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Effect of flosteron on the content of acute-phase proteins
and procalcitonin in infectious arthritis in rats
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Infectious arthritis was modeled on white male Wistar rats by injecting a suspension of Staphylococcus aureus
microorganisms into the knee joint of animals, and the effects of the synthetic hormone flosteron were also
studied. At the same time, the content of acute-phase proteins (ceruloplasmin, haptoglobin, C-reactive protein
(CRP)) and procalcitonin (PCT) as markers of the development of the inflammatory process and bacterial
infection was studied in the blood serum of rats. Determination of the content of haptoglobin, ceruloplasmin and
CRP was carried out on a Cobas 311 biochemical analyzer, the PCT concentration on a Cobas 411 analyzer
using Roche Diagnostics test systems. Analysis of the results showed that when flosteron was administered,
the concentration of CRP increased by 1.7 times already on the 3rd day, and by more than 4 times on the 14th
day. The content of ceruloplasmin and haptoglobin also increased. The PCT concentration was at the level
of the control values. Under the conditions of modeling infectious arthritis, changes in the content of acute-
phase proteins were observed. The greatest deviations from the reference values were found on the 14th day in
animals that were injected with the hormone and S. aureus: the concentration of both CRP, the most objective
biochemical marker of the inflammatory process, and PCT exceeded the physiological norm 12 times and
more than 7 times, respectively. This indicates that the hormonal drug enhances the inflammatory process,
which is confirmed by data that reflect changes in the content of acute-phase proteins. It can be assumed that
the use of hormonal drugs contributes to the development of postoperative complications.

Key words: infectious arthritis; Staphylococcus aureus, flosteron, rats.

INTRODUCTION is why this indicator is one of the most specific
and sensitive clinical and laboratory indicators
of inflammation. An important biochemical
marker and instrument of bacterial infection
in clinical practice is procalcitonin (PCT)
[3-5]. PCT synthesis is induced by endotoxins
(bacterial toxic substances) that are structural

Postoperative complications arising in patients
with pathology of the musculoskeletal system,
who used hormonal drugs, are being actively
investigated. Currently, much attention is paid
to the study of enzymes and biologically active
proteins involved in the pathogenesis of the

development of the inflammatory process, as
well as biochemical markers that determine
the activity of this process, including acute
phase proteins (ceruloplasmin, haptoglobin,
C-reactive protein (CRP)) [1, 2]. For example,
there is a direct relationship between changes
in the level, severity, and dynamics of clinical
manifestations of inflammation: the higher the
concentration of CRP, the greater the severity of
the inflammatory process, and vice versa. That

components of certain bacteria and are released
only during lysis, i.e, during the disintegration
of a bacterial cell [6-8].

Biochemical markers not only make it
possible to carry out early diagnosis, but also
provide information on the prognosis and course
of pathology. In case of any violations of organs
and tissues, including the occurrence of foci of
inflammation, the body responds with a general
adaptive response in the interests of the whole
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organism. In inflammatory processes, including
infections, many biological indicators change
in connective tissues, in particular, the content
of proteins in the blood and the appearance of
acute-phase proteins, as well as procalcitonin.

Previously, we identified a certain pattern
when comparing data, both in biological fluids and
in tissues of patients with endoprosthetics of large
joints and osteosynthesis with a complicated course
of the disease. The more active the inflammatory
process that develops after endoprosthetic and
osteosynthesis, the more pronounced metabolic
deviations from the norm in the metabolism of
both the main protein of bone tissue collagen
and glycosaminoglycans, which is accompanied
by an increase in the activity of collagenase,
alkaline phosphatase, as well as a change in the
concentration of acute-phase proteins [6, 9].

The study of disorders in the metabolism of
acute phase proteins and procalcitonin when using
hormonal drugs in the experiment will make it
possible to predict postoperative complications. It
is important to understand and identify biological
patterns, how the use of hormonal drugs affects
postoperative complications.

