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THE CHANGES OF WOUND MACROPHAGES IN PATIENTS WITH
DIABETES

3MIHUA PAHOBUX MAKPO®AT'IB Y XBOPUX HA IIYKPOBUM JIABET

Pe3rome: ['HiliHO-HEKpOTHYHI ypaxeHHs KiHLIiBOK B 30-50% BunazakiB BuMararoTh ammyTauii. Cepen BCix BU-
naj-KiB aMIyTallii HWkHix KiHiBok 50-70% mos's3ani 3 giadbetom. [Tpuyomy 5 3 6 ammy-Tariiii, He TOB's3a-
HUX 3 TPABMAaTHYHHUM ITOIIKO/KEHHAM KiHIIIBKH, BAKOHYIOTHCSI XBOpUM ca-XapHe aiaberom. CMepT-HICTH ce-
pex mauieHTiB 3 fiabeToM, SKi MepeHecIy aMITyTaliio, KouuBae-cs Big 28 1o 40%, a 5-piuHe ciocTepeKeHHs
cTaHoBUTH Bcboro 10-25%. IIpu gocmimkeHHi yab-TpacTpyKTYPHUX 3MiH Makpodaris Ha 3-if IeHb JTIKyBaHHS
B IIUTOIUIA3Mi MakpodariB Oyiu 00-1yTh BUSBICHI MaCH XaOTHYHO PO3TAIO-BaHUX QiOPHISIPHUX CTPYKTYP,
3piJKa MaroTh MOBU-IIEHHYIO €IEKTPOHHY HIUBHICTB. Lle sBuIe croc-Tepiranocs Ha THITHO-HEKPOTHIHUX
TUISTHKaX M'SIKUX TKAHUH y TIAIIIEHTIB OCHOBHOI TPYIH B MOPIBHSH-HI 3 KOHTPOJIBHOIO TPYIIOI0. Y BCIX CITy-
Yassx MIiTOXOH/Ipil OyJu 30UTbIIEH] B po3Mipax, HAOPSKIH, Ma-JId CBITJIMI MaTPUKC 1 MiCTHIM 3MEHILICHA KiJlb-
KicTb KpucT. Kpictu nedopmoBani i BkopodeHi. HaOpsi-knuii MaTpukc B MiTOXOH/PISIX TPUBIB 10 YTBOPECHHS
Ha 1X MiCIIi BaKyoJieil 3 IpiOHO3epHUCTUM BMIicC-TOM. Sipo 3Bu4aiiHoi popmu i po3MipiB 3 HAsIBHICTIO TTOOH-
HOKUX iHBariHamii. XpomaTuH OyB mepe-BaK-IPOMAJIChKOI CKOHLICHTPOBAHWH Yy BHUIVIAAI TBEPIUX €JIEKT-
POHHO-IIIIBHUX Mac a00 PIBHOMIPHO po30pati-ainoBuii o sapy. Byiu sijipa 3 4aCTKOBOIO JTUCIIEPCIEID XPO-
MaTHHY. BMicT sinep Bkirouano 3ep-HicTb, hiOpuisspHuil 1 ApiOHOANCHIEPCHUI BaKyossipHOTrO Matepiai. Ckia-
IaHHs spepHoi MeM-bpanu icToTHO He KonuBanocs. CKIIaJIKM He TIOKPUBAIIM BCIO TIOBEPXHIO s/pa. Y NesKuX
o0JiacTsIX iH-BariHaT OyJM MpPEACTaBJICHI MPOAOBKEHHIM TiJIbKU TEpUHYKIeapHOU mpoctopy. Crocrepira-
I0THCS TIOPH SIJIEPHOT 00OJIOHKH, SIK1 3'€JHYIOTh BMICT IIUTOILIA3MH 1 HyKJIeo-1u1a3Mu. LluTomia3zma Mixx 30Ha-
MU IJIACTUHYACTOTO KOMILIEKCY OyJia 3aiiHATa IPiOHUMHU MITOXOH-JPisiMi, OAMHOYHUMHU TOJIiCOMAaITb-HUMI PO-
3eTKaMU Ta IMCTePHAMU TPaHYJISPHOTO EHA0IIa3MaTide-CbKOTO PETUKYITyMa, SIKUi OyB Ipel-CTaBICHUH Tpo-
TSOKHUMU BHYTPIIIHBOKJIITHHHUME KaHaJlaMU 1 Ba-KyOJIIPHUMI yTBOpEHHSMH. [ J1ajika eHoruia3MaTiHiHa ci-
TKa TIEPEeBAXHO PO3TAIIOBYBaJacs B IEHTpaIbHil yacTuHi. O30HOTEpaIisi CTUMY-JTIO€ (DYHKIIIOHATIBHY aKTH-
BHICTh PAaHOBUX Makpo-(ariB, Tak K BUKIUKAE TSCTPYKTUBHI 3MiHM B IIUX KIITHHAX 0€3 HEKPOTUIHUX TIOB-
pexe-auid. BHyTpillHbOBEHHE BBEICHHSI 030HOBAHOT'O ()i310JI0T1YHOTO PO3YHHY CIIPHSIE eNiMi-Hallii pAaHOBHX
Makpo@ariB, B OCHOBHOMY 32 paXxyHOK T'€HETHYHO 3alporpaMo-BaHOi 3aru0eri Kiie-ToK (aronro3y), sika Bifi-
rpa€ BaXXJIMBY POJIb B MEXaHi3MaX PeryJiLii 3a1ajJbHOT0 MPoLecy.

