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Abstract

Background: Rheumatic diseases are one of the most common problems in modern societies. The majority of rheumatic diseases occur when
the human immune system attacks its own tissues, including the joints. Therefore, the aim of this study was to investigate the effect of sex,
age, and drugs on element levels in synovial fluids originating from patients with arthritis and rheumatic diseases.

Methods: This study was based on a flame atomic absorption (FAAS) and emission spectroscopic analysis (AES) of the concentration of
selected essential elements, including both microelements (iron, zinc, copper, and manganese) and macro elements (calcium, magnesium,
sodium, and potassium) and their interpretation by statistical methods.

Results: The concentrations of essential elements in synovial fluids showed the following order: Mn > Fe > Zn > Cu for microelements, and
Na > Mg > Ca > K for macro elements. It was also revealed that in the case of arthritis (rheumatic disease) several elements, such as Fe, Zn, K,
Mg, and Ca were accumulated in the synovial fluid. The linear correlation coefficients indicated statistically significant relationships among
elements in the investigated samples, such as Fe and Zn, and Ca and Mg. A negative correlation was found between Zn and Na.

Conclusions: The chemical profiling of synovial fluids of patients with rheumatic diseases based on the identification of essential elements
and applying principal component analysis (PCA), allowed us to identify that the levels of Fe, Zn, Ca, Mg, and K have the highest impact on
the differentiation of synovial fluid samples. No significant differences in element levels by sex or age were observed. The drug effect was
especially significant for Zn, Cu, Na, and K, where differences in these element levels were noticed.

Keywords: Arthritis, Rheumatic disease, Synovial fluids, Micro- and macro elements

atincreased risk of cardiovascular disease and mortality when
compared to the general population [2].

Introduction

Rheumatic diseases are one of the most common problems

in modern societies. The majority of rheumatic diseases occur
when the human immune system attacks its own tissues,
including the joints. There is no single cause of rheumatic
diseases. Sometimes it may be a genetic factor, but in other
cases cigarette smoking is responsible for the disease, or
pollution, or other factors such as an infection. Seidman and
Limaiem [1] claim that “synovial fluid aspiration and analysis
is a necessary therapeutic and diagnostic procedure useful in
alleviating pain from a joint effusion and in the diagnosis of
potentially serious joint pathologies.” Moreover, it was found
that patients suffering from rheumatoid arthritis (RA) can be

Itisalso known that sex can be importantin the development
of rheumatic diseases, because they seem to affect women
more than men, and women seem to have a higher risk of
autoimmune diseases [3]. For example, rheumatoid arthritis
(RA) is more common in women, who are two to three times
more prone to developing the disease than men [4].

There are many possibilities for the treatment of rheumatic
disease. Among them are pharmacological agents, such as
nonsteroidal anti-inflammatory drugs, as well as opioids for
patient pain relief [5]. In the diagnosis of arthritis and other
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rheumatic diseases the analysis of synovial fluid obtained
from rheumatic patients can be helpful [6]. Synovial fluid (SF)
consists of three main components, namely phospholipids of
themembrane, lubricin,and hyaluronan, and the main function
of SF is to lubricate the surface of the cartilage [7]. There
are several studies where the possibility of the relationship
between rheumatic disease and the level of elements in the
synovial fluid as well as in the serum was reported [8-11].In our
previous research, it was found that diversification of synovial
fluids taken from individual patients living in northern Poland
can be performed based on the determination of essential
elements and statistical analysis [12].

Another study of synovial fluid samples showed that
periprosthetic tissue chromium and cobalt concentrations
correlated weakly with whole blood and synovial fluid
chromium and cobalt concentrationsin a total hip replacement
group [13]. The same study showed that in the resurfacing
group, only the synovial fluid cobalt concentration reached
a statistically significant correlation with the periprosthetic
tissue cobalt concentration.

