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The aim of the investigation was to study the level of amylolytic activity and microtomographic index of synovial fluid density as well
as to substantiate their clinical and pathogenetic significance by identifying correlations with the known informative indicators reflecting
characteristic features of the pathological process in various joint diseases.

Materials and Methods. Samples of synovial fluid from 95 patients with various joint pathologies at the stage of the disease
progression characterized by copious effusion into articular cavities have been examined. Synovial fluid samples obtained by knee
arthrocentesis served as a material for the investigation. Conventional methods were used to determine the concentration of uric acid,
inorganic phosphorus, total protein, and amylolytic activity level in the selected samples while X-ray density was identified by computed
microtomography.

Results. All samples of pathological joint fluid have shown a high level of amylolytic activity as compared to the synovial fluid from
healthy joints. The relationship between the level of amylolytic activity in synovia and specific joint pathology has been identified. It has also
been found that uric acid values, inorganic phosphorus concentrations, and total protein in various types of joint damage may influence
X-ray density of the synovial fluid. Correlations between the studied indices have been established.

Conclusion. New data on the level of synovia amylolytic activity has been obtained in one non-inflammatory and six different
inflammatory diseases. Pathogenically determined correlation between the microtomographic index of synovial fluid density and
concentrations of uric acid, inorganic phosphorus, total protein has been confirmed. Specific indicators of X-ray density of synovia in various
joint pathologies as well as unidirectional and multidirectional data in comparison with the norm allow us to consider X-ray microtomography
as a method that reveals additional details during investigation of synovial fluid density and brings new surrogate markers for the study of
pathogenetic mechanisms of the development, differentiation, and treatment of various joint pathologies.
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Introduction

The main role in the pathogenesis of inflammatory
degenerative diseases is given to synovial fluid (SF)
and its qualitative parameters [1]. A liquid content in a
healthy joint is represented, as a rule, by a true SF, the
amount of which is extremely small and a composition
is rather stable, whereas in the diseased joint, additional
effusion is produced as an exudate (in inflammatory
processes) or transudate (in degenerative lesions of
non-inflammatory etiology) [2].

The quality of exudate and transudate and their
volume are directly related to the permeability of
the vascular wall and articular membranes. Fluid
accumulation is often typical for the most severe stages
of the pathological process irrespective of nosological
types of articular pathology and causes more or less
evident edema of the structural elements of the joint
itself and periarthric tissues, which is a marked clinical
sign of the lesion and often dictates the necessity of
surgical manipulations.

There are reports [3, 4] demonstrating evidence of
scientific and practical interest to specific aspects
of qualitative indicators of the removed SF in joint
lesions of various etiology. It is these indicators that
allow one to judge about sophisticated pathogenetic
mechanisms of articular pathologies and efficacy of
their treatment and to predict the course of the disease.
SF is the leading and sometimes the only factor for the
proper diagnosis of joint diseases, since it is considered
to be the most specific joint component connecting all
its structural links and determining its morphofunctional
state [5].

In the literature of the recent years, the results
of mono- and complex researches reflecting
clinical-morphological, immunological, and chemical SF
compositions have been presented. For example, there
appeared the works devoted to the study of immune
cells [6], glucose level, activity of hyaluronidase,
alkaline phosphatase, and lactate dehydrogenase
in SF [7], proteome profile [8-10], and carbohydrate
composition of synovia [11] in different articular
pathologies. These data underlines to some extent a
marked clinical-pathogenetic significance of almost
each of the aforementioned indices. It is clearly seen
how these indices reflect specific manifestations of
the inflammatory response (alteration of the exudative
processes as well): intensity of inflammatory fluid
effusion, its biochemical and immunochemical
properties, emigratory and proliferative cell reactions,
and other characteristics.