Kuro4ogi cjioBa: paHa, 030H, IIyKpOBHUH /1ia0eT.

Pyoinflammatory lesions of soft tissues in patients
with diabetes mellitus is of great significance, be-
cause it is diagnosed 20 times more often than in pop-
ulation without diabetes. The frequency of purulent
infections are 10-25%.

Purulent-necrotic lesions of the extremities re-
quire amputation in 30-50% of cases [1, 2]. Among
all cases of lower extremity amputations 50-70% are
due to diabetes [3, 4]. Moreover, 5 out of 6 amputa-
tions, not related to the traumatic injury of the limb,
are performed in patients with diabetes. The mortality
rate among patients with diabetes, who undergo am-
putation varies from 28 to 40%, and 5-year surveil-
lance is only 10-25% [5, 6, 7].

The average days of hospitalization due to am-
putation ranges from 86 to 91 that is 47% higher than
hospitalization days due to other complications of di-
abetes [8, 9, 10]. The average duration of outpatient
treatment is approximately 4 months that is 4.6 times
longer than in patients without diabetes; in 10% of
cases treatment exceeds the annual target period of
treatment in the system of the polyclinic network of
health facilities [11].

The aim: to determine the morphological sub-
strate of purulent foci in patients with diabetes melli-
tus with the purpose of limiting and preventing the
progression of secondary-alteration changes in this
area.
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Material and methods: Twelve patients with di-
abetes mellitus accompanied by pyoinflammatory
complications (6 patients in the main group and 6 pa-
tients in the control group) were enrolled in the study.
The ultrastructural peculiarities of morpho-func-
tional changes of macrophages have been studied
with the purpose of determining the dynamics and
thrust of destructive-necrotic processes in these cells
when the ischemic-gangrenous form of diabetic foot
syndrome develops. Sampling of biological material
in the main and control groups was carried out at the
time of bandaging on the 3, 7" and 16" days of the
inpatient treatment.

Discussion of the results. The study of ultra-
structural changes of macrophages on the 3™ day of
treatment revealed masses of chaotically located fi-
brillar structures in the cytoplasm of macrophages
that occasionally had an increased electron density.
This phenomenon was observed in the purulent-ne-
crotic areas of soft tissues of patients from the main
group, compared to the control group.

In all cases, mitochondria were enlarged in size,
swollen, with a light matrix and contained a reduced
amount of cristae. The cristae were deformed and
shortened. Swollen matrix in mitochondria led to the
formation of vacuoles on their place containing fine-
grained contents (Fig. 1).

The nucleus had a usual form and size with the
presence of single invaginations. Chromatin was pre-
dominantly concentrated in the form of solid electron-
dense masses or evenly distributed throughout the nu-
cleus. There were nuclei with partial chromatin dis-
persion. The contents of the nuclei included granular,
fibrillar, and fine vacuolar material.

The nuclear membrane folding did not fluctuate
significantly. The folds did not cover the whole sur-
face of the nucleus. In some areas invaginates were
represented by the continuation of perinuclear space
only. The nuclear envelop pores, which connect the

contents of the cytoplasm and nucleoplasm, have
i

Fig. 1. Formation of vacuoles on the places of
destructively altered mitochondria

been observed.

