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Chronic complications of diabetes are progressed in 30-50% patients both 1-st and
2-nd types of diabetes mellitus and are important cause of capacity for work and mortality.
The pathogenesis of diabetic complications associated with multifactorial disturbances of
the main pathways regulation. Diabetic retinopathy primary is determined as microvessel
disease. Recent data show that glial cells play important role in this diabetic complication.
Diabetic complications associated with switching over to polyol pathway of glucose utili-
zation, the growth of nonenzimatic glycation products, an activation of proteinkinase C that
lead together to disturbance of redox balance. Glial cells of retina provide the nutrition and
the defence of neurons from excitotoxic death. Glial reactivation induced metabolic disease
and oxidative stress progress in retina during diabetes mellitus is key pathogenetic factor
of diabetic retinopathy. Fullerene C, and some watersoluble derivates of this nanoparticles
are known as more power antioxidants, which show neuroprotective effects in different kind
pathology and damaging factors. In presented work firstly there were observed the effects of
nanoparticles hydrated C,, fullerene on expression poly(ADP-ribose) polymerase (PARP),
caspase-3 and glial fibrillary acidic protein in retina of diabetic rats. Reliable rising of PARP,
GFAP and caspase-3 levels determinated in retina of diabetic rat compare with control.
Obtained data show that hyperglycemia induces the reactivation of glial cells in retina. The
consuming a solution C (60 uM) with drinking water during 12 weeks leads to significant
decreasing every observed parameters in treated with fullerene diabetic rat group compared
with untreated diabetic rats. Thus, obtained results evidence of neuroprotective effect of C,
fullerene for diabetic retinopathy and realization this effect through inhibition of gliocytes
overactivity in retina.

Keywords: diabetic retinopathy, glial fibrillary acidic protein (GFAP), poly(ADP-ri-
bose) polymerase (PARP), apoptosis, hydrated C, fullerene.

Diabetes mellitus belongs to is a group of metabolic disorder characterized by hypergly-
cemia and often leads to numerous complications, including retinopathy. Diabetic retinopathy
(DR) is a multifactorial disease, and persistent hyperglycemia appears to be a major cause of its
progression. DR is the most-feared complication of diabetes mellitus and the most frequent cause
of new cases of blindness among adults and aged patients [1]. Diabetes is retinal neuropathy is
associated with enhanced oxidative stress resulting of excess generation of ROS that often leads
to retinal microvascular cell death. Recent data suggest that diabetic retinopathy is a progressive
neurodegenerative disease associated with disturbance the main metabolic pathways and oxida-
tive stress generation. Administration of antioxidants to diabetic rats protects retina from oxida-
tive damage, as well as the development of retinopathy [2].

Oxidative damages of the macromolecules, a specially DNA, are critical for retinal patho-
genesis. High level of ROS induces DNA strand breaks in the retina by hyperglycemia [3], and
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ROS-induced DNA single-strand breakages were considered an obligatory step for poly(ADP-ri-
bose) polymerase (PARP) activation. PARP is a nuclear enzyme that regulates several cellular
events including DNA repair, cellular division and differentiation, gene expression, mitochon-
drial function, and cell death. However, there are no studies has showing the cross - talk be-
tween PARP activation and glial cells reactivation in diabetic retina. Glial cells have powerful
antioxidant systems and provide a surviving of neurons during oxidative stress. Astroglia also
produce a host of trophic factors, which are crucial for the survival of neurons. However, acti-
vated astroglia become hypertrophic, exhibit increased production of glial fibrillary acidic pro-
tein (GFAP). Different kind factors induce typical reactivation of astrocytes. This universal cell
response named astrogliosis and associated with cytoskeleton protein GFAP overexpression [4].
Pristine C, fullerene has recently gained considerable attention as a promising candidate for
many biomedical applications [5].

The aim of this study was to explore the effect of C fullerene on astrocyte reactivity,
oxidative stress generation and apoptosis activation. To test this neuroprotective effect of C;
fullerene, we measured the levels of ROS generation, an expression PARP, GFAP and cleaved
caspase-3 in the retina of diabetic animals.

