ISSN 1680-1466' ENDOKRYNOLOGIA 2014, VOLUME 19, No. 4

DISTRIBUTION CHARACTERISTICS OF TOLL-
LIKE RECEPTORS OF INNATE IMMUNITY IN
ADIPOCYTES OF PARAPANCREATIC ADIPOSE
TISSUE AT AN EXPERIMENTAL DIABETES
MELLITUS AND METFORMIN ADMINISTRATION

D.A. Putilin, A.M. Kamyshny
Zaporozhye State Medical University, Zaporozhye

Increasing incidence of type 1 and type 2 diabetes mellitus
is a major health problem of the modern world and requires new
diagnostic tools to assess early metabolic disorders, particularly
insulin resistance. The link between obesity, inflammation and in-
sulin resistance indicates the important secretory role of adipose
tissue. Proinflammatory factors (cytokines, adipokines) produced
by adipose tissue are related to impaired glucose metabolism. The
discovery of the expression of the Toll-like receptors (TLRs) in ad-
ipocytes, suggests an important role in innate immunity. In differ-
ent models of obesity, there has been observed an increase of TLRs
expression in the fat tissue, therefore TLRs could be involved in
systemic inflammation in this disease, and in the development of
insulin resistance. To study the influence of experimental diabetes
mellitus on the expression of TLR2 and TLR4 adipocytes in para-
pancreatic adipose tissue in Wistar line rats.

The research was conducted on 60 males of Wistar line rats
with weighing 115-135 grams, which were divided into 5 experi-
mental groups of 12 rats: control rats - group 1, rats with 3-week
experimental streptozotocin-induced in diabetes (ESD1) - group
2, rats with 3-week experimental streptozotocin-nicotinamide-
induced diabetes (ESD2) - group 3, rats with a 3-week ESD1
— the 4-th group and ESD2 group — the 5-th group, which were
administered metformin at a dose of 50 mg/kg starting from the
1-st day of diabetes induction during 3 weeks intragastrically.
For induction ESD1 streptozotocin (STZ) was administered
intraperitoneally to the rats at a dose of 50 mg/kg dissolved in
0.5 ml of 0.1 M citrate buffer (pH 4.5) before the point of entry.
ESD2 STZ induction was carried out at a dose of 65 mg/kg of
the previous (15 min.) by nicotinamide administration (intra-
peritoneally - 230 mg/kg). The experimental model of strepto-
zotocin-nicotinamide-induced diabetes diabetes has some simi-
larities with type 2 diabetes in humans with reduced B-cell mass
(e.g. partially reduced insulin secretion in response to glucose).
Therefore, this diabetic model may be very useful in studies re-
lated with different aspects of type 2 diabetes in humans.

Structure of population of TLR2* and TLR4" adipocytes has
been studied by the analysis of serial histological sections using
the method of indirect immunofluorescense with polyclonal an-
tibodies to TLR2 and TLR4 of rat. Processed histological sec-
tions were examined by a computer program Image J. The den-
sity of TLR on the surface of adipocytes was determined taking
into account the intensity of fluorescence identified immune
positive cells and nonspecific fluorescence of the drug. Adjust-
able cell fluorescence was calculated basing on these indicators.

The development of ESD1 increased the number of TLR2*-
and TLR4'- adipocytes in 2.5 times and on 95%, respectively,
increased the density of TLR2*-receptors on the surface of adi-
pocytes in all grades in 9-23% and affected the density of TLR4*-
receptor in different directions. Induction of ESD2 led to an
increase in the number of TLR2*-adipocytes in 83%, did not
affect the number of TLR4*-adipose cells, increased density of
TLR2*- and TLR4*-receptors on the membrane in large adipo-
cytes. Introduction of metformin to diabetic rats reduced total

number of TLR2* -adipocytes in 16% at ESD1, in 22% in ESD2,
TLR4* -adipocytes in 36% (ETSD1), accompanied by a decrease
in the density of TLR2*- and TLR4*- receptors on the surface of
adipose cells.

