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The molecular pathogenesis of diabetic encephalopathy (DE), one of the serious complications of dia-
betes mellitus, is complex. In this study, we examined whether expression levels of SIRTI and SIRT2 were the
key for the development of brain dysfunctions and whether PARP-1 inhibitors could affect the expression of
these proteins for prevention the development of DE in rats with type I diabetes. After 10 weeks of the strep-
tozotocin-induced diabetes mellitus (70 mg/kg), Wistar male rats were treated by i.p. injection with PARP-1
inhibitors, 1.5-isoquinolinediol (ISO) or nicotinamide (NAm) (3 or 100 mg/kg/daily i.p., respectively) for 2
weeks. The rats with blood glucose levels over 19.7 + 2.1 mmol/l were taken into experiments. Western blots
were performed to evaluate effects of PAPR-1 inhibitors on the levels of sirtuins, SIRTI and SIRT2 expres-
sion. Diabetes induced significant reduction of SIRTI expression and SIRT2 overexpression in brain nuclear
extracts of diabetic rats compared to non-diabetic control. In brain, NAm attenuated SIRT2 overexpression
in nuclear extracts of diabetic rats and slightly elevated SIRTI expression, while ISO didn't affect expres-
sion of both sirtuins in diabetic rats. Furthermore, it was observed that in brain of diabetic rats, the ratio of
free NAD/NADH couples decreased 3.1-fold compared to non-diabetic control. The administration of ISO
increased only slightly the ratio of free NAD/NADH couples in the brain of diabetic rats while NAm increased
this parameter 1.7-fold compared to diabetic rats. Therefore, we concluded that alterations in the expression
of SIRTI and SIRT?2 in brain cell nuclei of diabetic rats can lead to the development of brain dysfunctions. One
of the neuroprotective mechanisms of NAm action can also be realized through inhibition of SIRT?2 expression
in brain cell nuclei that down-regulate progression of diabetes-induced alterations and can be a therapeutic
option for treatment of brain dysfunctions.
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(1SO), nicotinamide (NAm).

T here are increasing evidences that diabe-
tes mellitus (DM) predisposes to cognitive
dysfunctions in animal models and humans
with both Type 1 (T1DM) and Type 2 (T2DM) dia-
betes [1-3]. Type 1 diabetic encephalopathy (DE) is
likely to increase due to the global increase in the

incidence of T1DM and its occurrence especially in
younger patients. The molecular pathogenesis of DE,
one of the serious complications of diabetes melli-
tus, is complex and complicated [4, 5]. Many mech-
anisms are involved in DE development therefore
treatment is directed on improvements of cellular
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processes which can be potential targets and search-
ing of new therapeutic strategies. Development of
diabetic encephalopathy is associated with a com-
plex interplay between neurons, glia and vascular
components of the brain. However, the precise mo-
lecular mechanisms, underlying development of dia-
betes-induced brain dysfunctions are not completely
elucidated. Numerous evidences including our inves-
tigations suggest that activation and/or overexpres-
sion of poly(ADP-Ribose)polymerase-1 (PARP-1) in
the brain and the retina of diabetic rats in response
to excessive DNA damage induce cell death [6, 12].
Moreover, under apoptosis, PARP-1 is cleaved by
activated caspase-3 and such limited proteolysis of
PARP-1 through this split lead to the enzyme inacti-
vation that further facilitates apoptotic cell death [7].
It is strongly believed that PARP-1 inhibitors to be
important factors leading to protection of pathologi-
cal events in diabetic neuropathy [8, 9]. Indeed, we
have shown that PARP-1 inhibitors reduce inflam-
mation and production of reactive oxygen species
(ROS) that activate an apoptotic death program and
may contribute to neurodegeneration [10]. Moreover,
an additional hallmark of astroglial reactivity is en-
hanced expression of glial fibrillary acidic protein
(GFAP), a major constituent of astrocyte cytoskele-
ton. GFAP is responsible for morphology support
of hypertrophic astrocytes and involved in other
glial functional alterations aimed to protect neurons
against harmful effects [11].

