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Necrotic and apoptotic changes of neutrophils
and mononocytes of blood in experimental periodontitis
and their corrections by quercetin
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The purpose of the study was to determine the content of apoptotic-altered and necrotized mononuclear
phagocytes and neutrophilic granulocytes in the development of experimental bacterial-immune periodontitis
and its correction with quercetin (corvitin). The article presents the results of early and late apoptosis of the
blood monocytes and neutrophils on the 14" day of the inflammatory process development in periodontal
tissues, as well as the possibility of theirs correction by quercetin. The blood monocytes and neutrophils
were isolated by the method of gradient centrifugation. The evaluation of apoptosis and necrosis was
performed by flow laser cytometry. The characteristic dynamics of dead cells was revealed in the pro-
cess of the inflammatory formation in the periodontal complex. In particular, the course of experimental
periodontitis was accompanied by an increase of annexinpositive (early apoptosis) blood monocytes and
neutrophils on the 14" day that corresponded to maximum intensification of the inflammatory process and
formation response to antigen stimulation. The indices of late apoptosis / necrosis during this period also
exceeded the control values. The quercetin (intramuscularly in a dose of 100 mg / kg) reduced number of
blood mononuclear phagocytes and neutrophilic granulocytes with signs of death cell and improved the
course of the inflammatory process.
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necrosis, quercetin.

INTRODUCTION

Etiology and pathogenesis of periodontal disease
are completed, insufficiently investigated and is
formed one of important problems of theoretical
and practical medicine [1]. The main role in this
belong to the infectious factors and activity of
immune system (local cellular nonspecific and
general adaptive) to form an adequate character
of development and course of the pathological
process in the oral cavity. The effectiveness of
therapeutic effects and preventive measures
depends from this [2]. Among the wide spread
diseases connected with periodontal complex is
periodontitis, in particular its generalized form,
in which inflammatory-dystrophic processes
include all its tissues [3, 4].The mechanisms ow-
ing to which local and general factors, differed
by nature and character, lead ultimately to in-
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flammatory and destructive lesions of periodon-
tal tissues unresolved [5]. It is noted that in the
process of chronic inflammation development
with the destruction of periodontum and bone
tissue, the immune response to microorganisms
of the oral cavity is realised unstandard way. In
the most cases, the process proceed on the set-
ting of a low bactericidal potential of phagocytic
cells, in particular mononuclear phagocytes,
polyclonal activity of B-lymphocytes, high level
of antibacterial antibodies and dysfunction of
T-lymphocytes. At the same time, it is observed
an increased granulation growth associated with
disorder of proliferative processes, imbalance
of cytokines production, and decrease of func-
tional activity of phagocytic cells, induction of
apoptosis with subsequent accelerated death
and development of hypoergic inflammatory
reaction [6, 7].
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Treatment of periodontitis is one of the
urgent problems and require unordinary ap-
proaches to their solve. In this regard, the
effectiveness of plant origin substances, which
relate to polyphenolic compounds capable
influence to the immune and inflammatory
processes in the body are insufficiently studied.
Quercetin (corvitin) belongs to flavonols
with antioxidant, anti-ischemic, membrane-
stabilizing and immunomodulatory properties
[8, 9]. It has a great redox potential and displays
anti-inflammatory, anabolic, anti-apoptotic
properties [10, 11].

The antioxidant activity of the drug with
regard to its ability to suppress lipid peroxida-
tion, to reduce the concentration of free radicals
and toxic peroxidation products, to stimulate the
catalase and superoxide dismutase activity of the
organism. Anti-inflammatory and antiallergic
effects also associated with the ability of
corvitin to suppress calcium-ATPase and the
synthesis of leukotrienes. Flavonol inhibits
the activity of hyaluronidase and thus decrease
vascular permeability, as well is able to increase
the content of immune cells (phagocytosis,
T-lymphocytes, B-lymphocytes), resulting to
reduced manifestations of immunosuppression
[12, 13].

