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 Ostrich leg and toe disease causes substantial morbidity and economic losses; 
however, its etiology and pathological progression remain poorly understood and 
inadequately controlled. This study aimed to investigate pathological changes in the 
cartilage and subchondral bone of the metatarsophalangeal joint in ostriches with leg 
and toe disease, with particular emphasis on the expression of key inflammatory 
mediators. Eighteen 30-day-old male ostriches were divided into three groups (n=6 
each): H (healthy), D1 (mild disease), and D2 (severe disease). Pathological changes 
were evaluated using hematoxylin–eosin (HE) and Masson’s trichrome staining. The 
expression of IL-1β, MMP-7, LOXL2, and COL2A1 was analyzed at the mRNA level 
by quantitative reverse-transcription PCR (qRT-PCR) and at the protein level by 
immunofluorescence (IF) and enzyme-linked immunosorbent assay (ELISA). Joint 
effusion volume and metatarsophalangeal circumference were also measured. 
Compared with the H group, the D1 and D2 groups showed significant increases in 
joint fluid volume (D1 vs H, P<0.01; D2 vs D1, P<0.01) and joint circumference (D1 
vs H, P<0.01; D2 vs D1, P <0.05). Histological examination revealed fragmentation 
of collagen fibers in the superficial cartilage, a reduction in chondrocytes in the 
middle layer, and loosely arranged trabeculae in the subchondral bone. IL-1β and 
MMP-7 were progressively upregulated at both mRNA and protein levels with 
increasing lesion severity (IL-1β: P <0.01; MMP-7: P <0.01). In contrast, LOXL2 
and COL2A1 were progressively downregulated (LOXL2: P<0.01; COL2A1: D1 vs 
H, P<0.01; D2 vs D1, P<0.05). These findings demonstrate that the progressive 
upregulation of IL-1β and MMP-7, together with the downregulation of LOXL2 and 
COL2A1, is closely associated with lesion severity, suggesting that these mediators 
may play key roles in the pathogenesis of ostrich leg and toe disease and may serve 
as potential targets for therapeutic intervention. 
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INTRODUCTION 

 
The African ostrich (Struthio camelus), an herbivore 

valued for its high economic return, is increasingly farmed 
worldwide (Umar, 2021). However, ostrich leg and toe 
disease remains a devastating threat to the industry: its 
incidence rate has been reported near 35%, and its 
elimination plus mortality rate has been reported to exceed 
90% (Tang et al., 2012), with recent studies confirming it as 
a top cause of ostrich loss in intensive farming systems 
globally (Mushi et al., 2023). Lesions primarily occur during 

the brooding period (1-90 days of age) (Arend et al., 2008; 
Deng et al., 2016). Early-stage disease manifests as joint 
swelling, lameness, and, in severe cases, inability to bear 
weight (Sengupta et al., 2011); late-stage disease leads to 
death (Liu and Tang, 2001). Etiology remains complex and 
multifactorial (e.g., nutritional imbalance, mechanical 
overload, infection) (Wang, 2008; Zeng, 2019; Yuan et al., 
2020; Peel et al., 2022), with no definitive consensus or 
effective prevention/treatment. Our previous work identified 
marked enlargement and effusion of the 
metatarsophalangeal joint in 30-day-old males, with 

RESEARCH ARTICLE 



Pak Vet J, 2026, 46(4): 920-929. 
 

