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Relevance. Non-steroidal anti-inflammatory drugs are among the top requested ones in the clinic of internal medicine. How-
ever, these drugs are associated with a wide range of adverse reactions involving a number of organs and systems, in partic-
ular the gastrointestinal tract, cardiovascular system and kidneys.

The aim of the study is to characterize the effect of the combined use of cryopreserved placenta extract and diclofenac sodi-
um on the prooxidant-oxidative system, the activity of inflammatory, destructive and cytolytic processes, as well as protein
and lipid metabolism in rats with experimental rheumatoid arthritis.

Results. The administration of diclofenac sodium and cryopreserved placenta extract to rats with adjuvant arthritis nor-
malized the level of active products of thiobarbituric acid and hence was indicative of the neutralization of an arthritis-in-
duced oxidative stress. A statistically significant (p=0.01) increase of in a superoxide dismutase activity (by 30.6% relative
as compared with rats of the control group) has also been established. An increase in the anti-inflammatory properties of
diclofenac sodium in the combined use of diclofenac sodium with a cryopreserved placenta extract has been found out. The
level of C-reactive protein decreased (p<0.001) by 61.1% as compared with the untreated rats, and the level of seromucoid
has been significantly (p<0.01) decreased by 17.1% as compared with the rats of the monotherapy group treated with the
studied NSAIDs. It was shown that alanine aminotransferase and aspartate levels were significantly lower (by 38.9%, p<0.01
and by 37.9%, p<0.01, respectively) as compared with those of the animals that had been administrated with diclofenac
sodium. Their indices were by 16.7% (p=0.02) and 17.2% (p<0.001) lower than the indices of the control group rats with
untreated adjuvant arthritis. The established changes of aminotransferases levels indicate the ability of a cryopreserved
placenta extract to level not only an arthritis-induced cytolytic syndrome, but also a diclofenac-induced one. The combined
use of cryopreserved placenta extract and diclofenac sodium was accompanied by the normalization of the total lipids level
and phospholipids in the blood serum of rats against the background of experimental rheumatoid arthritis. Thus, the content
of phospholipids in the lipid pool statistically significantly (p=0.02) increased by 22.6% as compared with the indices of the
animals with adjuvant arthritis without treatment.

Conclusion. The study showed that the combined use of diclofenac sodium and cryopreserved placenta extract leads to the
restoration of the balance of the prooxidant-antioxidant system that is more pronounced than monotherapy with diclofenac
sodium. A decrease in the activity of inflammatory, destructive and cytolytic processes, as well as the restoration of lipid
metabolism in the rats with experimental rheumatoid arthritis, has also been observed.
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AKTyanbHOCTb. HecTepouaHble NpOTMBOBOCMA/IUTE/IbHbIE NpenapaTbl ABAAOTCA OAHMMU U3 Haubonee BOCTpebOBAHHbBIX
KNacCOB IEKAPCTBEHHbIX CPEACTB B KAMHUKE BHYTPEHHEN MeauLMHbl. OfAHAKO NPUMEHEeHWE YKa3aHHbIX NPenapaToB acco-
LMMPYETCA C LUIMPOKMM CMEKTPOM HeXKenaTe/IbHbIX PeaKL Ml C BOB/eYEHWEM pALa OPraHOB U CUCTEM, B YaCTHOCTU XKeyaou-
HO-KMLLEYHOrO TPaKTa, CepAEeYHO-COCYANCTON CUCTEMBI U MOYEK.

Lienb. OxapakTepn30BaTb BAUAHME KPUOKOHCEPBUPOBAHHOIO SKCTPAKTA NIALLEHTbI U AMKNOdPEeHaKa HATPUA NPU UX KOMOU-
HUPOBAHHOM MPUMEHEHWUM Ha COCTOAHWE NMPOOKCUAAHTHO-OKCUAAHTHON CUCTEMbI, AaKTUBHOCTb BOCMA/IUTENbHbIX, AECTPYK-
TUBHbIX U LIUTOIMTUYECKUX NPOLLECCOB, @ TaK¥Ke CoCcToAHME HenKoBOro M AMNUAHOro obmeHa no AaHHbIM BUOXMMUYECKUX
NCCNe0BaHMI Y KPbIC C IKCNMEPUMEHTAsIbHbIM PEBMATOUAHBIM aPTPUTOM.

