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Assessing the productivity of BLRI-developed native ducks compared...

ct, This study aimed to disseminate BLRI-1 (Rupali) and BLRI-2 (Nageswari) ducks and

ed in native ducks. Farmers achieved the highest benefit-cost ratio
hile the lowest ratio of 1.30 was recorded for indigenous ducks. The
49. Disease outbreaks were identified as the major constraint to
ers. The findings underscore the productive performance and
cks. The study highlighted the importance of breed-specific
ed housing, feeding, and disease management practices,
e the profitability of duck farming

of 1.60 with Rupali d

and recommended farmer trainin;

Keywords: BLRI native duck; growth ce; disease outbreaks; benefit-cost ratio

Introduction

Duck raising is popular worldwide; ho
er, according to S. Ahmed et al. (2021), m
than 75% of ducks are reared in Asia. Poultry
farming plays a crucial role in livestock pro-
duction, providing both nutrition and a source
of household income for small-scale, margin-
al, and landless farmers (Rahman et al., 2020).
Many farmers who cannot afford to rear larger
animals, such as cattle and goats, find it easi-
er to raise poultry. Ducks are among the largest
poultry species raised in Bangladesh’s southern
and coastal regions. Duck rearing is a favoura-

angladesh, particularly during the winter,
en demand is significantly higher. Accord-
ing to the DLS (2024), the total duck population
in h is 68.261 million, making it the

that ducks contrib-
the country’s total
h this contribu-

ble livelihood option for the landless, as ducks
can utilise various feed sources available in
natural water bodies, such as wetlands, low-
land areas, beels, haors, rivers, and canals. The
environment and climate of Bangladesh are
well-suited to duck rearing. Ducks are hardy an-
imals that adapt easily to diverse agro-climatic
conditions and are more resistant to diseas-
es than chickens. Duck meat is highly popular

ute approximat€ly 22-2
annual egg produgid
tion has remained‘co

The northeastern and
desh are particularly s
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, excellent foraging abilities in wet-
nments, and natural flocking ten-
med et al. (2021) noted that na-

nturies, as noted by
low-lying regions

erating income, provi
ing job opportunities.
an important componeht
hood development for po

passes 16,488 square kilometres
ponds, and low-lying water reservoirs,
be effectively utilised for aquatic po

self-sufficient strategy to empower smal
ers and landless labourers. This approac
only improves income, employment, and nut
tion but also promotes community development,
gender equality, and environmental protection,
all within the broader framework of rural devel-
opment, with ducks serving as a key resource.

However, duck farming in Bangladesh has
declined due to several challenges, includ-
ing shrinking water bodies, pollution of graz-
ing fields, difficulties in accessing inputs such
as ducks, feed, and medications, marketing
constraints, and disease outbreaks (Shehe-
li et al., 2023). S. Das et al. (2020) stated that
the growth performance of ducks surpasses
that of chickens. Duck farming has significant
potential to enhance egg and meat produc-
tion in Bangladesh. Backyard duck farming, in
particular, is a vital source of human resource
development in the low-lying and coastal areas
of the country. The Livestock Research Insti-
tute initiated a selective breeding programme

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 4

to improve the phenotypic, productive, and re-
productive characteristics of two native duck
breeds. These improved breeds were designat-
ed as BLRI-1 and BLRI-2. Various studies have
been conducted to evaluate the productive, re-
productive, and phenotypic traits of the BLRI-
1 and BLRI-2 ducks. However, all such studies
were conducted on-station under intensive
management systems, with no evaluations per-
formed at the field level.

Therefore, this study was conducted to
disseminate BLRI-1 (Rupali) and BLRI-2 (Nag-
eswari) ducks at the field level, validate their
production potential, and compare their perfor-
mance with locally reared native ducks under
farmers’ conditions. This is particularly impor-
tant because the productive performance and
profitability of backyard ducks in community
farming systems have not yet been evaluated in
Bhanga, Faridpur. The study aimed to achieve
e following objectives: to evaluate the soci-
onomic conditions, duck farming practices,
health management strategies at the com-
nity level; to assess the growth and produc-
tive performance of BLRI-improved native ducks
in ion with local germplasm; to analyse
lity and identify constraints in duck

farmi ithinghe selected community.

a low-lying area in
e Faridpur district
2022 to July 2024.
.3971° N latitude
verage annu-

of Bangladesh
Bhanga Upazilais |
and 90.0036° E longitu
al rainfall of 2,000-2,5
ranging from 12°C to 4
egorised the ducks into thre
Rupali, Nageswari, and indi
group comprised 15 duck far
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two male ducks. In this study, local

a completely randomised
re collected on various
ntered, sorted, com-
¥ Microsoft Excel sheet
, the data were
statistically analys
age for the Social Scie

Descriptive statistics,

distribution, percentages,
ard error values, were use
To calculate the net return,
mula (1) was applied:

NR = GR-GC, (1

where NR is the net return; GR is the
turn; GC is the gross cost.

To calculate the benefit-cost ratio the fo
lowing formula (2) was used:

Gross return (GR) (2)

Benefit-Cost Ratio = Gross cost (GC)

The gross return included the average re-
turn from the main product and by-products of
different duck groups. Gross cost included the
total cost of duck rearing. The benefit-cost ratio
served as a relative measure to compare bene-
fits per unit of cost, aiding in the analysis of fi-
nancial efficiency. A multiple regression model
was employed to determine the effects of key
variables on overall duck farming. The relation-
ship between Y and X was established through
regression analysis, using a Cobb-Douglas
function model, represented as (3):

Y = a+b1X1+b2X2 +b3X3 +

©)
+b4X4 +b5X5 +b6X6 + ei,

where Y is the profit from duck-rearing (BDT/
year); a is the constant; b is the regression coef-
ficient; X1 is the hatched duckling value (BDT/
year); X2 is the purchased duckling value; X3
is the purchased duck value; X4 is the stock
value of duck; X5 is the feed value; X6 is the
treatment cost; X7 is the labour cost; X8 is the
housing cost (with 10% depreciation); X9 is the
miscellaneous cost; X10 is the age; X11 is the
family size; Hey is the disturbance factors.

For simplification, the equation (4) was
converted into a multiple linear form by apply-
ing logarithms:

LogY = Loga+bllogX1+ )
+b2logX2+...b6logX6+u.

The F-test was used to evaluate the over-
all significance of the regression model, de-
ining whether the independent variables
ificantly influenced the dependent vari-
Multicollinearity was assessed based on
& correlation coefficients among the varia-
bles. When these coefficients exceeded certain
pically 0.60, though sometimes
\ v multi-collinearity was indicated.
on ficient of 0.60 or less sug-
i t multi-collinearity (Wan-
he study was conducted
ts of Regulation (EU)
2019/1010 of¥the Eu Parliament and the
Council (2019).

In this study, the
was 38.58+1.72 ye

e age of farmers

eared ducks
. About 9£.8%

separate duck houses, while 1
and chickens in the same ho
of the farmers used wood for
struction, while 2.2% used mud$
highlighted a clear preference for
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terial for duck housing among the
ers. Regarding the flooring for
95.6% of farmers used wood,

ooring. This preference is
ticality and durability in

Parameters
Housing
Separate duck house

Ducks and chicken
at the same house

System of rearing:

Scavenging
Housing material

Mud and wood 2.2(1

Wood and tin 97.8 (44)
Fe

Paddy 100 (45)
Rice 100 (45)
Rice bran 100 (45)

Source: experimental data

Most of the farmers (73.3%) stored eggs for
hatching for 10 days. In comparison, 17.8% of
farmers stored eggs for 7 days, and 8.9% stored
them for 15 days (Table 2). Farmers used var-
ious methods for storing hatching eggs, with

Table 2. Egg, hatching, and broodiness management f

Parameters Percentage (n)

Egg storage for hatching

7 days 17.8 (8)
10 days 73.3 (33)
15 days 8.9(4)

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 4

Duck came to broodiness

cleaning practices, 55.56% of farmers used
brooms, 33.33% used water, and 11.11% used
disinfectant. Regular cleaning was performed
by 68.89% of farmers. The study also revealed
that all farmers (100%) consistently fed their
ducks with paddy, rice, and rice bran (Table 1).
Additionally, 82.2% of the farmers supplement-
ed the ducks’ diet with duckweed, 53.3% includ-
ed snails, and 15.6% provided ready-made feed.

sing facilities and management systems for ducks

Parameters Percentage (n)
Floor-type
Wood 95.6 (43)
Mud 4.4 (2)
House clt?aning 88.89 (40)
practice
Cleaned by using 68.89 (31)
a broom
Cleaned by water 55.56 (25)
ed by disinfectant 33.33 (15)
S
Duckweed 82.2 (37)
Snail 53.3(24)
15.6 (7)

a local storage method),
nd 11.1% using freezing
hing systems, 97.8% of
by hens, while only
2.2% used incu

Parameters

after egg-laying (days)
Average broodiness
cycles per year
Broodiness removal
methods

Tying anklets
with the neck
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& Table 2. Continued
eters Percentage (n) Parameters Mean £ S.E. (n=45)

Storage material
Free 11.1 (5)
1 55.6 (25)

Pot 33.3 (15)

By he
Source: experiment

On average, duc
ter laying 42.33+2.52 e

broodiness removal, 46.7%
the ducks in the water, 31.1% did
moval method, 8.9% tied anklet:
or gave smoke, and 4.4% feathere

Results

Dipping in water 46.7 (21)
Smoke exposure 8.9 (4)
Feathering the nose 4.4 (2)
No method used 31.1 (14)
Hatching system
By incubator 2.2 (1)

97.8 (44)

The growth trajectories of Rupali and
eswari ducks were documented across var

1,600
1,400
1,200
1,000
800
600
400
200

Duck weight (gram)

Rupali duck male
Rupali duck female

Nageswari duck male
= Nageswari duck female

Source: experimental data

Growth performance o

Day 4

old | weeks
40.92 | 537.5
38.85 | 476.62
38.37 | 520.5
36.75 | 441.1

Figure 1. Growth performance of BLRI-developed male and femal(

The study examined the productive and
reproductive performance of different duck

stages of development, as shown in Figure 1.
At day-old, Rupali ducklings weighed between
38.85 g and 40.92 g for females and males,
respectively, while Nageswari ducklings
weighed between 36.75 g and 38.37 g. By 24
weeks, Rupali male ducks reached an aver-
age weight of 1,505.62 g, whereas Nageswari
male ducks weighed slightly less at 1,486.07 g.
ese findings provided comprehensive in-
ts into the growth patterns of these duck

eds over time.

8 20 24
weeks | weeks eeks | weeks

827.25 |1,047 991,216.37.48883.62 1,505.62
, ,270.87 1,378.5
720 1,486.07

695.37 | 904.12 |1
820 | 987.25
696.96 | 869.42 1,007.881,132.288,261.78

breeds at the community level. ReSgits 1%hi ca®ed
that Rupali ducks had an average 86+0.86
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1, and indigenous Deshi ducks had
ult female weights were record-
kg for Rupali, 1.37 £ 0.06 kg
1.25£0.11 kg for indige-

age at first laying was
A 205.33%6.23 days
for Nageswari, an
enous Deshi ducks. E
was highest in Nages

Overall egg production wa
eswari ducks at 192.00 = 5.70
closely by Rupali at 181.33 = ¥

Table 3. Productive and reprodu

Rupali
Parameters (Mean*S.E.)
Duck number 6.86%.86
Adult female 157+ .06 1.37
weight : : :
Adult male 1.780.05 1.56+.04
weight
ABealfiist 51000488  205.35%6.23
aying
Weight at laying 1.64%+0.05 1.58+0.08
Eggproduction . 5z, g8 36.73+1.59
per clutch ’ . . .
Total egg 181.33%7.55 192.00%5.70
production
Egg weight, g 64.93+0.67 61.53+0.58

Note: different superscripts in the same row differ significantly, p < 0.01 or p < 0.05,
level; **p < 0.05 is significant at 5% level; NSP > 0.05 is non-significant

Source: experimental data

Health management

Proper vaccination, maintaining good biose-
curity, and regular deworming practices are
essential tools for preventing various duck
diseases (Debroy & Debnath, 2022; Serbes-
sa et al., 2023). The current study documented

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 4

weight differed significantly among breeds,
with Rupali eggs weighing 64.93+0.67 g, Nag-
eswari eggs 61.53+0.58 g, and indigenous Deshi
eggs 62.06 £0.62 g. These findings underscore
the variability in performance metrics across
different duck breeds, highlighting areas for
potential breed-specific management strate-
gies. Based on these findings, it was determined
that female weight (p<0.01), adult male weight
(p<0.01), egg production per clutch (p<0.01),
and egg weight (p<0.01) exhibited statistically
significant differences among the duck breeds
studied. Age at first laying also showed statis-
tical significance (p <0.04), while total egg pro-
duction exhibited a trend towards significance
(p<0.11). However, duck number (p<0.28) and
weight at laying (p < 0.98) did not show statisti-
cally significant differences.

nce of different ducks at the community level

igenous Deshi Overall Significant
ean=*S.E.) (Mean=S.E.) level
13£1.42 7.77+0.60 0.280%
1.25+0.11 1.39+0.03 £0.001¢*
1.59+0.03 <0.001¢™
213.55+£3.42 0.04®9)
1.63%0.13 0.98®M)
32.58+1.06 <0.001¢™
+4.66 0.110
62.06+0.62 62.89%0.41 0.01¢”

< 0.01 is significant at 1%

vaccination and dewor

duck farmers, revealing t
ers vaccinated their ducks
specifically vaccinating agai
and 40.0% against duck cholera
of farmers (64.4%) administered

Y
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months, while 20.0% opted for an
edule (Table 4). Additionally, 77.8%
ractised deworming, primari-
intervals (71.1%). As not all

84.4 (38)
80.0 (36)
40.0 (18)
Vaccination int
6 months

1 year

64.4 (29)
20.0 (9)
Source: experimental data

The study investigated di ou
in duck farms (Table 5) and revVealed
highest outbreak rate of 73.33% fo a

and 53.33% for duck cholera was er
native ducks. In contrast, duck pla

duck plague and 33.33% of duck cholera o
breaks were observed in Rupali duck farms
during the respective periods. Farmers re-
ported that the highest percentage of disease
outbreaks occurred during winter (66.67%) in
Nageswari ducks, with a reduced frequency the
following year when outbreaks occurred during
summer (13.33%) in both Nageswari and na-
tive ducks. Furthermore, Rupali ducks exhib-
ited 40% disease occurrence during both the

Percentage (n)

farmers practice vaccination and deworming
at regular intervals, awareness programmes
need to be implemented to improve health
management practices.

Table 4. Vaccination and deworming practices by farmers

Parameters Percentage (n)

Deworming practice 77.8 (35)

Deworming interval

3 months 4.4 (2)
4 months 2.2 (1)
6 months 71.1(32)

summer and winter seasons, with the highest
disease outbreak during the rainy season (20%).
The research also examined biosecurity prac-
tices and management strategies for sick and
leceased ducks among farmers (Table 5). Re-
Its indicated that 97.8% of farmers reported
ntact with wild birds, while 91.1% isolated
sick ducks in separate sheds. Regular cleaning
of excrement was practised by 57.8% of farm-
eased ducks, burial (53.3%) was the
mon disposal method, followed by
s (26.7%), water (17.8%), and
%). Treatment was primarily
rchers at BLRI (75.6%), with
ided by quacks (33.3%),

4%), and the farmers

0).
Table 5. Disease outbreak and biosecurity managemenﬁ rmers

Parameters (%) Rupali (n) Nageswari (n) ve duck (n)
Duck plague 40.00 (6) 46.66 (7) .33 (11)
Duck cholera 33.33(5) 26.67 (4) 5 ®)

Season of disease outbreak
Summer 40.00 (6) 20.00 (3) 26.67 (4)
Rainy 20.00 (3) 13.33 (2) 13.33
Winter 40.00 (6) 66.67 (10) )
Parameters Percentage (n) Parameters Pe tafi(n
Biosecurity management Sick duck management
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arameters Percentage (n)

tPpwith wild bird 97.8 (44)
Cle€anin; excrement 57.8 (26)
duck management
w inetelds 26.7 (12)
Bug 53.3 (24)
2.2 (1)
17.8 (8)

Source: experim

Economic paramete

The research analy parameters

Rupali ducks demonstrate
income of 8,149.00 BDT (Ba

digenous Deshi ducks averaged 21,721.33 BU'S
21,624.67 BDT, and 18,742.00 BDT, respectively.
The overall net income and BCR of duckrearing
farmers in the selected areas were calculated
as 6,833.71 BDT and 1.49, respectively. These
findings underscore the economic viability and

Table 6. The benefit-cost ratio in different types of duc

Table 5. Continued

Parameters Percentage (n)
Keep in the same shed 8.9 (4)
Keep it in a separate shed 91.1 (41)
Treatment facilities for duck
By veterinary hospital 4.4 (2)
By BLRI researcher 75.6 (34)
By quacks 33.3(15)
By farmers themselves 37.8 (17)

profitability of duck farming, while also high-
lighting breed-specific differences in financial
performance and efficiency. A multiple regres-
sion model was employed to estimate the co-
efficients of income or profit generated from
duck rearing (Rupali, Nageswari, and native
ducks) in Jandi village, Bhanga, Faridpur dis-
trict. A total of eleven (11) independent varia-
bles were considered for this analysis. Of these,
ree (03) variables were identified as key con-
butors influencing the production process, as
ey exhibited statistically significant results.
n contrast, six (06) variables showed statisti-
cally non-significant results in the t-test, while
riables demonstrated negative re-
gr coefficient values. The results of the
mulg¥le r ion analysis for duck rearing
are able 7.

the community level

Parameters Rupali Nageswari ndige shi Total
Hatched duckling value 753.33 826.67 .33 831.11
Bought duckling value 580.00 503.33 673.3 585.56

Bought duck value 130.00 232.00 151.78
Stock duck value 1,726.67 2,253.33 3,540.0 2,506.67
Feed cost 4,554.33 4,608.87 3,411. 4,191.40
Veterinary cost 860.00 483.33 473.33 5.56
Hoéljgrfccig;toﬂf% 318.00 280.67 275.33 291.33
Family labour cost 4,346.67 4,133.33 4,780.00
Other costs 303.33 254.67 278.67 9
Gross cost (GC) 13,572.33 13,576.20 14,438.33 62729
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Table 6. Continued

Rupali Nageswari Indigenous Deshi Total
2,003.33 2,123.33 2,640.00 2,255.56
3,753.33 4,200.00 5,373.33 4,442.22
4,096.67 4,533.33 4,261.33 4,297.11
7,741.33 6,550.67 4,118.67 6,136.89
4,126.67 4,217.33 2,348.67 3,564.22
Gross ret 21,721.33 21,624.67 18,742.00 20,696.00
Net return(N 8,149.00 8,048.47 4,303.67 6,833.71
BCR 1.60 1.59 1.30 1.49
Source: experimenta
7. Multiple regression analysis
Parameters g)eegflg;iiﬁ?s t-value Significant level
(Constant) 1,927.275 0.428 0.672
Hatched duckling value (X)) 0.527 4.276 0.000™
Bought duckling value (X,) 0.051 0.959
Bought duck value (X,) 1.368 0.181
Stock value of duck (X,) 0.099 0.922
Feed value (X,) 4.560 0.0007"
Treatment cost (X,) 0.320 0.751
Labour cost (X,) 2.488 0.018™
Housing cost with depreciation (X,) 1.238 0.225
Other costs (X,) 0.883 0.383
Age (X,)) -0.121 -1.071 0.292
Family size (X,) -0.080 -0.763 0.451
R-square 0,232
Adjusted R-square
F-change 8.20 0.0007"

Y - Total Income

Source: experimental data

The analysis of the production function
indicated that the values of hatched duck-
lings, feed costs, and labour expenses signif-
icantly affected the gross returns and prof-
its from duck production. Table 7 indicates
that the regression coefficient for the value
of hatched ducklings was estimated at 0.527,
which is significant at the 1% probability level.
This demonstrates a positive relationship be-
tween the value of hatched ducklings and gross

returns. Specifically, a
of ducklings is ass
in gross returns for far
suming other variables
case of feed costs, the
was 0.444, which was also si

crease in the price
i 2.7% increase
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variables unchanged. This result
farmers who provided supple-

was significant at the
is value suggests that

not utilise labour for d
ly, the regression coef’

0.088, respectively, in this study.
0.732 suggests that 73.2% of the tot

farmers is explained by the variables i
in the model. This also implies that 26.
the variation remains unexplained, likely
to other factors not accounted for in the model

Table 8. Multi-collinearj

X1Log X2Log X3Log X4Log X5Log X6Lo

Xllog 000 003 059 002 000
X2Log 001 031 000 000  0.00
X3Log 001 025 022 015 000
X4log 0.18 008 003 030 004
X5log 024 0.8 002 024 000
X6Log 021 000 001 005 000
X7Log 002 001 000 003 068
X8Log 000 000 000 002  0.02
X9Log 026 006 000 014  0.12
X0 007 001 002 004 004
og
XU 000 007 011 001 009
og

Source: experimental data

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 4

The adjusted R? value of 0.643 reflects that
approximately 64.3% of the total variation in
gross returns from native duck farming is ex-
plained by the included variables, taking into
account the adjustment for degrees of freedom,
as noted by D. Gujarati (2003). The F-change
value of 8.200 was significant at the 1% prob-
ability level, indicating that all the explanatory
variables included in the model were important
for explaining the variation in gross returns and
profits from duck farming.

The multi-collinearity test was conducted
to determine whether the regression model ex-
hibited any correlation among the independent
variables. This assessment involved examining
the correlation coefficient (r) values between
the independent variables. Table 8 presents
the correlation coefficients for the independent
variables. The results indicate that all correla-
ion coefficients were below 0.85, signifying the

the regression model were satisfied.

X11
Log

0.00
0.35
0.16
0.01
0.31
0.00
0.02
0.03
0.02

0.08

0.01
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tudy also identified several con-
d by farmers in duck rearing, as
9. The most frequently report-
ase outbreaks, affecting 73.3%
as the primary challenge.

ercentage (n) Rank
Outbreak of digi¥lse 73.3 (33) I
High feed prices 4 (29) II
Lack of training 8. I
Vaccine shortages 111
Attacks by predatory v
animals
High duckling prices \Y

Source: experimental data

In addition, high duckling pri
poor veterinary services (15.6%),
(11.1%) were noted as constraints. A
proportion of farmers reported a lack of g
ducklings (13.3%), unavailability of duckl
(2.2%), and uncertainty in profitability (2.2%
as challenges in duck rearing. These findings
underscore the diverse challenges faced by
farmers and highlight critical areas where tar-
geted support and interventions are necessary
for the duck farming sector.

Discussion

The housing management of ducks indicated
that most farmers used separate housing for
their ducks, which was constructed using tin
and wood. F. Rahima et al. (2023) mentioned
that most poultry houses were made of tin and
bamboo, while a smaller proportion of farmers
reared ducks with inadequate housing facilities.
These findings align closely with the current
study. All farmers raised their ducks in a scav-
enging system. Conversely, M. Alam et al. (2014)
reported that a relatively lower percentage of
farmers used housing materials compared to

High feed prices ranked second, impacting
64.4% of farmers. Other significant constraints
included a lack of training (28.9%), vaccine
shortages (28.9%), and attacks by predatory
animals (22.2%).

Table 9. Constraints faced by farmers in duck rearing

Parameters Percentage (n) Rank
Poor vet.ermary 15.6 (7) VI
services

Lack of quality
ducklings 13.3 (6) VII
Theft 11.1(5) VIII
Profit not guaranteed 2.2 (1) IX
Unavailability 2.2(1) X

of ducklings

the findings of the present study. The study by
. Jha et al. (2016) was slightly related to the
sent research, noting that during the rainy
on, ducks were raised solely on natural feed
urces under a scavenging management sys-
em. Approximately 88.89% of farmers prac-
tised cleaning their duck houses. That study
d that a small proportion (14%)
never adhered to cleaning practic-
. According to F. Rahima et
£3.53% of farmers routinely
es, whereas a different
the current study. This
ost all farmers sup-
an, with the lowest
number of farmers o) providing ready-
made feed to thei
observed that 50% of
tional supplementary
duction in their ducks.
supplementary feeds inclu
of rice and broken rice, a ¢
polish and wheat bran, and a
ous feed ingredients, which is c
the current study. The findings of
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Iso support the present study. Vari-

geswari) ducks at DOC
¢ were lower than those

age, while higher bod
at twelve weeks. Howe

tively lower average body wel
the findings of the present stu

The productive and reproductg
mance of different ducks in this
found to be slightly different compare
findings of H. Khatun et al. (2016). They r
ed that the age at first egg production was
147, and 161 days, with the weight at first eg:
laying recorded as 1,437 g, 1,455 g, and 1,435 g
for Rupali, Nageswari, and local ducks, respec-
tively, under farmers’ existing conditions with
supplementary feeding. They also noted higher
egg weights for Rupali and native ducks, while
Nageswari ducks produced eggs of lower weight,
in contrast to the current findings. M. Islam et
al. (2014) reported a lower average age at sexual
maturity for BLRI-1 and BLRI-2 ducks than in
the present study. However, higher egg weights
were observed in Rupali, Nageswari, and native
ducks in this study compared to the results of
M. Islam et al. (2014). In the study conducted
by M. Morduzzaman et al. (2015), lower annual
egg production was reported compared to the
findings of the present study. Similarly, F. Rahi-
ma et al. (2023) observed lower average egg pro-
duction and egg weights than the current study.
The differences in these results may have arisen

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 4

because the ducks consumed feed from natural
sources, and farmers did not provide consistent
supplementary feed to their ducks.

In terms of vaccination and deworming,
84.4% and 77.8% of farmers practised these
measures, respectively, though not all followed
the vaccination schedule in the study location.
Approximately 86% of farmers did not vacci-
nate their poultry (chickens and ducks) due to
insufficient knowledge and inadequate vaccina-
tion facilities, as stated by M. Alam et al. (2014).
Additionally, B. Jha et al. (2016) reported that
about 65% of farmers were unaware of the im-
portance of vaccination and did not vaccinate
their ducks. Conversely, F. Rahima et al. (2023)
found that 30.50% of farmers did not regularly
adhere to vaccination schedules, 14.50% fol-
lowed regular schedules, and only 8.82% vac-
cinated their poultry under backyard poultry
roduction systems. These variations may have
en influenced by differences in location and
year in which the studies on duck-rearing
ers were conducted.

Infectious diseases are the most common
constraint_in duck rearing, with duck plague
st prevalent (Khan et al., 2018). Al-

incidence of diseases
e variation might
s in agroecological
nimal-rearing
ample sizes.
ases of duck

be attributed to dif!
locations, climati
methods, housing sysf#fs, an
M. Alam et al. (2014) orte
plague, duck cholera, li
soning in duck farms withi
district. Additionally, B. JTha
that most farmers lacked a co
derstanding of duck diseases. A
result was observed in the case o
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i ducks, where F. Rahima et al. (2023)
uck plague and duck cholera were

ks is the primary source of duck
entioned that only 7.25%
modern treatment meth-
5% of farmers disposed
inately, leading to en-
ifference in results

in awareness regardin
and deceased ducks a
area. It was common for
report cases to health ce

al., 2020). These findings highli
approaches to biosecurity and diseas
ment in duck farming communities.

In terms of net income, the pres&k fin
ings for different ducks at the communi
el were consistent with those of S. Parv
al. (2020), who reported a net return of 1,
BDT per batch and an annual net profit of 6,735
BDT from rearing 50 ducklings, with a BCR of
1:1.30. Comparatively higher net income and
BCR were observed in this study, likely due to
variations in study location, year, and the num-
ber of respondents considered. The current re-
search also identified several challenges faced
by farmers in duck rearing. These findings align
with those of M. Alam et al. (2014), who iden-
tified conventional rearing methods, feed scar-
city, poor housing facilities, disease outbreaks,
limited access to vaccines and medicines, and
predatory animal attacks as the major issues
affecting backyard poultry (chicken and duck)
farming in the Mymensingh district.

Conclusions

In the study, ducks were raised under scav-
enging conditions with locally available feed

supplements. However, 82.2% of farmers
used separate duck houses, and while 68.89%
of farmers practised regular house clean-
ing, it was not satisfactory. Regarding growth
rates, it was observed that Rupali male ducks
weighed approximately 1,505.6 g, and females
weighed 1,378.5 g, compared to Nageswari
male ducks, which weighed 1,486.07 g, and fe-
males, 1,262.8 g, at 24 weeks. The highest egg
production was 192 eggs in Nageswari ducks,
followed by 181 eggs in Rupali ducks, with the
lowest egg production of 168 eggs in local in-
digenous ducks. These findings indicate that
the BLRI native ducks demonstrated higher
productivity than local ducks. About 84.4% of
farmers vaccinated their ducks against duck
plague and duck cholera, primarily due to the
regular vaccination programme conducted by
BLRI in this community. However, biosecurity
practices were not at an acceptable level. The
CR in duck farming was 1.60 for Rupali ducks
1.59 for Nageswari ducks, which were al-
t similar, but it was lower in local ducks
1.30, primarily due to poorer productivity.
The overall BCR in duck farming was 1.49. This
prove if challenges faced by duck
uch as disease outbreaks, high feed
nowledge, and the unavaila-

waterlogged, low-lying
growth performance
upali) was superior
to that of BLRI"native 2 (Nageswari) and
indigenous duck
duction of Nageswari

Rupali and indigenou
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sential to addressing the challenges in
g. Future research should focus on
sed improvements in duck farm-
lo%@nd areas of Bangladesh.
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AHoTanisg. MeTow IIbOTO JOCTIIKEHHS OyJ0 pO3BeAeHHS Kadok B (Rupali) i BLRI-2
(Nageswari) Ta OLiHKa iX IIPOAYKTMBHOTO ITOTEHI[iaTy IMTOPiBHSIHO 3 Mi

iCHYIOUMX MeTOZiB BeZleHHS TocrofapcTBay paiioni bxanra, @apignyp. E
3a TOBHICTI0O paHIOMi30BaHMM TIIaHOM, Oe Kauku BLRI ciyrysan
IpyIolo, a MicleBi KaukyM — KOHTPOJIbHOIO. 3i6paHi AaHi Mpo Tpom

OlaMM B YMOBax

1,486,07 r y camiiiB nopony Nageswari. HaiiBuina nmpogyKTUBHICTD SI€LLb CIIOCTE
Nageswari (192,00 + 5,70 siiis), 3a HuMM Jinuin Kauku Rupali (181,33 + 7,55
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(1,60) 6yB mocsruyTtuit mnast kauok Rupali, Tomi sik HaiHwskumii (1,30) — mast
arajqbHUi KoedillieHT [ PO3BeAeHHSI KauoK cTaHOBUB 1,49. OCHOBHOIO
nepenroI010 03BeJIeHHS KayoK, sIka BIUIMHYJAA Ha 73,3 % depmepiB, Oynm cramaxu
3aXBOPIOB, TPYMIQHI pe3ylbTaTy MPOAEeMOHCTPYBa/IM BUCOKiI MOKA3HUKYU MPOIYKTUBHOCTI
Ta eKOHOMIUHY JIQ icTh Kauok BLRI. JlocmimKeHHs MiAKPeCaniao BaskIuBicTh crenmudivamx
IIJISI KOSKHOT I1Q eriii yrpaBiHHS, BKIOYA0YM ITOKPAIleHHS] YMOB YTPUMAaHHSI, TOZiBJIi
Ta NpodiTaKTUKI
3 MEeTOIO MiABUIIIE

OBaHb, a TAKOXX PEKOMEH/IyBaJIO TIPOBEJeHHS TPEHiHTiB AJis hepmepiB
s1 peH bHOCTi BUPOIIYBaHHS KAUOK

Knrouosi ciioBa: Kauku POIYKTMBHICTh POCTY; CIIajIaXy 3aXBOPIOBaHb; KoedilieHT BUroam-
BUTpAT
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Abstract. The relevance of this study lay in the limited information available regarding
documented clinical cases of oncological diseases, specifically osteogenic sarcoma, in even-toed
ungulates of the Giraffidae family. In domestic small animals, computed tomography, magnetic
resonance imaging, and radiography are commonly employed to assess bone lesions and distant
metastasis. However, applying such imaging techniques to wild animals presents significant
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Osteosarcoma in a male giraffe (Giraffa camelopardalis reticulata)

challenges. This research aimed to verify the clinical diagnosis of osteogenic sarcoma in a giraffe.
To achieve this, the animal was administered general non-inhalation anaesthesia, followed by
diagnostic clinical and radiographic examinations of the joint, along with pathological verification
of tumour tissue. Tissue samples obtained from the animal were subjected to histological
analysis. Clinical examination revealed an increase in volume and thickening of the carpal joint
in the left thoracic limb. Based on clinical signs, the pathological process extended through the
cortical layer, distending the periosteum of the carpal joint. Additionally, characteristic symptoms
of chronic pain and exhaustion were observed in the animal. Radiographic imaging revealed
evidence of bone and cartilage involvement in the joint, exhibiting an aggressive and destructive
pattern, along with osteolytic changes accompanied by minimal calcification. The cortical bone
layer remained intact, with the lesions localised to the epiphyseal-metaphyseal region of the
forelimb bones. Pathohistological analysis confirmed the presence of osteoblastic osteosarcoma.
The findings of this comprehensive investigation provided novel insights into the progression of
osteosarcoma in giraffes, particularly highlighting the pathological morphology of a malignant
bone-forming tumour. These results contribute to the existing knowledge of the pathogenesis of
bone oncopathology in wild animals, which holds significance for veterinary practice and scientific
research. Therefore, the practical value of this study lies in enhancing the understanding of the
pathological morphology of oncological diseases affecting the appendicular skeleton

Keywords: tumour osteogenesis; nuclear pleomorphism; atypical cells; osteoid; clinical diagnostic
investigation; pathohistological examination

Introduction

Under current conditions, zoos play a crucial
role in wildlife conservation, as anthropo-
genic interference has a negative impact on
ecosystems. Four species of giraffe are kept in
national parks and other organisations where
artificial conditions are created. Osteosarcoma
of the skeleton in these animals has been little
studied and is not described in the professional
literature regarding the morphology of onco-
pathology. Thanks to palaeo-oncological stud-
ies of the remains of humans and animals that
existed at least 350 million years ago, objective
data on the existence of oncological diseases
(tumours) have been obtained. Modern scientif-
ic achievements have allowed for more accurate
diagnosis of ancient pathologies in fossilised
material. Confirmation is particularly strong
for neoplasms of bone tissue, as biological sam-
ples that underwent study have been better

preserved. The results obtained made it possi-
ble to establish a multifactorial aetiology of tu-
mours, which includes the main factors: genetic,
environmental, lifestyle, and living conditions.

S. Ekhtiari et al. (2020) and A. Garcés et
al. (2024) confirmed the diagnosis of osteosar-
coma in a dinosaur, the herbivorous ceratopsian
(Centrosaurus apertus). The diagnosis was con-
firmed by radiographic and histological analysis
by human medicine pathologists. To date, au-
thors have focused on the problem of osteosar-
coma morbidity in millions of people worldwide.
The peak incidence occurs in the second decade
of human life. At the same time, the causes, ge-
netic changes, and oncogenic factors of tumour
occurrence are insufficiently studied, which
limits further progress in targeted therapy.

According to D. Meuten (2017), there is a
certain predisposition for the prevalence of
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bone neoplasms in large breeds of dogs with
significant body weight. These include the
Great Dane, Saint Bernard, Rottweiler, Ger-
man Shepherd, Boxer, Doberman, Irish Setter,
and Golden Retriever. Osteosarcoma is diag-
nosed in 7-8-year-old animals, although it can
occur in slightly younger animals as well. Ex-
cess weight also provokes the development of
onco-osteopathology. In terms of percentage,
osteosarcoma in dogs is found in 1% of animals
weighing no more than 10 kg, in 8% of animals
with a body weight of 25-30 kg, and in 60% of
animals weighing more than 35 kg. Males are
more likely to get the disease than females. In
felines, osteosarcoma is the most common type
of bone tumour, accounting for about 75% of
all primary tumours. The average age of onset
was 8.03 years (¥ 4.01) with involvement of the
appendicular skeleton and 10.41 years (* 3.06)
with involvement of flat bones: skull, ribs, and
scapula. In 10% of cases, extraskeletal osteosar-
coma was diagnosed. Regarding genetic stud-
ies, most classical osteosarcomas had complex
chromosomal aberrations, both quantitative
and structural. The modal chromosome number
of the pathological clone is highly variable. The
variation in chromosomal aberrations from cell
to cell reflects a high level of genetic instability
and heterogeneity of osteosarcoma.

The general diagnostic strategy for de-
tecting this disease involves radiographic and
pathohistological examination, as outlined in
the scientific studies of K. Dittmer & S. Pem-
berton (2021). The authors demonstrated that
instrumental studies should begin with radiog-
raphy of the appropriate segment. Radiograph-
ic signs of bone and cartilage damage vary from
a picture similar to a benign process to a pic-
ture of a pronounced aggressive and destruc-
tive nature, which can lead to a pathological
fracture. The radiographic picture typical for
osteosarcoma is osteolysis with calcification,
a pronounced periosteal and endosteal lytic
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reaction, which determines the degree of dif-
ferentiation. Osteosarcoma is characterised by
a high degree of malignancy, and accordingly,
damage to the bone and periarticular tissues
will be with osteolytic changes. Cortical lay-
ers are usually with a pronounced periosteal
reaction and altered. According to statistical
data obtained by scientists from Great Britain
and Sweden, of the registered cases of bone tu-
mours in dogs, 73% were malignant, 0% were
benign, and 27% were unspecified.

Research into primary osteosarcoma re-
mains highly relevant today, as this pathology,
according to J. Beck et al. (2022), is the most
common oncological disease in paediatrics.
Rapid metastasis of the tumour is the main
cause of death in patients. In 30% of clinical
cases, metastases develop within 5 years of di-
agnosis. Therefore, collecting scientific infor-
mation on the detection and progression of the
disease in humans, dogs, and laboratory animals
is essential. Experimental studies on laborato-
ry mice and dogs have allowed for the creation
of various models of oncopathology, which has
enabled a deeper study of pathogenetic mech-
anisms and drawn parallels with osteosarcoma
in human medicine. Thus, the presented gener-
alised information on the prevalence of osteo-
genic osteosarcoma in veterinary and medical
practice confirms the relevance of continuing
diagnostic and therapeutic research. Howev-
er, there is insufficient information in the lit-
erature about the development of osteogenic
osteosarcoma in wild animals. Therefore, con-
sidering the above, this study aimed to conduct
clinical and morphological studies of the fea-
tures of osteosarcoma progression in giraffes.

Literature Review

H. Beird et al. (2022) focused on the prevalence
of primary malignant osteosarcoma in individu-
als aged 18 to 60 years. They identified genetic
predisposition syndrome factors as risk groups
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for the disease. Therefore, modern diagnostic
screening is specifically conducted on these pa-
tient groups. If osteosarcoma of the bone is sus-
pected in a patient after radiographic examina-
tion, it is important to conduct a morphological
study and, if necessary, a computed tomography
scan to detect lung metastases. At the same time,
reliable oncomarkers do not exist. Under cur-
rent conditions, the treatment of osteosarcoma
(chemotherapy, surgery) requires a team-based
multidisciplinary approach involving special-
ised oncologists, orthopaedists, general sur-
geons, pathologists, and radiologists. Research
is ongoing in the direction of selecting treat-
ment methods for primary tumours and compli-
cated cases (with the formation of metastases).

A study by A. Mazurkevich et al. (2023)
demonstrated that in dogs, the metaphyses of
limb bones (75%) are most commonly affected
by tumours — the pelvic limb (femur, tibia, and
fibula); the thoracic limb (humerus, ulna, and
radius); less frequently — the jaws, skull, ribs,
scapula, and pelvic bones (25%). Extraskeletal
osteosarcoma may also be recorded. The authors
provided a classification of osteosarcoma, struc-
tured according to the modified TNM system,
which assesses two parameters: T — primary le-
sion, presence or absence of distant metastases
(MO and M1); TO - the tumour is not identified;
T1 - identified involvement of the periosteum
and bone; T2 - the process extends beyond the
periosteum. The authors provided information
on characteristic cytological studies of tumour
aspirates: isolated, and sometimes densely
grouped (up to 50 cells) tumour elements are re-
vealed. Some cell groups may resemble papillary
structures. Based on the size and polymorphism
of cells, monomorphic and polymorphic forms
are distinguished. In the latter, cells of varying
sizes from large to giant predominate. The nu-
clei are oval or round, located eccentrically, with
the presence of 1 to 3 hypertrophic nucleoli.
Satellite nuclei are typical. The cytoplasm has

an irregular shape, is basophilic, usually vacuo-
lated, and may contain small granules. Numer-
ous mitotic figures are often found.

A clinical case of femoral osteosarcoma in
a 27-year-old Arabian pony (gelding) was de-
scribed by R. Pfeifle et al. (2021). Clinical signs
of the disease were accompanied by weight loss,
swelling of the pelvic region on the left side,
and a pronounced lameness in the left pelvic
limb. Haematological studies revealed neutro-
penia and thrombocytopenia. Radiographic ex-
amination established destructive-lytic chang-
es in the bone tissue of the proximal part of the
femur. A biopsy confirmed osteoblastic osteo-
sarcoma. The animal was treated with radiation
therapy, which proved ineffective, and the ani-
mal was euthanised.

G. Doden et al. (2021) discovered that neo-
plastic pathology in giraffes is poorly described
in scientific literature, with a lack of collected
clinical material, despite the widespread breed-
ing and zookeeping of these animals. A clinical
diagnosis of neoplasia is primarily established
during post-mortem examinations of deceased
animals. The authors focused on the study of
30 deceased giraffes from 22 zoos in the United
States of America. During autopsies, age-re-
lated changes in the body and the presence of
tumours that led to death were established in
13 animals. At the same time, 15 animals with
chronic conditions were euthanised for clinical
reasons, and tumours were found at necrop-
sy. Two animals underwent antemortem tu-
mour biopsies for morphological examination.
Pathohistological examination confirmed the
presence of various types of tumours: leiomyo-
ma (7),adenoma (4), luteoma (4), lymphoma (4),
pheochromocytoma (3), squamous cell carcino-
ma (3), adenocarcinoma (2), ameloblastic fibro-
ma (1), carcinomatosis of undetermined cell
lineage (1), cavernous haemangioma (1), cystic
granulosa cell tumour (1), dysgerminoma (1),
fibrosarcoma (1), leukaemia (1), lipoma (1),
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pituitary nerve sheath tumour (1), rhabdomyo-
sarcoma (1), and teratoma (1). In most cases,
neoplasms were detected during autopsy. The
published material confirms the importance of
further studying pathology in this species.

M. Esmaili Nejad et al. (2019) described
chondroblastic osteosarcoma in dogs and its ag-
gressive course. They noted that the appendic-
ular skeleton is most frequently affected by this
tumour. The article provides detailed data on
the aggressive course of the disease with a high
degree of metastasis in a large, mixed-breed
dog. In vivo, radiographic examination and com-
puted tomography of the patient demonstrated
significant lytic changes in the area of the max-
illa with spread to the orbital region. Metastat-
ic lesions of the lungs were found in the form
of a large number of nodules of various sizes.
Cytological examination revealed pleomorphic
mesenchymal cells of oval to spindle shape with
signs of malignancy. Histomorphological evalu-
ation of bone tissue revealed areas of bone dif-
ferentiation containing osteoid foci with exten-
sive fields of cartilaginous differentiation with
chondroblasts in lacunae. Based on the studies
conducted, a diagnosis of chondroblastic osteo-
sarcoma with diffuse lung metastases was made.
The animal was euthanised.