The purpose of this study was to determine
the effect of flavonol quercetin on the indices of
the necrotic and apoptotic changes in neutrophil
granulocytes and mononuclear phagocytes for
the experimental bacterial-immune periodontitis
development.

METHODS

The research was performed with the use of
clinically healthy male white rats weighing
150-200 g in conditions of vivarium. The ani-
mals were in a standard diet, balanced by the
main elements of nutrition. The investigation
was conduced in conformity with the general
rules and regulations of the “European Conven-
tion for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific
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Purposes” (Strasbourg, 1986), and the “Gen-
eral Ethical Principles of Animal Experimenta-
tion” (Kyiv, 2001). Animals were divided into
3 groups: I — intact animals, control (n = 10);
II — animals with experimental periodontitis on
the 14th day of the study (n = 8); III — animals
with experimental periodontitis on the 14th day
of the study, which was introduced quercetin
(corvitin) (n = 8). These studies were performed
in accordance with suggested and patented
our pattern of experimental periodontitis [14],
which reflects the role of bacterial and immune
disorders in the mechanisms of inflammation
development in the periodontal complex. Study
of experimental periodontitis in that version
and indices of bacterial-immune inflammation
before were not investigated. Experimental
periodontitis was produced in the animals by
injection complex mixtures of microorganisms
diluted in egg protein into periodontal tissues
[15]. Simultaneously with introduction of the
pathogen, a complete Freund’s adjuvant was
injected in the rat’s paw to enhance the immune
response. To the experimental animals of the
third group was introduced intramuscular water
soluble quercetin (corvitin, manufactured by the
PJSC Borshchahivskiy CPP) in a dose 100 mg /
kg for 7 days (from the 7th to the 14th day). On
the 14th day of experiment, animals were killed
by bleeding using thiopental anesthesia. For
further research, the blood of the experimental
animals was taken from which monocytes and
neutrophil granulocytes were isolated by the
method of gradient centrifugation [16]. FITC-
labeled annexin V from the ANNEXIN V FITC
reagent kit (Beckman Coulter, USA) and prop-
idium iodide (PI) was used to evaluate apoptosis
and necrosis of granulocytes and monocytes
using flow cytofluorometry [17]. In this case,
monocytes (neutrophilic granulocytes), positive
for PI and annexin V indicated a late stage of
apoptosis or necrosis, and cells that were posi-
tive by annexin V and negative by IP in the early
stage of apoptosis. For apoptosis, cells are sent
a signal, using phosphatidylserine (PS) through
the extracellular membrane, to the phagocytes to
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purify the apoptotic cells. Aneksin V is explicitly
linked to PS apoptotic cells. If apoptotic cells
are not rapidly cleared by phagocytes, apoptotic
cells may lose the integrity of the membrane and
release their intracellular content (like necro-
sis). Late apoptosis will just happen during this
process (secondary necrosis). The anxin V can
bind to phosphatidylserine in apoptotic cells,
whereas PI can stained the nucleus due to loss
of membrane integrity [18]. The results were
presented in percent (the ratio of the number
of annexin-positive cells to the total fraction
of neutrophils and phagocytes). The obtained
results were statistically analyzed using the
parametric and non-parametric statistical meth-
ods using the software Excel (Microsoft, USA)
and STATISTICA 10.0 (Statsoft, USA) [19].
The reliability of the differences in the values
between independent quantitative values was
determined with a normal distribution according
to the Mann-Whitney U criterion [20].

RESULTS AND DISCUSSION

Considering that mechanisms of inflammatory
process formation in the periodontal tissues
include a number of complicated pathogenetic
links, we have chosen a bacterial-immune
model, for which character of the disturbances
was similar to human [21, 22].

The induced apoptosis of immune cells play
important role in initiation, development and
course of inflammation, from which depends
the chacter of the pathological process and its
outcome. There is a disturbance of the balance
between proliferation, necrosis and apoptosis
of mononuclear phagocytes and neutrophilic
granulocytes in the inflammation of the peri-
odontal tissues [23, 24].

