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Abstract Finding new, safe strategies to prevent and control rheumatoid arthritis is an urgent task.
Of particular interest in this regard are bioactive peptides and peptide-rich protein hydrolyzates,
which represent a new trend in the development of functional foods and nutraceuticals. The
resulting tissue hydrolyzate of the chicken embryo (CETH) has been evaluated for acute toxicity
and tested against chronic arthritis induced by Freund's full adjuvant in rats. The anti-arthritic
effect of CETH was studied on the 28th day of the experiment after two weeks of oral
administration of CETH at doses of 60 and 120 mg/kg body weight. Arthritis was evaluated on the
last day of the experiment on the injected animal paw using X-ray computerized microtomography
and histopathology analysis methods. The CETH effect was compared with the non-steroidal
anti-inflammatory drug diclofenac sodium (5 mg/kg). Oral administration of CETH was
accompanied by effective dose-dependent correction of morphological changes caused by the
adjuvant injection. CETH had relatively high recovery effects in terms of parameters for reducing
inflammatory edema, inhibition of osteolysis, prevention of osteophitosis, reduction of the
inflammatory reaction of periarticular tissues, and cartilage degeneration. This study presents a
potential theoretical strategy for the safe correction of this pathological process and, for the first
time, shows that CETH may be a powerful potential nutraceutical agent or bioactive component of
functional products in the treatment of rheumatoid arthritis.

Keywords: chicken embryo tissue, hydrolysate, food-derived bioactive peptides, adjuvant arthritis,
anti-arthritic effect, in vitro and in vivo assays, X-ray microtomography, histopathological analysis

1. Introduction
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Rheumatoid arthritis is the most frequent autoimmune disease and ranks first among
inflammatory joint lesions [1]. It is a severe chronic non-inflammatory disease, which is
characterized by inflammation accompanied by the destruction of joint structures, lesions of parotid
tissues, and bones [2,3]. Rheumatoid arthritis is characterized by a chronic course, steady progress,
and a high prevalence of concomitant diseases, which significantly reduces the general functional
status, quality of life and is one of the main reasons for early disability [4,5].

The etiopathogenesis of rheumatoid arthritis is very complex and has been under active study
for many years [6,7]. Today, non-steroidal anti-inflammatory drugs (NSAID), disease-modifying
anti theumatoid drugs (DMARD), corticosteroids, and biological agents are the primary agents used
to alleviate symptoms and slow the progression of rheumatoid arthritis [8,9]. Regarding the cellular
component of tissue engineering, NCSCs have been the focus of many efforts for cartilage
regeneration. NCSCs are widely available from diverse tissues and are capable of expansion
(self-renewal) and multi-lineage differentiation into bone, cartilage, fat, muscle, and nerve [10-12].

However, the use of stem cell-derived therapeutics, NSAID, DMARD and, corticosteroids has a
fairly wide range of contraindications and can be accompanied by a range of adverse reactions, often
limiting their clinical use [13,14]. Therapy with biological drugs with high pharmacological
selectivity and fewer side effects is very expensive, and not many patients can afford it [15].

All this determines the importance of finding other effective, safe, and inexpensive strategies to
combat rheumatoid arthritis. In autoimmune diseases like rheumatoid arthritis or systemic lupus
erythematosus, the immune system turns against its own body and triggers inflammation. The
International Society for Cellular and Gene Therapies (ISCT) and the International Society for
Extracellular Vesicles (ISEV) recognize the potential of extracellular vesicles (EVs, including
exosomes) from mesenchymal stromal cells (MSCs) and possibly other cell sources as
treatments for OA [16-21]. The focus is shifting towards natural alternatives [22-25].

Perinatal tissues are of particular interest in this respect. The available literature increasingly
mentions the anti-arthritic effect of placental tissues [26-28]. Bioactive peptides and amino acids
contained in placental tissues ensure their high biological and functional activity [29]. Components
of the placenta have expressed anti-inflammatory and antioxidant properties [30,31] and possess
anti-apoptotic, anti-osteoporotic, and regenerative effects [32-34]. However, the use of placental
tissues has economic, technological, epidemic, and ethical limitations. Therefore, in the scientific and
industrial environment, there is no interest in finding alternative raw materials cheaper, more
accessible, faster reproducible, epidemiologically safe, but no less rich in biologically active
compounds, especially protein and peptide nature. As such, a source of raw materials are now
increasingly considered embryonic and extraembryonic tissues of birds, which are chemically not
inferior to tissues of the placenta of humans and animals, and substances based on them in some
countries are already used as effective nutraceuticals [35,36].

Hatching at different stages of a bird's egg is rich in peptides of different embryo tissues,
including highly active peptides of poly-directional muscles with carnosine, anzerine [37], as well as
functionally active amino acids of glutamate family, in particular hydroxyproline [38].

Recent studies have shown that extracts of chicken embryonic and extraembryonic tissues have
a pronounced anti-inflammatory effect [39]. Components of chicken embryonic tissues have high
antioxidant and immunomodulatory properties [40-42].

In previous studies in vivo experiments, we have shown the anti-inflammatory effect of bio
preparations developed based on embryonic egg mass of birds [43,44]. In in vitro experiments, we
demonstrated antioxidant properties of peptide-containing extracts of chicken embryonic tissues
obtained by different hydrolysis methods [38].

However, despite the already confirmed biologically active properties of various substances
based on chicken embryonic tissue, there is no information on their possible efficacy in rheumatoid
arthritis in humans or laboratory animals. However, their component composition, especially the
peptide-amino acid profile, has serious potential in this regard.
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Therefore, the purpose of this study was to study the anti-arthritic effect of chicken embryo
tissue hydrolyzate (CETH) in adjuvant-induced joint damage in rats, which is the closest possible
model of rheumatoid arthritis in humans.

2. Results
2.1. In-vitro anti-arthritic activity

The study of CETH in vitro anti-arthritic activity included assessing inhibition of protein
denaturation, the effect on membrane stabilization, and proteinase inhibitory activity. The study
was performed for three different concentrations of CETH (3.75 mg/ml; 7.5 mg/ml; 15.0 mg/ml)
compared to a single dose of diclofenac sodium (200 mcg/ml). The results are presented in the table
below.

Table 1. Percent inhibition of different in vitro-anti-arthritic model of diclofenac sodium (200
mcg/ml), CETH (3.75 mg/ml), CETH (7.5 mg/ml), CETH (15.0 mg/ml).