The aim of our work was to determine the
changes in the concentration of acute phase proteins
and procalcitonin depending on the duration of
the use of hormonal drugs and the prediction of
postoperative complications in the experiment.

METHODS

Experimental studies were carried out on 31
white Wistar male rats weighing 250-300 g. An
experimental model of infectious arthritis was
created by daily injection of 0.02 ml of S. aureus
103 No. 209 into the knee joint of rats for three
days. Experimental animals were divided into
groups. In I group (control) rats were on the
standard diet of the vivarium. For experimental
groups, the following model of drug administra-
tion was used: daily administration of flosteron
at a dose of 0.45 mg/kg body weight in the
knee joint for three days (group II); daily three
injections of 0.02 ml of S. aureus 10% No. 209
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(group III); three alternating (every other day)
injection of 0.02 ml of flosteron and 0.02 ml of
S. aureus 10® No. 209 in the knee joint (group
IV). The effectiveness of the drugs was observed
3 and 14 days after administration. All animals
were under the supervision of a veterinarian in
standard conditions of an accredited vivarium
of Bogomoletz Institute of Physiology, National
Academy of Sciences of Ukraine, Kyiv, in com-
pliance with the general principles of bioethics
in accordance with the international principles
of the “European Convention for the Protection
of Vertebrate Animals used for Experimental and
Other Scientific Purposes” (Strasbourg, 1986)
in the natural light/dark cycle. The animals had
free access to water.

Determination of haptoglobin, ceruloplasmin
and CRP was carried out in blood serum
on a Cobas 311 biochemical analyzer, the
concentration of procalcitonin (PCT) was
determined on a Cobas 411 analyzer using the
Roche Diagnostics test systems. The results were
statistically processed using the OriginPro 8.5
software package. The average values of the
obtained indicators (x) with standard deviations
(SD) were determined. The likelihood of a
difference between the control and experimental
samples was assessed by the Student’s t test. At
P <0.05, the changes were considered significant.

RESULTS AND DISCUSSION

Analysis of the results obtained in the study of
blood serum of experimental animals on the 3rd
day after 3-fold administration of the hormonal
preparation flosteron showed that the content
of haptoglobin was within the physiological
norm characteristic of intact animals. Indicators
reflecting the content of ceruloplasmin revealed a
tendency for this protein to increase. The content
of CRP increased by 72% relative to the norm. The
PCT concentration remains at the level of normal
values without significant changes (Table 1).
Biochemical indicators obtained on the
14th day of observation in this group of
animals indicate an increase in the content of
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Table 1. Changes in the content of acute-phase proteins and procalcitonin in blood serum in experimental animals after
3-fold local administration of the hormonal preparation flosteron and S. aureus

Indicators Control Flosteron S. aureus10® No. 209
(n=10) 3 days (n=7) | 14 days(n=7) | 3 days(n=7) | 14 days (n=7)
Haptoglobin, g/l 0.317+0.004 0.326+0.01 0.423 £ 0.008** 0.330 £ 0.008 0.560 +0.010%**
Ceruloplasmin, g/l  0.022 £ 0.001 0.033 £0.001** 0.037 £ 0.001** 0.190 £ 0.001  0.023 £ 0.001
C-reactive protein,
ng/ml 0.011 £0.003 0.019+0.005 0.046 £ 0.009** 0.061 + 0.042 0.022 + 0.002*
Procalcitonin, ng/ml 0.020 = 0.000 0.019 £ 0.003  0.026 £ 0.001** 0.018 £ 0.001 0.018 £0.001

*P <0.05, **P < 0.001 relative to values in control rats

haptoglobin by 33% from the norm. The content
of ceruloplasmin increased by 68% relative to
the control. The concentration of C-reactive
protein increased significantly in relation to the
norm, namely, more than 4 times. Indicators
of procalcitonin were within the normal range
with a tendency to increase (Table 1). The
data obtained indicate an intensification of the
pathological process, especially the indicators
of CRP, one of the key acute phase proteins,
reflecting the degree of the inflammatory process.

