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treated with humic formulation
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Abstract. Myxomatous degeneration of the mitral valve, or endocardiosis, represents the most
prevalent cardiovascular pathology among small- and medium-sized dog breeds. The disease is
chronic, with clinical signs possibly emerging over a period of 3-4 years from the initial involvement
of the mitral valve leaflets. The primary therapy initiates at stage B2, according to the ACVIM
consensus which is characterized by the absence of clinical signs. In our research, animals were
chosen based on a medical history indicating symptoms including episodic coughing, decreased
tolerance to physical exertion, and instances of dyspnea during periods of rest or sleep. A total of 12
animals presenting with pathognomonic signs of heart disease were investigated. The diagnosis was
confirmed using echocardiography, and the animals were conditionally divided into one control and

nedzvetskyvictor@ukr.net two exposed to humic acids formulation groups. The results of an echocardiographic investigation

regarding the functional status of the heart in diseased animals treated with bioactive substance of
humic origin are provided. During the 21 days the second experimental group was administered the
"Humilid" preparation at a dosage of 10 mg/kg of active substance once daily. Echocardiographic
measurements were performed at the onset of the study and on the 21st day of the investigation.
Obtained results demonstrated that exposure to “Humilid” with the standard therapy on the 21st day
of study improves the functional parameters of the heart. Specifically, there was observed a reduction
in left atrial and left ventricular dilation by 12.5% and 11.8%, respectively, although statistically
insignificant (p > 0.05). Nevertheless, the treatment with humic acids led to a decrease in severity of
clinical symptoms. No effect of bioactive substances contained humic acids was observed in respect
to the ejection fraction and fractional shortening. Aforementioned parameters were unaltered in both
groups within the reference norms throughout the. Furthermore, no adverse or toxic impact of the
humic acids formulation on the detected physiological parameters of the animals were observed.
The findings from our study may serve for a comprehensive evaluation of the risk related to the
development of stagnant phenomena, as well as in finding out the effects of humic substances on
myocardial function and cardiac physiological properties.

Keywords: dogs, bioactive substances; nutrional supplements, heart failure; myxomatosis.

ExokapgiorpagiuHa ouiHKa PyHKLUii cepua y cobak 3 eHA0KapAio30M MiTpasiibHOro
KJ1anaHy Ha T/1i 3aCTOCYBaHHA r'YMiHOBUX pe4OBUH

