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POTENTIAL IMPACT OF CERIUM DIOXIDE NANOPARTICLES (NANOCERIA) ON THE
CONCENTRATION OF C-REACTIVE PROTEIN AND MIDDLE-MASS MOLECULES AF-
TER WOUND TREATMENT IN RATS

© Arefeh Amiri, N. Nikitina, L. Stepanova, T. Beregova

3azoenns pan, sike € 36UHANHUM OIOIO2INHUM NPOYECOM 8 HAULOMY OP2AHIZMI, O0CA2AEMbCS YHOMUPMA BUCOKOOD-
2aHI308AHUM CMAOIAMU: 2eMOCA30M, 3aNalleHHaM, npoaigepayicio i pemoodeniosanuam. LLJob6 docaemu gipHozo
i yeniuno2eo 3a20€nHs panu, 6ci yi cmaodii nosurHi 8100yeamucs y 6ION0GIOHIN NOCIIO08HOCMI NPOMA2OM NEGHO-
20 nepiody uacy. Bazamo gaxmopis moocyms nopyuiyéamu 00Hy abo KilbKa cmaodiil ybo2o npoyecy, wo npus-
600UMb 00 HENPABUNLHO20 3A20E€HHS PAH.

Mema docnioncennsn. B daniti cmammi docnioxcyemvcsi eénaue Nanoceria Ha konyenmpayito C-peakmugnoco
OILIKa [ MONIEKY cepedHbOl Macu 8 cupo8amyi KpoGi Ha 3a20€HHL NJIOWUHHOL panu Y wypis.

Mamepianu ma memoou. L[i osa paxmopu 6sadcaromvcs iHOUKAMOPAMU eHO02eHHOI THMOKCUKayii, momy Ko-
HMPOJb IX PIBHS 8 CUpo8amyi KPOGI 2pae K408y poib 8 npoyeci 3a20€nns pat. Excnepumenmanvua npoyedypa
npogoounacs memooom I abpiensina o1 UMIPIOBAHHS KOHYeHmpayii MoneKyn cepedHboi macu i mypoioumempii
ona C-peaxmugnozo Oinka.

Pezynomamu. byno nokazano niosuwenuii pigeno MMM 6 cuposamuyi kpogi 6 konmponvhil epyni wypie. Ha-
enaku, oe JaiKyeanns pan Oyno nposedeno Nanoceria 6 excnepumenmanvhii epyni, pisens MMM cymmeeo 3nu-
24CY8aBCa 8 KOdACHUL Oelb excnepumenmy 00 20-2o ous, de siodysanacs nogua peenimenizayis. Taxoowc mu npo-
Odemoncmpysanu 30invuenns pigus CPB na 3-t, 6-u, 9-ui i 14-ui Oni excnepumenmy 6 NOpiGHAHHI 3 KOHMPOIEM 8
cuposamyi Kposi 6cix eKcnepumeHmanvHux epyn. Bionosnennsa yb0o2o noKA3HUKA 00 HOPMANbHUX 3HAYEHb CHO-
cmepizanocs 6 epynax meapun, axi ompumysanu Nanoceria na 20-ii Oetb eKCRepUMEHIMY, WO KOPEIOE 3 HOGHOKO
peenimenizayiero.

Bucnoexu. 3ae0saxu psady nepesae Nanoceria, makux sk YpIiGHOBANCEHHS OesAKUX (haAKMOpie pocmy, aHMUOKCU-
Oanmuux, anmumikpoonux, suudicenns APK, CO/], kamanasu, axi Oyau 0ocnioxceni i 6yau 008edeHi 8 Hauux
NONePeoHix 00CIONCEeHHSAX, MU po3enadaemo Nanoceria K nepcnekmuerull npenapam O NoOaaIbUo20 00CTi-
0JiCeHHsL

Kntouosi cnosa: C-peaxmusHuii 0iloK, MOLEKYIU cepeonboi macu, Hanoyepiti, memoo I abpienana, mypbioume-
mpisa