Treatment Protein Membrane Proteinase
denaturation (%) stabilization (%) inhibition (%)
Diclofenac sodium 66.36+1.677 58.42+0.63 91,37+2,182
(200 mcg/ml)
CETH (3.75 mg/ml) 44.35+1.12" 4.52+0.11b 29.14+0.73 b
CETH (7.5 mg/ml) 66.70+1.704 30.47+0.76 77.0£1.93¢
CETH (15.0 mg/ml) 91.20+2.28¢ 62.63+1.572 87.42+2 244

Different superscript letters indicate statistically significant differences between the means (P < 0.05)
for each parameter.

Protein denaturation is an etiopathogenesis proven mechanism of inflammation and
development of rheumatoid arthritis. CETH showed high activity regarding protein denaturation
inhibition. In the concentration of 7.5 mg/ml, CETH showed the same effect as diclofenac of sodium,
and in the concentration of 15.0 mg/ml, it was significantly higher.

As erythrocyte membranes are similar to components of lysosomal membranes, inhibition of
hypotonicity and lysis of erythrocyte membranes was taken as a measure of anti-inflammatory
activity mechanism.

CETH in doses 7.5 mg/ml and 15.0 mg/ml effectively inhibited hemolysis induced by the
hypotonic medium. In the concentration of 15.0 mg/ml, CETH showed membrane stabilizing activity
on the same level as sodium diclofenac.

Proteinases are known to participate in the pathogenesis of arthritis. Leukocyte proteinases
play an essential role in the development of tissue damage during inflammatory reactions.
Accordingly, protection is provided by proteinase inhibitors [45]. In this study, the inhibitory
activity of trypsin was assessed since it is believed that it is trypsin that activates during the
development of rheumatoid arthritis [46].

According to the results, the leading position in terms of the proteinase inhibitory effect was of
sodium diclofenac. CETH (7.5 mg/ml) showed dose-dependent activity, and in a concentration of
15.0 mg/ml, it was close to the comparison drug in terms of activity.

2.2. Acute oral toxicity

After oral administration of CETH at a dose of 2000 mg/kg of body weight, no visible signs of
toxicity were observed in animals. No cases of mortality have been registered. Pathomorphological
assessment of animals after 14 days of observation did not reveal any pathological changes.

Two doses of CETH 60 and 120 mg/kg of body weight were selected for further investigation ex
vivo on white rats.
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2.3. Micro-CT analysis

The size of paw edema is one of the main criteria for assessing the anti-arthritic activity of drugs
in adjuvant-induced arthritis. The volume of the paws was measured by micro-CT and calculated
using the CTAn software (version: 1.18.4.0, Bruker, Kontich, Belgium), visualization was performed
in the CTvox software (3.3.0r1403, Bruker-microCT, Belgium).

In animals with adjuvant injection on the last 28th day of the experiment, pronounced
peripheral edema of the injected paw was preserved (Figures 1b,f), which has been repeatedly
described earlier in the work of other researchers [47].

As expected, the use of diclofenac demonstrated a noticeable therapeutic efficacy in adjuvant
arthritis, in the form of an evident decrease in the swelling of the injected paw. The percentage of
reduced inflammatory edema in Group III was 21.1% (Figure 1c/f).

(a) (b)

(d) (e)
Figure 1. X-ray microtomograms of representative hind paws of r rats from five groups on day 28: (a)
Group I - healthy control; (b) Group II - arthritis control; (c) Group III - arthritis with Diclofenac

sodium (5 mg/kg) treatment; (d) Group IV - arthritis with CETH (60 mg/kg) treatment; (e) Group V -

arthritis with CETH (120 mg/kg) treatment; (f) Injected paw volume (values represents shown as m *
SEM).

Paw volume, mm3

Representative X-ray microtomograms on Figures 2d,e show that in comparison with the model
group II, the use of CETH animals was also accompanied by a decrease in swelling. In group IV
animals, the percentage of inhibition of inflammatory paw edema was 8.1%. The efficiency of CETH
in the dose of 120 mg/kg was comparable to that of diclofenac and even slightly higher (23.5%).

Bone mass loss and remodeling caused by joint inflammation are the hallmarks of rheumatoid
arthritis and are easily detected by measuring the mineral density of bone (BMD). The use of
micro-CT in this regard is a powerful tool and makes the BMD data a reliable biomarker with high
sensitivity for the evaluation of antirheumatic drugs [48].
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The value of trabecular BMD metaphyses of tibia obtained by micro-CT in control group
animals was 773.48 + 19.32 mg/cm?. In rats of group II compared to healthy control, there was a loss
of trabecular BMD by 16,2% (648,13 + 15,80 mg/cm?). In animals receiving diclofenac and CETH in
dose 60 mg/kg, BMD values exceeded those of Group II and were 730.48 + 18.72 and 752.65 + 18.85
mg/cm?. The value of trabecular BMD in group V of animals after application of CETH in a dose of
120 mg/kg was as close to the control value as possible and was 772.24 + 19.41 mg/cm?.

The obtained micro-CT images of the rat ankle joint area represented non-destructive
visualization of changes that occurred. The frontal slices of the joints are shown in the picture. The
bones forming the joint, namely the distal parts of the tibia and fibula, and the joint space are clearly
shown (Figure 2).

150

Joint space width, mcm

-]

(d) (e) (f)
Figure 2. Micro-CT image of the ankle joint of rats. Frontal slice: (a) Group I - healthy control; (b)
Group II - arthritis control; (c) Group III - arthritis with Diclofenac sodium (5 mg/kg) treatment; (d)
Group IV - arthritis with CETH (60 mg/kg) treatment; (e) Group V - arthritis with CETH (120 mg/kg)
treatment; (f) Joint space width (values represents shown as m + SEM).

To evaluate the therapeutic effect of CETH in simulated pathology, we focused on the width of
the joint space, as there is data [49] that this value correlates with the thickness of cartilage. Changes
in the joint space, expressed primarily in its narrowing, are an undeniable sign of rheumatoid
arthritis. According to the results of Pfeil et al. [50] the X-ray computer assessment is a useful
criterion in monitoring the progression of arthritis and therapeutic assessment.

The micro-CT images we received showed a significant narrowing of the joint space in Group II
(29.0%) compared to the healthy control group (Figure 2a,b,f). Micro-CTs of the ankle joint of
animals receiving diclofenac, CETH (60 mg/kg), and CETH (120 mg/kg) show a marked increase in
the width of joint space in comparison with the model group II by 31.8%, 20.5%, and 38.6%,
respectively (Figures 2c,d,e,f).
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The introduction of adjuvant in the modeling of arthritis caused a marked loss of bone tissue
and weakening of trabecular microarchitecture. In comparison with the group with simulated
arthritis, the fragmentation of trabecular bone was detected in varying degrees (Figure 3).
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Figure 3. Periarticular bone resorption. Three-dimensional reconstructions of micro-CT images of the
trabecular microarchitecture of the distal metaphysis of rat tibia. Transverse slice(a) Group I - healthy
control; (b) Group II - arthritis control; (c) Group III - arthritis with Diclofenac sodium (5 mg/kg)
treatment; (d) Group IV - arthritis with CETH (60 mg/kg) treatment; (e) Group V - arthritis with
CETH (120 mg/kg) treatment; (f) Trabecular pattern factor (Tb. Pf), 1/mm (values represents shown
as m = SEM).

