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HN3MeHeHUA CTPYKTYPHOU opranusanuu ¢puopoo/1acToB JeceH
00JIBHBIX XPOHUYECCKHM I'MHI'MBUTOM ITIOCJIE€ BOBI[eﬁCTBHH
MMOCTOSHHOTO 3JIEKTPUYECKOTIO TOKA
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Changes in the structure of gingival fibroblasts of patients
with chronic gingivitis after a direct electric current stimulation
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AHHOTAILIUA

Ilenp. VByuuTh N3MEeHEeHHsI, pa3BUBaloliuecs B pubpobiactax eceH 60JTbHBIX TPOCTHIM MaPTUHATBHBIM XPO-
HU4YeCKUM ruHTUBUTOM (XT') Iocjie KOMIIJIEKCHOM Teparuy, BKIKUaBIIeld aHO/I-TaIbBAHU3AI[UIO JIECEH.

MaTepuaabl U MeTO/Bl. IIpOBEIEHO U3YUEHUE C IOMOIIBI0 METOZIOB CBETOBOM U 3JIEKTPOHHOM MHUKPOCKO-
nuH, MopdoMeTpruu 06pasIioB TKaHeH AeceH 39 uelt. (10 — ¢ MHTAaKTHBIMHU JleCHaMu; 10 — GostbHble XI' /10 JIeUueHust; 19 —
6ospHbBIE XTI TTOC/IE KOMILJIEKCHOTO JIEUEHHU I, BKJIIOYABIIIETO, KPOMe NMPO(deCCHOHATBHOTO CHATHSA 3yOHBIX OTJIOKEHUH,
obyueHre METO/IMKE TUTHEHUYECKOT0 yX0/1a 3a MOJIOCTHIO PTa, KOHTPOJIb 32 YPOBHEM I'MTHEHBI TIOJIOCTH PTa U 3-KpaT-
HOE ITPOBEJIEHNE aHO/I-TaJIbBAHUBAIINH JIECEH T10 5 MHUH, IO3BOJISIONIEH B KpaTyalIine CPOKU KYyITHPOBATh OTEUHOCTD U
KPOBOTOUYHMBOCTb JIECEH).

PesyabTaThl. B dubpobiacrax meceH OOJBHBIX XPOHUYECKUM TMHTHUBUTOM IOCJIE€ TIPOBEIEHHOTO JIEUeHUs],
BKJIIOUABIIIET0 aHO/-TaJIbBAHU3AIMIO, OB BBISBJIEHBI CTPYKTYPHBIE NPU3HAKUA CHUKEHUS CUHTETHYECKON aKTUB-
HOCTHU KJIETOK. B MEKKJIETOUHOM BEIeCTBE CJIOSI COeTUHUTEILHON TKAaHU JleceH 00Hapy:KeHO yBeJndeHre 00'beMHOMN
IJIOTHOCTH KOJIJIAT€HOBBIX BOJIOKOH, BEPOSITHO KaK CJIE/ICTBUE JIETUAPATAIINY TKAHEH JIECHBI IO/ BO3/IEHCTBUEM IIOCTO-
STHHOTO 9JIEKTPUYECKOTO TOKA.

3aKkJOUYeHUEe. BhisABIEHHbIE CTPYKTYPHBIE H3BMEHEHHUSI MOTYT OKa3bIBATh BJIUSHUE Ha MPOIECCHI perapanuu
B ITAPOJIOHTE.

Karoueawvle ca068a: MapofoHT, IeCHA, THHTUBUT, GUOPOOIIACT, KOJIJIAaT€HOBBIE BOJIOKHA, AHO/I-TAJIbBAHU3AIIVS.

ABSTRACT

Aim. Toinvestigate structural changes developing in gingival fibroblasts of marginal chronic gingivitis (CG) patients
after comprehensive therapy including anode galvanic stimulation of the gums.

Materials and methods. A study was conducted using the methods of light and electron microscopy, mor-
phometry of gingival tissue samples of 39 individuals (10 patients with intact gums, 10 patients with CG before treatment,
and 19 patients with CG after treatment including, in addition to professional removal of dental calculus, training in oral
hygiene techniques, monitoring the level of oral hygiene and 3-fold gingival anode galvanic stimulation for 5 min which
allows to stop swelling and bleeding of gums as soon as possible).

Results. Inthe gingival fibroblasts of patients with chronic gingivitis after treatment, which included anode-galva-
nization, structural signs of a decrease in the synthetic activity of cells were detected. An increase in the volume density of
collagen fibers was found in the extracellular matrix of the gingival connective tissue layer, probably due to the dehydration
of the gum tissue under effect of direct electric current.

Conclusion. The identified structural changes may affect the repair processes in the periodontium.

Keywords: periodontium, gingiva, gingivitis, fibroblast, collagen fibers, anode-galvanization, direct current stimulation.
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BBEJAEHWUE

B KOMILJIEKCHYIO TEPATUIO OOJIBHBIX C BOCIIAIH-
TEJIbHOW IMaTOJIOTUEH NapoJoHTa (TUHTHBHUT, Iapo-
JIOHTUT) PEKOMEH]IOBAaHO BKJIIOUeHHe (pusuorepa-
MMEBTUYECKUX METO/IOB JieueHus (amekTpodopes je-
KapCTBEHHBIX BEIleCTB, aHO/-TaJIbBaHu3aus) [1], B
poriecce KOTOPhIX TKAHU IIaPOIOHTA II0/[BEPraOTCs
BO3JIECTBHUIO MOCTOSIHHOTO BJIEKTPUYECKOTO TOKA.
OHAKO CTPYKTYpPHbIE U3MEHEHUsI, PA3BUBAIOIIHECS
B COEIMHUTEIbHOTKAHHBIX CTPYKTYpaX TKaHEH Jec-
HBI TIOCJIE BO3JIEHCTBHS IOCTOSHHOTO 3JIEKTpUYe-
CKOTO TOKAa, KOTOPbIE BO MHOTOM OIIPEEISIOT IIPO-
recc peabwInTaly MOPAYKEHHBIX TKAHEH ITapoj0H-
Ta, U3yYeHbl HEJIOCTATOYHO.