AHoTauis. MikcomaTo3Ha JiereHepallis MiTpalbHOTO Kiianany abo eHIOKap/io3 € HailyacTiMM 3aXBOPIOBAHHSM CEPLIEBO-CYANHHOI CHC-
TeMH cepell co0aKk NpiOHUX Ta CepeqHiX MOopiA. 3aXBOPIOBAHHS XPOHIYHE, a KIIHIYHI 03HAKM MOXYTh IPOSBILITHCH BIPOIOBXK 3-4 POKIB 3
MOMEHTY TEpIIOro ypakeHHs CTYJIOK MiTpajbHOTO KianaHy. OCHOBHA Tepartis po3nounHaeThesl Ha crafil B2 3a nporokory ACVIM, ska me
HE Ma€ KIHIYHUX O3HaK. [/ mpoBeeH s HAINX TOCIiKEHb MU BiIOMpanyu TBapHH, y SKUX B aHAMHE31 Oyl MIPUCYTHI TaKi CHMITOMH SIK:
MePIOMYHUIA KallleNb, BiZICYTHICTh JIOSUTBHOCTI 70 (Di3MUHMX HABAHTAXKEHb Ta 3a/IMIIKA Y CTaHi CIIOKOI0 abo cHy. Beboro mociimkero 12 tBa-
PHH 3 TTATOTHOMOHIYHMMY O3HAKaMH 3aXBOPIOBAHHS CEpIlL. 3a IOMOMOTOI0 exokapaiorpadii xiarHo3 OyB miATBEp/DKEHHIA, a TBAPUH YMOBHO
po3moaiTiIM Ha 2 fociiaHi rpynu Ta 1 konTponbHy. HaBeneHo pesynsraru exokapaiorpagidHuX JOCTiKEHb (ByHKIIOHATEHOTO CTaHy Ceplis y
XBOPUX TBApHH Ha TJIi 3aCTOCYBaHHsI 0i0JIONYHO-aKTHBHOI PEYOBUHU I'YMIHOBOI ipupozu. Jpyriit gocniaHii rpymi npotsirom 2 1-ro aHs 3a1aBa-
i ipeniapat «ymitiay» i3 po3paxyHky 10 mMr/kr mo airodiii peqoBuHi 1 pa3 Ha 100y. Exokapaiorpadidai BUMiprOBaHHS POBOAWIIH Ha ITOYATKY
nociiay Ta Ha 21-if aeHp JociiKeHHs. 3a pe3yabTaTaMi JOCIIPKEHb BCTAHOBICHO, 110 JofaBaHHs «[yMiliay» A0 cTaHOapTHOI Teparii Ha
21-# geHb OCIIPKEHHS BUKJIMKAE MOKpaIleHHs! (DyHKIIOHATFHNX BIaCTHBOCTEH Ceplld, a came 3MEHILECHHS JilaTanil J1iBOro nepeacepas Ta
niBoro nutyHo4ka Ha 12.5% Tta 11,8% BiamosinHO, Xo4a € He nocToBipHIM (p > 0.05), aje me mpuBeIo 10 3MEHIICHHS BUPaKEHOCT] KITIHIYHAX
o3Hak. He Oyno BusiBieHO edexty 6ionorivyHO-aKTHBHUAX PEYOBHMH HA OCHOBI I'yMiHIB Ha (paKIli0 BUKKAY Ta (PAKIiI0 CKOPOUCHHS, B 000X
rpymnax Li MOKa3HUKU He BUXOIMIIM 32 MEXi pe()epeHTHUX HOPM, SIK Ha MOYaTKy JAOCIIDKeHHS Tak 1 Ha 21-if nenb. Takoxk He OyJ0 BUSIBICHO
JKOIHOTO 1MOOIYHOTO edekTy abo HeTaTUBHOI il Ipenapary Ha ()i3i0Tori9HI MOKa3HUKH XBOPHX TBapHH. OTpHMaHi HAMH pe3yNIbTaTH MOXYTh
OyTH 3aCTOCOBaHI [UTsl KOMIUIEKCHOT OLIIHKY PU3HKIB PO3BUTKY 3aCTIMHUX SIBHII TaK CaMO, SIK 1 y JOCTIDKeHHI e()eKTiB T'yMiHOBUX PEUOBHH Ha
(yHKIIOHATBHUI cTaH MioKapty Ta (i3i0NoTivHI BIaCTHBOCTI CepLisl.

KurouoBi ciioBa: cobaxu; 6i0710ri4HO-aKTHBHI PEYOBHHH; KOPMOBI 100aBKH; CeplieBa HEIOCTATHICTh; MiKCOMATO3.

Cite this article: Rymskyi, V. V, & Nedzvetsky, V. S. (2024). Echocardiography evaluation of changes in the cardiac function in dog with myxomatous mitral valve disease
treated with humic formulation. Theoretical and Applied Veterinary Medicine, 12(1), 31-37. doi: 10.32819/2024.12005

Theoretical and Applied Veterinary Medicine | Volume 12 | Issue 1 31




V. V. RymsKyi, V. S. Nedzvetsky

Echocardiography evaluation of changes in the cardiac function in dog with myxomatous mitral valve disease treated with humic formulation

