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Abstract 

The aim of the study was to evaluate the characteristics of gene expression of inflammation, apoptosis, and intesti-
nal barrier function markers in broiler chickens with bacterial chondronecrosis and osteomyelitis, as well as under 
the influence of a composition of organic (fatty) acids. The study was conducted on ROSS-308 broiler chickens 
under commercial production conditions. Experimental groups were formed retrospectively according to clinical 
status. Samples of the small and large intestine, chyme, and feces were collected for molecular analysis. The 
relative expression levels of the genes TNF-α, IL-1β, Caspase-9, Claudin-1, Occludin, MUC-2, and Fibronectin 
were determined using the RT-qPCR method. It was established that under pathological conditions, a redistribu-
tion of the inflammatory response occurs between the tissue and luminal compartments of the intestine, manifested 
by decreased TNF-α expression in the small intestine and increased IL-1β expression in chyme and feces. Changes 
in Caspase-9 expression indicate modification of apoptotic processes, with a tendency toward suppression in 
tissues and possible enhancement in the luminal environment. Impairment of the intestinal barrier function was 
revealed, as confirmed by decreased expression of Claudin-1 and MUC-2 in tissues and feces, as well as multidi-
rectional changes in Occludin expression. Increased Fibronectin expression in the luminal compartment indicates 
activation of extracellular matrix remodeling processes and destructive-reparative changes in the mucous mem-
brane. The obtained results indicate a profound restructuring of the functional state of the intestine in bacterial 
chondronecrosis and osteomyelitis, accompanied by an imbalance between inflammation, apoptosis, and barrier 
function. The use of a composition of organic acids may modify the nature of the intestinal response, contributing 
to the limitation of inflammation in tissues and the maintenance of intestinal barrier integrity. 
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1. Introduction 

The intensive development of poultry farming is accom-
panied by the increasing importance of the intestine as an 
integrative organ that combines barrier, immune, and meta-
bolic functions and determines the health status and produc-
tivity of broiler chickens. The intestinal epithelium, together 
with the microbiota, forms a complex functional system that 
ensures the maintenance of homeostasis, regulation of the 
inflammatory response, and protection of the organism 
against pathogenic agents (Oakley et al., 2014; Kers et al., 
2018). An important role in these processes is played by the 
intestinal barrier function, which is mediated through the 
system of tight junctions, the mucus layer, and immune 
mechanisms of the mucous membrane (Turner, 2009; 
Peterson & Artis, 2014). Disruption of these structures leads 
to increased epithelial permeability, development of the so-

called “leaky gut,” and activation of inflammatory processes 
(Bischoff et al., 2014). 

One of the key mechanisms regulating intestinal homeo-
stasis is the balance between pro-inflammatory cytokines, 
apoptotic processes, and epithelial regeneration. In particu-
lar, TNF-α and IL-1β play a central role in the initiation and 
maintenance of the inflammatory response, affecting the 
integrity of the epithelial barrier and the function of intesti-
nal cells (Aggeletopoulou et al., 2024; Yao et al., 2024). 
Along with this, apoptotic mechanisms mediated by caspa-
ses, particularly Caspase-9, ensure the physiological renewal 
of the epithelium, whereas their imbalance may lead to im-
paired regeneration and barrier dysfunction (Flynn & Buret, 
2008). Important components of the barrier also include 
tight junction proteins such as Claudin-1 and Occludin, as 
well as the mucus layer formed by mucin MUC-2, which 
provides physical separation between the microbiota and the 
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epithelium (Gallego et al., 2023; Tamchuk & Masiuk, 
2024). In addition, the structural integrity of tissues is main-
tained by the extracellular matrix, a key component of 
which is Fibronectin (FN), involved in the processes of 
regeneration and remodeling of the mucous membrane 
(Cameron et al., 2024; Masiuk & Nedzvetsky, 2025). 