1. Introduction Here we are going to focus on the level of two
Wound healing is a pivotal physiological process factors, C-reactive protein and Middle-mass molecules,

in which cooperation of many cells and their products is that are considered as endogenous intoxication during the
needed. Intentions for induced lesion restorement occur wound healing process.

early at the inflammatory stage. Ending up to result in in- C-reactive protein, hereinafter CRP, is an acute
jured tissue repairment. inflammatory protein that increases up to 1,000-fold at
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sites of infection or inflammation. It is present as a
homopentameric protein, called native CRP (nCRP),
which can detach to produce five discrete monomers,
called monomeric CRP (mCRP), at the site of inflamma-
tion and infection. CRP is mainly synthesized in the liver
but also by lymphocytes, macrophages, smooth muscle
cells, endothelial cells and adipocytes. When the tissue is
injured, CRP level increases significantly in response to
inflammation and infection (Fig. 1) [1].

CRP mainly activates the C1q molecule in the
complement pathway resulting in the pathogen opsoniza-
tion. It can also initiate cell-mediated pathways by the
complement activation as well as attaching to 1gG Fc re-
ceptors [2].

Vascular wall damage:

+ wall gets infiltrated by
inflammatory cells

» smooth muscle proliferates and \
migrates to intima T

RAAS
activation

Once it attaches to Fc receptors, it induces pro-
inflammatory cytokines releasement [3]. The ability of
CRP to recognize self and foreign molecules according
to their pattern recognition, makes it a unique comple-
ment activator as other activators can’t attain it due to
their distinct antigenic epitopes recognition [3].

2. Literature review

As mentioned before, CRP is an inflammatory
marker and during bacterial infection its level inclines [4].

Kingsley and Jones demonstrated that at the site
of infection, CRP level increases in response to monocyt-
ic mediators like IL-1 and IL-6 and it has a stable decay
rate [5].

Plague remodeling
+ MMP activation
+ inhibition of MMP inhibitor

+ extracellular matrix is synthesized /!
+ sensibility to proatherogenic Oxidative stress
factors is increased .PI‘OCCSSCS . Increased ROS synthesis in
_~ induced by —7 vascular wall
Activation of complement CRP S
cascade . ™. . Endothelial dysfunction
. \ " . increased ET-1
\ + decreased NO production

Prothrombotic state \ « vasodilatation impairment
+ activation of complement cascade \ + glycocalyx damage
+ faster thrombin formation

+ release of tissue factor

« diminished fibrinolysis

«+ increased formation of adhesion molecules
+ increased thrombocyte adhesiveness

Opsonization of oxidized LDL
+ easier uptake by macrophages
+ formation of foam-cells

Fig. 1. Different role of CRP in response to disease, infection and inflammation (Copyright 2016, Medicina)

In Mold et al. investigation on mice treated with
200 pg CRP, it was proven that CRP protects them
against the infection caused by gram-positive Strepto-
coccus pneumoniae by attaching to their cell wall and
leading complement pathway activation [6].

Middle-mass molecules (MMM) are considered as
one of the suitable clinical indicator determining the
pathological process development [7].

MMM is a type of combinations with the molecu-
lar mass up to 5,000Da and is divided into two major
groups — average molecular mass substances and oligo-
peptides [8, 9].

When the metabolism alters to a reverse reaction,
a big amount of metabolites and metabolic-waste prod-
ucts accumulate in blood remarkably high concentrations
of a variety of biological substances, bacterial toxins, or-
gans and tissues destruction products, protein and lipid
hydroperoxides, etc. This pool of substances in blood is
dispensed between the erythrocytes and plasma, and de-
fines the concept of intoxication from the biochemistry
point of view [10, 11].

Consequences of these substances accumulations in
the blood cause tissue lysis and toxic product increment.

Hence, MMM pool is the basic biochemical marker meas-
uring the pathological protein metabolism level [7].

3. The aim and objectives of the study

The aim of the study is to measure the concentra-
tion of C-reactive protein and level of Middle-mass mol-
ecules in blood serum of rats during the wound healing
procedure.