IEJIb NCCJIEAOBAHINA

l3yueHne CTPYKTYPHBIX H3MEHEHUH, Pa3BUBa-
onuxes B pubpobacrax geceH 60JIbHBIX XPOHUYE-
CKUM THHTHBUTOM II0J] BO3/IEHCTBHEM IIOCTOSIHHOTO
BJIEKTPUYECKOTO TOKA.

MATEPHUAJIBI 1 METO/AbI

B uccreoBaHUY NPUHAIM yYacTHe 39 J100po-
BOJIBIIEB 000€ETO I0J1a B Bo3pacre OT 18 710 30 JyeT. Y
BCeX IMalMeHTOB, BKJIIOYEHHBIX B HCC/IEZIOBAHIE, T10-
JlydeHO MH(OPMUPOBAHHOE coIvIacHe Ha yJacTHe B
rccyiefioBaHun. [IpoBeleHHOe HCCIIeoBaHUE HAaXO-
JIUTCS B TIOJTHOM COOTBETCTBUHU C MEXKIYHAPOHBIMU
U POCCUHCKUMU 3aKOHOZATEIbHBIMU aKTaMH O I0pHU-
JITIECKOM U STUYECKOM ITPUMEHEHUN MeIKO-0H0JI0-
THYECKUX HCCIIEIOBAaHUU Y yesoBeKa. Bee mcememye-
Mble aIMeHTh! ObLIN pas/iesieHbl Ha 3 IPYIIILL. I'pyT-
I1a 1 COCTOSsIIA M3 10 YeJI. ¢ MHTAKTHBIM ITapOIOHTOM,
rpymnma 2 — 10 HAIUeHTOB C IIPOCTBIM MapTUHAJIb-
HBIM XpOHUYecKuM ruHrusutoM (XI') /10 jiedeHus u
rpyTa 3 — 19 HaIUeHTOB C IIPOCTHIM MapTUHAIEHBIM
XPOHHUYECKUM T'HTHTHUBUTOM II0C/IE KOMILJIEKCHOTO JIe-
YeHHs], BKJIIOYABIIET0, KpoMe IIPOdeccCOHAIbHOTO
CHSATHUS 3yOHBIX OTJIOXKEHUH, 00yUueHre METOIVKE TH-
THEHNYECKOTO YXO0Za 3a IOJIOCTHIO0 PTa, KOHTPOJIb 32
YPOBHEM THUTHEHBHI IIOJIOCTH PTa U 3-KpaTHOe IpOBe-
JIeHVEe aHO/I-TJIbBAHU3AIINH JIeCEH I10 5 MUH.

Y KaX7oro mamueHTa IO aNIINKAIlMOHHON
anecresuei 10% Sol. Lidocaini ¢ moMoIIbI0 ¢cTOMAaTOo-
JIOTUYECKOT'0 WHCTPYMEeHTapusi Opayiil TKAaHU JECHBI
U3 MEXK3YOHBIX COCOYKOB (DPOHTAIIBHOU TPYTIIIHI 3y-
60B 00bEMOM 1—1.5 MM3 B IIPOIlECCE MEXaHUYIECKON
OUNCTKU 3y0OB OT TBEPBIX 3yOHBIX OTJIOKEHUH. JTa
IIpoIie/iypa MPaKTUIECKU Oe3BpeIHA JJIs MTAINEHTA,
IIpU 3TOM JleCHA IIOJIHOCTHIO BOCCTAHABJIMBAETCS B
TeueHUe HECKOJIbKUX JTHEM.

O6pasupl TKaHEH (PUKCHPOBAIN B 1% pPaCTBOpPE
0s0, Ha docdarHoM oydepe (pH 7.3), meruaparupo-
BQJIN B CEPUU CIIMPTOB BO3PACTAIOIIEH KOHIIEHTPAIIIH

INTRODUCTION

Physiotherapeutic methods (electrophoresis of
medicinal substances, anode galvanic stimulation)
[1], during which periodontal tissues are exposed to
direct electric current, are recommended to include
in the comprehensive therapy of patients with in-
flammatory periodontal pathology (gingivitis, peri-
odontitis). However, the structural changes that de-
velop in the connective tissue structures of the gum
after direct current stimulation, which largely deter-
mines the rehabilitation of the affected periodontal
tissues, have not been sufficiently studied yet.

AIM OF THE RESEARCH

To investigate the structural changes that de-
velop in gingival fibroblasts in patients with chronic
gingivitis (CG) under the influence of direct electric
current.

MATERIALS AND METHODS

39 individuals (volunteers) male and female
aged 18 to 30 years participated in the study. In-
formed consent to participate in the study was signed
by all patients enrolled in the research. The conduct-
ed study is in full compliance with international and
Russian legislation on the legal and ethical applica-
tion of medical and biological research in humans.
All patients studied were divided into 3 groups.
Group 1 consisted of 10 individuals with intact peri-
odontium, group 2 — 10 patients with simple mar-
ginal chronic gingivitis before a treatment, and
group 3 — 19 patients with simple marginal chronic
gingivitis after the comprehensive treatment which
included, in addition to dental plaque removal, train-
ing in oral hygiene technique and monitoring of the
level of oral hygiene, as well as 3-fold anode galvanic
stimulation of gums for 5 min.

Each patient was taken gingival samples from
the interdental papillae of the frontal group of teeth
with a volume of 1—1.5 mm3 during the mechanical
cleaning of teeth from hard dental deposits under the
application anaesthesia with lidocaine solution
(10%). The procedure was almost harmless to the pa-
tient, while the gums were completely restored with-
in a few days.

Tissue samples were fixed in a 1% solution of
OsO, in phosphate buffer (pH 7.3), dehydrated in a
series of alcohols of increasing concentration and
embedded in Epon. From 5 blocks of gum tissue
samples taken from each patient, semi-thin sections
were obtained which were stained with toluidine
blue at a temperature of 40°C and used to study the
connective tissue layer of the gums.