Diagnosis of Joint Pathologies

In single reports, there are data on the presence
and variations of the amylase level in the articular
fluid in some joint lesions [5]. Since amylase is not
synthesized in the joint, but is circulating in the
bloodstream, its penetration in SF may be connected
with the increased permeability in the vascular wall of
the synovial membrane, which is a direct reflection of the
exudation intensity. It is because of this phenomenon
that amylolytic activity deserves attention as a promising
parameter for prediction of exudative component
specificity in dynamics.

Generally speaking, any information on the SF
condition allows one to count on the effective control of
inflammation intensity. There has been no unanimous
recognition of different criteria priority in the qualitative
SF analysis as yet. It is quite obvious that the greater
number of the analyzed indices will help characterize
the depth of the pathological process with greater
statistical significance. However, investigations of SF
should be conducted in the first 15 min of its delivery
to the laboratory as longer storage causes biomaterial
destruction [12]. In this connection, there arises a
question on the search for the more informative and
adequate integrative indicators for the assessment
of the joint lesion degree. X-ray density may be such
an indicator. There are examples of studying SF
density using electric bioimpedance [13] and optical
density [14].

X-ray computed microtomography, non-destructive
imaging of the three-dimensional internal microstructure
of an object by means of X-ray radiation, may be
an alternative. This method is similar to computed
tomography: a microfocus X-ray tube is illuminating
the object while an X-ray chamber receives its
magnified shadow projections. Based on thousands
of projections obtained under various angles from
the rotating object, the computer reconstructs the set
of virtual object sections. The system transforms the
results of scanning into realistic models and calculates
internal morphometric parameters [15]. A high-degree
resolution of microtomography can provide examination
accuracy owing to the fixation of maximal number of
the microstructural components of articular effusion.

The aim of the investigation was to study the
level of amylolytic activity and microtomographic index
of synovia density as well as to substantiate their
clinical and pathogenic significance by identifying
correlations with the traditional informative indicators
(uric acid, inorganic phosphorus, total protein) reflecting
characteristic features of the pathological process in
various joint diseases.
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Materials and Methods

Samples of synovial fluid obtained by knee
arthrocentesis from patients (n=95) treated in the
Stavropol Regional Clinical Hospital (Russia) served as
the material for investigations. These patients suffered
from various joint pathologies at the stage of the disease
progression characterized by copious effusion into
articular cavities.

The groups of synovial fluid samples included
rheumatoid arthritis (n=28), ankylosing spondyloarthritis
(n=16), reactive arthritis (n=14), gouty arthritis (n=12),
chronic synovitis (n=9), psoriatic arthritis (n=9),
gonarthrosis (n=7). Samples (n=6) of SF from suddenly
died people having no registered articular pathology
were used as control samples.

The study complies with the Declaration of Helsinki
(2013) and was approved by the Ethics Committee of the
Stavropol Regional Clinical Hospital. Written informed
consent for participation in the study and processing
of personal data was obtained from all patients. All
manipulations associated with collection, transportation,
and investigation of the biomaterial were performed
according to the appropriate recommendations [16, 17].

To analyze the content of phosphorus and uric acid
in synovia, sample preparation was conducted. Synovial
fluid (1 ml) was mixed with 10% solution of trichloracetic
acid (1 ml) and centrifuged at 4000 rpm (MicroCL 17R
centrifuge with cooling; Thermo Fisher Scientific, Great
Britain).

Concentration of uric acid was determined with Folin’s
reagent in the SF-102 spectrophotometer (IFF, Russia)
at the 625-nm wavelength; inorganic phosphorus in
the filtrate was measured by the molybdate method at
wavelength of 630 nm.

The amount of total protein was assessed by
the Warburg—Christian assay method with 100-fold
dilution of the synovial fluid sample with subsequent
spectrophotometry at the wavelengths of 260 and
280 nm.

The amylase level was tested using starch hydrolysis
with enzymes of amylolytic complex up to dextrins
with subsequent measurement of optical density of the
iodine-starch complex on the SF-102 spectrophotometer.