The degree of necrosis and apoptosis of
monocytes and neutrophils that changes under
influence pathogen as well as regulatory factors
is a key mechanism controlling development
and prognostic consequence of inflammatory
process in periodontal complex [25]. The indices
of early apoptosis and late apoptosis / necrosis
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reflect the stage of apoptotic cells damage or
complete death. Early apoptotic cells are An-
nexin V-positive and PI-negative (Annexin
V-FITC*/PI) indicates activation of caspases
in the cellular cytoplasm, but the integrity of
surface membrane is not affected. Late apopto-
sis / necrosis (end-stage) cells are Annexin V/
PI-double-positive (Annexin V-FITC*/PI*) are
also evidence of activation of caspases in the
cellular cytoplasm, but there is a fragmentation
of the surface membrane [26].

The results of our research shown that they
occupy one of the key links in maintaining local
immunity, and after expose to antigens necrosis-
apoptosis development in them.

It was important to compare the results of
necrosis and apoptosis of blood mononuclear
phagocytes and neutrophil granulocytes in the
experimental model of the bacterial-immune
periodontitis. In particular, studies have
found that changes of total number cell dead
and their correlation in the blood during of
the inflammatory process in the periodontal
complex were increased in relation to control.

Our study showed that during the formation
of the inflammatory process in the tissues of
the periodontal complex (second experimental
group), which included the period until the
14th day of the experiment, the total number of
damaged neutrophil granulocytes significantly
were increased (by 1.51 times; P<0.01). At
the same time, high level of cell death was
conditioned mainly by neutrophils with signs
of late apoptosis / necrosis, which exceeded the
intact group by 1.72 times (P<0.01) (Figure 1,
Table 1). The level of cells with signs of early
apoptosis was also significantly higher (by 1.45
times; P<0.01) as compared to control values
(Figure 2).

Further studies showed that the total number
of death blood mononuclear phagocytes for
development of the inflammatory process in
the periodontal complex also were increased in
relation to the control values (Table 2).

Thus, the analysis of the results of necrotic
and apoptotic changes in the monocytes on the
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Fig. 1. The late apoptosis / necrosis dynamics of neutrophil granulocytes and monocytes in experimental periodontitis and with
quercetin correction (% of control). Notes: * — significant of differences in relation to the intact animals (P<0.01); ** —significant
differences in relation to the animals with periodontitis on the 14™ day of the experiment (P<0.05)

14th day of the research showed similar changes
as in neutrophils, that is, the probable increase
in the total number of dead cells in relation to
the indices of the control group (by 1.51 times;
P<0.01). At the same time, the induced death
of mononuclear phagocytes was implemented

due to both apoptosis (Figure 2) and necrosis
(Figure 1),theirs levels exceeded the control
values by 1.34 (P<0.01) and 1.50 times (P<0,01),
respectively.

The results shown that the induced death of
neutrophil granulocytes on the 14" day of the

Table 1. Effects of quercetin to indices of necrotic and apoptotic changes in the neutrophil granulocytes of the blood
rats with experimental bacterial-immune periodontitis (M+m)

. Control, intact
Indices

Animals with experimental periodontitis

After correction with

animals Without correction .
quercetin
Experiment duration (days) - 14 14
Number of animals 10 8 8
Necrotic changed cells, % 1.62+0.05 2.79+0.09 2.21+0.13
P,<0.01 P,<0.01; P,<0.05
Apoptotic changed cells, % 6.29+0.13 9.13+0.21 7.64+0.25
P,<0.01 P,<0.01; P,<0.01
Cells died, % 7.91+0.16 11.92+0.36 9.85+0.35
P,<0.01 P,<0.01; P,<0.01
Unchanged cells, % 92.09+0.16 88.08+0.36 90.15+0.35
P,<0.01 P,<0.01; P,<0.01

Notes (here and in table 2):