Introduction

Endocardiosis or myxomatous degeneration of the mitral valve
is the most common cardiovascular disease among small and
medium-sized dog’s breeds (Mattin et al., 2019). This pathology
accompanied by the morphological changes in the valve itself and
characterized by the metamorphosis of delicate and translucent
leaflets into coarse and opaque structures. Besides, other
abnormalities including the deformation in the entire complex of
mitral valve and the chordae tendineae attachment sites. Cellular
disturbances were depicted as the alterations within the spogiosa,
characterized by the accumulation of proteoglycans, as well as in the
fibrosa of the leaflets, where the elastin and collagen fibers undergo
degradation (Rippe et al., 2012). The complex of pathological
changes leads to the disruption of dynamic-mechanical behavir
of the valve, characterized by leaflet displacment and improper
closure during systole, resulting in the ejection of blood from the
left ventricle to left atrium, commonly referred to as regurgitation.
Chronic volume overload of the left atrium leads to progressive
enlargement, resulting in increased pressure within the pulmonary
veins. Subsequently, this pathophysiological process leads to
extravasation of exudate into bronchial lumen, eliciting cough
and dyspnea. The diagnosis of mitral valve endocardiosis requires
the indentification of a spectrum of symptoms, including signs
of stagnation in the small circle of blood circulation, alongside
findings from additional diagnostic modalities, such as radiography,
electrocardiography and echocardiography.

Echocardiography is considered the gold standard for definitive
diagnosis (Vezzosi et al., 2021). In addition to the morphological
changes detection in the valve structure and cardiac chambers, it
enables the assessment of the correctness of transvalvular blood
flows, their velocity, and direction though the Doppler effect.
Additionally, echocardiography (ECHO) is potent to detect the
emergence of stagnant phenomena in both the lesser and greater
circulatory systems.

The correction of the functional changes in the heart associated
with this pathology is typically achieved through surgical valve
replacement. However, due to the costliness of this procedure,
patients are often prescribed pathogenetic therapy following a
standard protocol for patient support. This typically includes
pimobendan, as a phosphodiesterase 3 inhibitor, known for its
positive inotropic effect and vasodilatory properties (Keene et al.,
2019).

To alleviate stagnant symptoms and reduce cardiac preload
the diuretics are recommended, including loop diuretics such as
furosemide and aldosterone antagonist — spironolactone. The latter
also exerts additional effects in reducing myocardial remodeling
(Coffman et al., 2021).

Recently, theapplicationandevidence of prescribingantioxidants
for cardiovascular pathologies have become increasingly relevant.
Among them, notable antioxidants include vitamins E and C, as
well as beta-carotene. Studies in rodents have shown a positive

effect of vitamin E on oxidative processes in myocardium. However,
in human studies, its supplementation increased the risk of heart
failure and appearance of negative inotropic effects (Miinzel et al.,
2015; Khan et al., 2021). The supplementation of vitamin C to the
diet of rodents resulted in improved positive inotropic effects on the
myocardium. However, as of today, the detailed impact of vitamin
C on the development and the progression of heart failure remains
largly unstudied (Wannamethee et al., 2013).

Research of the beta-carotene effect on the human body and
experimental animal’s models, particularly in hamsters, has shown
that it increases the risk of respiratory system oncological diseases
and elevates the risk of mortality from cardiovascular pathologies
(Middha et al., 2019; Kordiak., 2022). One of the potential protector
among bioactive substances that may ameliorate endocardiosis
complications in the animals are substances of humic nature. It
has been demostrated that humic substances exhibit antioxidant
properties due to their phenolic groups, along with neutralization of
reactive oxygen species. Furthmore, they stimulate transamination
processes in the liver through alanine and pyruvate rather than
aspartic acid (Dyomshyna et al., 2021). Pumic substances undergo
rapid metabolism, are capable of chelation and are non-toxic to
tissues. (Stepchenko et al., 2019). Additionaly, they can serve as
a source of new biological substances that support organismal
homeostasis at any level, facillitating functional restoration
under pathological or extreme conditions (Lisna & Stepchenko,
2022). However, the issue regarding the potential impact of humic
substance-based medications on the functional status of the heart
and organism in dogs afflicted with mixomatous degeneration of
mitral valve, remains unresolved. Therefore, the study of protective
effect of humic acids on the endocardiosis complication is actual
point small animals health.

The aim of the presented study was to determine the protective
effect of the bioactive feed supplement "Humilid" on the functional
properties of the heart, during the treatment of dogs with mitral
valve endocardiosisc at stage "C".