The cytoplasm between the zones of the plate
complex was occupied by small mitochondria, single
polysomal rosettes, and cisternae of granular endo-
plasmic reticulum, which was represented by ex-
tended intracellular channels and vacuolar for-
mations. The smooth endoplasmic reticulum was pre-
dominantly located in the central part.

The surface of macrophages in the process of
their differentiation from monocytes was relatively
plane. Occasionally there occurred small processes or
pseudopodia. The number of pinocytic vesicles sur-
rounded by a border was reduced in poorly differen-
tiated cells.

Certain destruction of a large part of macro-
phages manifested in case of poorly organized plate-
like complex.

The above-mentioned features of wound macro-
phages did not differ between the main and control
groups of patients until the 71" day of treatment.

In the patients from the main group who under-
went intraarterial administration of ozone (course of
5-7 sessions), the cytoplasm of many cells looked
densified, microtubules and cytoplasmic fibers were
preserved. The contact areas of the granular and
smooth endoplasmic reticulum were clearly identi-
fied. There were masses of chaotically located and
clearly visible fibrillar structures. The surface of mac-
rophages, as a rule, was uneven, the finger-like pro-
cesses or pseudopodia were observed.

The nucleus was usually round, oval or oblong
with the presence of invaginations. The rate of the cy-
toplasmic membrane folding varied from small sur-
face formations to profound invaginations, which
gave the nucleus an irregular shape. Certain areas of
invaginates were represented by a continuation of
perinuclear space. Chromatin was relatively evenly
distributed.

In addition to the changes described, the constant
peculiarity was the emergence of large vacuoles, di-
verse in structure. The described changes in the state
of the nuclear and perinuclear material were accom-
panied by compression and dehydration of the cell,
which ended with its fragmentation and the formation
of tightly contacting bodies of various forms (Fig. 2).
The mitochondria of macrophages were often round
or rarely oblong, and contained matrix of different
densities. Occasionally there were round granules of
high electron density between the cristae.

Therefore, the study of ultrastructural changes in
on the 3" day of treatment made it possible to reveal
that in this category of patients some macrophages
were characterized by the degenerative changes. Sig-
nificant changes were often observed in macrophages
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ig. 2. Formation of a large electronically clarified
vacuole near the nucleus

on the part of many organelles and, in the first place,
mitochondria. Many of the mitochondria had pro-
nounced signs of destruction. There was a disruption
and fragmentation of the cristae that looked like short
tubules. Many macrophages had signs of swelling and
they contained destructively altered mitochondria,
vacuoles, microtubules and microfilaments.

The study did not show any fundamental differ-
ences between the groups in wound macrophages un-
til the 7" day of treatment.

In the control group of patients the same nature
of changes was observed up to the 16" day of inpa-
tient treatment.

The tendency to the wall location of chromatin
in the main group in the form of solid electron-dense
stripes was more determined in comparison with sim-
ilar biological material in the control group.

There occurred uneven cell hypertrophy, for-
mation of nuclei of queer form, chromatin clusters
along the periphery of the nuclei, characteristic for the
initial stage of apoptotic degeneration. Activation of

these processes in the investigation of tissue macro-
phages from the biological material of patients in the
control group was observed after the 17" day.

Despite the presence of destructive changes in
the cell, the mitochondria of the macrophages in the
main group of patients often retained their structure.
Occasionally macrophages with signs of cellular de-
generation were detected. Consequently, most of the
macrophages of the wound surface of the patients in
the main group did not have morphological character-
istics peculiar for necrotic changes.

Under the influence of ozonotherapy, cells,
which were at different stages of apoptosis, were of-
ten detected (compared with control). In addition to
the initial signs, it was possible to observe the ex-
tended stage of apoptosis with pronounced condensa-
tion of the remnants of the nucleus and cell organelles
at the beginning of the apoptotic bodies formation.

Furthermore, during the ozone therapy in destruc-
tively altered macrophages there were the signs of de-
crease in the synthesis of structural proteins — reduction
of the nucleoli size and the absence of granular compo-
nent in them, a small number of free ribosomes and pol-
ysomes, typical for programmed cell death.