According to 3D images in Group II, the tibia distal metaphysis was characterized by high
porosity and loss of trabecular connections. A large proportion of bone trabeculars lost their normal
architecture and looked like separate bone areas separated by extended spaces. This is consistent
with the results of several researchers [47] and, according to Noguchi et al. [51] can be caused by
activation of inflammation mediators, by means of which stimulation of osteoclastic formation takes
place, which eventually leads to periarticular bone resorption [52].

Micro-CT images of the distal metaphysis of the tibia in rats of group III treated with Diclofenac
(Figure 3c) and groups IV and V treated with CETH (Figure 3d,e) show the presence of a protective
effect in relation to bone resorption. Group V animals had the largest effect. They still had areas of
resorption, but the overall integrity of the trabecular architecture of the bone components of the
joint, in particular the tibia, was as close to the group I as possible. This was quantitatively confirmed
by reliable differences in the value of the trabecular pattern factor (Tb.Pf) (Figure 3f), reflecting the
connectivity of bone structures and negatively correlating with bone strength [53].

The average value of TBPf in Group II almost twice exceeded this value in Control Group I. In
groups III, IV, and V, a significant decrease of TBPf was observed in comparison with II. In sample
III, which received diclofenac, TBPf decreased by 90.5%. In groups IV and V, TBPf decreased by
30.8% and 76.7%, respectively, compared to CETH.
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This and other quantitative parameters of the trabecular microarchitecture of subchondral bone,
reproduced by three-dimensional microtomography analysis, are presented in Table 2.

Table 2. Microarchitecture parameters of tibia distal metaphysis by micro-CT analysis (M+m).

1BV/TV, 2Tb.Pf, 3Tb.Th, Tb.Sp, °BS/BV, ¢Tb.N, 7SMI
Groups

% 1/mm mm mm 1/mm 1/mm

Healthy 66.89 -2,98 0.31 0.50 9.14 2.19 -1.70
control +0.452 £0.072 +0.005 2 +0.028 2 +0.232 +0.042 2 +0.124

Arthritic 52.98 -1.59 0.24 0.61 13.48 2.22 -1.08
control +0.68" +0.04° +0.003 P +0.036P +0.34° +0.0504a +0.19b

Diclofenac 59.46 -3.03 0.24 0.49 11.96 2.44 -1.34
(5 mg/kg) +0.56° +0.082 +0.005° +0.0512  *0.41<  +0.0392  +0.15¢

CETH 62.78 -2.08 0.28 0.55 12.06¢ 2.35 -1.66
(60 mg/kg) +1.862 £0.05¢ +0.004 +0.027 2 +0.29 +0.0492  +0.27a

CETH 69.90 -2.81 0.27 0.52 11.27 2.58 -1.75
(120 mg/kg) +1.412 +0.072 +0.007¢  +0.065¢  *0.31¢  +0.073a  +0.182

Different superscript letters indicate statistically significant differences between the means (P < 0.05)
for each parameter. 'Percent bone volume; ?Trabecular pattern factor; STrabecular thickness;
4Trabecular separation; Bone surface/bone volume; ‘Trabecular number; “Structure model index.

The BV/TV ratio as a predictor of bone strength in Group II was 20.8% lower than in Group 1.
Groups IV and V that received CETH were characterized by 18.5% and 31.9% increase in BV/TV
compared to Group II, respectively. The use of Diclofenac in Group III did not statistically affect the
value of BV/TV.

The values of Tb.N parameter in accordance with Kim & Kang's data [54] did not undergo
statistically significant changes after the modeling of arthritis. This is probably due to the fact that
the main bone loss in the periarticular zones was not due to the perforation of bone trabeculae, as is
often observed in osteoporosis [55], but due to the thinning of trabeculae. This is confirmed by the
changes in Tb.Th. values we have detected.

The data on group distribution of the parameter Tb.Th, which is one of the criteria for
osteoanabolic action, was presented interestingly. Group II was characterized by a reliable decrease
in Tb.Th value in comparison with the control. The application of Diclofenac in Group III did not
affect Tb.Th values, and it remained as low as in Group II. At the same time, groups IV and V after
the application of CETH showed a significant increase in the Tb.Th value in comparison with group
II but remained low in relation to the Tb.Th values of group I of healthy controls.

The value of SMI, reflecting the loss of bone strength, in the model group, II increased by 36.5%
compared to the control. Against the background of diclofenac application in group III, this index
reliably decreased by 24.1%. The downward changes in SMI compared to the model group II in
samples IV and V were 53.7% and 62.0%, respectively.

Group II was characterized by relatively high values of Tb.Sp. and BS/BV. These changes are
another confirmation of bone mass loss, and according to Kim & Kang [54] a quantitative sign
indicating the formation of osteophytes.

In this study, following the study provided by Kim & Kang [54], osteophytes were visualized
using CTvox and CTvol software (Bruker-microCT, Belgium) (Figure 4). In 3D images, they are
represented as blue colored outgrowths with an uneven surface formed along the edges of joints and
bones.
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Figure 4. Visualization of osteophytes on three-dimensional micro-CT images of rat paw skeleton(a) Group I -
healthy control; (b) Group II - arthritis control; (c) Group III - arthritis with Diclofenac sodium (5 mg/kg)
treatment; (d) Group IV - arthritis with CETH (60 mg/kg) treatment; (e) Group V - arthritis with CETH (120
mg/kg) treatment; (f) Osteophyte volume, mm? (values represents shown as m + SEM).

According to micro-CT data, all groups of animals with induced arthritis were accompanied by
osteophytosis. These pathomorphological changes are typical not only for osteoarthritis but also
often occur in the development of adjuvant arthritis, which has been repeatedly confirmed in the
works of other researchers [47,56].