Materials and methods

The study was carried out in the Veterinary Center of
Veterinary Medicine Faculty of Dnipro State Agrarian and
Economic University and LLC "Veterinary Space Discovery" in
Dnipro city during 2020-2022. Twelve dogs were involved into
the study of the "Humilid" effect on the dogs with mitral valve
myxomatous degeneration. The dogs from 8 to 12 years age were
housed in domestic environments. Differentiation of severity was
carried out according to the standard scheme of clinical research:
collection of anamnesis, clinical examination and further carrying
out of instrumental diagnostics with echocardiography analysis.

Following the American College of Veterinary Internal
Medicine (ACVIM) recommendation, animals were separated
according to the severity of disease progression, as follows (Table
1): stage Bl-animals presenting with systolic murmurs but lacking

Table — General characteristics of the studied animals with stage C mitral valve endocardiosis

Animal data Control Group, ST Group, ST+H
Weight, kg 9.7+0.6 114+£0.7 109+0.5
Age, years 85+0.5 92+04 9.5+04
Sex:
females 5 3 1
males 1 3 5
Treatment Without Pimobendan Pimobendan
treatment Furosemide Furosemide
Spironolactone Spironolactone
Humilid
32 Theoretical and Applied Veterinary Medicine | Volume 12 | Issue I
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clinical signs of disease; stage B2 — asymptomatic animals with
notable regurgitation leading to hemodynamic and cardiac
geometry changes; stage C — animals presenting with clinical signs
of heart failure precipitated by mitral valve endocardiosis (Keene et
al,. 2019). However, due to the low number of patients with stage Bl
(m=1),B2 (n=7) and D (n = 0), these animals were not included
in the study.

The study carried out with 18 dogs of both genders. The animals
with confirmed endocardiosis stage C were conditionally divided
into 2 groups: the standard therapy (ST) (n = 6) and the standard
therapy combined with exposure to humic compounds (ST+H)
group (n = 6). The average age of the animals in the ST group was
11.4 + 0.72 years, and in the ST+H group, it was 10.9 + 0.54 years.
The mean weight of all dogs was 9.2 + 0.49 kg and 9.5 + 0.42 kg
respectively. The control group (C) consisted of clinically healthy
animals (n = 6).

Animals of both the ST and ST+H groups were administered
standard treatment according to the consensus of the American
College of Internal Veterinary Medicine. This included the
phosphodiesterase 3 inhibitor pimobendan, at a dosage of 0.2 mg/
kg orally every 12 hours, administered on an empty stomach; the
aldosterone antagonist — spironolactone 2 mg/kg orally every 12
hours; loop diuretic — furosemide at a dosage of 2 mg/kg, orally
twice daily, administered on an empty stomach (Keene et al., 2019).
The animals diet consisted of commercial feeds from various
brands, without any additional vitamin and mineral supplements.

The design of present study was constructed accordingly the
aim to clarify the effect of humic substances alongside standard
therapy, animals in the ST+H group received supplementation
with bioactive preparation “Humilid” in the dose of 10 mg/kg of
the active substance. The supplement was administered orally
once daily, i.e, every 24 hours from the initial administration. To
facilitate better consumption, the supplement was pre-diluted with
water at a ratio of 1:5, significantly reducing the occurrence of
vomiting reflexes. The duration of the treatment for both the ST and
ST+H groups was 21 days. Animals assessments for all groups were
conducted on the day before treatment beginning and at 21 days
post the start of therapy.

The transthoracic echocardiography was performed using
the Esaote MyLab Gamma device (USA), employing a phased
array transducer of 3-5 MHz and a micro-convex transducer of

7-10 MHz. The reference ranges of parameters were calculated
based on the mean body weight (Boon, 2011). The animals were
put on specialized table with a thoracic cage cutout, facilitating
examination in lateral recumbent positions, including both right
and left sides. To improve the sonographic visualization, standard
projections were employed, including: right parasternal short-axis
view, right parasternal long- axis view, left parasternal long- axis
view, and left parasternal apical four-chamber view along the long
axis. To evaluate the cardiac condition, the following parameters
were employed: morphological degeneration and uniform
thickening of valves; left atrium size (LA), by millimeters; left
atrial size indexed to aortic diameter (LA/Ao), unit; left ventricular
internal diameter end-dyastole or end-systole (LVIDd, LVIDs), in
millimeters; interventricular septal thickness in systole and diastole
(IVSd, IVSs), in milimeters; normalized left ventricular diameter in
diastole (LVIDn), unit. The systolic and diastolic function of the left
ventricle was assessed echocardiographically using the following
parameters: Simpson ejection fraction (EF), % and fractional
shortening (FS), %.