921 

osteoarthritis-like histopathology (Duan, 2023). This 
similarity is not coincidental: avian long-legged species like 
ostriches share conserved joint pathophysiology with 
mammals where osteoarthritis (OA) is characterized by 
chondrocyte death, extracellular matrix (ECM) degradation, 
and aberrant subchondral bone osteoblast activity driving 
cartilage erosion and sclerosis (Lories and Luyten, 2011; 
Chiba et al., 2012; Hamann et al., 2013; Goldring and 
Goldring, 2016; Reina et al., 2017). Key inflammatory and 
matrix-related factors IL-1β, MMP-7, LOXL2, and 
COL2A1are critical regulators of this degenerative cascade 
in mammalian OA, justifying their focus here. Related 
inflammatory factors (IL-1β, MMP-7, LOXL2, and 
COL2A1) regulate these processes: IL-1β acts as a central 
proinflammatory cytokine and its upregulation promotes 
matrix metalloproteinase (MMP) expression and type II 
collagen (COL2) degradation (Roy et al., 2006; Sengupta et 
al., 2011). Moreover, MMP-7, a matrix metalloproteinase, 
directly degrades ECM components including proteoglycans 
and collagens (Neuhold et al., 2001; Zhou et al., 
2023)LOXL2 exerts anabolic effects by enhancing COL2A1 
synthesis, while its expression is suppressed by IL-1β 
(Lohmander et al., 2014; Alshenibr et al., 2017) COL2A1 
encodes type II collagen, the primary structural component 
of articular cartilage whose loss is a hallmark of joint 
degeneration (Park et al., 2016; Mao et al., 2019)Therefore, 
we hypothesized that IL-1β/MMP-7 upregulation and 
LOXL2/COL2A1 downregulation mediate joint 
degeneration in diseased ostriches. We examined 30-day-old 
male ostriches and employed a combination of methods: 
clinical observation, HE staining, Masson staining, qRT-
PCR, IF staining, and ELISA. Specifically, these approaches 
were used to characterize the pathological features of 
metatarsophalangeal articular cartilage-subchondral bone in 
ostrich leg and toe disease, as well as to track changes in the 
expression of related inflammatory factors.  

Our primary aim was to determine whether these 
inflammatory factors are involved in the onset and 
progression of the disease. Additionally, this work sought 
to further explore the etiology and pathogenesis of the 
disease, with the ultimate goal of providing a theoretical 
basis for its prevention and treatment. 
 

MATERIALS AND METHODS 
 

Animals: Eighteen 30-day-old male African ostriches were 
sourced from Sanmu ostrich breeding farm in Mianyang 
City, Sichuan Province, acclimatized under uniform 
environmental conditions prior to sampling, and allocated 
into three groups (n=6 each): H (healthy), D1 (mild 
disease), D2 (severe disease), with all procedures 
complying with local animal welfare regulations. Inclusion 
criteria for diseased groups included manifestation of 
depression and reduced feed intake (A), tarsal joint 
swelling and lameness (B), and inability to stand (C, 
restricted to Group D2), while the exclusion criterion was 
the absence of other joint disorders such as infection, bone 
tumor, and fracture (D); specifically, Group D1 fulfilled 
criteria A, B, and D, Group D2 met all criteria A-D, and 
Group H showed no clinical signs of leg and toe disease 
and met exclusion criterion D. 
 
Sample collection and histopathological analysis: The 
experimental procedure was reviewed and approved by the 

Animal Care and Use Committee of Sichuan Agricultural 
University (SYXK 2019-187). The circumference of the 
metatarsophalangeal joint with a tape was measured and 
recorded. Use a disposable syringe to draw the joint fluid 
of the ostrich metatarsophalangeal joint and inject it into a 
graduated cylinder to measure the total amount of joint 
fluid. Ostriches were first anesthetized with 20% urethane 
(via cervical vein), and loss of consciousness was 
confirmed prior to exsanguination via the carotid artery; the 
metatarsophalangeal joint was then exposed for subsequent 
procedures. The articular cartilage tissue was cut into 
pieces, and some of them were transferred to a low-
temperature freezer at −80°C for storage. After being fixed 
in 4% paraformaldehyde solution for 24 hours, the samples 
were then placed in 10% EDTA solution for 
decalcification. The decalcification solution bottle was 
shaken to accelerate the decalcification process, and the 
decalcification solution was replaced every 3 days until all 
the calcium in the joints was removed (the decalcification 
endpoint was determined by no resistance when the needle 
was inserted). The decalcified tissues were washed with 
distilled water and then placed in 4% paraformaldehyde 
solution for storage and future use. Paraffin-embedded: 
Tissues were cut into 2mm pieces, placed in tissue 
embedding frames, and rinsed for 24 hours. Subsequently, 
samples were sequentially dehydrated in 75, 85, 95, 100 I, 
and 100% II ethanol with durations of 720, 720, 120, 30, 
and 30minutes, respectively. After clearing in xylene, 
tissues were infiltrated with paraffin at 60°C for 2hours, 
embedded, sectioned at 5µm, and dried for 24 hours. 
Sections were stained with Hematoxylin and Eosin (H&E) 
and Masson’s trichrome stain (Wuhan Seville BioTech). 