To achieve this aim, the following objectives
were set:

1. Whether Nanoceria had any influence on the
level of Middle-mass molecules in blood serum after the
treatment?

2. Whether Nanoceria had any impact on the con-
centration of C-reactive protein in blood serum after the
treatment?

3. Whether application of Nanoceria accelerated
the rate of complete wound closure (re-epithelialization)?

4. Materials and Methods

4.1. Preparation of Nanoceria solution

The wound dressings were put together by elec-
trospinning. The film comprising 0.05 % CeO2 (dis-
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solved in 0.5 % Carbopol) nanoparticles was elected as
the optimal dressing for the in vivo study on full-
thickness excisional wounds of rats. A peerless feature
of these nanocrystals is that they can be applied multi-
ple times: over weeks, cerium (1V) rich particles lei-
surely turn over to their initial cerium (111) content. In
approximately all cases, the particles subsist colloidal-
ly firm (e.g. non-aggregated) and could be applied
multiple times. The in vivo study represents Nanoceria
evidence in mouse tissues with no pathogenicity. Tak-
en together, it is suggested that cerium oxide nanopar-
ticles are well sustained in rats and are agglutinated
into cellular tissues. The study illustrated that after 2
weeks, the wounds treated with the CeO2 nanoparti-
cle-containing dressing attained a remarkable closure
to nearly 100 %. Our results delivered the evidence
supporting the feasible applicability of CeO2 nanopar-
ticle-containing wound dressing for the favored wound
treatment as it hastens complete wound closure and
diminishes wound area in comparison with non-treated
animals.

4.2. Animal Model

The research was administered on 75 white labor-
atory male rats weighing 200-250 g, which were divided
into three groups (25 rats in each group): intact group
(without any wound), control group (wounded animals
without any dressing application) and experimental
group (wounded animals with Nanoceria application).
Keeping animals and experiments were conducted ac-
cording to ethical principles, adopted by Ukraine at the
First National Congress on Bioethics, international
agreements and national legislation in this area [12]. Be-
fore the experiment, the rats were retained in quarantine
and marked. Before performing the full-thickness wound
model, animals were anesthetized by sodium thiopental
(BiochemieGmbH / Austria), at a dosage of 50 mg / kg.
The animals of the experimental group were treated with
“Nanoceria-Gel” which contains 0.05 % CeO2 (dissolved
in 0.5 % Carbopol) nanoparticles for wound dressing. In
the intact series wound healing happened without drug
and only Carbopol while the control group was remained
untreated. Before the experiment, epilation was carried
out on the back area after anesthetizing rats and one full-
thickness wounds of 1x1 cm? was formed in the skin of
each mouse using a surgical scalpel and forceps. rats
were treated with Nanoceria solution applied directly to
the wound site once daily until healing.

The level of Middle-mass molecules was car-
ried out by Gabrielyan with modification [13] method,
based on the precipitation of macromolecular peptides
and proteins of biological fluids using trichloroacetic
acid and quantitatively in the centrifugation, obtained
by the supernatant of medium-molecular peptides by
absorption in a monochrome light stream at a wave-
length of 254 nm. Serum and plasma of blood were
collected and in the centrifuge tubes 1 ml of serum and
0.5 ml of trichloroacetic acid (100g/L), stirred and
centrifuged for 30 min at 1500 rev./min. 0.5 ml of su-
pernatant was taken and transferred to a test tube of
4.5 ml of distilled water. The contents of the test tube
were mixed and a spectrophotometric measurement at
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A 254 nm was performed against the distillate, ex-
pressed in the mind: unit X mg of protein-1.

Determination of CRP concentration was carried
out by Turbidimetry. The concentration of C-reactive
protein was determined by the kinetic method analysis at
fixed time according to standard (reaction time — 120 s,
delay time — 3 s) [14]. Quantitatively the concentration of
C-reactive protein in the serum was evaluated by immu-
noturbidimetry using a CRP latex reagent. Latex parti-
cles, covered with specific antibodies to CRP, agglutinate
when mixing with samples containing CRP. Agglutina-
tion causes a change of absorption at A = 540 nm depend-
ing on the content of CRP in the sample. Concentration
of C-reactive protein was determined by the concentra-
tion calibrator of the formula:

C CRP=((A 0-A 1) sample/(A 0 -4 1) caliber.) x
xC caliber.

where A 0 — absorption after 3 s, A 1 — absorption after
120 s, C — concentration.