The quantitative volumetric characteristics of osteoarthritis obtained differed greatly among the
groups of animals studied. Osteophytes were not registered in animals of control group I (Figure 4,
a). The maximum volume of osteophytes formed was characterized by group II (Figure 4,b). Oral
administration of Diclofenac rats (5 mg/kg) and CETH (60 and 120 mg/kg) significantly prevented
osteophytes development (Figure 4c,d,e). The effectiveness of CETH in a dose of 120 mg/kg was
comparable to that of diclofenac (Figure 4f). This is confirmed by the above values of BS/BV and
Tb.Sp, which in groups III, IV, and V were significantly lower than in the model group II

2.4. Histopathological analysis

Since the possibilities of micro-CT analysis to study cartilage structures are somewhat limited,
histological analysis of the joint tissues of the white rat ankle was performed to evaluate the
effectiveness of CETH anti-arthritic action.

According to the results of the histological study, no inflammation or tissue destruction was
observed in Group L. In groups II, III, IV, and V, pathomorphological signs characteristic for
adjuvant arthritis of various degrees of severity were found.

In all animals of group II, during the histological analysis of an ankle joint, pronounced
changes in bone tissue were found, in particular, trabecular osteolysis. In group II, the average
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semi-quantitative calculation of the level of bone tissue changes in the joint area was 3.2 + 0.08
(Figure 5b,f).

Osteolysis

()

Figure 5. The condition of the ankle bone of the rats. Coloring with hematoxylin and eosin, x50: (a)
Group I - healthy control. Joint surfaces, chondrocytes are normal (indicated by arrows); (b) Group II
- arthritis control. Joint surfaces with signs of dystrophic and necrotic chondrocyte lesions (indicated
by arrows); (c) Group III - arthritis with Diclofenac sodium (5 mg/kg) treatment. Joint surfaces with
irregularities (indicated by an arrow); (d) Group IV - arthritis with CETH (60 mg/kg) treatment. Joint
surfaces with irregularities and curved groups of 2 cells (indicated by the arrow); (e¢) Group V -
arthritis with CETH (120 mg/kg) treatment. Joint surfaces with irregularities, small cracks (indicated
by arrow); (f) Degree of cartilage damage (values represents as m = SEM).

In groups 111, IV, and V, histological analysis of bone tissue changes showed less pronounced
osteolysis. These groups were characterized by a much lower degree of resorption of the medullary
tibia region. In ankle bone, the weak level of trabecula resorption was visualized in the animals of
group IV, who received CETH 60 mg/kg, then in group II (Figure 5d). In the samples of animals III
and V, for which diclofenac 5 mg/kg and CETH 120 mg/kg were used, respectively, the histological
picture of the named bones was approaching the norm (Figure 5c,e).

A semi-quantitative calculation of the severity of changes in bone tissue from all visualized
bones forming the ankle joint indicates that the osteolysis level in animals using CETH at 120 mg/kg
was 10% lower than with diclofenac and 37.5% lower than in animals with negative control II
(Figure 5f).

In the ankle joint of animals of group II, hyperplasia of cells of synovial shell and its thickening
and the presence of dark bulbous villi on synovial intima was observed. Significant signs of
inflammatory reaction in periarticular tissues with increased vascularization, swelling, infiltration of
inflammatory cells were registered (Figure 6b).

The average semi-quantitative calculation of joint inflammation severity for Group Il was 3.9 +
0.1 (Figure 6f).
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Figure 6. State of periarticular tissues. Coloring with hematoxylin and eosin, x50: (a) Group I - healthy
control. Periarticular tissues are normal (indicated by arrows); (b) Group II - arthritis control. Significant
thickening and signs of marked inflammatory reaction in periarticular tissues (indicated by arrows), osteophyte
(yellow arrow); (c) Group III - arthritis with Diclofenac sodium (5 mg/kg) treatment. Mild infiltration with
moderate swelling in periarticular tissues (indicated by the arrows); (d) Group IV - arthritis with CETH (60
mg/kg) treatment. Mild periarticular infiltration with mild swelling (indicated by the arrows), slight osteophyte
(yellow arrow); (e) Group V - arthritis with CETH (120 mg/kg) treatment. Mild periarticular tissue infiltration
(indicated by the arrow); (f) General joint inflammation expression (values shown as m + SEM).

In all experimental groups with the use of drugs, the inflammatory response in periarticular
tissues was characterized by a much lower level than in animals without treatment. In groups using
diclofenac and peptides in the dose of 60 mg/kg, the manifestations ranged from mild to moderate
infiltration by inflammatory cells with moderate swelling (Figure 6¢c,d). The lowest level of general
joint inflammation was characterized by animals of group V receiving CETH 120 mg/kg (Figure 6e).
In a semi-quantitative calculation, their average inflammation rate was 1.5 + 0.05, which was 35%
less than in animals after the application of Diclofenac 5 mg/kg and 37% less than in animals with
CETH 60 mg/kg. No reliable difference between histological changes in rat periarticular tissues after
diclofenac 5 mg/kg and CETH 60 mg/kg was found (2.3 + 0.06 and 2.4 + 0.07, respectively) (Figure
of).

The degree of cartilage degeneration in Group II was the most pronounced and was
characterized by swelling and vacuumization of the matrix, the development of dystrophic and
necrotic lesions of chondrocytes. Surface erosions and splits were found in cartilage tissue. In severe
cases, there was thinning and impoverishment of cartilage tissue cells, with proliferation foci, there
were found out curved groups of chondrocytes of 2, 3, and more cells. The degeneration of cartilage
was 6.1 + 0.15 points.
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Figure 7. The condition of cartilage tissue of the joint. Coloring with hematoxylin and eosin, x50: (a) Group I -
healthy control. Joint surfaces, chondrocytes are normal (indicated by arrows); (b) Group II - arthritis control.
Joint surfaces with signs of dystrophic and necrotic chondrocyte lesions (indicated by arrows); (c) Group III -
arthritis with Diclofenac sodium (5 mg/kg) treatment. Joint surfaces with irregularities (indicated by an arrow);
(d) Group IV - arthritis with CETH (60 mg/kg) treatment. Joint surfaces with irregularities and curved groups of
2 cells (indicated by the arrow); (e) Group V - arthritis with CETH (120 mg/kg) treatment. Joint surfaces with
irregularities, small cracks (indicated by arrow); (f) Degree of cartilage damage (values represents as m + SEM).

Histological evaluation of the degree of cartilage tissue degeneration in the region of ankle
joints in animals of groups III and V indicates small irregularities, erosions, and some animals have
cracks. In the groups of animals, which used diclofenac 5 mg/kg and CETH 120 mg/kg, there were
practically no changes on the part of chondrocytes. There were also no reliable differences in the
semi-quantitative calculation of cartilage damage (1.3 + 0.04 and 1.2 + 0.03 points, respectively).
When using CETH 60 mg/kg in animals, IV showed more pronounced histological changes in the
joints, which were characterized not only by irregularities and erosions but also by the presence of
corrugated groups of chondrocytes with two cells in a group. The degree of cartilage degeneration in
this group was 2.0 + 0.05 points.