Disruption of the functional state of the intestine is con-
sidered one of the important factors in the development of 
systemic pathologies in poultry. In particular, bacterial 
chondronecrosis and osteomyelitis (BCO) are multifactorial 
diseases whose pathogenesis is associated not only with 
infectious agents, but also with impaired intestinal barrier 
function and bacterial translocation (Wideman, 2016). In 
this context, the intestine may serve as a key source of mi-
crobial penetration into the systemic circulation, followed 
by damage to bone tissue. 

One of the promising approaches to correcting disturb-
ances of intestinal homeostasis is the use of organic acids 
and their derivatives. It has been established that mono-
glycerides of medium-chain fatty acids, particularly lauric 
acid, exhibit pronounced antimicrobial properties by disrupt-
ing the integrity of bacterial membranes, and are also capa-
ble of modulating the immune response and increasing the 
expression of tight junction proteins, thereby contributing to 
the stabilization of intestinal barrier function (Jackman et 
al., 2020; Masiuk et al., 2024; Dai et al., 2025). In addition, 
such compounds may influence the interaction between the 
microbiota and the mucous membrane, reducing the intensi-
ty of inflammatory processes and maintaining the structural 
integrity of the epithelium. 

Despite the considerable number of studies devoted to 
the effects of organic acids on poultry productivity and 
health, their role in regulating the molecular mechanisms of 
intestinal barrier function under systemic pathologies, par-
ticularly BCO, remains insufficiently studied. Data regard-
ing changes in the expression of genes characterizing in-
flammation, apoptosis, the state of tight junctions, and the 
mucosal barrier in different intestinal biotopes are especially 
limited. 

The aim of the present study was to evaluate the expres-
sion of genes associated with inflammation, apoptosis, and 
intestinal barrier function in broiler chickens with bacterial 
chondronecrosis and osteomyelitis. 

 
2. Materials and methods 
 
The study was conducted on ROSS-308 broiler chickens 

under the conditions of a commercial poultry farm. Birds 
were housed in separate poultry houses with a capacity of 
35–42 thousand birds each under identical zoohygienic 
conditions (stocking density of 19.5 birds/m², standard diets, 
and a unified scheme of preventive and veterinary-sanitary 
measures). Rearing was carried out using intensive produc-
tion technology in accordance with the enterprise production 
protocol and in compliance with biological safety require-
ments. 

From the first day of life, all chicks received the same 
basal diet supplemented with a composition of short-chain 
fatty acids and monoglycerides, IP Enterin C3-C12. The 
composition included monoglycerides (31 %), diglycerides 
(18 %), triglycerides (1 %), free glycerol (14 %), and fatty 
acids: propionic (C₃), butyric (C₄), caprylic and capric (C₈–
C₁₀), and lauric (C₁₂) acids. During the starter and grower 

periods, the preparation was added to the feed at doses of 
1.5 kg/t and 1.0 kg/t, respectively. All groups underwent a 
standard vaccination program at the hatchery, including 
Vectormune, Cevac Vitabron, Cevac Transmune, Cevac I 
Bird (strain 1/96), and Cefinel. Antibacterial therapy was 
limited to the administration of enrofloxacin (days 1–5) and 
the combined antimicrobial preparation Gardizen M (days 
6–9). 

During the second half of the rearing period, birds addi-
tionally received the enteroprotective composition IP Enter-
in C3-C10 in drinking water at a dose of 0.5 L/t of water 
during days 19–25 and 28–32, according to the following 
regimen: 16 hours with the preparation and 8 hours with 
fresh drinking water. During the intermediate periods (days 
26–27 and 33–41), the acid complex IP Cid, based on organ-
ic acids, was administered. Vitamin supplementation was 
provided according to the farm’s standard protocol. 

No experimental infection of birds was performed. After 
the completion of the rearing period, chickens were retro-
spectively divided into two groups according to their clinical 
status: Healthy – clinically healthy birds without signs of 
locomotor system lesions, and Diseased – chickens with 
confirmed signs of bacterial chondronecrosis and osteomye-
litis (BCO). The diagnosis was established based on clinical 
examination, pathological-anatomical assessment, and mi-
crobiological investigation. The Diseased group included 
birds with characteristic lesions of the proximal regions of 
the tibia and femur. 