Therefore, the aim of this study was to obtain an analytical

tool useful for chemical profiling of biological material,
specifically synovial fluids originating from patients with
rheumatic disease. This is based on atomic absorption and
emission spectroscopic analysis of the concentration of
selected essential elements, including both microelements
(iron, zinc, copper and manganese), and macro elements
(calcium, magnesium, sodium, and potassium) and their
interpretation by using statistical methods.

Materials and Methods
Patients

The material used for the study consisted of 22 samples of
synovial fluid obtained from patients suffering from rheumatic
diseases. The volumes of the samples ranged from 1.5 to 10
mL. Prior to analysis, the samples were stored in a refrigerator
at 4°C. The characteristics of the patients are given in Table
1. The ethics committee at the Medical University of Gdansk,
Poland, approved the investigations of the patients (Decision

Table 1: Basic information about patients under study.

No Sampling date | Patient’ gender Patient’age Patient’ disease Drugs taken by patients
1 IV.2018 Woman 71 M17 Euflexxa

2 IV.2018 Woman 71 M17, arthrosis Euflexxa

3 IV.2018 Man 70 M17, arthrosis, hypotension Depo-Medrol
4 1.2019 Woman 53 chondropathy No drug

5 1.2019 Woman 55 ganglion cyst Depo-Medrol
6 1.2019 Man 56 L44, 123 Metronidat

7 1.2019 Man 60 M23, M94 Euflexxa

8 I.2019 Man 78 L44, chondromalatio patellae Metronidat

9 1.2019 Man 58 rheumatoid arthritis Euflexxa

10 l11.2019 Man 58 rheumatoid arthritis Euflexxa

11 l11.2019 Man 58 rheumatoid arthritis Euflexxa

12 l1.2019 Man 60 M23, M94 Euflexxa

13 l1.2019 Man 60 M23, M94 Euflexxa

14 IV.2019 Woman 81 M23 Euflexxa

15 IV.2019 Woman 81 M23 Euflexxa

16 IV.2019 Woman 81 M23 Euflexxa

17 IX.2019 Woman 64 M23 No drug

18 IX.2019 Woman 22 ganglion cyst Diprophos
19 XI.2019 Woman 74 M17, E78,N39 Flexus

20 XIl.2019 Woman 74 M17,E78,N39 Flexus

21 XI.2019 Man 77 LMM, arthrosis Euflexxa

22 1.2020 Man 64 chondromalatio patellae Euflexxa
Disease symbol based on ICD classification: E78 — disorders of lipoprotein metabolism, M17 — gonarthrosis, M23 —internal damage to the
knee joint, M94 —other cartilage diseases, M47 — spondylosis, L23 — allergy, L44 — other skin diseases.
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No NKBBN/61/2016). Participant eligibility was based on age,
sex, type of rheumatic disease, and previous treatments or
health concerns. There were no exclusion criteria in this study.

Statement of patient’s consent

The patients confirmed their consent to participate in the
study and to the collection of a synovial fluid sample by signing
the text: “I know that my personal data will only be used for
scientific purposes and will not be disclosed. | also understand
that the investigators performing the study will have access to
my medical records for verification. By signing this document,
| consent to access of my personal data by medical personnel”.

Instrumentation

In the experimental part of the study the following
instrumentation was used: Jupiter-B microwave digestion
unit (Sineo Microwave Chemistry Technology, China), atomic
absorption spectrometer SpectrAA 250 plus (Varian, Australia),
and laboratory centrifuge EBA 20S (Hettich Zentrifugen,
Germany). Redistilled water obtained from a water distillation
system (Heraeus, Switzerland) was used.

Preparation of the synovial fluid samples

The analyzed samples from the synovial fluids were
centrifuged for 15 min (3200 rpm). Next, they were digested in
conc. HNOB/HZO2 30% solution (5 mL/0.5 mL) in a microwave
digestion unit, applying the following conditions: - stage I:
150°C for 10 min, - stage Il: 160°C for 5 min, and stage IlIl: 180°C
for 10 min. The digests obtained in this way were transferred
to 25 mL volumetric flasks and the volume was made up with
redistilled water. Prior to analysis, the samples were stored in
a refrigerator at 4°C.