Thus, possible non-invasive treatment strate-
gy of DE would be aimed to improve expression of
NAD-dependent proteins such as special proteins,
endogenous deacetylases (SIRT, Silent Information
Regulators). Almost in all organisms including bac-
teria, plants and animals are present NAD-depen-
dent sirtuins [16]. For specialized cells the functio-
ning of the genes that express the proteins necessary
for the specific functions of one or another tissue is
inherent. Silencing of genes provide sirtuins which
belong to the class III histone deacetylases. Note-
worthy that mammalian sirtuins are highly regulated
at the posttranscriptional level, but at the same time
they are also transcriptionally regulated [15]. It is
believed that SIRT1 could be a vital mediator provi-
ding reduction of calorie intake without malnutrition
that is very important for diabetic patients [17-22]. In
the nucleus SIRT1 modulates chromatin structure by
deacetylating specific lysine residues in histones H1,
H3 and H4 [23]. Interestingly enough, that in mam-
mals all seven sirtuins, which are homologs to yeast
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Sir2, have not only a highly conserved NAD-binding
site, but also common catalytic core domain and
may act as a mono-ADP-ribosyl transferases and/
or NAD-dependent deacetylases. Despite of SIRT2
was originally described as a cytosolic sirtuin recent
findings reveal that it also localized in the nucleus
where it regulates cell cycle [28, 29]. SIRT1 func-
tions more investigated in liver, heart, white adipose
tissue and skeletal muscle, where it inhibits glyco-
lysis [30].

PARP-1 inhibitors are thought to be ones of
the promising approaches to improve brain dysfunc-
tions, because their target is PARP-1 and possibly
can be sirtuins. That is why it was important to as-
sess possible positive effects of PARP-1 inhibitors
on level sirtuins expression in diabetes mellitus that
has not been yet completely investigated. Previously,
we have revealed that the amide form of vitamin B,
(nicotinamide, NAm) and its derivative, N-methylni-
cotinamide exert pronounced neuroprotective action
and ameliorates diabetes-induced diabetic encepha-
lopathy [12, 13]. Our observations, as well as those
of other authors, indicate that 1, 5-isoquinolinediol
(ISO), potent inhibitor of inducible nitric oxide syn-
thase (iNOS; NOS II) in mouse macrophages and
PARP, has the ability to prevent intensification of
angiogenesis in some types of retinopathies [40, 44].

Sirtuins have been involved in key cellular pro-
cesses, such as cell survival and cell cycle regula-
tion, apoptosis, gene expression control, DNA repair,
genome stability stress response, and autophagy [14].
Nevertheless at present very little it is known about
role of all sirtuins in the nervous system.

The purpose of present study was to examine
the effects of PARP-1 inhibitors, 1.5-isoquinolinediol
(ISO) and nicotinamide (NAm), on the expression of
SIRT1 and SIRT2 proteins in brain of diabetic rats.

Materials and Methods

Chemicals and experimental design. All chemi-
cals used were of analytical reagent grade quality
and purchased from Sigma Chemical Co. (USA),
except for those specified in the text. All procedures
fulfilled in accordance with international guidelines
and laws for the use and care of laboratory animals
and are ethically acceptable. The experiments were
performed on male Wistar rats (250-340 g of b.w.),
which were maintained in a temperature- and light-
controlled facility. Rats were fed a standard diet for
12 weeks and had free access to food and water.
After 1 week of acclimation, diabetes was induced
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by a single intraperitoneal (i.p.) injection of freshly
prepared solution of streptozotocin (STZ) in citrate
buffer, pH 4.5 at a dose 70 mg/kg b.w. Rats of the
control group of the same weight, gender and age
were intraperitoneally injected only with 0.5 ml of
citrate buffer. The animals were maintained on 12-h
light/dark cycle and randomly divided into the fol-
lowing groups (n = 5 in each group): control rats
(Control); diabetic rats (Diabetes, D); diabetic rats
after 10 weeks of diabetes were treated by i.p. in-
jection with 1,5-isoquinolinediol (D + ISO) or with
nicotinamide (D + NAm) at doses 3 and 100 mg/kg
b. w., respectively, daily for 2 weeks. The dose levels
of these compounds and treatment period were cho-
sen on the basis of absence their toxic effects. The
rats with blood glucose levels over 19.7 + 2.1 mmol/l
were taken into experiments. During the study pe-
riod body weight and blood glucose were recorded
weekly and then in the end of experiments. After 12
weeks experimental rats after a fasting (12 hours)
were sacrificed via cervical dislocation under mild
diethyl ether narcosis and blood was collected from
the retrobulbar venous sinus of the eye. Blood glu-
cose levels were determined using Precision Xtra
Plus (MediSense UK Ltd., Great Britain).