Pe3synbratbl. BBeaeHne guknodeHaka HaTpUA U KPMOKOHCEPBMPOBAHHOMO SKCTPAKTA MJIALLEHTbI KPbICAaM C aAbHOBAHTHbIM
APTPUTOM NPUBENO K HOPMAN3aLLMM YPOBHA aKTUBHbIX NMPOAYKTOB TMO6ApOUTYPOBOIM KMCNOTbI, YTO YKA3blBaeT HA HUBE-
/IMpOBaHME NPU3HAKOB apTPUT-UHAYLIMPOBAHHOTO OKCUMAATUBHOIO CTpecca. TakKe BbIABNEHO CTAaTUCTUYECKM JOCTOBEPHOE
(p=0,01) noBbileHWe aKTUBHOCTU CynepoKcuaamMcmyTasbl Ha 30,6% OTHOCMTENIbHO 3HAYEHWUI Y KPbIC KOHTPO/IbHOM TPynMbl.
YcTaHOB/IEHO YCMIeHWE NPOTUBOBOCNANNTENbHbIX CBOWCTB ANKAODEHAKA HAaTPUA HA POHE KOMOUHUPOBAHHOIO MPUMEHEHUSA
AnknodeHaka HaTpuA C KPMOKOHCEPBMPOBAHHBIM 3KCTPAKTOM MALEHTbI, TaK KakK ypoBeHb C-peakTMBHOro 6enka cHM3uaca
(p<0,001) Ha 61,1% OTHOCUTENBHO HENEYEHbIX KPbIC, @ YPOBEHb CEPOMYKOMAA CTaTUCTUYECKN A0CTOBEPHO (p<0,01) cHU3UA-
cA Ha 17,1% oTHOCUTENIbHO NOKa3aTesiei KpbIC rpynmnbl MOHOTEPANUKU UCCNEAYEeMbIM HECTEPOUAHbBIM NPOTUBOBOCMANUTEb-
HbIM NpenapaTom. [oKasaHo, YTO YPOBEHb aNlaHUH-aMUHOTPaHCdepasbl CTaTUCTUYECKU focTOBEPHO (p<0,01) 6611 HUXKE Ha
38,9%, a acnapTaT-amMHOTPaHchepasbl — HUXKe Ha 37,9% (p<0,01) oTHOCKMTE/IbHO MOKa3aTeiei }UBOTHbIX, KOTOPbIM BBOAN-
M AMKNOdEHAK HAaTPUA, YTO COOTBETCTBEHHO Ha 16,7% (p=0,02) 1 17,2% (p<0,001) 66110 HMXKE NOKa3aTenel KpbiC KOHTPO/Ib-
HOW Trpynmnbl C HENEYEeHbIM aAbIOBAHTHbIM aPTPUTOM. YCTAHOB/IEHHbIE U3MEHEHWA CO CTOPOHbI aMUHOTPaHcdepas yKasbl-
BAOT Ha CMOCOBHOCTb KPMOKOHCEPBUPOBAHHOIO KCTPAKTA MAALEHTbl HUBEIMPOBATb HE TO/IbKO apTPUT-UHAYLMPOBAHHBbIN
LMTONIUTUYECKUIA CUHAPOM, HO U AUKNODEHaK-MHAYLMPOBaHHbIM. KOMOBUHUPOBAHHOE NMPUMEHEHME KPUKOHCEPBOBAHOIO
3KCTPaKTa NIALEHTbl U AMKNOdPEeHaKa HAaTPUA CONPOBOXKAANIOCh HOPMaM3aLMeln YPoBHA 0bWwmux aMnuaos n pochbonmnuaos
B CbIBOPOTKE KPOBM KPbIC Ha GOHE 3KCNEPUMEHTAIbHOTO PEBMATOUAHOrO apTpuTa. Tak cogepkaHve docdhonmnnaos B nyne
NIMNUA0B CTAaTUCTMYECKU AocToBepHO (p=0,02) Bbipocao Ha 22,6% OTHOCUTENIbHO MOKa3aTeNnen KUBOTHbIX C aZblOBAHTHbIM
apTpuTOM 6€3 neveHus.

3akntoueHue. ViccnegoBaHue NoKasano, YTo KOMOMHMPOBAHHOE NPUMEHEHME AUKNOPEHAKA HATPUA U KPUKOHCEPBUPOBAH-
HOTO 3KCTPAKTa NIALEHTbl NPUBOAUT K BOCCTAHOB/IEHUIO PAaBHOBECUA MPOOKCUAAHTHO-aHTUOKCUAAHTHOW cucTembl, bonee
BbIPa*KEHHOMY, YeM NPU MOHOTEPANUN AUKNO0GEHAKOM HATPUA, CHUNKEHWIO aKTUBHOCTU BOCMA/IUTE/IbHbIX, AECTPYKTUBHbIX U
LMTONIUTUYECKUX MPOLLECCOB, @ TaK¥Ke BOCCTaHOB/IEHWUIO IMMUAHOIO 0OMEHA Y KPbIC C IKCNEePUMEHTaIbHbIM PEBMATONAHbIM
apTpUTOM.

KnioueBble €0Ba: KPMOKOHCEPBUPOBAHBIN IKCTPAKT N/IALEHTbI; afblOBAHTHbIA apTPUT; NPOTUBOBOCNANUTEIbHAA AKTUB-
HOCTb; HECTePOUHbIe MPOTUBOBOCMA/IUTE/IbHbIE MPEenapaThl; AUKNObEHAK HAaTPUA

CnUCOK CoKpaLeHuin: AA — aabloBaHTHbIVM apTpuT; ANAT — anaHWH-amuHoTpaHcdepasa; AOC — aHTMOKCUAAHTHAA CUCTEMA;
ACAT — acnapTaT-aMMHOTpaHCcdepPasa, B/ — BHYTPUIKEIYAOUHO, B/M — BHYTpUMbIWeYHO; [T — ramma-rayTamuatpacnenty-
nasa; AH — guknodeHak HaTpua; KT — kenyaouHo-kuweyHbiv TpakT; UMKMK HAH YKkpauHbl — UHCTUTYTa npobaem Kpnob-
MNOJIOTUN U KpMoMeaMLMHbI HaunoHanbHOM akagemMmnm HayK YKpauHbl; K3 — KpMOKOHCEPBUPOBAHHbIW SKCTPAKT MAaLEHTbI;
HMBM — HecTeponaHble NpoTMBOBOCMANUTENbHbIe NpenapaThbl; OC — oKenaaTMBHBIN cTpecc; NMOJ1 — NepuKUCHOE OKUCAeHWe
nnnunzos; NMOJI-AOC — nepeKkMCcHOe OKUC/IeHWNE IMNNA0B-aHTUOKCUAAHTHaA cuctema; CO/L, — cynepokecmaamncmytasa; C-Pb —
C-peakTuBHbIN 6en0K; TBK-PI — akTMBHbIE NPOoAyKTbl TMOBapbuTypoBsoi Kncnotbl; LLOT — umMknookecureHasa; 95% AU — 95%
[0BEPUTENbHbIV UHTEPBAN
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INTRODUCTION

Among the great number of drugs that clinicians
have in their arsenal, non-steroidal anti-inflammatory
drugs (NSAIDs) occupy a special place. This is due to the
presence of nonspecific anti-inflammatory and analgesic
properties in them, that justifies the annual increase in
their sales against the background of the population ag-
ing, since, the frequency of their use is known to increase
with age. NSAIDs play a special role in symptomatic ther-
apy in patients with rheumatic diseases — rheumatoid ar-
thritis (RA), ankylosing spondylitis, gout, etc. [1-5].

However, despite the generally recognized effec-
tiveness of NSAIDs, their use in clinical practice is signifi-
cantly limited by the risk of developing unwanted side
effects on various organs and systems, in particular — the
gastrointestinal tract (Gl tract), cardiovascular system,
liver, kidneys [2-6]. In addition, in 25.0-35.0% of cases,
patients use NSAIDs irrationally and do not take into ac-
count the presence of risk factors for the development
of undesirable effects.