Ultra-thin sections were obtained on the LKB-
8800 ultramicrotome and contrasted with saturated
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Y 3aKJII0YaIH B BII0H. V3 5 OJIOKOB TKaHEH JI€CHBI,
B3ATOH OT KaXK/I0T0 MaINeHTa, I0IyJaIn IOJyTOHKUE
Cpe3bl, KOTOPbIE OKPATIIMBAIH TOJTYUIMHOBBIM CHHIM
1pu Temriepatype 40 °C 1 UCIOJIb30BIN JIJIA UCCIIe-
JIOBAHUS CJI0S COEIUHUTEIBHOM TKAHU JIeCeH.

Ha ynwsrpamukporome LKB-8800 mnosyganmn
VJIBTPATOHKHE CPE3BI, KOTOPhlE KOHTPACTUPOBAIU
HACBIIIIEHHBIMH BOJIHBIMU PAacTBOpaMH ypaHUJaIe-
Tara W OUTPATAa CBUHIIA, 3aT€M IOKPBIBAJIU CJIOEM
yIJIepoZia B BAaKyyMHOM HCIApUTEse U HU3Y4Yaad B
371eKTpoHHOM MuKpockorie JEM 1008 (ASID) SEGZ.

Jna ueneit mopdoMeTpuy IpU anmapaTHOM
yBenmueHnn 2800 pas dotorpadupoBanu Gubdpo-
6s1acthl fiecHbI (puc. 1). MopdoMeTpuio mapaMeTpoB
¢pubpobiacToB JleceH MPOBOAWIUA C ITOMOIIBIO OT-
KDPBITBIX U 3aKPBITBIX TECTOBBIX CHUCTEM W3 KBajpa-
TOB IIPU KOHEUHBIX YBEJINUEHUAX 14 000 U 44 800.

BeposATHOCTD JTOCTOBEPHOCTH PAa3IUYUN CpPaB-
HHUBaeMbIX cpeslHuX M + m (M — cpeHsisa BeJTUYUHA,
m — omuOKa penpe3eHTATUBHOCTH) OIIPEEIIAIH,
COIIOCTABJISAS 3HAUEHUS KPUTEPHS TOCTOBEPHOCTH CO
CTaH/IAPTHHIMU 3HAUeHUAMH KpuTepus CThIO/IEHTA.
Paszyuuunsa cauTa u OCTOBEPHBIMU IIPH P < 0.05.

PE3YJIBTATBI 1 OBCYXKJIEHUE

[Ipu ucceOBaHUU YIBTPACTPYKTYPhl PUOpPO-
6J1acTOB JieceH OOJIbHBIX XPOHUYECKUM THHTHBUTOM
IocJIe TIPOBEIEHHOTO JIeueHusA ObLI0 OOHAPYXKEHO,
YTO MOBEPXHOCTHAS IJIOTHOCTDH f/Iep KJIETOK ObLia
TaKOW 3Ke, KaK U B KJIeTKaX OOJIbHBIX THHTUBUTOM JI0
JIedeHus], HO IIPU 3TOM Ha 14 % ycTymasa BeJIMYnHe
AHAJIOTUYHOTO II0KA3aTesisi B 3/I0POBBIX KJETKaX
(Tabi. 1). B TO ke BpeMs 00'beMHasi IJIOTHOCTD s/IEP
(bubpobacToB /receH GOTBHBIX TOCTIE JIEUEHHS BO3-
pacrasia Ha 10 % I10 CPaBHEHUIO C BEJTUNYMHOU aHAJIO-
TUYHOTO TI0Ka3aTesis y 60JIBHBIX 0 JIeUeHUsI, JOCTHU-
ras ypoBHs, OINPEJIEISIEMOTO B 3/I0POBBIX KJIETKaX
(cM. Tab. 1). IIpu 5TOM BeTUYMHA OO'BEMHOU ILJIOT-
HOCTHU IIUTOILIA3MbI KJIETOK OOJIBHBIX IIOCIIE JIEYEH ST
He usMeHsaach (cM. Tabia. 1). KomuuecTBo mpUKpe-
IUIEHHBIX pubocoM B pubpobaacTax G0JIBHBIX OCTIE
[IPOBEIEHHOTO JIEUeHHSI YMEHBIIWIOCh U ObLIO B
2 pasa MeHbIlle, YeM y OOJIBHBIX /IO JeUeHus, U Ha
35 % MeHbIIle, YeM B KJIETKaX 37[0POBBIX JieceH (CM.
TabJ1. 1). KosmmuecTBo ke CBOOOTHBIX PUOOCOM OCTa-
BasIOCh TAKUM K€, KaK U B KJIeTKax O0JIbHBIX JI0 JIede-
HUS, ¥ ObLJIO HA 30 % MeHblIe, 4eM B pubpobracTax
310pOBbIX eceH. O6beMHAsT IIOTHOCTh IPAHYJISAP-
HOTO 3HJIOTIa3MaTHYeCcKOoro petukyiayma (I'9P) du-
6pobJi1acToB GOIBHBIX TOCJIE JIeueHUs ObLIa B 2 pa3a
00JIbIlle, UeM B KJIETKAX 3/[0POBBIX JIeCeH, U Ha 41 %
MIPEBOCXO/INJIA BEJIMUUHY aHAJIOTUYHOTO MTOKA3aTEIs
y GOoJIbHBIX /10 JiedeHus (cM. Tabs. 1). O6beMHas
IIOTHOCTh KOMILIEKca I'0JIbIKY B KJIeTKax OOJIbHBIX

aqueous solutions of uranyl acetate and lead citrate,
then coated with a layer of carbon in a vacuum evap-
orator, and examined with a JEM 100S electron mi-
Croscope.

For the purpose of morphometry, gingival fibro-
blasts were photographed with magnification of
2800 (Fig. 1). The morphometric analysis of gingival
fibroblasts was performed using open and closed
square test systems at final magnifications of 14 000
and 44 800.

The probability of differences’ significance in
compared average values M + m (M — average value,
m — representativeness error) was determined, by
comparing the values of the reliability criterion with
the standard values of the Student’s t-test. The dif-
ferences were considered significant at p > 0.05.