Materials and methods

All procedures were carried out in accordance with the national and international guide-
lines and laws concerning animal welfare and are ethically acceptable. The study was performed
on male Wistar rats (210-310 g) 11-12 weeks of age, which were fed a standard diet and had free
access to food and water. Diabetes was induced by a single intraperitoneal (i.p.) injection of strep-
tozotocin (STZ) solution in citrate buffer (pH 4,5) at 60 mg/kg b.w. The animals were maintained
on 12-h light/dark cycle and randomly divided into the following groups (n=7): control group (C);
normal control treated with C, fullerene (C60); diabetic group (STZD); diabetic groups treated
with C_ fullerene (STZD+C60). STZ-induced diabetic rats were divided into 2 groups: the rats
in group I received normal drinking water without any supplementation, and those in group II
received drinking water with C, fullerene (40 ng/ml) during 12 weeks after establishment of
diabetes. After 12 weeks, all experimental rats were sacrificial via cervical dislocation under mild
diethyl ether narcosis. The eyes were removed, and retina was isolated and frozen immediately in
liquid nitrogen and stored at —80°C to be analyzed by Western-blot analysis, immunohistochemis-
try (IHC) or biochemical assay, as described early [5]. Reactive Oxygen Species (ROS) level was
measured in retinal tissue homogenates using a 2,7-dichlorofluorescein-diacetate (DCHFDA).

Quantitative results were analyzed by one-way analysis of variance (ANOVA) followed
by Bonferroni post-hoc tests. P values <0,05 were considered to indicate statistical significance.
SPSS version 12.0 was used for the statistical analyses.

Results and discussion

The body weight of the diabetic rats was significantly lower, and their blood insulin value
as lower compared with age-matched normal control rats (243+13,5 g versus 312+17,1 g and
27,8+1,85 pU/ml versus 46,9+2,52 nU/ml, respectively). It should be noted that C fullerene
treatments of the diabetic rats partially restored the insulin and body weight.

Spectrofluorometric analysis demonstrated significant upregulation of ROS level by 49 %
in diabetic retinas compared to non-diabetic retinas.

Comparative analyses of the images of fixed retinal slices showed dramatically increased
overall GFAP immunostaining in retinas of diabetic rats versus non-diabetic animals (Fig. 1, A).
Western-blot analysis demonstrated significant upregulation of PARP-1/2 expression in diabetic
retina compared to non-diabetic retinas. The expression of PARP-1/2 protein in the retina of
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diabetic rats was upregulated by about 83 % as compared to the retinas of non-diabetic rats (Fig.
1, B). The treatment with C fullerene did not change the content of PARP-1/2 protein in the
retina of control group. These differences between GFAP immunoreactivity in diabetic retinas
and healthy control retinas indicates that STZ-induced hyperglycemia caused both astrocytes and
Miiller cell gliosis while 12 weeks of diabetes.

Western-blot analysis of retinal protein samples confirmed an increased GFAP level de-
tected by the immunohistochemistry. Diabetes-induced elevation of intact subunit 49 kDa GFAP
content in comparison with age-match control was shown (1,9+0,17 vs. 1,0£0,01 a.u., respec-
tively, P>0,01).

Cleaved caspase-3, the apoptosis executer enzyme, was significantly (about 79 %) upregu-
lated in the diabetic retinas compared to non-diabetic controls. (Fig. 1, C).
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Fig. 1. Relative content of GFAP (A), PARP (B) and cleaved caspase-3 (C) determined in retina of control
(C), normal control (C,)), diabetic (STZ) and diabetic treated with C  (STZ+C ) rats groups. ** -
compared to control; # - compared to diabetic
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Taking together, these results show that oxidative stress generation and upregulation of
PARP, caspase-3 and GFAP overexpression might be are considered as targets for neuroprotec-
tion mechanisms fullerene nanoparticles for diabetic retinopathy therapy.

The level of ROS generation is attenuated by about 41 % in the retina of diabetic rats
treated by C60 fullerene, as compared to untreated diabetic rats.

Further, we detected the reduction of macroglial activation in retinas of diabetic rats treat-
ed with C fullerene 12 weeks. Administration of C,;, fullerene had no effect on intact GFAP
levels. However, the rising of amount of cleaved GFAP polypeptides in the range of molecular
weights 47-35 kDa were observed in the diabetic retina. Treatment with C; fullerene resulted
in decrease of the content of cleaved polypeptides in retina of the diabetic rats. Thus, the neuro-
protection effect of C,  nanoparticles directs both glial cytoskeleton dynamic reconstruction and
modulation macroglial cells reactivity in the diabetic retina.