It is known that the maximum risk of cardiovascu-
lar complications occurs when taking drugs with high
selectivity to cyclooxygenase (COX) type 2 (coxibs — ce-
lecoxib, etoricoxib, etc.), while the risk of complications
from GI tract occurs when taking non-selective NSAIDs
(diclofenac, indomethacin, ibuprofen, etc.) [3, 4]. Thus,
in the first 7 days of taking celecoxib, the increased risk
of myocardial infarction is 92.0-99.0% [3, 7]. Adverse
Gl tract effects are the most common pathology caused
by the inhibition of COX-1 and, as a consequence, a de-
crease in the protective potential of the mucous mem-
brane of the digestive tract [8, 9]. Nonselective COX in-
hibitors increase the risk of Gl bleeding by an average of
4 times, and selective inhibitors — by 3 times [4, 5].

The problem of Gl-tolerance of widely used NSAIDs
substantiates the relevance of the search for effective
cytoprotective drugs that can increase the resistance
of the gastrointestinal mucosa [10, 11]. The treatment
of NSAID-induced esophagogastroenterocolonopathy is
classically directed at acid suppressive therapy (proton
pump inhibitors, H2-histamine blockers, etc.), the use
of gastrocytoprotectors (de-nol, sucralfate, etc.) and
the drugs that restore the content of prostaglandins in
the mucous membrane, etc.) [5, 12-14]. However, none
of these groups of drugs sufficiently satisfies clinicians,
since they are mainly aimed at treating NSAID gastrop-
athy, while NSAIDs are able of causing lesions, including
the distal parts of the Gl tract, and have their own side
effects [13-19].

One of the promising areas of therapy for Gl tract
pathologies is the use of drugs of the biological origin,
the advantages of which are their complex pharmaco-
logical action and high tolerability. [20-22].

As a means of correcting the ulcerogenic effect of
NSAIDs, the authors’ attention was drawn to a cryopre-
served human placenta extract (CPE), which has a mul-
tivector spectrum of its biological activity [23—-26].

280

For the first time, cryopreserved preparations of hu-
man placental tissue were obtained by scientists from
the Institute for Problems of Cryobiology and Cryomed-
icine (IPC & C) of the National Academy of Sciences of
Ukraine (IPC & C NAS of Ukraine), who developed and
put into practice a unique technique for its long-term
storage in a low-temperature environment. This ensured
the primacy of Ukraine among European countries in
the experience of cryopreservation of biological tissues
[26-31].

In previous studies, it has been shown that CPE is
able to neutralize the ulcerogenic effect of NSAIDs, in
particular, of diclofenac sodium, meloxicam, ibuprofen,
etc. [32—-34]. At the same time, according to the litera-
ture data, CPE has its own anti-inflammatory properties
[35], the mechanism of which is apparently associated
with the action of hormones in it — progesterone, estra-
diol, prolactin, gonadotropin, etc.

In addition, CPE has pronounced antioxidant prop-
erties, and its anti-inflammatory effect is possibly as-
sociated with the elimination of the pro-inflammatory
modulation of the blood system reactions by reactive
oxygen species and products of lipid peroxidation (LP)
as a result of stimulation of the physiological antioxidant
system [35].

All of the forgoing facts justify the need for an in-
depth study of the mechanisms of the therapeutic, in
particular, the anti-inflammatory effect of CPE when
used in combination with NSAIDs.

THE AIM of the study was to characterize the ef-
fect of cryopreserved placenta extract and diclofenac
sodium in their combined use on the state of the proo-
xidant-antioxidant system, the activity of inflammatory,
destructive and cytolytic processes, as well as the state
of protein and lipid metabolism according to biochemi-
cal studies in rats with experimental rheumatoid arthri-
tis.

MATERIALS AND METHODS

The study was conducted at the Department of
Experimental Cryomedicine on the basis of IPC & C
NAS of Ukraine. The work was performed in the
frame of the planned research work “Destructive and
regenerative processes in tissues in vivo after expo-
sure to low temperatures and biologically active sub-
stances” (code 2.2.6.113, state registration number
0117U001049).

The study was carried out on 28 sexually mature
nonlinear male rats obtained from the IPC & C NAS of
Ukraine vivarium, weighing 200-220 g, divided into 4
groups of 7 animals each: | —intact rats (n=7); Il (control)
— rats (n = 7) with experimental RA without treatment;
Il — rats (n=7) with experimental RA administrated with
DS (8 mg/kg [36], intragastrically (i/g)); IV (n=7) — rats
with experimental RA administrated with DS (8 mg/kg,
i/g) and CPE (0.16 mg/kg [37], intramuscularly (i/m)).
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Dose schedule of the investigational agents

AA treatment was carried out from 14 to 28 days.
DS (Pr. JSC Chimfarmzavod Krasnaya Zvezda, ZAO “Zdo-
rovye” Pharmaceutical Company, Ukraine) was ad-
ministered i/g at the dose equal to ED, for the an-
ti-inflammatory activity in the carrageenin-induced
edema model — 8 mg/kg in the form of an emulsion
on polysorbate “Twin-80" [35, 37]. The indicated dose
of DS corresponds to a single human dose of 88 mg
(1.25 mg/kg), which is consistent with the clinical rec-
ommendations for the use of DS in patients at the dose
of 75—-100 mg/day in the long-term use and 1.7 times
lower than its maximum daily dose of 150 mg [8].

According to the instructions, the CPE drug “Cryocell
cryo-extract of the placenta” (State Enterprise “Interde-
partmental Scientific Center of Cryobiology and Cryo-
medicine of the National Academy of Sciences, National
Academy of Medical Sciences and the Ministry of Health
of Ukraine”, Ukraine), is used in patients parenterally in a
single dose of 1.8 ml. Accordingly, a single dose for rats
was (1.8 ml/70 kg) x 6.35 = 0.16 ml/kg of body weight
[37]. Before using the “Cryocell cryo-extract of the placen-
ta” preparation, a single dose (0.16 ml/kg) was extempo-
rally diluted in a 0.9% NaCl solution at the rate of 0.1 ml of
0.9% NaCl solution/100 g of body weight. At the rate of at
0.16 ml / kg of body weight, CPE was injected i/m with an
interval of 2 days (5 injections in total), on days 14, 17, 20,
23 and 26, respectively. That corresponded to the instruc-
tions for its clinical use —i/m by 1,8 ml with an interval of
2-3 days, a course of 1-5 injections.