2.5. Immunohistochemistry analysis
In addition to histological analysis using the immunohistochemical method, the level of

expression of caspase-3 was assessed as an indicator of cell death of synovial joint membrane cells.

In the group of animals of healthy controls, a weak, almost absent staining of the caspase-3
synovial membrane was observed, which was quantitatively confirmed by the minimum optical
density indicator (Figure 8a,f).
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Figure 8: Immunohistochemical expression of caspase-3 in the synovial membrane of the rat ankle in
adjuvant arthritis on day 28, x200: (a) Group I - healthy control. Weak expression of caspase-3; (b)
Group 1II - arthritis control. Super strong expression of caspase-3; (c) Group III - arthritis with
Diclofenac sodium (5 mg/kg) treatment. Strong expression of caspase-3; (d) Group IV - arthritis with
CETH (60 mg/kg) treatment. Moderate expression of caspase-3; (e) Group V - arthritis with CETH
(120 mg/kg) treatment. Weak expression of caspase-3; (f) Caspase-3 expression quantification,
expressed as optical density (values represents shown as m + SEM).

Model Group II was characterized by high expression of caspase-3, as evidenced by intensive
brown coloring (Figure 8b). In agreement with the recently obtained results of Shafiey et al. [57] and
Abdel-Maged et al. [58], it is logically explained that apoptosis may be one of the mechanisms of
progression of rheumatoid arthritis due to the activation of proapoptotic proteins like caspase-3.

In groups of animals, where diclofenac sodium and CETH were used, on day 28, models of
adjuvant arthritis were characterized by less pronounced expression of caspase-3 (Fig. 8c,d,e). In the
order of its reduction and accordance with the results of the average optical density of images, the
groups were distributed as follows: group III > group IV > group V (Figure 8f). This pattern of
caspase-3 expression showing the level of apoptosis in periarticular tissues also confirms the
decrease of inflammatory alteration in these groups.

3. Discussion

Alternatives to control rheumatoid arthritis are becoming increasingly popular [17,20,59,60].
With progress in the understanding of the pathophysiology and treatment of rheumatoid arthritis, it
has been proven that its nutritional correction is realistic. Dietary approaches can serve as an
effective strategy for improving rheumatoid arthritis [61-63].

Of particular interest in this respect are bioactive peptides and peptide-rich protein
hydrolysates, which represent a new trend in the development of functional foods and
nutraceuticals [64,65].

The chicken embryo tissue hydrolysate (CETH) we are studying has an interesting
representation and ratio of oligopeptides and free amino acids with different bioactivity [38].
Therefore, CETH has a promising therapeutic potential for use in pharmacology and nutraceuticals.
However, this requires multidirectional experimental validation.
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In this study, we have sought to assess the anti-arthritic effect of CETH. Hatori et al. [66]
studied the anti-arthritic effect of casein hydrolyzate without dividing it into components; however,
we evaluated the peptide-amino acid mixture of CETH to assess the complex action of all its
components.

On in wvitro models, CETH exhibited concentration-dependent inhibition of protein
denaturation, membrane stabilization effect, and inhibitory proteinase activity.

Most researchers report that protein denaturation is one of the reasons for rheumatoid arthritis
development due to autoantigen production [67]. The expressed property of CETH to block the
denaturation of protein even exceeding the NSAID (sodium diclofenac) activity revealed in this
study allows us to assert the potential control of the CETH production of autoantigens in rheumatic
states.

The stabilizing effect on erythrocyte lysis caused by a hypotonic medium is also a criterion of
anti-arthritic activity. The erythrocyte membrane is similar to the lysosomal membrane, whose
stabilization during the inflammatory process prevents the release of lysosomal enzymes of
activated neutrophils, which lead to inflammation progression and tissue damage. One such enzyme
of lysosomal granules is proteinases, which enzymatically destroys collagen and proteoglycan
matrix of bones and cartilages [45]. Although the exact mechanisms of membrane protection and
inhibition of CETH proteinase are not yet known, it has shown quite a high effect.

The results obtained in vitro prompted us to evaluate the advantages of CETH ex vivo on the
animal model for its harmlessness and efficiency.

CETH did not show toxicity in experimental rats, which allowed us to consider it safe for
further study on animals.

A model of chronic adjuvant inflammation was used, which is a classic to study the efficacy of
anti-arthritic drugs. Swelling, inflammatory cell infiltrations, proliferative synovitis, and bone and
cartilage structure erosion are clinical signs common to human rheumatoid arthritis and
adjuvant-induced arthritis in rats [51,68].

Taking into account that the most reliable methods of assessing the impact of any factors on the
body are deservedly considered morphological, and also taking into account that the indicators of
the progression of rheumatoid arthritis are radiological and histopathological changes, the
anti-arthritic effect of CETH has been studied by X-ray microtomography and histopathological
analysis.

The study showed that oral administration of CETH to rats weakened arthritis progression and
provided effective dose-dependent correction of morphological changes caused by the adjuvant
injection.

Moreover, we compared CETH with the traditional NSAID rheumatoid arthritis treatment with
sodium diclofenac. The use of CETH has shown relatively high recovery effects in terms of reduced
inflammatory edema, osteolysis inhibition, osteophitosis prevention, periarticular tissue
inflammatory response, and cartilage degeneration.

According to the complex of all morphological data obtained by X-ray micro-CT and
histopathological analysis of the injected leg, the progression of adjuvant arthritis in rats is
effectively controlled by CETH treatment (120 mg/kg).

Several mechanisms can logically be assumed to provide the detected effect. In addition to the
mechanisms we have registered in vitro, one of the supposed mechanisms of morphologically
confirmed anti-arthritic effect of CETH may be antioxidant. The role of antioxidants in rheumatoid
arthritis therapy has been confirmed by many researchers [69, 70]. The oxidative stress that occurs in
an inflamed joint and the decrease in the antioxidant status of the body are the hallmarks of
rheumatoid arthritis patients. They contribute to the development of the autoimmune process, lead
to the degradation of connective tissue leading to deformation of the joints and periarticular tissues
[71,72].

In addition, active oxygen forms that increase in the late stages of arthritis lead to the induction
of synoviocyte and chondrocyte apoptosis [73].
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Previously, we registered a high antioxidant activity of CETH, particularly ABTS radical
scavenging activity and lipid peroxidation inhibition activity [38].

Another suggested mechanism of the CETH anti-arthritic effect could be provided by bioactive
low molecular weight peptides. According to our early studies, CETH contains various di- and
tripeptides, including the dipeptide proline hydroxyproline (Pro-Hyp) [38].