Procedures for metallic element determinations

Metallic elements in the digests obtained from the synovial
fluid samples were determined by the FAAS technique using
the external calibration method. The mixture of gases used
was: air/acetylene. For quantitative determination of the
elements the following analytical wavelengths [nm] were
applied: Zn (214.0), Cu (325.0), Fe (248.0), Mn (280.0), Mg
(285.2),Ca (422.7),K(766.5), and Na (589.0). The concentrations
of the microelements (Zn, Cu, Fe, and Mn) were determined
directly in the digests from the synovial fluids, whereas the
levels of the macro elements (Mg, Ca, Na, and K) were assayed
after appropriate dilutions of the digests (100 times).

Prior to the quantitation of Mg and Ca, to analyze the samples,
1 mL of 1% La solution was added to prevent interference.
For Na and K determinations, both were assayed using the
emission mode of the AAS spectrometer, and to each sample,
a 1% solution of Cs was added to avoid interference during
measurements. The final results for the metallic elements were
calculated in milligrams per 100 mL of synovial fluid and are

presented in Table 2 in the next section.

The recovery and precision of the measurements were
checked as described in a previous study [12] using the
certified reference material - “Seronorm” Trace Elements
Serum L-2.The accuracy achieved was 71% for Mg to 102% for
Ca, whereas the precision calculated as RSD was 1.2% for Na
to 8.3% for Mn.

Results and Discussion

Analyzing the results of the microelement concentrations
in the synovial fluids, as observed in Table 2 showing the
arithmetic mean and median values, it is possible to notice the
following decreasing order among the microelements: Mn, Fe,
Zn, and Cu. However, it must be stressed that in the case of
manganese, this element was determined in only 3 samples
of synovial fluids. They were originating from the same
patient in 2018, and one sample from another person was
also analyzed in the same year. By comparison of the results in
terms of the arithmetic mean and median, one can see large
differences between these parameters, especially for iron
and zinc. This points to the massive variabilities in the levels
of these particular elements within the studied samples. On
the other hand, such a situation is not noticeable for copper
and manganese, which show no significant differences in the
synovial fluid samples under study. The last rows of Table 2
show the values of the arithmetic mean and median obtained
for all analyzed samples.

Comparing the results with those obtained in previous
years from synovial fluids [12], it is possible to state that for
Fe, higher amounts of this element were found now (p=0.047)
than in the samples analyzed in 2017. Similarly, higher levels
of Mn were found for the samples analyzed within this study
(p=0.000), when compared with the results for synovial fluids
from patients studied in 2017. These data are shown in Table
3, which presents the results of Student’s t-test for two groups
of synovial fluid samples, obtained in this study and in 2017.
Analysis of these data indicates that the results for Cu are in
the opposite order, which means that lower concentrations
(p=0.040) of this element were found in synovial fluids now
than in those analyzed previously. Only for Zn were there
no statistically significant differences (p=0.457) between the
levels in both groups.

The results of the macro elements in the synovial fluids,
also shown in Table 2, allow for the statement that their
concentrations represent the following decreasing order: Na,
Mg, Ca, and K. Moreover, the values of the arithmetic mean
and median for the studied macro elements do not differ
significantly, as was also noticed for the microelements. This
shows that the levels of macro elements in the synovial fluids
are in a comparable range of concentrations in all samples
under study. However, for Ca, Mg, and K, the arithmetic mean
is slightly higher than the median for these elements, and only
for Na are they practically the same.
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Table 3: Results of Student-t test between the mean of elements determinations achieved at various collection periods.
Elements concentrations The mean The mean t p I?iffgrence statistically
(2017 year) [12] (2020 year) significant (a<0.05)