The increasing of number of TLR2*- and TLR4*- adipocytes
in parapancreatic adipose tissue and density of TLR2*- and TLR4"
-receptors on the surface in the conditions of ESD induction indi-
cates a possible increase in proinflammatory signaling and is one
of the factors that may support the progression of disease. Our
data demonstrate the ability of metformin to reduce the density of
TLR2*- and TLR4'- receptors on the surface of adipose cells and
there by adjust the ranks of adipose tissue inflammation.
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VY cydacHiil MeauuMHI HaAOLIbII ePEKTUBHUME KaHIEPOCTa-
TUYHUMHE 33C00aMU € ATEHTH Ta CIIOJIYKH, Jlisl SIKUX [1OB'sI3aHa 3 TaJlb-
MyBaHHSIM 200 3YIUHKOIO KJITUHHOTO UK. Jl0 TAKMX HAJIEXKaTb,
B IIEPIITY YEPTy, TAKCAHH, SIKi JII0Th HA MiKPOTPYOOUKH, OPYIIYIOUH
TaKUM YMHOM MO/ KJIiTHH. [[pyra rpyma arenTiB, TAKUX 5K i0HI3yI0-
va pamianis (IP) ta npenaparyu mnatusy, nomkomkye JHK myxmn-
HOI KJITHHH, IO TAKOX CYHNPOBOJUKYETHCS 3YNMMHKOIO KJITHHHOTO
mukity. Haperrri, octanniv 4acoM y MenuHy HPAaKTUKY T104aJIN BBO-
JIATH [IPENapaTH, 110 BUGIPKOBO IPUTHIYYIOTH OKpeMi (hepMeHTH, sIKi
GepyTh y4acTh y peryJsiii mepebiry KiTHHHOTO UKy Jlo HUX Ha-
JIEKUTD, 30KPeMa, iHri0ITOp MK/ H-3a/1e)KHIX KiHA3 — POCKOBITHH.

Busuasnu edexru nakiitakcesio (Ptx), y-onpominenus, poc-
KOBiTMHY Ta iXx KoMOiHalili Ha anmonTo3Hi MpoecH B KIiTHHAX
Ta KCEHOTPAHCIVIAHTOBAHMX ITyXJIMHAX AHAIJIACTHYHOIO PaKy
muronoxibroi 3anmosu (ATC). Iokasano, mo IP ta Ptx koHKy-
PEHTHO BIIMBAIOTH HA GocHOPUIIOBAHHSA OCHOBHOTO PEryJIsTO-
pa KJIITHHHOTO IUKJIY, MyXJIXHHOTO cynpecopa p53, iHIINX BaK-
JIMBUX PETYJISITOPIB UKy TA EKCIIPECiio MPOAonTo3Horo 6ika
Bax B myxqmHHUX KJTiTHHAX. B Toif ke wac, eekt KombiHoBaHOI
mii IP ta makstiTakcesio 1mo/[o akTUBAIii Kacas BipoTifIHO BUIIE
Bi/l epeKTiB KOKHOTO 3 IIUX areHTiB 30kpeMa. JlocmimkenHs mii
Ptx, y-ompoMiHeHHs Ta iX KOMOiHamii Ha BUKMBAHHS KJiTHH
ATC Ta picT KCEHOTPAHCIJIAHTOBAHUX TTYXJIUH, IO TTOXO/SATH 3
IUX KJITHH, TT0Ka3ato, o P BrniuBae Ha )KUTTE31AaTHICTD TTyX-
JMHHUX KJIITHH HE CYTTEBO, a HaHbinblI eheKTUBHUMY BUSABHU-
suck Husbki (0,5-2 I'p) mo3u ionizyrouoi paziaiii. B gociigax in
0iv0 ONIPOMIHEHHS TaKOX He 3YNUHSJIO PICT IIyXJIUH — CIIOCTe-
pirajoch Juie raJbMyBaHHS iX pocTy. PtX BuSBHMBCS 3HAYHO
edexTUBHIMMM, a 32 Kombinosarnoi aii I[P ta Ptx posamip myxmaun
3MenInyBascs 10 0-0,3% Big KOHTPOJTIO.

JocnikeHHss KoMOiHOBaHOI /il MakJiTaKce 0 Ta POCKOBI-
THHY Ha arolNTO3Hi MeXaHi3MK BUSIBUJIO, 110 POCKOBITHH aKTH-
BY€ Kacllasu Ta PO3IIEIJIEHHsI OJHOTO 3 CyOCTPaTiB Kaciasu-3
— noai(AID-puboso)-mnoiimepasu (IIAPII), ane nocmabiioe
Ptx-zanexny axrupaiiio kacnazu-9, posuierienuss ITAPII ra,
0CO0JIMBO, aKTHBAIIO0 Kacmasu-8. 3 iHIOro 6OKY, POCKOBITHH
3HAYHO 3HMKYE PIBEHb AHTHANONTO3HOro Oinka XIAP, axuii
3pOCTa€ NpH JIii MaKJIiTaKCesIo, 1[0 HAIeBHO € TOJIOBHOIO TPUYU-
HOIO KaHIIEPOCTATUYHUX BJIACTHBOCTE POCKOBITHHY.