The data are presented as mean + standard error of mean
(M*£SEM). Between-group differences in the obtained data
were analyzed by one-way analysis of variance (ANOVA) with
the Bonferroni post-hoc tests. The data are presented as mean +
standard error of mean (M + SEM). The differences in the analyzed
data were considered reliable at p < 0.05.

Results

The functional and morphological status of the hearts of
animals affected by mitral valve endocardiosis was investigated
using echocardiography. During the initial examination, dilation
of the left atrium (LA) was identified, indicating potential volume
overload of left atrium.

The animals of the ST+H group received comprehensive
therapy, including the administration of the “Humilid” preparation.
Evaluation of the LA parameter on the 21st day of “Humilid”
application revealed a positive trend in LA diameter reduction by
10.6% (p > 0.05) and 12% (p < 0.15), respectively, compared to the
same parameter on the first day of examination in animals from
both groups (Fig. 1). Despite the fact that the detected changes did
not reach statistical significance, the trend of such changes suggests

Fig. 1. The ratio of the sizes of the left ventricle to assess the degree of left atrial dilatation. C — control group; ST-0 — group before
standard therapy, ST-21 — 21 days exposed ST group; ST+HO — group before standard therapy + humic substances, ST+H21 — 21
exposed ST+H group. Significance of the differences in compare to STO group: * — P > 0.05. Significance of the differences in compare
to ST+HO group: # — P <0.15.
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Fig. 2. The LA/Ao ratio as a marker of the degree of left atrial dilatation. C — control group; ST-0 — group before standard therapy,
ST-21 — 21 days exposed ST group; ST+HO — group before standard therapy + humic substances, ST+H21 — 21 exposed ST+H group.
Significance of the differences in compare to STO group: * — P > 0.05. Significance of the differences in compare to ST+HO group: # —
P> 0.05.

a moderate protective effect of preparation on the dysfunction of the
left atrium valve.

The aortic diameter (Ao) among the groups showed no
significant difference and did not exceed the reference norms. The
left atrium to aorta ratio (LA/Ao) was evaluated for an additional
assessment of left atrial dilation. On the 21st day of the study, the
LA/Ao ratio showed a slight decrease of 6.8% (p > 0.05) in the
animals from ST group and 8% (p > 0.05) in animals of the ST+H
group (Fig. 2). A positive correlation between these parameters
amounted to r=0.86 in the first group and r=0.97 in the second,
was observed. This indicates that improvements in the left atrium
to aorta ratio coincided with a reduction in symptoms such as
coughing and dyspnea during physical exertion.

The left ventricular internal diameter end-dyastole (LVIDd) in
animals from both groups on the first day of the study was slightly

elevated compared to the reverence norm by 1.5% (p > 0.05) and
6.8% (p < 0.05), respectively (Fig. 3). The assessment of LVIDd
and left ventricular internal dimension end-systole (LVIDs) was
conducted to analyze eccentric hypertrophy of the left ventricular
cavity, which may occur due to increased blood volume secondary
to valve apparatus lesions.

The changes in the LVIDd on the 21st day of the study were
statistically non-significant in the ST group (p > 0.05) but decreased
by 8.8% while in the ST+H group, they decreased by 11.8% (p <
0.05) compared to baseline values. This may indicate a positive
therapeutic effect on chamber dilation by reducing its volume with
the total blood mass.

The LVIDs decreased by 25.6% (p < 0.15) in animals from the
ST group and by 7.4% (p < 0.15) in animals from the ST+H group,
which was statistically non- significant.