Fe 2017 - Fe 2020 178.1 281.0 -2.02 0.047 Yes

Zn 2017 -Zn 2020 3211 261.7 0.75 0.457 No

Cu 2017 -Cu 2020 169.8 100.7 2.08 0.040 Yes

Mn 2017 - Mn 2020 51.8 760.3 -19.5 0.000 Yes

Ca 2017 - Ca 2020 414 25.0 2.76 0.007 Yes

Mg 2017 - Mg 2020 13.6 46.6 -5.13 0.000 Yes

Na 2017 - Na 2020 193.2 72.1 9.35 0.000 Yes

K2017-K 2020 167.5 12.6 8.37 0.000 Yes

Referringtothe obtained results of macro-and microelements
with those achieved in other studies, the Cu and Zn levels are
usually found to be higher in patients suffering from rheumatic
diseases [10,13,14]. Similarly, in our study in several samples
of the synovial fluids, higher levels of these microelements
were found. For example, samples 14-16, taken from the same
patient, contained Cu at approximately 0.30 - 0.37 mg/100
mL.

To determine whether the sex of patients had an impact on
the level of analyzed elements, Student’s t-test was applied.
However, the results of this calculation led to the conclusion
that no statistically significant differences (a<0.05) by sex
were found. This is in contradiction with the results of other
researchers, who have identified sex differences [3,4]. The
reason for this may be the small size of our sample.

Theinvestigated group of patients can be divided by theirage.
In the age interval from 20 to 49 years, only one sample was
collected (22-year-old woman - sample 18). In the following
age interval, from 50 to 69 years, 11 samples were analyzed,
whereas the oldest age range, above 70, was represented by
10 samples (Table 1). However, excluding the data linked to
patient 18, no significant differences were identified by age.

The impact of medications on the levels of the studied
elements was also investigated. Statistically significant
differences (a<0.05) based on the results of one-way ANOVA
calculations were found for the following elements: Zn, Cu, Na,
and K. In the case of Zn levels these differences were identified
between the synovial fluids from patients treated with Euflexxa
and Depo-Medrol. Similarly, the level of Cu was different for
patients treated with Euflexxa and Depo-Medrol, as well as for
patients who took Euflexxa and Diprophos. For Na, significant
differences were found for 6 cases: Euflexxa and Depo-Medrol,
Euflexxa and Metronidat, Euflexxa and Diprophos, Depo-
Medrol and Metronidat, Diprophos and Metronidat, and
between those who took Diprophos and those who took no
drugs. In the case of K, statistically significant differences were
noted for patients who were given Depo-Medrol and Euflexxa,
Depo-Medrol and Diprophos, and Depo-Medrol and Flexus.

The results of the linear correlation between the
concentrations of the particular elements are presented in
Table 4. In the analysis of these data, it is possible to note
that the most frequently correlated elements are Fe, Zn, K,
and Mag. In particular, high correlations of approximately 0.9
were found for the following pairs of elements: Fe - Zn, Fe -
Ca, and Fe - Mg. On the other hand, a negative relationship

Table 4: Linear correlation coefficients obtained between the analyzed elements in synovial fluid samples. Statistically significant values
(a < 0.05) are in bold font.
Fe Zn Cu Ca Mg Na
Fe 1
Zn 0.91 1
Cu -0.30 -0.32 1
Ca 0.92 0.80 -0.26 1
Mg 0.89 0.88 -0.29 0.88 1
Na -0.32 -0.52 0.45 -0.19 -0.39 1
K 0.80 0.80 -0.34 0.70 0.62 -0.09
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was registered for the pair: Zn - Na. Many of these correlations
confirmed conclusions found in a previous study on elements
and their relations in synovial fluids from patients living in
northern Poland [12]. Based on this, it can be stated that in the
case of rheumatic disease, several elements have a tendency
to accumulate in synovial fluids, especially elements that
correlated with each other, such as Fe, Zn, Mg, and Ca. This
fact should be considered for clinical profiling of patients with
arthritis and rheumatic disease in future studies.