BuBYeHHS BMKMBAHOCTI KJIITHH 1I0KA3aJo, 110 POCKOBITHH,
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micasa 24 rox iHKy6aui'1', TIOCIJTIOBAB IIUTOTOKCHYHICTD Ptx momo K-
tuH ATC B ycix gocmipkeHnx KoHteHTpaitistx. [Ticsst 48 rop iHkyOarrii
POCKOBITUH Hi/[BUIIYBAB IIITOTOKCUYHICTh PtX TIbKK 1P HU3BKUX
(2,5 HM) KOHI[eHTpAIlisIX | He BIUIUBAB a00 HABITh TA/IbMYBAB AIIONTO3
TIPH BUIIMX KOHIeHTpanisix Ptx. IIpurnivenns rurorokcuuHocti Ptx
POCKOBITHHOM B OCTAHHBOMY BHIIAZIKY MOKJIMBO BiJOOpaKae 3HIKCH-
HS1 aKTUBHOCTI KacTia3 TP CITIbHIH i PtX Ta pocKOBITHHY.

Takum ynHOM, KOMOIHOBaHE 3acTOCyBaHHs PtX y KOHIIEHTpa-
IisX, Mo BUKJIUKaoTh anonto3 (10-25 uM) ta Husbkux ¢pax-
mifinux 103 (0,5 — 5 Ip) IP, a Takok POCKOBITUHY Ta HU3bKUX
(1-5 M) koH1eHTpaIliit Ptx € MepCIeKTHBHOI CTPATEri€elo st
MOZIAJIBIINX JIOKJIIHIYHUX JJOCJI/IKEHb, 10 MAIOTh 32 METY PO3-
poOKy HOBHX Ta iHTeHcU(IKALi0 TPAAUIIHHUX TeparneBTUYHNX
/IXO/IiB /LISt JIIKYBaHHS Her(epeHIliioBaHOTO Ta aHAIIACTHY-
HOTO paKy IUTOBU/HOI 3a7I031.
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IMTaknitakcenb € eeKTUBHUM TIPOTUITYXJTMHHUM IIperiapa-
TOM, 1[0 BUKOPHCTOBYETHCS JIJIS JIIKYBAaHHS JIeIKUX BUJIB PaKy.
JlocmimKyioThCsT MOKIIMBOCTI MOTO 3aCTOCYBAHHS [IJIs Tepartii
nyxauH mutonoaibuoi 3amo3u (1113). Onepskani gani cBigyaTh,
[0 HaKJIiTaKceJb aKTUBYE B MYXJIMHHUX KJITHHAX HE TIJIbKH
IIPOIECH, SIKi BELYTb JI0 AIOIITO3Y, aJle if MeXaHi3MH, 1110 aKTHBHO
HPOTUIIIOTH 3arubelti KiituH, ToMy, aKTyaJbHUMU € A0C/II7KEH-
He, 9Ki 6 ZaBaju 3MOTY BUSHAYMTH CIOCOOM IHAKTHMBAIi CHT-
HAJBHUX KACKa/iB, M0 GepyTh y4acTh y (opMyBaHHi CTIHKOCTI
PAKOBUX KJITHH JI0 IIbOTO HPOTHITYXJIUHHOTO TIPerapary.

Anepunit tpanckpunuiitauii dakrop NF-kB xonTposioe
npoiiecu tpoJticepaltii, audepeniiariii, mojiy, BUKUBAHHS Ta
mirpanii knitun. [lopymenns fioro ¢GyHKII TPU3BOAUTE 10 3a-
HAJIbHUX TIPOIECIB Ta Py 3aXBOPIOBAaHb, B TOMY YUCJI i paky.
bBinbme Toro, came NF-kB BBakaloThb roJIOBHMM IOCEpEIHU-
KOM, KU MOB’SI3y€ XPOHIUHI 3aMajbHi MPOTIECH 3i 3JI0SIKiCHOIO
TpaHchopMaIli€ro KIiTHH.