For molecular analysis, 5 four-week-old chickens from 
each group were selected by randomized sampling (n = 5). 
After euthanasia, samples of the mucous membrane of the 
small and large intestine, as well as intestinal contents for 
complementary analysis, were collected. The biomaterial 
was immediately frozen in liquid nitrogen and stored at 
−80°C until further investigation. 

Total RNA was isolated from intestinal tissues using the 
commercial BioExtract® SuperBall® kit (BioSellal, 
France). Extraction was performed on a KingFisher Duo 
automated workstation (Thermo Scientific, USA), which 
ensured standardization of the procedure and high reproduc-
ibility of the results. RNA quality and concentration were 
assessed spectrophotometrically. Quantitative determination 
of gene expression levels was performed using one-step RT-
qPCR with the NZYSpeedy RT-qPCR Green Kit (Nzytech, 
Portugal) and the intercalating dye SYBR Green I. Amplifi-
cation was carried out using the AriaMx Real-Time PCR 
System (Agilent Technologies, USA). Negative controls 
without template were included in each reaction series. The 
expression of TNF-α, IL-1β, Caspase-9, Claudin-1, Occlud-
in, MUC-2, and Fibronectin genes was analyzed. β-actin 
was used as the reference gene. Relative expression levels 
were determined using the 2^(-ΔΔCt) method, and the re-
sults were expressed in relative units. 

Statistical analysis of the results was performed using 
methods of variation statistics. Data are presented as M ± 
SD. Normality of distribution was assessed using the 
Shapiro–Wilk test. Comparisons between groups were per-
formed using Student’s t-test or the Mann–Whitney U test 
depending on the data distribution pattern. Differences were 
considered statistically significant at P < 0.05, P < 0.01, and 
P < 0.001. 

All experimental procedures were carried out in accord-
ance with the Law of Ukraine No. 3447-IV “On the Protec-
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tion of Animals from Cruel Treatment” and the provisions 
of the European Convention for the Protection of Vertebrate 
Animals Used for Experimental and Other Scientific Pur-
poses (Strasbourg, 1986). The study protocol was approved 
by the Bioethics Commission of Dnipro State Agrarian and 
Economic University.  

 
3. Results and discussion 
 
3.1. Results 
Analysis of TNF-α gene expression in different intestinal 

biotopes of broiler chickens demonstrated a multidirectional 
pattern of changes during the development of pathology 
(Fig. 1). In the small intestine of diseased birds, a 41.8 % 
decrease in the parameter was observed (0.53 ± 0.12 vs.  

0.92 ± 0.09), showing pronounced statistical significance  
(P < 0.01). In the large intestine, the changes were minor, 
with a 6.4 % decrease (0.82 ± 0.17 vs. 0.88 ± 0.15), and did 
not reach statistical significance. In the chyme, TNF-α ex-
pression increased by 82.6 % (1.62 ± 0.90 vs. 0.89 ± 0.15), 
which may be characterized as a tendency toward elevation; 
however, due to the high variability of the parameter, the 
differences remained statistically non-significant. In feces, 
the values were practically unchanged between the groups 
(0.53 ± 0.13 vs. 0.50 ± 0.21). At the same time, a statistical-
ly significant difference between the groups was established 
(P < 0.01), indicating an overall activation of the inflamma-
tory response under pathological conditions and its redistri-
bution between the tissue and luminal compartments of the 
intestine. 

 

 
Fig. 1. Relative expression of the TNF-α gene in the intestine, chyme, and feces of broiler chickens under the influence of a 

fatty acid composition (relative units; M ± SD; n = 5) 
 

In the small and large intestine of diseased birds, a de-
crease in IL-1β gene expression by 18.4–21.8 % was ob-
served, which may be characterized as a tendency (Fig. 2). 
At the same time, in the chyme, an increase in IL-1β expres-
sion by 159.6 % (P < 0.05) was established, indicating pro-
nounced activation of the inflammatory process in the lu-

minal environment of the intestine. In feces, an increase in 
expression level by 129.9 % (P < 0.05) was also observed, 
reflecting enhancement of the inflammatory response. Thus, 
the obtained data indicate a redistribution of IL-1β expres-
sion from the tissue level to the luminal compartment of the 
intestine under pathological conditions. 