Quantitative histomorphometry: Ten tissue sections 
were randomly selected from each group. For each section, 
15 fields of view were randomly selected for photography 
under an optical microscope with a magnification of 400×. 
The trabecular thickness and trabecular spacing of the 
subchondral bone in the photos were measured and 
statistically analyzed using the Image Pro Plus 6.0 
measurement software (Media Cybernetics, Rockville, MD, 
USA). Chondrocytes, osteoblasts and cartilage lacuna 
vacancy rate were counted respectively under the same field 
of view area. Among them, the cartilage lacuna vacancy rate 
= vacant cartilage depressions/total cartilage depressions. 
 
Quantitative characterization of disease severity: We 
used modified Mankin's score (Cheng et al., 2022; Miao et 
al., 2024) to verify whether the clinical symptom grouping 
was in line with the actual lesion degree of articular 
cartilage in Table 1. 
 
Detection of inflammatory factors in the cartilage-
subchondral bone of the metatarsophalangeal joint: To 
determine whether the related inflammatory factors IL-1β, 
MMP-7, LOXL2, and COL2A1 are involved in the lesions 
of the metatarsophalangeal joint cartilage-subchondral 
bone, we used qRT-PCR, IF and ELISA to verify their 
localization and expression at mRNA and protein levels. 
 
qRT-PCR: Total RNA was extracted using TRIzol and 
reverse-transcribed to cDNA. qRT-PCR was conducted 
with SYBR Green (NovoStart®), GAPDH as the reference 
gene. Primer sequences are listed in Table 2. 
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Table 1: Modified Mankin scoring criteria for ostrich metatarsophalangeal cartilage (Miao et al., 2024)). 
Cartilage structure Score Chondrocytes Score Matrix staining Score Integrity of the tidal line Score 
Light as usual 0 The quantity is as usual 0 normal 0 complete 0 
Surface destruction 1 Diffuse increase 1 Mild loss of staining 1 Multiple tidal lines 1 
Destruction of blood vessels and superficial 
layers 

2 A large number of cluster-
like cell clumps appear 

2 Moderate staining 2 Subchondral vascular 
invasion of tidal lines 

2 

Shallow fissures form up to the migratory layer 3 The number has decreased 
significantly 

3 Severe loss of staining 3   

The fissure reaches as deep as the radiation layer 4   The staining 
disappears completely 

4   

The fissure reaches deep into the calcified layer 5       
Complete destruction of the structure 6       

Table 2: Primer sequence 
Primer name Primer sequence (5’-3’) Tm (°C) (F/R) Amplicon size (bp) NCBI Accession 
IL-1β F：AGGCCCGGCCCGAAGCGGCG 

R：TGCTTGGGCTGCCGCGAGGG 
68.5 / 67.8 212 XM_009682937.3 

MMP-7 F：CCTTGTTGCTGCTCACGAATTTGG 
R：AAAGCCGGAAGGTTTTGGGGTTC 

59.2 / 60.1 184 XM_009678588.3 

LOXL2 F：TGCCATCCTCGCCACCTACC 
R：ATCCAAACATGCCACAGACGACTC 

62.4 / 63.0 241 XM_009688520.3 

COL2A1 F：CTGCCACTGCTTGCCACTCTAC 
R：AGCCTCACATCGGAAGGAGACAG 

61.8 / 62.5 193 XM_009680834.3 

GAPDH F：GGTAGTGAAGGCTGCTGCTG 
R：AGCACCTGCATCAAAGGTGG 

59.5 / 60.2 132 XM_009685444.3 

Immunofluorescence studies (IF): Paraffin sections were 
taken for antigen repair, then rinsed with phosphate-
buffered saline (PBS). BSA was dropped and placed in a 
wet box for sealing for 30minutes. For negative control 
groups, PBS was used to replace the primary antibodies (no 
primary antibody added), and all other experimental 
procedures (including blocking, incubation conditions, 
secondary antibody incubation, and washing steps) were 
performed in parallel and kept consistent with the 
experimental groups. For experimental groups, primary 
antibodies IL-1β, MMP-7, LOXL2, and COL2A1 were 
dropped respectively (diluted at 1:100). The wet box was 
incubated at 4°C overnight. The excess primary antibodies 
were removed and washed three times with PBS for 10 
minutes each time. Add the secondary antibody dropwise 
(diluted at 1:100) and incubate at room temperature in the 
dark for 1-2hours. After removing the secondary antibody, 
wash with PBS. After scanning the sectioning instrument, 
10 fields of view were randomly selected to calculate their 
fluorescence IOD values and the AREA of the entire field 
of view map of AREA using IPP. Mean optical density 
(MOD) = IOD/AREA. The specific parameters of each 
antibody are as follows in Table 3. 
 