RESULTS AND DISCUSSION

When studying the ultrastructure of gingival fi-
broblasts in patients with chronic gingivitis after the
treatment, it was found that the surface density of
cellular nuclei was the same as that of the cells of
patients with gingivitis before treatment, while it
was 14% lower than the same indicator in healthy
cells (Table 1). At the same time, the volume density
of the gingival fibroblasts nuclei after treatment in-
creased by 10% compared with the same indicator in
patients before treatment and reached the volume
density of healthy cells (see Table 1). Besides, the
volume density of the cellular cytoplasm in the pa-
tients after treatment did not change (see Table 1).
The number of attached ribosomes in fibroblasts of
patients after treatment was reduced and was
2 times less than in patients before treatment, and
35% less than in cells of healthy gums (see Table 1).
While the number of free ribosomes remained the
same, as in the cells of the patients before treatment,
and was 30% less than in the fibroblasts of healthy
gums.

The volume density of the granular endoplas-
mic reticulum (GER) of fibroblasts in patients after
treatment was 2 times higher than in cells of healthy
gums and was 41% greater than the value of the
same indicator in patients before treatment (see
Table 1). The volume density of the Golgi complex
in the cells of patients with gingivitis after treat-
ment did not change (see Table 1). At the same
time, the volume density of microfibrils in cyto-
plasm of fibroblasts in patients after treatment de-
creased by 16% compared with the same indicator
in the cells of patients before treatment and was
2 times less than in cells of healthy gums (see
Table 1). In fibroblasts of patients with gingivitis af-
ter treatment, the surface density of mitochondria
and their cristae increased by 22% and 40% respec-
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Puc. 1. dnutenanbHbIi (A), coeTMHUTETPHOTKAHHBIH (B) cion u dubpobaact (C) mecHbI 607IbHOTO
XPOHUYECKUM THHTMUBUTOM ITOCJIE JIEUEHUs, BKIIOUABIIET0 aHO-TaIbBAHN3AIINIO. Y BEJIMUEHHE 500

Fig. 1. Epithelial (A), connective tissue (B) layers and fibroblast (C) of the gum in a patient with chronic gingivitis
after treatment including anode galvanic stimulation. Magnification 500

THHTHBUTOM IIOCJIE€ JieueHUs] He M3MeHsIach (CM.
TabJ1. 1), TOr/Ia Kak 00'beMHAs IIOTHOCTh MUKPO(U-
O6pus B uTorutazme (pudpo61acToB 6OTBLHBIX ITOCTIE
JledeHHs] YMEHbIINIAch Ha 16 % IO CpaBHEHWIO C
AHAJIOTMYHBIM IIOKA3aTeJIeM B KJIETKax OOJIBHBIX JI0
JledeHus U ObLIa B 2 pa3a MEHBIIEN, UeM B KJIeTKaX
370POBBIX JeceH (cM. Tabit. 1). B dubpobiacrax me-
ceH OOJIbHBIX THHTUBUTOM I10CJIE JIEYEHUs BO3PACTa-
Jla BeJTMYNHA TOBEPXHOCTHBIX IJIOTHOCTEH MUTOXOH-
QDU ¥ UX KPUCT Ha 22 U 40 % COOTBETCTBEHHO TIO
CPaBHEHUIO C 3TUMU IOKA3aTEeJISIMUA B KJIETKAX 3/10-
poBbIX AeceH (cM. Tabi. 1). Takke yBeIUYHMBAJIaCh
o0BbeMHasl IVIOTHOCTh MUTOXOHAPUH, KOTOpas ObLia
Ha 30 % 6oJIblile, YeM Y O0JIbHBIX THHIHBUTOM JIO JIe-
YeHWs, a YNCIeHHasl IUIOTHOCTh MUTOXOHAPUH, Ha-
[IPOTUB, YMEHBIIIaIach U ObLIa Ha 32 % MEHbIIIE, YeM
B KJIETKAaX 37/I0POBbIX TKaHeH (cM. TabJI. 1).

IMapa/uteJIbHO IIPOUCXOAWIO 3HAYUTEIHHOE
yBeJInYeHne OO0beMHOM IIOTHOCTH KOJIJIAaT€HOBBIX
BOJIOKOH B MEXKKJIETOUHBIX ITPOCTPAHCTBAX COEIU-
HUTEJIbHOTKAHHOTO CJIOSI IeCeH OOJIbHBIX TMHTUBHU-
TOM TIOCJIE BO3JIEHCTBUs MOCTOSHHOTO 3JIEKTPUYE-
CKOT0 TOKa. ATOT MOKa3aTeJib IPEBOCXOAWI Ha 55 %
VPOBEHD B 3/IOPOBBIX JIECHaX U ObLI OOJIBINE B 2.5
pasa mo CpaBHEHUIO C IPYNIOH OOJIbHBIX THHTHUBU-
TOM /10 JieueHus (cm. TabJI. 1).

tively compared with these indicators in cells of
healthy gums (see Table 1). The volume density of
mitochondria also increased and was 30% higher
than in patients with gingivitis before treatment,
and the numerical density of mitochondria de-
creased and was 32% less than in cells of healthy
tissues (see Table 1).

In parallel, there was a significant increase in
the volume density of collagen fibers in the intercel-
lular matrix of the gingival connective tissue layer in
patients after a direct current stimulation. This indi-
cator was 55% higher than in healthy gums, and was
2.5 times greater than in the group of patients with
gingivitis before treatment (see Table 1).