R. Weinschenk et al. (2021) demonstrated
that chondrosarcoma is the second most com-
mon primary bone tumour. Most conventional
(classic) chondrosarcomas are locally aggres-
sive (originating in the medullary portion of
the bone), low-grade malignant, and non-me-
tastasising tumours compared to high-grade
chondrosarcomas. Conventional chondrosar-
comas can sometimes dedifferentiate into a
very aggressive high-grade sarcoma with a poor
prognosis — these are socalled dedifferentiated
chondrosarcomas. Grade I lesions rarely metas-
tasise or recur and have a 10-year survival rate
of 80%. In contrast, grade III lesions have a poor
prognosis and the highest recurrence rate, with
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a 50% incidence of metastases and a 10-year
survival rate of 30%.

H. Fattahian et al. (2023) highlighted the
importance of differential diagnosis in bone
neoplasms. They investigated and described a
clinical case of a 4-year-old spayed female Spitz
dog with an osteoma. The authors noted the
overall prevalence of bone neoplasms in dogs
and cats. Clinical examination revealed char-
acteristic symptoms such as lameness in the
left pelvic limb, pain on manual palpation, and
general ataxia during walking. A radiographic
examination revealed a periosteal reaction and
osteolysis of the head of the right femur. Oste-
obiopsy and histological examination revealed
trabecular formations of irregular shape with
varying degrees of mineralisation, surrounded
by a single layer of osteoblasts and osteoclasts.
The fibrovascular stroma of the tumour was ad-
jacent to areas of bone tissue with pronounced
signs of sclerosis, and no mitotic figures were
found in the material. Thus, the clinical diagno-
sis of periosteal osteoid osteoma was confirmed.

B. Carneiro et al. (2021) and K. Tepelenis et
al. (2021) indicated that osteoid osteoma is
a fairly common bone tumour in young peo-
ple. The typical clinical picture is a pain syn-
drome at night, which decreases with the use
of non-steroidal anti-inflammatory drugs. Ra-
diographic and computed tomography images
show lytic changes in the tumour focus, signs of
demineralisation, possible cortical thickening,
and sclerotic changes in the bone. However, the
tumour may manifest as an intra-articular oste-
oid osteoma or have an epiphyseal localisation,
multicentric foci, and even atypical radiograph-
ic manifestations. Therefore, a morphological
study can establish an adequate diagnosis and
prevent an unfavourable prognosis.

In a scientific study, L. Leonardi (2022) pre-
sented data on the morphological differentiation
of common oncologic tumours comparing dogs
and humans, specifically central osteosarcoma
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(conventional or classic osteosarcoma). Micro-
scopic characteristics of classic osteosarcoma
are reflected in a variety of histotypes. Gener-
al features are characterised by a population of
neoplastic cells, which are represented in vary-
ing proportions and have a spindle, ovoid, plas-
macytoid, and epithelioid structure, as well as
multinucleated osteoclast-like giant cells. In all
cases, there are signs of the formation of osteoid
matrix produced by malignant cells. The degree
of cellular atypia is high, with variable-sized eo-
sinophilic cytoplasm of neoplastic cells. The nu-
clei in the cells are located centrally or eccentri-
cally, with pronounced signs of hyperchromasia,
formed nucleoli, and a large number of atypical
mitotic figures. At the same time, the following
histological types of osteosarcoma were distin-
guished based on their structure: undifferenti-
ated osteosarcoma, consisting mainly of mesen-
chymal cells with a high degree of anaplasia and
pleomorphism; osteoblastic osteosarcoma with
abundant but varying amounts of osteoid dep-
osition (productive and nonproductive forms);
chondroblastic osteosarcoma with a predom-
inance of the cartilaginous cell component; fi-
broblastic (a subtype in which spindle-shaped
cells predominate); telangiectatic osteosar-
coma - a highly aggressive sarcoma charac-
terised by the presence of blood-filled cavities
lined by tumour cells, rather than endothelium
as in hemangiosarcoma, with signs of osteoid
production; giant cell osteosarcoma (in this
form, osteoclast-like giant cells predominate).

T. Guim et al. (2019) described extraosseous
osteosarcoma, a malignant mesenchymal tu-
mour that develops outside of bone tissue and
sometimes adjacent to the periosteum. The tu-
mour is built on the phenotype of an osteoblast
and produces atypical bone tissue. The tumour
occurs spontaneously, and no breed predisposi-
tion has been observed in animals. The tumour
was most frequently recorded in the mamma-
ry glands (80.6%), subcutaneous tissue (5.6%),

liver (5.6%), spleen (2.8%), omentum (2.8%),
and kidneys (2.8%). Histological examination
of tumours confirmed the presence of vari-
ous types: osteoblastic (61.1%), chondroblas-
tic (33.3%), fibroblastic (2.8%), and giant cell
osteosarcomas (2.8%). Metastases to the lungs
were more frequently observed with mammary
gland osteosarcoma. At the same time, L. Leon-
ardi (2022) proved that this type of sarcoma is
a primitive osteosarcoma that arises in tissues
other than bone, without primary involvement
of the skeleton. Extraosseous osteosarcomas
have been described in several animal species,
with the mammary glands being most common-
ly affected in dogs and cats, followed by other
organs and tissues such as the spleen, subcuta-
neous tissue, gastrointestinal tract, skin, mus-
cles, liver, urinary system, thyroid gland, and
salivary glands, regardless of the animal breed.
Typically, extraosseous osteosarcoma presents
as an infiltrative mass with rapid growth and
irregular internal areas of ossification, mixed
with haemorrhage and necrosis. In all tissues,
especially in the mammary glands, the tumour
can arise from metaplastic bone foci or ma-
lignant transformation of myoepithelial cells.
Extraosseous osteosarcoma is microscopically
similar to other bone osteosarcomas and is al-
ways highly malignant and metastatic.

D. Barrantes Murillo & T. Negrao Wata-
nabe (2023) described an osteoblastic oste-
osarcoma of the left clavicle in a 33-year-old
female red-bellied lemur (Eulemur rubriventer).
L. Moreira et al. (2020) investigated osteoblastic
osteosarcoma in a scarlet macaw (Ara macao).
The tumour is considered a rare disease in birds.
The clinical picture was characterised by signif-
icant swelling in the distal part of the femur and
proximal part of the tibia. At the same time, ul-
cerative pododermatitis and cachexia were ob-
served. After euthanasia, a post-mortem exam-
ination and histopathological study established
osteoblastic osteosarcoma with metastases
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to the liver and lungs. Thus, research into the
detection of osteosarcoma in humans and ani-
mals continues. Certain clinical and diagnostic
successes have been achieved in verifying the
clinical diagnosis of osteogenic tumours. A fi-
nal diagnosis is established after a radiographic
examination and the results of an osteobiopsy.
This pathology is insufficiently described and
studied in wild animals kept in artificial condi-
tions, particularly in giraffes.

Materials and Methods

The study was conducted between 2022 and
2024 at the Krakow Zoo (Ogréd Zoologiczny w
Krakowie) and the pathology department of the
medical centre Universal Clinic “Oberig” in Kyiv.
The article presents a clinical case of a tumour
pathology of the carpal joint in a giraffe. All
experimental procedures involving the animal
were performed in adherence to the fundamen-
tal principles of bioethics. These principles align
with Article 26 of the Law of Ukraine No. 3447-
IV “On the Protection of Animals from Cruel-
ty” (2006), the European Convention for the
Protection of Vertebrate Animals Used for Exper-
imental and Other Scientific Purposes (Europe-
an Convention, 1986), and the “General Ethical
Principles for Animal Experiments” adopted by
the First National Congress on Bioethics (2012).

A clinical and instrumental examination
was conducted on a reticulated giraffe (Giraffa
camelopardalis reticulate), aged 7.8 years, male,
named Malik, weighing approximately 550 kg.
For 6 months, the animal exhibited lameness
in the left thoracic limb, swelling and thicken-
ing of the left carpal joint, which gradually in-
creased. There was limited flexion during walk-
ing, which affected its motor activity (Fig. 1).
Overall weight loss of the animal was noted,
especially in comparison with two other males
of the same age. Therefore, to achieve the goal,
in this case, an anaesthesia protocol was used
to induce the animal into a state of anaesthesia.
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The animal was fasted for 24 hours, and water
was withheld for 12 hours before the diagnostic
procedures. Anaesthetic agents were injected
remotely at a distance of 3-4 meters from the
animal intramuscularly using a Telinject pneu-
matic gun (Germany). The injection with a “fly-
ing” plastic syringe was performed smoothly,
not explosively, which was perceived calmly by
the animal (Fig. 2).

Figure 1. Neoplasm of the carpal joint
Note: thickening and enlargement of the left carpal joint
Source: authors’ photo

Figure 2. Administration
of medetomidine using a flying syringe
Note: injection site of the anaesthetic
Source: authors’ photo
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Following the administration of Medetomi-
dine HCL 10 mg/mL (NexGen Pharmaceuticals,
USA) at a dose of 0.05 mg/kg body weight, the
effects of the anaesthetic were recorded over
the next 20 minutes. The giraffe’s movements
in the enclosure slowed down, skeletal muscle
tremors appeared, and subsequently, the giraffe
stopped, lowered its head and neck forward, and
slightly abducted its forelimbs. At this level of
anaesthesia, Bioketan 100 mg/mL (Vetoquinol,
France) was additionally injected intramus-
cularly at a dose of 3 mg/kg body weight. Af-
ter 15 minutes, the giraffe lay on its left side,
and a surgical level of general anaesthesia was
recorded. Monitoring of the course of general
anaesthesia was carried out by counting the
respiratory rate, auscultation of heart sounds,
thermometry, observing the corneal reflex and
pupil size, and subjectively assessing peripheral
vascular tone by pressing a finger on the gums
until they turned white, and recording the time
to restore a light pink colour. Additionally, to
study the cardiovascular system (heart rate and
arterial blood oxygen saturation), an Innomed
Heart Screen 60G VET electrocardiograph with
a pulse oximeter (Hungary) was used.

Subsequently, a clinical and instrumental
examination was conducted using manual joint
examination and a digital radiographic unit
Gierth TR 90/30 (Germany) in two projections,
anteroposterior and lateral. The results of the
radiographic examination of the joint revealed
a diffuse destructive osteolytic process with
clear signs of neoplasia. After the euthanasia of
the animal, to resolve the stated goal and mor-
phological verification of the clinical diagnosis,
a necropsy was performed and a histological
examination was carried out. Tissue samples
were taken from the pathologically altered are-
as of the carpal joint of the animal and placed in
a labelled container. Tissue samples were fixed
by complete immersion in 10% buffered neutral
formalin (pH 7.2, exposure 6-72 hours).

The tissue was processed for histotechnol-
ogy in an STP120 Microm/Thermo scientific
(Germany) carousel-type tissue processing ap-
paratus, undergoing dehydration in a battery of
ascending concentrations of alcohol and fixa-
tion in paraffin. Subsequently, paraffin blocks
were prepared using an EC350 Microm/Thermo
scientific (Germany) tissue embedding centre.
Serial microtomy with a section thickness of
3-5 pm was performed on the obtained blocks
using an HM340E Microm/Thermo scientif-
ic (Germany) rotary microtome, additionally
equipped with an STS Microm/Thermo scien-
tific (Germany) section transfer system. The
specimens were placed on standard glass slides
followed by deparaffinisation and histological
staining in an HMS 740 Microm (Germany) tis-
sue staining automaton. Hematoxylin (Harris
Hematoxylin Accified series S, Epredia) and eo-
sin (Eosin Y Alcoholic series R/ Epredia, Spain)
were used for staining. After completion of the
staining process, the tissue specimens were
mounted under a coverslip using a Micromount
/ DiaPath (Italy) mounting medium. The tissue
microscopic preparations were subsequently
examined by light microscopy using an Olym-
pus BX 46 (Japan) microscope equipped with an
Olympus SC 50 (Japan) camera, with sequential
examination at magnifications of x4, x10, x20,
and x40 (with a x10 ocular lens).

Results and Discussion

General anaesthesia in giraffes has always been
considered a complex anaesthetic procedure
with a typically unpredictable course. Various
factors influence this. The species-specific
characteristics of the animal, namely: signifi-
cant body mass, height, untamed nature, fear-
fulness, and sensitivity to stress, do not allow
for diagnostic studies (palpation, biopsy, radio-
graphic examination) without the use of general
anaesthesia. Therefore, the preparation includ-
ed: a specially equipped enclosure measuring
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15x15 meters, the floor of which was covered
with a thick layer of straw, and the walls of the
enclosure were padded. These measures were
necessary to prevent injury to the animal dur-
ing the induction of anaesthesia and recovery.

When a deep level of general anaesthesia
was achieved, the animal’s body was positioned
so that the head and neck were higher than the
torso to prevent disturbances in hemodynamics
and the occurrence of cerebral hypertension.
Several specialists, during the course of the ex-
amination, constantly manually massaged the
neck muscles, as spastic contractions that may
occur leading to stress myopathy (Fig. 3).

Figure 3. Giraffe under anaesthesia
Note: performing a neck muscle massage
Source: authors’ photo

Clinical palpation of the carpal joint re-
vealed: an increase in volume over the entire
area, absence of local temperature changes,
hard tissue consistency, limited range of mo-
tion during flexion and extension of the limb,
and the presence of indistinct crepitus. Fur-
ther radiographic examination of the joint was
performed in two projections, anteroposterior
and lateral. Significant diffuse destructive-lytic
changes in the epiphyseal part of the forearm
bones with metaphyseal involvement were es-
tablished (Fig. 4). Given the anamnestic data,
the course of the disease, and the results of the
clinical and instrumental examination of the
joint, the animal was euthanised, followed by
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a pathomorphological examination of the ne-
oplasm of the carpal joint tissues. During the
autopsy, extensive areas of destruction with
growths of a voluminous invasive formation
were found. The tumour tissue was light grey
in colour, rough, and finely granular in consist-
ency, with areas of brownish-red discoloura-
tion and a crumbly, brittle consistency in these
zones, which corresponded to foci of necrotic
changes with haemorrhagic infiltration. The
structure of the joint appeared completely dis-
rupted, with tissue breakdown (Fig. 5).

Figure 4. X-ray of the joint tumour
Note: destructive-lytic changes in the joint
Source: authors’ photo

Figure 5. Macroscopic changes
in the joint tumour
Note: visualisation of the joint cavity during necropsy
Source: authors’ photo
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Amorphological study established the pres-
ence of growths of mesenchymal tumour with
cortical destruction, with an invasive character
of growth into the surrounding soft tissues. The
tumour tissue was composed of an extracellular
fibrous matrix and tumour cells, which demon-
strated a variety of structures and had a sarco-
matoid, spindle-cell structure with pronounced
signs of cytological and nuclear pleomorphism;
neoplastic cells were mostly large in size, had a

Figure 6. Focal incomplete tumour
osteogenesis with immature bone trabeculae
and proliferation of atypical cells
Note: 1 - osteoid; 2 —tumour cells of different histotypes.
Decalcification, haematoxylin-eosin staining x200

Source: authors’ photo

moderate amount of eosinophilic cytoplasm, in
places with indistinct intercellular boundaries;
the nuclei of the cells had signs of anisonucle-
osis, were hyperchromatic, and multinucleated
cytological forms were focally found, which in
their structure were similar to osteoblasts; in
the volume of the tumour tissue, signs of tu-
mour incomplete osteogenesis were noted in
the form of the formation of a significant num-
ber of immature bone trabeculae (Fig. 6-9).

Figure 8. Atypical multinucleated cells
of the osteoblastic series
Note: 1 — multinucleated cells; 2 — tumour cells of
different histotypes. Decalcification, haematoxylin-
eosin staining x400

Source: authors’ photo

Figure 7. Focal incomplete tumour
osteogenesis with immature bone trabeculae
and proliferation of atypical cells
Note: 1 — multinucleated cells; 2 — tumour cells of
different histotypes. Decalcification, haematoxylin-

eosin staining x400
Source: authors’ photo

Figure 9. Atypical multinucleated cells
of the osteoblastic series among foci of
incomplete tumour osteogenesis in the form
of the formation of immature bone trabeculae
Note: 1 — multinucleated cells; 2 — tumour osteoid.
Decalcification, haematoxylin-eosin staining x400
Source: authors’ photo
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Therefore, the morphological changes
identified are consistent with osteoblastic os-
teosarcoma. Accordingly, the histopathological
diagnosis of osteoblastic osteosarcoma was es-
tablished. The conducted studies confirm the
data on osteosarcoma in various animal species.
A challenging issue remains the detection and
early diagnosis of oncological diseases in wild
animals kept in artificially created conditions.
Most of them are not domesticated, and any di-
agnostic procedure (blood sampling, X-ray ex-
amination, ultrasound, etc.) requires the use of
general anaesthesia. More often than not, tran-
quillisation is insufficient, and it is necessary
to anaesthetize the animal to a surgical level of
anaesthesia. Accordingly, it is difficult to study
large animals such as giraffes, elephants, rhi-
noceroses, antelopes, and others.

The presented study involved a complex
set of preparatory measures, which included:
equipping an enclosure where the clinical and
instrumental examination of the giraffe was
carried out, pre-anaesthetic preparation of
the animal, training specialists to perform di-
agnostic procedures, and checking the equip-
ment used (X-ray machine, electrocardiograph,
necessary set of surgical instruments). Induc-
tion into anaesthesia and its course proceeded
bypassing the excitation stage, slowly, gradual-
ly the animal reached the surgical level of an-
aesthesia necessary for the safe performance of
all diagnostic studies.

J. Nguyen et al. (2022) and D. O’Neill et
al. (2023) established that the radiographic
appearance of osteogenic sarcoma depends
on the morphological variant of the tumour
(osteoblastic, osteolytic, mixed), location, and
growth rate. The area of involvement in radi-
ographs, in most clinical cases, does not have
clear boundaries. The most characteristic fea-
tures are manifested by the destruction of the
cortical layer and the appearance of extraos-
seous components of the tumour. One of the
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most pathognomonic criteria for sarcoma in
these cases is the detachment of the perioste-
um in the form of a formation at the edge of the
cortical layer defect.

In the presented radiographic study, the
tumour node had indistinct contours with signs
of a massive soft tissue component of the epi-
physeal part of the bone of the carpal joint with
involvement of the growth plate and cartilage,
more likely of intramedullary location. This
clinical manifestation of the disease in the gi-
raffe was manifested by a progressive increase
in the volume of the affected joint, and lame-
ness and limited movement indicated pain for
several months. At the same time, when flexing
the joint, which was determined by palpation,
a slight crunch was manifested, indicating
destructive changes in the bones of the joint.

S. Myagkov et al. (2019), M. Harkusha &
R. Mihraliev (2021) and M. Kudlya (2024) re-
ported the spread (metastasis) of tumour cells
through lymphatic vessels to lymph nodes. In
general, they should be examined during an ex-
amination and surgically removed, especially
those located near the tumour. The examina-
tion of lymph nodes is important for two rea-
sons: the first is the collected information that
is used to determine the stage of the disease;
the second is the increased risk of spread to
other organs of the body. In human medicine,
this criterion is used to provide additional ther-
apy for the patient (chemotherapy, radiation
therapy or immunotherapy).

The use of various individual drug thera-
py methods for appendicular osteosarcoma in
dogs was investigated by A. Poon et al. (2020).
The authors focused on those clinical trials that
may have a high degree of efficacy in terms of
prolonging the life of the animal. Y. Nakano et
al. (2021) evaluated and described the frequen-
cy of metastasis in cats. In 67 patients with
histologically confirmed osteosarcoma of the
appendicular skeleton, surgery was performed
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to amputate the limb. The frequency of distant
metastases was 46.3% (31/67). The average sur-
vival time after surgery was 527 days. It is clear
that these aspects in this study of the giraffe
can only be informative in terms of the spread
of the pathological process. Macroscopically,
the surrounding lymph nodes in the giraffe did
not change.

K. Makielski et al. (2019) and K. Silver et
al. (2023) described classic osteosarcoma as
an intramedullary malignant tumour whose
cells produce osteoid. It is termed primary
when it develops in unaltered bone and is the
most common primary high-grade sarcoma.
It can appear after trauma to an area of bone,
implantation of metal osteosynthesis, etc. It is
believed that osteosarcoma develops from mes-
enchymal stem cells with minimal osteoblastic
differentiation, however, the “cell of origin” re-
mains unknown. It is more commonly observed
in various genetically determined syndromes.
In the conducted study, the tumours of the rel-
atively young giraffe do not exclude a genetic
factor in the aetiology of the disease. After all,
it is known that specific changes in genes can
increase the risk of developing osteosarcoma
and other types of cancer.

T. Fossum (2019) and K. Dittmer & S. Pem-
berton (2021) proved that during the macro-
scopic examination of osteosarcoma tumours,
an affected zone is revealed involving the met-
aphyseal part of the bone. The tumour can be
located intramedullary, grey-white in colour
and heterogeneous. Upon direct examination
of the tumour, intensely mineralised areas of
bone are revealed, and mucous foci and myx-
oid matrix, haemorrhages, areas of necrosis,
and cystic formations can also be found. At the
same time, the periosteum, in the form of a soft
tissue component, is without clear contours
and of various sizes.

In this study, during the autopsy of the
giraffe’s joint, longitudinal destruction of the

articular cartilage of irregular shape was es-
tablished, its fragmentation with the spread
of the tumour intramedullary and with signs
of lytic structures in the direction of the met-
aphysis. On the section, a brittle consisten-
cy, haemorrhages, and necrosis were noted.
D. Meuten (2017) indicated that during the
histological examination of osteosarcoma, a
fairly wide spectrum of morphological changes
was determined. The tumour grows from the
bone marrow area and changes and destroys
bone trabeculae. Neoplastic cells are charac-
terised by moderately expressed cellular atyp-
ia and pleomorphism: they can be epithelioid,
plasmacytoid, spindle-shaped or rounded.
The cytoplasm is more often eosinophilic or
light. The presence of neoplastic bone tissue is
pathological osteoid. The amount of the latter
does not matter, it is produced by neoplastic
cells. According to the author, osteosarcoma is
divided into several histological variants: os-
teoblastic, chondroblastic, fibroblastic, giant
cell, osteoblastic-like, epithelioid, clear cell,
and chondroblastic-like.

Based on the results of the histological
study of the tumour of the carpal joint of the
giraffe presented in the article, the presence of
incomplete tumour osteogenesis in the form
of the formation of immature bone trabeculae
was established, atypical multinucleated cells
of the osteoblastic series and atypical pleo-
morphic cells of other histotypes were found,
which confirmed the diagnosis of osteoblastic
osteosarcoma.

Chondrosarcoma has been described in
the research of A. Zajac et al. (2021), A. Gazen-
dam et al. (2023) and G. Kask et al. (2023). The
distinguishing feature of chondrosarcoma from
osteosarcoma lies in the spread of the primary
malignant bone sarcoma. As with osteosarcoma,
this tumour affects long bones, especially those
of the pelvic limbs, and can also occur in the
bones of the pelvis and ribs. Chondrosarcoma
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can be of varying degrees of malignancy: ag-
gressive low-grade, non-metastasising tumour,
and high-grade malignancy. Most conventional
chondrosarcomas, both low-grade and high-
grade, are primary and begin to develop in the
medullary part of the bone. At the same time,
some proportion of tumours can occur second-
arily within an enchondroma or on the surface
of the bone from a pre-existing osteochondro-
ma. The final diagnosis is based on a morpho-
logical study. J. Vetter et al. (2023) provided
information on guinea pig (Cavia porcellus)
disease with fibroblastic osteosarcoma. The
diagnosis was confirmed at the Faculty of Vet-
erinary Sciences of the National University of
Asuncion (Paraguay).

Thus, based on the clinical, instrumental,
and morphological studies presented in the
study, the relevance of studying oncopatholo-
gy in wild animals has been confirmed, in par-
ticular, the identified and histologically proven
features of the course of osteosarcoma in gi-
raffes. It has been established that in the diag-
nosis of joint bone tumours, all components of
a clinical examination play an important role:
collecting anamnestic data, conducting radio-
logical and histological studies, and interpret-
ing the obtained results.

Conclusions

Osteosarcoma is a malignant bone tumour that
arises from multipotent mesenchymal stem
cells capable of differentiating into cartilage
and bone. It is characterised by the produc-
tion of atypical osteoid and bone structures
by malignant proliferating tumour cells. Ac-
cording to the results obtained from the study,
the development of a malignant neoplasm in a
giraffe (Giraffa camelopardalis reticulata) was
accompanied by a characteristic clinical course
observed in animals with bone oncopathology.
Conducting a clinical and diagnostic examina-
tion was complicated by many factors, one of
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which was the natural stress response during
direct contact with the animal, which hindered
the conduct of even simple, at first glance, di-
agnostic procedures. When an increase in the
volume of the carpal joint was detected, clin-
ical observation of the animal and the course
of the disease was carried out. Over several
months, marked lameness was noted with in-
creased limitation of movement when walking,
the joint increased, which indicated a pain syn-
drome. Therefore, to achieve the goal of diag-
nostic measures, general anaesthesia was used.

In this condition, it was possible to con-
duct a radiographic examination of the joint
and establish a tumour lesion of the bones and
periarticular tissues. Subsequently, the select-
ed and fixed in 10% buffered formalin materi-
al was subjected to histological examination.
As a result of the histopathological studies, a
sufficient spectrum of morphological changes
characteristic of osteoblastic osteosarcoma was
obtained, namely: the presence of atypical cells
with invasive growth and multinucleated cells
of the osteoblastic series, incomplete tumour
osteogenesis, extracellular matrix with the
growth of pleomorphic cells. Thus, it should be
noted that for the diagnosis of bone osteosarco-
ma, it is important to compare the radiographic
findings of the affected area with the subse-
quent analysis of histological preparations.

Further directions for conducting scientif-
ic research on bone oncopathology in animals
kept in zoos and wild animals living in nature
have great prospects for continuation, as this
expands the understanding and information
about the morphological and biological charac-
teristics of tumours that form bone.
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AHoTanisg. AKTyaJIbHICTb AOCTIIKEHHS TONATaNa y BilCYTHOCTI mocTaTHboi iHdopmarii momo
ONMMCAaHUX KIiHIUHUX BUITAAKIB 3aXBOPIOBAHHS MAapHOKOMUTHMX TBAPWH, IIO BiHOCATBCS IO
ponunu XXupadosux (Giraffidae), Ha OHKOTIATOJIOTi10, & CAMeE OCTEOTeHHY capKomy. IIpu LibOMY, 1St
OIL[iHKM CTYTIEHS ypakeHHsI KiCTKM Ta BiJl1laJIeHOTO MeTacTa3yBaHHS Y APiOHMX CBiIChKUX TBAPUH
3aCTOCOBYIOTh KOMIT'IOTepHY TOMOTpadilo, MarHiTHO-pe3oHaHCHY Tomorpadilo Ta peHTTeH.
OpHak, Ojs1 OMKMUX TBApMH TaKi MeTOOM Bi3yasJibHOI JiarHOCTMKM ITPOBECTM BKpail CKIagHO.
Tomy MeTa AOCTIIKEeHHS Tosirayia y Bepudikarii KIiHiYHOro AiarHO3y — OCTeoreHHa capKoma
B kupada. [yig BUpilIeHHS 1IbOTO MUTAHHS TBAapWHi 3aCTOCOBAHO 3araJibHUI HeiHTaIsIiiHNWiIT
HapKo3, MPOBEeeHO IiaTHOCTMYHE KITiHiUHe Ta PeHTTeHOJIOTiuHe JOCTiIKEHHS CYTIo0y, a TaKOK
natroMopdororiuny Bepudikalilo TKaHMH i3 MyXJIMHHUM pOCTOM. Bimi6panmii Bim TBapuHU
MaTepiaja IOCTiAKYyBaau TicTonOriuHo. B pesynbraTi KiaiHiuHOro ormsimy >kmpada Bimmivamocs
3061bIIeHHST B 06’€eMi Ta MOTOBIIEHHS 3aITSICTKOBOTO CYMIOOY JIiBOi IpymHOI KiHIiBKM. 3TiZHO
MPOSIBY KJIiHIYHUX CMMIITOMIB, MMATOJOTIUHMIA TIPOIeC TOIIMPUBCS Yepe3 KOPTUKAAbHMIA mmap i
PO3TSATHYB OKiCTSI 31T’ ICTKOBOTO CYTI00y. OKpiM IbOTO, BiqMiuaay xapakTepHi MPOsiBM XPOHIUHOTO
60JTI0 Ta BUCHAXKEHHSI TBAPUHU. BiAMOBiAHO M0 pe3yabTaTiB peHTreHiBCbKOTO 3HIMKY 3’SCyBali,
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o y skupada MPUCYTHI 03HAKYU YPaKEHHS KiCTOK Ta Xpsiiia Cyrio6y 3 KapTUMHOK arpecuBHOTO i
IeCTPYKTMBHOTO XapaKTepy, a TAKOXK OCTEeONITUYHI 3MiHM 3 He3HAuHOI0 Kaibludikarieto. IIpu
1IbOMY, KOPTUKAJTbHUIA IIap KiCTKM 3aJMUIIMBCS HEYIIKOKEHM, Jinile ermmidizapHo-meTtadizapHa
OiITHKA KiCTOK Tepenruriyusi. 3aBAsSKM TPOBeHEeHHI0 MaTONOTOTiCTOMOTIUHMUX [OCTiIKeHb
BCTaHOBMJIM OCTEOOJIACTUUHY OCTeocapkKoMy. TakKMM UYMHOM, 3a pe3ylIbTaTaMM KOMIUIEKCHUX
IOCTiIKeHb OTPMMAaIM HOBi JaHHI 10I0 0co6GIMBOCTEN Tepebiry ocreocapkoMm y skupada,
MaToMopQOIOriYHO — XapaKTePUCTUKY 3/I0SKiCHOI myxiuHH, mo dhopmye KicTky. BigmosimHo,
OTpUMAaHi pe3y/ibTaTy PO3UIMPUIIU Ta TOMOBHWIN iHQOpMaIito 1100 TaToreHe3y OHKOIATOOTii
KIiCTOK Y IMKMX TBApVH, IO € BSKIVBUM JJISI BeTePUHAPHOI MPAKTUKM i HayKu. ToMy NMpakTUUHe
3HAUeHHS LbOTO [JOCHII)KeHHSI TIOJsAra€ y MormbieHoMy posyMiHHI maTomopdosorii
OHKOJIOTiYHMX 3aXBOPIOBaHb alleHIVKY/ISIPHOTO CKeJIeTa

Ki1io4oBi ci1oBa: MyXJaMHHMIT OCTeoreHes; HyKJIeapHuii ieoMopdisM; aTUIOBI KITITMHM; OCTEOI T,
KJIiHiKO-IiarHOCTMYHEe JOC/TiI;KeHHS ; IaTOJIOrOTiCTOIOTiuHe JOCTiaKeHHS
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Abstract. The Big-6 turkey breed is becoming widespread in Ukraine, as it is known for its high
productivity and viability. To improve their housing and feeding technologies and methods of
preventing and treating gastrointestinal diseases, knowledge of the structure and functions of the
digestive system is required. In this regard, the purpose of this study consisted of investigating the
growth of the digestive tract organs of turkeys in the age aspect. Modern complex morphological
research methods were used: anatomical, organometric, and statistical, which established new
data on the features of topography and macromorphometric characteristics of the oesophagus,
stomach, and intestines of turkeys aged from 1 to 50 days. It has been proven that the oesophagus
of turkeys is a thin tube, which is divided by the crop into a long cervical and a slightly shorter
thoracic-abdominal part. The absolute weight of this organ increased from 1 to 50 days by 18
times, and its length — by 4.3 times. The crop is an extension of the oesophagus at the entrance
to the thoracolumbar cavity. Its morphometric parameters during the entire study period of the
bird increased by 4.1 times (length), 3.9 times (height), and 4.3 times (width). The stomach is a
significant extension of the anterior intestine and is divided into glandular and muscular parts.
The growth rates of the muscular part of the stomach are higher than that of the glandular one.
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The total absolute weight of the stomach of turkeys aged from 1 to 50 days increased by 13 times,
and its individual parts — by 15.7 (glandular) and 12.7 (muscular) times. The absolute weight of
the intestine for the entire study period of the bird increased by 8.7 times, and its total length - by
2.5 times. The results obtained on macroscopic indicators of the digestive tract organs of turkeys
in the age aspect allow analysing changes in growth indicators, which is an important aspect in
vaccination, prevention, and treatment of the digestive organs of poultry

Keywords: poultry; digestive apparatus; linear indicators; absolute weight; relative weight

Introduction

Due to the significant development of grain
farming in Ukraine as a leading industry in the
agricultural sector, there is an intensive growth
of industrial poultry farming and the market for
these products. Poultry farming enterprises and
poultry processing industry have significant ef-
ficiency, as in the domestic market they provide
the population with valuable meat products
and eggs, so they require constant attention
and scientific basis for studying this branch of
animal husbandry.

S. Yatsiv (2021) proved that one of the lead-
ing elements of intensive poultry farming is
breeding work to create and improve high-per-
formance breeds and crosses to produce hybrid
birds for industrial farms. Among them, the Big-
6 meat turkeys occupy a key position in terms of
demand. Thisbreed has excellent characteristics
of precocity, endurance, vitality, rapid weight
gain and size. The Big-6 turkey meat breed pro-
vides a record meat yield of about 80-85%. It
was developed by British breeders and is used
as a product in dietary nutrition. Turkey meat
has high taste indicators, it is tender and juicy,
with a low content of saturated fat compared to
meat of other types of poultry. Despite the meat
direction as the main focus of breeding, turkeys
of this breed also show satisfactory results in
egg production. Productive qualities also in-
clude plumage. Feathers and downs are high-
ly flexible and lightweight, which makes them
ideal for filling duvets, cushions, and outerwear.

Further development of poultry farming
with the use of Big-6 turkeys dictates the need
to improve the methods of their rational feed-
ing, more efficient use of feed, maintenance
and keeping, prevention and treatment of gas-
trointestinal diseases. For this purpose, accord-
ing to Z. Ahmed & T. Khalaf (2023) and H. Ali et
al. (2023), knowledge of the morphology and
physiology of the digestive organs of poultry in
the postnatal period of ontogenesis is required.

The digestive apparatus of birds, like mam-
mals, includes the digestive tract and digestive
glands (liver and pancreas). However, their dis-
tinctive feature, according to M. Maksoud et
al. (2022) is the ability to fly, which has left its
mark on the location and structure of internal
organs, including the digestive system. In ad-
dition, as noted by A. Skowronski & A. Butkie-
wicz (2024) and N. Dyshliuk et al. (2024), the
structure of the digestive apparatus of birds
depends on lifestyle and nutrition (herbivo-
rous, granivorous, insectivorous, piscivorous,
omnivorous, pollenivorous). The features of
the structure include the absence of teeth, lips,
cheeks, and gums, the presence of a crop in the
granivorous, or fusiform expansion of the oe-
sophagus in waterfowl, and a high rate of food
digestion, which is conditioned by the weak de-
velopment of the oral cavity and a significant
intensity of metabolic processes in the stom-
ach and intestines. In the course of evolution,
birds have developed a beak clothed in a horny
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covering, which is a continuation of toothless
jaws and is the beginning of the digestive ap-
paratus. E. Setiyono et al. (2021) noted that de-
pending on the feed used, it can have different
shapes and sizes.

Despite significant achievements, the in-
formation on this issue that is available in
scientific sources mainly concerns the most
characteristic features of the structure of the
digestive apparatus of birds without detailing
them and considering species, breed, sex, and
age characteristics. Ultimately, it is the age
morphology that establishes critical periods of
development of the body and individual organs,
which must be considered when carrying out
therapeutic and preventive measures. In this
regard, studies of the growth and development
of the digestive tube organs of Big-6 turkeys in
the age aspect are relevant. Therefore, the pur-
pose of the study was to establish the growth
rates of the oesophagus, stomach, and intes-
tines of Big-6 turkeys in the early stages of the
postnatal period of ontogenesis.

Literature Review

Poultry farming, as noted by T. Savchenko &
T. Savanchuk (2022), is an important compo-
nent of the food market in Ukraine, which has
experienced increased quarantine restrictions
due to the significant spread of COVID-19 and
is unfortunately in a state of full-scale war.
This branch of agricultural production, accord-
ing to O. Dyachenko (2020), is the most preco-
cious and cost-effective, which in a short peri-
od of time with low feed costs allows getting
high-quality products and providing the pop-
ulation with food-grade eggs and meat. S. Yat-
siv (2021) proved that these foods are the most
complete and affordable sources of protein.
The main tasks of this industry are the main-
tenance of poultry, its cultivation, compliance
with all feeding and breeding standards. The
increase in poultry productivity is influenced
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by the structural and functional state of all or-
gans, their systems and apparatuses. Among
them, as noted by A. Skowronski et al. (2024),
significant importance is given to the organs of
the digestive system and their age morphology.
Organometric studies of the digestive organs of
poultry, according to researchers, allow analys-
ing changes in growth indicators in the process
of their individual development.

A. Tybinka (2023) and I. Kolomak (2024)
pointed out that in the postnatal period of bird
ontogenesis, in its early stages, uneven growth
of the digestive tube organs occurs, which is
manifested by an increase in morphometric
indicators of their length, width and thickness,
shells and their layers. According to P. Pachau-
ri et al. (2024), it occurs most intensively in
geese, ducks, and broiler chickens in the first
14 days after hatching, whereas in older birds
growth is slowing significantly.

0. Troyanchuk (2012) reported that the
growth and development of the digestive tube
organs of Black Moscow chickens occurs asyn-
chronously, manifested by age-related and in-
dividual changes in structures. From the day-
old poultry to 180 days of age, the absolute
weight of the oesophagus increases unevenly
by 26.2 times, and that of the crop - by 15.5
times. Whereas this indicator and linear indi-
cators of the length, width of the glandular and
muscular parts of the stomach and duodenum
increase evenly during the development of
chickens. The relative weight of the digestive
tube organs decreases with age. L. Horalskyi &
V. Gatskivskyi (2009) conducted organometric
studies of the oesophagus of sexually mature
chickens of the Adler Silver breed and Bronze
turkeys. They found that the oesophagus of
chickens, unlike turkeys, has a shorter length
(1.25 times) and width (1.53 times). Y. Lykova &
L. Kharchenko (2023) investigated morphomet-
ric parameters of the digestive system of cer-
tain wild bird species. Researchers have shown
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that variations in the morphological features
of the digestive organs of birds have a certain
biological significance, as they reproduce the
specificity of the species’ response to environ-
mental conditions related to the ecology of nu-
trition and digestive activity.

A. Skowronski et al. (2024) investigated oe-
sophageal and gastric morphogenesis in hens
of Chever 579 egg-bearing cross. They found
that the most intensive development of the oe-
sophagus, crop, and stomach of poultry is ob-
served in the first stages of life, especially in the
growth (30-69 days) and development period
(70-119 days). Maximum absolute weight values
(57.65+0.71 g) and the length (97.13+1.27 mm)
of the stomach were established in poultry
aged 240 and 180 days, respectively, and the
oesophagus (absolute weight — 18.30+0.66 g,
length — 206.80+2.91 mm) and crop (length -
48.40+0.80 mm) — at the age of 300 days. In
older chickens, the growth of these organs does
not change significantly. The researchers found

that the increase in the total intestinal length
of broiler ducks of Brovarsky cross occurs une-
venly from the day-old (61.73*2.89 cm) to the
150-day age (297.98 £4.24 cm). In addition, the
length of the small and large intestines chang-
es differently and asynchronously. The length
of the small intestine increases to 150-day age
(236.50+3.86 cm), and the large intestine — to
120-day age (63.28+1.21 cm).

Materials and Methods

The research was carried out in 2023-2024 at
the educational, research, and production lab-
oratory “Centre for Biomorphological Technol-
ogies” (Department of Histology) of the De-
partment of Vertebrate Biomorphology named
after Acad. V.G. Kasyanenko of the National
University of Life and Environmental Sciences
of Ukraine (Kyiv). Material for the studies was
selected considering the age of 36 clinically
healthy turkeys (females) of the Big-6 breed
aged 1, 10, 20, 30, 40, and 50 days (Table 1).

Table 1. Dynamics of body weight and length in domestic turkeys, M+ m,n=6

Age group, day Body weight, g Body length, mm
1 88.75+1.96 133.67%1.93
10 309.90%3.77 195.17£1.93
20 605.50+37.92 245.33+3.80
30 804.83+21.92 306.67 +3.36
40 1,554.17+40.07 403.17+3.83
50 2,693.50+61.74 483.00+3.74

Note: weight and body length of turkeys are presented in the age aspect

Source: developed by the authors

Scientific research was conducted in com-
pliance with the requirements of the interna-
tional principles of the “European Convention
for the protection of vertebrates used in exper-
iments and other scientific purposes” (Europe-
an Convention, 1986) and the Law of Ukraine
No. 3447-IV “On the protection of animals from
ill-treatment” (2006). Anatomical and orga-
nometric research methods were used during

the study. The body weight of turkeys was de-
termined using an electronic scale A-250R
(Poland). Then an autopsy was performed and
the organs of the digestive tract were dissect-
ed. During the preparation, the organs were
separated from the surrounding tissues, the
stomach and intestines were emptied of their
contents. In the separated organs, the abso-
lute weight of the oesophagus, glandular, and
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muscular with the pyloric part of the stomach
and intestines was determined using an elec-
tronic scale A-250R (Poland). Their relative
weight (RW) was calculated by the equation (1):

AW
RW = = x 100%, ¢Y)

where AW - absolute weight of the organ (g);
BW - body weight of the turkey (g).

To establish linear measurements, mor-
phometric research methods measured the
length of the turkey’s body, oesophagus, length,
width, and height of the crop, parts of the stom-
ach and intestines using a caliper and ruler. The
relative weight of the oesophagus (relative to
the body length of turkeys) was calculated by
the equation (2):

TL
RW = —=-100%, (2)

where TL - total length of the oesophagus
(mm); BL - body length of the turkey (mm).

Digital data was processed using the sta-
tistical method on a personal computer using
the Microsoft Excel software suite. The assess-
ment of statistical reliability was determined by
the Student’s t-test at three probability levels
P<0.05,P<0.01,and P<0.001. Individual native
preparations of turkeys’ digestive tube organs
were photographed with a Nikon Coolpix S3100
camera (Nikon, Japan).