X-ray density of freshly collected SF samples was
studied using a Skyscan 1176 microtomograph (Bruker,
Belgium). The samples were scanned in plastic test
tubes at the following parameters: X-ray tube voltage —
45 kV; X-ray source current — 550 pA; Al filter —
0.2 mm; pixel size — 8.87 ym [18]. The scanning
protocol included X-ray tube rotation of 180°; sample
rotation at each step — 0.3; exposure time of 840 ms
per image; frame averaging — 1. X-ray density of the
synovia was calculated in Hounsfield units (HU) using
CTAn v. 1.18.4.0 software (Bruker, Belgium) according to
the protocol published in our previous work [19].

All quantitative parameters were determined using
3-fold analytical repetition. The acquired data were
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processed by Statistica 6.0 and Microsoft Excel 2010
software.

Normal distribution of the samples was checked
using Shapiro-Wilk test. Taking into account that part
of the data did not follow the law of normal distribution,
non-parametric criteria were applied to assess statistical
significance of differences between the samples.
Kruskal-Wallis test was used as a preliminary statistical
method with a subsequent pairwise comparison with
the help of Mann-Whitney criterion. Differences were
considered statistically significant at p<0.006 (after
recalculation by the number of comparisons). The results
are represented as median (Me) and interquartile range
(the 25™ and 75™ percentiles). Functional interrelations
between the tested indicators were found using
Spearman’s correlation analysis with indication of a 95%
confidence interval (95% CI), statistical significance, and
correlation coefficient (p).

Results

The obtained data of the tested indicators in the
normal SF were practically in agreement with
the reference values given in the literature [20, 21].

A comparative analysis of concentrations of uric
acid, phosphorus, and total protein in SF with the
consideration of articular pathologies has revealed
a number of differences. The indicator of synovial
amylolytic activity also demonstrated a spread of values
among the examined groups.

All samples of the pathological SF were characterized
by relatively high values of amylolytic activity in
comparison with the healthy joint samples. Besides, these
values in the groups with ankylosing spondyloarthritis,
gouty arthritis, and chronic synovitis were 5 times higher
than the norm. In rheumatoid arthritis, reactive arthritis,
psoriatic arthritis, and gonarthrosis, the level of amylolytic
activity was almost three times higher than the normal
value (Figure 1, the Table).

Statistically significant positive correlation was
established between the level of SF amylolytic activity
and concentration of total protein in ankylosing
spondyloarthritis (p=0.81; p=0.002; 95% CI: 0.46-0.94)
and chronic synovitis (p=0.83; p=0.008; 95% CI: 0.30-
0.95), and also the concentration of phosphorus in the
sample of ankylosing spondyloarthritis (p=0.78; p=0.004;
95% CI: 0.40-0.93).

Interesting are first obtained comparative results of
X-ray density for SF samples registered by computed
microtomography in norm and in various joint lesions.

The value of SF X-ray density for a healthy joint
was 62.23 [56.65; 69.24] HU (Figure 2). In all samples
of pathological synovial specimens except for the
gonarthrosis group, this parameter appeared to be
statistically significantly lower than that in SF of the
healthy joint. The difference from normal values in
the direction of reduction varied from 5.3 to 31.7%
(see the Table).
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Figure 1. Median of amylolytic activity of synovial 07
fluid in patients with various joint pathologies N ’ b b
Here: RA — rheumatoid arthritis; AS — ankylosing E 0.6 b — -
spondyloarthritis; ReA — reactive arthritis; GA — gouty £ 05 ]
arthritis; CS — chronic synovitis; PsA — psoriatic |35,
arthritis; GnA — gonarthrosis. Values having no similar E 04 ad a
. - ., L ol acd
literal indices (a, b, or c) are statistically significantly % 03
different from each other (p<0.006) re
So02
£ 0.1 c
. [ |
RA AS ReA GA CS PsA GnA  Norm
Parameters of synovial fluid in patients with various joint pathologies, Me [Q1; Q3]
Diagnosis Uric acid (mg/ml) AT LSS Total protein (%) B AL X-ray density (HU)
(mg/ml) (mg/ml-min)