In fibroblasts actively secreting collagen, there
are typical ultrastructural signs of this process —
folding of the nuclei and an increase in the number
of microfibrils in the cytoplasm [2]. In gingival fi-
broblasts of patients after treatment, the microfi-
bril volume density in the cytoplasm decreased
compared with the density of chronically inflamed
gingival cells before treatment and was significant-
ly less than in healthy gums (see Table 1). Also,
there was an increase in the volume density of fi-
broblast nuclei compared with the patients before
treatment while their surface density remained un-
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Ta6snna 1. Pesynperatsl Mopdomerpun ¢pudbpobaacTos aece (M + m)

Table 1. Results of gingival fibroblasts’ morphometry (M + m)

1-s1 rpymmna 2-51 TpyIIa 3-s1 rpymma (6oapHbIE
HccnenoBaHHbBIE CTPYKTYPHI (MHTAKTHBIN (60pHBIE XT XT mocJie aHOJ-TaJTb-
1 Mop(doMeTpUUecKHe mapaMeTpPhl MIapOJIOHT) JIO JIEUEHIST) BaHU3AININ)
Structures and morphometric parameters 1%t group (intact 2" group (gingivitis 3" group (gingivitis

periodontium) before treatment) after anode galvanic)
fAnpa / Nuclei:

Sv 0.14 + 0.005 0.11 + 0.008* 0.12 + 0.008*

Vv 7.0 + 0.3 6.7 + 0.1 7.4 + 0.11*
Anpeimku / Nucleoli (Vv) 0.28 + 0.04 0.25 + 0.06 0.19 + 0.08
uromiazma / Cytoplasm (Vv) 7.0 + 0.3 7.1+ 0.5 7.3+ 0.9
Pu6ocomel / Ribosomes (INv):

cBobozHbIe / free 417 + 3.1 28.5 + 2.5% 28.9 + 3.7*

npukperienHsie / attached 78.1 + 4.02 101.8 + 7.9% 50.2 + 6.6%*

I'DP / GER:

Vu 22.0 + 1.3 32.6 + 1.9% 46.3 + 4.7**

Sv 3.6 + 0.15 4.9 + 0.3% 4.05 + 0.3*
MuTtoxouapuu / Mitochondria:

Nv 0.063 + 0.006 0.067 + 0.014 0.043 + 0.008*

\ %3] 10.1+ 0.7 9.2+ 1.0 12.0 + 1.1*
Membpana mutoxoHipuii / Mitochondrial
membrane (Sv):

Hapy»kHas / outer 0.76 + 0.035 0.81 + 0.044 0.93 + 0.07*

BHYTpEeHHss / inner 1.21 + 0.06 1.52 + 0.11% 1.70 + 0.5%
Komrmnexe Tosbsku / Golgi complex (Vv) 1.8 + 0.2 2.1+ 0.3 1.70 + 0.5
Mukpodubpusisl / Microfibrils (Vv) 61.2 + 1.5 36.9 + 1.1* 30.9 + 1.5%*
Kosnnarenossie BosiokHa / Collagen fibers (Vv) 29.3 + 2.6 16.0 + 2.8% 45.7 + 5.5%*

ITpumevyaHuA: Sv— NOBEPXHOCTHASA IJIOTHOCTD CTPYKTYD B 00beMe, MKM’/MKM; VU — 00beMHasA IIJIOTHOCTD CTPYKTYD B 00beMe, %;
Nv — uncieHHas IWIOTHOCTD CTPYKTYP B 00beMe, MKM/MkM3; [DP — rpaHy/IsspHBIH SH/I0IIa3MATUIECKUH PETUKYIIYM.

* JlocToBepHOE pazyinyre Mex/1y BeJINYMHAMU COOTBETCTBYIOIIHX IIapaMeTPOB B 1-I IpyIIIe.

* JTOCTOBEPHOE pazyindue MeK/y BeJINIMHAMY COOTBETCTBYIOIIIX IAPAMETPOB BO 2-# TpyIIIIe.

Notes: Sv— surface density of structures in volume, um°/um; Vv — volume density of structures in volume, %; Nv — numerical density
of structure in volume, pm°/ums3; GER — granular endoplasmic reticulum.

* Significant difference between the values of the corresponding parameters in the 1% group.

* Significant difference between the values of the corresponding parameters in the 2" group.

B ¢ubpobiactax, aKTHBHO CEKPETHUPYIOIIUX
KOJIJIareH, UMEIOTCs TUITMYHBIE YIBTPACTPYKTYPHbIE
MIPU3HAKU 3TOTO IIpoliecca — CKJIAAYaToOCTh sep U
VBEeJIMUEHUE KOJUYECTBA MUKPODUOPHLI B IUTO-
mwia3me [2]. B dpubpobaacrax meceH 60IBHBIX OCTIE
[IPOBEIEHHOTO JieueHuss 00beMHasi IUIOTHOCTh MH-
KpopuOpW/UT B MUTOILJIa3Me CHU3UJIACH IO CPaBHE-
HUIO C YPOBHEM, OIPE/IEJIIEMbIM B KJIETKaX XPOHU-
YeCKH BOCITAJIEHHBIX JIECEH JI0 JIeUeHusI, U ObLia Cy-
IIIECTBEHHO MEHBIIIE, UeM B KJIETKAX 3/[0POBBIX JIECEH
(cm. Tab1. 1). TakKe MPOUCXOUIIO YBETUUEHHE 00D~
eMHOH IUTOTHOCTH sijiep GuOpo6IacTOB MO CpaBHE-
HUI0 C aHAJIOTMYHBIM TOKa3aresjeM Y GOJIbHBIX 710
JIeYeHUsl, TIPU HEU3MEHHOU BEJMYMHE UX IIOBEPX-
HOCTHOH IIOTHOCTH (CcM. TabJ1. 1), YTO CBHUETEIb-
cTByeT 00 yBeJIMUEeHUHW pasMepoB szmep Gpubpobia-
CTOB U uX 6oJiee okpyryion ¢popme. CremoBaTesbHO,
BBIIIIEYKA3aHHbIE CTPYKTYPHbIE n3MeHeHus Gpudbpo-
6s1acTOB GOJIBHBIX IIOCJIE JIEYEHUS MTO3BOJISIOT Clie-

changed (see Table 1). This fact indicates an in-
crease in the size of the fibroblasts’ nuclei and their
more rounded shape. Consequently, the above
structural changes in fibroblasts of patients after
treatment allow us to make an assumption that the
secretory activity of these cells is reduced com-
pared with that of gingival fibroblasts in patients
before treatment.

This assumption is confirmed by a decrease in
the number of attached fibroblast ribosomes after
therapy (see Table 1) which are used for the synthesis
of substances for “export” [3, 4]. The number of free
ribosomes, on which the synthesis of elements inside
cellular structures takes place [3, 4], remained un-
changed compared with the level in patients before
treatment, but at the same time, it was significantly
less than in cells of healthy gums (see Table 1). The
reduced level of free ribosomes of fibroblasts in pa-
tients after treatment probably caused the low count
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JIaTh IIPEIOJIOKEHNE O CHHKEHUU YPOBHS CEKpe-
TOPHOM aKTUBHOCTU 3TUX KJIETOK I10 CPABHEHUIO C
TakoBOI (pr6p00J1acTOB fleceH OOTBbHBIX /10 JIEUEHUST.