Table 3: Information related to the antibodies used in the IF 
experiment 
Antibody name Cat# Lot Host species 
IL-1β A11370 0204210301 Rabbit 
MMP-7 A0695 3517037101 Rabbit 
LOXL2 A14638 5500007349 Rabbit 
COL2A1 A19308 3561189105 Rabbit 
Note: All antibodies in this table are rabbit-derived polyclonal antibodies, 
purchased from Abclonal Technology Co., Ltd. (Wuhan, China). 
 
ELISA: Metatarsophalangeal articular cartilage-
subchondral bone tissues were excised, weighed, and liquid 
nitrogen-homogenized. Homogenates were centrifuged at 
3,000rpm for 15min, and supernatants were collected. 
Protein concentrations in supernatants were quantified, and 
target protein levels were normalized to total protein 
content (ng/g) for subsequent analysis. For ELISA, protein 
levels of IL-1β, MMP-7, LOXL2, and COL2 were 

measured using kits from Jiangsu Enzyme Immunoassay 
Industry Co., LOD (<1.0pg/mL). Briefly, supernatants and 
serially diluted standards were added to pre-coated wells 
and incubated at 37℃ for 60 minutes. After incubation, 
wells were washed five times with wash buffer to remove 
unbound components. Then, HRP-conjugated detection 
antibodies were added, followed by another 30-minute 
incubation at 37℃. Subsequently, wells were washed 
again, and substrate solution was added for color 
development in the dark at 37℃ for 15minutes. The 
reaction was terminated with stop solution, and absorbance 
was read at 450nm (OD). Sample concentrations were 
calculated via linear regression, using the standard curve 
generated from OD values and known concentrations of 
standards. Finally, inter-group differences in inflammatory 
factor expression were analyzed by one-way ANOVA 
combined with Tukey’s multiple comparison test. 
 
Statistical analysis: All statistical analyses were 
performed using GraphPad Prism 9.5.0 (GraphPad 
Software, San Diego, CA, USA). Prior to analysis, data 
normality was verified using the Shapiro-Wilk test. All data 
are presented as mean±standard error of the mean (SEM). 
Differences between the three groups (H, D1, D2) were 
analyzed by one-way analysis of variance (ANOVA), 
followed by Tukey’s multiple comparison test for post-hoc 
pairwise comparisons. Statistical significance is defined as 
follows: P<0.05 indicates a significant difference, while 
P<0.01 indicates an extremely significant difference. 
 

RESULTS 
 

General observation: Ostriches exhibiting normal feed 
and water intake, normal spirit, and no behavioral 
abnormalities were assigned to the H group. Those with 
metatarsophalangeal joint swelling and mild lameness were 
assigned to the D1 group, while ostriches with 
metatarsophalangeal joint swelling, severe locomotor 
impairment, and recumbency were assigned to the D2 
group (Fig. 1).  
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Joint fluid volume and circumference measurements: 
Compared with the H group (joint fluid volume: 
3.32±0.68mL; joint circumference: 12.51±1.20cm), both 
D1 groups (joint fluid volume: 6.05±0.83mL; joint 
circumference: 15.67±1.11cm) and D2 groups (joint fluid 
volume: 8.38±1.42mL; joint circumference: 
16.93±1.06cm) exhibited an extremely significant increase 
in synovial fluid volume (P<0.01), with the D2 group 
significantly higher than D1 (P<0.01). Likewise, joint 
circumference was extremely significantly increased in 
both D groups versus H (P<0.01), and significantly greater 
in D2 than D1 (P<0.05) (Fig. 2). 
 

 
 
Fig. 1: Morphological changes in the joints of affected ostrich compared 
to control. Note: H: Healthy ostriches; D1: Ostriches with mild disease 
(Ostriches with swollen metatarsophalangeal joints and lameness). D2: 
Ostriches with severe disease (Ostriches with swollen joints, difficulty in 
moving, and being unable to stand.) Circle : limp; →: Joint swelling. 
 