Results and Discussion

Digestive apparatus of birds represents a
long tube, which includes the digestive canal
(Fig. 1). The latter includes the oesophagus,
stomach, and intestines, which is consistent
with the data by P. Pachauri et al. (2024). The
digestive process occurs in the lumen of the
digestive canal due to the action of digestive
juices containing the necessary enzymes on
the feed, followed by the absorption of nutri-
ents into the blood and lymph.
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Figure 1. Organs of the digestive canal
of a 20-day-old turkey

native

2 - glandular and 3 — muscular parts of the stomach,

4 — intestines

Source: developed by the authors

Note: preparation: 1 -  oesophagus,

Topography and organometric

parameters of the oesophagus

According to the results obtained, it was found
that the oesophagus of turkeys is a continuation
of the oropharynx and has the appearance of a
long thin tube with almost the same diameter
and easily stretched walls. The latter form 6-8
longitudinal folds, which are clearly visible in
the mucous membrane and become more pro-
nounced with increasing age of the bird. The
folds improve the passage of feed, and due to
the significant amount of elastic fibres in the
oesophageal wall, this organ can expand signif-
icantly during the passage of feed and regain its
previous length. The wall of the organ contains
well-developed layers of the muscle membrane,
the contraction of which pushes food into the
stomach. L. Zakharchenko (2014) proved that
some species of wild birds can fill it with food
and not experience discomfort. T. Kataa &
S. Ahmed (2022) found out that the oesophagus
of birds is located on the front side of the neck
and follows the caudal passage of the trachea,
between bronchi, lungs, above the heart, and
passes into the glandular part of the stomach.
In the lower third of the neck of turkeys, there
is a significant fusiform (sac-like) expansion — a
crop with a thin wall (Fig. 2, Fig. 3).
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Figure 2. Oesophagus and crop
of a turkey aged 40 days
Note: native preparation: 1 — cervical part of the
oesophagus, 2 — crop, 3 — thoraco-abdominal part of the
oesophagus, 4 — glandular part of the stomach
Source: developed by the authors

Figure 3. Anatomical location of the
oesophagus and crop of a turkey aged 50 days
Note: native preparation: 1 — oesophagus, 2 — trachea,

3 —crop
Source: developed by the authors

M. Mahdy & E. Mohammed (2024) not-
ed that the pigeon’s crop represents a thin-
walled outgrowth with two lateral diverticu-
lae and contains transverse striated muscles
that, when contracted, help to move food into
the stomach. The oesophagus has a long cer-
vical (cranial) part, which is located above the
crop, and a relatively short thoracic-abdomi-
nal (caudal) part, which is located between the
crop and the glandular stomach. The absolute
weight of the oesophagus of turkeys is direct-
ly related to the increase in their body weight
and age. This trend can be traced back to their
50-day age (Fig. 4). In general, during the stud-
ied period of bird life, the absolute weight of
the oesophagus increases almost 18 times (by
1,733.33%). The increase in this indicator was
uneven. Its most intense growth was recorded
in turkeys aged 30 to 40 days (by 144.02%), and
the least intense — from 40 to 50 days of age
(by 43.79%, P <0.001). Such a pattern in the
dynamics of the relative weight of this organ,
which characterises the intensity of its growth,
was not found. The largest relative weight of
the oesophagus was recorded in 1-day-old tur-
keys, and the smallest — in 20-day-old turkeys.
Morphometric (linear) indicators of the total
length of the oesophagus increased with in-
creasing age of the bird (Table 2).

0.82
Day 50 % 22

Day 40 | 0:98

15.3
0.78
Day 30 6.27
0.65
Day 20 _3. )5 Relative weight, % |
0.76 H Absolute weight,
Day 10 _ 2.36 g8
1.35
Day 1 Ll.z
T
0 5 10 15 20 25

Figure 4. Absolute and relative weight of the oesophagus in turkeys
Note: age-related changes in the absolute and relative weight of the oesophagus of turkeys are presented

Source: developed by the authors

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 4




Dyshliuk & Mazur

Table 2. Linear parameters and relative oesophageal length in turkeys, M*¥m, n=6

Length of parts of the oesophagus, mm

Age group, Total length of the Relative length

day oesophagus, mm of the oesophagus, % cranial (cervical) caudal (tl}oraco-
abdominal)

1 61.00£1.49 45.71+1.70 36.83+1.81 24.7%0.81

10 96.83*1.06 49.63+(0.48* 58.50+0.84 38.33+0.81%*

20 128.5+1.77 52.42+1.13 73.33%1.25 55.17%£1.99

30 160.83+1.21 52.48%0.62% 90.83+0.65 70.00£0.56

40 215.17+2.14 53.38+0.47* 120.67+2.18 94.50+1.87*

50 263.00+1.87 54.46%0.42% 148.67+1.56 114.33+2.37

Note: *P < 0.05, compared to the corresponding indicator in the previous group

Source: developed by the authors

For 50 days of life of turkeys, the total
length of this organ increased 4.3 times (by
331.15%) (Table 2). The increase in the length
of the oesophagus was uneven. The absolute
length increased most intensively in turkeys
aged from 1 to 10 days (by 58.74%) and from 30
to 40 days (by 33.79%), and the least intensive-
ly — from 40 to 50 days (by 22.23%). With age,
there was a wave-like increase in the relative
length of the entire oesophagus (in relation to
the body length of turkeys). The largest relative
oesophageal length was recorded in 50 — day-
old turkeys, and the smallest-in daily ones. The
relative length of the oesophagus increased
most intensively in turkeys aged from 1 to 10
days (by 8.57%), and the least intensively —
from 20 to 30 days (by 0.11%, P<0.001).

The length of the cranial and caudal parts
of the oesophagus in turkeys is not the same.
In turkeys of all the studied ages, the length
of the cranial part exceeded that of the caudal
part. Thus, the highest value was determined at
the 1-day and 10-day age of turkeys (increased
by 1.5 times), and the lowest — at the 40-day
age (increased by 1.3 times). The absolute
length of both parts, and the total length of the
entire oesophagus, increased with the age of
turkeys. That is, for the entire study period of
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life of turkeys, the absolute length of the cra-
nial part of the oesophagus increased 4 times
(by 314.96%), and the caudal part — almost 5
times (by 355.81%). The absolute length of
both parts of the oesophagus increased asyn-
chronously. The absolute length of the cranial
and caudal parts of the oesophagus increased
most intensively in turkeys aged from one to
10 days (by 58.84% and 55.18%, P <0.01, re-
spectively). The least intense increase in the
absolute length of the cranial part of the oe-
sophagus was observed in turkeys aged 20 to
30 days (by 23.86%) and from 40 to 50 days (by
23.20%), and the caudal part — from 40 to 50
days (20.98%).

L. Horalskyi & V. Gatskivskyi (2009) found
that crop is characteristic of granivorous birds
and is a reservoir of temporary stay of feed re-
serves — a pocket that accumulates and macer-
ates. It performs the function of softening the
feed and participates in regulation of digestive
processes due to the slowdown in feed supply
to the stomach. According to research, the vol-
ume of the crop of turkeys varies significantly,
this is facilitated by the stretching of the wall,
which, when significantly filled with feed mass-
es, is translucent. It has anatomically well-de-
fined walls: dorsal, lateral, and ventral. Food
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from the crop, as the stomach is released, en-
ters through the lower oesophagus to the glan-
dular part of the stomach. Its morphometric

parameters are not the same in turkeys of the
studied age groups. They increase with in-
creasing age of the bird (Table 3).

Table 3. Linear indicators of turkey crop, mm, M*m, n=6

Age group, day Length
1 12.33+0.68
10 14.33£0.37%*
20 21.83£0.68
30 28.33+0.56
40 39.33+0.68
50 50.17£0.68

Height Width
17.33+0.44 15.16%0.31
20.33+0.37*** 18.17£0.65%**
38.17+0.65 32.17%+0.65
47.50+0.84 38.16+0.84***
63.17+0.84 51.67+0.93

67.17+0.84*** 65.33£0.81

Note: **P<0.01; ***P<0.001 compared to the corresponding indicator in the previous group

Source: developed by the authors

During the period from 1 to 50 days of
life of turkeys, the length of the crop in-
creased by 4.1 times (by 306.89%), height — by
3.9 (by 287.59%), and width - by 4.3 times (by
330.94%). The increase in the length, height,
and width of the crop was uneven. The most
intensive increase in the length, height, and
width of the crop occurred in turkeys aged from
10 to 20 days (by 52.33%, 87.75%, and 77.05%,
respectively). The least intense length of the
crop increased in turkeys aged from one to 10
days (by 16.22%, P <0.01), height — from 40 to
50 days (by 6.33%, P<0.001), and width - from 1
to 10 days and from 20 to 30 days (respectively,
by 19.85% and 18.62%, P<0.001).

Anatomical location and organometric
parameters of the stomach

The results of the study provided in this paper
confirm the data of N. Dilmurodov et al. (2021),
that the stomach of birds is a volumetric exten-
sion of the anterior intestine. It is located in the
initial part of the thoracolumbar cavity between
the oesophagus and duodenum (Fig. 5). In this
organ, feed is accumulated and processed un-
der the influence of gastric juice enzymes.
Studies have shown that the stomach of tur-
keys has two well-developed parts (chambers):

glandular (proventriculus) and muscular (ven-
triculus, gizzard), and almost undeveloped py-
loric (Fig. 6).

>4

Figure 5. Anatomical location
of the stomach of a 30-day-old turkey
Note: native preparation, presented topographic
features of the bird’s stomach
Source: developed by the authors

Figure 6. Stomach of a 40-day-old turkey
Note: native preparation: 1 - glandular part, 2 -
muscular part
Source: developed by the authors
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The latter is well expressed in indi-
vidual birds of wild species. S. Al-Taai &
M. Hasan (2020) proved that parts of the stom-
ach have different shapes and structures. The
glandular stomach has the form of an expanded
tube in which the food is exposed to gastricjuice,
and the muscular stomach has a disc-shaped

form, in which it is mechanically ground. Such
a combination of chemical and mechanical pro-
cessing, according to Q. Shang et al. (2020), pro-
motes maximum absorption of nutrients from
the feed mass. According to the results of the
study, the overall growth rates of the stomach
change with increasing age of turkeys (Fig. 7).

2.39

Relative weight, %

B Absolute weight, g

Day 50 * 64.31
Day 40 “53,3
Day 30 % 32.71
Day 20 pmmice 21.55
Day 10 ﬂ 1435
Day 1 jum 193
0 20 40 60 80

Figure 7. General indicators of absolute and relative weight of the stomach in turkeys

Note: age-related changes in absolute and relative weight of the stomach of turkeys are presented

Source: developed by the authors

The absolute weight of this organ increased
unevenly from 1-day to 50-day age. During this
period, the absolute weight of the stomach in-
creased 13 times (by 1,199.39%). The absolute
weight of turkeys increased most intensively at
the age of 1 to 10 days (by 191.07%), and the
least intensively — from 40 to 50 days (20.66%).
The absolute weight of the stomach in turkeys
aged from 10 to 20 days, from 20 to 30, and from
30 to 40 days increased, respectively, by 50.17%,
51.78%, and 62.95%.

With increasing age of turkeys, the total
relative weight of the stomach changed. During
the study period, the total relative weight of the
stomach decreased with slight fluctuations from
the daily age to the 50-day age. The decrease in
the total relative weight of the stomach took
place in waves. Most intensively, the total rela-
tive stomach weight of turkeys decreased from
10 to 20 days of age and from 40 to 50 days of
age, respectively, by 21.77% and 30.52%. With
less intensity, there was a decrease in the

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 4

relative weight of the stomach in turkeys aged
from 1 to 10 days (by 16.70%) and from 30 to 40
days (by 15.69%). In turkeys of all the studied
age categories, the growth of individual parts of
the stomach (glandular and muscular) occurred
with different intensity and changed with the
age of the bird (Fig. 8). The growth rates of the
muscular part of the stomach are higher than
that of the glandular one. The absolute weight
of the glandular part of the stomach increased
unevenly from the daily to 50-day age of tur-
keys, that is, by 15.7 times (Fig. 8). The abso-
lute weight of the glandular part of the stomach
increased most intensively in turkeys from 10
to 20 days of age — by 173.15%, and the least
intensively - from 40 to 50 days (by 17.55%). An
increase or decrease in the relative weight of
the glandular part of the stomach has not been
established. Moreover, the largest value was
observed at the 1-day age (0.69 +0.02%), and
the smallest — at the 10-day and 50-day age,
respectively, at 0.35*0.02% and 0.35+ 0.01%.
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Figure 8. Indicators of absolute (g) and relative (%) weight
of individual parts of the stomach in turkeys
Note: age-related changes in the absolute and relative weight of the glandular and muscular parts of the stomach of

turkeys are presented
Source: developed by the authors

The increase in the absolute weight of the
muscular part of the stomach of turkeys oc-
curred unevenly from the 1-day to 50-day age.
In general, the absolute weight of the muscu-
lar part of the stomach increased by 12.7 times,
and the most intense increase was observed in
turkeys aged from 1 to 10 days (by 207.18%). In
turkeys aged 40 to 50 days, the absolute weight
of the stomach increased by 21.22%. In turkeys
aged from 10 to 20 days, from 20 to 30 and from
30 to 40 days, it increased with average inten-
sity (by 40.17%, 50.70%, and 61.07%). The rela-
tive weight of the muscular part of the stomach
decreased in waves from 1-day to 50-day age,
and most intensively decreased in turkeys aged
from 10 to 20 days - by 27.04% and from 40 to
50 days - by 29.89%, and least intensively de-
creased (by 12.09%) — from 1-day to 10-day age.

Features of topography and linear indicators
of the glandular part of the stomach

Topographically, the glandular part of the stom-
ach of turkeys is an extension of the oesophagus

and has the shape of a tube with narrowed
ends and an expanded middle area. Its anteri-
or end is located between the thoracic air sacs,
and its other parts lie between the hepatic
lobes. The posterior end of the glandular part
of the stomach is the intermediate zone, or
isthmus, which connects to the muscular part.
The left surface is adjacent to the caecum, and
the right surface is adjacent to the spleen and
ileum. On the inner surface of the glandular
part of the stomach, small longitudinal folds
formed by the mucous membrane with a small
amount of mucus with admixtures of feed resi-
dues are clearly visible. P. Pachauri et al. (2024)
found that the mucous membrane forms cone-
shaped elevations — papillae, on the tops of
which, according to data, the excretory ducts
of the gastric glands open. The current study
showed that with increasing age of turkeys,
linear indicators of the length, greatest width
and height of the glandular part of the stom-
ach increased, respectively, by 2.4 times, 2.7,
and 2.8 times (Table 4).
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Table 4. Linear indicators of the glandular part of the stomach of turkeys, mm, M*m, n=6

Age groups, day Length
1 16.08+0.23
10 20.43+0.88***
20 25.97+0.65%**
30 26.42+0.35*
40 34.10£0.41
50 38.72+0.46

Width Height
8.87+0.37 7.93%0.26
9.17+0.31* 8.88+0.87

11.15%0.64™* 10.87+0.47*
16.17+0.68"** 15.92+0.90%**
20.67%0.56%** 17.83+0.68*
24.00£0.75%** 22.17+0.31%**

Note: *P<0.05; **P<0.01; ***P<0.001 compared to the indicator in the previous group

Source: developed by the authors

The length of the glandular part of the
stomach of turkeys increased most intensive-
ly by 29.07% at the age of 30 to 40 days, and
the width and height, respectively, by 45.02%
and 46.46% (P <0.001) - from 20 to 30 days.
The least intense length of the glandular part
of the stomach increased in turkeys aged from
20 to 30 days (by 1.73%, P < 0.05), and width
and height, respectively, by 3.38% and 11.98%
(P<0.05) - from 1 to 10 days.

Features of topography and linear indicators
of the muscular part of the stomach
In turkeys, the muscular part of the stomach is

well developed and located slightly to the left of
the liver, accommodates the entrance and exit
openings. The entrance opening is located on
the side of the glandular part of the stomach,
and the exit is located on the side of the duode-
num. The muscular part of the stomach is disc-
shaped and has thick walls, as reported by S. Al-
Taai & M. Hasan (2020) who studied it in birds of
other species. It is based on the main and inter-
mediate muscles, which are formed by smooth
muscle tissue. In the current study, linear indi-
cators of the length, greatest width, and height
of the muscular part of the stomach of turkeys
increased from daily to 50 days of age (Table 5).

Table 5. Linear indicators of the muscular part of the stomach of turkeys, mm, M*m, n=6

Age group, day Length
1 28.32%0.98
10 32.83+0.87***
20 49.32+0.80*
30 51.67%0.81
40 61.17£0.99
50 70.33+0.75

Width Height
22.77+0.43 14.18%0.31
29.50+0.28 24.33+0.75

31.25%0.51%* 26.33%0.56*

35.83£0.87%"* 28.67%0.56**
48.500.47 32.17+0.68***
55.00£0.37 37.83+0.31

Note: *P<0.05; **P<0.01; ***P<0.001 compared to the indicator in the previous group

Source: developed by the authors

The length and greatest width of the mus-
cular part of the stomach of turkeys increased
by 2.4 and 2.7 times, respectively. With maxi-
mum intensity, the length increased in turkeys
aged from 10 to 20 days (by 50.23%, P < 0.05),
and the greatest width — from 30 to 40 days

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 4

(by 35.36%) and the greatest height — from 1 to
10 days (by 71.58%). With the lowest intensity,
linear indicators increased from 20 to 30 days
(by 4.76% length) and from 10 to 20 days (by
5.93%, p<0.01 and 8.22%, P<0.05), respective-
ly, width and height.
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Topography and organometric

parameters of the intestine

The results of the study confirmed the data of
D. Makhotina et al. (2020), who proved that the
intestines of birds are differentiated into divi-
sions of the intestine, which differs in the na-
ture of the relief and features of the structure
of the mucous membrane. There are small and
large divisions in the intestines. The small part
consists of the duodenum, jejunum, and ileum,
and the large part consists of the caecum and
the rectum, which ends in the cloaca (Fig. 9,
Fig. 10). In the small intestine, due to a well-de-
veloped villous apparatus and crypts, nutri-
ents are absorbed, and in the large intestine,

indigestible residues are formed, which are
excreted through the cloaca into the external
environment. The absolute, relative weight and
linear parameters of the intestines of birds de-
pend on their species and breed characteristics.
M. Kushch et al. (2018) proved that the absolute
intestinal weight of black white-breasted ducks
aged from one to 365 days increases by 114.7
times, and its length — by 4.3 times. The max-
imum absolute weight of the intestine is ac-
quired at the age of one year, relative weight — at
21-day age, length — at 180-day age. According
to the current study, the absolute intestinal
weight of turkeys aged from one to 50 days in-
creased by 8.7 times, or by 776.25% (Fig. 11).

Figure 9. Intestines of a 1-day-old turkey

Note: native preparation: 1 — duodenum, 2 — jejunum,
3 —ileum, 4 — caecum, 5 — rectum with cloaca
Source: developed by the authors

Figure 10. Intestines of a 40-day-old turkey

Note: native preparation: 1 — duodenum with pancreas,
2 — jejunum, 3 — ileum, 4 — caecum, 5 — rectum with
cloaca

Source: developed by the authors
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Figure 11. Indicators of absolute and relative weight of the intestines in turkeys
Note: age-related changes in the absolute and relative weight of the intestines of turkeys are presented

Source: developed by the authors
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The increase in the absolute weight of the
intestines of turkeys occurred unevenly. The
absolute weight of the intestines of turkeys
increased most intensively from 30 to 40 days
(by 98.27%), and the least intensively — from 40
to 50 days (by 37.99%). With increasing age of

turkeys, the total relative weight of the intes-
tine changed in waves from 1-day to 50-day age
and was most recorded in 1-day-old turkeys,
and the smallest — in 50-day-old turkeys. The
indicator of total intestinal length changed
with the age of turkeys (Table 6).

Table 6. Linear indicators of the total length
of the intestines of turkeys and its divisions, cm, M*¥m, n=6

Age group, day Total intestine length
1 75.83+1.77
10 88.83+1.21%***
20 113.17+£2.55
30 131.00+ 1.49***
40 163.50%2.62
50 196.66+2.62

Section length

Small intestine Large intestine
58.83+0.84 17.00+0.93
67.33+0.87 21.50%1.12
88.50%2.24 24.67%0.68
101.83+1.59 29.16+0.49***
127.50+2.89 36.00£0.75
148.33+1.99 48.33+1.12

Note: ***P<0.001 compared to the indicator in the previous group

Source: developed by the authors

During the study period, birds aged from 1
to 50 days increased the total intestinal length
by 2.5 times (by 159.34%). It increased most
intensively in turkeys aged from 10 to 20 and
from 30 to 40 days (by 27.40% and 24.81%, re-
spectively), and least intensively from 20 to 30
days of age (by 15.76%, P<0.001). The length of
the small and large intestines varies. In turkeys
of all the studied ages, the length of the small
intestine exceeded that of the large one by more
than 3 times. In turkeys aged 20 days, the length
of the small intestine increased by 3.59 times,
and at the age of 50 days — by 3.1 times. Dur-
ing the entire study period, the length of both

parts of the turkey intestine increased — by 2.5
(small) and 2.8 (large) times. The length of the
small and large intestines varied unevenly. The
most intense increase in the length of the small
intestine was recorded in turkeys aged from 10
to 20 days (by 31.44%), and the large one — from
40 to 50 days (by 32.86%). At the same time, in
turkeys from daily to 10-day age, the length of
the small intestine increased by 14.45%, and in
turkeys from 10 to 20-day age - by 14.74%. In
the small intestine, segments (intestines) have
different lengths. The longest intestine is the
jejunum, the duodenum is much shorter, and
the ileum is the shortest (Table 7).

Table 7. Linear indicators of the length of the small intestine in turkeys, cm, M*m, n=6

Age group, day

Duodenum
1 8.66%0.74
10 10.67£0.75*
20 16.67£0.74%**
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Part of the small intestine

Jejunum Ileum
44.50+0.47 5.67+0.44

48.33+(.93** 8.33+(.75%*

57.66%1.87%** 14.17+0.84**
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Age group, day
Duodenum

%0 20.33 +(0.99%*

0 29.00# 1.31%**

%0 36.00+ 1.12%*

Table 7. Continued

Part of the small intestine

Jejunum Ileum
65.33£0.99** 16.17+0.65*
76.00%1.30 22.5+0.65
84.33+2.05%* 28.00 £ (. 74%%*

Note: *P<0.05; **P<0.01; ***P<0.001 compared to the corresponding indicator in the previous group

Source: developed by the authors

A. Skowronski et al. (2024) indicated a sim-
ilar length of intestines in this part of the intes-
tine. The length of the intestines of the small
intestine increases unevenly and in waves with
the increasing age of turkeys. Thus, the length of
the duodenum increased 4.2 times (by 315.70%),
the jejunum - 1.9 times (by 89.51%), and the il-
eum — 4.9 times (by 393.83%). The most intense
increase in the length of the small intestine was

recorded in turkeys aged 10 to 20 days (duode-
num by 56.23%, jejunum by 19.30%, and ileum
by 70.1%, P<0.001). The least intense length of
the duodenum increased in turkeys aged 20 to
30 days (by 21.95%, P <0.01), jejunum — from
one to 10 days (by 8.61%, P<0.01), and ileum —
from 20 to 30 days (by 14.11%, P < 0.05). The
length of the components of the colon (cae-
cum and rectum) varied unevenly (Table 8).

Table 8. Linear indicators of the length of the intestines
of the large intestine in turkeys, cm, M*m, n=6

Part (intestines)

Age group, day Caecum
Rectum (with cloaca)
right left

1 5.50£0.37 6.17%0.15 5.33%0.62

10 7.17£0.34** 8.16+0.47** 6.17+0.68

20 8.50£0.37* 9.17£0.34 7.00+0.19

30 10.33£0.37** 11.00£0.37** 7.83+0.46
40 12.84+0.31%** 13.83£0.31%** 9.33+0.25%*

50 17.33£0.75%** 18.33+0.44 12.67£0.25

Note: *P<0.05; **P<0.01; ***P<0.001 compared to the corresponding indicator in the previous group

Source: developed by the authors

The described results of the study are con-
sistent with the data of M. Kushch et al. (2018)
that the caecum of birds is located at the junc-
tion of the small and large intestines, that is,
the ileum and rectum. A. Hunt et al. (2019)
noted that their size depends on the method
of foraging, while in faunivorous species they
are shorter, and in herbivores they are longer.
In turkeys of all the studied ages, the length of

the left caecum is slightly longer than the right,
and the rectum (with cloaca) has the smallest
length. The length of parts of the large intestine
increased from 1 to 50 days of age. Thus, the
length of the right caecum of turkeys increased
by 3.2 times (by 215.09%), the left caecum -
by 2.9 times (188.97%), and the rectum — by
2.4 times (by 137.71%). The length of the cae-
cum and rectum increased unevenly. The most
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intense increase was recorded in turkeys aged
40 to 50 days: the right caecum - by 34.97%
(P<0.001), the left caecum - by 32.53%, and the
rectum - by 35.80%. The least intense increase
in the length of the caecum was observed in tur-
keys from 10 to 20 days of age (right caecum -
by 18.55%, P < 0.05, left caecum - by 12.38%),
and rectum - from one to 10 days, from 10 to
20 days and from 20 to 30 days (respectively, by
15.76%, 13.45% and 11.86%).

The presented results of a study of the
growth of the oesophagus, stomach, and in-
testines in turkeys in the early stages of the
postnatal period of ontogenesis are consistent
with the data of K. Kadhim et al. (2010), who
noted different intensity and asynchrony of in-
creasing the organometric parameters of these
organs in the age aspect of the bird. The most
intensive development of the digestive canal
organs of poultry was observed in the first stag-
es of life aged from 1 to 50 days. The findings of
a number of researchers, in particular A. Skow-
ronski et al. (2024), regarding their maximum
values in birds of different species are debata-
ble and require further study.

Thus, the paper describes the anatomical
location and results of determining organo-
metric indicators of the growth of the oesoph-
agus, stomach, small and large intestines in
turkeys of the Big-6 breed in the early stages
of the postnatal period of ontogenesis (up to
50 days of age). The data obtained helped to
determine the critical periods of development
of both the whole organism and individual or-
gans, which is important to consider when car-
rying out treatment and preventive measures
in turkey breeding.

Conclusions

In Big-6 turkeys aged from 1 to 50 days, the
growth rates of the oesophagus, stomach,
and intestines increase with varying intensi-
ty with increasing age of the bird. During this
period, the absolute weight of the oesophagus
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increased 18 times (by 1,733.33%), the stom-
ach — 13 times (by 1,199.39%) and the intes-
tines — 8.7 times (by 776.25%). A natural change
in the relative weight of the oesophagus has
not been established. This indicator was high-
est in the day-old bird (1.35% +0.05%), and the
lowest — at the age of 20 days (0.65% +0.04%).
Instead, the relative weight of the stomach
and intestines decreased with increasing age
of turkeys from the day-old (5.57 = 0.36% -
stomach and 13.96 + 0.44% - intestines) up
to 50 days of age (2.39%0.07% — stomach and
4.05 +0.08% - intestines). Linear parameters
of the oesophagus, stomach, and intestines
increased with age. For 50 days of life of tur-
keys, the total length of the oesophagus in-
creased 4.3 times (by 331.15%), its individual
parts — 4 times (by 314.96% - cranial) and 5
times (by 355.81% - caudal). Linear indicators
of the length (4.1 times, or 306.89%), height
(3.9 times, or 287.59%) and width (4.3 times,
or 330.94%) of the crop, which is an extension
of the oesophagus, also increased. During the
entire study period, the length, greatest width
and height of individual parts of the stomach
increased (glandular, 2.4, 2.7 and 2.8 times, re-
spectively, and muscular, 2.4, 2.4, and 2.7 times,
respectively). With increasing age of turkeys,
the length of the small (2.5 times) and large
(2.8 times) parts of the intestine increased. The
length of individual parts of the small intestine
increased 4.2 times (duodenum), 1.9 times (je-
junum) and 4.9 times (ileum). Parts of the colon
increased in a wave-like manner by 3.2 times
(right caecum), 2.9 times (left caecum) and 2.4
times (rectum). Further research will focus on
the growth rates of the oesophagus, stomach,
and intestines of turkeys older than 50 days.
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PicT opranis TpaBHOro KaHaJjy iHaukiB nopoau bir-6
HA paHHIX eTanax NOCTHATAJbHOIO0 Iepioy OHTOreHe3y

Hagis Junuiok
IToKTOp BeTepuHApHUX HAyK, Tpodecop
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Hatans Masyp
AcmipaHT
HarionanbHMit yHiBepcuTeT 6iopecypciB i MpUpPOIOKOPUCTYBaHHS YKRpaiHu
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Anoranig. BupomryBaHHsl iHAMKIB mopomy Bir-6 HabyBa€ MIMPOKOTO TMOUIMPEHHS B YKpaiHi,
OCKiJTbKM BOHM BiI3HAYAIOTHCSI BUCOKOIO MPOAYKTUBHICTIO Ta SKUTTE3NATHICTIO. /1S TTOKpaIeHHSI
TEXHOJIOTi iX yTpMMaHHSI, TOLiBJIi Ta MeTOiB MPodiNakTUKM i TiKyBaHHS 3aXBOPIOBaHb HMITYHKO-
BO-KMILIKOBOTO TPAKTy HeOOXigHI 3HAHHS 100 0CO6IMBOCTe 6ymoBy Ta QYyHKIIil opraHis anapa-
Ty TpaBjieHHS. Y 3B’I3Ky 3 I[MM, MeTa JOC/iP)KeHHS T10JIIrajia y BUBUEHHI pOCTY OpraHiB TPaBHOTO
KaHajy iHOMKiB y BIKOBOMY acmeKTi. JIjis1 po60TH BUKOPUCTOBYBA/IM CydyacHi KOMITIEKCHI Mopdo-
JIOTiYHi MeTOmY JOC/iIKeHb: aHATOMiUHi, OpraHOMETPMYHI Ta CTATUCTUYHI, 3aBISKA SIKUM BCTa-
HOBJIEHO HOBi JIaHi 1010 0co6amBOCTelt Tornorpadii Ta MakpoMopdoMeTpUUHOI XapaKTEePUCTUKI
CTPaABOXO[Y, LIUTYHKY i1 KMIIEYHUKY iHAMKIB BikoM Bix ofgHiei mo 50 ni6. loBeneHO, MO CTPaBOXis
iHAVKIB Ma€ BUI/ISA TOHKOI TPYyOKM, sIKa BOJIOM TIOAi/IeHa Ha JOBTY LIMITHY Ta AEl[0 KOPOTIIY Tpy-
[I0-yepeBHY YacTMHM. AGCOJIIOTHA Maca I[bOTO OpraHy 36iibIiryBanach Big omgHiei qo 50 mio y 18
pasiB, a 1oro JoBkMHa — Y 4,3 pa3a. Boso € po3mupeHHIM CTPaBOXOAY IIPY BXOZi Yy IPyl0-uepeBHY
HopoxHMHY. Vloro MopboMeTpuyuHi MOKa3HUKM BITPOOBK BCHOIO AOC/iIKYBAaHOTO Mepiofy MTHIli
3pocranu y 4,1 pasa (IoBxkuHa), y 3,9 pasa (Bucorta) i 4,3 pasa (umpuHa). llITyHOK € 3HAaUHMM PO3-
HIVMPEHHSIM TTepeqHbOi KUIIKY i TTOiIeHMIT Ha 3aJI03UCTY Ta M’SI30BY YacTuHu. [Ipu ipomMy mokas-
HUKM POCTY M’SI30BOI YaCTMHY IUTYHKY OB, HiXX 3a7103UCTO1. 3arajibHUit MOKAa3HNUK a6COMIOTHOT
Macu IUTYHKY iHAMKIB BikoM Bif opHiei no 50 #i6 3pic y 13 pasiB, a fioro okpemMux yacTu -y 15,7
(3anmoswucroi) i 12,7 (Mm’s130B01) pa3a. AGCOTIOTHA Maca KMIIIEUHMKA 3a BECh TOCTIIKYBaHMI TTepiof
ITuIi 36inbIImIack y 8,7 pasa, a iioro 3arajibHa JOBXMHA — Y 2,5 pa3a. OTpMMaHi pe3yibTaTy o0
MaKpPOCKOTIYHMX ITOKa3HMKIB OPraHiB TPaBHOTO KaHATy iHAMKIB Y BIKOBOMY acIeKTi 1al0Th MOXK-
JMBICTh MpOaHasi3yBaTU 3MiHM MOKAa3HMKIB POCTY, IO € BaXJIMBUM aCIIEKTOM IIpU MPOBeIeHHi
BaKUMHALi1, MpOoGiTaKTVKM Ta JTiKyBaHHS OPraHiB TPaBIeHHS MITUIT

Kiio4oBi cimoBa: Tulls; arapat TpaBJIeHHS ; JIiHiifHI TOKa3HMKY; abCOMI0THA Maca; BiTHOCHA Maca
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Abstract. The increasing incidence of pulmonary fibrosis in animals caused by toxic exposure
necessitates a detailed analysis of radiological changes in lung tissue. This is essential for assessing
the progression of fibrosis and developing effective therapeutic approaches. In this context, the
study aimed to utilise radiological methods to identify time-dependent changes in the lungs of rats
subjected to a model of bleomycin-induced pulmonary fibrosis, contributing to the improvement
of diagnostic techniques for this pathological condition. Pulmonary fibrosis was experimentally
induced in laboratory rats by administering bleomycin. Radiological examinations were conducted
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on days 7, 14, 30, and 45 to monitor the condition of lung tissue and detect progressive changes.
Particular attention was given to identifying characteristic radiological signs of fibrosis, such as
lung tissue consolidation and reduced transparency. The findings revealed a progressive nature of
interstitial lesions. It was established that as early as seven days after bleomycin administration,
signs of inflammation appeared in the lungs,accompanied by reduced transparency of the pulmonary
fields. By day 14, initial signs of fibrosis were observed, marked by increased lung tissue density and
the presence of infiltrates. By day 30 of pathology progression, significant fibrosis development
was evident, characterised by more pronounced linear inclusions and reduced transparency. By
day 45, scar tissue formation occurred, leading to substantial structural deterioration of the lungs.
The findings highlighted the importance of radiological examination as an informative method
for diagnosing and monitoring the progression of pulmonary fibrosis. The radiological changes
observed at different stages of fibrosis development enable a more detailed characterisation of the
disease pathogenesis, which is crucial for evaluating the effectiveness of therapeutic interventions.
Accordingly, the study results could be utilised to establish new diagnostic criteria and enhance the
monitoring of patients with pulmonary fibrosis

Keywords: pulmonary fibrosis; radiographic imaging; interstitial lung disease; experimental

model; laboratory rats; diagnosis

Introduction

Pulmonary fibrosis is a pathological condition
characterised by the progressive replacement
of normal lung tissue with fibrous tissue. As a
result, pulmonary fibrosis leads to a decrease
in lung elasticity, impaired gas exchange, and
ultimately, respiratory failure. The global liter-
ature has increasingly focused on the diagnosis
of pulmonary fibrosis using various imaging
techniques, including radiography, computed
tomography, and ultrasound. Radiographic ex-
amination is particularly noted for its effective-
ness, allowing for the diagnosis of the develop-
ment of this pathological process at the early
stages of the disease, which is relevant to veter-
inary medicine. B. Ayilya et al. (2023) indicated
that the use of bleomycin to induce pulmonary
fibrosis in animal models is one of the most
common methods for studying the pathophysi-
ology of the disease, as well as for evaluating the
effectiveness of various therapeutic approaches.

A. Abu Qubo et al. (2022) and E. Ortiz-Zap-
ater et al. (2022) investigated the possibility of

using radiography to monitor changes in lung
tissue in cases of progressive fibrosis, which is
especially important for detecting early chang-
es that have not yet affected clinical manifesta-
tions. According to recent research by T. Hoff-
man et al. (2022), radiography allows for the
highly accurate detection of diffuse changes in
lung tissue, particularly in experimental mod-
els of pulmonary fibrosis in rodents and dogs,
where fibrosis is induced using bleomycin. Fur-
thermore, radiographic signs, such as decreased
lung field transparency, the appearance of re-
ticular changes, and subpleural densities, al-
low the correlation of the degree of lung tissue
damage with the patient’s clinical condition, as
suggested by S. Scharm et al. (2022).

The use of radiography in the diagnosis
of pulmonary fibrosis in veterinary medicine
significantly expands the possibilities for de-
tecting and monitoring the progression of the
disease. T. Hoffman et al. (2022) indicated that
particular attention should be paid to early
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radiographic manifestations that precede pro-
nounced fibrosis. In this context, S. Stanel &
P. Rivera-Ortega (2023) demonstrated the im-
portance of systematic radiographic monitor-
ing for assessing the dynamics of changes in
lung tissue. Thus, the analysis of radiographic
images becomes a necessary tool not only in di-
agnosis but also in evaluating the effectiveness
of therapeutic interventions.

T. Hoffman et al. (2022) demonstrated
that pulmonary fibrosis is a complex disease
often associated with numerous diagnostic
challenges, significantly impacting the timely
recognition and treatment of this pathology.
The average interval from the onset of the first
clinical manifestations to the establishment
of a definitive diagnosis is approximately 24
months, highlighting the need for more effec-
tive diagnostic methods. The authors noted
that chest radiography can reveal interstitial
abnormalities in over 50% of patients with id-
iopathic pulmonary fibrosis, even before the
onset of significant clinical symptoms, indicat-
ing the potential for early diagnosis. Although
the time required to establish a diagnosis does
not directly impact patient survival, early de-
tection of pulmonary fibrosis facilitates timely
treatment, which can potentially improve clin-
ical outcomes. This was emphasised by T. Hoff-
man et al. (2022), who indicated the need to
improve existing approaches to early diagnosis
and apply a comprehensive approach to assess-
ing the patient’s condition, including both radi-
ography and other imaging modalities, such as
high-resolution computed tomography.

This study aimed to evaluate radiographic
changes in the lung tissue of animals with bleo-
mycin-induced pulmonary fibrosis, as well as to
determine the possibilities of its early diagno-
sis and monitoring of disease progression. The
research objectives included: analysis of radio-
graphic changes in the lungs at different stag-
es of fibrosis; comparison of radiographic data
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with clinical manifestations; and evaluation of
the effectiveness of radiography as a method for
early diagnosis of pulmonary fibrosis in animals.

Literature Review

According to F. Cony et al. (2019), although ra-
diography has limited ability to determine the
specific aetiology of a disease, it remains an in-
dispensable method for assessing the dynamics
of a pathological process. In particular, radiog-
raphy helps monitor the progression of fibrosis
and allows the detection of potential acute com-
plications such as infiltrates or pleural effusions,
which are of significant clinical importance for
adjusting treatment. For this reason, regular
radiographic examination is recommended for
long-term monitoring of patients with pulmo-
nary fibrosis. In their study, the scientists noted
that characteristic radiographic changes in pul-
monary fibrosis include the presence of diffuse
ground-glass opacity, which is predominantly
localised in the region of the cardiac shadow
and the basal segments of the lungs. Compen-
satory emphysema, which predominates in the
peripheral and apical zones of the lungs, is also
often observed, which can further complicate
differential diagnosis. Given these changes,
analysis of radiographs requires a high level of
expertise, as the timely detection of structur-
al changes in lung tissue is important for pre-
venting complications and disease progression.

Pulmonary fibrosis in dogs is a progressive
pathological condition characterised by the
gradual development of dyspnoea, decreased
exercise tolerance, and the presence of char-
acteristic inspiratory crackles, as reported by
H.Mattoo & S.Pillai (2021). These clinical man-
ifestations are a result of respiratory system
damage and represent important diagnostic cri-
teria for this disease, as indicated by A. Ferrazza
& P. Baldassarri (2020). Radiographic examina-
tion revealed diffuse changes in lung structure,
specifically an interstitial pattern accompanied
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by variable bronchial changes, which are char-
acteristic of this pathological condition.

A significant breakthrough in the diagno-
sis of pulmonary fibrosis in dogs is associated
with the introduction of computed tomography
(CT). This method, as emphasised by scientists
F. Thierry et al. (2017), allows for accurate de-
termination of the stages of disease develop-
ment and assessment of the degree of lung tis-
sue damage. Computed tomography provides
visualisation of several changes indicative of
the severity of the disease. Characteristic find-
ings that reflected the altered state of lung tis-
sue included areas of “ground-glass opacity”
and reticular-nodular patterns. Moreover, there
is a positive correlation between the degree of
visualised changes on CT and the clinical man-
ifestations of fibrosis. In particular, researchers
have stated that more severe forms of damage
have a negative impact on animal lifespan.

A.Ferrazza & P.Baldassarri (2020) conduct-
ed histopathological analyses, which allowed
for a more detailed examination of morpho-
logical changes in pulmonary fibrosis, includ-
ing thickening of the alveolar septa, accompa-
nied by interstitial fibrosis and hyperplasia of
pneumocytes. Although fibrosis can develop
in dogs of various breeds, H. Laurila & M. Ra-
jamaki (2020) noted the greatest susceptibility
to this disease in West Highland White Terriers.

In cats, pulmonary fibrosis manifests with
radiographic features including a mixed bron-
chiolointerstitial and alveolar pattern, the
presence of pleural effusion, and the formation
of various pulmonary nodules. As reported by
F. Cony et al. (2019), radiographic changes are
often characterised by increased lung tissue
density, which progresses from bronchioloin-
terstitial to alveolar structures. The scientists
proved that dense areas or diffuse interstitial
infiltrates of the bronchiolar and alveolar type
are common features of this disease. Histo-
pathological studies conducted by the authors

of the aforementioned research established
that pulmonary fibrosis in cats is characterised
by multifocal fibrosis, hyperplasia of type II
pneumocytes, and hypertrophy or hyperplasia
of smooth muscles. Fibrosis was most often ob-
served in middle-aged and older cats, accom-
panied by symptoms of respiratory distress and
cough. The difficulty in diagnosing fibrosis in
cats is due to the fact that radiographic man-
ifestations can be similar to asthma, pneumo-
nia, or even neoplasia. As the authors noted,
the prognosis for cats with pulmonary fibrosis
is poor, as even with active treatment, most an-
imals die within a few days or months.

X. Wang (1992) studied pulmonary fibrosis
induced by bleomycin administration in rats.
W. Mohr (1988) demonstrated that the initial
pathological changes were characterised by the
detachment of type I pneumocytes, exposure
of the basement membrane, and endothelial
swelling, which are likely caused by the ef-
fects of reactive oxygen species. I. Persson et
al. (2020) found that the progression of fibrosis
can be tracked using various imaging methods
such as magnetic resonance imaging (MRI) and
CT, revealing an increase in the volume of af-
fected tissue and a decrease in lung volume.
According to W. Mohr (1988), in cattle, this dis-
ease can manifest as diffuse fibrosing alveolitis
with clinical signs such as a dry cough, tachy-
cardia, and tachypnoea. The researcher noted
that the aetiology of fibrosis in cattle remains
unknown and may be associated with the in-
gestion of toxic substances. Confirmation of
the diagnosis is usually performed post-mor-
tem, through histological examination, which
reveals fibrosis of the alveolar septa and cellu-
lar infiltrates.

C. Easton-Jones et al. (2020) demonstrated
through radiographic examination that in hors-
es, pulmonary fibrosis manifests as interstitial,
bronchiolointerstitial, and nodular changes
in the lungs. The scientists observed primary
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clinical symptoms such as weight loss, de-
creased exercise tolerance, and respiratory dis-
tress. C. Easton-Jones et al. (2020) and A. Cra-
ven et al. (2024) linked multinodular pulmonary
fibrosis in horses to equine herpesvirus type 5,
which carries an unfavourable prognosis. The
scientists found that imaging modalities can
identify nodular interstitial lesions and super-
ficial changes in the lungs of horses. One of the
prognostic indicators for fibrosis in horses is
the respiratory rate, the ratio of lymphocytes to
neutrophils in bronchoalveolar lavage, and the
level of lymphocytes in the blood.

Materials and Methods

The experimental study was conducted dur-
ing 2022-2023 in the educational and research
laboratory “Centre of Cell Technologies in Vet-
erinary Medicine”, operating under the De-
partment of Veterinary Surgery named after
Academician 1.0. Povazhenko at the National
University of Life and Environmental Scienc-
es of Ukraine (NULES), Kyiv, Ukraine. The tri-
als were performed on female Wistar rats,
aged four months, with an average weight of
269.6 = 1.80 g. The housing conditions of the
experimental animals complied with the provi-
sions of Directive 2010/63/EU of the European
Parliament and the Council (2010) and the Law
of Ukraine No. 3447-1V “On Protection of An-
imals from Cruel Treatment” (2006). The rats
were kept in a vivarium with a stable 12-hour
light-dark cycle (12 hours of light and 12 hours
of darkness), a temperature range of 20-23°C,
and unrestricted access to water and standard
feed. The study was approved by the NULES
local bioethics committee (Protocol No. 31-1,
dated 27 October 2020).