According to Lee et al. [74], Pro-Hyp dipeptides inhibit chondrocyte loss and thinning of
articular cartilage caused by the pathology. CETH Hyp can act as a signal for chondrocyte
differentiation, thus providing protection for joint cartilage.

We believe that the anti-arthritic effect of CETH does not exclude the role of natural carnosine
and arsenin dipeptides. According to Drafi et al. [75] carnosine inhibits the degradation of
hyaluronic acid caused by free-radical processes and corrects the redox imbalance in adjuvant
arthritis. In addition, according to Ponist et al. [76] carnosine may have a systemic anti-inflammatory
effect in experimental arthritis.

There is evidence that supplements of dipeptide anserin help reduce inflammatory markers in
rats with rheumatoid arthritis [77].

According to our recent results, the carnosine and arsenin content of CETH is 490.3 + 12.3 and
24.5 + 0.6 pug/ml, respectively [38].

We also believe that the therapeutic efficacy of CETH may be due to the functional peptides of
GRKP and QPTIPFFDPQIPK sequences identified by us in its composition [38], whose
immunomodulatory properties have been repeatedly noted in the literature [78,79].

In addition, the morphologically proven anti-arthritic effect of CETH after oral administration
can also be provided by its constituent peptides possessing dipeptidyl peptidase IV (DPP IV)
inhibitor activity. According to some reports, DPP IV inhibitors can inhibit the progression of
rheumatoid arthritis in animal models by inhibiting the proliferation of T-lymphocytes [80,81]. It is
believed that DPP IV on activated T cells is a target molecule for rheumatoid arthritis therapy [82].
However, it is noteworthy that, according to Huang et al. [83] some peptides possessing dipeptidyl
peptidase IV (DPP 1V) inhibitor activity successfully pass through the gastrointestinal tract with the
preservation and even increase of this property.

According to our earlier peptide analysis [38], CETH includes seven short-chain peptides with
dipeptidyl peptidase IV inhibitor activity.

The osteoanabolic role of bioactive peptides cannot be ruled out in the detected effect of CETH.
According to Amso et al. [84] and Mada et al. [85], individual short food peptides can reduce the
expression of inflammatory and resorbing cytokines and stimulate differentiation of osteoblasts by
increasing the expression of osteogenic genes and the activity of antioxidant enzymes.

Under the conditions of the adjuvant arthritis model used, CETH showed a good osteo-anabolic
result, which indicates its high potential as an effective strategy in maintaining and correcting bone
homeostasis in states characterized by pronounced bone resorption.

Another important factor in ensuring the anti-arthritic effect of CETH on chronic arthritis
models can be considered as the effect on apoptosis. Apoptosis is regarded as one of the mechanisms
involved in the regulation of rheumatoid arthritis. Its role is dual and depends on the stage of
arthritis development [86].

The early stages of adjuvant arthritis are characterized by insufficient apoptosis. Starting from
the 23rd day, the late-stage is characterized by apoptosis activation of synoviocytes and
chondrocytes [73].

In our study, it would be logical to assume the apoptosis-inducing activity of CETH, which
could be provided by bioactive peptides of embryonic tissue that induce apoptosis processes
actively occurring in embryogenesis. An example is the carnosine dipeptide contained in high
amounts in CETH, which, according to Pandurangan et al. [87,88] has a pronounced
apoptosis-inducing effect due to inhibition of caspase activity -3.

However, the current immunohistochemical results for 28 days of the model of adjuvant
arthritis in rats indicate overwhelming apoptosis of CETH activity. This may be due to possible
non-peptide inhibitors of caspase -3 contained in CETH and new bioactive peptides formed as a
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result of hydrolysis. Besides, the recorded level of apoptosis in periarticular tissues with CETH may
be due to a marked decrease in the level of inflammatory alteration, which was recorded by us in the
histochemical study. This once again confirms the need for further research to isolate pure
compounds from the CETH peptide-amino acid complex and to understand better all the
mechanisms involved in its anti-arthritic effect.

4. Materials and Methods

4.1. Drugs and chemicals

Chemicals were obtained from the following sources: pepsin from porcine gastric mucosa
(activity 600-1800 U/mg), hydrochloric acid 35% (Sigma-Aldrich, St. Louis, MI, USA); pancreatin
(activity): amylase 22,500 FIP E/g, lipase 22,500 FIP E/g, protease 1050 FIP E/g, (AppliChem,
Darmstadt, Germany); bile extract, perchloric acid 70%, casein from bovine milk, erypsin from
bovine pancreas 210,000 BAEE units/mg protein, formalin solution, neutral buffered 10%, isopropyl
alcohol 299.7% (Sigma-Aldrich, St. Louis, MI, USA); Adjuvant complete Freund (Difco Laboratories,
Detroit, USA); Diclofenac sodium (AMOLI ORGANICS Private Limited, Mumbai, India).

4.2. Materials

Certified fertilized chicken eggs were produced by white Leggorn breeds of Kumskaya poultry
(Georgievsk, Russia) set. Cultivation of embryos up to 10 days of age was carried out under laboratory
conditions in an incubator ILB-0.5 (Russia) with automatic regulation of incubation parameters.
During the incubation, the viability and level of embryos development were monitored using the
PKYA-10 ovoscope (Moscow, Russia). In accordance with the patent of the Russian Federation No
2560845 [81], stimulation of embryos development was carried out using the AL-01 Semicon (Moscow,
Russia) medical semiconductor laser device. On the 10th day of incubation, eggs with developed
embryos were placed for 7 days in a refrigerator at 2-6°C. The embryonic and extraembryonic tissues
were then separated from the shell and ground using a Sterilmixer 12 knife homogenizer (PBI, Milan,
Italy). The obtained substance was dried in a laboratory lyophilic dryer LS-500 (Russia) and stored at
20°C until use.

4.3. Preparation of chicken embryo tissue hydrolysate (CETH)

The raw material was a sublimated embryonic-egg mass from which the lipid fraction was
removed by 5-fold extraction with petroleum ether. It was stirred at 500 rpm on the magnetic stirrer
(Heildoph, Germany), followed by drying of the defatted residue at 37°C in an ES 20/60 thermoshaker
(Biosan, Latvia). The resulting sublimate was carefully ground to a powdery state.

Five hundred mL of distilled water (DW) was mixed with 20 g of a sublimate and put into an ES
20/60 shaker-thermostat for 30 minutes at 50°C. Then, 35% HCIl was added to the solution to a
concentration of 0.5% and held at 50°C for 60 minutes with shaking 100 rpm in an ES 20/60
shaker-thermostat. The resulting mass was then autoclaved at 125°C for 60 minutes in the
SPVA-75-INN steam sterilizer. Pancreatin (2 mg/mL) was added to a cooled substance, and the
mixture was incubated in an ES 20/60 shaker-thermostat for 120 minutes at 37°C [38].