Rheumatoid arthritis (n=28)
Ankylosing spondyloarthritis (n=16)
Reactive arthritis (n=14)

Gouty arthritis (n=12)

0.085 [0.029; 0.112)
0.055 [0.044: 0.075]
0.060 [0.050; 0.11]2¢
0.100 [0.076; 0.118J>

Chronic synovitis (n=9)
Psoriatic arthritis (n=9)
Gonarthrosis (n=7)

Norm (control) (n=6)

0.090 [0.083; 0110
0.026 [0.020; 0.039]°
0.065 [0.048; 0.075]¢
0.076 [0.066; 0.094]¢

0039 [0.037; 0.047]¢
0039 [0.035; 0.043]°
0.036 [0.027; 0.038]
0.032 [0.030; 0.036]
0.041 [0.030; 0.054]
0.037 [0.030; 0.041]
0039 [0.032; 0.042J°
0.021 [0.019; 0.024]°

4.28[3.80; 5.22]°
6.96 [5.95; 7.46]°
5.38 [4.48; 5.61)
4.05[3.79; 6.28]°
3.59 [3.36; 4.0p
6.28 [5.72; 7.0]
4.36 [4.04; 4.70]
0.024 [0.022; 0.034]°

0.37 [0.25; 0.45]¢
0.54 [0.50; 0.60]°
0.35 [0.30; 0.36]°
0.60 [0.48; 0.69]°
0.57 [0.47; 0.64
0.28 [0.25; 0.31]°
0.34 [0.29; 0.35]
0.10 [0.08; 0.12]°

48.58 [42.51; 51.69F
49.47 [36.88; 57.07]
47.07 [45.41; 53.75]°
42.52 [38.89; 50.71]F
48.0 [43.52; 61.25]
46.40 [46.0; 51.47]
58.92 [55.88; 69.74]°
62.23 [56.65; 69.24]°

N ot e. Values in one column having no similar literal indices (a, b, or c) are statistically significantly different from each other

(p<0.0086).

Figure 2. Determination of X-ray
density using the CTAn software
(v. 1.18.4.0; Bruker, Belgium):

(a) water phantom; (b) normal
synovia
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Figure 3. Interrelation of synovial fluid X-ray density with uric acid concentration:
(a) ankylosing spondyloarthritis; (b) gouty arthritis
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density of SF was observed
in ankylosing spondyloarthritis
(p=0.60; p=0.032; 95% CI: 0.11—
0.86) and gouty arthritis (p=0.55;
p=0.041; 95% CI: 0.10-0.86).
The reactive arthritis sample, on
the contrary, was characterized
by a strong negative correlation
(p=-0.89; p=0.024; 95% ClI:
0.62—0.97) (see Figure 4).

A moderate positive correlation
was established between X-ray
density and SF amylolytic activity

in the groups with rheumatoid

Figure 4. Correlation dependences between the value of X-ray density and
concentrations of inorganic phosphorus and total protein in synovia in various
joint pathologies

Here: AS — ankylosing spondyloarthritis; GA — gouty arthritis; ReA — reactive arthritis

arthritis (p=0.63; p=0.017; 95%
Cl: 0.30-0.82) and ankylosing
spondyloarthritis (p=0.50; p=0.04;

To establish the presence and degree of relationship
between the mentioned pathogenetic and diagnostically
significant characteristics of SF and X-ray density,
correlation analysis was performed for each individual
group of synovia samples. Correlation between X-ray
density and uric acid level was only in ankylosing
spondyloarthritis and gouty arthritis (Figure 3). And if in
ankylosing spondyloarthritis the correlation was positive
(p=0.69; p=0.001; 95% CI: 0.23-0.90), in gouty arthritis
it bore a negative character (p=—0.62; p=0.012; 95% CI:
0.15-0.89).

The groups with reactive arthritis (p=0.74; p=0.043;
95% Cl: 0.27-0.92) and gouty arthritis (p=0.87; p=0.021;
95% CI: 0.28-0.95) demonstrated a strong positive
correlation between X-ray density and amount of
inorganic phosphorus in SF (Figure 4).