Fig. 3. The ratio of LVIDd between groups for the assessment of dilatation of the left ventricular cavity. C — control group; ST-0 — group
before standard therapy, ST-21 — 21 days exposed ST group; ST+HO — group before standard therapy + humic substances, ST+H21 — 21
days exposed ST+H group. Significance of the differences in compare to STO group: * — P> 0.05. Significance of the differences in
compare to ST+HO group: # — P <0.05.
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Fig. 4. The ratio of LVIDs between groups for the assessment of dilatation of the left ventricular cavity. C — control group; ST-0 — group

before standard therapy, ST-21 — 21 days exposed ST group; ST+HO — group before standard therapy + humic substances, ST+H21 — 21

exposed ST+H group. Significance of the differences in compare to STO group: * — P < 0.15. Significance of the differences in compare
to ST+HO group: #-P <0.15

The normalized left ventricular internal diameter (LVIDn)
during the initial examination was varied between 1.7 and 1.9
units, indicating a pathological deviation from the refence norms
in both groups. An elevation in this parameter suggest secondary
cardiomegaly due to mitral valve pathology (Rishniw & Brown,
2022). Hovewer, on the 21st day from the initiation of therapy, this
index decreased by by 11.5% (p > 0.05) in the ST group and by
15.4% (p > 0.05) in ST+H group (Fig. 4). Additionally, the decrease
in the level of the normalized left ventricular diameter also affects
the severity of the disease progression. Therefore, more pronounced
changes were observed in the animals from the ST+H group, where
the “Humilid” preparation was intoduced as additional therapy.
Such a change may indicate a positive influence of bioactive
substances on the condition of myocardial muscle fibers during
systole and diastole.

The functional parameters of cardiac function, namely
ejection fraction (EF) and fractional shortening (FS), showed no
alterations compared to the reference values in both investigated
groups. Hovewer, a negative trend in FS below the lower limits
of the reference norms was observed on the 21st day of the study,
indicating a gradual transition from compensatory reaction to
decompensation despite the added therapy.

Discussion

Improving the functional capacity of the heart stands
as the foremost priority for any veterinary physician in the
treatment of animals with mitral valve endocardiosis. Given that
echocardiographic examination of animals with this pathology,
using humic substances is conducted for the first time. Perform
an analysis of works on this topic poses a challenging task. The
studies on isolated rat hearts (Lasukova et al., 2019) demonstrated
that, in addition to their cardioprotective effect, humic substances
positively affect inotropic action, although this was not confirmed
by echocardiography. The results of recent studies have indicated
that the use of inotropic agents, specifically pimobendan, effectively
enhances cardiac functional capacities by augmenting both ejection
fraction and fractional shortening (Boonpala et al., 2023; Sandez et
al., 2023). Additionally, our investigation aligned with the studies
(Vereb et al., 2024; Franchini et al., 2021) regarding the reduction in
left atrial size in the short term and demonstrated a positive impact

Theoretical and Applied Veterinary Medicine | Volume 12 | Issue 1

of the clinical condition of animals with mitral valve myxomatous
degenaration. This was evidenced by a decrease in cough frequency
and intesity, as well as a reduction in stagnant pnenomena in the
systemic circulation. The comprehensive therapy, incorporating the
medication “Humilid”, induced a positive trend in which left atrial
dilation was reduced in both groups relative to baseline values. The
decrease in left atrial enlargement is associated with a reduction
in blood volume overload and indicates a decrease in intracardiac
pressure, thereby improving the induction of stagnant pnenomena
in the systemic circulation. Thus, the presented cardioprotective
effect of humic compounds on stagnant phenomena in the systemic
circulation is correlated with the effects of other inotropic agents.

The determined changes in the left atrium to aorta (LA/Ao)
ratio in both groups, as observed in our study, did not align with
the established reference norms (< 1.6 unit). On the first day of
the study, this indicator corresponded to 2.2 + 0.2 units in the ST
group and 2.06 + 0.2 units for 21 days. Meanwhile, in the ST+H
group, it measured 2.5 £ 0.3 units and 2.3 + 0.4 units, respectively.
However, the observed trend indicates a positive effect regarding
the suppression of the left atrial pathogenesis. The study results also
allowed for an assessment of the correlation between the level of
left atrial pathogenesis development and clinical data of affected
animals, which closely aligns with findings from (Boswood et al.,
2016) regarding the extension of the preclinical period in affected
animals.