Chronic immune inflammation model

To reproduce the conditions of NSAIDs administra-
tion to rats corresponding to their clinical application, a
model of experimental rheumatoid arthritis (RA) — ad-
juvant arthritis (AA) in rats was chosen. It had all the
morphofunctional signs of RA and was accompanied by
a typical reaction, the main link of which is T-cell immu-
nity [38—40]. AA was modeled by a subplantar injection
of complete Freund’s adjuvant (PAF, Thermo Fisher Sci-
entific, USA) into the hind right limb at the rate of 0.1 ml
per rat. The day of the administration of the adjuvant
was taken as the “0” day of the experiment [40-42]. The
maximum manifestation of the local inflammatory reac-
tion, which was accompanied by a significant increase in
the volume of the limb, was determined on the 12t—14t
days, and then the activity of the inflammatory process
gradually decreased.!

On the 28" day of the experiment, the animals
were withdrawn from the experiment, and after decap-
itation of the animals, blood samples were taken into
tubes with a pre-introduced anticoagulant (2-substitut-
ed potassium salt of ethylenediaminetetraacetic acid).
Plasma was separated by centrifugation for 15 min at
3000 revol/min. To obtain serum, blood was collected

! Stefanov OV. Preclinical studies of drugs: Guidelines. Kiev.»Avitsena».
2001. 527 p.

Tom 9, Buinyck 4, 2021

in glass tubes without anticoagulant and kept at room
temperature (20-26°C) until complete separation of se-
rum, which was taken into a test tube and centrifuged
for 15—20 min at 3000 revol/min.

Biochemical methods of blood tests?

1. Content of active products of thiobarbituric acid
(TBA-AP) in blood serum was determined spectro-
photometrically by the method of Asakawa T. et al.
[43] according to the reaction with TBA and was
calculated from the optical density indices deter-
mined from the light absorption at the wavelength
of A=535 nm. The molar extinction coefficient of the
red-colored complex, which is 1.56x105 mol-1/cm-1
and expressed in umol/L, was taken into account.

2. The activity of superoxide dismutase (SOD) in blood
serum was determined spectrophotometrically by
the method of Kostyuk V.A. et al. [44], based on the
suppression of the oxidation reaction of quercetin,
according to the optical density, determined by the
light absorption at the wavelength of A=406 nm. The
SOD activity was expressed as a percentage inhibi-
tion of quercetin oxidation.

3. The content of seromucoid in blood serum was de-
termined spectrophotometrically by the method of
Weimer H.E. and Moshin R.J., which consists in the
precipitation of blood serum proteins with a 1.8 M
solution of perchloric acid (HCIO4), the isolation of
seromucoid from the filtrate using phosphoric tung-
stic acid, and a further quantitative determination by
the difference in light absorption at the wavelength of
A=260 nm and A=280 nm. The content of seromucoid
was determined in units of optical density (optical
density units) and expressed in mmol/L (conversion
factor = 1; 1 optical density unit = 1 mmol/L).

4. The content of C-reactive protein (C-RP) in blood se-
rum was determined by the degree of agglutination
and turbidity according to the instructions for using
the latex diagnostic test for detecting C-reactive pro-
tein in blood serum “C-RP latex test” (NPL Granum
LLC, Ukraine), and expressed in mg/L.

5. The activity of alanine aminotransferase (AIAT) in
blood serum was determined spectrophotomet-
rically by the method of Reitman S. and Frankel S.
and expressed in pmol/(mlixh). The studies were
carried out using kits for biochemical studies “ALT
(Reitman-Frenkel with a calibrator)” (ZAO SPE “Filis-
it-Diagnostics”, Ukraine).

6. The activity of aspartate aminotransferase (AsAT)
in blood serum was determined spectrophotomet-
rically by the method of Reitman S. and Frankel S.
and expressed in umol / (ml x h). The studies were
carried out using kits for biochemical studies “AsAT
(Reitman-Frenkel with a calibrator)” (ZAO SPE “Filis-
it-Diagnostika”, Ukraine).

2 Kamyshnikov VS. Handbook of clinical and biochemical research and
laboratory diagnostics. Moscow. « MEDpress-inform». 2009. 896 p.
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7. The activity of gamma-glutamyl traspeptidase
(GGTP) in blood serum was determined spectropho-
tometrically and expressed in U/L. The studies were
carried out using kits for biochemical studies “GTP”
(ZAO SPE “Filisit-Diagnostics”, Ukraine).

8. The activity of alkaline phosphatase in blood serum
was determined spectrophotometrically and ex-
pressed in umol/hxl. The studies were carried out
using kits for biochemical studies “Alkaline phospha-
tase” (ZAO SPE “Filisit-Diagnostics”, Ukraine).

9. The content of total protein in blood serum was de-
termined spectrophotometrically by biuret reaction
and was expressed in g/l. The studies were carried
out using kits for biochemical studies “General pro-
tein” (ZAO SPE “Filisit-Diagnostics”, Ukraine).

10. The content of total lipids in blood serum was de-
termined spectrophotometrically by the color reac-
tion with the sulfophosphovaniline reagent, which is
based on the fact that the decomposition products
of unsaturated fatty acids formed after acid hydro-
lysis of lipids, interact with the phosphoricaniline
reagent to form colored complexes with a maximum
absorption at the wavelength of A=530 nm. Lipid
extracts were obtained according to the method of
Bligh E.G. and Dyer W.I. [45]. Phospholipids were
fractionated by the method of Svetashev V.I. and
Vaskovsky V.E., by two-dimensional micro-ball chro-
matography [46]. Phospholipids were identified by
the method [47] and their content was expressed by
the level of inorganic phosphorus in g/L.