P, — significant of differences in relation to intact animals;
P, — significant of differences in relation to the animals with experimental periodontitis on the 14" day of

the research without correction.
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Fig. 2. The early apoptosis dynamics of neutrophil granulocytes and monocytes in experimental periodontitis and quercetin
correction (% of control). Notes: * — significant of differences in relation to the intact animals (P<0.01); ** — significant diffe-
rences in relation to the animals with periodontitis on the 14™ day of the experiment (P<0.01), *** — significant differences in
relation to the animals with periodontitis on the 14™ day of the experiment (P<0.05)

study after use of flavonol quercetin for 7 days
occurred as a result both necrosis and apoptosis,
theirs means exceeded the control value.

The analysis of annexin-positive blood neu-
trophil granulocytes level (early apoptosis) after
using of quercetin shown a significant decrease
in their level on the 14" day without correction
— by 1.20 times (P<0.01). However, these indices
remained at a high level as compared to the
control group indices, that is, they were higher —

by 1.22 times (P<0.01) (Figure 2).

Comparing the level of neutrophils with
signs of late apoptosis / necrosis, it should be
noted that on the 14 day of the study (with
a correction ) their number significantly was
decreased (by 1.26 times; P<0.05) in relation
to the data obtained for the same investigated
period , but without the introduction of flavo-
nol (Figure 1). At the same time, comparing
the indices on the 14™ day of the experimental

Table 2. Effects of quercetin to indices of necrotic and apoptotic changes in the monocytes of the blood rats with
experimental bacterial-immune periodontitis (M+m)

Control, intact

Animals with experimental periodontitis

Indices

After correction with

animals Without correction )
quercetin
Experiment duration (days) - 14 14
Number of animals 10 8 8
Necrotic changed cells, % 0.95+0.02 1.42+0.07 1.30+£0.07
P,<0.01 P,<0.01; P,<0.05
Apoptotic changed cells, % 5.00£0.02 6.72+0.03 6.87+0.03
P,<0.01 P,<0.01; P,<0.05
Cells died, % 5.95+0.03 8.14+0.07 8.17+£0.07
P,<0.01 P,<0.01; P,>0.05
Unchanged cells, % 94.05+0.03 91.86%0.07 91.83+0.07
P,<0.01 P,<0.01; P,>0.05
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periodontitis with correction, it remained higher
(by 1.36 times; P<0.01) than the indices of the
control animals.

It should be noted that amount of annexin-
positive mononuclear phagocytes (early apop-
tosis) in the blood of experimental animals of
this group was found a decreased (by 1.02 times;
P<0.05) as compared with animals, which were
investigated on the 14™ day of the experiment
(Figure 2), but their level remained higher in
relation to control (by 1.37 times; P<0.01).

At the same time, on analysis of late apop-
tosis / necrosis of monocytes in the second and
third groups of experimental animals, it was
found that level of necrotized monocytes in the
group of animals with correction was lower (by
1.09 times; P<0.05) as compared to indices of
animals, which were investigated on the 14"
day without correction by flavonol (Figure 1),
however they were found significantly higher
in relation to control (by 1.37 times; P<0.01).

Thus, flavonol quercetin proved to weaken
unadequate the immune response, to reduce
destructive processe, to suspend and stabilize
the further development of the inflammation
connected with this pathology.

CONCLUSION

1. The development and the course of experi-
mental periodontitis is accompanied by an in-
crease content of annexin-positive (early apop-
tosis) and necrotized mononuclear phagocytes
and neutrophilic granulocytes in the blood, that
is associated with strengthening of destructive
processes in the periodontal complex, their
formation owing to antigen stimulation and
regulatory mechanisms.

2. Flavonol quercetin reduces amount of
blood monocytes and neutrophilic granulocytes
with signs of cell death in the experimental
bacterial-immune periodontitis, in this manner
stabilizes and attenuates inflammation.