Pathological changes in cartilage and subchondral 
bone: To elucidate the effects of ostriches with leg and 
toe disease on cartilage and subchondral bone, tissues 
were examined from the surface inward. Superficial zone 
(Fig. 3A): In H ostriches, the cartilage surface was intact, 
with dense, well-aligned collagen fibers and abundant 
chondrocytes. In D1 ostriches, the surface appeared 
rough, chondrocyte numbers decreased, collagen fibers 
were fragmented, and inter-fiber gaps widened. In D2 
ostriches, chondrocyte loss was extensive and collagen 
fiber architecture was severely disrupted, with large 
defects. Middle zone (Fig. 3B, E-F): In the H group, 
chondrocytes were abundant and evenly distributed. In 
D1 and D2 groups, focal chondrocyte necrosis and a 
marked increase in empty cartilage lacuna were observed, 
worsening with lesion severity. Quantification showed a 
highly significant decrease in chondrocyte count (E: by 
~40% in D1 vs H, P<0.01; a ~43% in D2 vs D1, P<0.01) 
and a highly significant increase in empty lacuna rate (F: 
by ~30% in D1 vs H, P<0.01; by ~43% in D2 vs D1, 
P<0.01) in D groups as compared to H. Subchondral bone 
(Fig. 3C, G–I): H ostriches displayed a clear trabecular 
structure. In D groups, trabecular thickness decreased (G: 
by ~33% in D1 vs H, P<0.01; by ~37% in D2 vs D1, 
P<0.01) and trabecular spacing was markedly altered (H: 
by ~40% in D1 vs H, P<0.01; by ~33% in D2 vs D1, 
P<0.01). Osteoblast counts in the subchondral region 
increased highly significantly with disease progression (I: 
by ~45% in D1 vs H, P<0.05; by ~90% in D2 vs H, 
P<0.01). These findings indicate that ostrich leg and toe 
disease primarily induced structural alterations in the 
outer cartilage, characterized by significant chondrocyte 
loss, and localized bone formation in the subchondral 
region.  

Since ECM was the survival niche for chondrocytes and 
facilitates material exchange with them, the reduction in 
chondrocytes in group D led to decreased ECM content. To 
assess this, we used Masson staining to examine changes in 
collagen-a major component of the ECM. In group H, ECM 
stained blue and collagen fibers appeared red, with clear, 
intact architecture. Compared to the H group, cartilage 
matrix and collagen fiber staining in D groups were fainter, 
collagen protein was significantly reduced, and the outer 
cartilage layer showed collagen fiber defects. Relative to 
group D1, staining in the group D2 was even fainter, 
collagen protein was further reduced, and outer-layer 
collagen fiber defects were more severe (Fig. 4.). 
 

 
 
Fig. 2: Comparison of joint fluid volume (A) and joint circumference (B) 
among healthy and diseased ostriches H: Healthy ostriches; D1: 
Ostriches with mild disease; D2: Ostriches with severe disease. A: 
Comparison of total amount of joint fluid; B: Comparison of joint 
circumference. Note: A: The comparison of the total amount of joint fluid 
showed that its content increased as the degree of lesion worsened. B: 
The comparison of joint circumference shows that its joint circumference 
increases as the severity of the lesion worsens. (Statistical significance is 
denoted by *P<0.05, **P<0.01). 
 
Validation of disease severity: Based on results before, 
Mankin’s scoring of HE-stained cartilage revealed that D1 
scores were significantly higher than H (P<0.01), and D2 
scores were significantly higher than D1 (P<0.01) (Fig. 5.). 
This confirms that clinical grouping corresponds to actual 
cartilage pathology, validating the H, D1, and D2 
classifications. Expression of key lnflammatory mediators 
in cartilage–subchondral bone 
 