Bioethical aspects of research

The animals were kept in the conditions of the IP-
C&C NAS of a Ukraine vivarium. For 14 days, the rats
were in quarantine (in accordance with the sanitary
standards of “The structure and content of experimental
biological clinics” (Order No. 755 of 08/12/1997)) on a
water-food ration with free access to food and water (ac-
cording to the Appendix dated 12/04/1977 to Order No.
163 of 03/10/1996 “About daily feeding rates for labora-
tory animals and producers”)). All experimental studies
on laboratory animals were carried out in accordance
with the requirements of good laboratory practice and
in compliance with the main provisions of the Council
of Europe Convention on the Protection of Vertebrate
Animals used for Experimental and Other Scientific Pur-
poses dated 18 March 1986; Directive of the European
Parliament and of the Council of the European Union
2010/ 63 / EC dated 22 September 2010 on the protec-
tion of animals used for scientific purposes; Order of the
Ministry of Health of Ukraine dated December 14, 2009
No. 944 “On approval of the procedure for conducting
preclinical study of drugs and examination of materials
for preclinical study of drugs” and the Law of Ukraine
dated February 21, 2006 No. 3447-1V “On the protection
of animals from cruelty”.

The comprehensive research program was reviewed
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and approved by the Bioethics Committee at IPC&C NAS
of Ukraine (extract from Protocol No. 2 dated March 11,
2020).

Statistical processing

Statistical processing of the obtained results was
carried out using the application program for working
with electronic tables “Microsoft Office Excel 2003;
2013” (Microsoft Corporation, USA) using the “Real
Statistics” extension (http://www.real-statistics.com/).
The character of the values distribution in each group
of the sample was assessed using the Shapiro-Wilk
test. The homogeneity of the dispersions was deter-
mined according to the Levene’s test. To assess the
significance of the revealed differences in the studied
indicators under different experimental conditions, a
statistical analysis was carried out using parametric and
nonparametric criteria. With a normal distribution of in-
dependent values, the differences between the groups
were determined in pairs by Student’s t-test. In the
case of an abnormal distribution of at least one of the
groups of independent values, the differences between
them were determined in pairs using the Mann-Whit-
ney nonparametric U-rank test. The obtained values
were compared with the critical ones at the confidence
level above 95.0% (p<0.05), above 99.0% (p<0.01),
above 99.5% (p<0.005) and above 99.9% (p<0.001);
and a conclusion about the error probability was made.
The numerical data in the case of a normal distribu-
tion of values are given as “M+m” (M+SE), where M is
the arithmetic mean, m(SE) is the standard error of the
arithmetic mean, or M (95%Cl:5%—95%), and 95% Cl is
a 95% confidence interval. In case of an abnormal dis-
tribution of the obtained values, the data are present-
ed in the form of Me [LQ; UQ], where Me is the medi-
an, [LQ; UQ] — the upper border of the lower quartile
(LQ) and the lower border of the upper quartile (UQ).

RESULTS AND DISCUSSION

Biochemical studies of the peripheral blood of rats
with AA (control group) showed a statistically significant
(p<0.001) increase in the TBA-AP content by 53.7% rel-
ative to the indices of intact animals (Fig. 1). That indi-
cates an LP activation, which is probably due to the de-
velopment of a systemic inflammatory process [47, 48].

LP products are known to promote platelet aggre-
gation, decrease the synthesis of prostaglandins with
an anticoagulant effect, form cytolysis syndrome,
release blood coagulation factors, and suppress cell
division and regeneration. TBA-AP acts as an endog-
enous aldehyde, which is a clinical and laboratory
marker of oxidative stress (OS) and is widely used to
control the effectiveness of treatment of a number of
diseases — RA, osteoarthritis, coronary heart disease,
etc. [49-51].

Monotherapy of AA rats with DS, led to a statistically
significant (p<0.01) decrease in the level of TBA-AP by
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19.0% relative to the indicators of animals in the control
group in the same period of the study. The combined
use of DS and CPE was accompanied by a more pro-
nounced decrease in the intensity of LP processes, which
was indicated by a decrease in the content of TBA-AP
in rats with AA by 31.7% relative to the indices of rats
with AA without treatment. That was 1.7 times higher
than similarly directed changes against the background
of using only DS.

It should be noted that in the animals with AA,
which had been injected with DS and CPE, on the 28-th
day of the experiment, the level of TBA-AP was practi-
cally compared with the indices of the intact rats and
it was 4.3 [3.6; 4.5] umol/L (Fig. 1). That indicates the
signs leveling of AA-induced OS and can be regarded as
one of the mechanisms of the therapeutic action of the
studied drugs.

The established LP activation in the rats against the
background of AA development was consistent with the
parallel depletion of the antioxidant system (AOS), which
indicated a statistically significant (p<0.01) decrease in
the SOD level by 27.9% relative to the indices of intact
animals (Fig. 2).

Together with other AOS enzymes (catalase, ceru-
loplasmin, glutathione peroxidase, glutathione reduc-
tase, etc.), SOD is known to be an integral component of
LP-AOS. The assessment of the functional state of AOS,
determines the level of the compensatory and adaptive
response of the organism in conditions of the possible
development of OS [51, 52].

Monotherapy of AA rats with DS, led to a statistically
significant (p=0.03) increase in the SOD activity by 20.4%

relative to the indices of untreated animals (group II),
but this value (59.0% inhibition of quercetin oxidation)
was still 13.2% lower than the indices of the animals
without AA (68.0 [64.0; 76.5]%).

Against the background of the combined use of
DS and CPE, a statistically significant (p=0.01) increase
in the SOD activity by 30.6% relative to the values in
rats of the control group was noted, which was only
5.9% lower than the indices of the intact rats, and in-
dicated the most pronounced restoration of the AOS
activity.

To assess the state of connective tissue structures
in rats against the background of AA development, the
level of seromucoids was studied, since it is this group
of glycoproteins that enters the blood plasma upon de-
struction, degradation or damage of connective tissue.
In addition, seromucoids are usually considered acute
phase markers of inflammation, which can serve indica-
tors of the severity of the inflammatory process, since
their life span is about 5 days [53-56].

It was found out that on the 28th day of the exper-
iment, the rats with AA showed a statistically significant
(p<0.001) increase in the seromucoid level by 2.2 times
relative to the indices of intact rats (Fig. 3).