ATO MPEIIIONIOKEHNE MOATBEPKIAETCA UME0-
I[AM MECTO YMEHbBIIIEHHEM KOJIUYEeCTBa IMPUKpe-
IUIEHHBIX prbocoM B (pubpobiactax eceH 60TbHBIX
OCJIe MMPOBEIEHHON Tepanuu (cM. TabJI. 1), Ha KOTO-
PBIX OCYIIIECTBIISETCS CHHTE3 BEIIECTB HA «9KCIOPT»
[3, 4]. KonuuecTtBo ¢BOOGOAHBIX puOOCOM, HAa KOTO-
PBIX IPOUCXOUT CUHTES DJIEMEHTOB BHYTPH KJIETOU-
HBIX CTPYKTYpP [3, 4], ocTaBajicsi HEM3MEHHBIM II0
CpaBHEHUIO C YPOBHEM y OOJIBHBIX 10 JIEUEHUsI, HO
[IPYA 9TOM OHO OBLIO CYIIECTBEHHO MEHbIIIE, YeM B
KJIETKaxX 37I0POBBIX JeceH (cM. Tabi. 1). IloHM*KEH-
HOe cojieprKaHue ¢cBOOOAHBIX pubocoM B hpubpobIa-
cTax OOJIBHBIX IIOCJIE JIEUEHUS, BEPOATHO, O0YCIIOB-
JINBAJI0O U HU3KOE COMieprKaHre MUKPOGUOPUII B
NUTOIUIa3Me HTHUX KJIETOK, a He3HAUYUTeJTbHOe
YMEHBIIIEHNE UX KOJIMYECTBA [T0 CPABHEHUIO C KJIET-
KaM# OOJIBHBIX 10 jiedeHus (Ha 16 %), BO3MOKHO,
CBSI3aHO C UBMEHUBIITUMCS YPOBHEM CEKPEIUU STUX
ki1etok (cm. Tabur. 1).

B ¢ubpobiaacrax 60JIbHBIX TOCTIE JIEUEHHUs Be-
JINYMHA OBEPXHOCTHOU m10oTHOCTU ['OP cHU3MIach
10 CPAaBHEHHUIO C YPOBHEM B KJIETKAX OOJIBHBIX /10 JIe-
YeHUs, B TO JKe BpeMs OO0beMHasl IJIOTHOCTh ['OP
ATUX KJIETOK Bospacrasna (cm. Tabs. 1). M3BecTHO,
YTO yBeJIUUEHHE 00BEMHON U ITOBEPXHOCTHBIX IJIOT-
HocTel 'OP cBU/IETEILCTBYET O MOBBIIIIEHUHN CEKPe-
TOPHOU akTUBHOCTHU pubpobacTos [5]. B To ke Bpe-
Ms MOKa3aHO, YTo CUHTe3 Oeyika B ¢ubpobiiacrax
MOKeT 0oJiee aKTUBHO IIPOTEKATh B Y3KUX ITHUCTEP-
Hax ['9P [6]. A TakKe ecTh JJaHHBIE O TOM, UTO pac-
mupeHue kKaHatbieB ['OP B pubpobiacrax ABisgeT-
Cs1 B OZTHUX CJIy4asiX pe3yJIbTaTOM YCKOPEHUsI CHHTe-
3a KOJIJIareHa, a B IPyTux — 3aMeyieHus [7]. AT ke
aBTOPBI, 0OCYKIasA BO3MOYKHBIE IIyTH CEKPEIIUH U3
(bubpobacToB, yKa3bIBAIOT HA 3HAUUTEJIHHYIO POJIb
B 9TOM Ipoiiecce Komiuiekca [onbmxu. B ¢ubpo-
Osractax JeceH OOJIBHBIX IIOCJIE JIeUeHUsI 0ObeMHasa
IUIOTHOCTh KOMILIeKca [OJIb/IPKY He OTJINYaiach OT
TaKOBOI B KJIETKAaX OOJIBHBIX THHTUBUTOM /0 Jieue-
HusA (cM. Tabu1. 1). Ciie1oBaTeIbHO, BCE BBINIEYKAa3aH-
HbIE CTPYKTYpHbIE u3MeHeHus B pubpobiacrax e-
ceH OO0JIbHBIX THHTUBUTOM ITOCJIE JIEUeHHsI II03BOJISI-
0T C/IeJIaTh IIPE/IITOIOKEHKE O TOM, UTO B 9TUX KJIET-
KaX MPOU3OILI0 CHIYKEHHUE CUHTETUYECKOH aKTHB-
HOCTH, YTO, BEPOSITHO, 00YCIOBJIEHO BO3AEHCTBHEM
[TOCTOSTHHOTO 3JIEKTPHUYECKOTO TOKA.

CTpyKTypHblE H3MEHEHUs, MPOUCXOJISAIINE B
MHUTOXOHAPUAX GUOGPO6IACTOB GOIBHBIX IMOCIIE JIe-
YeHUs], a UMEHHO BO3pacTaHue UX 0O0beMHOH U I0-
BEPXHOCTHOW IIJIOTHOCTEH TPU YMEHbBIIEHUH UX
YHUCIEHHOHN IUIOTHOCTU (CM. TabJI. 1), BEPOSITHO, SIB-

of microfibrils in cytoplasm of these cells, whereas a
slight decrease in their number compared to cells
with those of patients before treatment (by 16%) was
possibly due to the changed level of secretion of these
cells (see Table 1).