The concentration of C-reactive protein in serum
was expressed in mgx|",

4.3. Statistical analysis

The statistical analysis of the data was carried out
by the “Statistica 8.0 software package. The type of in-
group data distribution was verified via the Shapiro-Wilk
test. As the data were distributed normally (p<0.05), two-
way ANOVA was conducted to determine the signifi-
cance of difference between means, with the Bonferroni
post test. A difference between means was judged as sta-
tistically significant if p<0.05. The mean and standard
deviation (SD) were calculated for each group.

5. Result

The current study demonstrates the elevated level
of endogenous intoxication markers (MMM) in blood se-
rum in the control group of rats where Nanoceria was not
applied on the wounds (Table 1). In contrast, where the
treatment of the wounds was carried out by Nanoceria in
the experimental group, the level of MMM decreased
significantly in each day of the experiment till 20th day
where the full re-epithelialization occurred.

We have shown an increase in the level of CRP
on the 3rd, 6th, 9th and 14th days of the experiment in
comparison with the control (up to 10 pg/ml) in blood se-
rum of all the experimental groups (Table 2). Restoration
of this indicator to normal values was observed in the
groups of animals that received Nanoceria on the 20th
day of the experiment, it correlated with full re-
epithelialization (Fig. 2).

As shown in Fig. 2, the effect of Nanoceria on dif-
ferent days of the experiment is clearly captured. The
significant difference between the experimental group of
rats and the control group of rats is well distinguished.
The complete wound closure for the experimental group
occurred on 20+0.5 day and for the control group it was
on 23+0.8.

Hence, Nanoceria application on full-thickness
wound helps to accelerate the healing and to make
wound area reduction faster
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Table 1
Level of Middle-mass molecules in blood, s.u/mg protein, M+SD
Days of Intact group Control group Experimental group

experiment (without wound) (wounded rats without treatment) | (wounded rats with Nanoceria treatment)

3rd 0.12+0.02 0.96+0.08*** 0.72+0.07%**/#

6th 0.12+0.02 1.05+0.08*** 0.54+0.04%** /H#H#

9th 0.12+0.02 0.71£0.06*** 0.50+0.04%** /4

14th 0.12+0.02 0.58+0.06%** 0.16+0.02 ###

20th 0.12+0.02 0.35+0.02%%* 0.11+0.02##

Note: * — p<0.05; ** — p<0.01; *** — p<0.001 compared to the intact group of animals; # — p<0.05; ## — p<0.01; ### — p<0.001

compared to the control group of animals
Table 2

The concentration of C-reactive protein in blood mg / ml, M+SD

Days of Intact group Control group Experimental group
experiment (without wound) (wounded rats without treatment) | (wounded rats with Nanoceria treatment)
3rd 9.67x1.13 80.70+7.94%** 90.514£10.24%**
6th 9.67+1.13 92.50£10.06%** 55.37H4.91%**/##
9th 9.67+1.13 40.00+£3.64*** 30.17+2.92%**/#
14th 9.67x1.13 33.714£2.66*** 27.51+£2.98 #
20th 9.67+1.13 18.07£1.77*%* 9.47+1.11 ##

Note: * — p<0.05; ** — p<0.01; *** — p<0.001 compared to the intact group of animals; # — p<0.05; ## — p<0.01; ## — p<0.001
compared to the control group of animals

Control Nanoceria

a
Control Nanoceria

Fig. 2. Wound area reduction. The appearance of the full-thickness surface in the control and experimental groups
(Nanoceria) in different time (days) of the experiment: a — 3" day; b — 6" day; ¢ — 9" day; d — 14" day; e — 20" day
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6. Discussion

CRP which is inflammatory protein displays an
increased expression during the inflammatory process.
The area of inflammation and host responses, where CRP
acts as a mediator, is apoptosis, phagocytosis, comple-
ment pathway, no release and cytokine production [1].