Monotherapy of AA rats with DS, led to a statistically
significant (p<0.01) decrease in the level of the studied
parameter by 31.4% relative to the level of the untreated
animals. The combined use of DS and CPE, led to a statis-
tically significant (p<0.01) even greater decrease in the
seromucoid content by 17.1% relative to the indicators
of rats in the DS monotherapy group, which amounted
t0 0.18 [0.17; 0.18] mmol/L.
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Figure 1 - Effect of DS and its combination with CPE
on the level of TBA-AP in peripheral blood in rats with AA on the 28" day of the experiment
Note: the distribution of values is abnormal. Boxes include results from the 25th to 75th percentile, vertical lines outside the boxes are the
minimum and maximum values. The horizontal line inside the box is the median (» —the median is 25 (75) percentile), ¢ — the average value;

® — p<0.05 relative to the indices of intact rats, m — p<0.05 relative to the indices of rats with AA without treatment; A — p<0.05 relative to the
indices of AA rats treated with DS
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Figure 2 — Effect of DS and its combination with CPE on the level
of SOD in peripheral blood in rats with AA on the 28" day of the experiment
Note: the distribution of values is abnormal. Boxes include results from the 25th to 75th percentile, vertical lines outside the boxes are the
minimum and maximum values. The horizontal line inside the box is the median (» — the median is 25 (75) percentile), ¢ — the average value;

® — p<0.05 relative to the indices of intact rats, m — p<0.05 relative to the indices of rats with AA without treatment; A — p<0.05 relative to the
indices of AA rats treated with DS
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Figure 3 — Effect of DS and its combination with CPE on the level
of seromucoid in peripheral blood in rats with AA on the 28" day of the experiment

Note: the distribution of values is abnormal. Boxes include results from the 25th to 75th percentile, vertical lines outside the boxes are the
minimum and maximum values. The horizontal line inside the box is the median (» — the median is 25 (75) percentile), ¢ — the average value;
® — p<0.05 relative to the indices of intact rats, m — p<0.05 relative to the indices of rats with AA without treatment; A — p<0.05 relative to the

indices of AA rats treated with DS
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Figure 4 — Effect of DS and its combination with CPE on the level
of C-RP in peripheral blood in rats with AA on the 28" day of the experiment

Note: the distribution of values is abnormal. Boxes include results from the 25th to 75th percentile, vertical lines outside the boxes are the
minimum and maximum values. The horizontal line inside the box is the median (» —the median is 25 (75) percentile), ¢ — the average value;
® — p<0.05 relative to the indices of intact rats, m — p<0.05 relative to the indices of rats with AA without treatment; A — p<0.05 relative to the

indices of AA rats treated with DS
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Figure 5 — Effect of DS and its combination with CPE on the level of alkaline phosphatase
in peripheral blood in rats with AA on the 28" day of the experiment

Note: the distribution of values is abnormal. Boxes include results from the 25th to 75th percentile, vertical lines outside the boxes are the
minimum and maximum values. The horizontal line inside the box is the median (» — the median is 25 (75) percentile), ¢ — the average value;
® — p<0.05 relative to the indices of intact rats, m — p<0.05 relative to the indices of rats with AA without treatment; A — p<0.05 relative to the

indices of AA rats treated with DS
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Table 1 - Effect of DS and its combination with CPE on markers of cytolysis in the peripheral blood
of rats with AA on the 28th day of the experiment (M = m (95% CI) or Me [LQ; UQ]; n = 28)

Experimental conditions

Investigated indicator, Group | Group Il Group Il Group IV
units of measurement -
Intact rats Conttr;);;;’-\r:e\zltt)hout AA + DS AA +DS + CPE
n 7 7 7 7
. 1,5[1.5; 1.6]
Alanine aminotransferase 1.4[1.3; 1.6] 1.8[1.6; 1.9] 2.2 [2<'(1)’021'3] p,,=0.17
(AIAT), umol/mi/h A3 L p,,=0.01 SH=0'01 p,,= 0.02
23 p,,<0.01
. 2.4[2.3;2.5]
Aspartate aminotrans- 2.3[2.1;2.4] 2.9[2.9; 3.5] R [3;36 (2)14] p,,=0.14
fe-times (AsAT), pmol/ml/h T p,,<0.001 p5'3 _ 0 5 p,,<0.001
23 p,,<0.01
23.9+1.10
27.91.30 o
. 22.3+1.81 36.1£0.80 (95% Cl: (95% Cl:
Gammaglutamyl transpepti- (95% Cl: (95% Cl: 25.3-30.4) 21.7-26.0)
dase (GGTP), U/L 18 7_"25 é) 34.6-37.7) 003 p,,=0.5
e p. <0,001 Pis= o p, <0.001
12 p,,<0.001 24
: p,,=0.04

Table 2 - Effect of DS and its combination with CPE on the indices of protein homeostasis in the peripheral
blood of rats with AA on the 28t day of the experiment (M = m (95% Cl) or Me [LQ; UQ]; n = 28)

Experimental conditions

Investigated indicator, Group | Group Il Group Il Group IV
units of measurement

Control (AA without

Intact rats AA + DS AA +DS + CPE
treatment)
n 7 7 7 7
81.0%1.50
74.7+0.92
+ 0, .
78.9+1.45 7:3'56;13.6 (95% Cl: 7??—/;?5)
Total protein, g/ (95% CI: 71 9_077 '2) 72.9-76.5) p. 03
76.0-81.7) i p. .=0.03 e
p1_2=0-05 p13 0.9 pH:O.Ol
2-3
p,,<0.01
37.4+1.90
27.941.30
o 9 0
35.31.69 2(59.51;13.3 RO 32917; /jtgli)
. o . () . o I A .
p,,<0.001 pH: o1 p,,<0.001
2-3 :
p,,<0.01
40.4%0.65
46.7+1.19
+ 9 .
45.7+1.54 49'60‘1'2,9 (95% Cl: 5% &
Slobulns, g/ (95% O1 (95% Cl: 44.4.49.0) 39.2-41.7)
'8 o~ 47.0-52.1) AT p. <0.01
42.7-48.7) o 0,08 P,;=0.6 b, <0.001
12 p2_3=0.1 p2'4<0 001
3-4 7"
0.93+0.045
0.60+0.035
4 0, P
0.78+0.039 O'(5915;/0'858 (95% Cl: o‘gi_ﬁﬂ'z,
Albumin / globulin ratio (95% CI: 0.46-0 57) 0.53-0.67) o =003
0.70-0.85) o p. .<0.01 14
p1_2<0‘001 p1 3=0 07 p2_4<0.001
2-3 °
p,,<0.001
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Table 3 — Effect of DS and its combination with CPE on lipid homeostasis indices in the peripheral blood
of rats with AA on the 28" day of the experiment (M £ m (95% Cl) or Me [LQ; UQ]; n = 28)