qRT-PCR of mRNA expression: mRNA expression 
levels were quantified using qRT-PCR, with GAPDH as 
the internal reference gene and relative expression 
calculated via the 2(-ΔΔCt) method. IL-1β mRNA in D1 was 
significantly elevated versus H (4.56±1.34-fold, P<0.05), 
and further highly elevated in D2 versus D1 (8.23±2.09-
fold vs. H, P<0.01). LOXL2 mRNA in D1 was 
significantly reduced versus H (0.62±0.31-fold, P<0.05), 
with further reduction in D2 versus D1 (0.46±0.08-fold vs. 
H, P<0.05). MMP-7 mRNA in both D1 and D2 was 
extremely significantly higher than H (D1: 4.06±1.60-fold, 
P<0.01; D2: 5.70±4.34-fold, P<0.01), with D2 exceeding 
D1 (P<0.01). COL2A1 mRNA in D1 was extremely 
significantly lower than H (0.45±0.05-fold, P<0.01) and 
further reduced in D2 versus D1 (0.16±0.02-fold vs. H, 
P<0.01). The above findings indicate that the disease 
course of ostrich toe and leg disease is affected by the 
expressions of IL-1β, MMP-7, LOXL2 and COL2A1 (Fig. 
6.). 
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Fig. 3: Pathological changes and microscopic quantitative analysis results of metatarsophalangeal joint cartilage and subchondral bone. H: Healthy 
ostriches; D1: Ostriches with mild disease; D2: Ostriches with severe disease. A: Pathological changes of metatarsophalangeal articular cartilage and 
subchondral bone. →: the outer membrane of the cartilage is damaged, ▲: cartilaginous lacuna empty. (H&E, magnification 400, 400, and 40×, scale bar 
= 50, 50, 100μm). B: Chondrocyte count; C: Cartilage, acuna vacancy rate; D: Bone trabecular thickness; E: Trabecular spacing; F: Osteoblast count. It 
indicates that as the severity of the lesion increases, it mainly causes damage to the outer layer of the joint cartilage and a significant reduction in the 
number of cartilage cells within it. (Statistical significance is denoted by *P<0.05, **P<0.01.) 
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Fig. 4: Masson staining results of metatarsophalangeal articular cartilage. H: Healthy ostriches; D1: Ostriches with mild disease; D2: Ostriches with 
severe disease. It shows that as the severity of the lesion increases, the degradation of the ECM of chondrocytes and the rupture of collagen fibers on 
the cartilage surface become more severe. →: defects of the outer cartilage membrane space and collagen fibers. (Masson staining, the magnification is 
200×, scale bar =20μm). 
 

 
 
Fig. 5: Metatarsophalangeal joint lesion degree score. H: Healthy 
ostriches; D1: Ostriches with mild disease; D2: Ostriches with severe 
disease. This indicates that the results of this experiment in determining 
the degree of disease in ostriches are reasonable. Data are lower limit, 
lower quartile, median, upper quartile and upper limit (n=6; statistical 
significance is denoted by *P<0.05, **P<0.01). 
 

 
 
Fig. 6: The relative expression levels of mRNA of IL-1β/MMP-
7/LOXL2/COL2A1 in ostriches with toe and leg disease. H: Healthy 
ostriches; D1: Ostriches with mild disease; D2: Ostriches with severe 
disease. A: Relative expression of IL-1β mRNA; B: Relative expression of 
MMP-7 mRNA; C: Relative expression of LOXL2 mRNA; D: Relative 
expression of COL2A1 mRNA. This indicates that the mRNA of those 
four factors is related to the severity of the lesion. (Statistical significance 
is denoted by *P<0.05, **P<0.01). 

IF localization and expression: To localize and quantify 
protein expression, IF was performed (Fig. 7.). IL-1β (Fig. 
7A-D): Expression in the middle layer of articular cartilage 
in articular cartilage, and mainly on osteoblasts, osteoclasts 
and osteocytes in subchondral bone. Fluorescence intensity 
was significantly greater in D1 versus H (P<0.01) and further 
increased in D2 versus D1 (P<0.01), mirroring mRNA 
trends. MMP-7 (Fig. 7E-H): Expression exhibited nuclear 
localization in all detected regions, was in the middle layer 
of articular cartilage, and mainly on the nuclei of osteocytes 
in subchondral bone. Expression was significantly greater in 
D1 versus H (P<0.01) and further increased in D2 versus D1 
(P<0.01), consistent with mRNA findings. LOXL2 (Fig. 7I-
L): Expression showed nuclear localization in all detected 
regions, was in the middle layer of articular cartilage, and 
mainly on the nuclei of osteocytes in subchondral bone. 
Expression was highly significantly reduced in D1 versus H 
(P<0.01) and further reduced in D2 versus D1 (P<0.01), 
consistent with transcript data. COL2A1 (Fig. 7M-P): 
Mainly distributed in the middle layer of articular cartilage 
in articular cartilage and mainly exists in the bone matrix in 
subchondral bone. Expression was significantly decreased in 
D1 versus H (P<0.01) and further decreased in D2 versus D1 
(P<0.01), matching mRNA findings. 
 