On the 3rd day after the 3-fold administration
of S. aureus, the content of haptoglobin was
within the physiological norm with a tendency
to increase. More pronounced changes were
observed in the content of ceruloplasmin. So, the
content of this protein in absolute indicators was
0.190 = 0.001 g/1, or 4.6 times higher than the
norm. The most significant changes are found
in the content of CRP, where its concentration
increased more than 5 times in relation to the
norm. The PCT content remains within the
physiological norm (Table 1).

The results obtained during the examination
of experimental animals, which were 3 times
injected into the knee joint with a suspension
with S. aureus microorganisms on the 14th
day of observation, show that the content
of haptoglobin increased by 77% relative to
the control group of animals. The content of
ceruloplasmin was within the physiological
norm. The concentration of CRP has increased
twice in relation to the norm. Indicators of
procalcitonin were within the normal range
(Table 1).
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The results obtained in the study of the blood
serum of experimental animals, which were
injected with the hormone and a suspension
with the microorganism S. aureus, on the 3rd
day of observation indicate an increase in the
concentration of haptoglobin by 38% of the norm.
At the same time, indicators reflecting the content
of ceruloplasmin also increased, namely by 86%.
The concentration of the most sensitive acute-
phase protein CRP exceeded the control values by
more than 6 times. The PCT content was within
the normal range with a slight decrease (Table 2).

On the 14th day after the start of the
experiment in this group of animals, the
studied parameters indicate a deepening of the
inflammatory process: the concentration of
haptoglobin increased by 66%, and the content
of ceruloplasmin increased more than 6 times
relative to the control. The concentration of
CRP, the most objective biochemical marker
of the inflammatory process, exceeded the
physiological norm by 12 times. PCT indicators
during these periods of the study also increase
more than 7 times (Table 2).

Analysis of biochemical parameters reflec-
ting the metabolism of acute-phase proteins
in a group of experimental animals that were
injected with the hormonal drug flosteron, S.
aureus, as well as their combined administration,
indicate a change in the concentration of these
proteins in comparison with the reference values
(control group of animals). The most significant
changes are observed in the content of CRP. So,
in the group of animals that were injected with
flosteron, already on the 3rd day after the start of
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Table 2. Changes in the content of acute-phase proteins and procalcitonin in the blood serum of experimental animals
after 3-fold local administration of the hormonal preparation flosteron and S. aureus

. Control Flosteron + S.aureus10® No. 209
Indicators
(n = 10) 3days(n=7) | l4days(n=7)
Haptoglobin, g/l 0.317 £ 0.004 0.436 + 0.008** 0.526 + 0.003
Ceruloplasmin, g/l 0.022 £ 0.001 0.041 £ 0.003%** 0.137 £ 0.01
C-reactive protein, ng/ml 0.011 £ 0.003 0.07 £ 0.004 0.131 £0.01
Procalcitonin, ng/ml 0.020 £ 0.001 0.017 £0.002 0.145 +0.02

*P < 0.05, **P < 0.001 relative to values in control rats

the experiment, the concentration of this protein
increases 1.7 times in relation to the reference
indicators, on the 14th day it increases more than
4 times. The same trend persists in the group of
animals that were injected with S. aureus. The
largest deviations from the control values are
found in the group of animals that were injected
with both the hormone and infected with S.
aureus. This indicates that the hormonal drug
enhances the inflammatory process, which is
confirmed by data that reflect the metabolism
of acute-phase proteins. It can be assumed that
the use of hormonal drugs contributes to the
development of postoperative complications.
In case of high deviations in the metabolism
of acute-phase proteins in comparison with
the reference values, in order to prevent the
development of postoperative complications, it
is necessary to take into account the indicators of
these proteins and conduct a therapy that helps
to stabilize these disorders.