Experimental conditions

Investigated indicator, Group | Group Il Group llI Group IV
units of measurement -
Intact rats Control (AA without AA + DS AA +DS + CPE
treatment)
n 7 7 7 7
5.1 [4.5-5.2] 4.4 [4.2-4.5] 3'1[3'_251'4]
- . .1[4.5-5. = 0.
Total lipids, g/l 3.0[2.7-3.3] b,,<0.001 p1'3<_0600071 b, .<0.001
P2s=0 p,,<0.001
2.1+0.05
2.0+0.05
+ 0, 5
2 12005 s s i
Phospholipids, g/! (95% Cl: o 1.9-2.1) il
2.3-2.7) p.,=0.5
2.0-2.2) <0.001 p,,=0.6 1'4<0 01
p1-2 ° p2_3<0_001 p2-4 N :
p,,=0.2
65.2+2.47
46.9+1.80
+ [ .
. . 70.9+5.35 >3.213.60 (95% Cl: (95% Cl:
Phospholipids relative (95% Cl: 60.3-70.0)
oy (95% Cl: 43.3-50.4)
to total lipids,% 46.2-60.3) p,,=0.4
60.4-81.4) p,,<0.01 4
p,,=0.02 o1 p,,=0.02
P2s™0" p,,<0.001

For a good reason, C-RP is considered the “golden”
marker of inflammation in almost all pathological pro-
cesses, since it tends to increase significantly in tissue
damage, infections of a bacterial or viral nature, inflam-
mation and malignant neoplasms; in tissue necrosis, it
can even increase up to 300 mg/| during the day [47,
57-61].

It has been found out that the development of the
experimental RA in rats led to a statistically significant
(p<0.001) increase in the C-RP level by 4.5 times relative
to the indices of the intact animals (Fig. 4).

On the photo of monotherapy with DS, this indica-
tor decreased (p<0.001) by 33.3%, and against the back-
ground of the combined administration of DS and CPE,
it decreased (p<0.001) by 61.1% relative to the values in
the rats with AA without treatment. The data obtained
indicate pronounced anti-inflammatory properties of
DS, which are potentiated when combined with CPE, but
may also be associated with the intrinsic anti-inflamma-
tory activity of CPE.

The established biochemical signs of an active in-
flammatory process and the resulting imbalance in the
LP-AQS system substantiate the advisability of a detailed
analysis of the activity of cytolysis markers against the
background of treatment of rats with AA — AIAT, AsAT
and GGTP [62, 63].

The study showed that the development of AA in
rats was accompanied by an increase in the content of
AIAT by 28.6% (p=0.01), AsAT — by 26.1% (p<0.001) and
GGTP — by 62.2% (p<0.001) relative to the indicators of
the intact rats (Table 1).

Aminotransferases are complex enzyme proteins

Tom 9, Buinyck 4, 2021

that catalyze transamination processes and ensure the
synthesis of individual amino acids in the body. It has
been proven that under the influence of damaging fac-
tors, the energy metabolism of hepatocytes is disrupt-
ed, which leads to an increase in the permeability of cell
membranes and the appearance of cytoplasmic compo-
nents in the blood serum.

Since the marker of the cellular damage, GGTP, is
found to the greatest extent in the kidneys, liver and
small intestine, it can be assumed that there is an in-
flammatory process in these organs. That is compared
with the literature data on the systemic character of the
inflammatory process in RA, which is analogous to AA in
animals [50].

The use of DS led to an increase in cytolytic process-
es, which was indicated by an even greater increase in
the studied markers in the peripheral blood — so, AIAT
was higher by 22.2% (p<0.01), and AsAT — by 20.7% (p=0,
2) relative to the indices of rats with AA without treat-
ment. That was 57.1% (p<0.01) and 52.2% (p<0.01), re-
spectively, higher than the indices of the intact animals
(Table 1). No mortality in the group treated with a com-
bined use of DS and CPE, had been noted. These changes
in the activity of aminotransferases are consistent with
the data on the hepatotoxic effect of DS [3, 8, 64-66].

It was also found out that against the background of
the use of DS, GGTP statistically significantly (p<0.001)
decreased by 22.9% relative to the indices of the animals
in the control group (Table 1).

Against the background of the combined use of DS
and CPE, the indices of cytolytic processes in the rats
with AA are of particular interest (Table 1). Therefore,
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it was found out that AIAT was statistically significantly
(p<0.01) lower by 38.9%, and AsAT was lower (p<0.01)
by 37.9% relative to the indices of the animals injected
with DS, which, respectively, were by 16.7% (p=0.02)
and 17.2% (p<0.001) lower than the indices of the rats
in the control group with untreated AA. The changes es-
tablished on the part of aminotransferases, indicate the
ability of CPE to level not only AA-induced cytolytic cider,
but also concomitant cytolysis, enhanced by DS. That
indicates the universality of its cytoprotective activity,
probably due to its ability to stabilize cell membranes, as
well as its antioxidant properties.

In addition, it was found out that the combined use
of DS and CPE, was also accompanied by a statistical-
ly significant (p<0.001) decrease in the GGTP level by
28.6% relative to the untreated rats with AA, which was
11.4% lower (p=0.01) than in the rats treated with DS
alone (Table 1).

The assessment of the level of alkaline phospha-
tase in the peripheral blood in the rats with AA showed
that the development of a systemic autoimmune in-
flammation was accompanied by a statistically signifi-
cant (p<0.001) increase in the indicated metalloprotein
by 77.3% relative to the indices of the intact rats, and
amounted to 390 [335; 405] umol/hxL (Fig. 5).

Alkaline phosphatase is a heterogeneous enzyme
consisting of separate isoenzymes, each of which is con-
centrated in a specific organ: liver, bone tissue, intestines,
placenta. Localized on the cell membrane, the enzyme
is connected to the transport of biologically important
compounds, primarily phosphorus. Alkaline phospha-
tase is actively involved in the processes of phospho-
rus-calcium metabolism in the body. An increase in the
activity of alkaline phosphatase indicates the activation
of bone remodeling processes, since its bone fraction is
synthesized by osteoblasts and their precursors, and is
involved in the mineralization of the bone matrix [50,
67—-69]. An increase in the activity of this enzyme may
indicate an increase in an osteoblastic activity and an
increase in destructive changes in the liver or the occur-
rence of cholestasis in the rats with AA [3].