The authors of this study confirm that the
research and publication of the results were
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A.€. JlemkoBuY

HEKPO3O0-ATIONITUYHI 3MIHU Y HEUTPO-
PIITAX I MOHOIUTAX KPOBI ITPH
EKCIHEPUMEHTAJIBHOMY ITAPOAOHTHUTI
TA KOPEKIIA IX KBEPHETUHOM

Mera 10cIiKeHH oJIsraia y BASHAYCHH] BMICTY allONTHYHO
3MIHEHHMX I HEKPOTH30BaHHUX MOHOHYKJIEApHHUX (harouuTis
Ta HEHTPODITBHUX rPaHyIONHUTIB KPOBI B IIPOIIECi PO3BUTKY
EKCIEePUMEHTAIBHOTO 0aKTepialIbHO-IMyHHOTO HAPOJAOHTHUTY
Ta TP KOPEKIil HOoro KBepueTnHOM (KOpBiTHHOM). Y cTarTi
HABEJICHO Pe3yJIbTaTH JIOCII/DKeHb TOKa3HUKIB PAHHBOTO Ta
ITi3HBOTO AMOITO3y MOHOLKUTIB Ta HeiTpodiniB kpoBi Ha 14-Ty
1100y PO3BUTKY 3alajIbHOTO MPOLIECY B TKAHUHAX MAPOIOHTA,
a TaKO)K MOXJIMBICTH KOPEKIT IX ITiJ{ BILIMBOM KBEPLETHHY.
VY TBapuH BiOMpaAJK KPOB, 3 SIKOI BHJUISIN MOHOLMTH Ta
HEHUTPO(DITN METOAOM I'PaTi€HTHOTO HEHTPU(PYTYBAHHS.
OLiHKy anmomnTo3y Ta HEKPO3y NMPOBOAMIM METOJOM IPO-
TOYHOI Na3epHOi uTodyopumetpii. Ilpn npoMy BusiBIEeHa
XapakTepHa JMHaMiKa KiTbKOCTI 3arHOIUX KIITHH y Tporieci
(bopMyBaHHS 3aMaIbHOTO BOTHUIIA Y TAPOJIOHTAIBHOMY KOM-
uieKci. 30kpema, nepedir eKCreprMEeHTaIbHOTO TapOIOHTHTY
CYNPOBOKYBABCSI i IBUIIIEHHSAM BMICTY aHEKCHHITO3UTHBHHX
(paHHiii aronTo3) MOHOLUTIB i HeWTpo(iNiB KpoBi Ha 14-Ty
1100y, 10 TOB’A3aHO 3 MOCHUJIEHHSIM IHTEHCHUBHOCTI 3amalib-
HOTO Tpolecy Ta iX yTBOPEHHSAM Y BiJNOBi/Jb HA aHTUICHY
ctumynanito. [loka3HUKH MI3HBOTO amonTo3y / HEKpo3y Y
el mepioj TakoXk MEepeBHILYBaIH KOHTPOJIbHI 3HAYECHHS.
3acTocyBaHHs KBEpLUETHHY (BHYTPIIIHEOM 5130BO B 1031 100
MI/KT) 3MEHIIIyBaJIO KiJIbKICTh MOHOHYKJICAPHHX (DAroIuTiB Ta
HEUTPODITEHUX TPAHYIOUUTIB KPOBI 3 03HAKAMH KIIITHHHOT
3aru0erti Ta MOKpaIyBajIo nepedir 3anagabHOTO MPOLIECY.
KitrouoBi ciioBa: 6akTepiaibHO-IMyHHHH TAPOJOHTHUT; MOHO-
HyKJIeapHi Gparouutu; HeHTPOPiabHI TPAHYIOLHUTH; alONTO3;
HEKPO3; KBEPLETHH.