4.4. In-vitro anti-arthritic activity:
4.4.1. inhibition of protein denaturation

The study was conducted according to the methodology presented in the work of Niazi et al. [90].
The reaction mixture (5 ml) consisted of 0.2 ml of fresh egg albumin, 2.8 ml of phosphate-salt buffer
(pH 6.3), plus 2.0 ml of different concentrations (3.75, 7.5, 15.0 mg/ml) of CETH. The same volume of
bidistilled water was controlled. The reaction mixtures were incubated at 37°C for 15 minutes and then
heated at 70°C for 5 minutes. After cooling, the absorption was measured at 660 nm with UV
spectrophotometer SF 102 (NPO INTERFOTOFIZIKA, Moscow, Russia). The percentage of protein
denaturation inhibition was calculated using the following formula:
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o Abs control - Abs sample
Percentage of inhibition (%) = Abs control x 100 (1)

4.4.2. Proteinase inhibitory action

The analysis was performed according to the methodology described by Chandra et al. [67] with
some modifications. The reaction mixture of 2.0 ml included 250 pl trypsin, 1.0 ml 25 mM Tris-HCI
buffer (pH 7.4) and 1.0 ml of different concentrations (3.75, 7.5, 15.0 mg/ml) of CETH. The same
volume of bidistilled water was controlled. The mixture was incubated at 37°C for 5 minutes. 1.0 ml
0.8% (w/v) casein was added. The mixture was incubated for another 20 minutes. To stop the reaction,
2.0 ml of 70% (v/v) of chloric acid was added. Then the turbid suspension was centrifuged. The optical
density of supernatant at 280 nm was measured. The inhibition percentage was calculated by the
above formula.

4.4.3. Effect on Membrane Stabilization

The analysis was performed according to the method described by Shilpa et al. [46]. Fresh rat
blood was collected in centrifuge tubes containing 200 mM 0.5 ml EDTA. The tubes were centrifuged
at 3000 rpm for 15 minutes and washed three times with an equal volume of physiological solution.
The volume of RBC was measured and reduced as a 10% suspension with a physiological solution.

The reaction mixture (4.5 ml) included 2.0 ml of hypotonic physiological solution (0.25% NaCl), 1
ml of 0.15 M phosphate buffer (pH 7.4) and 1 ml of CETH (3.75, 7.5, 15.0 mg/ml) in physiological
solution. A similar volume of isotonic physiological solution was controlled. 0.5 ml of 10% rat RBC was
added to the physiological solution. The mixtures were incubated at 56°C for 30 minutes. Tubes were
cooled under running tap water for 20 minutes. Mixtures were centrifuged at 3000 rpm for 10 minutes.
The optical density of supernatants was measured at 560 nm. The percentage of stabilizing activity of
the membrane was calculated by the formula:

Abs control - Abs sample

% Membrane stabilization = o ool x 100 (2)

All studies of antiartrine activity of CETH in vitro were conducted in a three-fold repetition.
Sodium diclofenac (200 pig/ml) was used as a comparison drug.

4.5. Animals

The experiment was conducted on male white rats of the Wistar line at the age of 10-12 weeks.
The animals were kept in plastic cells in a laboratory vivarium under controlled environmental
conditions (temperature 18-22°C, relative humidity 50-65%, 12 hours lighting cycle). Rats were kept on
a standard food ration with free access to food and water. Before the experiment, the animals were
acclimatized within two weeks.

All manipulations with animals were conducted in strict accordance with the Guide for the Care
and Use of Laboratory Animals [8391]. The experiment was approved by the local bioethics committee
of the Institute of Living Systems of North Caucasus Federal University (Study Ne 2020-003, Protocol
No 4 of 22.09.2020). Every effort has been made to minimize animal suffering and reduce the number of
rats used.

4.6. Acute oral toxicity

Toxicity assessment was performed on female white rats of Wistar line weighing 190-210 g
according to OECD Test 425 recommendations [92]. The test for limit values was carried out by
successive use of five animals with an interval of 48 hours. CETH was administered to the animals
after night fasting and weighing in a dose of 2000 mg/kg through a stomach tube. After CETH
administration, the animals were monitored for any clinical manifestations of toxicity every hour
during the first four hours and then every day for the next two weeks. Weight, feed, and water
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consumption were recorded daily. On the 15th day after euthanasia of animals, pathomorphological
assessment of vital organs for any pathological changes was made.

4.7. Experimental protocol

After acclimatization within 14 days, the animals were randomly divided into five groups of six rats
in each as follows:

Group I: Healthy control.

Group II: Adjuvant arthritis control.

Group III: Adjuvant arthritis rats with 5 mg/kg Diclofenac sodium treatment.

Group IV: Adjuvant arthritis rats with 60 mg/kg CETH treatment.

Group V: Adjuvant arthritis rats with 120 mg/kg CETH treatment.

Arthritis was simulated by a single intradermal injection of 0.1 ml of full adjuvant Freund in the
pillow of the right hind leg of the rat. Animals were anesthetized by short-term inhalation of ether
during the injection because the viscous nature of the adjuvant makes it difficult to administer and
painful [93].

Manipulation was carried out in sterile conditions in the treatment room for animals far from the
places where they were kept.

Animals of groups III, IV, and V received drug treatment for 14 consecutive days from 15 to 28 days
after the adjuvant administration. CETH and Diclofenac sodium was administered orally in the
volume of 10 ml/kg of body weight once a day. The rats of groups I and II were given a carrier
(water) in the same amount for 14 days. CETH anti-arthritic activity was evaluated on injected
animal paws.

4.8. Micro-CT analysis

Microtomography of animal paws was performed ex vivo using a micro-CT system (SkyScan 1176;
Bruker micro-CT, Kontich, Belgium). For this purpose, the right hind legs were selected by cutting soft
tissues and bone above the ankle joint during the autopsy.

Scanning protocol in Skyscan 1176 (10.0.0.0, Bruker-microCT, Kontich, Belgium) for rat hind legs:
65 kV X-ray source voltage acceleration, 380 pA X-ray source current, Al Imm filter, 17.74 um pixel
size, 360° tomographic rotation, 0.3° shooting pitch, 4 frames averaging.

Microtomographic images of bones and joints were reconstructed using Nrecon software (version
1.7.1.0, Bruker, Kontich, Belgium). Uniform positioning and selection of a certain area of the
reconstructed object was performed in DataViewer (version: 1.5.6.2, Bruker, Kontich, Belgium).