Fractioning and separation of brain nuclear
proteins. Whole brain tissue immediately was frozen
in liquid nitrogen and crushed. Then to 100 mg of
the crushed brain tissue was added 0.5% solution of
NP40-PBS containing a mixture of protease inhibi-
tors and phosphatase (Thermo Scientific, USA) for
lysis of the cell membranes. The homogenate was
stored at 4 °C for 20 min [37]. The nuclear extracts
of brain tissue were obtained as we described al-
ready [10]. A 5xLaemmli sample buffer was added
to the interphase (nuclear fraction of proteins) and
boiled for 5 min. The samples were stored at —80 °C
before analysis.

Electrophoresis of proteins in polyacrylamide
gel (PAAG). Electrophoresis of proteins was per-
formed during 3-4 h in PAAG (8-10%) in the presen-
ce of 0.1% SDS, using a chamber for electrophoresis,
Mini-PROTEAN II (BIO-RAD, Sweden) [38] for
subsequent immunoblotting analysis. The molecu-
lar mass of proteins in electrophoregrams was de-
termined using standards of proteins obtained from
Thermo Scientific (USA) and Fermentas (Lithuania).

Immunoblotting of proteins. Blotting of pro-
teins from PAAG on a nitrocellulose membrane (GE
Healthcare, Great Britain) was performed on a Mini
Trans-Blot Cell device (BIO-RAD, Sweden) at a
voltage of 100 V during 90 min. At the end of the

process, the membrane was stained during 5-10 min
with 1% solution of the Ponceau S dye, prepared
on a 3% solution of trichloroacetic acid. Then, free
binding sites on the membrane were blocked during
60 min by a 5% solution of skimmed milk powder
(APEX Research, USA) in PBS buffer with the ad-
dition of 0.1% Tween-20 (PBSt). Subsequently, the
membrane was incubated with primary antibodies
in the buffer for blocking overnight at 4 °C; this
was followed by washing off with PBSt (three times
for 5 min). As secondary antibodies, anti-mouse
or anti-rabbit IgGs, conjugated with horseradish
peroxidase, in dilutions 1:10 000 and 1:1000 in the
blocking buffer, respectively, were used. Incuba-
tion with secondary antibodies was carried out for
60 min at room temperature, and then the mem-
brane was washed off with PBSt three times for
5 min. The following antibodies were used in the
study: anti-Poly (ADP-ribose) (Trevigen, USA),
anti-f-Actin-Peroxidase (Sigma, USA), anti-SIRT1
(Cell Signaling Technology, USA), anti-SIRT2 (Cell
Signaling Technology, USA), anti-mouse IgG (Sig-
ma, USA) and anti-rabbit IgG (Sigma, USA). Im-
munoreactive zones were detected by measuring
the intensity of chemiluminescence [16]. The den-
sitometric analysis was performed using TotalLab
TL120 (Nonlinear Inc., USA) software. The protein
contents are shown below in arbitrary units (a.u.).

The values of free NAD/NADH couples ratios
were calculated from the concentrations of the me-
tabolites (lactate, pyruvate), taking into account the
equilibrium constants of the corresponding dehydro-
genase systems [39].

Measurement of the proteins content in the
samples. Proteins content in the samples was esti-
mated by the Bradford technique [41].

Statistical analysis. Protein contents evalua-
ted by Western blots are expressed in arbitrary
units (a.u.) and presented in histograms as mean +
standard error of the mean (SEM). Quantitative re-
sults 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. Each determination was performed at
least in triplicate.

Results and Discussion

Development of diabetes was accompanied by
increase of blood glucose level and body weight loss.
It was shown that after 12 weeks of diabetes the ave-
rage body weight was 1.34 times lower (263 + 21
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vs. 353 £ 32 g, P < 0.05) than that of control group
while blood glucose level was elevated (19.7 £ 2.1
vs. 5.2 £ 0.4 mmol/l, P < 0.05), this is mean that
single STZ injections induced the development of
strong uncompensated hyperglycemia. Chronic
treatment of diabetic rats with ISO or NAm affected
neither body weight nor blood glucose level as com-
pared with untreated diabetic animals. Western blot
analysis demonstrated significant down-regulation
of SIRT1 expression in brain nuclei of diabetic rats
compared to non-diabetic group (Fig. 1).