The wound (full-thickness) progression is de-
pendent on cooperation of a variety of different metabol-
ic systems as well as contacting tissues, and for this mean
biochemical homeostasis’ support is required too. Proteo-
Iytic enzymes play the key role in catalyzing proteins
breakdown, and necrotized tissues are removed by these
enzymes in the process of healing. The physiological
balancing of synthesis and proteolysis is under the con-
trol protease inhibitors. These particular proteins inhibit
unusual devastation of protein compounds [15].

A disturbance in the proteolysis system leads to
endogenous intoxication, which causes the MMM level
increment in return. This disturbance has other conse-
quences, such as damaging of the native tissue by ab-
normal activation and on other hand, the insufficient ac-
tivity of these enzymes leads to prolonged build-up of
matrix components, hence delays wound healing [16,
17]. After evaluation of the results on the positive effect

of Nanoceria on CRP and MMM pool for wound healing
process, as well as confirmation of its Antioxidant, An-
timicrobial, Growth factors restoration, ROS reduction,
SOD restoration, Catalase reduction properties in our
previous investigations, we consider Nanoceria as a
powerful promising drug for further researches and in-
vestigations.

7. Conclusion

1. The level of MMM in the experimental group
of rats decreased significantly in each day of the experi-
ment till 20th day where the full re-epithelialization oc-
curred compared to the control group of rats, where
Nanoceria was not applied.

2. We have seen an increase in the level of CRP
on each day of the experiment in both control and exper-
imental groups, but the restoration of this indicator to the
baseline level happened much faster in the experimental
group (full re-epithelialization) on 20" day compared to
the control group.

3. Also the complete wound closure for the exper-
imental group occurred on 2040.5 day and for the control
group it was on 23+0.8. So, application of Nanoceria
contributes to the rate of complete wound closure.
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CO30®ITH TA OCEJIMIIA TEPUTOPII YPOUMIIA XOPTUIIA I OXOPOHOIO
BEPHCBKOI KOHBEHIII

© C.T. Oxpimenko, €. /I. Tkau

Mema. Brarouenna ypouuwia Xopmuys 00 CKIa0y mepumopii ocobausoco npupoooOXopOHHO20 3HAYEHHS —
Cmapazoo6020 06 ’exmy, 3a055 30epedicents o2o imoyenoondy. s oocsienenns memu 0yna npoeeoena ¢hi-
MoCo30102i4Ha OYiHKA mepumopii wooo ii 6ionosionocmi sumozam bepucvbroi konsenyii.

Mamepianu ma memoou. Busuenns popu ma pociuHHOCMI NPOBOOULOCS eKCREeOUYITTHO-MAPUPYIMHUM Memo-
00M, @ MAKOIHC 3AKNAOAHHAM CIMAYioHapHuX 00CTiOHUX Oinanok niowero 100 M° ma mpancexm 3a 3a2anbnon-
PUTTHAMUMU MEMOOUKAMU.

Pesynemamu. B ypouuwi Xopmuys npedcmaeieni ianowagdmu xapakmepui ona 3anopizokoi obracmi, Hacam-
nepeo cmenosi, 3 NPUpOOHOI POCIUHHICMIO )y 000pe 30epedicenomy cmani. Ha mepumopii ypouuwa eusigneni:

— yci cyxi munu mpag sHucmux yepynosans kameeopii E1 3a knacugixayicio EUNIS, onucani ons 3anopizekoi
oonacmi (E1.11, E1.2.1.1—-E1.2.1.7);

— 20 munie ocenuwy, sKi oxopousiiomscs pezonmoyieto Ned bepncoroi konsenyii (C 1. 226; C1.33; C1.3411; C
2.33;C2.34;C3.4;C351;D52;E111;E1.2;E34;E5.4;G111;G1.3; G1.7; X18).