In fibroblasts of patients after treatment, the
surface density of GER decreased compared with
the level in the cells of patients before treatment, at
the same time, the GER volume density of these
cells increased (see Table 1). It is known that an in-
crease in the volume and surface densities of GER
indicates an increase in the secretory activity of fi-
broblasts [5]. At the same time, it is known that
protein synthesis in fibroblasts can proceed more
actively in narrow cisternae of GER [6]. And also
there is evidence that expansion of the GER tubuli
in fibroblasts is in some cases the result of acceler-
ated collagen synthesis, while in others — slowing
down [7]. Discussing possible fibroblasts’ secretion
pathways, the same researchers indicate a signifi-
cant role in this process of the Golgi complex. In
gingival fibroblasts of patients after treatment, the
volume density of Golgi complex did not differ
from that in cells of patients with gingivitis before
treatment (see Table 1). Consequently, all of the
above structural changes in fibroblasts of gingivitis
patients after treatment suggest that a decrease in
synthetic activity occurred in these cells, which is
probably due to the effect of direct current stimula-
tion.

Structural changes occurring in mitochondria
of fibroblasts in patients after treatment, namely, an
increase in their volume and surface densities with
a decrease in their numerical density (see Table 1),
are probably signs of an increase in the size of mito-
chondria due to their swelling. This assumption is
also supported by the fact that an increase in the
size of mitochondria does not result in an increase
in surface density of mitochondrial inner mem-
brane, i.e. their cristae. This suggests that there is a
decrease in the functional activity of mitochondria
in fibroblasts of patients after treatment [8], and
this is probably the reason for the observed decrease
in secretory activity of cells because synthesis and
secretion processes in cells are energy-dependent
[3, 4]

It is known that gingival fibroblasts along with
periodontal ligament fibroblasts, osteoblasts and
gingival epithelial cells are resident cells that partici-
pate in innate immunity [9, 10]. Gingival fibroblasts
produce TNF-q, IL-6, IL-8 and other effector mole-
cules which are important regulators of the inflam-
matory process and bone metabolism [11—14]. Their
number increases with the development of an in-
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JIIOTCS IIPU3HAKAMU YBEJIUYEHHUS Pa3MEPOB MUTO-
XOHJIPUI BCJIEJICTBUE UX HabyxaHUs. B MoIb3y 3TOr0
TIPEJITOJIOKEHUS CBU/IETEIBCTBYET U TO, UTO BO3pac-
TaHHe pa3MepPOB MUTOXOHAPUH HE IIPUBOJUT K yBe-
JINYEHUIO MMOBEPXHOCTHOHN IIJIOTHOCTH BHYTPEHHEH
MeMOpaHbl MUTOXOHPHUHU, T. €. UX KPUCT. ITO I0-
3BOJISIET IPEIIIOIOKUTh, YTO MTPOUCXOAUT CHUIKE-
Hre QYHKIIMOHAJIBHON aKTUBHOCTA MUTOXOH/IPUH B
¢ubpobsacrax OGOJBHBIX TOcCae JedeHus [8], u
MMEHHO 3TO, BEPOATHO, 00YCJIOBJIMBAET U HAOJIIOTA-
eMoe CHI)KEHUE CEKPETOPHON aKTUBHOCTH KJIETOK,
TaK Kak IMPOIECChl CHHTE3a U CEKPEIUU B KJIeTKaX
SHEPTO3aBUCHUMEI [3, 4].

N3BecTHO, 4TO /lecHeBbIe (GUOPOO6IACTHI HAPSIAY
¢ dubpobiacTaMy MepUOTOHTAIIBHON CBA3KHU, OCTE-
obylacTaMi W SIHUTETHONUTAMU JIECHBI SIBJISIOTCS
Pe3UEHTHBIMU KJIETKAMH, IOE€PKUBAOIINMU
BPOXK/IEHHBIH IMMYHUTET [9, 10]. JlecHeBbIe GUOPO-
6sactel mpogynupyior TNF-q, IL-6, IL-8 u npyrue
53¢ deKTOpHBbIE MOJIEKYJIbl. TU MOJIEKYJIbl — BaXK-
HbIE PEryJIATOPbl BOCHAJUTEJLHOTO IIpoliecca |
mpoIecca MeTaboJIm3Ma KOCTH [11—14], KOJTUIecTBO
KOTOPBIX BO3PACTAET MPU PA3BUTUHU BOCHIAJIATEIb-
HOTO TIpoIiecca B mapojionTe [15]. BepositHo, usme-
HEHUS 3TOU (PYHKIIUU KJIETOK /10 H IOCJIE JIEUEHHUsI
MOTYT YaCTUYHO OOYC/JIOBJIMBATH HAOJI0ZaeMble
CTPYKTYpHBIE TPU3HAKU YCUJIEHUS BHEIIHECceKpe-
TOPHOU aKTUBHOCTU (GUOPOOIACTOB JIeCHBI OOJIBHBIX
THHTUBUTOM JI0 JIEYEHUS] — YBEJUYEHHE BEMUNH
YHCJIEHHOH IIJIOTHOCTH HPUKPEIIEHHBIX PHUO0COM,
00bEMHOM U MIOBEPXHOCTHOH II0THOCTU ['OP, a Tak-
ke HabJTI0/1TaeMoe CHIUYKEHYE CEKPETOPHOM aKTUBHO-
¢ty GuOPOOIACTOB JleceH OOTbHBIX THHTUBUTOM I10-
cJ1e MpoBeIeHHO! Tepanuu (cM. TabI. 1).

B T0 ke BpeMs y 60JIbHBIX XPOHUUECKUM T'HH-
THUBUTOM IIPOBEJIEHHOE JieueHue C MPUMEeHEeHUueM
aHO/I-Ta/IbBAHU3AINY IPUBOAUIIO K 3HAUUTETHHO-
MY YBEJIMYEHHUIO 00HEMHOM IIJIOTHOCTHU KOJIJIaT€HO-
BBIX CTPYKTYP B MEKKJIETOYHBIX IMPOCTPAHCTBAX
(cm. Taba. 1, puc. 1). ATH U3MEHEHUs], BEPOSTHO, B
MePBYI0 Ouepe/ib 00YCI0BIEHbI 3HAUUTEIbHOM Jie-
rUipaTarnyei TKaHeH ecHbI o/ aHooM [16]. Ilpu
STOM Jerujparamus MPOUCXOAUT B MEKKJIETOU-
HBIX MPOCTPAHCTBAX JIUTENHsA JECEH, KaK ObLIO
OTMEYEHO BBIIIE, U COETUHUTETBHOTKAHHOTO CJI0sI
JIECEH, YTO, BEPOSITHO, MOYKET IIPUBOIUTH K YMEHb-
IIEHUI0 O00beMa MEeXXKJIETOUHBIX ITPOCTPAHCTB.
ATO, B CBOIO OUEPE/Ib, ABJISETCS NPUUYNHON 3HAUU-
TEJBHOTO POCTA BEJIMYUHBI 00BEMHOU IIJIOTHOCTH
KOJLIaT€HOBBIX CTPYKTYp. O6beM IOC/IenHUX, Be-
POSITHO, He U3MEHSJICS BCJIEACTBUE AETUAPATUPY-
IOIIETO BO3JIEUCTBUS IMMOCTOSTHHOTO 3JIEKTPHYECKO-
ro TOKa.