 

 
Fig. 2. Relative expression of the IL-1β gene in the intestine, chyme, and feces of broiler chickens under the influence of a 

fatty acid composition (relative units; M ± SD; n = 5) 
 
Analysis of Caspase-9 gene expression in different intes-

tinal biotopes of broiler chickens demonstrated multidirec-
tional changes under pathological conditions (Fig. 3). In the 
small intestine of diseased birds, a 21.0 % decrease in the 
parameter was observed, which may be characterized as a 
tendency. In the large intestine, a 15.2 % decrease in expres-
sion was also noted (P > 0.05). 

In feces, on the contrary, an increase in Caspase-9 ex-
pression by 148.2 % (2.56 ± 2.08 vs. 1.03 ± 1.11) was ob-
served, which may indicate activation of apoptotic processes 
in the luminal environment of the intestine; however, due to 
the high variability of the parameter, these changes should 
be regarded as a tendency and are not statistically signifi-
cant. 
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Overall, the obtained results indicate suppression of 
apoptotic activity in intestinal tissues and its possible en-
hancement in the luminal compartment under pathological 
conditions. 

The expression of the Claudin-1 gene in different intesti-
nal biotopes of broiler chickens showed multidirectional 
changes under pathological conditions (Fig. 4). In the small 
intestine of diseased birds, a decrease in expression by 
27.7 % was observed (P < 0.05). In the large intestine, a 
more pronounced decrease of 31.3 % (0.75 ± 0.19 vs. 1.09 ± 
0.29) was established, although it did not reach statistical 

significance (P > 0.05). In the chyme, the changes were 
minor, with a 4.5 % decrease, indicating the absence of 
significant differences between the groups. In feces, on the 
contrary, an increase in Claudin-1 expression by 18.3 % 
(1.12 ± 0.49 vs. 0.94 ± 0.32) was observed; however, due to 
considerable variability, these changes should be regarded 
as a tendency. 

Overall, the obtained results indicate disruption of tight 
intercellular junctions in intestinal tissues and possible com-
pensatory processes in the luminal environment during the 
development of pathology. 

 

 
Fig. 3. Relative expression of the Caspase-9 gene in the intestine, chyme, and feces of broiler chickens under the influence of a 

fatty acid composition (relative units; M ± SD; n = 5) 
 

 
Fig. 4. Relative expression of the Claudin-1 gene in the intestine, chyme, and feces of broiler chickens under the influence of a 

fatty acid composition (relative units; M ± SD; n = 5) 
 

Analysis of Occludin gene expression in different intes-
tinal biotopes of broiler chickens demonstrated multidirec-
tional changes under pathological conditions (Fig. 5). In the 
small and large intestine of diseased birds, an increase in the 
expression of this gene by 23.6 % and 7.4 %, respectively, 
was observed (P > 0.05). In the chyme, a more pronounced 
increase in Occludin expression by 98.0% (1.98 ± 1.22 vs. 
1.00 ± 0.42) was established, indicating activation of pro-
cesses associated with barrier function in the luminal envi-
ronment of the intestine; however, due to the high variability 
of the parameter, these changes should be regarded as a 
tendency. In contrast, in feces, a sharp decrease in expres-
sion by 67.7 % (P > 0.05) was observed, indicating impair-
ment of barrier function and degradation of tight junction 
components. Overall, the results indicate an imbalance in 
the regulation of tight junction proteins, with multidirection-
al responses in the tissue and luminal compartments of the 
intestine under pathological conditions. 