Conclusions: Ozone therapy stimulates the
functional activity of wound macrophages, as it
causes destructive changes in these cells without ne-
crotic lesions. Intravenous introduction of ozonized
saline contributes to the elimination of wound macro-
phages, mainly through genetically programmed cell
death (apoptosis), which plays a significant role in the
regulatory mechanisms of the inflammatory process.

Perspectives of the further research. Study the
morphological substrate of purulent foci in patients
with diabetes mellitus.
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N3MEHEHUS PAHEBBIX MAKPO®AT OB Y BOJIbHBIX CAXAPHBIM IUABETOM

Pe3rome: ['HOItHO-HEKpoTHUECKHE MTopaskeHus KoHedHocTel B 30-50% ciayuaeB TpeOyrot ammyTanun. Cpenu
BCEX CIIy4aeB aMIyTallMy HWKHUX KoHeuHocTel 50-70% cBsa3anel ¢ nuabetom. [Ipuuem 5 u3 6 ammyTtanuid,
HE CBA3aHHBIX C TPABMATHUECKUM MOBPEKICHUEM KOHEYHOCTH, BBITIONHSIOTCS OOJBHBIM CaxapHbIM nuade-
ToM. CMEPTHOCTH CpE/IM MALMEHTOB ¢ JUa0eTOM, IICPEHECIINX aMITyTalluio, KojedeTcs ot 28 mo 40%, a 5-
netHee HabmroaeHne coctabisieT Bcero 10-25%. [Ipu uccnenoBannu ynbTpacTpyKTYPHBIX H3MEHEHHI MaKpo-
¢aroB Ha 3-i IeHb JIe4eHUs B LIUTOIUIa3Me MakpoQaroB ObLITH OOHAPYKEHBI MACCHl Xa0TUYHO PACIIOI0KEH-
HBIX (QUOPMIUISPHBIX CTPYKTYP, U3pEKa UMEIONINX MOBBIIIEHHYIO 3JIEKTPOHHYIO IJIOTHOCTh. JTO SIBJICHHUE
Ha0JI01a10Ch HAa THOMHO-HEKPOTHYECKHUX yYacTKaxX MATKMX TKaHEeH y MallMeHTOB OCHOBHOM IPYIIIBI 110 CpaB-
HEHMIO C KOHTPOJBHOH rpynmnoi. Bo Bcex ciaydasx MUTOXOHIpUHU ObLIM yBEJIHUYEHBI B pa3Mepax, HaOyxiu,
WUMEITU CBETIIBIA MaTPUKC M COACPKAIN YMEHBIIEHHOE KOJIMYECTBO KpUCT. KpHcThl IeOpMHUPOBaHEI U YKO-
podenbl. Habyxmmii MaTpUKC B MUTOXOHIPUSAX MPHUBET K 00pa30BaHMIO HA X MECTE BAKyOJEeH C MEJIKO3ep-
HHUCTBIM COJIEPKHUMBIM. S1po 0OBIYHOM (OPMBI U Pa3sMEPOB ¢ HAUINYHEM €IMHUYHBIX MHBAarnHauui. Xpoma-
THH OBIJT TPEUMYIIIECTBEHHO CKOHIIEHTPHUPOBAH B BHJIE€ TBEP/BIX 3JIEKTPOHHO-TUIOTHBIX MAacC U PABHOMEPHO
pacnpezeneH 1o aapy. beinn siapa ¢ yacTuuHOM nucnepceueit xpomatuHa. CoaepKuMoe sep BKII0Yano 3ep-
HUCTBIH, GUOPHUIUTAPHBIN 1 METIKOIUCIIEPCHBIN BaKyOIApHbIH MaTtepua. CKilaJbIBaHUE SAEPHON MEMOpaHbI
CYIIECTBEHHO He KoseOanock. CKIa Ky He TIOKPhIBAJIM BCIO MIOBEPXHOCTS sipa. B HEKOTOPBIX 00IacTsIX WH-
BarmHaTBl OBUTH TIPEJICTABICHBI MPOJODKEHHEM TOJNBKO TEPHUHYKIEapHOTo MpocTpaHcTBa. Habmromatorcs
MOPBI SAEPHON 000JI0OUKH, KOTOPBIE COCOUHSIOT COACPKUMOE LIUTOIIIa3Mbl M HyKJieoria3Mbl. LluToriazma
MEX[y 30HaMH IUIACTUHYATOr0 KOMILIEKCa Obljla 3aHsITa MEJIKUMH MUTOXOHIPUSIMH, OJAWHOYHBIMH TIOJIHCO-
MaJbHBIMH PO3ETKAMH M I[MCTEPHAMH TPAHYJSIPHOTO 3HIOTUIA3MAaTHYECKOTO PETHKYJIyMa, KOTOPBIA ObLT
MpeICTaBJIeH MPOTSHKEHHBIMU BHY TPHKJICTOYHBIMU KaHAJIAMH M BaKyOJISIPHBIMU 00pa3oBaHUsAMU. | maaxast 3H-
JOTUTa3MaTHYEeCKast CeTh MIPEUMYIIECTBEHHO pacrojiaranachk B IeHTpabHON yacTi. O30HOTEpanusi CTUMYJIH-
pyeT QYHKIIMOHABHYIO aKTHBHOCTh PaHEBBIX Makpo(aros, Tak KakK BhI3BIBACT JECTPYKTHBHbIC N3MEHEHUS B
ITHX KJIEeTKaxX 0€3 HEKPOTHYECKHX MOBPEXK IeHH. BHYTpUBEHHOE BBEICHHE O30HUPOBAHHOTO (PH3HOJIOTHYE-
CKOT'0 PacTBOPa CIOCOOCTBYET SMTMMHUHALIMN PAHEBBIX MaKpogaros, B OCHOBHOM 3a CUET F€HETHYECKH 3aIpo-
IrpaMMHUPOBAaHHOM rHOEIN KIETOK (aIMonTo3a), KOTopas UrpaeT BaXKHYIO POJIb B MEXaHW3MaX PEryJIsiLuU BOC-
HNaJINTENILHOIO IIpolecca.