We determined that chronic intake of C, fullerene with drinking water of diabetic group
of animals leads to significantly attenuated diabetes-induced upregulation of ROS level, PARP-
1/2, GFAP and caspase-3. The treatment of diabetic rats with C | fullerene resulted in significant
decrease (68 %) of cleaved caspase-3, PARP content (70 %) and overexpression of GFAP (about
57 %) in retina compared with group of diabetic rats. It should be marked that consuming of C_
fullerene for 12 weeks did not change expression of GFAP, PARP and cleaved caspase-3 in the
retina of normal control group.

Retina has a complex structure with a number of layers and cells types. The major cell
types in retina are the vascular cells - pericytes and endothelial cells, macroglial cells - Muller
cells and astrocytes, neurons - photoreceptors, bipolar cells, amacrine and ganglion cells, and
microglia which act as phagocytes. Glial cells are important for providing blood-retinal barrier
function and the microenvironment of another retinal cells [6, 7].
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In present study, we investigated the role of astrocyte reactivity, oxidative stress, apop-
tosis activation and the effect of C fullerene in preventing diabetes-induced retinopathy. We
demonstrated that in the diabetic retina, GFAP expression, PARP activation, levels of ROS, and
cleaved caspase-3 were significantly increased. The administration of C fullerene to diabetic
rats significantly attenuated diabetes-induced increase in GFAP overexpression, PARP activa-
tion, level of ROS and cleaved caspase-3 in retina of the diabetic rats. The consuming of C with
drinking water for 90 days leads to significan protection of GFAP overexpression in retina of the
diabetic rats. C fullerene nanoparticles facilitate stability of astrocytic cytoskeleton in brain un-
der the oxidative stress [5]. The main mechanism by means of which C, can provide survival of
astrocytes is its ability to neutralize free radicals and, thus protect cellular membranes against the
oxidative damage. The presented results show the immediate anticytotoxicity effectiveness of C
in retina at the hyperglycemic stress. Our results are consistent with previous reports that dem-
onstrated overexpression of PARP in the diabetic retinas [8]. We found that C,; fullerene treat-
ment significantly prevented diabetes induced astrogliosis and apoptosis changes as well ROS
generation. The mechanism by which the C fullerene prevents diabetes induced changes in the
expression of PARP, GFAP and caspase-3 in the retinas remains unclear. Thus, these effects of C,|
could be mediated by attenuating ROS generation. An additional mechanism that may contribute
to the protective effect of C ; could be related to a suppression of ROS level, as initial factors for
activation of intracellular signaling molecule that regulates the expression of genes involved in
cell survival, apoptosis, and inflammatory response.

During the last decade, the biological effects of water-soluble form of C, that is denoted
as hydrated C fullerene are being studied extensively [5, 9]. Nevertheless, the intrinsic mecha-
nisms of C, antioxidant and tissue-protective activities are not yet completely elucidated.