The reduction in the level of SIRT1 expression
in brain of diabetic rats may indicate a violation of
its regulatory effect on posttranslational modifica-
tion of histone and non-gistone proteins in response
to cellular stress induced by TIDM, as well as on
the process of neuronal precursor cells differentia-
tion. According to literature data activation of SIRT1
expression can have benefitial effect on brain neu-
rons because its activation protects neurons against
B-amyloid-induced toxicity via inhibition of NF-kB
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Fig. 1. Effects of ISO or NAm on SIRTI expression
in brain cell nuclei. SIRTI expression was lower
in diabetic rats, while treatment with ISO does not
influence its expression, NAm had slight normalizing
effect on SIRTI expression restoration. All values
are expressed as mean + SEM of three experiments
(n = 3) in duplicate. A — Blottogram, B — results of
densitometry. *P < 0.05 vs. control; *P < 0.05 vs.
diabetes
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signalling in microglia [42]. However administration
of PARP-1 inhibitors to diabetic rats demonstrated
that while ISO had virtually no effect on the expres-
sion of SIRT1, NAm slightly increased its expression
(Fig. 1). Nevertheless, slight influence of NAm on in-
creasing SIRT1 expression can have protective effect
on metabolic processes in brain, altered by TIDM,
resulting in a life prolongation [43]. Noteworthy that
such slight effect of NAm on SIRT1 expression in
the nuclei extracts of brain tissue can be the result
of the fact that SIRT1 is not only localized in the
nucleus, where it deacetylates histones thereby in-
fluencing genes expression [26], but SIRT1 can also
shuttle to cytoplasm and through this nucleocyto-
plasmic mechanism may participate in differentia-
tion and in inhibition of cell death [27]. Moreover,
sirtuins are structurally different with regard to their
N- and C-ends, their sub-cellular localization, and
their different substrates [24, 25]. It is not excluded
that even slight elevation of SIRlexpression in turn
can lead to activation of 5'-AMP-activated protein
kinase which controls energy intake under physio-
logical and pathological conditions [45]. According
to literature data SIRT1 activation can be involved in
mitochondrial metabolism in conditions of PARP-1
inhibition [36]. So, the data concerning overexpres-
sing SIRT1 in the brain of rats may provide valuable
clues as to how SIRT1 realizes its neuroprotective
action in vivo. It is known that SIRT1 in the heart
increases ischemic tolerance via an activation of
eNOS [31] and it also protects against cardiac hyper-
trophy through PPARa activation [32]. These data
suggest that SIRT1 alterations expression in brain in-
duced by diabetes might impact on encephalopathy
development.

At the same time, more than a three-fold in-
crease in the content of NAD-dependent SIRT2 dea-
cetylase in diabetic groups was detected compared to
control (Fig. 2), whose elevated content is one of the
earliest markers of neurodegenerative processeses
development in brain [33]. SIRT2 overexpression
can be related to the cell cycle in brain and may be
responding on DNA damage induced by diabetes
because both deacetylase and mono-ADP-ribosyl
tranferase activities have been detected for SIRT2
[24, 35]. It is mean that SIRT 2 acts as a mitotic
check point, which, during mitosis, is shuttled from
its location in the cytoplasm to the nucleus and may
therefore be that SIRT 2 direct inhibits replication
[53]. Moreover, the high level of SIRT2 expression in
brain can indicate that it may play a role in sensory
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perception [34]. However it is still considerable work
to be done to determine the precise role of SIRT2 in
the initiation and progression of brain dysfunctions
induced by diabetes in vivo. Diabetic rats treated by
ISO had no changes in SIRT2 expression in brain
cell nuclei as compared to untreated animals (Fig. 2),
whereas after NAm administration to diabetic rats
its expression was slightly decreased, P < 0.05.
Therefore, it is not excluded, that exist the con-
nection between the regulatory process under diabe-
tes and level of sirtuins expression in nuclei brain.
So, it is mean that sirtuins can become pharmaceu-
tical targets for their modulation and modification.
These findings concerning SIRT1 up-regulation and
SIRT2 down-regulation are complementary to our
previous study showing that PARP-1 inhibition in
rats by ISO and NAm increased nicotinamide ade-
nine dinucleotide (NAD") content and improved
brain functions [10]. However, the molecular role of
sirtuins in diabetes still remains completely unclear.
To better understand of sirtuin functions we have to
determine the complete range of their biochemical
and enzymatic activities. It should be noted that de-
spite of the fact that ISO did not influence on SITR1
and SIRT?2 expression of nuclei brain the protective
mechanism of its action on diabetes-induced brain
dysfunction might be realized through its influence
on other molecular prosesses in brain. As example
ISO can inhibit lipid peroxidation, improve the ace-
tylcholinesterase functioning and partially normalize
the levels of GABA and glutamate in the hippocam-
pus [54]. Since PARP-1, SIRT1 and SIRT2 are NAD-
dependent, it is quite obvious that they can compete
for the availability of NAD™, reducing not only its
content, but also the ratio of free NAD/NADH cou-
ples in cells. That is why it was reasonable to evalu-
ate the ratio of free NAD/NADH couples in the brain
because it reflects the metabolic state of oxidized and
reduced substrates, that is related to two aspects of
cellular metabolism: determination the direction
of reverse reactions and assessment of alterations
of free energy in extracellular oxidoreduction (for
example, transport of electrons from NADH to fla-
voproteins in the electron transport chain [55]. As it
is known NAD" plays important role in cellular me-
tabolism and realized its action involving in different
a key processes including redox reactions which are
regulators of cells functioning [46, 47]. Noteworthy,
even insignificant changes in metabolism are accom-
panied by changes in the free NAD/NADH couples
ratio, which in turn causes a change in the flow of
carbon to the glycolysis or gluconeogenesis at the
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Fig. 2. Western blotting of SIRT2 (43 kDa) in the nu-
clear extracts of rat brain tissues. A — Representa-
tive Western blot and B — densitometric analysis of
SIRT? protein content. The control values are taken
as 1. Statistically significant differences are ex-
pressed as mean £ SEM of three experiments (n = 3)
in duplicate. *P < 0.05 vs. control; *P < 0.05 vs.
diabetes