The expression of the MUC-2 gene in different intestinal 
biotopes of broiler chickens reflects impairment of the mu-
cosal barrier under pathological conditions (Fig. 6). In the 
small intestine of diseased birds, a decrease in expression by 
28.5 % was observed, representing a tendency without sta-
tistical significance (P > 0.05). In the large intestine, on the 
contrary, an increase in the parameter by 13.8 % was noted 
(P > 0.05). In the chyme, a pronounced increase in MUC-2 
expression by 87.4 % (1.80 ± 0.82 vs. 0.96 ± 0.28) was 
established, indicating activation of mucus secretion in the 
luminal environment of the intestine as a compensatory 
response; however, due to the high variability of the pa-
rameter, these changes should be regarded as a tendency. In 
feces, a sharp decrease in expression by 60.7 % (P < 0.05) 
was observed, which may indicate depletion of the mucin-
producing function or degradation of the mucus layer. Over-
all, the obtained results indicate an imbalance of the muco-
sal barrier, characterized by suppression in tissues and com-
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pensatory activation in the luminal compartment of the in-
testine. 

The expression of the Fibronectin gene in different intes-
tinal biotopes of broiler chickens indicates extracellular 
matrix remodeling processes under pathological conditions 
(Fig. 7). In the small intestine of diseased birds, a decrease 
in expression by 46.8 % was observed (P < 0.05). In the 
large intestine, a slight decrease of 11.7 % was noted (P > 
0.05). In the chyme, a significant increase (P < 0.05) in FN 
expression by 129.7 % (1.96 ± 0.40 vs. 0.85 ± 0.75) was 

established, indicating activation of tissue remodeling and 
injury-related processes. The most pronounced changes 
were observed in feces, where expression increased ninefold 
(P < 0.05), which may indicate intensive destructive-
reparative processes in the intestine. Overall, the obtained 
results indicate suppression of FN expression in tissues and 
its sharp increase in the luminal compartment of the intes-
tine, reflecting profound disturbances in the structural or-
ganization of the extracellular matrix under pathological 
conditions. 

 

 
Fig. 5. Relative expression of the Occludin gene in the intestine, chyme, and feces of broiler chickens under the influence of a 

fatty acid composition (relative units; M ± SD; n = 5) 
 

 
Fig. 6. Relative expression of the MUC-2 gene in the intestine, chyme, and feces of broiler chickens under the influence of a 

fatty acid composition (relative units; M ± SD; n = 5) 
 

 
Fig. 7. Relative expression of the Fibronectin gene in the intestine, chyme, and feces of broiler chickens under the influence of 

a fatty acid composition (relative units; M ± SD; n = 5) 
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Thus, under pathological conditions in broiler chickens, 
an imbalance between inflammation, apoptosis, and intesti-
nal barrier function was observed. A tendency toward de-
creased expression of TNF-α in the small intestine and 
Caspase-9 in tissues, accompanied by their increased ex-
pression in the luminal compartment, was identified, while 
IL-1β expression increased in chyme and feces. A decrease 
in Claudin-1 expression in the small intestine and MUC-2 
expression in feces, together with opposite trends in Occlud-
in expression in biological materials, indicates impairment 
of the intestinal barrier, whereas increased Fibronectin ex-
pression reflects remodeling processes. Overall, these find-
ings indicate intestinal injury accompanied by compensatory 
restructuring of its functions. 

 
3.2. Discussion 
The identified changes in the expression of pro-

inflammatory cytokines (TNF-α, IL-1β) between the tissue 
and luminal compartments of the intestine may reflect a 
redistribution of inflammatory activity under conditions of 
impaired barrier function. It is known that inflammation, 
particularly TNF-α-dependent mechanisms, leads to destabi-
lization of tight junctions, increased epithelial permeability, 
and loss of epithelial integrity, accompanied by the release 
of cellular components into the intestinal lumen (Turner, 
2009; Sonnier et al., 2012). In addition, the intestinal epithe-
lium is an active participant in the immune response, capa-
ble of secreting pro-inflammatory mediators into the luminal 
environment, thereby forming a distinct compartment of 
local inflammation (Peterson & Artis, 2014). Collectively, 
these mechanisms are consistent with the obtained results 
and indicate a shift of the inflammatory response from the 
tissue level to the luminal environment of the intestine under 
pathological conditions (Bischoff et al., 2014). 