Presented data suggest that C, fullerene has a striking effect on signaling pathways asso-
ciated with a control of astrogliosis and apoptosis and might be a novel therapeutic strategy for
cellular dysfunction in the diabetic retinopathy. Additional study is required to further investigate
this possibility.
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XpoHnyeckue ocinoxxHeHus auadera passuBarorces y 30-50 % nanueHToB 1-ro u 2-ro
THUIIOB iMa0eTa ¥ SBISIFOTCS B)KHOIM NPUYMHOM yTpaThl paboTOCIIOCOOHOCTH U CMEPTHOCTH.
B narorenes )II/Ia6eTl/I'-leCKI/IX OCJIO)KHEHHI BOBJIEUEHBI MHOKECTBEHHBIE HapylmeHus pery-
JIAITMA OCHOBHBIX MeTaGOJ’lI/I‘leCKl/IX MpoueccoB. jll/la6eTI/I'-leCKy}O PETUHONATHIO TIEPBUYHO
OIpEETISIIOT Kak cocyaucToe 3aboneBanue. OHAKO AaHHbIE MTOCIEAHUX JET YKa3blBaloT Ha
BKHYIO POJIb TIIMANBHBIX KJIETOK B Pa3BUTUH JaHHOTO OCJIOXKHEeHHUs quadera. [(naberndec-
KHE OCJIO)KHEHUS CONIPOBOXKAAIOTCS IMEPEKITIOUCHUEM YTUIIN3alIUU TJTIFOKO3bI HA MTOTHOJILHBIN
IyTh, POCTOM IPOAYKTOB He()EPMEHTATHBHOW IIMKAIMK, aKTHBAIMK MpPOTeMHKUHA3bl C,
YTO BEJET K HApYIIEHHIO OKHCIUTEIbHO-BOCCTAHOBUTEIBHOIO OanaHca. InanpHble KieT-
KH PETHHBI 00ECIICUNBAIOT IIMTAaHUE W 3AIUTY HEHPOHOB OT HKCAUTOTOKCHYECKOH TMOEIH.
PeakTuBanys DMK, WHIYLUPOBAHHAS META0OIMUYECKHMMHU PACCTPOMCTBAMU U pa3BUTHUEM
OKHCITUTENILHOTO CTpecca B CeTYaTKe NpH CcaxapHOM aualere, SBISETCS KIIIOYEBBIM
TaToreHeTHIeCKUM (pakTopoM nabetuyeckoit perunonaruu. dynepen C 1 HEKOTOpPbIE €10
BOIOPACTBOPUMBIC ITIPOU3BOAHBIC U3BECTHBI KAK OJITHU U3 Hau60nee MOIITHBIX AHTHOKCHIAHTOB,
KOTOpBIE MPOSABIAIOT HEWPONPOTEKTOPHBIC CBOMCTBA B YCIOBHSX LIMPOKOTO CIEKTpa
NaTOJIOTH M TIOBpeXJatoIux (GakTopoB. B npescraBieHHoi paboTe BOEPBbIE HCCIIEI0BAHO
BJIMSAHHE HAHOCTPYKTYp ruaparuposanHoro C,, dymnepena Ha skcnpeccuto mnomu(ADP-
pu6030) monumepasst (ITAPIT), kacnasbl-3 U miManbHOro (GUOPHUILIIPHOTO KUCIOro Oeska
(I'PKB) B pernHe auabeTHYEeCKUX KpBIC. BBIABICHO J0CTOBEPHOE BO3pacTaHHE YPOBH:
ITAPII, T®KDB u akTHBaIiK Kacmasbl-3 B CETYATKE KPBIC ¢ AMAOCTOM IO CPaBHEHHIO C
koHTposieM (P<0,01), uTto yka3piBaeT Ha PEaKTUBALUIO PETUHAIBHBIX DIHAIBHBIX KJIETOK
B ycioBUsX runeprinkemud. [lorpednenne nuaberuueckumu kphicamu pactsopa C, (60
HM) ¢ nuTheBOi BOJOH B TeueHHe 12 Henenab NPUBETO K 3HAYUTEIBHOMY CHHKEHHIO BCEX
HCCIIE0BAHHBIX MOKa3aTelel 0 CPaBHEHHUIO ¢ IPYMION AnabeTn4ecKuX >KUBOTHBIX. Takum
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00pa3oM, MONyYeHHbIE PE3yNbTaThl CBUIETENBCTBYIOT O TOM, YTO MPOTEKTOPHOE AeiicTBHE
THAPATHPOBAHHOTO (y/iepeHa B YCIOBHAX IUAOETHUECKOH PETHHOMATHH peamu3yeTcs
Grarofapst yTHETEHHIO UM U30BITOYHON aKTHBALIMK ITTHOIMTOB CETYATKU.