An experimental model of pulmonary fi-
brosis in rats was developed through a single
administration of bleomycin hydrochloride
solution directly into the lung tissue. The
dose was 1.0 mg of the drug per 100 g of body
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weight, delivered in a 0.3 mL volume of saline.
Administration was performed via transtho-
racic instillation, ensuring direct contact of
the drug with lung tissue (Ayilya et al., 2023).
Observations of fibrosis progression were con-
ducted for 45 days following the administra-
tion, focusing on clinical signs of the disease
and morphofunctional changes in lung tissues.
To objectively assess the pathological process,
radiological examinations of the thoracic or-
gans were performed on days 7, 14, 30, and 45
of the experiment, enabling the monitoring of
dynamic changes.

Radiological assessments were conducted
using the VATEL-1 digital veterinary system
(Ukraine) following the manufacturer’s recom-
mendations. Images were taken in right later-
al and direct dorsoventral projections, which
required sedation of the test animals. For this
purpose, Medison 0.1% (BrovaPharma, Ukraine)
was administered intramuscularly at a dose
of 0.25 mg/kg (Plumb, 2008). These selected
projections visualised changes located in any
region of the lung tissue, including areas that
were difficult to access or entirely non-visual-
ised. The use of these two projections was justi-
fied by the specific localisation of the patholog-
ical process under investigation.

The selection of right lateral and dors-
oventral projections was based on the need to
visualise structural changes in different regions
of the lung tissue. This combination of projec-
tions enabled the acquisition of more accurate
data on morphological changes, particularly in
cases where the pathological process was lo-
cally confined and either difficult to access or
entirely invisible when only a single projection
was used. Consequently, the integration of two
orthogonal views provided comprehensive in-
formation about the structural condition of
the lung tissue and facilitated a more precise
assessment of pathological changes, which is
critical in the study of pulmonary fibrosis.
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Results and Discussion

Bleomycin is one of the drugs that induces fi-
brotic changes in lung tissue, and its use in ex-
perimental models contributes to a deeper un-
derstanding of the mechanisms of developing
this disease and assessing potential treatment
methods. A crucial stage of the study involved
conducting a radiographic analysis, which al-
lowed for the evaluation of structural changes
in the lungs at various stages of fibrosis pro-
gression. In clinically healthy animals, lung
tissue had a homogeneous structure without
noticeable shadows or inclusions, indicating
its normal physiological state. The lungs were
characterised by a dark colouration, indicating
their air-filled state. The heart was located in
the central part of the thoracic cavity, which is
typical for this species of animal (Fig. 1).

Figure 1. Typical radiograph
of a clinically healthy rat

Note: radiograph of the lungs in the right lateral (a) and
dorsoventral (b) projections: 1 - lungs
Source: authors’ photo

These results align with the data present-
ed in the studies of F. Gassert et al. (2021), who

indicated that in healthy animals, lung tissue
has a high level of radiographic transparen-
cy due to the absence of fibrotic or infiltrative
changes. The researchers demonstrated that the
homogeneity of the lung parenchyma structure
is a key marker of a healthy organ state. Moreo-
ver, they noted that the dark colouration of the
lung fields on a radiograph reflects a high signal
intensity, air filling, and is normal for healthy
animals. E. Dogan et al. (2022) also established
that the localisation of the heart in the central
part of the thoracic cavity in small laboratory
animals indicates the absence of pathological
displacement of organs, which could be due to a
mass, effusion, or other pathologies.

The absence of pathological changes in the
lungs, such as shadows, inclusions, or areas of
increased density, allows the obtained data to
be used as a control group for comparison with
animals in which pulmonary fibrosis has been
modelled. This underscores the importance of
baseline radiographic assessment for the diag-
nosis and monitoring of changes in the lungs.
For example, F. Gassert et al. (2021) noted that
establishing the baseline transparency of the
lung fields in healthy animals is critical for as-
sessing the progression of pathological changes.

Since radiographic evaluation of lung tis-
sue in clinically healthy animals justifies the
absence of fibrotic or inflammatory changes, it
forms the basis for further comparative assess-
ments of pathological states. To deepen the un-
derstanding of pathological progression in lung
tissue, a comparative radiographic evaluation
of the lungs in experimental animals was per-
formed and changes in the lung tissue of rats
were revealed. On the 7% day after the adminis-
tration of bleomycin to the animals, early signs
of lung tissue damage were observed. The lung
fields partially lost their transparency, and the
first signs of spotted areas of increased density
appeared, indicating the initial stage of tissue
infiltration (Fig. 2). The echogenicity of the tis-
sues increased compared to the control group,
indicating initial inflammatory changes.
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Figure 2. Typical radiograph of the lungs
in a test rat on the 7™ day of bleomycin-
induced pulmonary fibrosis modelling

Note: radiograph of the lungs in the right lateral (a) and
dorsoventral (b) projections: 1 - increased tissue density
Source: authors’ photo

Additionally, a small amount of pleural ef-
fusion was detected in the pleural cavity, which
did not reach clinically significant volumes but
served as confirmation of the onset of an inflam-
matory process. P. Kolb et al. (2020) demonstrat-
ed that in the early stages of bleomycin-induced
fibrosis, an inflammatory process occurs. This
is confirmed by the present study, namely the
moderate accumulation of fluid in the pleural
cavity as early as 7 days of observation. Accord-
ing to the research of P. Kolb et al. (2020), early
signs of tissue infiltration reflect the initial ac-
tivation of the immune response, which stimu-
lates the development of fibrosis. 1. Persson et
al. (2020) confirmed that in the early stages of
bleomycin-induced damage, moderately dense
areas form in the lungs, corresponding to in-
terstitial oedema and initial inflammatory pro-
cesses. These changes are clearly reflected in the
form of increased density and decreased trans-
parency of the fields, as recorded in this study.
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Although at this stage the structure of the
lungs still retains its basic architecture, ac-
cording to C. Malinczak et al. (2024), such early
changes can lead to a decrease in the diffusion
capacity of the alveoli, which is a precursor of
later respiratory function impairments. The
observations made in this study confirm this
trend, as early structural changes were accom-
panied by a gradual change in field density,
which may affect gas exchange in the future.
By day 14 post-induction of bleomycin-induced
pulmonary fibrosis in the experimental rats,
significant changes were recorded, reflecting
the onset of the pathological process (Fig. 3).

Figure 3. Typical radiograph of the lungs
in an experimental rat on the 14" day
of bleomycin-induced pulmonary fibrosis
modelling

Note: radiograph of the lungs in the right lateral (a) and
dorsoventral (b) projections: 1 — free fluid; 2 — increased
tissue density
Source: authors’ photo

The mottled areas of increased density
detected on the radiograph (Fig. 3) can be as-
sociated with tissue oedema, inflammatory
infiltration, and early fibrosis. The established
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pathological process was confirmed by the de-
tected light areas in the parenchyma of the
lung tissue, indicating increased echogenicity
caused by the accumulation of inflammatory
cells, exudate proteins, and altered extracellu-
lar matrix. F. Ruscitti et al. (2020) indicated that
in the early stages of bleomycin-induced fibro-
sis in rodents, changes that can be detected ra-
diographically as foci of increased density pre-
dominate. These areas correspond to localised
processes of inflammation and oedema, which
form the basis for the subsequent formation of
fibrous tissue. Similar results were obtained by
G. Soldati et al. (2020), who noted that areas
with increased echogenicity on ultrasound or
decreased transparency on radiographs can be
used as early markers of pathology in modelling
interstitial lung diseases.

The radiographic changes observed in this
study were further confirmed by a post-mortem
examination. The presence of effusion in the
caudal regions of the pleural cavity is consistent
with the observations of Y. Xiong et al. (2021),
who reported that in bleomycin-induced fibrosis,
an inflammatory process is activated in the ear-
ly stages with exudation of fluid into the pleural
cavity. This is a result of damage to the vascular
endothelium and increased permeability caused
by inflammatory cytokines such as IL-6 and
TNF-a. The importance of radiographic studies
in the early detection of pathological changes

was emphasised by S. Scharm et al. (2022), who
noted that even with minimal clinical manifes-
tations, radiographic imaging can reveal the first
signs of the disease. In particular, the authors
indicated that mottled areas of increased den-
sity reduce the transparency of the lung fields,
which is a marker for monitoring disease pro-
gression. The changes found in this study on day
14 of the experiment were consistent with the
conclusions of S. Scharm et al. (2022) regarding
the sensitivity of the method. In addition to ra-
diographic changes, the presence of inflamma-
tion in the pleural cavity reflects the systemic
response of the organism to the administration
of bleomycin. This corresponds to the studies of
H. Mattoo & S. Pillai (2021), who suggested that
even with localised lesions of the lung tissue, a
systemic inflammatory response plays an im-
portant role in the pathogenesis of fibrosis. At
the same time, A. Hjerpe et al. (2020) addition-
ally indicated that the early presence of effu-
sion can be a sign not only of inflammation but
also of the initial stages of pleural remodelling.

By day 30 post-induction of bleomycin-in-
duced pulmonary fibrosis, further progression
of pathological changes in the rat lungs was ob-
served. The mottled areas of increased density
became more pronounced and widespread. The
first diffuse linear inclusions appeared, indicat-
ing the beginning of structural remodelling of
the lung parenchyma (Fig. 4).

Figure 4. Typical radiograph of the lungs in an experimental rat on the 30™ day of bleomycin-
induced pulmonary fibrosis modelling
Note: radiograph of the lungs in the right lateral (a) and dorsoventral (b) projections: 1 — increased tissue density

Source: authors’ photo
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The lungs lost some of their transparen-
¢y, indicating the presence of moderate fibro-
sis. Y. Ishida et al. (2023) demonstrated that 30
days after modelling bleomycin-induced fibro-
sis, signs of tissue remodelling were observed,
manifested as linear inclusions, with the forma-
tion of fibrous septa between areas of alveolar
destruction, which clearly coincides with the
results of this study. N. Tanabe et al. (2020) not-
ed that the progression of fibrosis is accompa-
nied by an increase in tissue density and a de-
crease in lung volume, which corresponds to the
changes recorded in this study on day 30. They
emphasised that lesions of this nature may
be accompanied by a partial decrease in lung
elasticity, which begins to manifest clinically.

The results obtained on day 30 allowed the
identification of the intermediate stage of fi-
brosis, characterised by structural remodelling

of the lung tissue. The linear inclusions that
appeared at this stage indicate the beginning of
active fibrotic reconstruction of the parenchy-
ma. These data are consistent with the results
of S. Libério-Ramos et al. (2023), who indicat-
ed that such structural changes are important
markers of progressive fibrosis.

By day 45 post-induction of bleomycin-in-
duced pulmonary fibrosis in rats, a significant
progression of pathological changes in the lung
tissue was observed. The lungs acquired a matte
appearance, reflecting a significant decrease
in transparency, typical of developed fibrosis.
In addition, the number of diffuse areas of in-
creased density increased, taking on the ap-
pearance of elongated (linear) inclusions. Such
structural changes indicate the remodelling of
the parenchyma and the development of scar
formations (Fig. 5).

Figure 5. Typical radiograph of the lungs in an experimental rat
on the 45™ day of bleomycin-induced pulmonary fibrosis modelling

Note: radiograph of the lungs in the right lateral (a) and dorsoventral (b) projections: 1 — increased

tissue density
Source: authors’ photo

According to the research by Y. Ishida et
al. (2023), linear inclusions in the late stages of
bleomycin-induced fibrosis correspond to the
formation of organised fibrous structures that
replace normal lung parenchyma. Their study
indicates that these changes are the result of
the activation of myofibroblasts and excessive
collagen production, which is intensified in the
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late stages of the disease. The results obtained
in the conducted research confirm this patho-
genetic mechanism, as a similar picture was
observed in the lung tissue on day 45 of the ex-
periment. K. Lee et al. (2023) indicated that the
matte appearance of the lungs in combination
with linear inclusions on radiographs is the
main radiographic sign of developed fibrosis.
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They emphasised that these changes are asso-
ciated with a disruption of the alveolar struc-
ture, leading to a decrease in gas exchange and
the formation of stable scar tissue.

The morphological changes in the lungs,
recorded in this study, are also reflected in the
functional state of the lungs. A. He et al. (2024)
noted thatin the late stages of fibrosis modelling
in animals, a significant decrease in lung vol-
ume and a deterioration of respiratory function
are observed. According to their data, similar
structural changes, including linear inclusions,
are accompanied by a decrease in lung elastic-
ity and progressive restriction of ventilation.

The radiographic changes identified in this
study were confirmed by post-mortem exami-
nation with subsequent histological examina-
tion and described in a previously published
article (Mazurkevych & Surtaieva, 2023). The
lung tissue at 45 days had a dense, inelastic
structure, corresponding to the late stages of
fibrosis. The established pathological signs cor-
relate with the data of D. Zakaria et al. (2020),
who reported similar pathological features,
such as consolidation of lung tissue and an in-
crease in collagen fibres in rats with bleomy-
cin-induced fibrosis.

Research into bleomycin-induced pulmo-
nary fibrosis is a crucial area in veterinary and
medical science. This disease has a complex
pathogenesis, involving inflammatory and fi-
brotic changes in the lungs that can severely
impair their function. The results obtained in
this study confirm some previous findings and
also reveal new aspects that allow for a better
understanding of the mechanisms underly-
ing this pathological process. According to the
study of A. Vats & P. Chaturvedi (2023), bleomy-
cin causes progressive inflammatory and fibrot-
ic changes in the lungs, which coincides with
the findings obtained in this research regard-
ing the consolidation of lung tissue. This con-
firms the universality of this model for studying

pulmonary fibrosis and its potential for develop-
ing therapeutic strategies. However, according
to the study of S. Keshavan et al. (2023), the dy-
namics of fibrosis development can vary signif-
icantly depending on the species of laboratory
animal. The results of this experiment, obtained
in rats, showed a more pronounced reaction to
bleomycin, with the formation of dense infil-
trates and a decrease in the transparency of the
lung fields, which differs from studies on mice,
where a less intense reaction was observed.

The methodology of different studies is
also a crucial factor. For example, Y. Zhang et
al. (2023) focused primarily on histological
methods, allowing for a detailed study of mi-
croscopic changes in lung tissue. This study
focused on radiographic methods, which allow
for non-invasive assessment of the lung tis-
sue. While this approach has its advantages, a
combination of radiographic examination and
histology could provide a more complete pic-
ture of the changes in the lungs. G. Courtoy et
al. (2020) applied a quantitative assessment
of fibrotic changes, which allowed for a more
accurate assessment of the severity of the
pathological process. In this study, a qualita-
tive assessment of changes was used, which al-
lowed for a reflection of the disease dynamics,
although quantitative methods could have pro-
vided more detailed information about chang-
es in the lung tissue.

The duration of the experiment is also an
important factor. The results of the 45-day
study allowed for the evaluation of both acute
and chronic changes in the lungs. The study
by I. Savin et al. (2022), which focused main-
ly on the early stages of fibrosis development,
helped to understand the mechanisms of the
transition from inflammation to fibrosis but
did not provide a complete picture of the pro-
cesses occurring at later stages.

Thanks to the extended observation peri-
od, the progression of fibrosis was detected, and
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the importance of early diagnosis was also eval-
uated. In this study, radiological methods al-
lowed for the detection of changes in the lungs
at various stages of the disease, enabling ear-
ly identification of the pathology. This is also
confirmed by the research of D. Li et al. (2022),
in which radiography was used as a method for
the early diagnosis of pulmonary fibrosis. At
the same time, Y. Ishida et al. (2023) proved the
effectiveness of radiographic examination for
monitoring changes in the lungs, in particular,
a decrease in transparency and the formation
of dense areas on radiographs. This study also
confirmed the effectiveness of radiographic
examination for assessing the progression of
fibrosis. In particular, P. Kolb et al. (2020) not-
ed that radiographic methods are very effective
for detecting changes in the early stages of fi-
brosis. Using these methods, it is possible to
quickly assess the overall condition of the lungs
without resorting to invasive methods such as
biopsy. However, it is important to note that
radiographic methods cannot always detect all
microscopic changes in lung tissue, which is
one of the limitations of this approach. D. Zaka-
ria et al. (2020) emphasised the importance of
combining radiographic and histological meth-
ods to obtain more detailed information about
pathological changes in tissues. This allowed
for a complete picture of the mechanisms of
fibrosis development, which is important for
developing effective therapeutic strategies.

Another important aspect is the difference
in approaches to assessing the severity of fibro-
sis. In this study, a visual assessment of changes
was used, which allowed for a quick assessment
of the overall condition of the lungs. However,
as shown in studies by F. Ruscitti et al. (2020),
the use of specialised scales for the quantitative
assessment of fibrosis allows for a more accu-
rate measurement of the degree of severity of
changes in the lungs. The practical aspect of
the study also deserves attention. For example,
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N. Gupta et al. (2024) focused on the study of
new therapeutic agents, while the presented re-
search is aimed at improving diagnostic meth-
ods. It has been shown that the radiographic
method is effective for the early detection of
changes in lung tissue, which may be particu-
larly important in veterinary practice.

Overall, the findings of this study confirm
the significance of the bleomycin-induced mod-
el for studying pulmonary fibrosis, as it allows
for the accurate reproduction of the fibrosis
development process in the lungs. At the same
time, to obtain the most accurate and complete
information, it is necessary to combine differ-
ent research methods, including radiography
and histological examination. Moreover, for
further research, it is important to standardise
the experimental conditions, which will allow
for obtaining reliable results in comparison
with those already obtained.

Conclusions

Radiographic examination is a leading in-
strumental method in veterinary medicine,
the application of which allows for obtaining
high-quality images of rat lung tissue. There-
fore, when using radiographic examination to
study changes in the lung tissue of rats with
bleomycin-induced fibrosis, important con-
clusions were obtained that significantly ex-
panded the understanding of the development
and progression of the studied pathological
process. It was established that in clinically
healthy rats, the lung tissue appeared homo-
geneous, indicating a normal physiological
state of the organism without signs of pathol-
ogy. Radiographically, the lungs had a high
level of transparency, confirming the absence
of any pathological changes. On the 7™ day
following bleomycin administration, the ap-
pearance of initial signs of inflammation was
noted, which was especially characterised by
an increase in the density of lung tissue and a
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moderate accumulation of fluid in the pleural
cavity. By the 14" day after bleomycin admin-
istration, a noticeable increase in the density
of lung tissue was established, along with the
presence of pleural effusion. Furthermore, by
the 30" day, the progression of the patholog-
ical process was definitively established: the
detection of linear inclusions and a decrease in
the transparency of lung tissue, which served
as a clear sign of the beginning of structural
remodelling, which is a characteristic feature
of the intermediate stage of fibrosis. By the
45™ day, pulmonary fibrosis had acquired more
pronounced features: the lung tissue appeared
dull, a typical feature of the late stages of the
disease, and was specifically characterised by

administration of bleomycin into the pleural
cavity of rats, which allowed the outlining of
the various stages of pathological changes
that occurred in the lung tissue. The results
obtained from the radiographic examination
are also important for monitoring the progres-
sion of lung disease and the ability to choose a
therapeutic strategy.

Promising directions for further research
include the development of new diagnos-
tic approaches aimed at the early detection
of pulmonary fibrosis, as well as the study of
potential therapeutic agents designed for the
effective treatment of the studied pathological
condition.
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Auoranig. 3pocTaHHS BUITA[KiB JiereHeBoro (i6po3y B TBapuH, CIPUUYMHEHOTO TOKCUUHUM
BIUIMBOM, BUMAra€ [eTaJibHOTO aHalli3y PEHTreHOJOTiYHMX 3MiH Yy JiereHeBiii TKaHMHi, L0
BasKJIMBO /IS OIIHKY JUMHaMiKM Gibpo3y Ta po3pobKy eHeKTUBHUX TeparneBTUIHUX MiAXomiB. Y
LIbOMY KOHTEKCTi MeTa AOCTi/IsKeHHS ToJIsArana y 3aCTOCYBaHHI PEHTTeHOJIOTiYHOTO METOHy AJIst
BM3HAUEHHS 3MiH Y JIeTeHsX IIypiB Y AMHAMIIli yacy 3a MOZEMIOBaHHS 6e0MillMHiHIYKOBAHOTO
nereHeBoro Gi6posy, Mo COpUsITUMe BIOCKOHAJEHHIO AiaTHOCTMKY 1IbOTO MaTOMOTiYHOTO CTaHYy.
IlITyune BigTBOpeHHS (Gi6po3y B JereHsx 3AifiCHIOBaIM Ha JaGOpaTOPHUX IHIypaxX 3aBasSKu
yBeIeHHI0 61eoMilinHy. [I7I1 MOHITOPMHTY CTaHy JIeTeHeBOi TKAHVHY Ta BUSBIEHHS IIPOTPECYI0UnX
3MiH MPOBOAMIM PEHTTEHOJOrIUHI JowTiakeHHs Ha 7 moOy, 14, 30 ta 45 mo6y mOCTimKEeHHSI.
Oco6MBY yBary 3BepTajiy Ha BUSIBJIEHHS XapaKTePHUX PEHTTEeHOIOTiUHMX 03HaK hibpo3y, TAKMX K
VIIiIbHEeHHS JlereHeBOi TKaHMHY Ta 3HVDKEeHHSI 11 MP030pocCTi. 3rigHO 3 OTPUMMaHUMM Pe3yabTaTaMu
JMOCTiIKEHHSI BCTAHOBMJIM TIPOTPECYIOUNMii XapaKTep iHTepCTUIiaIbHUX ypaskeHb. 3’sICOBAHO,
0 BXXe uepe3 7 Mi6 Mic/is BBeIeHHS 6JeOMIlMHY 3’IBJISUIMCS O3HAKM 3allajeHHs B JIereHsX, 110
CYIIPOBOIKYBaINCS 3HMKEHHSIM IIPO30POCTi JiereHeBuX TmojiB. Yepe3 14 mi6 crocrepirammcs
I0YaTKOBI 03HaKkM (i6po3y, 10 Bimo6pas3mincs Ha MiABUIIEHH] IIiTbHOCTI JIereHeBOi TKaHWHY Ta
riosiBi iHdinprpariB. Ha 30 mo6y po3BUTKY MaTOMOrii BigMiuaayu 3HauHe mmporpecyBaHHsS Gibposy,
0 MHiATBepAMIoCcs Gibll BMPaKeHMMM JIHIAHMMM BKIIOUEHHSIMM i 3HVDKEHHSIM ITPO30POCTi.
Ha 45 mo6y 3’aBwincs pybueBi 3MiHM, sSKi MPU3BENM OO 3HAYHOTO IMOTIPIIEHHS CTPYKTYPU
JiereHb. 3a OTPMMAaHUMM JAHUMM MMiJKPeCIeHO 3HAUeHHS PeHTTeHOJOTiUHOTO MOCTiIKeHHS SIK
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iHbopmMaTMBHOTO MeTOAY ISl AiaTHOCTMKM Ta MOHITOPUMHTY mepebiry jsereHeBoro ¢i6posy. 3a
OTVICAHUMM PEHTTeHOJOTIYHMMM 3MiHAMM Pi3HUX CTafilil po3BUTKY (Hi6GPO3y MOKHA AeTaslbHillle
oxapaKkTepusyBaTy TaTOTeHe3 3aXBOPIOBAHHS, IO Ma€ BaKIMBE 3HAUEHHS JIsI OI[iHKU
eeKTUBHOCTI TepanmeBTMYHOTO BTpydYaHHS. TaKMM YMHOM, PEe3YJbTAaTU AOCTiIKEHHS MOXKYTh

6yTV BUKOPUCTaHI /11 CTBOPEHHST HOBUX HiaTHOCTUYHMX KPUTEPIiB Ta MOKpaIlleHHsSI MOHITOPUHTY
TallieHTiB i3 JereHeBUM ¢Gi6GpPo30M

KiniouoBi coBa: yiereHeBuii ¢i6po3; peHTreHiBChbKi 3HIMKM; iHTepCTUIIialbHI 3aXBOPHOBAHHS
JiereHb; eKCcIiepMMeHTaIbHa MOJIeJTb; JIAG0PaTOPHIi IypH; MiarHOCTUKA
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Abstract. The article addressed the issue of diagnosing Lyme disease in dogs. The study aimed
to analyse the effectiveness of contemporary diagnostic methods for Lyme disease in dog
populations. A review of the literature was conducted, examining studies that explored various
diagnostic approaches. Based on the literature analysis, a classification of diagnostic methods was
developed. This classification encompassed general diagnostic methods - including molecular,
serological, and bacterioscopic techniques — as well as the application of nanotechnologies
for diagnosing the causative agent of this disease (Borrelia burgdorferi) in Ixodes ticks (Ixodes
ricinus, I. hexagonus, and I. persulcatus). The general diagnostic methods for Lyme disease in dogs
also include several advanced high-precision techniques. These molecular methods comprise
polymerase chain reaction, quantitative real-time polymerase chain reaction, and polymerase
chain reaction dissociation. Serological methods include enzyme-linked immunosorbent
assay, immunofluorescent assay, and immunoblotting. Bacterioscopic methods involve cultural
techniques, immunohistochemical analysis, and microfluidics. Among the nanotechnologies,
complete analysis microsystems and electrochemical methods were identified. Tick diagnosis
for Lyme disease includes techniques aimed at detecting the presence of pathogens, specifically
Borrelia species, within the tick itself. The analysis of diagnostic methods provided their
characteristics and highlighted promising approaches for identifying Lyme disease in dogs.
Among these, enzyme-linked immunosorbent assay and immunofluorescent assay yielded the
best results due to their cost-effectiveness and rapid output, requiring minimal pathological
material obtained at various stages of the disease. It was established that one of the most
promising diagnostic tools for Lyme disease in dogs is the use of biomarkers. Notable examples
include protein markers of inflammation, cytokines, chemokines, and genetic biomarkers. The
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findings from the literature analysis of diagnostic methods for Lyme disease in dogs will be
valuable for veterinary practitioners involved in the treatment of vector borne diseases

Keywords: vector-borne diseases; Ixodes ticks; Borrelia; spirochaetes; molecular, serological, and

bacterioscopic studies; biomarkers

Introduction

Lyme borreliosis (LB) is a serious disease that
can significantly impact the health of ani-
mals, particularly dogs, leading to severe com-
plications. Thanks to ongoing technological
advancements, new diagnostic methods are
allowing for more accurate and rapid detec-
tion of this dangerous infection. Tradition-
al methods of diagnosing LB in dogs involve
identifying clinical symptoms such as lame-
ness, joint inflammation, and general lethargy.
Additionally, blood tests can detect the pres-
ence of antibodies to Borrelia burgdorferi, the
bacterium that causes LB. The introduction of
cutting-edge technologies in veterinary medi-
cine offers vast opportunities for the effective
diagnosis of LB in dogs. Detecting and treating
LB in dogs requires a combination of several
approaches: from the application of advanced
diagnostic technologies to the development of
effective treatment and prevention methods.
Research in this field is crucial for improving
the quality of life for animals and preventing
the spread of disease.

L. Huggins et al. (2023) and Y. Paladsing et
al. (2024) demonstrated that the intensity of
animal and human infection with LB is de-
termined by the tick population density and
the location of the biotope. Important factors
contributing to the emergence and spread of
blood parasites among dogs include arthropod
vectors and other vertebrates, dogs living in
close proximity to humans, and environmen-
tal factors such as climate, landscape types,
and habitats. Blood parasites in dogs can cause
both mild and severe diseases. L. Huggins et
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al. (2023) conducted several studies on the
presence of blood parasites in dogs using mi-
croscopy, molecular, and serological methods.

V. Nguyen et al. (2021) noted that in trop-
ical regions, the significant distribution and
abundance of ectoparasite vectors contribute
to the year-round transmission of vector-borne
diseases. For instance, stray and domestic dogs
in Southeast Asia can serve as hosts and reser-
voirs for the transmission of vector-borne dis-
eases. T. Rawangchue & S. Sungpradit (2020)
also conducted research to determine the
vector-borne transmission of infectious dis-
eases by ectoparasites and the possibility of
co-infection in dogs. N. Sontigun et al. (2022)
noted that in Thailand, among blood parasitic
diseases recorded in dogs, pathogens such as
B. canis vogeli, H. canis, E. canis, and Anaplasma
were isolated, which were also detected in dogs
from other Southeast Asian countries. The au-
thors concluded that collecting information
from pet owners about their care practices is
crucial for understanding the transmission
routes of parasitic infections and developing
and implementing strategies for their preven-
tion and control.

P. Galluzzo et al. (2020) determined that
dogs are often the first to be exposed to micro-
organisms that also cause diseases in humans.
Dogs can act as carriers or reservoirs for vec-
tor-borne diseases, such as Lyme disease, due
to their frequent contact with the environ-
ment, particularly shrubs and fields that pro-
vide natural habitats for ticks. The quantitative
measurement of antibodies against Borrelia in
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dogs can reflect the prevalence of the patho-
gen in the environment and the frequency of
tick bites. Consequently, dogs are often studied
as serological markers for assessing the risk of
Lyme disease in various regions worldwide.

Given the above, scientific research into
the diagnosis of this vector-borne disease in
dogs is essential for the early detection and
prevention of its spread among both humans
and animals. This study aimed to analyse and
justify approaches to the laboratory diagnosis
of LB in dogs, determine their effectiveness,
and provide recommendations for future ap-
plications.

Literature Review

V. Klius (2018) dedicated their study to the
challenges of diagnosing LB in both animals
and humans, focusing on the clinical and in-
strumental features of neurological involve-
ment in chronic cases of the disease to im-
prove diagnostic procedures and therapeutic
strategies. The study also aimed to identify the
disease in patients aged 20 to 77. I. Ben (2019)
directed their research towards studying the
epidemiological and clinical characteristics,
including the diagnostic algorithm, of human
granulocytic anaplasmosis. V. Levytska (2021)
investigated the geographical distribution of
Dermacentor reticulatus and Ixodes ricinus ticks
and developed an improved system for pro-
tecting animals from vector-borne diseases.
0. Panteleinko et al. (2021) described the key
causes of LB, as well as the causative agent and
genotypic composition of Borrelia species that
cause the disease. The study outlined the link
between the prevalence of LB and ecological
factors, climate change, and anthropogenic
impacts on biocenoses and biotopes, as well as
the role of vectors and reservoir hosts in the
spread of this disease. G. Margos et al. (2019)
conducted diagnostics for LB in dogs after tick
bites and recommended treatment measures

for dogs with various forms of LB. M. Nepveu-
Traversy et al. (2024) dedicated their research
to describing the development of anti-tick
vaccines and their effectiveness in combating
tick-borne diseases that pose a threat to hu-
man health. M. Milkovicova et al. (2023) ana-
lysed the differences in diagnosing this disease
in dogs compared to tests commonly used for
human diagnosis. The researchers noted that
this disease can be caused by Borrelia burgdor-
feri sensu lato, spirochetes that affect many
animals. These bacteria are spread by ticks
(Ixodes ricinus, I. hexagonus, and L. persulcatus)
and affect both humans and animals, especially
dogs. In 2022, scientists identified 11 species/
genotypes within the Borrelia complex.

The Borrelia burgdorferi complex be-
longs to the bacterial genus Borrelia.
G. Chiappa et al. (2022) demonstrated that
this type of spirochete is known for its ability
to cause Lyme disease — an infectious illness
primarily transmitted through the bite of an
infected tick. Within this complex, researchers
have identified several species or genotypes
of Borrelia burgdorferi. It is important to note
that the phylogeny and nomenclature of these
species may change over time as new research
emerges. W. Burgdorfer et al. (1982) provid-
ed information about spirochetes within the
B. burgdorferi s.l. complex and were the first to
identify them in Ixodes ticks. Although it had
been suspected since the early 20™ century that
tick-borne pathogens could cause symptoms
now considered characteristic of LB.

R. Johnson et al. (1984) and G. Stanek et
al. (2002) identified the causative agent as
B. burgdorferi, considering it a single bacterial
species. However, as the genetic and ecological
heterogeneity of Borrelia in Europe, Asia, and
North America became apparent, the diversity
of this species complex became evident. Sev-
eral new genotypes were discovered in these
regions. Since then, the term B. burgdorferi s.1.
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has been used to refer to this entire species
complex, while B. burgdorferi s.s. specifically
refers to the species first identified in the USA
by W. Burgdorfer et al. (1982). Consequently,
scientists have identified 11 species/genotypes
within the Borrelia burgdorferi complex:

¢ Borrelia burgdorferi sensu stricto (B. burg-
dorferi s.s.): the primary species responsible for
Lyme disease in North America;

¢ Borrelia afzelii: commonly associated with
Lyme disease in Europe, particularly in central
and northern regions;

¢ Borrelia garinii: predominantly found in
Europe and Asia, and is often linked to neuro-
logical manifestations of Lyme disease;

¢ Borrelia bavariensis: closely related to B.
garinii and identified in Europe, especially in
Bavaria and Germany;

¢ Borrelia spielmanii: discovered in Europe
and associated with cases of Lyme disease in
this region,;

¢ Borrelia valaisiana: found in Europe and
Asia, and is a genospecies within the complex;

¢ Borrelia lusitaniae: discovered in Portugal
and linked to Lyme disease in southern Europe;

¢ Borrelia japonica: primarily found in Ja-
pan and is a species within the complex;

¢ Borrelia tanukii: initially discovered in Ja-
pan and linked to Lyme disease;

¢ Borrelia mayonii: discovered in the United
States of America and associated with cases of
Lyme disease in western states;

¢ Borrelia yangtzensis: discovered in China
and is a species within the Borrelia burgdorferi
complex.

J. Gray et al. (2016) established that the
transmission cycle of B. burgdorferi s.l.is closely
linked to the life cycle of its primary vector, the
Ixodes tick. This life cycle consists of four stag-
es: egg, larva, nymph, and adult (female/male).
Each of the three active stages (larva, nymph,
and imago) must take a blood meal to progress
to the next stage or, in the case of adult females,
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to lay eggs. Typically, the life cycle of I ricinus
is completed within three years. However, un-
der certain environmental conditions, such
as weather, the duration of cold periods, and
temperature, the life cycle can be extended to
up to six years, as these factors can cause paus-
es in tick development and behaviour. Depend-
ing on regional and microclimatic conditions,
larvae are typically active from late April to
late October. In Northern and Central Europe,
nymphs and imagos are active from March to
November. Their peak activity usually occurs
in April or May, as well as during the summer
months in cool and dry weather. Nymphs and
imagos can be active at temperatures as low as
+4°C. Cases of tick attacks are often reported
during cool periods. Their activity tends to de-
crease temporarily at the end of winter and the
beginning of spring. C. Bregnard et al. (2021)
suggested that considering biotic and abiotic
variables that significantly influence tick den-
sity allows for predictions of tick populations
in the following year.

T. Hart et al. (2021) discovered that Borre-
lia species produce a diverse array of immune
molecules that interfere with the complement
system at various stages of activation during
tickborne infection of mammals. These geneti-
cally unrelated and allelically distinct immune
molecules exhibit a unique inhibitory effect on
the activity of complement components. Using
inactivation methods developed by Y. Lin et
al. (2020) and J. Skare & B. Garcia (2020), these
molecules were classified as proteins that in-
directly suppress the complement system by
capturing host regulatory proteins (C4BP, fac-
tor H (FH), factor H-like protein-1 (FHL-1),
and factor H-related proteins (FHR)) from the
fluid phase, or directly interacting with specif-
ic complement components (Clr, C4b, C7, C8,
and C9) or the assembled membrane attack
complex (MAC). This mechanism results in the
specific inhibition of complement activation.
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Materials and Methods

An analysis of scientific publications concern-
ing the current state of LB diagnostics in dogs
was conducted between 2023 and 2024 by the
Department of Veterinary Epidemiology and
Animal Health at the National University of
Life and Environmental Sciences of Ukraine
(Kyiv). The study encompasses the following:
literature review — a comprehensive review of
scientific literature indexed in Scopus and Web
of Science databases; theoretical synthesis — a
synthesis of global research on LB diagnostic
methods in mammals; identification of the
most effective diagnostic methods for LB cur-
rently available in the field of laboratory di-
agnostics; a justification for the relevance of
diagnostic methods using blood and synovial
fluid samples, including their specific char-
acteristics; an analysis of the advantages and
disadvantages of various diagnostic tests for
detecting Borrelia burgdorferi in dogs.

During the study and analysis of litera-
ture data, the advantages and limitations of
current diagnostic tests for detecting Borre-
lia burgdorferi in dogs were identified. This
was achieved using the following scientific
methods: review and systematisation of in-
formation from scientific articles and clinical
guidelines related to the diagnosis of Borrelia
burgdorferi in animals; comparative analysis of
diagnostic methods, highlighting their advan-
tages (e.g., specificity or sensitivity) and draw-
backs (e.g., duration, cost, or risk of false-pos-
itive results); compilation of a list of primary
diagnostic tests encompassing key approaches
for diagnosing Borrelia burgdorferi, including
molecular, serological, and bacterioscopic
methods, the application of nanotechnology,
and testing ticks for the presence of the LB
pathogen.

The research was conducted in four stag-
es. The initial stage involved a comprehensive

analysis of clinical cases reported by research-
ers from various geographic locations. The
second stage focused on identifying the pri-
mary diagnostic methods for LB based on the
existing scientific literature. These methods
included molecular, serological, bacterioscop-
ic approaches, nanotechnology applications,
and the testing of ticks for the presence of the
causative agent. The third stage involved a
critical evaluation of the effectiveness of lab-
oratory diagnostic methods that utilise blood
and synovial fluid samples, and the identifica-
tion of their unique characteristics. The final
stage involved a thorough analysis and syn-
thesis of the research findings. This systematic
approach to the analysis of literature on the
subject enabled the scientific identification of
the most effective laboratory diagnostic meth-
ods for LB in dogs and the formulation of rec-
ommendations for their practical application
in veterinary medicine.

Results and Discussion

Based on an analysis of available literature, five
diagnostic methods for LB in dogs have been
identified: molecular, serological, bacterio-
scopic methods, the application of nanotech-
nology, and tick diagnostics for the presence
of the pathogen (Fig. 1). Molecular diagnostic
methods play a crucial role in the early and ac-
curate detection of LB in dogs. These methods
enable the identification of bacterial patho-
gens or their genetic material in tissues or body
fluids, providing rapid and reliable results.
Among these, the Polymerase Chain Reaction
(PCR) stands out as a key method for detecting
Borrelia burgdorferi DNA in biological samples
from dogs. Samples suitable for PCR include
blood, urine, synovial fluid, or tissue. PCR di-
agnostics for LB can detect bacterial contami-
nation at early stages of infection, even before
clinical symptoms appear (Fig. 2).
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Figure 1. The most common diagnostic methods for Lyme borreliosis in dogs
Note: classification of diagnostic methods for LB in dogs
Source: developed by the author based on the literature review
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Figure 2. Polymerase Chain Reaction
Note: the figure illustrates various stages of the chain reaction
Source: Encyclopadia Britannica (n.d.)

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 4




Modern diagnostic methods for Lyme disease in dogs

Polymerase Chain Reaction Dissociation
(PCRD) is a technique employed to detect and
quantify nucleic acids. S. Cardenas-Cadena et
al. (2023) have conducted studies using this
method. PCRD can be valuable in identifying
infections at various stages of the disease. Re-
al-time PCR testing (qPCR) is another method
used to detect and quantify the DNA of Borre-
lia burgdorferi in the tissues or fluids of a dog.
qPCR offers a more precise method for detect-
ing the presence of bacteria and determining
their concentration in whole blood or serum.
gPCR is a powerful tool for diagnosing LB in
dogs, providing a highly sensitive and specif-
ic method for detecting infection. Unlike tra-
ditional diagnostic methods, which can take a
considerable amount of time to produce results,
gPCR offers faster and more accurate results,
crucial for timely treatment. This method can
also determine the level of bacterial contami-
nation, making it useful for monitoring disease
progression and evaluating treatment efficacy.
Furthermore, qPCR can detect the presence of
Borrelia burgdorferi at the preclinical stage of
infection, increasing the chances of successful
treatment. This technology is also used to dis-
tinguish between active infections and residu-
al bacterial traces after treatment, helping to
avoid the use of unnecessary antibiotics.

The following advantages of molecular
diagnostic methods should be highlighted: ac-
curacy — molecular methods are highly precise
and specific, enabling the reliable identification
of pathogens; early detection — these methods
facilitate the diagnosis of infections even be-
fore the onset of clinical symptoms, at the early
stages of disease development; quantification —
certain molecular methods can quantify the
amount of pathogen present, which is valuable
for assessing the severity of infection and mon-
itoring disease progression. Polymerase Chain
Reaction Dissociation (PCRD) is a molecular
diagnostic technique employed to detect and

quantify nucleic acids like DNA or RNA. PCRD
plays a crucial role in determining the presence
of infectious agents at various stages of disease
progression, including the early stages when
symptoms may be subtle.

G. Mir6 et al. (2022) investigated serologi-
cal methods for diagnosing LB in dogs, focusing
on detecting antibodies produced in response
to infection with the pathogen Borrelia burg-
dorferi. Among these methods, the most effec-
tive for identifying the pathogen include the
Enzyme-Linked Immunosorbent Assay (ELISA),
Immunofluorescence Assay (IFA), and Western
blot. Specifically, the ELISA method detects an-
tibodies to Borrelia burgdorferi. It is based on
the interaction between antibodies and specific
antigens presented on test plates. A positive re-
action in the blood serum sample indicates the
presence of antibodies against Borrelia.

J. Branda et al. (2021) demonstrated that
the Immunofluorescence Assay (IFA) is also
used to detect antibodies but differs by em-
ploying fluorescent probes to highlight the an-
tigen-antibody reaction. This method can be
beneficial in cases where ELISA does not yield
a definitive result. Western blot is an additional
confirmatory method employed to validate pos-
itive results obtained from ELISA or IFA tests.
Furthermore, R. Schettig et al. (2021) highlight-
ed that IFA is a valuable tool for recognising an-
tibodies formed in response to the introduction
of LB pathogen into the host organism.

Serological methods have been widely used
for screening for antibodies against the bacte-
ria and can be performed in many veterinary
laboratories. However, detecting positive re-
sults for bacterial contamination through se-
rological methods is possible only after a cer-
tain period following infection. This limitation
increases the risk of false-positive results, as
other infections may also lead to antibody pro-
duction. Bacterioscopic diagnostic methods for
LB in dogs have primarily been used to examine
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samples containing Borrelia burgdorferi bac-
teria. Nevertheless, their application in veter-
inary medicine is limited because the bacteria
are rarely found in the blood or other biologi-
cal fluids of dogs.

M. Guérin et al. (2023) demonstrated
that in specific cases of diagnosing LB, the
following methods might be useful: cultural
methods, immunohistochemical analysis, and
microfluidics. Microfluidics is an advanced
technology that involves manipulating fluids
on a microscopic scale to conduct various bi-
ological tests and analyses. This approach en-
ables the use of extremely small fluid volumes
(typically in nanolitres or microlitres), making
it an ideal tool for rapid and accurate diagnosis
of infections such as Lyme disease in animals,
particularly in dogs. Due to its high precision
and sensitivity, microfluidic technology allows
for swift results with minimal use of biological
material, which is crucial for timely treatment.

The cultural method involves cultivating
Borrelia burgdorferi bacteria from biological
samples collected from dogs, such as blood,
urine, synovial fluid, and tissues. While this
method is considered the “gold standard” for
many bacterial infections, its application for
LB has limitations. Borrelia are slow-growing
bacteria, and their isolation from a dog’s body
is often challenging due to the low number of
pathogens in blood and tissues. Additionally,
this process is time-consuming and requires
specialised equipment.