A moderate positive correlation between the content
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95% Cl: 0.20-0.81).

Discussion

In the present study, in order to establish
clinical-pathogenetic and diagnostic significance of
the amylase level and microtomographic radiodensity
of SF, emphasis was laid on correlations of these
characteristics with three indices (uric acid, inorganic
phosphorus, total protein), dynamics of which in the
development and manifestation of the joint diseases with
various etiopathogenesis does not raise any doubts. The
choice of these indicators was determined owing not
only to their high informativity for clinical practice and
relatively available determination methods [22] but also
the previously established differences in the degree of
X-ray density [23, 24].

Uric acid acts as a physiological regulator of
inflammation caused by tissue damage [25] and is
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a marker of severity and progression of joint tissue
lesion [26]. The amount of inorganic phosphorus is
associated with the level of cell proliferation and their
exchange in the cartilage and serves as a marker of
structural outcome in articular pathology [27]. Total
protein concentration in SF characterizes permeability
of hemosynovial barrier and reflects the level of
synovial plasma flow, since protein is delivered into
synovia by blood transudate [28]. This parameter
reflects quantitatively the severity of microvascular joint
lesions [29].

The increase of uric acid concentration in the synovial
specimens in patients with gouty arthritis, noted by us,
is quite logic [30] and is in line with the results of Vaidya
et al. [31], who prove that this indicator may be used as
an alternative test to polarized microscopy not always
available for gout diagnosis.

Concentration of uric acid in blood serum in psoriatic
arthritis does not differ from the norm or tends to
increase [32, 33]. In the present study, relatively
low values of the uric acid level were found in the SF
specimens of the patients with this pathology, which
agrees with the results obtained by Teplova et al. [34],
according to which uric acid is not always detected in SF
despite the increase of its level in the blood.

Relatively low values of the uric acid level were also
observed in the specimens of synovia from patients
with ankylosing spondyloarthritis. Some specialists [35]
believe that this fact confirms the value of the given
indicator in differentiating ankylosing spodyloarthritis
from gouty arthritis having similar clinical picture.

Concentration of phosphorus in all SF samples
was within the reference values [21] and did not
have statistically significant intergroup differences
in pathologies. Besides, they were higher in some
groups than in the normal SF specimens, which runs
counter to the literature data, in particular regarding
gonarthrosis [1]. At the same time, Zar et al. [36]
point to the considerable increase of the amount of
phosphorus ions in SF accompanying, along with
calcium ions, activation of the mechanisms of protective
biominiralization which is directed to neutralization
of the toxic elements destroying cartilaginous tissue.
This confirms the interest to investigation of inorganic
phosphorus level in SF and its role in the development of
non-inflammatory joint pathology.

All samples of pathological SF were characterized
by a higher concentration of total protein in comparison
with the control specimens of synovia. This
supplements the recent results of clinical investigations
of osteoarthrosis and arthritic changes [1], showing an
elevated concentration of total protein in the articular
liquor. The greatest amount of protein was noted in
the synovial specimens of patients with ankylosing
spondyloarthritis and psoriatic arthritis; minimal
amount was found in chronic synovitis. The tendency
to increase of protein in SF above the norm was
observed even in gonarthrosis which is a pathology

Diagnosis of Joint Pathologies
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of non-inflammatory etiology, which may indicate a
marked significance of the protein in formation and
manifestation of different mechanisms of joint lesion
characterizing not only phenomenon of inflammation
but non-inflammatory structural degradations of
the joint tissues (impairment of vessel integrity and
synovial membrane), immune and enzymatic processes
accompanied by generation and biotransformation of
SF protein molecules.