Kurouegvie cnosa: nuabernyeckas pPETHHONATHUS, DINAJIbHBIN (QUOPHUILIAPHBII
kuciplid Oenok (I'®KB), nmomu(ADP-puboszo)norunumepasa (ITAPII), amontos, runpa-
TuposanHblii C, ) dymnepen.
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XpoHiuHI yckiaJHeHHs aiadeTy po3BuBaioThes y 30-50 % mamienTiB 1-ro i 2-ro
THUITIB Aia0eTy i € BAKIMBOIO IPUYMHOIO BTPATH IIPAIIE3AaTHOCTI Ta CMEPTHOCTI. Y marore-
He3 11a0eTHYHHX YCKJIaHEHb 3aJIy9al0ThCsl MHOKUHHI HOPYIICHHS PEryJILil HEeHTPaIbHUX
MeTaboIiyHuX nporecis. J[iabeTnuHy peTHHOMNATIIO IEPBHHHO BU3HAYAIOTH SK CyANHHE 3a-
xBoproBaHHs. OfHAK JIaHI OCTaHHIX POKIB BKa3yIOTh Ha BAKJIMBY POJIb MIAJbHUX KIITHH Y
PO3BUTKY JAHOTO yCKJIaJHEHHs Aiabety. J{iabeTH4Hi yCKiIaJHeHHS CYIIPOBOIKYIOTECS IIepe-
KIIFOYEHHSIM YTHIIi3allil ITIOKO3H Ha IOJO0IBHNUH IUISIX, POCTOM MPOAYKTIB HEEH3UMATHIHOT
DIiKanii, aktuBamii nporeinkinasu C, Mo Bele 10 MOPYIICHb BiTHOBHO-OKUCIIOBAIEHOTO
Oanancy. [miagpHI KIITHHE PETHHU 3a0€31eUyIoTh XapuyBaHH 1 3aXUCT HEWPOHIB BiJ eKc-
aifrotokcnaHol 3arubeni. PeakruBaris miii, mo iHAYKyeTbCss METaOONIYHUMHU PO3JI1aJjaMu
1 PO3BHTKOM OKHCHOTI'O CTPECy B KIIITHHAX CITKIBKH IIPH I[yKPOBOMY Aia0eTi, € KIIIOYOBUM
naroreHeTHIHUM (pakTopom Jliabetuunoi petnnonarii. @ynepen C ) Ta okpewmi oro Bomo-
PO3YHMHHI MMOXi/IHI BiIOMi SIK OJIMH 13 HAWOLIBII MOTY)KHUX aHTHOKCHJIAHTIB, IO BHSBIISIE
HEeHWPOINIPOTEKTOPHI BIACTHBOCTI B YMOBAaX IIHPOKOTO CHEKTpPa MaTONOTIH Ta YIIKOPKYIOUMX
YMHHUKIB. Y poOOTI BrepIe JOCIIKEHO BILIMB HAHOCTPYKTYp Tinparosanoro C,, dyie-
peny Ha excnpecito noni(ADP-pubo3o)nonimepasn (ITAPII), kacriasu-3 ta miiansHOTO (i-
opmsiproro kucioro 6itka ('®KB) B pernni niabetnunux miypis. BusiBieHo nocrosipHe
3poctanns piBHs [TAPII, T®KD i akruBaumii kacrasu-3 B CiTKIiBIi HrypiB 3 xiabetom mo-
piBHsiHO 3 KoHTposieM (P<0,01), 0 CBIAYUTH MPO PEaKTHBALIIO0 PETUHAILHHUX IIIATBHUX
KIITHH B yMOBax rinepriikemii. Crioxusanns giabetnanumu nrypamu posuuny C, (60 HM)
3 IIUTHOIO BOJIOIO MPOTSTOM 12 THIKHIB IPUBEJIO 10 3HAYHOTO 3HIDKEHHS BCIX JIOCIIPKEHUX
MIOKA3HMKIB ITOPIBHSIHO 3 TPYIIOI0 Nia0eTHYHUX TBanH. TaKMM YHHOM, OTPUMaHI pe3ysIbTaTi
CBi/TYaTh MPO Te, IO NPOTEKTOPHA Mis Tiaparosanoro dynepena C, B yMoBax JiabeTHaHOi
peTHHOMATIT peatizy€eThCs Yepe3 3arno0iraHHs HaaMIpHii akTHBAIil ITIOIKTIB CITKiBKH.

Kniouosi cnosa: niabeTndHa peTHHOIATIS, TTiadbHAN (HiOPUISPHBIA KACIUH 010K
(T ®KB), nomi(ADP-puboso)nomimepasa (ITAPII), amontos, rinparosanuii C ;| dynepen.