flammation in periodontium [15]. Probably, changes
in this cell function before and after treatment may
partly cause the observed structural signs of in-
creased exocrine activity of gingival fibroblasts in pa-
tients with gingivitis before treatment — an increase
in the numbers of attached ribosomes, volume and
surface densities of GER (see Table 1), and the ob-
served decrease in secretory activity of gingival fibro-
blasts in patients with gingivitis after therapy (see
Table 1).

At the same time, in patients with chronic gingi-
vitis, the treatment with anode-galvanization led to a
significant increase in the volume density of collagen
fibers in the intercellular spaces (see Table 1, Fig. 1).
Probably these changes are primarily due to the sig-
nificant dehydration of gum tissue under the anode
[16]. At the same time, dehydration of extracellular
spaces of gums’ epithelium, as noted above, takes
place, as well as of gingival connective tissue layer.
This can possibly result in a decrease of intercellular
spaces’ volume, which in turn is the cause of a sig-
nificant increase in collagen’s volume density. The
volume of the latter probably did not change due to
the dehydrating effect of direct electric current.

In addition, it should be taken into account that
in patients after treatment the probable decrease in
synthetic activity of gingival fibroblasts which in-
tensely synthesized and secreted collagenase at the
stage of active chronic gingivitis is the result of ther-
apy [17]. Advanced oral hygiene and antiseptic treat-
ment of gingival sulcus in patients ultimately result-
ed in a significant reduction in the number of micro-
organisms in the gingival sulcus and, consequently,
to a decrease in the amount of bacterial collagenase
in the gingival fluid and gingival tissues [18]. In this
regard, it can be assumed that, owing to conducted
treatment, the observed increase in the volume den-
sity of collagen fibers is partly due to a decrease of
collagenase’s damaging effects on collagen fibers of
both bacterial and fibroblastic origin.

CONCLUSION

The effect of direct current therapy on chroni-
cally inflamed gums without joint pathogenetic me-
dicinal effect (anode-galvanization) can contribute
to a significant increase in the volume of collagen
structures of gingival connective tissue layer due to
the dehydration of the basic intercellular matrix of
the connective tissue against the background of the
developing structural signs of a decrease in the syn-
thetic activity of gingival fibroblasts, that may have
an effect on repair process in the periodontium.
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Kpome 3TOTO, C/Ie[lyeT yUHUTHIBATH BEPOSITHOE
CHIDKEHVE CHHTETUYECKOH aKTUBHOCTH Gubpobia-
CTOB JleceH y OOJIbHBIX TIOCJIE JIEYEHUSI, KOTOpbhIe Ha
CTaJI¥ aKTUBHO MMPOTEKAIOIIETr0 XPOHUUECKOTO THH-
TUBUTA YCUJIEHHO CHHTE3UPOBAIH U CEKPETUPOBAIIN
KoJutareHasy [17]. IIoBbIIIeHE YPOBHS TUTHEHBI IT0-
JIOCTH PTa U aHTHCENTHYecKas 00paboTka JeCHEBOI
60p03/1bI Y OOJIBHBIX B IPOIECCE TIPOBENEHHOTO Jie-
YeHUs B KOHEUHOM CUeTe IMIPUBOJIAT K CYII[ECTBEHHO-
My CHIDKEHHIO KOJIMYEeCTBA MHKPOOPTaHU3MOB B
JIECHEBOU OOPO3JIKE U, KaK CJIEJICTBHE, — K YMEHb-
[IEHUIO KOJTNYeCcTBa OaKTepUaIbHON KOJIIareHa3bl B
JIECHEBOU >KUJIKOCTH M TKaHAX JiecHbI [18]. B sToi
CBSI3W MOJKHO TIPEAIIOJIONKHTH, UYTO HabJII0aeMoe
yBesinueHrne 00BbeMHOU IIOTHOCTH KOJIJIAar€HOBBIX
CTPYKTYP YaCTUYHO OOYCJIOBJIEHO U CHHUKEHHEM, B
pesyJibTaTe MPOBEIEHHON TEPATINH, IIOBPEXKAAIOIIEe-
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3AK/IIOYEHUE

BospeiicTBue Ha TKaHNU XPOHUYECKU BOCIIAJIEH-
HBIX JIECEH IOCTOSTHHOTO 3JIEKTPUUECKOTO TOKa 6e3
COBMECTHOTO ITATOT€HETHYECKOTO MeIMKAMEHTO3-
HOTO BO3/IEUCTBUA (QHO/-TJIbBAHU3AINA) MOXKET
Cr1ocoOCTBOBATh 3HAUUTEIBHOMY YBEJIUUEHUIO 00b-
eMa KOJIJIaT€HOBBIX CTPYKTYP CJIOS COEAMHUTETBHON
TKaHU JIeCHBI, 32 CYeT JerupaTalid OCHOBHOTO
MEKKJIETOYHOTO BEIeCTBA COeUHUTEIBHON TKAHHU,
Ha (HOHE Pa3BUTHS CTPYKTYPHBIX IPU3HAKOB CHUKE-
HUS CHHTETUYECKOU aKTUBHOCTH (prOPOO6IIACTOB Jie-
CEeH, YTO MOXKET OKa3aTh BJIMSHHE HA IPOIECCHI pe-
Mapanuy B MapoOHTe.
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