According to the study performed by Synyachenko [5],
the highest level of amylase is noted in SF of patients
with rheumatoid arthritis. However, according to our
data, the first place was shared by the samples of
synovia in ankylosing spondyloarthritis, gouty arthritis,
and chronic synovitis, which may designate the intensity
of inflammation determined by the degree of vessel
damage. This is logically confirmed by the positive
correlation, registered by us, between the level of
amylolytic activity and protein concentration in SF
of samples with ankylosing spondyloarthritis and chronic
synovitis.

Taking into consideration amylolytic activity in SF
of a healthy joint, as well as the fact that amylase is
not synthesized in the joint but is circulating in the
bloodstream, its increase in SF is likely to be caused
either by the elevation in permeability of the vascular
wall of synovial membrane (which is a direct reflection
of exudation intensity) or is connected with conditions
accompanied by the amylase activity increase in
the blood. For example, macroamylasemia is often
associated with rheumatoid arthritis [37].

The obtained result of correlation analysis between
X-ray density and the uric acid level in the group of gouty
arthritis logically coincides with the above-mentioned
maximal amount of uric acid and correlates with the data
presented by Mironov et al. [23] on radiolucency of uric
acid salts.

The established differences of correlations between
the total protein content and X-ray density of SF in the
experimental groups are likely to be associated with
simple concentration of proteins in SF and also
with conformational changes of the protein molecules or
accumulation of proteolysis products — low and medium
molecular organic compounds in the synovia due to
a disbalance of the mechanisms of the proteinase—
inhibitors system which is often accompanies arthritis
development [38].

Undoubtedly, other components concentrated in SF,
for example, lipids may also influence its X-ray density.
Lipid substances are known to have negative X-ray
density relative to water and blood [39]. SF lipid profiles
are significantly different in healthy people and patients
with joint pathology [40]. The amount and spectrum
of lipid substances in SF may vary depending on the
character of joint lesion. For example, according to
Oliviero et al. [41], concentration of lipids in SF is higher
in patients with arthritides than in those with arthroses.
This also agrees with our results, according to which
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the values of X-ray density of the SF samples from
patients with arthritides (rheumatoid arthritis, ankylosing
spondyloarthritis, reactive arthritis, gouty arthritis,
psoriatic arthritis) were lower than those for the SF
specimens in gonarthrosis.

In general, analysis of the literature data and the
results of the present study allow us to conclude that
qualitative indicators of SF reflect the character and
intensity of the pathological process in a joint.

We propose to refer the level of amylolytic activity
and microtomographic index of synovial fluid density
to the number of significant characteristics of SF (with
undefined pathogenetic role).

Study limitations. Since it was not our task to study
the considered parameters in the present work taking into
account other important factors, for example, stages of
the pathological process and/or microbial contamination,
further investigations are necessary to confirm
pathogenetic and diagnostic informativity of the amylolytic
activity level and microtomographic index of synovia fluid
density in the monitoring of joint lesion progression and
therapy efficacy. It should be also taken into consideration
that samples of separate groups of SF specimens in
our study were rather small. In this connection, the
expediency of widening the spectrum of investigation
of these indicators on a substantially greater number of
patients aiming at concretization of the hypothesis
proposed by us concerning the differential and diagnostic
significance of these parameters in diverse types of joint
pathology.

Conclusion

New data on the level of synovia amylolytic activity
obtained by us in one non-inflammatory and six different
inflammatory diseases show the elevation of this
indicator in all pathological processes in comparison with
the norm. At the same time, differences of the amylolytic
activity level between nosological groups of inflammatory
diseases have been noted.

Pathogenetically determined correlation of various
degrees between microtomographic indicator of
synovial fluid density and concentration of uric acid,
inorganic phosphorus, and total protein has been
validated.

Specific values of synovial fluid X-ray density in
different joint pathologies in comparison with the norm
allow one to consider X-ray microtomography as a
method disclosing additional details in the process
of investigation of synovial fluid density and bringing
new surrogate markers for the study of pathogenetic
mechanisms of the development, differentiation, and
treatment of various joint pathologies.

Study funding. The work was not supported by any
external financial sources.

Conflicts of interest. The authors have no conflicts
of interest to declare.
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