The left ventricle internal end-systolic (LVIDs) and end-
diastolic (LVIDd) serve as indicators of chamber dilation due to
volume overload and correlate with the severity of the condition
(Donghyun et al., 2018, Grosso et al., 2023). In our study, we
detected minor dilation of the left ventricular cavity in animals
from ST group, measuring 32.7 = 5.6 mm, and 31.8 £ 2.8 mm in the
ST+H group. The extent of dilation decreased to within reference
intervals (20.6-31.3 mm) under the influence of comprehensive
therapy. However, a notable correlation with the severity of the
animals condition was not identified, which may be associated with
the the absence of significant clinical signs or a limited sample size
of the study animals.

The results of the presented study did not demostrade
significant alterations in the function of the left ventricle and left
atrium throughout the 21st day. Conversely, the clinical parameters
identified suggest an improvement in terms of reduced disease
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manifestations. These findings could be valuable for selecting
comprehensive therapy and potentially reflect the positive influence
of humic substances and pimobendan on the cardiac functional
status. Although in the long term, deterioration in the mechanical
function of the valvular apparatus may lead to unreliable data
regarding positive or negative functional changes in the heart
during the use of bioactive substances. Moreover, more prolonged
study (exceeding 6 months) is necessary for a more comprehensive
investigation of the impact of humic substances on cardiac
functional parameters since, according to (Sarcinella et al., 2019),
even a six-month study interval is considered short for assessing
negative trends in cardiac function.

It is noteworthy that the findings of carried out study did not
demonstrate any adverse effects on alterations in the left ventricular
and left atrial function, nor did they exacerbate clinical symptoms.
In some animals, administration of the “Humilid” solution elicited
a vomiting reflex, attributed to the sharp and bitter taste of the
substance. The solution of this problem entailed increasing the
dilution of the concentrated solution with distilled water at a ratio
of 1:5. However, the modification feed additives with new approach
based on the molecular interaction of blended short chain fatty acids
with intestinal epithelium cells proposed as prospective strategy in
animal health maintenance (Masiuk et al., 2022).

According to the results of NCBI PubMed database analysis,
the data obtained in our study, represent the first description of the
effect of humic substances on the inotropic parameters, cardiac
chamber dilation, and reduction of clinical manifestations in dogs
with clinical stage (ACVIM Stage C) mitral valve endocardiosis.
The study of cellular disturbance as well as repair mechanisms
require the application of molecular markers to characterize
detailed pathways which involved into tissue-specific response
against cardiovascular disorders (Faraj et al., 2022). Special interest
attracts the study of the modulation and redirecting of programmed
cell death to support cell viability and stable tissue functioning
(Masiuk et al., 2024). Taking into the account that cardiovascular
abnormality is dependent on various cell types disturbance, specific
molecular markers are promising tool to find out the protective
effects of bioactive compounds including humic acids.

Conclusion

Humic compounds demonstrate both a bioactive and protective
effect on functional parameters of cardiac activity. Despite the
moderate effect, wherein the studied parameters were only partially
improved and did not achieve the reference norm level. However,
positive trend in cardiac function restoration was observed. The
established correlations between the left atrium to aorta and
normalized left ventricular internal diameter allowed the assessment
of degree of left atrial dilation in diseased animals. No effect of
humic compounds on the ejection fraction and fractional shortening
which are responsible for the hearts primary functional load was
observed. Thus, the impact of these effects of humic compounds
in our study is not certain. Further study of these effects remains
suitable to elucidate the progressive prevalence of cardiovascular
disorders. The advance in the molecular marker applications is
required for the treatment of mitral valve endocardiosis. The
observed results may serve as prognostic markers to assess the risks
of developing stagnant phenomena, which are a primary concern
during therapy administration.
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