Bacterioscopic examinations primarily in-
volve analysing body fluids such as blood and
synovial fluid. In some cases, Borrelia burgdor-
feri bacteria can be detected in a dog’s blood
using special techniques during bacterioscopy.
However, this method is not very sensitive and
is therefore not used as a first-line diagnostic
tool. Nevertheless, for dogs with clinical symp-
toms of LB, veterinarians may perform joint
punctures and examine the synovial fluid for
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the presence of borreliae. However, this meth-
od is invasive and has limited applications.

Immunohistochemistry is a technique
used to detect bacteria within a dog’s tissues
using specific antibodies that bind to Borre-
lia burgdorferi antigens. After a tissue sample
(e.g., biopsy) is collected, it is treated with
antibodies capable of identifying the bacteria.
Immunohistochemistry can reveal infection
in specific tissues such as the skin or synovial
membrane. However, this method has several
drawbacks: it is time-consuming and often in-
accessible due to the need for specialised lab-
oratory conditions and reagents. Additionally,
a low number of bacteria in the samples can
lead to negative results. Bacterioscopic meth-
ods for detecting LB in dogs are less common
and less sensitive compared to other methods,
as borreliae do not circulate in the blood or
biological fluids during the early stages of
infection. Therefore, veterinary practitioners
typically employ enzyme-linked immuno-
sorbent assays (ELISAs) and molecular tests
for diagnosing LB in dogs due to their greater
reliability and sensitivity.

Given that ticks are the primary vectors
for spirochetes, testing ticks can help pre-
vent LB and avoid the complications of sub-
sequent pathological processes in animals.
J. Lewis et al. (2024) conducted a noteworthy
study developing a quantitative PCR test that
demonstrated high sensitivity and specificity
for detecting pathogens in both wild and hu-
man ticks. This test enhances the monitoring
and control of LB and contributes to effective
epidemiological surveillance and prevention.

Veterinary medicine is continually evolv-
ing to find more effective and accurate meth-
ods for diagnosing LB in dogs. While bacteri-
oscopic methods are not widely used, recent
research and technological advancements of-
fer the potential to improve these techniques.
For example, in some cases, the development
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of new microscopy technologies and improved
methods for determining borreliae concentra-
tions in blood may enable the detection of bac-
teria in biological samples from infected dogs.
Additionally, combining bacterioscopy with
other methods, such as immunodiagnostics or
molecular diagnostics, could provide a more
accurate and comprehensive picture of an an-
imal’s health.

J. Branda et al. (2021) demonstrated that
one of the innovative technologies for de-
tecting LB in dogs could be nanotechnology,
specifically lab-on-chip diagnostic tools and
electrochemical detection methods. C. Flynn et
al. (2020) described a lab-on-chip study that
allows for comprehensive biochemical anal-
yses using minimal sample volumes and re-
agents. In the case of LB, such a chip can be
used for the rapid identification of Borrelia
burgdorferi. This makes the diagnostic process
much faster and more convenient, as only a few
drops of blood or another biological sample are
required for testing. C. Flynn et al. (2023) found
that the electrochemical method is used for the
quick and accurate detection of pathogens in
biological samples. The principle of this meth-
od involves detecting changes in electrical
signals when certain molecules or biomarkers
interact with electrodes coated with specific
sensors. The electrochemical method can be
applied to identify Borrelia burgdorferi DNA or
other specific biomarkers in dogs, indicating
the presence of infection. The method is char-
acterised by its exceptional sensitivity, capable
of detecting even the smallest concentrations
of pathogens. Furthermore, the diagnosis of LB
in ticks involves methods that focus on iden-
tifying the presence of pathogens, particularly
Borrelia, within the tick itself. This is crucial as
ticks are vectors for this disease and can trans-
mit Borrelia to humans and animals during a
bite. The authors noted that one of the most
promising diagnostic approaches is the use of

biomarkers to detect LB in dogs. Biomarkers
are specific substances or indicators in an an-
imal’s body that can be used to diagnose the
onset of a disease. The research of T. Casselli et
al. (2021) focused on finding specific biomark-
ers in the blood or other tissues of dogs that
could indicate the presence of LB. According to
the researchers, such biomarkers can indicate
the state of the immune system in response to
an infectious disease, helping to quickly estab-
lish an accurate diagnosis.

T. Casselli et al. (2021) and C. Flynn et
al. (2023) have identified specific biomark-
ers, such as cytokines, antibodies, and other
molecules, that can be detected in the blood
of infected animals. This discovery opens up
the possibility of developing new diagnostic
tests that could be faster and more accurate
in detecting the disease. However, this area
of research still requires further investigation
to determine the most effective biomarkers
and their application in veterinary medicine.
The study of biomarkers could be a significant
step towards accurate, early, and effective di-
agnosis of LB in dogs. The authors highlight-
ed the identification of the following mark-
ers: inflammatory protein markers, cytokines,
chemokines, and Borrelia burgdorferi DNA. In
particular, protein markers are important be-
cause, during Borrelia burgdorferi infection in
dogs, there are elevated levels of certain pro-
teins, such as C-reactive protein (CRP), which
is an indicator of systemic inflammation. An
increase in CRP can serve as an indicator of
the active phase of the infectious process and
is used to assess the animal’s condition. Addi-
tionally, during infection, the body produces
specific cytokines (proteins that regulate the
immune response). Measuring the levels of
these cytokines, such as interleukin-6 (IL-6)
or tumour necrosis factor-alpha (TNF-a), can
help determine the stage of infection. Further-
more, genetic biomarkers, such as fragments of
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Borrelia burgdorferi DNA, can be detected us-
ing PCR. This is a highly accurate method that
can detect the presence of bacteria even when
antibody levels or clinical symptoms have not
yet appeared. PCR analyses are extremely sen-
sitive, enabling the detection of pathogens at
pre-clinical stages of infection.

O. Panteleinko & T. Tsarenko (2023) have
developed a comprehensive diagnostic algo-
rithm for LB, involving PCR analysis of syn-
ovial fluid to detect the DNA of spirochetes
Borrelia burgdorferi sensu lato in dogs with
pronounced symptoms of Lyme arthritis. The
authors outlined the following diagnostic
steps: 1) determining the preconditions for
classifying Lyme arthritis among the differen-
tial diagnoses, which includes a preliminary
diagnosis of mono- or polyarticular disease
in dogs (the course of the disease is relapsing,
sometimes chronic; clinical symptoms include
lameness, shortness of breath, pain, and joint
swelling; accompanying symptoms include fe-
ver, lymphadenopathy, lethargy, and anorexia),
including the preliminary diagnosis; 2) identi-
fying the risk factors for canine infection with
B. burgdorferi s.l. (infection of dogs by Ixodes
ticks), living in endemic Lyme disease areas,
age and breed (young dogs and certain breeds,
such as Golden Retrievers and Labradors), and
the absence of preventive treatments against
Ixodes ticks; 3) excluding differential diagnoses
(blood-sucking insects), including the diagno-
sis of other infections transmitted or related to
the environment (anaplasmosis, ehrlichiosis,
European tick-borne encephalitis, bartonello-
sis, septic arthritis associated with other in-
fectious agents), as well as metabolic, genetic,
and other systemic diseases (immune-mediat-
ed polyarthritis, hypertrophic osteodystrophy,
systemic lupus erythematosus, cartilage me-
tabolism disorders, panosteitis, arthroplasia,
hypertrophic osteopathy, etc.), and considering
traumatic injuries (limb injuries: dislocations,
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bruises, fractures, etc.); 4) diagnostic tests to
assess the severity of the clinical condition, in-
cluding complete blood count, determination
of C-reactive protein, tests for rheumatoid fac-
tor, computerised or magnetic resonance im-
aging of joints, and cytology of cerebrospinal
and synovial fluids; 5) laboratory confirmation
of the diagnosis of LB with symptoms of Lyme
arthritis, including detection of antibodies to
B. burgdorferis.l. (Stage I - immunochromatog-
raphy or enzyme-linked immunosorbent assay;
Stage II — Western blotting for samples with
doubtful ELISA results), and direct isolation of
the pathogen from synovial fluid (PCR: quanti-
tative or conventional).

A. Bajer et al. (2022) and S. Porcelli et
al. (2024) established that, in addition to ar-
thritis, dogs with LB may exhibit both general
clinical symptoms, such as lethargy (appear-
ing sluggish, inactive, and tiring easily), re-
duced appetite (refusing food or eating less
than usual), fever (elevated body temperature
ranging from 39.5-40.5°C), and neurological
symptoms, including disorientation (difficul-
ties with spatial orientation), impaired co-
ordination (tremors, unsteadiness, difficulty
walking), and seizures (rarely occurring due
to nervous system involvement). Additional-
ly, cardiovascular issues may arise, including
bradycardia or arrhythmia (abnormal heart
rhythms) and myocarditis (inflammation of the
heart muscle, potentially leading to weakness
and breathing problems); kidney involvement
may occur, such as glomerulonephritis (inflam-
mation of the renal glomeruli, which can lead
to proteinuria, fluid retention (oedema), in-
creased urination or thirst, and, in severe cas-
es, kidney failure). Furthermore, musculoskel-
etal disturbances may arise, including myositis
(muscle inflammation causing pain and lim-
ited mobility), intermittent lameness (shift-
ing leg involvement, with lameness that may
come and go); rare skin manifestations, such as
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erythema migrans (redness or rash at the tick
bite site, though this is more commonly ob-
served in humans than in dogs); other symp-
toms include enlarged lymph nodes (regional
lymph nodes may become swollen and pain-
ful), dyspnoea (in cases of heart involvement
or significant weakness), abdominal pain, or
diarrhoea (digestive complications related to
kidney dysfunction).

Thus, the diagnostic algorithm for LB in
dogs can be represented in three stages. The
first stage involves the anamnesis and clinical
examination: gathering information about pos-
sible tick exposure, particularly during walks in
forested or grassy areas, determining the pre-
ventive measures in place, including the use
of tick repellents, and identifying any clinical
symptoms that have been diagnosed. The sec-
ond stage is laboratory diagnostics: a complete
blood and urine test (the complete blood count
can identify leukocytosis or normal physiolog-
ical leukocyte levels, while the urine test helps
detect signs of kidney damage, such as protein-
uria); serological tests: the ELISA test is used
to detect antibodies to Borrelia burgdorferi. A
positive result indicates contact with the path-
ogen but does not always confirm active infec-
tion; immunoblotting (Western Blot) is used to
confirm a positive ELISA result, specifying the
presence of antibodies to specific pathogen pro-
teins; molecular methods: PCR can detect Bor-
relia burgdorferi DNA in blood samples, synovial
fluid, or tissues, providing a highly specific test
used to confirm the active phase of infection.
The final, third stage is differential diagnosis
(confirming the results of laboratory tests).

Therefore, exploring new technologies
and methodological approaches in veterinary
practice for the diagnosis of LB will help ensure
timely treatment measures, leading to more ef-
fective management of the disease in pets. This,
in turn, will contribute to the improvement of
dogs’ health and their overall well-being.

Conclusions

An analysis of the literature regarding meth-
ods for detecting LB in dogs reveals five main
diagnostic approaches: molecular, serological,
bacterioscopic, the use of nanotechnologies,
and tick diagnostics for LB. Molecular methods
are considered the most effective for the ear-
ly and accurate detection of LB in dogs. These
include PCR and PCR dissociation. Serological
diagnostic methods for LB in dogs are based
on detecting antibodies to Borrelia burgdorferi.
Among these methods, enzyme-linked immu-
nosorbent assay, which relies on the interaction
of antibodies with specific antigens, and immu-
nofluorescent assays, which can be useful when
previous tests yield inaccurate results, are con-
sidered the most effective. The latter is particu-
larly helpful when false-positive results com-
plicate diagnosis. A drawback of these methods
is that they do not provide rapid confirmation
of LB in dogs. In contrast, the bacterioscopic
method allows for confirmation of the pres-
ence of live Borrelia in pathological samples
(blood, synovial fluid, urine), but it is costly and
time-consuming, leading to delays in diagnosis.
Based on the reviewed publications, the follow-
ing recommendations can be made: the diagno-
sis of this disease should always be confirmed
through laboratory testing; early diagnosis of
LB is crucial for timely treatment, prevention
of complications, and maintaining the animal’s
health. The approach to diagnosing LB should
be comprehensive, taking into account all types
of investigations — from medical history col-
lection to laboratory diagnostics, including all
its variations, as clinical symptoms and history
are key components in making a diagnosis. If a
tick bite is confirmed, the tick should be sent
to the laboratory for further investigation of
transmissible diseases, and the presence of LB
in the dog can be immediately suspected. It is
important to analyse symptoms such as sudden
joint pain, periodic lameness, heart and kidney
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dysfunction, neurological symptoms, and oth-
ers. Among all the methods discussed, some
stand out as the most successful, namely en-
zyme-linked immunosorbent assay and immu-
nofluorescent diagnostics, as they are cost-ef-
fective, provide rapid results from a small
amount of pathological material, and can be
used at various stages of the infectious process.
Future research will aim to experimentally eval-
uate the effectiveness of the methods described
in this article to optimise the identification

of the disease-causing agent and monitor the
effectiveness of treatment.
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Cyuachi metoau giarHocTuku Jlaiitm-0opetio3y B codak

Okcana KpaBuyk
AcmipaHT
HauioHanpHuit yHiBepcuTeT 6iopecypciB i MpUPOLOKOPUCTYBaHHS YKpaiHu
03041, Byn. T'epois O6oponn, 15, m. Kuis, Ykpaina
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Anorarnig. CrarTs npucssueHa npob6nemi miarHoctyBaHHs Jlaiim-6opernio3y B co6ak. Mera
JIOCTiIKeHHs ToJisiraja B aHaji3yBaHHi edeKTMBHOCTI Cy4aCHMX METOZiB AiarHOCTMKM Jlaitm-
6operniosy B cobak. IIpoBemeHO aHasi3 Askepes JiTepaTypy, B SIKUX MPEACTaBI€HO Pe3yabTaTu
IOC/TiIKEHHST BYEHMX IIONO METOAIB AiarHOCTMKM JlaiiM-OGopenio3sy B cobak. 3a IMpOBeNEeHUM
aHaJli3oM [Kepes JiiTepaTypu po3pobieHa Kiuacudikaiiiss MeTomiB, 40 SIKOI YBiifIM 3arajabHi
MeTOM IiarHOCTUKM — MOJIEKYJISIPHi, ceposioTiuHi Ta 6aKTepioCcKOITiuHi, a TAKOX HAHOTEXHOJIOTi1
IUIST MiaTHOCTMKYM B iKCOMOBMX KiilliB (Ixodes ricinus, I. hexagonus i 1. persulcatus) 36ymHuKa 1€l
xXBopo6u (6akTepii Borrelia burgdorferi). 3aranbHi MeTomM miarHOCTMKM JlaiiM-60pesiosy B cobak
BKJIIOUAIOTh Ille HM3KY CYyYaCHUX BUCOKOTOYHMX MeTOZiB. [0 TakuMX MOJIEKYASIpHUX MeTOHiB
BiIHOCATBCS: TOJiMepa3Ha JaHLIOroBa peakxllisi, KiJibKicHa MojiMepasHa JIaHLIOroBa peaklis B
peasibHOMY Yaci, [Mcolialist mosimMepasHoi JAHIIOTOBOI peaxllii; cepenoriuni: iMmyHohepMeHTHMIT
aHasi3, iMyHOQUIyOpecIeHTHUII aHali3, iMyHOGJIOTMHT; G6GaKTepioCKOIiuHi: KyJbTypaabHUiL
MeToJI, iMyHOTiCTOXiMiuHOTrO aHamisy, mikpodmoiguka. Cepell HaHOTEXHOJOTi BMOKpeMIIeHi
MiKpOCHCTeMM TIOBHOTO aHaTi3y Ta eNeKTPOXiMiuHMIA MeTO[, a NiarHOCTMKa Kiima Ha Jlanm-
60penio3 BKIIOUAE METOIY, SIKi CTOCYIOThCSI BUSIBJIEHHSI HassBHOCTI MATOTeHiB, 30KpeMa Gopertiii
y camoMy Kkiimii. YV pesynbTaTi MpoOBeNeHOT0o aHajai3y MeTO[iB HaJaHa iX XapaKTepucTuKa Ta
BMOKpeMJIeHi MepcreKTUBHI MeTony Bu3HaueHHs JIaiiM-60perio3y B cobak, cepe[ IKMX HaiKpali
pe3yabTaT OTPUMAaHi 32 BUKOPUCTAHHS iMyHOGMEPMEHTHOTO aHali3y Ta iMyHOMIyOpeCcIieHTHOTO
aHaji3y, OCKiJIbKM BOHM He3aTPaTHI Ta CHIPUSIOTh IIBUIKOMY OTPMMAaHHIO De3y/lbTaTy 3
BUKOPYCTAHHSIM HEBEIMKOI KiJIbKOCTI MaTOIOTiYHOTO MaTepiaty, ofep>kaHOro Ha Pi3HMUX CTaZisx
3aXBOPIOBaHHS. BU3HaUeHO, 1110 OHMM i3 HalillepCeKTUBHININX TiarHOCTMKYMiB JIaiiM-60peniosy
B cobaKk € BMKOPMCTaHHSI GioMapkepiB, cepell SIKUX BUJiJeHi MPOTeTHOBI MapKepu 3amajieHHS,
LIMTOKiHM, XeMOKiHM Ta TeHeTUUHi 6ioMapkepu. OTpuMaHi pe3ynbTaTu aHasi3y Jykepes liTepaTypu
OO CrOco6iB miarHOCTUMKM JlaiiM-60perniody B cob6ak OymyTb KOPUCHUMM JJIST TTPAKTUKYIOUMX
JikapiB BeTepMHAPHOI MeAUIIMHMY, SIKi 3ai/iMarOThCsI JTiIKyBaHHSIM TPaHCMiCMBHUX XBOPO6

KimrouoBi coBa: TpaHCMicMBHI XBOpOoOM; ikcomoBi Kiimii; Gopernii; cripoxera; MOJEKy/ISIpHi,
ceposoriuni Ta 6akTepiocKomiuHi JoCTimKeHHsS ; GioMapKepu
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Abstract. The relevance of this study arose from the rapid increase in cases of dog osteoarthritis
affecting the knee joint. Clinically, this condition manifests as varying degrees of lameness,
significantly diminishing the quality of life for affected animals. Therefore, the study aimed to
evaluate changes in acute-phase inflammatory markers in the blood of dogs with osteoarthritis
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Treatment of dog’s osteoarthritis...

of the knee joint following intra-articular administration of autologous platelet-rich plasma.
The diagnostic approach measured acute-phase C-reactive protein levels and erythrocyte
sedimentation rate in blood samples. Tissue changes in the affected joint were examined through
radiographic imaging conducted on the 1t day of plasma application and on the 90 day after the
treatment course to assess the progression of reparative processes within the knee joint. Thus,
it was established that by the 14" day following the final intra-articular injection of autologous
platelet rich plasma, both the C-reactive protein levels and erythrocyte sedimentation rate in the
blood exhibited a clear trend towards reduction, aligning with reference values. By the 21°t day,
recovery of these marker parameters to physiological ranges was observed in two out of five dogs,
while the remaining three continued to show declining values. By the 90" day post-treatment, all
five dogs displayed physiological values for the analysed markers. Radiographic findings before
and after the course of cellular therapy indicated no further degenerative changes and a slight
increase in joint space, demonstrating the effectiveness of autologous platelet-rich plasma in
managing coxarthrosis in dogs. These findings hold significant practical value for both researchers
and practising veterinarians, contributing to the refinement of treatment protocols for animals’
osteoarthritis of the knee joint

Keywords: gonarthrosis; inflammation markers; C-reactive protein; erythrocyte sedimentation

rate; radiography; cellular therapy

Introduction

Osteoarthritis is a degenerative joint disease
that is frequently encountered in dogs. The
prevalence of osteoarthritis, according to re-
search by J. Graves et al. (2023), ranges from
2.5% to over 80%, depending on the diagnostic
methods used in dogs. The disease, which clin-
ically manifests as pain in the musculoskele-
tal system and varying degrees of lameness, is
quite common in companion animals. V. Klym-
chuk (2021) noted that osteoarthritis affects up
to 85% of large-breed dogs among those exhib-
iting chronic lameness.

According to research by B. Carr et
al. (2024), osteoarthritis is a chronic degen-
erativedystrophic lesion of the joints. Among
the characteristic features of this pathology,
they noted a thinning of the articular cartilage
(osteochondropathy) and its delamination (os-
teochondritis dissecans). At the same time, in-
flammation developed with damage to the me-
niscus (articular cartilage) and the rest of the

anatomical structures of the knee joint, which
caused the development of pain syndrome and
loss of its functionality.

As noted by C. Pye et al. (2022), the prima-
ry problem in osteoarthritis is the destruction
of articular cartilage. As a result, the cartilage
loses its elasticity, thins, cracks, and under-
goes fibrillation, affecting both its superficial
and deeper layers, and eventually leading to
delamination and exposure of the subchondral
bone. The osteoarthritic process progresses
to degeneration of the bone tissue surround-
ing the joint, loss of cartilage, abnormal bone
formation beyond the joint (formation of os-
teophytes), and narrowing of the joint space.
Scientists have established that joint diseases
primarily affect geriatric animals, but in 20%
of cases, the first symptoms of the pathological
process appear at a young age.

S. Oh et al. (2023) found that the diagno-
sis of osteoarthritis of the knee joint involves
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various visual methods, including radiography,
ultrasound, computed tomography (CT), mag-
netic resonance imaging (MRI), arthroscopy,
and analysis of changes in the composition
of synovial fluid. According to T. Todosiuk et
al. (2022), in Ukraine, radiography has been
widely used among visual diagnostic methods
for a more accurate analysis of the joint con-
dition. Using this method, it is possible to de-
tect such radiographic signs as narrowing of
the joint space, the presence of osteophytes
(osteophytosis), disruption of the configuration
(deformation) of the articular surfaces (cracks,
erosions), the presence of fragmentation of ar-
ticular cartilage (so-called joint mice), and the
presence of subchondral sclerosis.

N. Clark et al. (2023) developed a new clin-
ical metrological device for detecting mobility
impairments in dogs. The study results demon-
strated that the device positively correlates
with objective measures of canine mobility,
considering the distribution of body weight on
the animal’s limbs, which allows for the detec-
tion of any minor changes in mobility. However,
according to S. Oh et al. (2023), each of these
methods has its advantages and disadvantag-
es. Therefore, to monitor the inflammatory
process, one of the visualisation methods and
the study of acute-phase inflammation bio-
markers in the blood is most often used. These
biomarkers can be used as additional methods
of laboratory analysis both at the stage of diag-
nosis and at the stage of monitoring the effec-
tiveness of the treatment performed.

It should be noted that new and effective
methods and treatments for osteoarthritis are
being actively developed, which are more ef-
fective and significantly reduce the percentage
of complications. In particular, in the studies
of D. Pal et al. (2024), stem cells were used,
B. Kurtulus et al. (2024) applied joint arthro-
plasty, and E. Gildea et al. (2024) indicated
the feasibility of using injections of anti-NGF
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monoclonal antibodies. Scientists N. Blaga et
al. (2024) conducted a pilot study of the appli-
cation of intra-articular administration of au-
tologous platelet-rich plasma for the treatment
of pathological conditions in the joint area. The
results of the studies indicate the advantages of
this method of cell therapy among many oth-
ers. However, the effectiveness of this method
is being studied by various scientists to this day.
Therefore, the research aimed to evaluate the
efficacy of cellular therapy using autologous
platelet-rich plasma for dog’s knee osteoarthri-
tis, focusing on quantitative changes in acute-
phase C-reactive protein (CRP) levels and
erythrocyte sedimentation rate in the blood.

Literature Review

Osteoarthritis is a condition commonly diag-
nosed in both human and veterinary medicine
(Adams et al., 2011; Coppola, 2024). As noted
by these authors, this pathology is character-
ised by progressive degeneration and destruc-
tion of the joints, leading to impairments in
their biomechanical function. The develop-
ment of this disease is accompanied by signif-
icant pain and, sometimes, general wasting of
the animal, which may be a result of system-
ic and local biomechanical factors. V. Klym-
chuk (2019) established that osteoarthritis of
the knee joints, or gonarthrosis, is a chronic
degenerative-dystrophic disease of the knee
joints. The disease can occur in dogs due to
many factors, including hip dysplasia, cruci-
ate ligament pathologies, patellar luxation,
knee injuries, obesity, nutritional deficiencies,
inadequate physical exercise, and advanced
stages of arthritis.

The research of K. Anderson et al. (2020)
aimed to identify the etiological factors lead-
ing to pathological changes in joint tissues.
The authors found that primary osteoarthritis
is always idiopathic and may be associated with
risk factors such as ageing and obesity in dogs.
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The pathogenesis of secondary osteoarthritis
has a genetic component that is exacerbated by
lifestyle factors affecting the body, such as diet
and exercise. P. Adams et al. (2011) noted that
pathological processes and existing arthropa-
thies can significantly influence the pathogen-
esis of osteoarthritis, for example, cruciate lig-
ament disease is a common cause of lameness
in the pelvic limbs of dogs regardless of their
breed and size. As established by M. Weiwei et
al. (2024), impaired blood supply to the joint
leads to cartilage hypoxia, which can also be
considered a potential pathogenic factor for os-
teoarthritis of the knee joint.

Regarding the diagnosis of osteoarthritis,
P. Allen et al. (2019) found that it should occur
in several stages. According to the authors, it is
worth starting with an orthopaedic examina-
tion, during which the bones and joints are ex-
amined to identify pain reactions, tissue swell-
ing, and the range of joint motion restriction.
The second stage is the radiographic diagnosis,
which can reveal changes such as bone growths
around the joint associated with cartilage de-
struction, mineralisation of ligament attach-
ments to bones, and the presence of fluid or
swelling in the joint. By examining the synovial
fluid, changes in leukocytes can be determined.
Additionally, arthroscopy, MRI, CT, and bone
scintigraphy are often used to differentiate the
diagnosis. The authors believe that to diagnose
osteoarthritis, a history of lameness must be
established, as well as radiological evidence of
pathology (damage to articular cartilage, re-
duced joint space) on orthogonal radiographs
of the joints and asymmetry of gait between
contralateral limbs > 6%.

According to A. Hillstrom et al. (2016),
most patients with osteoarthritis do not exhibit
characteristic changes in blood and urine test
results, except in cases of diagnosed synovitis
with significant effusion, where an increased
ESR, hypoalbuminemia, and increased levels

of acutephase markers such as CRP and fibrin-
ogen may be detected. When examining syn-
ovial fluid, significant deviations from normal
values are usually not found. A complete blood
count can help diagnose signs of inflammation
or infection. For example, CRP acts as a mark-
er of inflammation in the body, regardless of
the aetiology. Although osteoarthritis is not
characterised by significant systemic inflam-
mation, this test may be ordered to rule out
other inflammatory conditions. A. Bertuglia et
al. (2016) established that the ESR test is based
on the principle that erythrocytes settle faster
in the plasma of patients with acute inflamma-
tion, and therefore it has been used as a mark-
er along with acute-phase proteins. Although
ESR testing has been partially replaced by CRP
and other marker tests, this indicator remains
clinically useful, especially in the diagnosis and
monitoring of rheumatic diseases and in pre-
dicting orthopaedic infections.

Regardless of the chosen treatment meth-
od for dogs with osteoarthritis, the primary
goal is to reduce the animal’s pain and slow
the progression of pathological changes in the
affected joint tissues. According to research by
K. Anderson et al. (2020), after a diagnosis of
osteoarthritis, animals are treated with med-
ical or surgical therapy. Nonsteroidal anti-in-
flammatory drugs (NSAIDs) are the most com-
monly used group of analgesics. J. Carmona et
al. (2016) noted that in recent years, autologous
platelet-rich plasma, stem cells, and monoclo-
nal antibodies have been used to treat animals
with joint damage (Carreira et al., 2024). For
example, J. Catarino et al. (2020) established
that platelet-rich plasma preparations are a
common treatment for osteoarthritis in hors-
es and other animal species. However, there is
controversy regarding the ideal concentration
of platelets and leukocytes in these biological
substances, which is necessary to induce an ade-
quate anti-inflammatory and anabolic response
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in articular cartilage. C. Pye et al. (2022) sug-
gested that PRP treatment requires further
standardisation and regulation of various
methods. Larger controlled clinical trials are
needed before definitive conclusions can be
drawn about the effectiveness of this treatment
method for dogs with osteoarthritis in practice.

Materials and Methods

The study was conducted from September 2023
to August 2024 at the scientific laboratories of
the Faculty of Veterinary Medicine, the National
University of Life and Environmental Sciences
of Ukraine (Kyiv), and the “Shanty” Veterinary
Clinic (Kyiv). The animal experiments adhered
to Law of Ukraine No. 3447-1V “On the Protec-
tion of Animals from Cruelty” (2006), the Euro-
pean Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scien-
tific Purposes (1986), and Directive 2010/63/EU
of the European Parliament on the protection
of animals used for scientific purposes (2010).

The study involved five dogs diagnosed
with osteoarthritis: Ares, a three-year-old male
Central Asian Shepherd weighing 60 kg; Brook-
lyn, a ten-year-old male Basenji weighing 9 kg;
Rodos, a thirteen-year-old male Staffordshire
Terrier weighing 25 kg; Dorian, an eleven-year-
old male Labrador weighing 30 kg; and Grey, a
ten-year-old male Cane Corso weighing 45 kg.
All animals underwent clinical examinations
and clinical-instrumental assessments. The
clinical examination included anamnesis col-
lection, general inspection, and orthopaedic
testing (e.g., the cranial drawer test and com-
pression test) to rule out cranial cruciate liga-
ment rupture. Additionally, the dogs’ gait was
evaluated for signs of lameness, stiffness, and
difficulty in changing body positions.

Blood for obtaining autologous plate-
let-rich plasma was collected from the jugular
vein of dogs at a volume of 9.0 mL per animal.
Sodium citrate was used as an anticoagulant at
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a ratio of 1:9. A two-step centrifugation meth-
od using a Hettich EBA 200 centrifuge (Andreas
Hettich GmbH, Germany) was employed to ob-
tain PRP. The first centrifugation was performed
at a centrifugal force of 160 g (1,500 rpm) for
7 minutes. Platelet-rich plasma was collected.
The platelet-rich plasma suspension was cen-
trifuged again at a centrifugal force of 500 g
(4,000 rpm) for 10 minutes. The supernatant
was removed, leaving 0.4 mL of plasma and a
platelet pellet at the bottom of the tube. The
platelet concentration in the obtained plasma
was within the range of 1,150-1,250- 10%. Plate-
let-rich plasma was administered to the exper-
imental animals into the affected knee joint
using intra-articular injection, adhering to
aseptic and antiseptic techniques. This proce-
dure was performed under general anaesthesia.

The general anaesthesia protocol was as
follows: an aesthetic mixture of Domitor Vet
(medetomidine hydrochloride 1 mg/mL) at a
dose of 0.01 mg/kg and Butomidor (Butorpha-
nol), 10 mg/mL at a dose of 0.1 mg/kg body
weight was administered intramuscularly (Ori-
on Pharma, Finland). The animals were moni-
tored under anaesthesia using clinical methods
and the InnoCareVet device (Hungary), which
determined heart rate, respiratory rate, blood
oxygen saturation, rectal temperature, and ar-
terial blood pressure (measured using a cuff
on the brachial region in automatic mode).
To determine the effectiveness of autologous
platelet-rich plasma, the dynamics of changes
in the knee joint before and after the adminis-
tration of the drug were assessed by examining
blood parameters such as ESR and CRP, as well
as radiographic examination before the start of
treatment and 90 days after the last adminis-
tration of the drug.

ESR was determined using the Panchen-
kov method (Malin & Witkowska-Pilasze-
wicz, 2022). Capillary blood was collected from
the ear pinna and mixed with a 5% sodium
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citrate solution at a ratio of 1:4. The stabilised
blood was drawn into a graduated tube to the
0 mark and placed vertically in a rack. The ESR
was determined after one hour by measuring
the height of the plasma column above the
blood sediment (in mm). CRP levels in serum
were measured using the Vcheck V200 kit (Bi-
oNote, Korea), which is based on a fluorescent
enzyme immunoassay for measuring the con-
centration of this acute-phase protein.
Radiographic examinations were performed
in two projections (ventrodorsal and mediolat-
eral) at the Veterinary Radiology and Radiodi-
agnosis teaching laboratory of the Department
of Therapy and Clinical Diagnostics, Faculty
of Veterinary Medicine, National University of
Life and Environmental Sciences of Ukraine,
using a VATEL-1 X-ray machine (Ukraine),

Nail injuries B 14

Foreign bodies W 21
Joint dislocations | 6
Contusion B 12

with a maximum accelerating voltage of 90 kV.
Based on the diagnostic methods used and the
results obtained, 5 dogs were selected with a
diagnosis of osteoarthritis. Statistical analysis
of the obtained results was performed using the
Statistica 5.0 software package (StatSoft Inc.,
USA), taking into account the Student’s t-test
for normally distributed data. Differences were
considered statistically significant at P < 0.05.

Results and Discussion

A clinical examination and instrumental in-
vestigation were conducted on 998 dogs whose
owners sought veterinary care due to muscu-
loskeletal problems. The total number of dogs
in which locomotor disorders were detected
(based on the research institution) is present-
ed in Figure 1.

m Total number of cases
with hindlimb pathologies

Cruciate ligament rupture GG 425
Osteoarthritis GGG 520

Figure 1. Total number of dogs in which locomotor disorders were detected (based on a
veterinary clinic in Kyiv)
Note: shows the number (prevalence) of different musculoskeletal disorders in animals that were diagnosed during
clinical examination and as a result of instrumental examination of animals

Source: authors’ development

Osteoarthritis was recorded in 52% of the
examined dogs; cruciate ligament rupture was
diagnosed in 43% of animals; contusions of var-
ying severity were found in 1.2% of dogs; joint
dislocation and foreign bodies (osteophytes,
joint mice) were found in 0.6% and 2% of cases,
respectively. A. Cohen (2024) found that injuries
to the knee joint, which can lead to cruciate lig-
ament rupture or osteochondrosis, are the most
common factors in the development of osteoar-
thritis. These are classified as secondary ortho-
paedic diseases. However, joint tissue wear can
also be a cause of this pathology. P. Adams et

al. (2011) found in their studies that overweight
animals are at risk of developing various diseas-
es in the knee joint. For example, dogs with obe-
sity are four times more likely to be diagnosed
with complete or partial cruciate ligament rup-
tures compared to animals with a normal weight.
K. Anderson et al. (2020) suggested that a ge-
netic factor, which primarily affects the growth
and development of the musculoskeletal system
in dogs, is also a cause of the development of
pathologies in various tissues in the joint area.

All dogs in the study exhibiting joint pathol-
ogy demonstrated signs of pain upon clinical
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examination. Pain was observed in some cases
at rest, while in others it was elicited by pas-
sive movement of the limb or palpation of the
joint and periarticular tissues. Monitoring the
dynamics of this symptom is a valuable indica-
tor for assessing the effectiveness of treatment.
Difficulty in rising and lameness, which varied
in severity and duration, were also observed
in animals with complaints about the muscu-
loskeletal system. In the study dogs, lameness
typically varied throughout the day. It occurred
when the animal transitioned from a state of
rest (lying or sitting) to movement (starting
lameness), worsened with physical exertion,
and prolonged after exercise. In one-third of
the examined dogs, crepitus and crackling were
heard during passive movements of the affect-
ed joint. J. Catarino et al. (2020) indicated that
damage to intra-articular tissues specifical-
ly caused inflammation and ultimately led to
erosion of the protective cartilage layer in the
joint. The articular surface of the bone becomes
exposed as the cartilage wears away, resulting
in a lack of shock absorption in the joint. The
inner lining of the joint capsule, which sur-
rounds the joint, reacts with inflammation in
the form of synovitis and, eventually, fibrosis
(scar formation).

Arthroscopy of the affected joint (Fig. 2)
provided more precise data on the structural
changes present in the articular cartilage and
other joint structures: destructive and prolifer-
ative changes in bone tissue and inflammatory
processes. The obtained data coincide with the
data of other researchers. For example, S. Oh et
al. (2024) noted that the joint capsule produc-
es synovial fluid, which lubricates the joint and
supports the health of cartilage, ligaments, and
structures within the joint. As the joint cap-
sule becomes inflamed and fibrotic, the syno-
vial fluid becomes thin and watery, increasing
friction between the articular surfaces of the
bones and reducing joint cushioning. Pain from
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osteoarthritis is associated with cartilage dam-
age, exposed bone, friction, bone changes, and
inflammation in the joint. As a result of the
joint puncture (Fig. 3), the following changes
were found after a visual examination of the ob-
tained synovial fluid. In a healthy joint, the syn-
ovia is light yellow, clear, and free of crystals.

Figure 2. Visualisation
of the joint cavity during arthroscopy
Note: arrows indicate detected defects in the cartilage
surfaces of the articular ends of the bones in the knee
joint of the affected limb of the dog
Source: authors’ photo

Figure 3. Arthrocentesis

of the knee joint in a dog
Note: the knee joint was aspirated to collect synovial
fluid for further analysis

Source: authors’ photo

In animals with knee joint pathologies, a
change in the transparency of the synovial fluid
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was noted, ranging from semi-transparent to
turbid or intensely cloudy. In dogs with knee
contusions, the synovial fluid contained blood.
According to research by J. Graves et al. (2023),
studies of joint fluid from arthritic joints re-
vealed an increase in leukocytes. The dynamics
of the diseased joint were assessed using radi-
ography (Fig. 4), which was performed twice in
animals selected for treatment using autolo-
gous platelet-rich plasma.

Figure 4. Radiographic signs
of osteoarthritis in the canine knee joint
Note: the black arrow indicates the narrowing of the
joint space, the orange arrow — changes in the articular
margin of the tibia
Source: author’s photo

After confirming the diagnosis of osteo-
arthritis of the knee joint in the animals, five
dogs were selected, whose owners agreed to
treatment using autologous platelet-rich plas-
ma. Example 1. Ares, a 3-year-old male Central
Asian Shepherd weighing 60 kg, is housed in a
kennel. The owner reported that for the past
two months, the dog had exhibited moderate
lameness and stiffness, which began after a
fight with another dog. A wound in the knee
joint area preceded the joint pathology. Clinical
examination revealed lameness in the left pel-
vic limb and stiffness in the knee joint.

Example 2. Brooklyn, a 10-year-old male
Basenji weighing 9 kg, is housed in the own-
er’s home. The owner reported that for the past
year, the dog had exhibited stiffness, reluctance

to exercise, and difficulty rising from a sitting
or lying position. The dog also avoided stairs.
On clinical examination, stiffness, reluctance to
jump over obstacles, and an elevated tempera-
ture of 39.3°Cwere noted. The ownerwas advised
to have the dog further investigated to deter-
mine the underlying cause of these symptoms.

Example 3. Rodos, a 13-year-old male Staf-
fordshire Terrier weighing 25 kg, is housed in
the owner’s home. The owner reported that for
the past year, the dog had exhibited stiffness,
reluctance to exercise, and an unwillingness
to climb or descend stairs. Over the past week,
the lameness had worsened. On examination,
mixed-type lameness in the left pelvic limb and
stiffness in the knee joint were noted. The own-
ers reported that the dog had previously been
given dietary supplements containing collagen,
chondroitin, and glucosamine, but there had
been no improvement in the overall condition.

Example 4. Dorian, an 11-year-old male
Labrador Retriever weighing 30 kg, is housed in
the owner’s home. The owner reported that for
the past year, the dog had exhibited stiffness,
reluctance to exercise, and particularly severe
lameness over the past week. The dog also re-
fused to go for walks longer than 20 minutes,
during which it would take frequent breaks. On
clinical examination, lameness in the left pelvic
limb and stiffness in the knee joint were noted.

Example 5. Grey, a 10-year-old male Cane
Corso weighing 45 kg, is housed in a kennel.
The owner reported that for the past year, the
dog had exhibited stiffness, reluctance to ex-
ercise, and particularly severe lameness for
the past two months. Initially, the owner had
treated the dog with non-steroidal anti-inflam-
matory drugs in combination with vitamin and
mineral supplements, but the condition did not
improve and gastritis developed during treat-
ment. Consequently, the owner discontinued
treatment. On clinical examination, lameness
in the left pelvic limb and stiffness in the knee
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joint with crepitus during passive movement Radiographic examinations performed
were noted. Radiographs taken before treat- three months after the start of treatment (Fig. 7,
ment (Fig. 5) showed a narrowing of the joint  8) showed an absence of further degenerative
space and a disruption of the articular surface  changes and a slight increase in the joint space.
of the tibial epiphysis in all examined animals.
In dog number 4, pre-treatment radiographs
revealed medial narrowing of the joint space,
consistent with stage 2-3 osteoarthritis of the
knee joint (Fig. 6).

Figure 7. Radiograph of osteoarthritis
in the knee joint of dog number 1
‘ three months after treatment

Note: mediolateral projection of the affected knee joint
. . . of dog number 1 three months after treatment. The
Figure 5. Radiograph of osteoarthritis in the arrow indicates the widening of the joint space
knee joint of dog number 1 before treatment Source: authors’ photo
Note: mediolateral projection of the affected knee joint
of dog number 1 before treatment. The arrow indicates
the narrowing of the joint space

Source: authors’ photo

Figure 8. Radiograph of osteoarthritis
in the knee joint of dog number 4
three months after treatment
Note: mediolateral projection of the affected knee joint
of dog number 4 three months after treatment. The
arrow indicates the widening of the joint space
Source: authors’ photo

Figure 6. Radiograph of osteoarthritis in the
knee joint of dog number 4 before treatment
Note: mediolateral projection of the affected knee joint

of dog number 4 before treatment. The arrow indicates Following a course of treatment consisting
the narrowing of the joint space of three intra-articular injections of 0.8 mL of
Source: authors’ photo autologous platelet-rich plasma per injection,
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the study animals exhibited increased activity,
absence of lameness, and a reduction or com-
plete absence of pain. Pre-treatment analysis
of complete blood counts revealed elevated ESR

and CRP levels. Post-treatment, a decrease in
ESR to reference values and a reduction in CRP
levels to 1 pg/mL, which was at the upper limit
of the reference range, was recorded (Fig. 9).

35
3 S s CRP, 11g/mL
2 4 Lo ESR, mm/h
15 NS.S** g
10 " 15.2% 3.9%* N
. TrT— ; —r
0 . L L J_W 1.0%%*
S Bef
efore
treatment Day 7 Day 14 Day 21 Day 90
ESR, mm/h 10.8 6.2 5.8 3.9 3.1
CRP,pg/mL  15.2 13.2 6.4 3.2 1.0

Figure 9. Changes in ESR and CRP levels in dogs (M*m, n=5)
Note: the blue line represents the dynamics of C-reactive protein changes, the orange line — the dynamics of
erythrocyte sedimentation rate changes. *P<0.05; **P<0.01; ***P<0.001

Source: authors’ development

Figure 9 illustrates the dynamic changes in
ESR and CRP levels in dogs, providing evidence
for the efficacy of platelet-rich plasma therapy
in treating canine osteoarthritis. Results from
complete blood counts showed a significant
decrease of 42.6% (P<0.001) in ESR and 15.6%
(P<0.001) in CRP levels compared to pre-treat-
ment values. The 90 days post-treatment, ESR
and CRP levels had further decreased by 71.3%
(P<0.001) and 93.5% (P < 0.001), respectively,
relative to baseline values. These findings sug-
gest a marked reduction in systemic inflamma-
tion in the treated dogs.