— 3 suou euwux cyounnux pociur (Aldrovanda vesiculosa L., Jurinea cyanoides DC., Serratula lycopifolia
Beck.) sanecenux 0o oooamy Nel pezonioyii Ne6 Beprcokol koneenyii.,

Ompumani oaui 6sitiuin 00 cMaHOapmuux Gopm oanux 06 ’exkmie npemendenmie Cmapazooeoi mepedici, 6yiu
saxuweri Ha 6ioceocpapiunomy ceminapi (m. Kuie 6—8 sepecnsi 2016 p.).

Bucnoexu. Ypouuwe Xopmuys mae 6ucoxy @imoco3on0eiuny yiHHicms i nompebye nposedeHHs 3ax00i6 3 00C-
JIOJICEHHS, OXOPOHU Mma 30epedicentst 1020 Oiopiznomanimms. [LJo niomeeposicyemovcs exmouennam y 2016 poyi
ypouuwa 0o ckiady o6’ ’exkmy Cuapazoosoi mepesici Yxpainu UA0000106 — «Kaxoscvke 6odocxosuiye»
Knrouosi cnosa: ¢propa, cozoghimu, ocenuuge, papumemua komnonenma, ypouuwe Xopmuys, bepucrkas xoneen-
yis, Cmapazoosa mepesica

1. Beryn
[IpiopHTETHOIO €KOJOTIYHOI0 MPOOIEMOI0 HUHI €

Ha B KoHcTtuTymii Ykpainu; no-apyre, 1e € pe3yabTaToM
mianrcaHHs Ta paTudikamii BiINOBITHIX MIXKHAPOIHUX

30epexeHHs1 GiToneHohOHAY K (YHKIIOHATBHOT, TIepe-
JyciM eHepreTuuHoi ocHoBu Oiocepu. Temnu neHary-
pasizanii npupoIHUX JaHIIA(TIB TPUCKOPIOIOTHCS, IO
3yMOBIIOE 30iMHEHHS (iTopizHOMaHiTTS. Yepes ckopo-
YEeHHS TUIONI, 3alHATHX HPUPOJHUMH EKOCHCTEMaMH,
3HUILYIOTHCS TIEPBUHHI POCIMHHI YTPYIIOBaHHS, 3MiHIO-
IOTBCSL  CTPYKTYPHO-(DYHKIIOHAJIBHI ~ XapaKTEepPUCTHKU
eKoCHCTeM, JIaHAMAPTIB — BTPA4aeThCsl OlOpi3HOMAHIT-
HICTH y miytomy [1].

IIpobmema  30epexeHHs  OiOpI3HOMAaHITHOCTI
BH3HAYCHA 5K MPIOPUTETHA I YKpalHH Ha IepKaBHOMY
piBHi. [To-epie, MeTo1OIOTIS TAKOTO MIAXOIy 3aKiIaje-

yroJ; mo-Tpete, 30epeiweHHs] 010pI3HOMAHITHOCTI BKJIIO-
YEHO 0 TEpeNiKy CEeMH IpPIOPUTETIB JIep)KaBHOI KO-
HOMiKH [2].

BaxmBoro yMOBOIO 30€peKEHHS BHJOBOTO Pi3-
HOMaHITTs YKpaiHU € BeJIeHHs KaacTpiB Oi0pi3HOMaHIT-
Ts1, «UepBOHOT KHUTM YKpaiHW», CKIIaJJaHHs CIHCKIB BH-
JIiB POCJIMH Ta 0XOPOHA IIUX BHUJIB, B TOMY YHUCII THX, L0
NOTpeOyIOTh OXOPOHH HE JIMILE Ha JAEp>KaBHOMY DiBHI, a
it Ha MibkHapogHOMY [3].

VYcBigoMIIeHHS MIDKXHAPOTHOIO CITUTFHOTOIO Bif-
MOBIATBHOCTI 32 30epeKeHHs 0iOpi3HOMAHITTS TPHU3Be-
710 10 po3podku Oaratbox MikHapogHux yrox (Kousen-
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