ELISA of protein concentration: To further verify the 
protein expression levels of key inflammatory factors, 
ELISA was used to verify the protein expression levels of 
key inflammatory factors in the metatarsophalangeal 
articular cartilage-subchondral bone tissue homogenate, 
with protein concentrations normalized to total protein 
content (ng/mg total protein). ELISA quantification in 
tissue homogenates (Fig. 8.) showed: IL-1β and MMP-7 
protein levels were highly significantly increased in D1 
versus H (IL-1β: H: 3.85±1.16ng/mg, D1: 
5.21±1.28ng/mg, P<0.01; MMP-7: H: 2.35±0.85ng/mg, 
D1: 5.33±1.14ng/mg, P<0.01) and further in D2 versus D1 
(IL-1β: 8.59±1.11ng/mg, P<0.01; MMP-7: 
9.20±1.85ng/mg, P<0.01). LOXL2 protein was highly 
significantly decreased in D1 versus H (H: 
5.34±1.36ng/mg, D1: 3.44±1.05ng/mg, P<0.01) and 
further in D2 versus D1 (2.22±1.45ng/mg, P<0.01). COL2 
protein was highly significantly decreased in D1 versus H 
(H: 28.24±1.21, D1: 19.96±1.18ng/mg, P<0.01) and 
significantly lower in D2 versus D1 (15.02±1.16ng/mg, 
P<0.05). These ELISA findings corroborate the qRT-PCR 
and IF findings, confirming that IL-1β, MMP-7, LOXL2, 
and COL2A1 are integrally involved in the pathogenesis of 
Ostrich leg and toe disease. 
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Fig. 7: Localization and expression in cartilage and subchondral bone of IL-1β/MMP-7/LOXL2/COL2 by IF. Note: NP: No primary. H: Healthy ostriches; 
D1: Ostriches with mild disease; D2: Ostriches with severe disease. A: IL-1β in the middle layer of cartilage; B: IL-1β in the subchondral bone; C: IL-1β 
in the middle layer of cartilage MOD value of; D: IL-1β in the subchondral bone MOD value of. Panels A-D show that as the severity of the lesion 
increases, the expression level of IL-1β also rises. E: MMP-7 in the middle layer of cartilage; F: MMP-7 in the subchondral bone; G: MMP-7 in the middle 
layer of cartilage MOD value of; H: Subchondral bone MOD value of MMP-7. Panels E-H indicate that as the severity of the lesion increases, the 
expression level of MMP-7 rises. I: LOXL2 in the middle layer of cartilage; J: LOXL2 in the subchondral bone; K: LOXL2 in the middle layer of cartilage 
MOD value of; L: Subchondral bone MOD value of LOXL2. Panels I-L show that as the severity of the lesion increases, the expression level of LOXL2 
decreases. M: COL2 in the middle layer of cartilage; N: COL2 in the subchondral bone; O: COL2 in the middle layer of cartilage MOD value of; P: 
Subchondral bone MOD value of COL2. Panels M-P indicate that: as the severity of the lesion increases, the expression level of COL2 also decreases. 
(IF, the magnification is 200×, scale bar =100μm. Statistical significance is denoted by *P<0.05, **P<0.01.) 
 

 
 

Fig. 8: The expression of IL-1β/MMP-7/LOXL2/COL2 in ostriches with 
toe and leg diseases was determined by ELISA. Note: H: Healthy 
ostriches; D1: Ostriches with mild disease; D2: Ostriches with severe 
disease. A: IL-1β protein expression; B: MMP-7 protein expression; C: 
LOXL2 protein expression; D: COL2 protein expression. This indicates 
that the protein contents of these four factors are related to the severity 
of the lesion. (Statistical significance is denoted by *P<0.05, **P<0.01). 

DISCUSSION 
 

The main pathological changes of ostrich leg and toe 
disease in cartilage were a significant increase in necrotic 
chondrocytes and empty chondrocyte lacunae, along with 
decreased ECM. In subchondral bone, the key alterations 
included an increased number of osteoblasts and widened 
trabecular bone spacing. 