DS monotherapy led to a statistically significant
(p<0.01) decrease in the activity of alkaline phosphatase
by 28.2%, and the combined use of DS and CPE was ac-
companied by a more pronounced decrease in the ac-
tivity of this enzyme by 38.5% (p<0.01) relative to the
indicators of the untreated rats with AA (Fig. 5).

The study of the protein spectrum of the blood of
rats with AA showed that the level of total protein prac-
tically did not differ in the intact rats and the rats with
AA (Table 2).

The content study of the individual protein frac-
tions showed that the development of AA in the rats
was accompanied by a statistically significant (p<0.001)
decrease in the albumin content by 28.7% relative to
the indices of the intact rats. Albumin is the most ho-
mogeneous fraction of proteins, the main function of
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which is to maintain colloidal osmotic pressure, as well
as to transport carbohydrates, lipids, hormones and pig-
ments. A patient’s body with active RA, consumes albu-
min at the site of inflammation, resulting in hypoalbu-
minemia more actively.

In addition, it was noted that in the rats with AA, the
content of globulins slightly increased by 8.4% (p=0.04)
relative to the indices of the intact animals. As it is
known, in a long subacute progressive process, hyperga-
maglobulinemia is primarily observed, which is associ-
ated with an increase in the level of autoantibodies [50,
51, 70, 71].

These changes led to a statistically significant
(p<0.001) decrease in the albumin / globulin ratio of pe-
ripheral blood by 34.2% relative to the indices of intact
animals (Table 3). The change in the ratio of protein frac-
tions, as a rule, corresponds to the severity of RA and
reflects the dynamics of the inflammatory process [50,
51, 70, 72].

DS monotherapy led to a statistically significant
(p=0.04) decrease in the albumin / globulin ratio by
17.5% relative to the AA rats without treatment. The
combined use of DS and CPE was accompanied by a
complete increase (p=0.01) of the studied ratio by 19.5%
higher than in the intact animals. That is due to an in-
crease in the albumin level almost up to the level of the
intact animals, and at the same time it is by 11.6% lower
(p<0.01) than the values in the intact rats, the content of
globulins (Table 3).

Lipids, which act as structural components of
biomembranes, the energy substrate of the cell, partic-
ipating in the reactions of signal transduction, exo- and
endocytosis and the like, play an important role in the
life of the cell. In addition, they participate in the fixa-
tion of proteins of the phospholipid bilayer and ensure
their appropriate orientation in the cell membrane, are
a non-polar medium for fat-soluble substrates and en-
zyme cofactors, cause their folding, and also act as reg-
ulators and modulators of an enzymatic activity [69, 73].

The study showed that against the background of
the AA development, in the rats, there was a statisti-
cally significant (p=0.02) decrease in the proportion
of phospholipids in the total lipid pool by 25.0%. At
the same time, there was an increase in the total lip-
id level (p<0.001) by 1.7 times and a disproportionate
increase in the content of phospholipids (p<0.001) by
1.2 times, which is due to the activation of the cyclooxy-
genase pathway of membrane phospholipid metabolism
(Table 3).

Against the background of DS monotherapy, a de-
crease in the level of total lipids (p=0.07) was noted by
1.3 times and a decrease in the level of phospholipids
(p <0.001) was also noted by 1.3 times relative to the
indicators of the animals with AA without treatment.
That corresponded to the development of even greater
imbalance in the content of phospholipids in the pool of
total lipids - their content decreased by another 6.3%,
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however, these changes did not reach the level of statis-
tical significance (p=0.1).

Against the background of the combined use of DS
and CPE in the rats with AA, a statistically significant
(p=0.02) harmonization of the lipid balance was not-
ed — the content of phospholipids increased by 22.6%
relative to the indicators of the animals with AA without
treatment and amounted to 2.1+0.05, respectively (95%
Cl: 2.0-2.2) g/I. These changes were observed against
the background of a decrease in the level of total lip-
ids in the blood serum (p<0.001) by 35.3% relative to
the indices of the untreated rats, and amounted to 3.3
[3.2-3.4] g/, respectively, which was compared with the
indices of the intact animals 3.0 [2.7-3.3] g/I.

CONCLUSION

The administration of diclofenac sodium and cryo-
preserved placenta extract to rats with adjuvant arthritis
normalized the level of active products of thiobarbituric
acid, which indicates leveling of signs of the arthritis-in-
duced oxidative stress. A statistically significant (p=0.01)
increase in the level of superoxide dismutase (by 30.6%)
as compared with the values in the rats of the control
group, was also revealed.

An increase in the anti-inflammatory properties of
diclofenac sodium was found out in the combined use of
diclofenac sodium with cryopreserved placenta extract.
The level of C-reactive protein decreased (p<0.001) by

61.1% as compared with the untreated rats, and the
level of seromucoid statistically significantly (p<0.01) de-
creased by 17.1% relative to the indices of the rats in the
monotherapy group with the studied NSAIDs.

The level of alanine aminotransferases was signifi-
cantly (p<0.01) lower by 38.9%, and aspartate amino-
transferase was lower by 37.9% (p<0.01) relative to the
parameters of the animals that had been injected with
diclofenac sodium., It was, respectively, 16.7% (p=0.02)
and 17.2% (p<0.001) lower than the indices of the rats in
the control group with untreated adjuvant arthritis. The
established changes on the part of aminotransferases
indicate the ability of a cryopreserved placenta extract
to level not only an arthritis-induced cytolytic cider, but
also a diclofenac-induced one.

A combined use of cryopreserved placenta extract
and diclofenac sodium was accompanied by the normal-
ization of the level of total lipids and phospholipids in
the blood serum of rats against the background of ex-
perimental rheumatoid arthritis. Thus, the content of
phospholipids in the phospholipid pool statistically sig-
nificantly (p=0.02) increased by 22.6% relative to the in-
dicators of the animals with adjuvant arthritis without
treatment.

Prospects for further research. For a correct assess-
ment of the activity of the inflammatory process, it is
advisable to determine the level of matrix metallopro-
teinases and homocysteine.
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