A similar tendency was established for IL-1β, confirm-
ing the intensification of the pro-inflammatory cascade in 
the luminal environment. IL-1β is known to be a key effec-
tor cytokine of inflammasomes, formed as a result of caspa-
se-1 activation and playing a central role in the initiation of 
the innate immune response (Yao et al., 2024). Increased 
expression of this cytokine is closely associated with im-
pairment of intestinal barrier integrity and the development 
of inflammatory processes in the mucous membrane  
(Aggeletopoulou et al., 2024). At the same time, inflam-
masome dysfunction is accompanied by increased intestinal 
permeability, creating conditions for active interaction be-
tween the microbiota and the immune system (Aggeletopou-
lou et al., 2024). In this context, the elevated levels of IL-1β 
in chyme and feces may reflect enhancement of the luminal 
component of inflammation induced by microbial factors, 
indicating impaired local immune regulation and the poten-
tial development of subclinical enteritis in BCO. 

Changes in Caspase-9 expression indicate modification 
of apoptotic processes in the intestine. Activation of caspa-
ses, particularly Caspase-9, is recognized as a key mecha-
nism for the induction of apoptosis in intestinal epithelial 
cells under infectious and inflammatory influences (Flynn & 
Buret, 2008). Reduced expression of this marker in intesti-
nal tissues may indicate suppression of controlled cell death, 
leading to the accumulation of functionally defective entero-
cytes and deterioration of barrier function. At the same time, 
it has been established that induction of enterocyte apoptosis 
is accompanied by decreased expression of tight junction 

proteins, increased permeability, and damage to the epitheli-
al barrier (Lu et al., 2025). Furthermore, disruption of the 
balance between apoptosis and physiological cell shedding 
results in enhanced release of cellular material into the intes-
tinal lumen, which is associated with the development of 
inflammation and barrier dysfunction (Williams et al., 
2015). In this context, increased expression of Caspase-9 in 
the luminal compartment may reflect intensified epithelial 
cell shedding and activation of destructive processes in the 
mucous membrane. 

Impairment of intestinal barrier function is confirmed by 
changes in the expression of the Claudin-1 and Occludin 
genes, which are key structural components of tight junc-
tions and ensure the integrity of the epithelial barrier (Zhao 
et al., 2025). It is known that proteins of the claudin family 
form a selective paracellular barrier, and reduced Claudin-1 
expression is associated with increased permeability and 
loss of barrier function (Marsch et al., 2024). In turn, Oc-
cludin plays an important regulatory role in maintaining 
barrier integrity through interaction with proteins such as 
ZO-1, and its function largely depends on post-translational 
modifications, particularly phosphorylation (Kuo et al., 
2022). Importantly, Claudin-1 is characterized by relative 
stability within the tight junction structure, whereas Occlud-
in is a dynamic protein capable of rapid redistribution be-
tween cellular compartments, which may account for the 
multidirectional changes in its expression under pathological 
conditions. Such an imbalance of tight junction proteins 
leads to increased paracellular permeability, development of 
the so-called “leaky gut,” and contributes to bacterial trans-
location and endotoxemia (Moonwiriyakit et al., 2023). 

An important component of intestinal mucosal protection 
is the mucus layer, the basis of which is the mucin MUC-2, 
forming a physical barrier between the microbiota and the 
epithelium (Gallego et al., 2023). Maintenance of an ade-
quate level of its synthesis is critical for preserving barrier 
function and intestinal homeostasis (Liu et al., 2023), while 
mucins in general serve as a key element of innate immune 
defense against pathogenic microorganisms (Kang et al., 
2022). Reduced MUC-2 expression in intestinal tissues may 
indicate impairment of the mucosal barrier, facilitating bac-
terial contact with the epithelium and initiation of inflamma-
tion (Qiao et al., 2025). At the same time, increased MUC-2 
levels in chyme may reflect compensatory mucus hyperse-
cretion in response to injury, which is consistent with the 
concept of an adaptive response of the mucous membrane. 
Subsequent depletion of mucin-producing cells and degrada-
tion of mucus, particularly under the influence of the micro-
biota, may lead to reduced stability of the mucus barrier, as 
confirmed by decreased MUC-2 expression in feces (Chen 
et al., 2026). 