Based on these findings, we speculate that the 
pathological process of ostrich toe leg disease may be 
initiated by intra-articular cytokine alterations. These 
changes subsequently lead to chondrocyte loss and ECM 
reduction. As the ECM degrades, its degradation products 
further stimulate chondrocytes to secrete related 
inflammatory factors (Xu et al., 2021). This stimulation 
promotes synovial fluid production in the synovium. The 
compensatory increase in synovial fluid induces 
metatarsophalangeal joint swelling and increased joint 
circumference. Moreover, collagen network integrity and 
proteoglycan synthesis/storage determine the physical 
properties of the cartilage tissue structure. Disruption of 
this metabolic balance leads to loss of elastic components 
in the collagen network. This results in reduced cartilage 
hardness and elasticity (Li and Wu, 2021). Chondrocytes 
are subjected to dual stressors: mechanical stress and an 
altered microenvironment (i.e., ECM degradation). This 
disrupts their normal metabolic balance, causing extensive 
chondrocyte necrosis. After chondrocyte necrosis, 
surrounding ECM fails to fill the vacated lacunae. This 
leads to the formation of numerous empty chondrocyte 
lacunae (Im and Kim, 2014). Additionally, cartilage and 



Pak Vet J, 2026, 46(4): 920-929. 
 

928 

subchondral bone exhibit mutual pressure transmission and 
release effects. Disruption of normal cartilage structure 
increases mechanical stress transmitted to the subchondral 
bone. When this stress exceeds the adaptive capacity of the 
cartilage-subchondral bone unit, it triggers local bone 
formation and regulates subchondral bone remodeling. 
This leads to trabecular spatial structure alterations and 
widened trabecular spacing (Li et al., 2013). To 
compensate for the increased pressure, subchondral bone 
exhibits a significant increase in osteoblast numbers, which 
enhances local bone density. This irreversible process 
severely affects the normal activity of the affected limp 
(Zheng et al., 2021) 

Studies have shown that IL-1β is a major 
proinflammatory cytokine in OA (Li et al., 2021) 
stimulating the occurrence and development of 
inflammatory responses in articular cartilage, which is 
analogous to its role in mammalian OA. Moreover, IL-1β 
can promote the production of catabolic factors (e.g., 
MMPs) and inhibits anabolic activity, down-regulating 
ECM components like COL2A1 (Chadjichristos et al., 
2003; Shakibaei et al., 2005; Weber et al., 2021). In OA, 
the expression levels of IL-1β in synovial fluid, synovium, 
subchondral bone, and cartilage are significantly increased 
(Fei et al., 2019). In this study, elevated IL-1β in diseased 
metatarsophalangeal joints correlated with reduced 
COL2A1, ECM breakdown, and superficial collagen fiber 
rupture-supporting its role as a key initiator of ostrich leg 
and toe disease.  
 In addition, IL-1β can stimulate chondrocytes to 
release several proteolytic enzymes, including MMPs: 
MMP-1, MMP-3, MMP-7, and MMP-13 (Mengshol et al., 
2000) which drive cartilage ECM breakdown via nuclear 
factor-mediated transcriptional activation of pro-
collagenases (Galis and Khatri, 2002). While MMP-1 and 
MMP-13 are well-characterized in joint pathology (Kapoor 
et al., 2011), our finding of markedly increased MMP-7 in 
diseased ostrich joints suggested it may be a species-
specific mediator. Future studies should validate MMP-7’s 
enzymatic cleavage targets in avian cartilage ECM to 
confirm its functional role, which could inform disease-
specific diagnostics. 

In contrast, LOXL2 exerts protective effects on 
articular cartilage by mitigating mechanical stress-induced 
damage, enhancing COL2 and proteoglycan expression, 
and attenuating pro-inflammatory signaling (Ferreira et al., 
2021; Miao et al., 2024). In this study, decreased LOXL2 
expression in diseased joints aligns with progressive 
cartilage degeneration of leg and toe disease implying that 
enhancing LOXL2 activity may represent a potential target 
for addressing ostrich leg and toe disease. These findings 
suggest that appropriately increasing the expression of 
LOXL2 may help alleviate disease progression. 
 
Conclusions: Ostrich leg and toe disease features 
increased IL-1β and MMP-7 with decreased LOXL2 and 
COL2A1 across disease severities, paralleling progressive 
cartilage-subchondral bone pathology and highlighting 
these mediators as mechanistic and potential diagnostic 
targets. 
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