From all the above it can be concluded
that changes in the content of acute-phase
proteins in the serum of rats after administration
of flosteron and S. aureus, as well as their
combined action, were unidirectional, but had
their own characteristics. This was manifested in
a more significant increase in the concentration
of haptoglobin, ceruloplasmin, and C-reactive
protein 14 days after drug administration. The
largest deviations were observed in rats, which
were injected three times alternately (every
other day) with flosteron and S. aureus 10® No.
209 in the knee joint. Such changes suggest
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that the hormonal drug flosteron contributed to
the intensification of the inflammatory process.
Our data are consistent with the results obtained
by Jevsevar, et al. and Bedard, et al., who did
not provide convincing evidence to support
the use of glucocorticoids for the treatment of
osteoarthritis and did not find a clear balance
between the benefits and potential harms of this
treatment [10, 11]. According to the literature,
plasma procalcitonin increases rapidly during
bacterial infections and can therefore be used to
detect infection in patients with osteoarthritis,
reflecting the severity of the infection [12].
However, the concentration of procalcitonin
in our experiment did not change significantly.
We believe that the range of effectiveness of
intra-articular therapy depends on the type and
concentration of the drug used and can have
significant clinical significance in the treatment
of arthritis if it is carried out according to the
correct indications and using the right technique.
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Staphylococcus aureus, a Tako)X BUBYQJIN €(PEKTH CHUHTE-
TUYHOTO TOpMOHY (iocTepony. [Ipu 1pomy B cupoBarii
KPOBI LIypiB JOCII/PKYBalu BMICT rocTpodasHux OinkiB
(uepyrnormna3miny, ranrorinodiny, C-peaktusroro 6inka — CPB)
i npokanbuutoHiny (ITKT) sik MapkepiB po3BUTKY 3alaIbHOTO
npouecy i OakrepianbHol iHpekuii. BmicT ranTorno0iny,
nepynomiadminy i CPB Busnauanu Ha GioxiMiyHOMY
anamizaropi Cobas 311, kounentpariiro [IKT — Ha anamizatopi
Cobas 411 3 Bukopucranusam tect-cucteM Roche Diagnostics.
AHaii3 pe3ynbTariB 10Ka3as, 1[0 NPU BEACHHI (GIIoCTepOHy
BKe Ha 3-Tio 100y 30inbiryeThest konueHrtpauist CPb B 1,7 pas,
Ha 14-1y no0y — Oinbi Hix y 4 pasu. Takox 30inbIryBaBcs
BMICT LiepyJioruia3miny i ranrorsio6iny. Konnenrpanis I[TIKT
Oyina Ha piBHI KOHTPOJIBHHMX 3HaueHb. B ymMoBax MoJesro-
BaHHs 1H(EKIIHHOTO apTPUTy CIIOCTEpiraau 3MiHH B BMICTI
roctpo¢asuux O1IKiB. [cTOTHE BiXMIICHHS Bl peepeHTHHX
3HAYeHb BHUSBWIM Ha 14-Ty 100y y TBapHH, SKUM BBOJMIN
ropMoH i S. aureus: kouteHrpaitisi CPb, Hait0Oi1b11 00’ €KTHB-
HOro 0i0XiMIYHOTO MapKepa 3araabHOro IPOLECY, TPEBHUIIHIA
¢izionoriuny HopMy B 12 pa3is, [IKT — Ginbr Hix B 7 pa3iB.
Lle cBimuuTh Mpo Te, 110 FOPMOHAIBHUI IpernapaT CHpHse
MOCUJICHHIO 3allaJIbHOTO Hpoiecy. MojxHa HPUIYCTUTH,
1[0 3aCTOCYBaHHS FOPMOHAIBHHUX IpENapariB CIPUYHHSIE
PO3BUTOK MicisONepaniiHuX yCKIa[HEHb.

KurouoBi ciioBa: indexuiiiauii aprput; Staphylococcus aureus;
(hrocTepoH; nrypu.
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