Paninre Hamu 6yJI0 MOKA3aHO, 110 TTAKJITAKCEIb TOCHITIOE aK-
THBaIio Ta excrpeciio kinaznoro kommiekcy IKK (IkB-kinaza),
KWW TPU3BOANTH /10 akTHBanii NF-xB i TpancmiopTyBanus iioro
1o sapa. Ockinbku akrop NF-kB Bizgirpae BaxxauBy poJib B aH-
THANIONTO3HUX MPOIEcaX, 3yMOBJIIOE XeMO- Ta PA/liOPE3NCTEHT-
HICTh IyXJIMHHUX KJITHH, O4iKyBajocsd, 10 HOro IpUrHideHHs
Gyjie TIOCUIIIOBATH TOKCUYHUIT eheKT MAKJIITAKCENIO B Iy XINHAX.

Meta f0CHIKEHHS ToMIATala y BUBYEHHI KOMGiHOBaHOI i
HakJiTaKcenio Ta crerdivHoro iHriGiTopa AmIEepHOro YNHHUKA
NF-xB - DHMEQ — mozo pocty myxiiuH, oJiep;KaHUX ILISIXOM
KCEHOTPAHCIIAHTAIll TPAaHCTEHHUM MMIIAM KJITHH aHarac-
THYHOTO PaKy IIUTOIOAIOHOI 371031,

Hocnign in vivo TpoBoANIN HA KCEHOTPaHCIIaHTaTax. J{us
IbOTO 4 TpymaM, y KOXHiil 1Mo 9 TpaHcreHHHX, OE3THMYCHHUX,
8-TikHEBUX 3a BikoM camok mutieit BALB/c nu/nu, migmkip-
HO BBOJMJIM B CTETHO 33JIHBOI Janku cycrensio kiaitun FRO,
cycnengoBanux y RPMI-1640 (5x10° kiitun #a TBapumy). Bara
TBapHUH CKJIafaia OJ13bKo 25 MI. Po3Mip IyxJiMHU 3aMipoBain
uepes 1 1eHb i pozpaxoByBaiiu 3a hopmyJioro a® x b x 0,4, e a — Haii-
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MEHIIUH [iamMeTp MyXJIuHM, b — miamMeTp IyXJIMHH, NepIeHInKy-
JapHuit 1o a. JlikyBanus naxutitakcesem Ta DHMEQ nounHanu
HiCJIst TOTO, SIK PO3MIp IryxiH Habsmskases 1o 100 mm®, [Tpenapatu
naksitakceno (10 mr/xr/nens) i DHMEQ (8 mr/kr/nenn) BBo-
JINIA BHYTPINTHBOYEPEBHO Y cyMilit, 1110 ckiananacsi 3 Cremophor
EL (Sigma, CIIIA), eranoxry Ta PBS (1:1:1). KonTposbhuM rpymnam
BBOJIMJIN B TaKiii se KiJIbKOCTI 1110 cyMilir 6e3 Tpenaparis.

[Tigcamkeni MUIIaM KJIITHHU YTBOPIOIOTh TYXJIMHY, SIKa J10-
CUTBD IMIBUJIKO POCTE, IOCATAIOUN Yepe3 7 IHiB Y KOHTPOJIbHIH TpyTIi
350% Bix moyarkoBoro o6’eMy myxJuHN. JIiKyBaHHS TBAPUH 1HTi-
6itopom NF-xB, DHMEQ, npusgoauth 10 BipOTiAHOIO rajabMy-
BaHHS pocTy MyxJauHU. [lakiiTakcesns BusABUBCS eeKTUBHIIINM
in vivo. Po3Mip MyXJIMHN 3MEHIIYBABCs OUIBIN HIK Yy /IBa pasu y
HOPIBHSIHHI 3 MOYAaTKOBMM 00’eMOM, 710 JiikyBatHst. [1le edexTus-
Hinoo Gysra kombiHoBana aist maksitakcemo 3 DHMEQ, B pe-
3yJIBTaTi SIKOi 00’€M IyXJIMHY 3MEHITyBaBCst OLIbII HixK y 4 pasi.
Edexr noexnanoro mikyBanHs oO0Ma Iperapatamu BipOTiIHO
BI/IPI3HABCS Bifl /il KOSKHOI 31 CIIOJIYK OKPEMO.