JIBH3 « Tepnoninbcovkuii Oepacagruil MeOudHuil yHigepcumem
imeni 1. 2. ['opbauescvroco MO3 Yrpainu»

A.E. lemkoBuY

HEKPOTHYECKO-ATIOINITUYECKHNE U3ME-
HEHUA BHEUTPO®PUTIAX U MOHOIIUTAX
KPOBU ITPU DKCIIEPUMEHTAJIBHOM BAK-
TEPUAJIBHO-UMMYHHOMITAPOJOHTHUTE
N KOPPEKIIMA NX KBEPOHETHUHOM

I_[eJ'IL HCCJICIOBAHUS 3aKIII0YaIaCh B OTNIPEACIIEHUN COAEPIKa-
HUA arlONTUYECKU U3MEHEHHBIX U HEKPOTU3UPOBAHHBIX MOHO-
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HyKJICapHBIX (parouToB U HEHTPO(UIOB KPOBH B IpoIecce
Pa3BUTHS HKCIIEPUMEHTAIBHOIO OaKTepHaIbHO-UMMYHHOTO
IApOAOHTUTA U NPH KOPPEKLHUHU €ro KBEpPLETHHOM (KOPBHU-
TUHOM). B craThe mpuBeneHbI pe3ysbTaThl MCCIeI0BaHUH
II0Ka3aTeNel paHHEro M IMO3JHEro aronTo3a MOHOLUTOB U
HEHUTPOHIOB KPOBH Ha 14-e CyTKH pa3BUTHS BOCHAINTEIb-
HOTO Ipolecca B TKaHIX IapoIOHTa, a TAKXKe BO3MOKHOCTh
KOPPEKIMU UX HOJ BIMSHUEM KBEpLETHHA (KOpPBUTHHA). Y
JKUBOTHBIX OTOMPAJIN KPOBb, U3 KOTOPOH BBIJICIISUI MOHOLIUTHI
¥ HEUTPOHITBI METOZIOM TPAIUEHTHOTO LIEHTPU (YT HPOBAHHS.
O1eHKy anonTo3a U HeKpo3a MPOBOAUIM METOIOM IPOTOY-
HOH sazepHoil uutodyopumerpun. [Ipu 2TOM BBIsSIBICHA
XapakTepHasi JUHAMUKA U3MEHEHUH KOJIMYEeCTBA MOTrHOIINX
KJICTOK B Iporiecce popMUpOBaHHMS BOCTIAIUTEILHOTO OYara
B [IapOJIOHTAJIBHOM KOMIUIEKce. B uacTHOCTH, X011 SKCIIepHU-
MEHTAJbHOI'O0 IAPOAOHTUTA CONPOBOXKAAJICS MOBBILICHUEM
COJIepKaHUS aHHEKCHUHIIOJIOKUTEIbHBIX (PaHHHUH aronTos)
MOHOLIMTOB U HEUTPOHIIOB KPOBH Ha 14-€ CyTKH, 4TO CBSI3aHO
C YCHJIEHHEM MHTEHCHBHOCTU BOCIHAJMTEIBHOIO Ipoliecca
U UX 00pa30BaHMEM B OTBET Ha QHTUT€HHYIO CTUMYJIALMIO.
ITokasaTenu MO3JHEro arnonTo3a / HEKpo3a B 3TOT HEPUOJ
TaKKe NPEBbIIIAIN KOHTPOJIbHbIE 3HaueHUd. [IpuMeneHue
KBepLeTHHA (BHYTPUMBILIEUHO B 03¢ 100 Mr/ Kr) yMEeHbIIIAI0
KOJIMYECTBO MOHOHYKJICAPHBIX (paroluToB U HEHTPOPHIOB
KPOBH C IPU3HAKAMH KJICTOUHOM THOEIH U yITydIIajio TedeHne
BOCHAJIUTEIBHOTO MpoIecca.

KiroueBble cnoBa: 6akTepuanbHO-UMMYHHBIH MapOJOHTHT;
MOHOHYKJICapHbIE (haroLHThl; HEUTPOPUIIbHBIC IPAHYIOLHUTHI;
aroNTOo3; HEKPO3; KBEPLETHH.
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