The principal component analysis is a pattern recognition
method and is an especially useful statistical tool for the
interpretation of large experimental databases [15,16]. Based
on the concentrations of 7 elements (Fe, Zn, Cu, Ca, Mg, Na,
and K) in 22 samples of the synovial fluids from patients
suffering from rheumatic diseases (objects) the experimental
matrix was created with the dimensions of 22 x 7. Next, this
matrix was standardized and 2 new matrices were calculated,
called the principal component result matrix and the loading
matrix. The results of the PCA calculation indicated that the
first three principal components together described 92.5%
of the variability among the studied data. Although the first
two principal components described 82.7% of the variability,
taking into consideration the eigenvalues above 1.0, it was
decided to present the PCA scores in a two-dimensional plot
in Figure 1.

Analyzing this score plot, three synovial fluid samples with
numbers 1-3, which are located in the right area of Figure 1, are
noteworthy. Samples with numbers 1 and 2 were taken from
the same patient born in 1947, and they had high zinc, iron,
and manganese levels in comparison with the other samples
of synovial fluids. Moreover, this person suffered from arthrosis
(Table 1) and was under treatment with Euflexxa preparation.
Sample 3 belonged to a patient who was cured with Depo-
Medrol, and he also had severe symptoms of arthrosis. In
the lower left part of the plot, sample numbers 5 and 18 are
notable. Sample 18 was taken from a patient who was under
treatment with Diprophos preparation, whereas sample 5 was
taken from a patient cured with Depo-Medrol, and both of
them had ganglion. Moreover, patient 18 was the youngest
person among the patients, which could be the reason for the
different concentrations of elements in her synovial fluid.

It is worth noting that the samples originating from the
same patient, such as the sample numbers 9, 10, and 11, as
well as sample numbers 14, 15, and 16, can be found in the
left upper area of the plot, which points to similar levels of the
elements on a per-patient basis. For example, in samples 14-
16, a characteristic high concentration of sodium was found,
together with a low potassium level, when compared with
other samples of synovial fluids taken from the other patients.
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Figure 1: Scatterplot of the first two principal components obtained for synovial fluid samples.
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Figure 2: Loading plot of the first two principal components obtained for synovial fluid samples.

Figure 2 shows the loadings of the two first principal
components. The first principal component (PC1) is positively
correlated with microelements such as Fe and Zn, as well as
with Ca and Mg, and only weakly with K. This was reflected
by the distribution of the synovial fluid samples shown in
Figure 1, where the samples with high concentrations of the
elements listed above can be found in the right area of the
plot. The second principal component (PC 2) is related to the
levels of Cu and Na. This is illustrated by the distribution of the
samples of synovial fluids rich in Cu and Na (Figure 1), with
numbers 14-16 and sample 17. They can be located in the left
upper area of the plot. On the other hand, the characteristic
sample 18 is situated in the lower part of the plot, and its
location was caused by a low Na level. The same can be noted
for sample 5, where a low Cu concentration and a relatively
low level of Na were found.

Conclusions

The results of element analysis in synovial fluids taken from
patients with rheumatic diseases demonstrated the following
decreasing order of concentration: Mn, Fe, Zn, and Cu for the
microelements, and Na, Mg, Ca, and K for the macro elements.
Moreover, it was noticed that during rheumatic disease,
several elements (Fe, Zn, K, Mg, and Ca) accumulate in synovial
fluids, and this could have clinical implications in future.

Several statistically significant correlations were found among
the studied elements, such as the positive relationships for the
pairs: Fe - Zn, Fe - Ca, Fe - Mg, and the negative correlation for
the pair: Zn-Na.

No significant differences in element levels due to sex or age
were found. However, a drug effect was especially significant
for Zn, Cu, Na and K, where differences in these element levels
were noticed. The principal component analysis appeared
to be a useful statistical tool, which helped to indicate that
the concentrations of iron, zinc, calcium, magnesium, and
potassium have the highest impact on the diversification of
the analyzed biological material.
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