KombinoBana Aist makitakcenio ta inri6itopa NF-kB 6imnb-
IIOI0 MiPOIO MOCUJTIOE AIOTITO3Hi MPOIIECH B ITyXJIMHAX aHAILIAC-
tuyHoro paky 113, Hix KokeH 3 areHTiB OKPEMO i, TAKIM YHHOM,
KOMOIHallisl IMX Mpenaparis Moxke OYTH MepCHeKTHBHUM Bapi-
AHTOM /L7l IOKJIHIYHUX JOCTIZKEHb I0/I0 Tepallil arpecuBHUX,
MeTacTaTyounx Ta pajlioiio-pesncTeHTHUX dhopm paxy H13.

MATOTEHE3 | MPUHLIANIN TOPMOHANBHOI
OAPMAKOTEPANII CAHAPOMY BIKOBOI 0
AEQILNTY AHAPOTEHIB Y Y0JIOBIKIB
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TectocTepon Ta HOro akTUBHI MeTaGOITH 3afisHi Y TOPMO-
HaJIbHIN peryJisiii MetabosisMy Ta cTpyKTypH i GyHKII Maiixke
BCixX opramiB i TkauuH. [{eil BIJIMB BOHU 3iHCHIOIOTD 3/1e6iTBIITOT0
4yepe3 BIAMOBITHY aHIPOTEH-PEIENTOPHY CUTHAsi3amio. /[eMoH-
CTPAITIi€T0 I[bOTO €, HAIPUKJIAJ, ITBU/IKE BiTHOBIEHHS MOPGOJIOTiY-
Hoi Gy0BU 1 yHKIIIT IepeaMiXypoBoi 3a/1031, BKJIKOYAIOYU HEO-
BACKYJIOTeHe3, sIKe CIIOCTePIraeThCs y KACTPOBAHUX CAMIiB IIyPiB
Ha TJIi BBEJIEHHsI TECTOCTEPOHY. 3 iHIIOTO GOKY, (hapMaKoJIoriuHa
6J10Kajia aHIPOTEHHUX PELENTOPIB JOCUTh IIBUIKO HPUBOIUTH
10 aTpoivHuX 3MiH B OpraHaX-MillleHsX, raJbMyBaHHs CIIepMa-
ToreHe3y. BikoBe 3racaHHs ropMOHAJIbHOI AKTUBHOCTI CiM'SIHUX
3aJ103 CYITPOBOIKYETHCS 3MEHIIEHHAM (EePTHIBLHOTO MOTEHI ATy
Ta iHIIMMU HACTIIKAMU SIK Y YOJIOBIKiB, TaK i y TBApUH.

JlocmiikeHHSIMI OCTaHHIX POKiB TIOKA3aHO 3B 'SI30K MiK HA/IMIp-
HOTO MAacoIo TiJla Ta 3MeHITIeHHsIM piBHS TecTocTepony (T) B KpoBi.
Tak, y yoniosikis 3 IMT < 25 kr/m? y nianasoni 40-79 pp. pisers T
amettyerbest quie 3 20 10 18 umoub/o1, a ipu IMT > 30 xr/m? Bin
ctanoBuTh 13-14 HMOIB/ 11, TOOTO HAGIMKAETHCS 10 TIMOTOHATHIX
sHavenb (10-12 amonn/mn). e Ginbmux 3MiH 3a3Ha€ PiBEHb Bilb-
Horo T. Ha Hamry gyMKy, TPUYKMHOIO I[bOTO € HaZIMipHA IIPOYKITist
€CTPOTEHIB KUPOBOI0 TKAHWHOIO Ta IXHIHM TraJbMiBHUH BILUIUB Ha
cexpellifo roHagorpomninis. [Ipore rinoronanuuii cran, axuil xa-
pakrepusye cunppoM Bikosoro nedimuty auaporenis (CBJIA),
MOJKE PO3BUHYTHCH 1 He3aJeXKHO Bill 0KUPiHHs. 3 iHIIOTO GOKY,
came CBJA cyTTeBO TiABUINYE PU3UK iHCYJiHOPE3UCTEHTHOC-
Ti, HAKOIIMYEHHSI BiCLEPaJbHOIO JKMPY 1 PO3BUTKY MeTaboJiu-
HOTO CHHJIPOMY, 1[0 PEAJi3y€TbCs 4epe3 JENTHH, MTPO3anajbHi
IIUTOKIHM, iHCYIiH Tommo. TakuM 4MHOM, BUHUKAE MOPOYHE KOJIO