Changes in Fibronectin expression reflect activation of 
extracellular matrix remodeling processes, which play a key 
role in maintaining the structural integrity and regeneration 
of the intestinal mucosa (Cameron et al., 2024). A decrease 
in this parameter in intestinal tissues may indicate impair-
ment of regenerative processes and insufficient epithelial 
repair, which is characteristic of conditions associated with 
barrier dysfunction (Sylvestre et al., 2023). At the same 
time, a sharp increase in Fibronectin levels in chyme and 
feces may be associated with intensive shedding of epitheli-
al cells and the release of extracellular matrix components 
into the intestinal lumen, which is a characteristic feature of 
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inflammation and mucosal injury (Lechuga et al., 2023). 
Such a combination of changes is consistent with the con-
cept of intestinal barrier dysfunction as a systemic factor in 
pathology that may contribute to bacterial translocation and 
the development of complications, particularly in bacterial 
chondronecrosis and osteomyelitis. 

Special attention should be paid to the effect of the com-
position of organic (fatty) acids used in the present study. It 
is known that monoglycerides of medium-chain fatty acids, 
particularly derivatives of lauric acid (C12), exhibit pro-
nounced antimicrobial properties by disrupting the integrity 
of pathogen membranes (Jackman et al., 2020). In addition, 
they are capable of modulating the intestinal immune re-
sponse by reducing the expression of pro-inflammatory 
cytokines while simultaneously increasing the expression of 
tight junction proteins, thereby contributing to stabilization 
of barrier function (Dai et al., 2025). Experimental models 
in broiler chickens have demonstrated that such compounds 
improve intestinal morphology, reduce inflammation, and 
promote normalization of the microbiota (Zheng et al., 
2023). In this context, the obtained results may indicate that 
even in the presence of pathology, the use of a fatty acid 
composition is capable of modifying the nature of the intes-
tinal response by limiting inflammation in tissues and pro-
moting its localization within the luminal compartment, 
which may be regarded as an adaptive mechanism aimed at 
preserving the integrity of the epithelial barrier. 

Thus, the obtained results confirm that bacterial chon-
dronecrosis and osteomyelitis in broiler chickens are ac-
companied by profound restructuring of the intestinal barri-
er, characterized by disruption of tight junctions, imbalance 
of mucosal protection, altered localization of the inflamma-
tory response, and activation of remodeling processes. This 
highlights the important role of the intestine as a key com-
ponent in the pathogenesis of BCO and substantiates the 
feasibility of using nutraceutical approaches, particularly 
compositions of organic acids, for correction of these dis-
turbances. 

 
4. Conclusions 
 
In broiler chickens with bacterial chondronecrosis and os-

teomyelitis, significant changes in the expression of genes 
associated with inflammation, apoptosis, barrier function, and 
extracellular matrix remodeling of the intestine were estab-
lished. The pathological process was accompanied by a redis-
tribution of the inflammatory response between the tissue and 
luminal compartments, manifested by a 41.8 % decrease in 
TNF-α expression in the small intestine (P < 0.01) and in-
creased IL-1β expression in chyme by 159.6 % and in feces 
by 129.9 % (P < 0.05). Changes in Caspase-9 expression 
indicate modification of apoptotic processes, with a tendency 
toward their suppression in intestinal tissues and possible 
enhancement in the luminal environment. Impairment of 
barrier function was confirmed by a 27.7 % decrease in Clau-
din-1 expression in the small intestine (P < 0.05), a 60.7 % 
decrease in MUC-2 expression in feces (P < 0.05), and multi-
directional changes in Occludin expression, indicating an 
imbalance of tight junction proteins and mucosal protection. 
Simultaneously, a 46.8 % decrease in Fibronectin expression 
in the small intestine (P < 0.05), together with its increase in 
chyme by 129.7 % and a ninefold increase in feces (P < 0.05), 
indicates activation of extracellular matrix remodeling and 

destructive-reparative processes in the mucous membrane. 
The obtained data confirm that the intestine is an important 
component in the pathogenesis of BCO, and the use of organ-
ic acid compositions may be considered a promising approach 
for maintaining barrier function and limiting intestinal epithe-
lial damage. 
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