K. Malin & O. Witkowska-Pitaszewicz (2022)
noted that acute-phase response biomarkers
are not specific to osteoarthritis. In animals
with this condition, hyperglobulinemia is ob-
served, leading to a significant increase in ESR
and elevated levels of acute-phase reactants
such as CRP and fibrinogen. C-reactive protein,
as highlighted by K. Hurter et al. (2005), is one of
the most commonly used biomarkers in clinical
laboratory practice for diagnosing acute-phase
inflammation, even at stages where leukocyte

counts are within the reference range and leu-
kocytosis is not yet evident. According to F. Bla-
ga et al. (2024), CRP concentrations in blood in-
crease sharply within 46 hours after exposure to
an inflammatory stimulus and reach peak levels
in approximately 24-48 hours. However, CRP is
highly sensitive and has significant diagnostic
value in cases of subclinical disease. In cases of
lameness, CRP assessment can facilitate differ-
ential diagnosis between immunemediated or
septic arthritis and other conditions that do not
cause changes in CRP, such as intervertebral
disc protrusions and secondary paraplegia due
to acute intervertebral disc extrusion.

E. Gori et al. (2023) noted that erythro-
cytes settle more rapidly in the plasma of pa-
tients with acute inflammation, leading to an
increased ESR. Consequently, ESR is tradition-
ally used as an additional marker alongside
acute-phase proteins. Due to its lack of speci-
ficity, ESR is typically included in a general in-
flammatory index, along with patient history,
physical examination, and clinical pathology
results, as reported by C. Pye et al. (2022). ESR
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determination is a simple laboratory diagnostic
method primarily used to detect infectious and
inflammatory processes in the body. The main
reason for changes in ESR is alterations in plas-
ma properties, particularly the protein com-
position, resulting from elevated temperature,
allergic and inflammatory reactions, increased
malignant cells, and the presence of foreign mi-
croorganisms. Various proteins and specific an-
tibodies produced in response to the body’s de-
fence mechanisms reduce the negative charge
of erythrocytes, weakening their ability to repel
each other. As a result, red blood cells begin to
actively settle at the bottom of a vertical tube.
This occurs in cases of infectious diseases, au-
toimmune diseases, neoplasms, inflammatory
processes, purulent diseases, necrosis, and cer-
tain chronic conditions.

A. Hillstrom et al. (2016) highlighted that
CRP is an acute-phase protein synthesised in
hepatocytes in response to increased interleu-
kin-6 (IL-6) levels during inflammation. The
measurement of plasma CRP concentrations in
dogs has been established as a reliable clinical
test for the diagnosis and monitoring of sys-
temic inflammatory diseases. A key advantage
of CRP in clinical research is its ability to reflect
the intensity and extent of the inflammatory
process, and importantly, it is unaffected by the
use of nonsteroidal anti-inflammatory drugs or
glucocorticoids. This distinguishes CRP from
other markers of systemic inflammation, such
as fever and leukogram analysis.

This study demonstrated that there was no
breed predisposition to the disease in question.
The results obtained align with the findings
of other researchers. For instance, V. Klym-
chuk (2019) found that dogs of various breeds
were susceptible to developing this patholo-
gy due to poor breeding practices and the in-
clusion of dogs with signs of gonarthrosis in
breeding programs. K. Anderson et al. (2020)
discovered that certain breeds have a particular
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predisposition and risk for developing joint
diseases due to both conformations, related
to breed standards, and genetic or hereditary
components that increase the likelihood, but do
not guarantee, the development of joint disease
in individuals of that breed.

N. Budhiparama et al. (2024) and M. Enom-
otoet al. (2024) reported that orthopaedic exam-
inations of animals often reveal various mani-
festations of pain during joint manipulation, as
well as limited range of motion and joint swell-
ing. The superiority of radiographic diagnosis
over clinical examination has also been demon-
strated (radiographic changes are diagnostical-
ly effective in 90% of animals, compared to only
50% showing clinically evident osteoarthritis
on clinical examination alone). M. Enomoto et
al. (2024) further established that radiographs
of osteoarthritic joints typically reveal osteo-
phytes, bony growths around the joint associat-
ed with cartilage destruction, and mineralised
enthesophytes at the sites where ligaments
attach to bone. The radiographic examina-
tion allows for the diagnosis of the following
pathological conditions in the joint: effusions
indicating the presence of fluid or swelling in
the joint (soft tissue swelling) or bone cysts.
Visualisation of subchondral sclerosis indi-
cates increased mineralisation of the bone
around the joint, usually due to joint overload.

N. Budhiparama et al. (2024) found that
X-rays are commonly used to visualise bones
and joints. X-rays can reveal changes in the
joint space, the presence of bone spurs, and
other degenerative changes. While X-rays are
useful, they may not detect early-stage osteo-
arthritis. Magnetic resonance imaging can pro-
vide more detailed images of soft tissues, such
as cartilage and ligaments. It is more sensitive
in detecting early changes within the joint.
Computed tomography can provide detailed
images of bones and is sometimes used to assess
joint damage, particularly in weight-bearing
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joints. Modifying the lifestyle of an affected
animal can help alleviate their overall condi-
tion. This involves maintaining the animal’s
weight within physiological parameters and
taking them for walks on a leash.

A. Cohen (2024) found that dogs with mus-
culoskeletal disorders are often prescribed sup-
plements such as glucosamine and chondroitin
sulphate, as well as omega-3 fatty acids. Surgi-
cal interventions may be recommended for con-
ditions like hip dysplasia or cruciate ligament
rupture. Today, a wide range of medications is
used to treat canine osteoarthritis. For exam-
ple, nonsteroidal anti-inflammatory drugs are
commonly prescribed to reduce pain and in-
flammation in animals with joint conditions of
various aetiologies. P. Adams et al. (2011) found
that gabapentin and amantadine are often pre-
scribed as adjunctive medications in conjunc-
tion with NSAIDs. Another modern treatment
for osteoarthritis is Librela (bedinvetmab), a
type of injectable medication known as a mon-
oclonal antibody that can be administered once
a month for long-term pain control in oste-
oarthritis. It targets a specific pain factor in
this disease called nerve growth factor (NGF).
However, as B. Dobenecker et al. (2024) argued,
this method may not be economically viable for
some pet owners.

M. Langworthy et al. (2024) found that the
initial results of evaluating the effectiveness of
anti-NGF monoclonal antibodies are promising
as an alternative therapy for dogs with joint pa-
thology. M. Berninger et al. (2013) established
that the use of autologous platelet-rich plas-
ma, stem cells, and monoclonal antibodies can
facilitate a positive resolution of orthopaedic
challenges in treating musculoskeletal diseas-
es. D. Primorac et al. (2020) noted that PRP is
derived from blood and contains plasma with a
higher concentration of platelets than periph-
eral blood. P. Allen et al. (2019) discovered that
blood plasma can also contain varying amounts

of leukocytes. C. Pye et al. (2022) demonstrated
that platelets are an integral part of blood clot-
ting and release growth factors such as plate-
let-derived growth factor, transforming growth
factor beta, epidermal growth factor, and vas-
cular endothelial growth factors. These growth
factors stimulate processes such as angiogene-
sis and chondrocyte proliferation while reduc-
ing chondrocyte apoptosis. Thus, the results of
clinical and instrumental studies on dogs with
knee osteoarthritis, before and after treatment
with autologous platelet-rich plasma adminis-
tered intra-articularly, confirm the effective-
ness of the proposed cell therapy method.

Conclusions

The presented study provides results on the
prevalence of various musculoskeletal pathol-
ogies in dogs. Osteoarthritis was recorded in
52% of the examined dogs; cruciate ligament
rupture was diagnosed in 43%; varying de-
grees of knee joint contusion were found in
1.2% of individuals; and joint dislocation, as
well as foreign bodies such as osteophytes and
joint mice, were found in 0.6% and 2% of cas-
es, respectively. Evaluating the overall condi-
tion of the animals, it was found that degen-
erative-dystrophic disease of the knee joint,
caused by pathological destruction of the artic-
ular cartilage, was accompanied by the devel-
opment of pain syndrome in all dogs. This syn-
drome was observed in affected animals both
at rest and during passive movements of the
affected limb, as well as upon palpation of the
periarticular tissues. The study of the dynam-
ics of the pain syndrome allowed for an assess-
ment of the effectiveness of treating dogs with
osteoarthritis using autologous platelet-rich
plasma via intra-articular injection. Radio-
graphic examination of the knee joint before
and after a course of cell therapy in diseased
dogs revealed the absence of further degener-
ative changes in the intra-articular tissues and
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a slight increase in the joint space, indicating a
positive dynamic with the use of the aforemen-
tioned plasma. On the 7" day after completing
the course of intra-articular injections of au-
tologous platelet-rich plasma, the study dogs
showed no lameness and had improved over-
all clinical condition with increased locomotor
activity. Blood analysis revealed a significant
decrease in erythrocyte sedimentation rate by
42.6% (P <0.001) and C-reactive protein lev-
els by 15.6% (P <0.001). On the 90" day after

indicating a reduction in systemic inflamma-
tion. These results demonstrate the high effica-
cy of intra-articular platelet-rich plasma ther-
apy for the treatment of canine osteoarthritis,
as supported by both laboratory and imaging
data. Future research plans to investigate the
application of autologous platelet-rich plasma
in the treatment of joint pathologies in cats
and exotic animals.
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AHoTanis. AKTya/lIbHICTh JOC/TiIPKeHHS 3yMOBJIeHa CTPiMKMM 3POCTaHHSIM BUITAIKiB 3aXBOPIOBAHHS
cobaK Ha OCTe0apTPO3 KOMIHHOTrO cymio6y. KimiHiYHO 1T MaTosorisl MpOSIBISETbCS PO3BUTKOM
KYJITaBOCTi Pi3HOTO CTYIEHSI, 10 iCTOTHO TOTIPIIYE SIKiCTh KUTTS IUX TBAPUH. Y 3B’SI3KY 3 LIUM,
MeTa poOOTH MosTana y BU3HaAUeHHi ocobamuBocTelt 3MiH MOKa3HMKIB rocTpoi dasm 3amaieHHs
B KpOBi cob6ak 3a OCTe0apTpO3y KOJIHHOIO CYIIOOy Ha T/ BHYTPILIHbOCYIIOOOBOTO BBEIEHHS
ayToloriuHoi 1jaasMu KpoBi, 36araueHoi TpomOouymTaMy. [JiaTHOCTMYHMM ITigXO0mOM Yy po6OTi
OyJ10 B3HAUEeHHS B KPOBi BMicTy roctpodasHoro C-peakTMBHOTO 6ijika Ta BEJIMUMHM HMIBUIKOCTI
OCiJaHHSI epUTPOLNTIB. 3MiHM y TKAaHMHAX XBOPOTO CYIIOOY MOCTIMKYyBaIM 3 BUKOPUCTAHHSIM
MEeTOMy PEHTTeHOJIOTiYHOTO MOCTiMKeHHs, Ha Tepinry Ao6y 3acTOoCyBaHHS Masmu i Ha 90 mo6y
MiCJIs1 KypCy JIIKyBaHHS, 3 METOIO OL[iHKM AMHAMiKM perlapaTUBHUX IIPOLECiB y KOJiHHOMY CYI/I006i.
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TakuM YMHOM, BCTAHOBJIEHO, ITI0 Ha 14 106y i/ OCTAHHBOTO BHYTPIIIHBOCYTIO60BOTO BBEIEHHS
ayToJIOTiuHOi TIasmu, 36araueHoi Tpombolutamu, piBeHb C-peakTMBHOTO 6ika i BeanumHa
HIIBUAKOCTI OCiTaHHSI epUTPOLIUTIB Y KPOBi Manu YiTKy TeHJEHIil0 0 3HMKeHHS BiATIOBiAHO 0
MOKa3HMKIB pedepeHTHMX 3HAUeHb. Ha 21 106y BigMiuanu BifHOB/IEHHS TapaMeTpiB 3a3HAUeHUX
MapKepHMX MOKAa3HMKIB Y KPOBi B ABOX i3 I’SITH cobax, 110 BiamoBiganm ¢isionorivuaum mexkam, a
Y TPBHOX iHIIMX JOCTIIKYBAaHMX TBAPUH IMOKa3HMUKY TTPOIOBXKYBaIM 3HIKYBATHCS. Bike Ha 90 106y
MiCJIS TPOBEIEHOTO KYPCY BHYTPIillTHOCYTIIO60BMX iH €KIIii1 BCi TOKA3HMKY B IT'SITY CO6AK HAOYBaIU
(dizionoriunmx 3HaueHb. Pe3ynbTaTyt peHTreHOJOTiYHOTO MOCTIIKEeHHS 10 i Tic/Is TPOBeIeHOTo
KypCy KJIITMHHOI Tepartii BKa3yBajy Ha BiICYTHiCTb MOJAJIbIINX JeTeHepaTUBHMX 3MiH Ta He3HAUHe
36i/IbLIIeHHS CYTTI060BOT IIIMHHA, [0 TOBOAUTD e(DeKTUBHICTh BUKOPUCTAHHS Ay TOJIOTiYHO] I1asMu,
36araueHoi TpoMOOIMTaMM, 3a KOKCApTpo3y B cobak. OTpuMaHi pe3y/nbTaT¥ MalTh BaXXIMBe
MpUKIaJHe 3HAUeHHS SIK [IJi1 HayKOBI[iB, TaK i I/ MPaKTUKYIOUMX BeTepMHAPHUX JiKapiB, 110
CIIpUSATUME YOOCKOHAJIEHHIO ITPOTOKOJY JIIKYyBaHHS TBapUH 3a OCTE0ApTPO3Y KOJIiHHOIO CYIVIOOy

KiiouoBi ci1oBa: roHapTpo3; MapKepy 3amaneHHs; C-peakTMBHMI 6iIOK; MIBUAKICTh OCimaHHS
e€pUTPOIUTIB; peHTreHorpadis; KIiTMHHA Tepalris
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Abstract. The state of mineral and energy metabolism significantly influences the growth rate
and productivity of laying hens. Understanding their specific effects on physiological processes,
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in conjunction with the regulatory impact of varying autonomic nervous system tones, is crucial
for addressing numerous issues related to improving poultry egg production. This study aimed
to determine the effects of autonomic nervous system tone on the intermediary metabolism of
minerals, carbohydrates, and proteins in laying hens. The research involved Hisex Brown hens.
Experimental groups were formed based on the results of electrocardiography and a variational
pulsometric study, followed by statistical analysis of the initial data. This approach facilitated
the classification of the laying hens into three experimental groups: normotonic, sympathotonic,
and vagotonic. Analysis of specific biochemical parameters in the blood serum of the laying hens
revealed a significant increase (P <0.001) in glucose levels in sympathotonic hens, characterised
by the predominant influence of the sympathetic nervous system, compared to the other two
groups — normotonic and vagotonic hens. The highest calcium concentrations were observed in
the blood serum of vagotonic hens, characterised by predominant vagotonic activity (P < 0.001)
compared to birds in other experimental groups. Phosphorus concentrations in the blood serum
of normotonic hens, marked by a balanced influence of the sympathetic and parasympathetic
nervous systems, were the lowest (P <0.01) compared to vagotonic and sympathotonic hens. The
highest haemoglobin levels were recorded in the whole blood of normotonic hens (P < 0.001)
relative to other experimental groups. The findings demonstrated a correlation between the
activity of the autonomic nervous system and the levels of phosphorus, calcium, glucose, and
haemoglobin in the blood of laying hens. Identifying the individual characteristics of autonomic
regulation of metabolic processes in laying hens can facilitate the development of scientifically
grounded approaches to ration balancing, thereby enhancing productivity in poultry production

Keywords: poultry; normotonic; sympathotonic; vagotonic; mineral substances; carbohydrates

Introduction

Laying hens, during periods of intensive
growth, development, and peak productivity,
utilise significant quantities of minerals and
energy-rich substances. The absorption of min-
erals in poultry is influenced by a multitude of
factors, including age, diet, housing conditions,
and neurohumoral regulation. Therefore, con-
sidering the specific molecular mechanisms
maintaining homeostasis in laying hens under
the influence of various exogenous and endog-
enous factors will contribute to their effective
use in production to stimulate the growth and
development of poultry and ensure consistently
high productivity.

S. Pirzado et al. (2024) demonstrated that a
significant amount of minerals, particularly cal-
cium and phosphorus, are expended during the
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period of active egg-laying, which begins after
150 days. To regulate metabolic mechanisms,
sources of readily available energy, such as
carbohydrates, and oxygen, which are used for
the formation of adenosine triphosphate, are
necessary. V. Grechkina et al. (2023) found that
for the sustainable development of poultry and
to ensure high productivity, it is necessary to
consider the specific impact of several leading
factors on individual links of metabolism for ef-
fective and timely adjustment. In this case, the
first step is to adjust the feeding ration of lay-
ing hens, which for most of their lives have an
intensive metabolism that is constantly chang-
ing. Moreover, upon reaching peak productivity,
the intensity of metabolism in the bird’s body
gradually decreases not only due to changes in
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internal processes but also as a result of a de-
crease in the efficiency of nutrient absorption
in the intestine, which further progresses with
increasing age (Anene, 2023).

The content of phosphorus and calcium in
the tissues and fluids of laying hens undergoes
the most significant changes during the period
of active egg-laying, particularly during the pro-
duction phase. M. Sinclair-Black et al. (2023) es-
tablished that approximately 20-40% of calcium
is mobilised from the bird’s body stores for the
formation of eggshells. It is during the night-
time period that the expenditure of calcium
and phosphorus increases, which is explained
by the lower consumption of feed. Therefore,
the deficiency of minerals is compensated for at
the expense of the medullary bone with highly
organised hydroxyapatite crystals, which accel-
erates the conversion of hydroxyapatite during
egg formation. O. Umoren et al. (2024) found
that hydroxyapatite consists primarily of 20%
calcium and 80% phosphorus. As a result of the
mobilisation of minerals for eggshell forma-
tion, a significant amount is expended, and the
remainder is utilised to prevent the body from
becoming intoxicated.

C. Zhang et al. (2023) and Z. Cao et
al. (2023) noted that any processes of synthe-
sis and breakdown of nutrients, their absorp-
tion and metabolism, consume energy. The
most efficient and rapid method of obtaining
energy for the organism is the breakdown of
carbohydrates, which are more accessible and
less costly in terms of energy expenditure for
their oxidation compared to lipids. For poul-
try, which is characterised by a high intensity
of metabolism, especially mineral metabolism,
the glucose content indicator is quite impor-
tant. It is also worth noting that the process
of carbohydrate utilisation by the organism is
closely related to the level of oxygen supply,
which significantly depends on the haemoglo-
bin content in the blood. The results of these

scientists’ research showed that an energy
deficit in Rugao and Hyline Brown laying hens
during the growth phase led to a delay in their
sexual maturation and the development of re-
productive organs compared to a group of birds
that received a balanced diet. A significant role
in the reproductive ability of poultry is played
by the factor of the intensity of follicle forma-
tion. Moreover, the energy value of feeds in the
diet affects the regulation of follicle matura-
tion and egg formation, and with the help of
sex hormones and their metabolites, the high
reproductive function of poultry is maintained.

Y. Xiao et al. (2023) established a link be-
tween mineral metabolism and the individual
characteristics of the nervous system. Their
study describes the mechanisms of interocep-
tion in the regulation of homeostasis in bone
tissue, which includes central modulation, pri-
marily associated with the activation of osteo-
cytes, osteoblasts, and osteoclasts. The hypo-
thalamus has a significant impact on nervous
processes in the body, which occurs indirectly
through the autonomic nervous system by re-
leasing neuropeptides and specific neuroendo-
crine mechanisms. This regulates the process
of differentiation of mesenchymal stem cells,
activates osteoclasts, and ensures the function-
ality of bone cells. Through specific signals, the
central nervous system maintains stability in
the bird’s body by influencing numerous molec-
ular processes (Bahuti et al., 2023). Signals from
osteoblasts are important in skeletal interocep-
tive pathways, which facilitate the conversion of
substances in bones through sensory nerve axes
and maintain hypothalamic-sympathetic tone.

A. Studenok et al. (2021) demonstrated that
sympathotonic poultry exhibit higher levels of
free amino acids in blood serum compared to
normotonic and vagotonic birds. Conversely,
vagotonic chicks showed significantly elevat-
ed levels of serine and glycine relative to those
in normotonic chicks. The researchers also
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observed a strong correlation between the con-
centrations of the studied free amino acids in
normotonic birds. Vagotonic poultry displayed
the highest correlation values between heart
rate, autonomic nervous system tone, and free
amino acid levels. A relationship was identified
between the activity of the autonomic nerv-
ous system, body weight in chickens, and the
total protein content in blood serum (Ekinci et
al., 2023). Furthermore, the degree of corre-
lation between serum total protein levels and
body weight in chicks was influenced by auto-
nomic nervous system tone. Fisher’s test con-
firmed a significant effect of a balanced sym-
pathovagal balance on serine, valine, glycine
levels, and body weight dynamics in chickens.
The authors highlighted the significant impact
of autonomic nervous system tone on the body
weight of vagotonic poultry. This study aimed
to identify the regulatory patterns of the auto-
nomic nervous system’s influence on haemo-
globin levels and the indicators of mineral and
carbohydrate metabolism in laying hens.

Literature Review

A. Abun et al. (2023) and S. Elnesr et al. (2024)
determined that calcium and phosphorus are
crucial dietary micronutrients for skeletal de-
velopment in animals. They rank third among
other known feed nutrients alongside crude
protein and energy components. The require-
ments for these minerals depend on the bird’s
age, body structure, and genetics. In particular,
calcium is known for its role in ensuring neu-
rohumoral regulation of molecular processes
and significantly influences chondrocyte mat-
uration. Phosphorus affects chondrocyte ap-
optosis and is important for anabolic process-
es in bone tissue, specifically being directly
involved in the synthesis of phospholipids and
nucleotides, ensuring bone integrity during
egg formation in hens and the maturation of
growth plates.
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Q. Zhang et al. (2023) determined the re-
lationship between calcium and phosphorus
content in the diet and their absorption rate in
chickens. The authors found that with a calci-
um content of 2% in the diet, its absorption was
significantly better compared to a diet where its
concentration was 3.45%. The researchers also
proved that chickens aged 13 to 20 weeks bet-
ter absorbed calcium at a concentration of 1.1%
and phosphorus at a concentration of 0.55%.
P. Du et al. (2023) investigated the relationship
between glucose content in the bird’s body and
breed. As a result, it was established that Arbor
Acres broiler chickens, which develop inten-
sively, had a lower concentration of glucose in
the blood and a higher clearance rate compared
to breeds of traditional Chinese black-skinned
chicken and Silky chickens, as well as slower
growth. In addition, Arbor Acres broiler chick-
ens showed a slower increase in blood glucose
concentration after oral administration of a
glucose solution than in Silky chickens at both
21 and 42 days of age (P<0.05).

Researchers linked this to decreased pan-
creatic insulin expression and increased tran-
scription of glucose transporter 2 and phos-
phoenolpyruvate carboxykinase 1 in the liver
of Arbor Acres broiler chickens (P < 0.05). As a
result of feed restriction in Arbor Acres broil-
er chickens from 7 to 21 days, fasting blood
glucose levels and the rate of response to oral
glucose administration increased at 21 days
(P <0.05). Improvement in serum glucose con-
centration after three weeks of compensatory
growth occurred due to early feed restriction in
Arbor Acres broiler chickens. Feed restriction in
broiler chickens contributed to increased blood
glucose levels against the background of chang-
es in pancreatic insulin production at 21 and 42
days and also reduced the expression of catalyt-
ic glucose-6-phosphatase, phosphoenolpyru-
vate carboxykinase 1, and glucose transporter 2
in hepatocytes at 21 days (P<0.05).




Vegetative regulation of glucose, calcium, phosphorus...

I. El-Ratel et al. (2024) demonstrated that
increasing the retinol content in broiler chick-
en feed is a factor influencing blood parameters
and the body’s antioxidant defence. In newly
hatched chicks, all dietary supplements with
varying levels of vitamin A caused an increase in
the blood (P < 0.05) chromoprotein content, red
blood cell count, and an increase in total pro-
tein and IgA levels in the serum, which was si-
multaneously accompanied by a decrease in the
percentage of eosinophils and aspartate ami-
notransferase activity. Dietary vitamin A sup-
plements from 4,000 to 8,000 IU/kg also contrib-
uted to positive changes in lymphocyte count,
total antioxidant activity of blood serum, IgM
content, which caused a decrease in the num-
ber of heterophils, the heterophil/lymphocyte
ratio, and creatinine concentration in the blood
serum of hatched chicks. The authors noted that
adding a dietary supplement with vitamin A
(6,000 IU/kg) to feed significantly improved the
reproductive performance and antioxidant sta-
tus of laying hens and the haematological, bi-
ochemical, antioxidant, and immune status of
their offspring. Therefore, research into param-
eters such as phosphorus, calcium, glucose, and
haemoglobin in laying hens is highly relevant.
During the period of active growth and peak
productivity of birds, the role of these feed com-
ponents is quite significant, and their participa-
tion in metabolism and the synthesis of organ-
ic substances is one of the most important. It
should be noted that the correction of phospho-
rus, calcium, glucose, and haemoglobin levels in
the bird’s blood should be based not only on an
assessment of feed components but also on fac-
tors that can affect the absorption processes of
these key elements and the intensity of carbo-
hydrate and protein synthesis in the organism.

Materials and Methods

The experiments were conducted during 2023-
2024 on Hisex Brown hens at the facilities of

LLC “MP-Dobrobut” in Snovsk, Chernihiv Re-
gion, Ukraine. All procedures involving the
birds were carried out in strict accordance with
the principles of bioethics, as outlined in the
Law of Ukraine No. 3447-1V “On the Protection
of Animals from Cruelty” (2006), the European
Convention for the Protection of Vertebrate An-
imals Used for Experimental and Other Scien-
tific Purposes (European Convention..., 1986),
and the General Ethical Principles for Experi-
ments on Animals adopted by the First National
Congress on Bioethics (Procedure..., 2012).

Experimental groups were established
using electrocardiographic analysis with the
Heart Mirror IKO device (Innomed, Hungary),
which records three-minute electrocardio-
grams by detecting the electrical potentials of
the heart. The data were subsequently ana-
lysed using variational-pulsometric methods
to determine individual characteristics of au-
tonomic nervous system tone. Based on the
results, three experimental groups of five birds
each were formed: normotonic hens (with a
balanced sympathovagal tone), sympathoton-
ic hens (characterised by the predominance
of sympathotonic tone over parasympathetic
tone), and vagotonic hens (characterised by the
predominance of parasympathetic tone over
sympathetic tone).

Blood samples were collected in the morn-
ing following a two-hour fasting period. The
site for blood collection was pre-treated with
a 70% ethanol solution and anaesthetised us-
ing a lidocainebased gel. Blood was obtained
via puncture of the wing vein. To prepare se-
rum, blood samples were incubated for one
hour at 37°C in a thermostat, followed by set-
tling at room temperature. Biochemical anal-
ysis of the blood serum was performed using
a LabLine-010 spectrophotometer (Austria).
Glucose levels in the biological material were
determined using a test system provided by
Granum Laboratory LLC (Kharkiv, Ukraine).
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Measurements were conducted under the fol-
lowing conditions: wavelength 505 nm (range:
490-550 nm), cuvette optical path length 10
mm, and temperature range 15-25°C. The glu-
cose concentration in the test samples was cal-
culated using the formula:

Eexp

Cexp = Esta

Cstar o)
where C,  is the glucose concentration in the
test sample (mmol/L), E,  is the extinction of
the test sample, E_, is the extinction of the
standard sample, and C_, is the glucose concen-
tration in the standard sample (10.0 mmol/L).

Haemoglobin levels in whole blood were
determined using a reagent kit provided by
Granum Laboratory LLC (Kharkiv, Ukraine).
The measurements were performed under the
following conditions: wavelength range 520-
560 nm, cuvette optical path length 10 mm,
and temperature range 15-25°C. The haemo-
globin concentration was calculated using
the formula (1), where C,  is the haemoglobin
concentration in the test sample (g/L), E_ is
the extinction of the test sample, E_, is the ex-
tinction of the standard sample, and C_, is the
haemoglobin concentration in the standard
sample (150.0 g/L).

Calcium content was determined using
a reagent kit from Granum Laboratory LLC
(Kharkiv, Ukraine). Measurements were per-
formed under the following conditions: wave-
length 570 nm (range: 550-590 nm), cuvette
optical path length 10 mm, and temperature
range 15-25°C. Data were calculated using the
formula (1), where C,  is the calcium concen-
tration in the test sample (mmol/L), E,  is the

extinction of the test sample, E_, is the ex-
tinction of the standard sample, and C_, is the
calcium concentration in the standard sample
(2.5 mmol/L).

Phosphorus content was determined us-
ing a reagent kit from Granum Laboratory LLC
(Kharkiv, Ukraine). The conditions for meas-
urement included a wavelength of 340 nm, a
cuvette optical path length of 10 mm, and a
temperature range of 15-25°C. Data were cal-
culated using the formula (1), where C_ is the
phosphorus concentration in the test sample
(mmol/L), E, is the extinction of the test sam-
ple,E_,is the extinction of the standard sample,
and C_, is the phosphorus concentration in the
standard sample (1.45 mmol/L).

Statistical analysis was performed using
the data analysis toolkit in Microsoft Excel.
Differences in biochemical parameters were
calculated according to the t-Student’s test.
Statistical significance was evaluated at levels
of P<0.001, P<0.01, and P<0.05. Quantitative
differences in biochemical parameters were
assessed relative to the normotonic hens, as
this group exhibited a balanced sympathovagal
tone, serving as a reference for comparison.

Results and Discussion

Based on the results of the study of individual
blood parameters in poultry, using the spectro-
photometry method, the content of the follow-
ing biochemical markers of carbohydrate, pro-
tein, and mineral metabolism was established:
glucose, calcium, phosphorus, and haemoglo-
bin in laying hens with a balanced sympathov-
agal balance, reflecting the normotonic tone of
the autonomic nervous system (Table 1).

Table 1. Content of glucose, phosphorus, calcium,
and haemoglobin in the blood of normotonic laying hens (n = 5)

Parameter NVO SE M

Glucose (mmol/L) 5 0.23 11.58
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SD Asym Min Max

0.38 0.19 11.00

12.20
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Parameter NVO SE M
Calcium (mmol/L) 5 0.08 3.10
Phosphorus
el 5 0.05 3.72
Haemoglobin
5 0.35 71.29
(8/L)

Table 1. Continued

SD Asym Min Max
0.11 1.22 291 3.40
0.07 -1.17 3.54 3.83
0.55 0.59 70.54 72.40

Note: NVO - number of valid observations; SE — standard error; M — mean; SD — standard deviation; Asym —

asymmetry; Min — minimum value; Max — maximum value

Source: authors’ development

Based on the laboratory results (Table 1),
the glucose content in the blood serum of birds
with a balanced autonomic nervous system was
found to range from 11.00 to 12.20 mmol/L, with
an average of 11.58+0.38 mmol/L. The variation
in glucose levels among normotonic laying hens
was relatively small at 1.20 mmol/L. The calcium
content in the blood serum of normotonic lay-
ing hens ranged from 2.91 to 3.40 mmol/L, with
an average of 3.10£0.11 mmol/L. The variation
in calcium content among normotonic laying
hens was 0.49 mmol/L, indicating a small indi-
vidual variation in the content of this parame-
ter in biological samples of the studied birds in
this group. The concentration of phosphorus in
the blood serum of laying hens with a balanced
sympathovagal tone of the autonomic nervous
system ranged from 3.54 to 3.83 mmol/L, with a
mean of 3.72%0.07 mmol/L. Thus, the phospho-
rus content in normotonic laying hens showed

a variation of 0.29 mmol/L, indicating some
deviations in the values of the variation series
of the studied parameter in biological samples.
At the same time, the haemoglobin content in
the blood of birds with a balanced sympatho-
vagal tone of the autonomic nervous system
varied from 70.4 to 72.40 g/L, with a mean of
71.29 £0.55 g/L. Thus, the content of chrom-
oprotein in biological samples of laying hens
with a balanced sympathovagal tone showed
differences in values of 2.14 g/L, indicating a
small discrepancy in the results of the labora-
tory study of the corresponding parameter in
samples of native blood.

Table 2 presents the results for glucose,
calcium, phosphorus, and haemoglobin content
in biological samples from birds with a predom-
inance of parasympathetic over sympathetic
nervous system influence, reflecting a vagoton-
ic tone of the autonomic nervous system.

Table 2. Glucose, phosphorus, calcium,
and haemoglobin content in the blood of vagotonic laying hens (n=5)

Parameter NVO SE M
Glucose (mmol/L) 5 0.16 10.59
Calcium (mmol/L) 5 0.06 4.12

Phosphorus

(mmol/L) 5 0.23 5.13
Haemoglobin (g/L) 5 0.33 65.12

SD Asym Min Max
0.27 -0.32 10.13 11.00
0.08 -1.96 3.91 4.20
0.36 -0.75 4.37 5.67
0.45 0.58 64.20 66.24

Note: NVO - number of valid observations; SE — standard error; M — mean; SD — standard deviation; Asym —

asymmetry; Min — minimum value; Max — maximum value

Source: authors’ development
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According to the research data (Ta-
ble 2), the glucose content in biological sam-
ples from vagotonic laying hens ranged from
10.13 to 11.00 mmol/L, with an average of
10.59 £0.27 mmol/L. The variation in glucose
levels in the blood serum of these birds was
0.87 mmol/L, indicating minor fluctuations in
the initial results of this biochemical parameter
inbiological samples from the studied birds. The
calcium level in biological samples from vago-
tonic birds ranged from 3.91 to 4.20 mmol/L,
with an average of 4.12 = 0.08 mmol/L. The
values of this parameter showed a variation
of 0.29 mmol/L, indicating the stability of the
studied parameter values in the biological sam-
ples of the experimental birds. The phosphorus
level in biological samples from vagotonic birds
ranged from 4.37 to 5.67 mmol/L, with an av-
erage of 5.13 *0.36 mmol/L. The variation in

phosphorus content in the blood serum of vag-
otonic birds was 0.30 mmol/L, indicating no
significant differences in the initial data from
this study. The results of the haemoglobin lev-
el study in the native blood of vagotonic laying
hens corresponded to a range from 64.20 to
66.24 g/L, with an average of 65.12 #0.45 g/L.
The parameters of this chromoprotein in the
native blood of the studied birds showed differ-
ences of 2.04 mmol/L, indicating insignificant
deviations in its initial data.

Table 3 presents the results of studies
of individual biochemical profile parameters
of blood: glucose, calcium, phosphorus, and
haemoglobin in laying hens, which were char-
acterised by a predominant influence of the
sympathetic nervous system over the parasym-
pathetic, reflecting the tone of the autonomic
nervous system — sympathotonia (Table 3).

Table 3. Glucose, phosphorus, calcium,
and haemoglobin content in the blood of sympathotonic laying hens (n = 5)

Parameter NVO SE M
Glucose (mmol/L) 5 0.23 15.06
Calcium (mmol/L) 5 0.04 2.74

Phosphorus

(mmol/L) 5 0.11 4.54
Haemoglobin
5 0.34 66.56
(8/L)

SD Asym Min Max
0.33 -0.50 14.30 15.70
0.07 -1.26 2.60 2.80
0.16 0.73 4.29 4.89
0.58 0.38 65.86 67.44

Note: NVO — number of valid observations; SE - standard error; M — mean; SD — standard deviation; Asym —

asymmetry; Min — minimum value; Max — maximum value

Source: authors’ development

The glucose concentration in serum sam-
ples of laying hens with sympathotonia was
found to range from 14.30 to 15.70 mmol/L,
with a mean of 15.06 * 0.33 mmol/L (Ta-
ble 3). The variation in glucose content in bi-
ological samples from this group of birds was
1.40 mmol/L, indicating no significant differ-
ences in the initial results of the studied pa-
rameter. The calcium content in the blood
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serum of birds with sympathotonia ranged
from 2.60 to 2.80 mmol/L, with a mean of
2.74 £ 0.07 mmol/L. The variation in calci-
um content in the blood serum of birds with
sympathotonia was 0.20 mmol/L, indicating a
small discrepancy in the initial results of the
studied parameter.

The phosphorus concentration in the
blood serum of laying hens with sympathotonia
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ranged from 4.29 to 4.89 mmol/L, with an aver-
age 0of 4.54+0.16 mmol/L. The variation in phos-
phorus content in biological samples from sym-
pathotonic birds was 0.60 mmol/L, indicating a
small variation in the results for this parameter.
The haemoglobin content in biological samples
from sympathotonic birds varied from 65.86 to
67.44 g/L, with an average of 66.56 +0.58 g/L.
The variation in chromoprotein content in the
native blood of this group of birds was 1.58

15.7
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2 u 10.7
1 10.3
o 108

1 2 3

g/L, also indicating small fluctuations in the
absolute values of this parameter. The glucose
concentration in biological samples of sympa-
thotonic laying hens (15.06 #0.33 mmol/L) was
significantly increased by 30.1% (P<0.001) com-
pared to birds in the normotonic control group
(11.58+0.38 mmol/L), as shown graphically and
also applies to the assessment of individual re-
sults obtained from birds in three groups, with
five individuals in each (Fig. 1).

15.3
e Normotonics
14.3
Vagotonics
e Sympathotonics
11.5 11.2
11 10.13
4 5

Figure 1. Glucose content (mmol/L) in the blood serum of birds in experimental groups (n = 5)
Note: different colours represent variations in the autonomic nervous system tone in the experimental birds

Source: authors’ development

At the same time, the glucose content
in biological samples from vagotonic laying
hens (10.59 £ 0.27 mmol/L) was significantly
decreased by 8.5% (P <0.05) compared to nor-
motonic hens (11.58 +0.38 mmol/L), as shown
in Figure 1. The calcium level in laying hens
with sympathotonia (2.74 = 0.07 mmol/L) was

4.5

significantly decreased by 11.6% (P <0.05) com-
pared to normotonic hens (3.10£0.11 mmol/L),
as shown graphically, demonstrating the char-
acteristics of individual changes in the param-
eters of the studied indicator when assessing
the results obtained from birds in three groups,
with five individuals in each (Fig. 2).

4.18 4.2 4.13 4.2 == Normotonics
4 3.91
35 3.4 Vagotonics
2.91 3 51 3 e Sympathotonics
3 - 7.8 7.8 2.8
25 26
2
1 2 3 4 5

Figure 2. Calcium content (mmol/L) in the blood serum of birds in experimental groups (n = 5)
Note: different colours represent variations in the autonomic nervous system tone in the experimental birds

Source: authors’ development
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However, the calcium content in bio-
logical samples from vagotonic laying hens
(4.12+0.08 mmol/L) was significantly increased
by 32.9% (P <0.001) compared to normotonic
hens (3.10 + 0.11 mmol/L), as shown graphical-
ly in Figure 2. The phosphorus concentration in

sympathotonic laying hens (4.54%0.16 mmol/L)
significantly increased by 22.0% (P <0.01) com-
pared to normotonic hens (3.72+0.07 mmol/L),
as shown graphically when assessing indi-
vidual values obtained from birds in three
groups, with five individuals in each (Fig. 3).

5? 5.48 . 5.67 5.23 @ N Ormotonics
s 07 489 464 451 Vagotonics
45 4-29/\4'3 ! 4.57 = Sympathotonics
4 38 379 3.72 554 371
3.5 —
3
1 2 3 4 5

Figure 3. Phosphorus content (mmol/L) in the blood serum
of birds in experimental groups (n = 5)
Note: different colours represent variations in the autonomic nervous system tone in the experimental birds

Source: author’s development

The phosphorus content in biologi-
cal samples from vagotonic laying hens
(5.13 £ 0.36 mmol/L) also significantly in-
creased by 37.9% (P <0.01) compared to nor-
motonic birds, as shown graphically in Figure
3. The haemoglobin concentration in biologi-
cal samples from sympathotonic laying hens
(66.56 £0.58 g/L) was significantly lower by
6.6% (P<0.001) compared to normotonic birds

(71.29£0.55 g/L), as shown graphically and is
important for the analysis of individual re-
sults obtained from birds in three groups, with
five individuals in each (Fig. 4). The chrom-
oprotein content in biological samples from
vagotonic laying hens (65.12 £ 0.45 g/L) was
also significantly decreased by 8.7% (P<0.001)
compared to normotonic birds, as shown
graphically in Figure 4.

73 72.4
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71 70.54 70.6 Vagotonics
70 e Sympathotonics
69
68 67.44 67.28
67 659 65.86 ~—r—~o
66 65.13 : 224
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Figure 4. Haemoglobin content (mmol/L) in the blood serum
of birds in experimental groups (n = 5)
Note: different colours represent variations in the autonomic nervous system tone in the experimental birds

Source: authors’ development
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M. Sinclair-Black et al. (2023) demonstrat-
ed that mineral metabolism in poultry is crucial
for the productive growth and development of
laying hens. This is particularly true for calci-
um and phosphorus, especially during periods
of active laying. It is also worth noting that the
physiological course of metabolic reactions al-
ways consumes a certain amount of energy,
which correlates with the level of carbohydrates
in the tissues and bloodstream of poultry. The
metabolism of these key elements depends
on many exogenous and endogenous factors.
S.Pirzado et al. (2024) noted that the best way to
monitor the state of metabolism and determine
the level of phosphorus, calcium, and glucose in
the bird’s body is to conduct a combined assess-
ment of these indicators in the bird’s blood and
their quantity consumed with feed. The trend
towards studying the metabolism of these sub-
stances in laying hens by artificially changing
the concentration of these components and as-
sessing their impact on the metabolic profile of
the organism is becoming increasingly popular.

In their study, Y. Ren et al. (2023) investi-
gated phosphorus metabolism in poultry, fo-
cusing on the influence of diet on phosphorus
content in the organism. To achieve more ac-
curate results, the authors adjusted the phos-
phorus content in the diet by adding a feed sup-
plement based on cornsoybean meal without
inorganic phosphates, which contained 0.12%
phytic phosphorus. Five experimental diets
were created (with non-phytate phosphorus
levels of 0.10%, 0.15,0.20, 0.25, and 0.30%). Ad-
ditionally, the researchers adjusted the calcium
carbonate content to ensure all experimental
diets contained the same percentage of this
macroelement, specifically 3.81%. The exper-
iment was conducted on chickens aged 69-78
weeks and lasted for 10 weeks. Such a dietary
change had a negligible impact on the content
of phosphorus, calcium, iron, copper, manga-
nese, and zinc in biological samples.

R. Sanmiguel et al. (2023) investigated
calcium metabolism in poultry and assessed
changes in calcium levels by examining the
impact of dietary factors. Specifically, they an-
alysed the effects of adding humic substances
and calcium carbonate (CaCO,) to the diet. The
study was conducted using 55-week-old Hy-
Line Brown laying hens, which were divided
into four groups. The first group received a diet
without humic substances or CaCO,, the second
group received an additional 2.00 g/bird per day
of CaCO,, the third group received 0.20% humic
substances, and the fourth group received both
0.20% humic substances and 2.00 g/bird per day
of CaCO,. The authors concluded that dietary
adjustments were an effective way to influence
calcium and phosphorus concentrations in the
bird’s body, as changes in the dietary content of
these elements significantly improved the over-
all condition of the birds, increasing their stress
resistance and productivity.

N. Esenbuga & O. Ekinci (2023) conducted
a study to identify factors influencing glucose
concentration in laying hens and to evaluate
methods for correcting blood glucose levels.
The impact of various factors on glucose con-
centration was assessed by adjusting the birds’
diet. To achieve this, three groups of laying
hens were formed and fed diets supplemented
with extracts of thyme, anise, and black cumin.
Results showed that the lowest serum glucose
levels were observed in the group fed a diet sup-
plemented with anise extract, while the highest
levels were found in the group fed a diet supple-
mented with thyme extract. Additionally, there
was a significant interaction effect (P <0.0001)
between the plant extracts on glucose concen-
tration in biological samples.