KiroueBble ciioBa: paHa, 030H, caxapHblii 1ua0erT.

THE CHANGES OF WOUND MACROPHAGES IN PATIENTS WITH DIABETES

Abstract: Purulent-necrotic lesions of the extremities require amputation in 30-50% of cases. Among all cases
of lower extremity amputations 50-70% are due to diabetes. Moreover, 5 out of 6 amputations, not related to
the traumatic injury of the limb, are performed in patients with diabetes. The mortality rate among patients
with diabetes, who undergo amputation varies from 28 to 40%, and 5-year surveillance is only 10-25%. The
study of ultrastructural changes of macrophages on the 3rd day of treatment revealed masses of chaotically
located fibrillar structures in the cytoplasm of macrophages that occasionally had an increased electron density.
This phenomenon was observed in the purulent-necrotic areas of soft tissues of patients from the main group,
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compared to the control group. In all cases, mitochondria were enlarged in size, swollen, with a light matrix
and contained a reduced amount of cristae. The cristae were deformed and shortened. Swollen matrix in
mitochondria led to the formation of vacuoles on their place containing fine-grained contents. The nucleus had
a usual form and size with the presence of single invaginations. Chromatin was predominantly concentrated in
the form of solid electron-dense masses or evenly distributed throughout the nucleus. There were nuclei with
partial chromatin dispersion. The contents of the nuclei included granular, fibrillar, and fine vacuolar material.
The nuclear membrane folding did not fluctuate significantly. The folds did not cover the whole surface of the
nucleus. In some areas invaginates were represented by the continuation of perinuclear space only. The nuclear
envelop pores, which connect the contents of the cytoplasm and nucleoplasm, have been observed. The
cytoplasm between the zones of the plate complex was occupied by small mitochondria, single polysomal
rosettes, and cisternae of granular endoplasmic reticulum, which was represented by extended intracellular
channels and vacuolar formations. The smooth endoplasmic reticulum was predominantly located in the central
part. The surface of macrophages in the process of their differentiation from monocytes was relatively plane.
Occasionally there occurred small processes or pseudopodia. The number of pinocytic vesicles surrounded by
a border was reduced in poorly differentiated cells. Ozone therapy stimulates the functional activity of wound
macrophages, as it causes destructive changes in these cells without necrotic lesions. Intravenous introduction
of ozonized saline con-tributes to the elimination of wound macrophag-es, mainly through genetically
programmed cell death (apoptosis), which plays a significant role in the regulatory mechanisms of the
inflammato-ry process.

Key words: diabetes, wounds. ozone.
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