The analysis of microtomographic bone data was carried out by means of CTAn software
(version: 1.18.4.0, Bruker, Kontich, Belgium), visualization was carried out in CTvox software
(3.3.0r1403, Bruker-microCT, Belgium) [94,95]. The following parameters were evaluated: trabecular
mineral density (trabecular BMD, mg/cm3); BV/TV - Percent bone volume; Tb.Pf - Trabecular pattern
factor; Tb.Th - Trabecular thickness; Tb.Sp - Trabecular separation; BS/BV - Bone surface/bone volume;
Tb.N - Trabecular number; SMI - Structure model index.

Swelling volumes of feet and osteophytes were calculated using CTAn software (version: 1.18.4.0,
Bruker, Kontich, Belgium), visualization was performed in CTvox (3.3.0r1403, Bruker-microCT,
Belgium) and CTvol (2.3.2.0, Bruker-microCT, Belgium). The results were documented with micro-CT
images in 2- and 3D-images format.

The percentage of paw edema suppression was calculated from the average difference in paw
volume in the experimental group treated and in the control group using the following formula [96]:

% inhibiti increase in paw edema (control) — increase in paw edema (test) 100 (3)
inhibition = X
0 increase in paw edema (control)

4.9. Histological changes
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After micro-CT scanning, the animal paws were fixed in 10% buffered formalin solution for 72
hours. They were decalcified in a decalcifying solution of SoftiDec (Biovitrum, St. Petersburg,
Russia) for 30 days. After that, they were dehydrated in isopropyl alcohol with subsequent soaking
and entering into medical paraffin Histomix (Biovitrum, St. Petersburg, Russia). Histological slices
with a thickness of 5-6 microns were made on sledge microtome MS-2 (ATM-practica, St. Petersburg,
Russia). The ready slices were stained with hematoxylin and eosin, followed by histopathological
analysis.

Evaluation of histological micropreparation was performed using laboratory microscope of
research class Axio Imager 2 (A2) (Carl Zeiss Microscopy, Oberkochen, Germany) at x50
magnification with image fixation with the help of specialized AxioCam MRc5 camera (Carl Zeiss
Microscopy, Oberkochen, Germany) and Zen 2 software (Carl Zeiss Microscopy, Oberkochen,
Germany).

The histopathological analysis included assessing changes in bone tissue (osteolysis), joint
inflammation, and cartilage degeneration. The degree of severity of the pathological changes was
classified by semi-quantitative assessment of histological changes according to a modified scale by
Bendele et al. [97] and Mankin et al. [98].

The changes in bone tissue were classified into five categories (0-5): 0 - normal; 1 - minimal
(small resorption areas in the distal part of the tibia or cortical bone, not very visible at slight
magnification, rare osteoclasts); 2 - soft (more numerous resorption areas in the distal part of the
tibia or cortical bone, not very visible at slight magnification, osteoclasts more numerous); 3 -
moderate (obvious resorption of medullary trabecular and cortical bone without complete cortical
defects, loss of some medullary trabeculars, the lesion is visible at low magnification, osteoclasts are
more numerous); 4 - noted (full thickness defects in the cortical bone, often with a distortion of the
profile of the remaining cortical surface, a pronounced loss of brain matter of the distal tibia,
numerous osteoclasts, without resorption in the smaller legs of the bone); 5 - Heavy (full thickness
defects in the cortical bone, often with a distortion of the profile of the remaining cortical surface, a
marked loss of medullary bone of the distal tibia, numerous osteoclasts, resorption is also present in
the smaller foreplate bone).

Expression of joint inflammation was classified into five categories (0-5): 0 - normal; 1 - minimal
infiltration of inflammatory cells in the periarticular tissue; 2 - mild infiltration; 3 - moderate
infiltration with moderate swelling; 4 - severe infiltration with severe swelling; 5 - severe infiltration
with severe swelling.

The degree of cartilage degeneration was classified according to the ball system (0-9): surface
structure (1 point - bumps, erosion; 2 points - cracks; 3 points - delamination); cell composition (1
point - a slight decrease in the number of chondrocytes; 2 points - a significant decrease in the
number of chondrocytes; 3 points - no cells); cell proliferation (1 point - isogenic groups of
chondrocytes by 2 cells in the group; 2 points - isogenic groups of chondrocytes by 2 and 3 cells in
the group; 3 points - proliferation centers of more than 3 cells in the group).

4.10. Immunohistochemistry analysis of caspase-3 expression levels

The immunohistochemical study of caspase-3 was conducted following the method described
by Shafiey et al. [57] in some modification. Briefly, dewaxing and rehydration of ankle slices were
performed, followed by buffer washing and heating in a water bath at 95°C for one hour. Further, to
reduce the effect of endogenous peroxidase, the slices were placed in 0.3% H:20: solution for 10
minutes. Then the slices were incubated during the night at 4°C with the primary antibody against
caspase-3 (Thermo Fisher Scientific, Fremont, USA). The cuts were washed with a buffer and
incubated with the HRP secondary antibody Quanto polymer (Thermo Fisher Scientific, Fremont,
USA) for 10 minutes at 27°C. After washing with distilled imaging water, a DAB solution was
applied to the cuts (1 drop of DAB Quanto chromogen + 1.0 ml of DAB Quanto substrate). After
washing, the slices were dyed with hematoxylin, dehydrated in xylene, placed under cover glass,
and studied with the Axio Imager 2 (A2) microscope (Carl Zeiss Microscopy, Oberkochen,
Germany).
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The caspase-3 expression level was quantitatively determined by densitometric analysis of
digital images using Image J software (Bethesda, USA).

4.11. Statistical analysis

The results were expressed as mean + SEM (standard error mean). Statistical analyses were
conducted with GraphPad Prism for Windows, Version 6.01 (GraphPad Software, San Diego, CA,
USA). The statistical analysis was performed by one-way variance analysis (ANOVA). A p-value <
0.05 was considered statistically significant.

5. Conclusions

The results obtained at the morphological level confirm the hypothesis that hydrolysate tissue
of the chicken embryo shows a pronounced dose-dependent anti-arthritic effect in adjuvant-induced
joint damage in rats, which is the closest model to rheumatoid arthritis in humans.

This study has a potential theoretical strategy for the safe correction of this pathological process
and, for the first time, shows that hydrolyzate of chicken embryo tissue may be a powerful
nutraceutical agent or component of a functional food product in the treatment of rheumatoid
arthritis.

The therapeutic efficacy of CETH may be due to antioxidant activity, anti-inflammatory,
osteoanabolic activity, and possible immunotropic action. However, more in-depth and long-term
studies are needed to finally examine this effect and determine the detailed mechanisms of CETH
action at the molecular level.
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