J. Alagbe (2024) evaluated the impact of
a dietary supplement, Cordyline fruticosa leaf
meal, on the performance and haematological
parameters of laying hens. Different concen-
trations of the supplement (10g, 20g, 30g, and
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40g) were added to the hens’ diet over a 90-day
period. Results showed a negligible impact of
the supplement on bird performance, such as
weight gain and egg production. However, sig-
nificant differences were observed in haemo-
globin levels and red blood cell counts between
the experimental and control groups (P < 0.05).
S. Alsherify & A. Hassanabadi (2024) conducted
a study to correct metabolism, immune status,
and haematological parameters through die-
tary adjustments. Different levels of fructoo-
ligosaccharide (1g/kg, 2g/kg, and 3g/kg) were
added to the diet of commercial Hy-Line W-36
laying hens. However, no significant chang-
es were observed in haemoglobin levels or red
blood cell counts in the laying hens.

Having analysed the scientific studies of
other researchers and compared them to the
results of their own study, the authors noted
that the issue of regulating mineral and organ-
ic matter metabolism in poultry remains rele-
vant. The bird’s organism, especially during the
laying period, undergoes significant metabolic
shifts. At the same time, mineral metabolism is
much more intense, as a large amount of min-
erals is used for egg formation. It is also worth
noting the global trend of extending the laying
period of laying hens. However, information
from scientific sources regarding the use of var-
ious feed additives to improve bird performance
yields ambiguous results. This is primarily due
to the lack of a consistent pattern in forming
experimental groups of birds. The authors also
note that a preliminary analysis of metabol-
ic components, the same minerals and ener-
gy-rich compounds, is not carried out, and the
assessment is conducted only after the applica-
tion of feed additives in poultry feeding. Con-
sidering the obtained results, the authors noted
that the distribution of laying hens according to
their autonomic nervous system tone indicates
differences in the metabolism of minerals, car-
bohydrates, and proteins that do not go beyond
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physiological parameters, without the use of
dietary changes. The established patterns of
the influence of the sympathovagal balance on
the intensity of individual links of metabolism
in laying hens should be taken into account for
scientifically sound correction of the bird’s diet.

Conclusions

The experiment revealed specific effects of the
sympathovagal balance on quantitative param-
eters of certain biochemical blood indicators in
laying hens, which characterise the intensity
of the corresponding links of carbohydrate,
mineral, and protein metabolism. Certain dif-
ferences were observed in the blood content
of glucose, calcium, phosphorus, and haemo-
globin compared to their values in the group
of normotonic laying hens, but these did not
exceed physiological parameters. In particular,
compared to normotonic hens with a balanced
sympathovagal balance, in sympathotonic
hens with a predominance of the sympathet-
ic nervous system over the parasympathetic,
the glucose concentration in serum was sig-
nificantly increased by 30.1% (P <0.001), while
in vagotonic birds with a predominance of the
parasympathetic nervous system activity over
the sympathetic, the level of this carbohydrate
decreased by 8.5% (P < 0.05). Furthermore,
calcium content in biological samples from
sympathotonic birds decreased significantly
by 11.6% (P < 0.05), while in vagotonic birds
it increased significantly by 32.9% (P <0.001)
compared to normotonic laying hens. The lev-
el of phosphorus in biological samples from
sympathotonic birds increased significantly by
22.0% (P<0.01), and in vagotonic birds, it also
increased by 37.9% (P <0.01) compared to nor-
motonic individuals. However, haemoglobin
content in biological samples from laying hens
decreased significantly by 6.6% (P <0.001), and
in vagotonic birds, it similarly decreased by
8.7% (P<0.001) compared to normotonic birds.
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Anotranig. CtaH MiHepaJbHOIO Ta €HepreTMYHOro O6MiHiB iCTOTHO BILIMBAa€ Ha iHTEHCUMBHICTb
POCTY i MPOAYKTUBHICTD Kypei-Hecyuok. BusHaueHHs crienmdivHoi iX fii Ha diszionoriuni mpomecn
y TIO€IHAHHI 3 PeryJsITOPHMM BIUIMBOM Pi3HOTO TOHYCY aBTOHOMHOI HEPBOBOI CUCTEMMU BaKJTMBO
BPaxOBYBaTH [JIsI BUPilIEHHS UM CJIEHHUX [TUTAHb i3 TOKpaIlleHHS ILIeHOCHOCTI TTHIi. MeTo0 I[bOTro
IOCTiIKeHHS 6y/I0 BM3HAUEHHS 0COOGIMBOCTEN BIUIMBY TOHYCY aBTOHOMHOI HEPBOBOI CMCTEMM Ha
MIPOMIXKHMIT 0OMiH MiHEpaIbHMX PEUOBYH, BYTJIEBO/IiB Ta O6i/IKiB B OpraHisMi Kypeii-Hecydok.Y moci,
3aydany Kypeit moponau Xaiicekc KopuyHeBi. DopMyBaHHSI TOCTIAHMUX I'PYTT ITUL 3AiICHIOBAIN 3
ypaxyBaHHSIM pe3y/bTaTiB eeKTpoKapaiorpadii Ta 3acTocyBaHHS BapialliiiHO-ITyIbCOMETPUYHOTO
IOCTiIKEHHS 3 TTOAAIBLINM CTATUCTUYHMM aHA/Ii30M OTPUMAaHUX BUXITHUX JaHuX. Lle mo3BoamiIo
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PO3MOAIMUTY Kypeli-HecyuoK 3a TpbOMa HOCTIIHUMM IPyIamMu: HOPMOTOHIKM, CUMITATOTOHIKN,
BaroTOHiKY. 3aBISIKM TPOBEIEHHIO aHAJTi3y OKPEMUX TOKAa3HMKiB 610XiMiYHOTO MpodisTio cMpoBaTKU
KPOBI KypeJii-HeCy4OoK BM3HaueHO, 110 PiBeHb INIIOKO3! Y CMMIIATOTOHIKIB i3 TepeBa)KHMM BIIBOM
CUMIIaTMYHOI HEPBOBOI cucTeMM A,0CcTOBipHO 3pocTaB (P <0,001) mopiBHAHO 3 NTUIIEI0 IHIIMX ABOX
IOCTiIHUX IPYIl — HOPMOTOHIKaMu i BaroToHikamu. Haii6iibilli 3HAYEHHS 00 BMICTY KajbIlil0
BiAMiuanM y cMpoBaTIli KPOBi Kypeii BaroTOHiKiB, [T SIKMX XapaKkTepHa IlepeBakHa aKTUBHOCTI
BaroToHii (P <0,001), BimHOCHO ML iHIIMX JoCTigHMX rpyTl. KoHmeHTpatis docdopy B cupoBaTIii
KpOBi Kypeii-Hecyuyok HOpMOTOHIKiB 3i 36a71aHCOBaHMM BILTMBOM CHMMIIATUYHOI i MapacMIIaTUYHOL
HEpPBOBOi CUCTEM Bi3HAuaBCs HaiiMeHmMMy 3HadeHHs MU (P < 0,01) mOpiBHSIHO 3 MTUIIEIO
JOCTiTHMX TPYN BaroTOHIKIiB i CMMITaTOTOHIKiB. HaiiBuIli 3HaUeHHs reMOIo6iHy BCTAHOBJIEHO B
HaTUBHI KPOBi Kypeli-HecyuoK HOpMOTOHIKiB (P <0,001) BiZHOCHO NTUL iHIIMX JOCTiAHUX TPYII.
BifmoBiIHO 10 OTpUMaHMX Pe3y/bTaTiB BUSIBIEHO 3IEXKHICTh BMicTy hocdopy, Kabliiio, IITI0K03U i
reMoII06iHy B KPOBi Kypeii-HeCy4YOK BiJl aKTMBHOCTi BETeTaTMBHOI HEPBOBOI CHCTeMM. B3HAUEHHS
iHOVBimyaNbHMX OCOGMMBOCTEN BETeTaTMBHOI Peryssiii 0OMiHHMX IPOIECiB B OpraHi3mi Kypeii-
HECYYOK CIIPUATHMME PO3po0Ili HAYyKOBO OBIPYHTOBAHMX IMiJXOMIB 10 GaJaHCYBaHHS PaIlioHy, IO
3a6e3MeunTD MiABUIIEHHS X MPOTYKTUBHOCTI HA BUPOGHMUIITBI

KiniouoBi c/ioBa: NTuiisl; HOPMOTOHIKYM; CMMITATOTOHIKYM; BaroTOHiKM; MiHepajbHi PEYOBUHM;
BYIJIEBOIIU
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Abstract. Diseases of the oral cavity in dogs are common all over the world and require a
comprehensive approach to the diagnosis and treatment of such patients. Leukocytosis is often
noted in the blood of animals with chronic diseases of the oral cavity,which indicates the activation
of the body's immune response to the progressive development of the pathological process or
its possible exacerbation. The purpose of this study involved a comprehensive assessment of
morphological and biochemical parameters of blood in dogs with oral diseases to establish their
connection with the pathological process. Dogs with an infectious and inflammatory process in
the oral cavity for periodontitis, stomatitis, and calculus were selected for the study. Standard
laboratory methods were used to determine the morphological parameters of blood - the
number of red blood cells, white blood cells and platelets, and biochemical parameters — the
content of haemoglobin, glucose, creatinine, urea, the activity of aminotransferases, gamma-
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glutamyltranspeptidase, alkaline phosphatase, etc. In addition, an X-ray method was used to
diagnose the condition of the oral cavity organs in sick dogs. Based on the data obtained, it was
found that diseases of the oral cavity in these animals were accompanied by significant changes
in certain morphological and biochemical parameters of the blood, which may indicate a systemic
reaction of the body to the pathological process. In particular, leukocytosis (for stomatitis
and periodontitis), hypochromemia (for calculus), a decrease in the value of haematocrit (for
periodontitis), thrombocytopenia (for all pathologies), and an increase in its plasma activity of
aspartate aminotransferase (for stomatitis and periodontitis), a decrease in the activity of alkaline
phosphatase (for stomatitis), a decrease in the activity of gamma-glutamyltranspeptidase (for
calculus) and an increase (for periodontitis), hyperglycemia and hyperazotemia (for stomatitis
and periodontitis) were noted. The established changes in haematological parameters are a
reflection of the development of a pathological process in the oral cavity of dogs and can play
a key role in diagnosing and predicting the course of these diseases, choosing the optimal
treatment strategy and monitoring its effectiveness

Keywords: periodontitis; calculus; stomatitis; gingivitis; epulis; morphological and biochemical

studies

Introduction

Diseases of the oral cavity in dogs are one of
the most significant problems in veterinary
medicine that need to be solved with the use of
scientifically based therapeutic and preventive
measures. They can occur for various reasons,
such as negligent care of teeth and gums, dam-
age due to mechanical, chemical, and thermal
factors, unbalanced feeding, genetic factors, etc.
Because of this, dogs can develop diseases such
as calculus, stomatitis, periodontitis, gingivitis
and others, which can lead to pain, discomfort,
and refusal of food. In general, the effect of oral
diseases on the body is a multicomponent and
complex process that includes both local in-
flammatory reactions and the possible penetra-
tion of bacterial toxins and pathogens into the
systemic circulation, which leads to activation
of the immune system. In addition, an imbal-
ance of the oral microflora can lead to increased
levels of anti-inflammatory cytokines, which
leads to the development of chronic inflamma-
tion and contributes to changes in haematolog-
ical parameters. L. Aresu & S. Benali (2020) have
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proven a link between chronic oral pathologies
and an increased risk of cardiovascular diseases,
diabetes mellitus, and the effect on overall im-
mune status, which underlines the importance
of studying haematological changes.

In recent years, there has been a tenden-
¢y to increase the number of cases of non-in-
fectious pathologies in dogs, of which a large
percentage are diseases in the oral cavity. B.
Smith et al. (2020) found that among the regis-
tered pathologies, dental diseases, in particu-
lar periodontitis, are most common. The main
causes of their occurrence are mechanical frac-
tures of teeth and carious lesions, complicat-
ed by the development of pulpitis with signs
of necrosis. U. Voloboieva et al. (2023) found
that among the nosological forms in dentistry,
dogs most often had plaque, periodontal dis-
ease, caries, abnormal tooth decay and their
absence. In the structure of morbidity, perio-
dontitis accounted for 60-80%, calculus was
noted in 30-50% of cases, the absence of teeth
was registered in 20-30% of patients, gingivitis
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and tooth decay were diagnosed in 15-20%,
and the presence of a neoplasm was confirmed
in 3-10% of patients.

R. Wadia (2021) noted that, for example,
periodontitis is registered 5 times more often in
small breeds of dogs with low weight (< 6.5 kg)
than animal breeds with larger sizes and weights
(> 25 kg). At the same time, the age of animals
and excess weight contribute to the develop-
ment of this disease. Despite the importance
of the problem, a large number of dog owners
do not pay due attention to the dental health
of their pets, which often leads to an aggrava-
tion of the situation. In particular, E. Cunha et
al. (2022) found out that the problem of den-
tal diseases in animals becomes particularly
relevant due to their significant impact on the
overall health and quality of life of animals. The
authors have proven that oral infections affect
the functioning of the digestive system, and can
also cause a threat to the cardiovascular system
and the immune status of the body.

Therefore, research aimed at understand-
ing the epidemiology, aetiology, diagnosis,
therapy and prevention of dental diseases in
dogs are very relevant and important. U. Volo-
boieva et al. (2023) found that dental problems
are diagnosed in a large part of the dog pop-
ulation and are the result of various factors,
including feeding, hygiene, and genetic factors.
A.Freeman (2021) proved the importance of in-
traoral radiography in dogs and cats, clarified
the main methods and provided useful tips nec-
essary for successful radiography. Thus, dental
diseases in dogs can affect blood balance and
performance through various mechanisms,
such as inflammatory processes and bacterial
infections. Therefore, the purpose of the study
was to analyse changes in indicators blood in
dogs for the most common dental diseases (cal-
culus, periodontitis, stomatitis) and establish
their clinical significance for use in the diagno-
sis and treatment of such patients.

Literature Review

L. Glickman et al. (2009) found that oral dis-
eases in dogs are a serious problem that often
requires a comprehensive diagnostic and thera-
peutic approach. The oral cavity is an important
component of the overall health of the animal
and any pathological process in the oral cavity
can affect the general condition of the animal
and its quality of life. Along with the clinical
symptoms that can be detected by the owner,
changes in haematological parameters serve
as important indicators of the presence and
severity of oral pathologies in dogs. Diagnosis
of oral diseases in dogs can be difficult because
animals do not always show obvious symptoms
of discomfort or pain.

M. Martinez-Garcia & E. Hernandez-
Lemus (2021) proved that dental diseases espe-
cially common in dwarf dog breeds. In addition,
the researchers drew attention to the variety of
pathologies that are diagnosed in the oral cav-
ity. These pathologies are often characterised
by the development of pain and/or the manifes-
tation of systemic and local infection. Howev-
er, the vast majority of these pathologies have
an asymptomatic course or almost no clinical
symptoms. Therefore, they are usually diag-
nosed at a late stage of the disease. Considera-
tion of the specifics of the pathogenesis of these
pathologies will help the practising veterinari-
an improve the effectiveness of their treatment.

C. Garcia et al. (2023) found that one of the
most typical changes in periodontitis and sto-
matitis is leukocytosis — an increase quantity of
white blood cells in the studied blood samples.
D. O’Neill et al. (2021) also proved that in per-
iodontitis and stomatitis, there is an increase
in the number of white blood cells in accord-
ance with the activation of the inflammatory
response in response to the development of an
infectious process or inflammation in the oral
cavity. White blood cells, in particular neutro-
phils, become more active in such conditions,
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which leads to a significant increase in their
number in the blood. Besides, the ratio of differ-
ent white blood cell subtypes may also vary. For
example, a large number of immature neutro-
phils, called rod neutrophils, can be noticeable
in massive inflammatory processes in the oral
cavity. Changes in the concentration of oth-
er white blood cells, such as lymphocytes and
monocytes, are usually less pronounced com-
pared to an increase in the number of neutro-
phils. When evaluating a general blood test, it is
necessary to pay attention not only to changes
in white blood parameters (white blood cells),
but also to red blood indicators.

Quantitative changes in red blood cells in
the blood are also noted in dogs with diseases
of the oral cavity, which indicates a different ae-
tiology of the pathological process that occurs
in the animal’s body. A. Zacher & S. Marret-
ta (2013) found that one of the typical changes
is an increase in the number of red blood cells
(erythrocytosis) or their decrease (erythrocyto-
penia). This can be caused by various factors,
including general inflammation, dehydration,
blood loss, and other concomitant pathological
processes. For example, in cases of a significant
area of inflammation or infectious diseases in
the oral cavity, the body may react by increas-
ing the number of red non-nuclear cells in the
blood, directing them to damaged tissues to
provide the necessary nutrients and oxygen.
C. Garcia et al. (2023) found that in the gener-
al blood test of dogs, changes in haemoglobin
levels and haematocrit. Thus, a decrease in the
level of haemoglobin below the minimum value
of the norm indicates anaemia, which develops
due to blood loss, a decrease in the production
of red blood cells or their increased destruction.
On the other hand, an increase in haemoglobin
levels can occur when the body is dehydrated or
under other conditions that lead to blood clots.

However, it is important to consider that
changes in the red blood cells can be non-specific
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and occur not only due to the development of
diseases of the oral cavity. They can be associ-
ated with other diseases or conditions, such as
haemorrhagic diseases, chronic kidney failure,
or caused by physiological factors such as stress
or exercise. Thus, the analysis of red blood cells
in dogs with oral diseases can help assess the
general condition of the animal and identify
possible complications resulting from these
pathological processes. However, for accurate
diagnosis and reasonable treatment, it is impor-
tant to conduct a comprehensive approach that
includes not only haematological studies, but
also other methods and clinical examination.

G. Armitage & M. Cullinan (2010) proved
that in the study of dogs with oral diseases, the
analysis of biochemical parameters of blood is
of great importance, since this type of study
provides additional information about the func-
tional state of organs and systems of the body
as a whole. Pathological processes that occur
in the oral cavity can affect various organs and
systems due to the general influence of inflam-
matory factors, the development of an immune
response, and metabolic disorders. Thus, the
analysis of blood biochemical parameters helps
to identify the systemic consequences of dis-
eases of the oral cavity and determine further
medical tactics.

C. Wallis & L. Holcombe (2020) found that
among the biochemical indicators that are usu-
ally analysed in the blood of dogs with diseas-
es of the oral cavity, changes in the activity of
enzymes are manifested, in particular, amylases
and alanine aminotransferases, development of
hypo- and dysproteinemia, violation of neutral-
isation and elimination of end products of nitro-
gen metabolism and electrolyte deficiency. An
increase in the activity of amylase and alanine
aminotransferase in the blood may indicate tis-
sue damage in the oral cavity, which is charac-
teristic of various diseases, such as periodonti-
tis and cancer. Besides, . Pereira Dos Santos et
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al. (2019) found that an increase in total protein
content, in particular, gamma globulins, may
indicate an active immune response of the body
during infectious or inflammatory processes.
Alkaline phosphatase hyperfermentemia in
dogs can be an indicator of various pathological
changes, including diseases of the oral cavity.

Alkaline phosphatase is a non-specific en-
zyme that is present in many organs and tissues
of the body, in particular, in bone tissue, liver,
intestines, and kidneys. Alkaline phosphatase
hyperfermentemia can manifest itself for var-
ious reasons. Therefore, the level of its activity
can have diagnostic and prognostic significance
when considering diseases of the oral cavity.
Based on the results of the study, D. O’Neill et
al. (2021) proved that in the case of diseases of
the oral cavity, alkaline phosphatase hyperfer-
mentemia is registered, which is several times
higher than the normal value. Such deviations
in the activity of the enzyme can be caused by
damage to the liver or bone tissue due to the
development of generalised inflammation, in-
fection, or other pathological processes. Thus,
the increased activity of alkaline phosphatase
is only one of the biochemical indicators that
can be used in combination with other clinical
and laboratory markers to assess the functional
state of the animal’s body.

However, it is important to note that
changes in blood biochemical parameters can
be non-specific and depend on many factors,
such as the stage of the disease, the presence
of complications and individual physiological
characteristics of the patient. In addition, it was
important to conduct a differential diagnosis,
considering other possible causes of changes
in biochemical parameters that are not related
to the pathology of the oral cavity. The study
considered both morphological changes in na-
tive blood in dogs and biochemical parameters
associated with diseases of the oral cavity. The
issues of pathophysiological mechanisms that

arise as a result of haematological changes in
dental diseases in dogs are covered in detail.
This will contribute to the best understanding
the mechanisms of development of pathologi-
cal processes and adaptive response of the body
due to the occurrence of diseases oral cavity
and the development of a strategy for further
research in this area. In addition, the analysis of
haematological changes in oral diseases in dogs
will help to invent new opportunities for their
early diagnosis, criteria for monitoring diseases
and choosing the optimal treatment.

Materials and Methods

The study was conducted during January-No-
vember 2023 at a private veterinary clinic “Al-
den-Vet” (Kyiv, Ukraine). To form groups, 15
animals of different breeds (Yorkshire terrier,
Chihuahua, Maltese lapdog, and cross-breed)
and the same age category were selected. The
first group included dogs with diagnosed calcu-
lus (n=15), the second — with stomatitis (n=15),
and the third - animals with periodontitis
(n=15). The control group included clinically
healthy dogs (n=15). To establish the diagno-
sis, a detailed history of the animals’ life and a
general clinical examination were collected. As
additional diagnostic tests, blood samples were
taken from experimental animals of all groups
for the analysis of morphological and biochem-
ical parameters. Before blood collection, the
animals were kept on a 6-hour starvation diet.
For a general clinical blood test, biological
samples were taken in tubes with an anticoag-
ulant - ethylenediaminetetraacetic acid and a
veterinary haematology analyser “Heska Ele-
ment HT” (USA) was used. Using this analys-
er, such blood parameters as: the number of
red blood cells, white blood cells and platelets,
haemoglobin content, haematocrit level were
determined. In the case of biochemical stud-
ies, the blood was stabilised with heparin, after
which it was centrifuged for 10-15 minutes at a
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speed of 1,500-2,500 thousand rpm. At the end
of the centrifugation procedure, a supernatant
fluid was selected — blood plasma, in which
biochemical parameters were determined: ac-
tivity of aofspartataminotransferase (AST),
alanine aminotransferase (ALT), and alkaline
phosphatase (LF), as well as the concentration
of glucose, creatinine and urea nitrogen. These
parameters were measured using an automatic
biochemical express blood analyser “Fujifilm
DRI-CHEM NX600” (Japan), which operates on
the principle of “dry chemistry” using slides
and is intended for veterinary clinics.

Periodontal tests and evaluation of perio-
dontal pockets were performed using a diagnos-
tic periodontal probe TYPE 4 (WHO) DDI-10-p5
(Ukraine). Before starting the study, outpatient
maps of dogs were analysed to identify possible
previously recorded changes in blood param-
eters that would indicate chronic processes.
After that, the material was selected. For a de-
tailed examination and periodontal tests, the
animals were sedated using the drug Dexdomi-
tor from Orion Pharma (France). This drug be-
longs to the category of sedatives with a strong
selective alpha,-adrenomimetic. A 1% lidocaine
solution (Ukraine) was used to block the upper
and lower jaw. The blockade was performed by
blocking the conduction of a nerve impulse
along nerves such as n. Maxilla and n. Mandibu-
la. In addition, another diagnostic method was
used to examine patients - radiographic, which
was performed using the X-MIND Unity X-ray
system (Japan) and the SOPIX 2 radiovisio-
graph (France).

Scientific research involving animals met
the requirements of the European Convention
for the protection of vertebrates used for ex-
perimental and scientific purposes (1986) and
the Law of Ukraine No. 3447-1V “On the Protec-
tion of Animals from Cruelty” (2006). All nec-
essary animal interventions were carried out
in compliance with ARRIVE recommendations,
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without violating the guidelines of EU directive
2010/63/EU (2010) on the protection of animals
used for scientific purposes.

Statistical processing of the results of the
study of haematological parameters was car-
ried out using a personal computer, in the pro-
gramme “BAF - Veterinary Medicine” and indi-
vidual dental records of patients. To determine
the statistical reliability of the detected differ-
ences between haematological parameters in
dogs in separate experimental groups, the Stu-
dent’s t-test was used. The authors were guided
by the fact that the differences between the two
compared indicators from two different sam-
ples were statistically significant at P < 0.05,
P<0.01, or P<0.001.

Results and Discussion

According to the results of the clinical exami-
nation of animals, the spread of various pathol-
ogies in the oral cavity was established (Fig. 1),
which are most often diagnosed in dogs.

20% i
32%

H Calculus

Gingivitis

H Periodontitis
Stomatitis

H Epulis

Figure 1. Spread of oral pathologies in dogs
Note: the sectors of the chart of different colours
indicate the relative number of cases of diseases with
different pathological processes in the oral cavity of dogs
Source: developed by the authors

Figure 1 shows that 100% of the dogs un-
der study had calculus (the presence of calcu-
lus plaque of varying degrees), 64% of the an-
imals were diagnosed with periodontitis, and
32% of patients with stomatitis. Thus, among
the pathological lesions of the oral cavity that
are most often found in dogs, calculus, stoma-
titis (Fig. 2) and periodontitis should be noted.
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During the visual assessment of the condition
of the oral mucosa and gums, gingivitis, epu-
lis (Fig. 3) and epuloid formations (Fig. 4) were
diagnosed in experimental dogs somewhat less
often than other pathologies. Detailed radiog-
raphy was used to assess periodontal disease
and reveal its existing lesion, which is reflect-
ed in the reduction of bone structure and the
absence of periodontal ligament in periodon-
titis (Fig. 5).

Figure 4. Epuloid formation in dogs
Note: the arrow indicates a pathological process —
epuloid formation
Source: developed by the authors

Figure 2. Clinical manifestations
of calculus plaque and stomatitis in dogs
Note: 1 - calculus; 2 — stomatitis
Source: developed by the authors

Figure 5. Dental radiography of periodontitis
in the development of periodontitis
Note: 1 - reduction of bone structure with the absence of
periodontal ligament; 2 — normal periodontal ligament
Source: developed by the authors

Table 1 presents the results of a clinical anal-
ysis of native blood in experimental dogs for the
most common diseases of the oral cavity - cal-
culus, stomatitis, and periodontitis. According to
Table 1, it was noted that in dogs of the second

of epulis and gingivitis in dogs (with stomatitis) and third (with periodontitis)
Note: 1 - epulis; 2 - gingivitis experimental groups, the number of white blood
Source: developed by the authors cells (leukocytosis) increased, respectively,

Figure 3. Clinical manifestations
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by 88.6% (P <0.001) and by 138.0% (P < 0.001)
compared to animals of the control group. In all
three study groups, a decrease in the number of
platelets (thrombocytopenia) (p < 0.001) was re-
corded in the native blood of dogs, respectively
by 23%, 32%, and 40% compared to the animals

of the control group. In the blood of dogs of the
third experimental group, a significant decrease
in the haematocrit value by 19.4% was noted
(P<0.001), and in the blood of dogs of the first
experimental group (with calculus) — a decrease
in haemoglobin content by 16.7% (P <0.05).

Table 1. Changes in morphological and other indicators
of Native blood in pathologies of the oral cavity in dogs (M*m, n=15)

Pathologies of the oral cavity

Blood counts, Group 1 Group 2 Group 3 Control
units of measurement (dogs with calculus (dogs with (dogs with group
plaque) stomatitis) periodontitis)
White blood cells, 10°/L 14.1£2.3 23.2+1.85%** 29.3+1.23%** 12.3+£1.03
Red blood cells, 10'*/L 5.5%¥0.8 3.95+£0.92 GRSEES ) 5.66%0.9
Haematocrit, % 42.0£3.51 46.6*4.2 28.6+2.52%** 48.0*+1.3
Haemoglobin, g/L 135.0+£6.82* 158.0£10.45 145.0£12.2 162.0+11.6
Platelets, 10°/L 323.0+12.4%** 286.0+14.33%*** 253.0£16.2%** 420.0+17.44

Note: *P<0.05; ***P<0.001, the difference is significant compared to the animals of the control group

Source: developed by the authors

The results of the study coincide with the
data obtained by D. Penoni et al. (2019). In
particular, the haemoglobin content in dental
diseases in dogs remained almost unchanged.
However, the researchers pointed out that the
development of local inflammation has a num-
ber of consequences related to the disease.
Thus, in contrast to healthy animals, leukocyto-
sis was recorded in patients with periodontitis,
and a significant increase in the parameters of
other haematological parameters in the blood,
which indicated the development of systemic
inflammation. Similar patterns were described
by G. Cecoro et al. (2020).

In this regard, it is worth noting that there
is clinical evidence of the involvement of the
development of periodontitis in the patho-

genesis of systemic inflammation. However,
a causal relationship has yet to be proven. N.
Ferlazzo et al. (2021) found that a decrease in
the values of systemic inflammatory biomark-
ers after periodontal interventions leads to a
reduced risk of cardiovascular diseases, in par-
ticular, in the form of endothelial dysfunction.
However, there is still insufficient evidence
for the effect of periodontal interventions on
reducing the development of cardiovascular
pathologies in the long term. The effect on ath-
erosclerotic vascular diseases remains unclear,
so further research is needed. Table 2 presents
a correlation analysis to determine the depend-
ence of the results obtained in the context of
oral pathologies and quantitative parameters of
haematological parameters.

Table 2. Analysis of the correlation between changes
in haematological parameters and the development of dental diseases (M*m, n=15)

Correlation of the
indicator with calculus

+0.25 (P<0.05)

Indicator

White blood cells, 10%/L
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Correlation
of the indicator
with periodontitis
+0.40 (P<0.01)

Correlation of the indi-
cator with stomatitis

+0.35 (P<0.01)
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Correlation of the

Indicator indicator with calculus

Red blood cells, 10'*/L.
Haematocrit, %
Haemoglobin, g/L
Platelets, 10%/L

-0.15 (P > 0.05)
-0.18 (P > 0.05)
-0.20 (P > 0.05)
-0.12 (P > 0.05)

Correlation of the indi-
cator with stomatitis

Table 2. Continued

Correlation
of the indicator
with periodontitis

-0.20 (P<0.05) -0.28 (P<0.01)
-0.22 (P<0.05) -0.27 (P<0.01)
-0.25 (P<0.05) -0.30 (P<0.01)

-0.18 (P<0.05) -0.22 (P<0.05)

Note: the relationship between changes in the parameters of morphological and other blood parameters and

pathologies of the oral cavity in dogs is shown
Source: developed by the authors

Table 2 shows that there is a negative corre-
lation between the level of almost most haema-
tological indicators, except for the number of
white blood cells, and the presence of calculus,
stomatitis, and periodontitis in dogs. This indi-
cates a slight influence of the studied pathol-
ogies of the oral cavity on the morphological
parameters of blood. Stomatitis (+0.35; P<0.01)
and periodontitis (+0.40; P<0.01) showed an in-
crease in the number of white blood cells in the
native blood. Therefore, it can be argued that
with these dental pathologies, the development
of inflammatory processes progresses. At the
same time, the presence of calculus (+0.25) in
dogs was accompanied by the development of
leukocytosis, although with a slightly lower sig-
nificance coefficient (P <0.05).

Thus, pathologies of the oral cavity, es-
pecially stomatitis and periodontitis, show a

specific effect on the dynamics of some of the
studied haematological indicators, causing a
significant decrease in the haematocrit and
platelet count, and an increase in the number
of white blood cells compared to that in an-
imals of the control group. In the case of the
development of calculus in the oral cavity of
dogs, thrombocytopenia developed and a de-
crease in haemoglobin levels (hypochromemia)
was observed. Overall, these results confirm the
importance of monitoring morphological and
other haematological parameters in the treat-
ment of dogs with inflammatory diseases of the
oral cavity to prevent the occurrence of sys-
temic complications. In addition, a study of the
influence of the most common dental diseases
on the quantitative parameters of biochemical
parameters of blood plasma in dogs was con-
ducted (Table 3).

Table 3. Changes in biochemical parameters in the blood plasma
of dogs in diseases of the oral cavity (M*m, n=15)

Pathologies of the oral cavity

Group 1
(dogs with

Indicator

calculus plaque)

Aspartate aminotransferase, U/L 40.3+1.02
Alanine aminotransferase, U/L 89.9%6.3
Alkaline phosphatase, U/L 60.0£9.04
Gamma-glutamyltranspeptidase, U/L 1.2£0.4%*
Glucose, mmol/L 4.60+1.20
Creatinine, umol/L 68.0£7.6

Group 2 Group 3 Control
(dogs with (dogs with group
stomatitis) periodontitis)
56.3%2.2%%* 72.0%6.4%%* 40.0£2.3

82.0+8.2 90.0+£10.3 90.0+6.04
45.4+7 3%%* 62.0£3.3 62.3%4.2

5.5+0.8 9.2+ 1.02%** 5.3+1.2
6.32%1.1* 7.36+0.90** 4.6*1.3
186.6+12.3%**  210.0+ 14.3*** 70.0+3.8
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Table 3. Continued

Pathologies of the oral cavity

Indicator Group 1

(dogs with
calculus plaque)

Urea nitrogen, mmol/L 5.0%0.8

Group 2 Group 3 Control
(dogs with (dogs with group
stomatitis) periodontitis)

10.2 £2.2%** 12.0£2.2%%* 5.3+*0.9

Note: 1. *P<0.05; **P<0.01; ***P<0.001 compared to animals in the control group

Source: developed by the authors

Analysis of the results in Table 3 showed
that in the blood plasma of dogs of the sec-
ond (with stomatitis) and third (with peri-
odontitis) experimental groups, aspartate
aminotransferase activity increased by 40.8%
(P<0.001) and 80% (P <0.001), creatinine con-
centrations increased by 166.6% (P <0.001) and
200% (P <0.001), and urea nitrogen by 92.5%
(P<0.001) and 126.4% (p <0.001), respectively,
compared to the control. Along with this, in the
blood plasma of dogs of the second (with stoma-
titis) and third (with periodontitis) experimen-
tal groups, an increase in glucose concentration
(hyperglycemia) was recorded, respectively, by
37.4% (P <0.05) and by 60.0% (P <0.01) in re-
lation to the control. It is worth noting that in
the blood plasma of dogs of the first experi-
mental group (with calculus), a decrease in the
activity of gamma-glutamyltranspeptidase was
observed by 77.4% (P <0.01), while in the blood
plasma of dogs of the third experimental group
(with periodontitis), its hyperfermentemia was
noted by 73.6% (P<0.001).

The established patterns of changes in
biochemical parameters in the blood plasma
of dogs in various pathologies indicate: the
presence of pronounced destructive changes in

the cells of the oral mucosa and other interre-
lated tissues and organs, the predominance of
catabolic processes due to the development of
inflammation and stress reaction of the body,
which provokes the occurrence of tension in
carbohydrate and nitrogen metabolism with the
development of stomatitis; similar patterns, but
with deeper destructive changes in periodontal
tissues, which negatively affected the func-
tioning of the entire body, including the liver,
kidneys, and muscle tissue, with corresponding
changes in biochemical parameters were noted
for periodontitis; due to the development of
calculus in the oral cavity of dogs, hypoenzyme
developed,
which may indicate disorders in the metabo-
lism of amino acids, disorders in the metabo-
lism of glutathione — an important antioxidant
that protects cells from oxidative stress, and
systemic processes — negative changes in the
functioning of the hepatobiliary system with
the phenomenon of cholestasis and pancreas.
In addition, a correlation analysis of the results
of the study was carried out to determine the
relationship between changes in the biochemi-
cal parameters of blood plasma in dogs and ex-
isting pathologies of the oral cavity (Table 4).

gamma-glutamyltranspeptidase

Table 4. Correlation analysis between oral pathologies
and changes in biochemical parameters in canine blood plasma (M m, n=15)

Correlation

Correlation Correlation

Indicator of the indicator of the indicator of the indicator
with calculus with stomatitis with periodontitis
Aspartate Aminotransferase, U/L +0.20 (P<0.05) +0.18 (P<0.05) +0.28 (P<0.01)
Alanine aminotransferase, U/L +0.22 (P<0.05) +0.20 (P<0.05) +0.30 (P<0.01)
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Correlation
of the indicator
with periodontitis

Correlation
of the indicator
with stomatitis

Correlation
of the indicator
with calculus

Indicator

Alkaline phosphatase, U/L +0.24 (P<0.05)

Gamma-glutamyltranspeptidase, U/L +0.28 (P<0.05)
Glucose, mmol/L +0.25 (P<0.05)
Creatinine, pmol/L +0.22 (P<0.05)

Urea nitrogen, mmol/L +0.20 (P<0.05)

+0.22 (P<0.05)
+0.25 (P<0.05)
+0.22 (P<0.05)
+0.20 (P<0.05)
+0.18 (P<0.05)

+0.32 (P<0.01)
+0.35 (P<0.01)
+0.30 (P<0.01)
+0.28 (P<0.01)
+0.26 (P<0.01)

Note: relationship between variable indicators for oral pathologies

Source: developed by the authors

Table 4 shows that there is a positive cor-
relation between the activity of aspartate ami-
notransferase in the blood plasma of dogs and
pathologies of the oral cavity of dogs (P <0.05;
P<0.01; P<0.05), in particular: with stomatitis
(+0.18), with periodontitis (+0.28), with calcu-
lus (+0.20). A close correlation was established
between the activity of alanine aminotrans-
ferase and periodontitis (+0.30) with a high sig-
nificance factor (P<0.01). This can be explained
by a certain sensitivity of these indicators to
the development of dental pathology in dogs. A
high degree of correlation was observed for the
activity of alkaline phosphatase (+0.32) and the
development of periodontitis (P < 0.01), which
indicates the effect of inflammation on met-
abolic processes that may be associated with
changes in bone tissue or liver.

According to the activity of gamma-glu-
tamyltranspeptidase in the blood plasma of
dogs, the highest correlation values were noted
among all the studied indicators: from +0.25 to
+0.35. The closest correlation was recorded for
the content of gamma-glutamyltranspeptidase
in periodontitis (+0.35; P<0.01) in dogs, which
confirms the activation of liver function and
a possible increase in oxidative stress in this
disease. In the case of periodontitis, the clos-
est correlations in glucose content were found
in the blood plasma of dogs (+0.30; P <0.01),
creatinine (+0.28; P <0.01), and urea nitrogen

(+0.26; P <0.01). It can be assumed that the
occurrence of hyperglycemia is a consequence
of the body’s stress response to inflammation
and the result of the mobilisation of carbohy-
drates from the depot, and an increase in the
concentration of creatinine and urea nitrogen
indicates the activation of the final stages of
protein metabolism and functional disorders of
the kidneys and liver.

According to the results obtained, the au-
thors state the importance of a comprehensive
approach to the diagnosis and control of pa-
tients with oral pathologies, since such diseas-
es can have a significant impact on the general
condition of the body and provoke the develop-
ment of complications from other organs and
systems, in particular, stress in the functioning
of the liver, kidneys, general stress, and met-
abolic disorders. It is important to consider
these changes when diagnosing and treating
dogs with oral diseases to ensure their well-be-
ing. A. Cabala et al. (2006) found that oral in-
fections, especially periodontitis can affect the
mechanisms of pathology development and the
course of a number of systemic diseases, name-
ly: cardiovascular and cerebrovascular, ather-
omatous peripheral vascular disease, bacterial
pneumonia, diabetes mellitus, osteoporosis, or
cause an unfavourable outcome of pregnancy.
D. Penoni et al. (2019) indicated a two-way as-
sociation between chronic periodontitis and
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systemic bone loss. The researchers proved that
osteoclast regulation is influenced by a number
of cytokines and secondary messengers pro-
duced during the chronic process.

In this context, L. Chaushu et al. (2021)
described the effect of periodontal infection
on changes in blood biochemical parameters
that coincide with the results obtained during
this study, namely hyperfermentemia of alka-
line phosphatase, increased uric acid or creati-
nine levels. This can be an indicator of kidney
problems that occur against the background of
inflammatory processes in the oral cavity, for
example, stomatitis or periodontitis. Hypergly-
cemia in dogs can occur due to stress accompa-
nying disorders in the oral cavity, or as a result
of the development of diseases that can affect
appetite. Hyperfermentemia of aspartate and
alanine aminotransferases in the blood plasma
of sick animals may indicate liver and muscle
damage, which coincides with the conclusions
and results described in this paper. In the case
of oral diseases, this may be conditioned by in-
flammatory processes or infections that affect
the general condition of the body (Polkows-
ka et al., 2014).

After evaluating and comparing chang-
es in haematological parameters in dogs with
various pathologies of the oral cavity, it can be
noted that with the development of periodon-
titis and stomatitis, similar patterns are ob-
served regarding deviations in the parameters
of morphological and biochemical parameters
of blood, which indicate the development of
not only local pathological processes, but also
those that have a generalised nature of changes
from other organs and tissues. A more complex
nature of changes in the studied haematolog-
ical parameters occurs with the development
of periodontitis. In the presence of calculus in
dogs, the nature of changes in the haematolog-
ical profile of blood is somewhat different from
the previous two pathologies. In particular,
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there are violations in the metabolism of ami-
no acids, the functioning of red bone marrow,
which affects the synthesis of haemoglobin and
platelet formation, and disorders in the func-
tioning of the hepatobiliary system.

This paper presents the results of the study
of the most common forms of oral pathologies
in dogs and proves that the analysis of haema-
tological parameters is an important diagnos-
tic tool in identifying pathological processes
that may also have a latent course and be not
obvious during the clinical examination of the
patient. Thus, the determination of specif-
ic haematological changes occurring in dogs
for oral pathologies is an important aspect in
veterinary medicine for the early diagnosis of
these diseases and the possible occurrence of
complications from other organs and systems
of the body.

Conclusions

The study of the influence of oral pathologies
on the haematological parameters of dogs
demonstrates a significant effect on the gen-
eral condition of the body. Infectious and in-
flammatory processes in the oral cavity, such
as periodontitis, stomatitis, calculus can cause
systemic changes in the blood and in other or-
gans and tissues (liver, pancreas, red bone mar-
row, kidneys, and muscles), primarily due to the
reaction of the immune system. After analysing
statistical data on the spread of oral diseases
in dogs, the following was found: 100% of the
studied animals had calculus plaque, 64% -
periodontitis, and 32% - stomatitis. Gingivitis,
epulis, and epuloid formations were somewhat
less commonly diagnosed. According to the re-
sults of the study of the haematological profile
in dogs, a number of patterns were identified
for the most common pathologies of the oral
cavity. Thus, patients with diagnosed calculus
plaque developed hypochromemia, thrombo-
cytopenia, and gamma-glutamyltranspeptidase




Changes in haematological parameters in case...

hypoenzyme. Leukocytosis, thrombocytopenia,
aspartate aminotransferase hyperenzyment-
emia, alkaline phosphatase hypoenzyme, hy-
perglycemia, and hyperazotemia were reported
in dogs with stomatitis. And in the case of perio-
dontitis, leukocytosis, a decrease in hematocrit,
thrombocytopenia, hyperenzymentemia of as-
partate aminotransferase and gamma-glutam-
yltranspeptidase, hyperglycemia, and hypera-
zotemia were noted in animals. The described
patterns indicate a similarity of changes in
haematological parameters in the last two dis-
eases with small discrepancies. Although, the
degree of manifestation of these disorders was
more pronounced in periodontitis compared to
stomatitis. Considering the above-mentioned
changes in haematological parameters, it can
be argued that regular blood monitoring of
patients with oral pathologies is appropriate

therapy, but also comprehensive approaches
to reduce the risk of negative systemic conse-
quences. Consequently, pathologies of the oral
cavity have not only a local, but also a systemic
effect, which is manifested in changes in hae-
matological parameters. This indicates the im-
portance of timely diagnosis and treatment of
these diseases using established patterns and
sensitive haematological parameters to prevent
the occurrence of complications and properly
maintain the functional state of the body.

