation [59]. Recently, IgG identification was reported in a proteomic study regarding
colostrum compounds time-related variability [60]. Thus, using a peptide-centric LC-MS/MS, 212
individual proteic sequences have been isolated, >50 % of the colostrum protein content being
represented by IgG [60].

Due to still absent information regarding serum compounds analysis in calves for FPT
diagnosis, proteomics is still not established for this purpose. However, the results previously
reported, particularly those concerning milk or colostrum examination, provide a foundation for
a potential new tool that warrants further investigation.

2.7. Infrared spectroscopy (IS) and transmitted & attenuated infrared spectroscopy (ATR)

By courtesy of modern analytical chemistry, another tool has been proposed for different
qualitative and quantitative measurements. IS has proved various applications being able to carry
out multianalyte analysis [61, 62]. For IgG levels assessment IS has been trialed in humans [63],
equines [64], and bovines [65, 66].

One group tested ATR and IR for the measurement of bovine serum IgG concentration, thus
FPT diagnosis [67]. The authors have stated that both methods are suitable for the proposed
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applications, based on the sensitivity, specificity, and predictive values obtained. Moreover, the
use of different sample types was appraised, with optimal cut-off values leading to high levels of
agreement (88.1%) between results derived from testing serum and plasma by transmitted IR
spectroscopy [21].

Transferability into field conditions was also scrutinized, and a portable ATR-IR spectrometer
rendered suitable for use in alpacas [68]. Furthermore, the other rapid methods described [42] in
correlation with the previously sketched portable ATR spectrometers [61, 62] have suggested their
potential for calf-side applications.

2.8. Electrophoresis and capillary electrophoresis (CE)

Electrophoretic methods can be used to measure immunoglobulin concentrations in serum
thanks to the final fraction migration [69]. The latter statement refers to IgG which is the least
negatively charged molecule that will determine a slow migration through the electric field [23].
Therefore, it is considered that IgG electrophoretic analysis can be carried out with higher accuracy
(89%) [29]. Moreover, a study regarding serum protein profiling has highlighted the utility of elec-
trophoretic findings in general practice situations such as neonatal calf diarrhea [70]. Nevertheless,
the studies on ruminants have identified variables that could have affected the outcomes, includ-
ing the animal's age and physiological condition as well as sample pre-analytical preparations in
the lab [71-73].

For FPT assessment in calves, electrophoretic techniques have been applied and current data
suggests adequate accuracy when compared to the gold standard (RID) [74].

Electrophoresis was successfully applied for IgG level determination in serum samples after
colostrum supplementation in calves [75]. More data is available in equines, and a good agreement
between RID and electrophoresis when determining IgG levels in foals being highlighted [76, 77].

Thus, laboratory-based, electrophoresis is an interesting alternative to RID being a faster
method, which still relies on specific cut-off values [32].

CE is a superior technique that has been used in human medicine for serum protein recogni-
tion [78, 79]. Additionally, CE is more suitable for monoclonal components detection clinical im-
plications of these features being already depicted in related scientific works [79].

Fully automated [79] and cost-efficient [80], CE has been also used for veterinary research
purposes regarding FPT. The method was applied in lambs, being considered reliable for serum
IgG determination, due to its accordance with the gold standard RID [81]. CE was applied to sam-
ples from 216 clinically healthy Holstein Friesian calves, the results proving the high reliability of
the method for FPT diagnosis when a cut-off value of 6.9 mg IgG/mL is considered [32].

3. Conclusions

The heightened awareness of a significantly high prevalence of FPT in neonatal calves accen-
tuates the imperative for reliable diagnostic methodologies. This underscores the need for accurate
FPT assessment, given the economic implications and increased disease susceptibility that further
emphasize the urgency of precise diagnostic tools. While RID serves as the established gold stand-
ard, persistent practical limitations necessitate the exploration of alternative approaches. Emerg-

ing technologies like immunoturbidimetry, and innovative methodologies such as the STIGA, MS,
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and proteomics show promise but require thorough validation for the establishment of practical,

efficient modalities to ensure optimal calf health and productivity.
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