Further research will be aimed at evaluat-
ing the effectiveness of methods for prevent-
ing pathological processes in the oral cavity of
dogs. It is also planned to conduct comprehen-
sive studies to identify the early impact of oral
lesions on other body systems.
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AHoTanis. XBopo6u poTOBOi MOPOKHMHM B Cc06aK IOIIMPEHi B yCbOMY CBiTi Ta MOTpe6YIOTh
KOMIUIEKCHOTO TIiXOAy B IMUTAHHSX JiarHOCTMKM Ta JIIKyBaHHS TaKMX XBOpUX. Y KPOBi TBapuH
3 XPOHIYHMMM 3aXBOPIOBAHHSIMM OpPraHiB pPOTOBOi ITOPOKHMHM YaCTO BiAMidaioTh JIEMKOIINTO3,
0 CBiZYMTh TIPO AKTUBAIIiI0 IMYHHOI BiAmOBiZi opraHi3amMy Ha MpOTpecywunii pPO3BUTOK
MaTOoJIOTIYHOTO TpoIlecy abo MOXKIMBE OTO 3arocTpeHHs. MeTol0 1bOTO JOCTiIKEeHHS 6yI0
MPOBeJleHHsSI KOMILIEKCHOI OIiHKM MopdonoriyHux i 6ioxiMiuHMX MMOKa3HMKIB KPOBi B cobak 3
XBOpOOaMM POTOBOI TTOPOKHUHY IS BCTAHOBJIEHHS iX 3B’I3KY 3 NMaTOJOTIYHMM IpoIecom. JIst
IOCTiMKeHHsST Bimoupanu cobak 3 iH(peKIiifHO-3amaJbHUM IIPOIIECOM Y POTOBiii MOPOKHMHI 3a
MapoJOHTUTY, CTOMATUTY i 3y6HOTO KaMeHI0. BUKOpUCTOBYBaIM CTaHAAPTHI 1a60paTOPHi MeToau
IJIST BU3HAUYEeHHST MOP(OIOTiuHMX MOKA3HMUKIB KPOBi — KiJIbKOCTi €pUTPOLMUTIB, JEMKOLUTIB i
TPOMOOIIUTIB, @ TAKOX O6iOXiMiUHMX — BMICTy reMOIJIO6iHY, TTIOKO3M, KpeaTUHiHy, CEUOBUHH,
aKTUBHOCTI aMiHoTpaHcdepas, raMMa-mIyTaminTpaHcnenTuaasu i myskHoi docdarasu Tomo. Kpim
TOTO, 3a[isTHMI1 peHTreHorpadiuyHMii MeTO/, /ISl AiarHOCTMUKY CTaHy OPTaHiB POTOBOI MOPOKHUHU
B XBOpUX cobak. Ha OCHOBi OTpMMaHMUX JaHMX BCTAHOBJIEHO, IO XBOPOOM POTOBOI IMOPOKHMHM
Yy IMX TBApUH CYIIPOBOKYIOTHCS iCTOTHMMM 3MiHaMM OKpeMux Mopdosoriunmux i GioxiMiuHmx
MOKA3HMKIB KPOBi, II0 MOXe CBiUMTU TIPO CUCTEMHY peaklilil0 OpraHi3my Ha MaTOJOTiYHMIL
npoinec. 30Kpema, BigMivanu JeMKOIMUTO3 (32 CTOMaTUTY i MApOJOHTHUTY), TilmoXpomemi (3a
3yOHOTO KaMEHIO), 3HVKEHHS BeJIMUMHM TeMaTOKPUTY (3a MapOAOHTUTY), TPOMOOIUTOTIEHII0
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(3a Bcix maTosIoriif), a TaKOX MigBUINEHHS B ii maasMi akKTMBHOCTI acriapratamiHoTpaHcdepasu
(32 cTOMATUTy i NMApOLOHTUTY), 3HMKEHHS aKTMBHOCTI JykHOI docdaTasyu (3a CcTOMATUTY),
3HVDKEHHSI aKTMBHOCTI raMMa- [Ty TaMiJITPAaHCIIeNTU A3 (32 3yOHOTO KaMeHI0) Ta MMiBUIIEeHHS (32
MapOJOHTUTY), FilepiikeMilo i rinepaszoTeMito (3a CTOMaTUTY i IapOLOHTUTY). BcTaHOBIIeHi 3MiHM
reMaTONOTiYHMX TIOKA3HUKIB € BiZoOpaskeHHSIM PO3BUTKY MATOJOTiYHOTO IPOLECY B POTOBIit
MOPOKHMHI CO6aK Ta MOXKYTb BiflirpaBaTi KJIIOUOBY POJIb Y NiarHOCTUII i MPOrHO3yBaHHI repebiry
LIMX 3aXBOPIOBaHb, BUOOPI ONTUMAJIBHOI CTpaTerii TikyBaHHS Ta MOHITOPUHTY i10r0 e(peKTUBHOCTI

KirouoBi coBa: MmMapogoHTUT; 3yOHMIT KaMiHb; CTOMAaTUT,; TiHTIBiT; emyJsic; Mopdosnoriuni Ta
GioximiuHi JOCTiIKeHHS
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Abstract. The relevance of this study was driven by the significant increase in cases of allergic
dermatitis in dogs, the dependence of its manifestation on geographical regions, and the
conflicting and incomplete data regarding the prevalence of this condition. The study aimed
to identify the aetiological, breed, age, and seasonal predispositions to allergic dermatitis in
dogs in Vinnytsia (Ukraine). Contemporary methods were employed to examine 6,230 patient
records with dermatological conditions from the “Vet House” Veterinary Centre over a three-
year period. The availability of comprehensive data for each patient in the ENOTE database
enabled a thorough investigation of the prevalence of allergic dermatitis among dogs in this
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geographical area during the 2021-2023 timeframe. The results of the analysis indicated a high
incidence of allergic dermatitis in dogs, with no significant correlation to sex. It was found that
allergic dermatitis was most frequently diagnosed in dogs aged 1 to 3 years, with acral dermatitis
being more prevalent in those aged 3 to 7 years. It was established that the incidence of allergic
dermatitis increased sharply during the summer. The most prevalent conditions in dogs during
warmer months were atopic and flea dermatitis, while acral dermatitis was more common in colder
seasons. Dogs of certain breeds, including Yorkshire Terrier, German Shepherd, Maltese, American
Cocker Spaniel, and their crossbreeds, were found to be the most susceptible to flea dermatitis. A
higher predisposition to atopic dermatitis was identified in French Bulldogs, Labradors, Pugs, and
American Cocker Spaniels, while Labradors and Drahthaars were more prone to acral dermatitis.
The findings of this study are of practical significance for general practice veterinary clinicians
and dermatologists, who can benefit from incorporating the observed patterns of aetiological,
breed, age, and seasonal predispositions, as well as the influence of various factors, into their
approach to diagnosing and managing allergic dermatitis in dogs

Keywords: skin diseases; allergic reactions; atopic dermatitis; flea dermatitis; contact dermatitis;

prevalence by aetiological factors; age, breed, seasonal, and sex predispositions

Introduction

Among the various diseases affecting dogs, al-
lergic dermatitis of diverse origins is frequently
reported, significantly impacting the quality of
life of these animals. Given that allergic skin con-
ditions arise due to a wide range of aetiological
factors, conducting an in-depth analysis of terri-
torial, sex, breed, age, and other predispositions
to allergic skin inflammation in dogs is of great
relevance. Such analyses should be considered
by practising veterinarians when implement-
ing preventive measures and improving treat-
ment protocols for dermatological conditions.

According to 1. Tizard (2022), allergic der-
matitis with secondary infections and chronic
changes to the skin and ears is the most com-
mon condition in dogs with dermatological
pathologies. A study by A. Di Martino Frezza et
al. (2023) identified the primary types of aller-
gic dermatitis as atopic dermatitis, flea allergy
dermatitis, food hypersensitivity-related der-
matitis, acral dermatitis, insect bite hyper-
sensitivity dermatitis, and contact dermatitis.
Skin diseases in dogs are relatively common,
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accounting for 30-45% of all reported con-
ditions in this species. Research by I. Bos et
al. (2020) found that dermatological cases
represented 20.7% of the total number of pa-
tients at veterinary clinics. Similarly, V. Telnov
& N. Vovkotrub (2021) observed skin diseases
in 24.6% of dogs examined during 2019-2020
in a veterinary clinic, with atopic dermatitis
accounting for the largest proportion (21.8%),
followed by flea dermatitis (9.4-13.3%), der-
matophytosis (12.1-19.2%), and acarine der-
matitis (9.5-15.5%).

O. Stotska (2023) identified atopic derma-
titis in male and female dogs aged five to eight
years, accounting for nearly 30% of dermato-
logical cases. B. el Hamzaoui et al. (2020) ob-
served that the prevalence of flea allergy der-
matitis depends on the geographical region,
ranging from the most common skin disease
to its complete absence in areas where fleas
are not present. Dermatitis linked to adverse
food reactions is relatively rare, affecting ap-
proximately 1% of dogs and cats, as reported by
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T. Suici et al. (2021). However, 1. Tizard (2022)
noted that the true prevalence of food allergies
in dogs remains unknown.

A. Kale & A. Gaspari (2021) highlighted a
significantly higher prevalence of food aller-
gies in humans, with 6% of children and 3% of
adults reported to have food hypersensitivity.
In dogs, the incidence of dermatitis generally
ranged from 1% to 7%, with food allergies be-
lieved to account for 5-20% of all allergic skin
conditions. Despite these findings, specific data
on the prevalence of dermatitis by geographical
region are currently lacking, underscoring the
need for further research in this area.

A. Bogdanova et al. (2024) reported that
in Mykolaiv (Ukraine), dermatitis accounted
for 19.5% of all cases, with a higher prevalence
observed in females. Flea and atopic dermatitis
each comprised 11% of cases. The majority of
dermatitis cases were attributed to food aller-
gies (56%), while contact dermatitis account-
ed for 22%. According to S. Gupta et al. (2022),
the prevalence of acral dermatitis was 7.27%
among all dermatological cases. Young animals
aged one to three years were found to be more
frequently affected, with a noted sex predispo-
sition favouring males and a seasonal pattern,
as acral dermatitis was more common in winter.

The analysis of the structure of dermati-
tis prevalence from available literature reveals
discrepancies and, at times, contradictions.
Studies on the prevalence of dermatitis in dogs
require further clarification and regional syn-
thesis within Ukraine. Therefore, determining
the structure of dermatitis prevalence among
dogs in Vinnytsia (Ukraine) is a pertinent is-
sue. This includes investigating sex, breed, and
age-related characteristics, as well as the im-
pact of various aetiological factors. This study
aimed to ascertain the prevalence of allergic
dermatitis in dogs in Vinnytsia (Ukraine), con-
sidering age, sex, breed, and the influence of
diverse aetiological factors.

Literature Review

J. Pieper (2020) noted that atopic dermatitis is
the most common manifestation of atopic dis-
ease in dogs. It presents as an allergic condi-
tion and is a multifactorial pathology, defined
as a “genetically predisposed inflammatory and
pruritic allergic skin disease, often associat-
ed with the production of immunoglobulin E
against environmental allergens”. According
to available studies (Fernandes et al.,, 2023),
the prevalence of atopic dermatitis in the USA
ranges from 3.3% to 27%, whereas in the United
Kingdom, this figure is approximately 5%.

M. Arcique & J. Bajwa (2020) highlighted
that, when compared to human medicine, there
is a noticeable increase in the prevalence of
atopic dermatitis, especially in children. This
trend has led to the formulation of the “hygiene
hypothesis”. This theory suggests that exces-
sive hygiene practices, such as frequent bath-
ing and the use of antimicrobial agents, reduce
exposure to microbes and parasites, thereby
weakening the skin’s barrier function and po-
tentially contributing to the rising prevalence
of atopic dermatitis in humans.

In recent years, C. Cain (2019) and P. Hen-
sel et al. (2024) have noted the need to clari-
fy the trend of increasing prevalence of atopic
dermatitis in dogs, indicating this remains a
pertinent topic for future research. According
to M.A. Fouda et al. (2021), food allergies can
occur in dogs at any age, from recently weaned
puppies to older animals that have been fed the
same diet for years. However, approximately
30% of dogs diagnosed with food allergies are
under one year old. Clinical signs may include
non-seasonal pruritus, recurrent pyoderma,
and symptoms mimicking atopic dermatitis.
Some dogs may also exhibit concurrent gastro-
intestinal disturbances.

Among allergic dermatitis types, in addi-
tion to flea allergy dermatitis (Anderson, 2018),
according to A. Shumaker (2019) documented
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acral lick dermatitis. This condition is charac-
terised by chronic skin irritation and granulo-
ma formation due to excessive licking of spe-
cific skin areas, typically on the limbs. While
allergies are the most common underlying
cause, acral lick dermatitis may also be associ-
ated with psychogenic triggers.

K. Mason & M. Ruutu (2023) indicated that
contact dermatitis is an allergic skin condition
characterised by itching and maculopapular
rashes in areas of skin that are not well protect-
ed by hair. In their research, J. Kim et al. (2023)
noted that plants (grasses, weeds), medica-
tions (creams, ointments, sprays, shampoos,
ear lotions, insecticidal and calming collars,
etc.) can cause contact dermatitis. A. Kale &
A. Gaspari (2021) proved that external factors
such as woollen bedding, cat litter, chemical
cleaning agents, and laundry detergents can
also be causes of contact allergy.

B. Abdulkareem et al. (2019) and M.A. Fou-
da et al. (2021) described the prevalence of al-
lergic dermatitis in various countries and con-
tinents. They noted that the prevalence varied
significantly depending on the region studied,
as factors such as climate, ecology, gene pool,
and economic prosperity had a significant im-
pact. Available contemporary Ukrainian sourc-
es (Bos et al., 2020; Dotsenko et al., 2022; Bog-
danova et al., 2024) provide information on the
prevalence of allergic dermatitis among dogs in
the cities of Bila Tserkva, Zhytomyr, Konotop,
and Mykolaiv. Thus, currently, there are only a
few studies on the prevalence of allergic derma-
titis in dogs in Ukraine, and their age, gender,
and breed structure require further supplemen-
tation and generalisation.

Materials and Methods

A database of patients from ENOTE and the
outpatient journal of the “Vet House” Veteri-
nary Centre (Vinnytsia, Ukraine) was analysed
for the period from June 1, 2020, to June 1, 2023.
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During this period, owners (from Vinnytsia and
Vinnytsia Region) sought treatment for 6,230
animals, of which 812 dogs with skin and ear
diseases were referred to the dermatology de-
partment of the Veterinary Centre. 311 medical
records of dogs exhibiting symptoms of allergic
dermatitis were selected for detailed analysis
of clinical cases. These records contained com-
plete information about the patients (owner
and pet data, medical history, clinical examina-
tion data, additional tests, treatment regimen,
as well as records of patient feedback during
and after treatment).

Based on the preliminary diagnosis, six
groups of patients were formed: the first group
with flea allergic dermatitis; the second group
with dermatitis caused by adverse food reactions;
the third group with atopic dermatitis; the fourth
group with acral dermatitis; the fifth group with
contact dermatitis; and the sixth group with al-
lergic dermatitis of unknown origin (due to the
discontinuation of diagnostics or the interrup-
tion of communication with the pet owners).

The group with the preliminary diagnosis
of “Flea allergic dermatitis” included dogs in
which live parasites (imago fleas) or flea fae-
ces were detected during clinical examination,
accompanied by the classic symptoms of flea
allergic dermatitis (moderate to severe itching,
scratches, and excoriations, particularly located
dorsally and dorsocaudally along the spine, in
the croup area, at the base of the tail, and on
the caudal surfaces of the thighs). Also includ-
ed were dogs exhibiting the classic symptoms
of flea allergic dermatitis but showing no direct
signs of flea infestation during the examina-
tion. However, these animals had overdue flea
prevention treatments, making flea bites highly
probable. In such cases, the diagnosis was con-
firmed by a positive response to trial treatment
for flea dermatitis and the absence of recur-
rences with regular preventive treatments for
flea infestations.
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The group “Dermatitis caused by adverse
reactions to food (or food allergies)” includ-
ed dogs diagnosed through a comprehensive
approach: based on anamnesis, an analysis of
the animal’s diet, combined with a characteris-
tic clinical picture (itching, redness, scratches,
rashes); prior exclusion of parasitic infections;
and confirmation through the results of an
elimination diet. The diagnosis was considered
confirmed (positive) if, after 6-8 weeks on the
diet (a food based on hydrolysed protein), the
symptoms disappeared, and upon reintroduc-
ing the previous diet, symptoms reappeared.
When returning to the hydrolysed protein diet,
the symptoms disappeared again.

The group of animals with the diagnosis
“Atopic dermatitis” was divided into two sub-
groups: the first - “Atopic dermatitis with sea-
sonal manifestations” (including animals with
sporadic/seasonal flare-ups of allergy that al-
ternated with periods of self-healing); and the
second - “Atopic dermatitis with stable year-
round manifestations”. The latter included
animals with a stable presentation of allergy
symptoms, regardless of the season. The diag-
nosis was made comprehensively, considering
anamnesis, the results of clinical examination,
and the exclusion of other causes of itching
(parasites, food allergies). The “Acral dermati-
tis” group included animals in which allergic
dermatitis was accompanied by self-induced
alopecia, erosions, ulcers, and granulomas in
the area of the forelimbs. The “Contact allergic
dermatitis” group comprised dogs in which the
symptoms of allergic dermatitis appeared fol-
lowing confirmed direct contact with various
potential allergens (including plants, topical
medications, lotions, shampoos, etc.).

Given the wide age range of patients pre-
senting with signs of allergic dermatitis at the
Veterinary Centre, a decision was made to divide
these patients into age groups. The following

age groups were created: under 6 months (40
animals); 6 months to 1 year (64 animals); 1
year to 3 years (128 animals); 3 to 7 years (13
animals); and over 7 years (20 animals).

The study adhered to the ARRIVE guide-
lines and was conducted following the princi-
ples outlined in EU Directive 2010/63/EU on
the protection of animals used for scientific
purposes (Percie du Sert et al., 2020; Direc-
tive 2010/63/EU, 2010). Statistical data anal-
ysis was performed using the Numbers Mac
and Excel computer programmes. The relative
frequencies of animals in each group were ex-
pressed as percentages (%) and calculated rel-
ative to the total number of animals with signs
of allergic dermatitis.

Results and Discussion

Over a three-year period (2020-2023), 812 pa-
tients with signs of skin and ear diseases were
referred to the dermatology department of a
veterinary institution in Vinnytsia, Ukraine.
This represented 13% of the total number of
dog owners seeking treatment during this pe-
riod (6,230 animals). Dogs with manifestations
of allergic dermatitis accounted for 38% of
these cases, equating to 311 patients. I. Bos et
al. (2020) noted that in Zhytomyr, Ukraine,
during 2019-2020, 20.7% of patients present-
ed to the veterinary clinic of Polissya Nation-
al University with skin pathologies, with dogs
suffering from allergic dermatitis accounting
for 15.7% of these cases. V. Telnov & N. Vo-
vkotrub (2021) reported that at the “Pride”
veterinary clinic in Bila Tserkva during 2019-
2020, 24.6% of dogs were diagnosed with skin
diseases. O. Stotska (2023) mentioned that
at the “Alpha-vet” veterinary clinic in Kono-
top (Sumy Region) during 2021-2022, 538
dogs were registered with allergic dermatitis.
Meanwhile, according to research by A. Bog-
danova et al. (2024) at the “Veles” veterinary
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clinic in Mykolaiv, Ukraine, during the period
from December 22, 2023, to January 19, 2024
(one month), 19.5% of dogs were diagnosed
with dermatitis from the total number of pa-
tients with dermatological pathologies during
this period.

According to the analysis of available lit-
erature from various Ukrainian cities, derma-
tological patients among dogs accounted for
19.5% to 24.6% of cases. However, A. Ioven-
ko et al. found that in 2020, dermatological
conditions ranged from 30% to 45% of cases,
with the lowest rate of 13% obtained from the
study in Vinnytsia. This variation may be at-
tributed to differences in diagnostic approach-
es, the number of patients seen annually, and

Fig. 1, ¢

the qualifications of dermatologists, which can
reduce the accuracy of studies. In contrast, ac-
cording to Y. Drechsler et al. (2024), the preva-
lence of dermatitis patients was 18.8% in Can-
ada and 25.65% in Brazil.

Based on the study of etiological factors
causing allergic dermatitis in dogs between
2021 and 2023, the following were established:
atopic dermatitis — 173 cases (56%), flea al-
lergic dermatitis — 68 cases (22%), dermatitis
caused by adverse reactions to food (or food
allergies) — 16 cases (5%), acral dermatitis — 13
cases (4%), contact allergy — 9 cases (3%), in-
sect bite hypersensitivity — 9 cases (3%), and
in 23 cases (7%) the cause was undetermined
(Fig. 1 (a-i), Table 1).

|

Fig. 1,f

Fig. 1,8

Figure 1. Allergic dermatitis in dogs affected by various etiological factors
Note: a - atopic dermatitis; b — atopic dermatitis; ¢ — allergic blepharitis, a symptom of atopic dermatitis; d —
pododermatitis, a symptom of atopic dermatitis; e - flea allergy dermatitis (self-induced hypotrichosis on the pelvic
limbs, in the area of the croup, and laterally on the knee folds); f — allergic otitis in a dog with food allergy; g — acral
dermatitis; h — contact allergic reaction to ear lotion; i — insect bite hypersensitivity
Source: authors' development
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Table 1. Prevalence of allergic dermatitis in dogs
at the Veterinary Centre in Vinnytsia (Ukraine) for the period 2021-2023

Disease diagnosis

Flea allergic dermatitis
Atopic dermatitis

Dermatitis caused by adverse reactions
to food (or food allergies)

Acral dermatitis
Contact allergic dermatitis
Hypersensitivity to insect bites

Aetiology of the allergy could
not be determined for various reasons

Number of cases per year Mean statistical

2021 2022 2023 value, M=m
22 23 23 22.7+0.4
57 61 55 57.7+1.9
6 5 5 53+04
5 4 4 4.3+0.4
3 3 3 3.0£0.0
2 4 3 3.0£0.6
7 7 9 77%0.8

Note: the most common causes of dermatitis in dogs are shown

Source: authors' development

1. Bos et al. (2020) reported that, in terms of
etiological structure, 28.0% of dogs were diag-
nosed with pyoderma, 28.2% with parasitic der-
matitis, 15% with fungal dermatitis, 15.7% with
allergic dermatitis, 3.5% with endocrine disor-
ders, 1.7% with immune-mediated disorders,
and 7.9% with other conditions. A. Iovenko et
al. (2020) found that 10% of the dog popula-
tion suffered from atopic dermatitis. V. Telnov
& N. Vovkotrub (2021) also indicated that the
primary causes of skin diseases were atopic
dermatitis (21.8%), flea dermatitis (9.4-13.3%),
dermatophytosis (12.1-19.2%), and acarine der-
matitis (9.5-15.5%). According to the research
of A. Bogdanova et al. (2024), among patients
with dermatitis, 22% were diagnosed with der-
matomycosis, 19.5% with dermatitis, 9.8% with
Malassezia dermatitis and eczema, and 7.3%
with pododermatitis. Dermatitis was most com-
monly of food-allergic origin in 56% of cases,
contact dermatitis in 22%, and flea dermatitis
and atopic dermatitis in 11% of cases each.

According to studies by Ukrainian re-
searchers, the causes of allergic dermatitis in
dogs include atopic dermatitis (11% to 21.8%),
acarine dermatitis (9.5% to 28.2%), flea derma-
titis (9.4% to 13.3%), food allergies (56%), and

contact dermatitis (22%). Data on the preva-
lence of acral dermatitis and hypersensitivity to
insect bites in dogs was not found in the availa-
ble literature. In a study by D. Santoro (2019), it
was noted that up to 58% of dogs suffering from
skin diseases had atopic dermatitis. B. Fer-
nandes et al. (2023) reported that up to 30% of
the dog population is prone to atopic dermati-
tis. According to Y. Drechsler et al. (2024), the
prevalence of atopic dermatitis among dogs
with dermatological diagnoses was 3-15% in
the USA and 12.7% in Canada.

When investigating the occurrence of al-
lergic dermatitis about the sex of dogs, it was
found that females accounted for 53% of cases,
while males accounted for 47%. In the “Flea al-
lergic dermatitis” group, females predominated
at 59% (40 cases), with males accounting for
41% (28 cases). In the “Atopic dermatitis” group,
the predominance was slightly less, but females
still outnumbered males at 52% (90 cases) ver-
sus 48% (83 cases). Conversely, in the group
“Dermatitis caused by adverse reactions to
food”, males predominated at 62.5% (10 cases),
while females accounted for 37.5% (6 cases). In
the group of dogs where the aetiology of aller-
gy could not be determined for various reasons,
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males also slightly outnumbered females at
52% (13 cases) versus 48% (10 cases). In other
groups, females predominated: hypersensitivity
to insect bites was 56% (5 cases) in females and
44% (4 cases) in males; contact dermatitis was
67% (6 cases) in females and 33% (3 cases) in
males; and acral dermatitis was 62% (8 cases)
in females and 38% (5 cases) in males. The re-
search by O. Stotska (2023) and Y. Drechsler et
al. (2024) did not establish a sexbased depend-
ence on the frequency of allergic dermatitis.
A.Bogdanova et al. (2024) noted that males have
dermatological diseases more often compared
to females, while dermatitis is more frequently
recorded in females, which is consistent with the
results of the research described in this article.

An analysis of the structure of allergic der-
matitis incidence by age in dogs revealed the fol -
lowing findings: in the group of animals “under
6 months”, the diagnosis of “Flea allergic der-
matitis” was recorded in 30% of cases; “atopic
dermatitis” in 65% of cases; dermatitis caused
by adverse reactions to food (or food allergies)
in 2.5% of cases; aetiology of allergy could not
be determined for various reasons in 0% of cas-
es; dermatitis associated with hypersensitivity
to insect bites in 0% of cases; contact allergic
dermatitis in 2.5% of cases; and acral dermati-
tis in 0% of cases (Table 2). Overall, the group
of dogs “under 6 months” accounted for 13% of
all allergic dermatitis cases recorded during the
entire study period.

Table 2. Incidence of allergic dermatitis in dogs at different age stages based on data
from the Veterinary Centre in Vinnytsia (Ukraine) for the period 2021-2023

Number of cases during the period 2021-2023

5 5 - Group of Group of dogs  Group of Group of Group of
D d
isease dlagnosis dogs “under 6 “6 monthsto dogs“l1to3 dogs“3to7 dogs “over 7
months” 1 year” years” years” years”
Flea allergic dermatitis 12 10 24 12 10
Atopic dermatitis 26 40 72 30 5
Dermatitis caused
by adverse reactions to 1 4 6 4 1
food (or food allergies)
Acral dermatitis 0 0 5 6
Contact allergic dermatitis 1 1 5 2
Hypersensitivity
to insect bites L 2 ¢ £ 2
Aetiology of the allergy
could not be determined 0 7 13 2 1
for various reasons
Total in group 40 64 128 59 20

Source: authors' development

A detailed analysis of allergic dermatitis
incidence in the group of dogs aged “6 months
to 1 year” revealed the following: flea allergic
dermatitis was found in 16% of the animals;
atopic dermatitis in 63%; dermatitis caused
by adverse reactions to food (or food allergies)
in 6%; allergic dermatitis with an unidentified
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aetiology (undiagnosed cases for various rea-
sons) in 11%; dermatitis associated with hyper-
sensitivity to insect bites in 3%; contact allergic
dermatitis in 1%; and acral dermatitis in 0%.
Overall, the group of dogs “6 months to 1 year”
accounted for 21% of all allergic dermatitis cas-
es recorded during the study period.
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A detailed analysis of allergic dermati-
tis incidence in the group of dogs aged “1 to 3
years” revealed flea allergic dermatitis in 19%
of the animals; atopic dermatitis in 56%; der-
matitis caused by adverse reactions to food (or
food allergies) in 5%; allergic dermatitis with an
unidentified aetiology (undiagnosed cases for
various reasons) in 10%; dermatitis associated
with hypersensitivity to insect bites in 2%; and
contact allergic dermatitis and acral dermatitis
in 4% of cases each. Overall, the group of dogs
aged “1to 3years” accounted for 41% of all aller-
gic dermatitis cases registered during the study.

An analysis of the structure of allergic der-
matitis incidence in the group of dogs aged “3
to 7 years” revealed the following distribution:
flea allergic dermatitis was diagnosed in 20%
of cases; atopic dermatitis in 51%; dermatitis
caused by adverse reactions to food (or food
allergies) in 7%; allergic dermatitis with an
unidentified aetiology (undiagnosed for vari-
ous reasons) in 3%; dermatitis associated with
hypersensitivity to insect bites in 5%; contact
allergic dermatitis in 3%; and acral dermatitis
in 10% of cases. Overall, the group of dogs aged
“3 to 7 years” accounted for 19% of all aller-
gic dermatitis cases recorded during the study.

Inthe group of dogs aged “over 7 years”, the
distribution of allergic dermatitis cases was as
follows: flea allergic dermatitis accounted for
50% of cases; atopic dermatitis for 25%; der-
matitis caused by adverse reactions to food (or
food allergies) for 5%; allergic dermatitis with
an unidentified aetiology (undiagnosed for
various reasons) for 5%; dermatitis associated
with hypersensitivity to insect bites for 5%;
contact allergic dermatitis was absent (0%);
and acral dermatitis was observed in 10% of
cases. Overall, dogs in the “over 7 years” group
represented 7% of all allergic dermatitis cases
recorded during the study. It was determined

that the most prevalent age group for the
initial manifestation of allergic dermatitis
was “1 to 3 years”. Dogs in this group exhib-
ited the highest prevalence of all investigat-
ed dermatitis types by aetiology, except for
acral dermatitis. Additionally, it is notewor-
thy that the majority of dogs diagnosed with
acral dermatitis belonged to the “3 to 7 years”
age group. In this group, acral dermatitis was
recorded in 6 (46%) out of 13 (100%) cases.

I. Bos et al. (2020) observed that the peak
incidence of interdigital dermatitis (with at-
opic dermatitis accounting for 25% of cases)
occurred in dogs aged between 8 months and 2
years, and a second peak was seen in dogs aged
5 to 8 years. A. Iovenko et al. (2020) described
a characteristic onset age for atopic dermati-
tis in dogs, ranging from 6 months to 3 years.
A. Bogdanova et al. (2024) indicated that the
highest number of dermatological diagnoses
in dogs occurred in the age group between 3
and 4 years. T. Suici et al. (2021) used patients
with atopic dermatitis aged between 8 months
and 7 years in their study. The research by
Y. Drechsler et al. (2024) demonstrated that the
incidence of atopic dermatitis was observed
in dogs aged between 4 months and 3 years.
Conversely, according to K. Hnilica & A. Pat-
terson (2017), middle-aged and older large-
breed dogs were more frequently affected.

C. Outerbridge & T. Jordan (2021) found
that allergic dermatitis is often accompanied
by secondary bacterial infections. H. Jackson
& R.Marsella (2021) and S. Hobi et al. (2024)
demonstrated that the most common second-
ary infections are caused by Staphylococcus
pseudintermedius and Malassezia pachydermatis,
which pose additional challenges in both treat-
ment and the accurate recording of allergic skin
diseases. The findings regarding the age-relat-
ed prevalence of allergic dermatitis in dogs at
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the research facility in Vinnytsia, Ukraine, were
consistent with broader trends, with the high-
est number of recorded cases occurring in dogs
under three years old, as reported in the litera-
ture. Additionally, the study analysed the sea-
sonal incidence of skin conditions, categoris-
ing cases by the time of year when owners first
sought dermatological consultations. A clear
seasonality was observed for atopic dermatitis
and flea allergic dermatitis. Atopic dermatitis
was diagnosed most frequently in summer (98
cases, 57%) and spring (33 cases, 19%). Simi-
larly, flea allergic dermatitis was recorded more
often in summer (27 cases, 40%) and spring (16
cases, 24%). Cases of contact allergic derma-
titis and hypersensitivity to insect bites were
predominantly observed in summer (6 cases of
contact allergy, 67%; 6 cases of hypersensitivi-
ty to insect bites, 89%). In contrast, acral der-
matitis was more frequently recorded during
colder months, with 8 cases in winter (62%) and
3 in autumn (23%). Furthermore, it was estab-
lished that atopic dermatitis with continuous
manifestation, regardless of season, occurred
more often (112 cases) compared to seasonal
atopic dermatitis with exacerbations (61 cases)
(Fig. 2). This observation suggests the influence
of additional factors during warmer periods.

m Year-round AD
35% m Seasonal AD

65%

Figure 2. The course of atopic dermatitis
in dogs throughout the year
Note: blue represents the prevalence of atopic
dermatitis (AD) throughout the year, while red indicates
the prevalence of seasonal dermatitis in dogs
Source: authors' development
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I. Bos et al. (2020) reported that cases of
interdigital dermatitis increased during the
warmer months, with the highest prevalence
observed in June (19%), followed by August
(15.5%), July and May (12% each), while in
other months the prevalence ranged from
1.7% to 5.1%. Findings from research con-
ducted at a Veterinary Centre in Vinnytsia,
Ukraine, on the prevalence of allergic derma-
titis in dogs by breed revealed the following
distribution: flea allergic dermatitis: mixed
breed - 43%; German Shepherd - 13%; York-
shire Terrier — 12%; Pug — 9%; Maltese — 6%;
Beagle, Drahthaar, and French Bulldog — 3%
each; Labrador and Poodle — 1% each. Atopic
dermatitis: French Bulldog - 24.9%; Labra-
dor - 13.9%; Pug - 11%; American Cocker
Spaniel — 9.2%; German Shepherd - 6.9%;
Staffordshire Terrier — 6.3%; Yorkshire Terri-
er-5.2%; mixed breed - 4.6%; Akita Inu, Mal-
tese, Maltipoo, and Dachshund - 2.3% each;
American Bully, Bull Terrier, West Highland
White Terrier, Golden Retriever, Poodle, Shih
Tzu, and Bichon Frise — 1.2% each; Cane
Corso — 0.6%. Dermatitis caused by adverse
reactions to food (or food allergies): mixed
breed and Pug - 18.8% each; Labrador, Cane
Corso, and German Shepherd — 12.5% each;
Akita Inu, Staffordshire Terrier, Toy Terrier,
and French Bulldog - 6.2% each. Acral der-
matitis: Drahthaar and Labrador — 23% each;
Beagle - 14%; Alabai, Jack Russell Terrier,
Cane Corso, German Shepherd, and Great
Dane - 8% each. Contact allergic dermatitis:
Welsh Corgi Pembroke — 33%; West High-
land White Terrier and Labrador — 22% each;
Maltipoo and French Bulldog - 11% each.
Hypersensitivity to insect bites: Labrador,
Great Dane, and Dachshund - 22% each; Jack
Russell Terrier, Drahthaar, and Pug - 11%
each (Table 3).
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Table 3. Prevalence of allergic dermatitis in dogs
by breed at a Veterinary Centre in Vinnytsia, Ukraine (2021-2023)

Group of animals

Dermatitis
caused by
Breed Flea allergic Atopic r:g::]firosr(:s Acral gﬁrel;[afct Hypersensitivity
dermatitis  dermatitis dermatitis sic to insect bites
to food dermatitis
(or food
allergies)
Mixed breed 29 8 3 - - -
French Bulldog 2 43 1 - 1 -
Pug 6 19 3 - -
Labrador 1 24 2 3 2 2
Beagle 2 - - 2 - -
Yorkshire Terrier 8 9 - - - -
Maltese 4 4 - - - -
Poodle 1 2 - - - -
Amerlcan.Cocker 4 16 ) ) ) )
Spaniel
Drahthaar 2 - - 3 - 1
German Shepherd 9 12 2 1 - -
Golden Retriever - 2 - - - -
Dachshund - 4 - - - 2
Maltipoo - 4 - - 1 -
West Highland ) 2 ) ) 2 )
White Terrier
Cane Corso - 1 2 1 - -
Staffor@shlre ) 1 1 ) ) _
Terrier
Bull Terrier - 2 - - - -
American Bully - 2 - - - -
Akita Inu - 4 1 - - -
Shih Tzu - 2 - - - -
Bichon Frise - 2 - - - -
Toy Terrier - - 1 - - -
Great Dane - - - 1 - 2
Alabai - - - 1 - -
Jack Russell
. - - - 1 - 1
Terrier
Welsh Corgi ) _ } _ 3 .
Pembroke
Total 68 173 16 13 9 9

Note: the table illustrates the breed-specific distribution of allergic dermatitis in dogs
Source: authors' development
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1. Bos et al. (2020) noted a breed predisposi-
tion to interdigital pododermatitis in American
and English Bulldogs (25%), Boxers (20%), Lab-
radors (15%), Shar-Peis (10%), Great Danes and
German Shepherds (14%), Pekingese (8%), and
Basset Hounds (5%). A. Iovenko et al. (2020) re-
ported a predisposition to atopic dermatitis in
Labradors, Pugs, Scottish Terriers, French Bull-
dogs, and Shar-Peis. According to data from the
Olenyatko Veterinary Clinic (Kherson, Ukraine),
the condition was most frequently observed in
Shar-Peis, Pugs, French Bulldogs, Labradors,
and their mixed breeds.

O. Stotska (2023) demonstrated that aller-
gic dermatitis was diagnosed in Chow Chows
(30%), Shar-Peis (25%), Great Danes, and Pe-
kingese (20% each). A. Bogdanova et al. (2024)
indicated that mixed-breed dogs (32%), York-
shire Terriers (21%), French Bulldogs, and Span-
iels (11% each) were most susceptible to derma-
toses.Romanian researchers T. Suici et al. (2021)
identified the breeds most affected by atopic
dermatitis as French Bulldogs and mixed breeds
(14% each), German Shepherds (11.5%), Gold-
en Retrievers (9.25%), Maltese (9.25%), Labra-
dor Retrievers (7.4%), and Chow Chows (5.5%).

In the USA, Y. Drechsler et al. (2024) high-
lighted a higher predisposition to atopic der-
matitis in West Highland White Terriers, Gold-
en Retrievers, Labrador Retrievers, German
Shepherds, and French Bulldogs. In Australia,
a greater risk was observed in male Bichon
Frises and Pugs, while in Brazil, mixed breeds,
Poodles, and Shih Tzus were more common-
ly affected. Thus, the breed predisposition to
allergic dermatitis in dogs varies according to
geographical region, breed preferences among
owners in specific areas, and the genetic predis-
position to atopy or allergy in particular breeds.

Conclusions

An analysis of medical records of dogs with skin
pathologies in Vinnytsia (Ukraine) revealed that
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atopic dermatitis was the most common aller-
gic dermatitis, accounting for 56% of cases. No
significant correlation between the sex of the
animals and the diagnosis of allergic dermati-
tis was identified. Examination of age-related
trends in dermatitis manifestations showed
that the largest group of animals among all
allergic dermatitis cases, except for acral der-
matitis, was the “1 to 3 years” age group. This
group included 128 cases of allergic dermati-
tis, representing 41% of all allergic dermatitis
cases. Acral dermatitis was more commonly
observed in older dogs at the early stage of the
condition, with the largest group being those
aged “3 to 7 years”, accounting for 46% of all
acral dermatitis cases.

The seasonality of allergic dermatitis man-
ifestations in Vinnytsia was most pronounced
during the summer. This period recorded the
highest number of allergic dermatitis cases —
155, accounting for 50% of all cases. The most
seasonally dependent diagnoses were atop-
ic dermatitis and flea allergy dermatitis, both
peaking during the warmer months. Converse-
ly, the majority of acral dermatitis cases were
documented during the colder months. It was
found that only 65% of atopic dermatitis cases
exhibited seasonal manifestations, while 35%
of patients displayed persistent symptoms.
The overall prevalence of atopic dermatitis ac-
counted for 2.8% of all primary consultations
over three years, with skin disease consulta-
tions comprising 21.3% of total primary visits.
Clinicians should consider that exacerbations
of atopic dermatitis, even in the absence of
recent therapeutic changes, warrant the ex-
clusion of secondary skin infections or flea
exposure. For animals with confirmed dietary
components as triggers for allergic reactions,
a thorough review of feeding routines and diet
composition is essential.

The findings indicate differences in the
prevalence of atopic dermatitis among dogs in
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the USA and the United Kingdom compared to
Ukraine. This highlights the need for further re-
search into the impact of geographical location
and environmental factors on the distribution
of atopic dermatitis in dogs.
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nauux ENOTE mo3Bonmia KOMILIEKCHO i B TIOBHOMY 06CSI3i MiMiiiT O BMBUEHHS MOIIMPEHOCTI
ajepriuHmMx JepMaTUTIB cepel cobak y Iiii reorpadiuHiii MiclieBOCTi B 4aCOBOMY IPOMIiXKKY 3a
2021-2023 poku. Pe3ynbraTyi MPOBEEHOT0 aHAi3y CBiIUaTh PO BUCOKY 3aXBOPIOBAHICTh COOAK Ha
ajiepriyHi 1epMaTUTU Ta BiACYTHICTb CTaTeBOI 3a1eXXHOCTi. BusiBiieHo, 1110 HaliuacTille ajgepriuxi
JepMaTUTK iaTHOCTYBaIM y cobak Bikom Bif 1 mo 3 pokiB, y TOMY UMC/Ii aKpaJIbHUI AEPMaTUT Y
1IbOTO BUJIy TBApMH BiKOM BiJl 3 10 7 poKiB. BcTaHOB/IEHO, 1110 Pi3Ke MiABUINEHHS 3aXBOPIOBAHOCTI
Ha ajeprivyHi JepMaTUTM BimOyBasocs BAITKy. HaiimommpeHinmmmmu B TEITy TOPY POKY B co6ak
Gy QTOIIYHMIT i GJIOMIVHMIT ePMATUTH, a B XOTOAHY — aKpaabHMIT fepMaTuT. HaliBpasnusimmmu
0 BUHUKHEHHS OJIOLIVMHOTO JepMaTUTy Oy COO6aKM TaKUX IMOPil, SIK HOPKIIMPChKUIL Tep’ep,
HiMellbKa BiBUapKa, MaJibTe3e, aMepUKaHChKIUIT KOKEP-CIaHielb Ta iX MeTUCH. 3’SICOBAHO BUILY
CXWIbHICTD 10 aTOIIYHOTO AepPMaTUTY B cobak mopin ¢paHily3bkuit 6yabaor, mabpamgop, Morc i
aMepMKAHChKMIT KOKep-CIIaHieab, a 40 aKpaJibHOrO NepMaTUTy — B CoOak mopinm sabpamop i
Ipatrap. Pe3ynbTaTyi mpoBeOeHOTO MOCTiIKeHHS CTAHOB/SITh MPAKTUMUHY IiHHICTD IJIS JTiKapiB
BeTepUHApPHOI MeIUIMHN 3arajibHOI MPAKTUKY Ta ePMaTOJIOTIB, /IS SIKMX BasKJIMBO BPaXOBYBaTU
BCTAHOBJIEHI B IIiif po60Ti 3aKOHOMipPHOCTI IOAO eTioaoTiuHOi, MopoaHOi, BiKOBOi, ce30HHOL
CXWJIBHOCTI Ta 0COBIMBOCTE Aii PisHUX YMHHUKIB Ha PO3BUTOK JE€PMATUTIB aJIepTiyHOTO TeHe3y
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