level of the glyceraldehyde-3-phosphate dehydro-
genase reaction [48]. Results obtained in our previ-
ously published data revealed that the NAD™" content
in brain of diabetic rats was reduced [10]. That is
why it is not excluded that the ratio of free NAD/
NADH couples also will be changed whereas its
maintenance is very important. Indeed, we observed
the alterations of metabolites equilibrium concen-
trations which lead to the reduction of the ratio of
free NAD/NADH couples in the brain of diabetic
rats to 60.1 versus 186.2 in the control (Fig. 3). Such
changes in the oxidation-reduction state can lead to
disturbances in the dynamic equilibrium between
the oxidation of glucose in NAD-dependent glyco-
lysis and the NADPH-dependent pentose phosphate
pathway and enhance DE development.

It was shown that administration of ISO or
NAm to diabetic rats lead to slight increase the ra-
tio of free NAD/NADH couples in the brain to 73.4
in case of ISO and more profound for NAm up to
107.5, that may result in the enhanced fuel oxida-
tion and amplification of NAD*-dependent SIRT-1
pathway in brain, leading to the improvement of in-
sulin sensitivity and glucose homeostasis. It should
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Fig. 3. The ratio of free NAD/NADH couples in
the rat brain, mean + SEM of five of experiments.
*P < 0.05 compared to control group, "P < 0.05
compared to diabetic group

be noted that our findings are consistent with results
concerning Parkinson’s disease that does not exclude
the common mechanisms of neurodegenerative pro-
cesses development in the nervous system [52].

In conclusion, it is becoming clear that both
SIRT1 and SIRT2 play an important role in brain
functioning and alterations of their expression in-
duced by diabetes lead to brain dysfunctions which
can be accompanied by cognitive impairment
development. However, the results of the present
study have shown that among investigated PAPR-1
inhibitors only NAm can partially ameliorate sirtuins
expression and improve redox state in brain of dia-
betic rats. Unlike ISO, anti-diabetic efficacy of NAm
may also be associated with formation of 1-methyl-
nicotinamide, one of the endogenous products of
NAm, due to its ability to attenuate deleterious ef-
fects of diabetes in the CNS as we observed erlier
[13]. We also emphasize here that the inhibition of
PAPR-1 may be linked with improvement of SIRT1
and SIRT?2 functioning during hyperglycemia, pos-
sibly due to influence of NAm on the sirtuins expres-
sion. More importantly, our results indicate the need
to develop more specific modulators of these sirtuins
that would not cause any side effects. Therefore these
sirtuins can be promising and potential therapeutic
targets for treatment of diabetic encephalopathy.
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3MIHA EKCITPECIi CHPTYIHIB 112
B MO3KY IIYPIB 3 IHIYKOBAHUM
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MosexynsipHi MeXaHi3MH1 MaTOreHe3y
niabetnunoi ennedanomnarii ([ E), omHorO0 13 Cepifos-
HUX YCKJIaAHEHb LIYKPOBOT'O A1a0€Ty, € CKJIAJHUMH.
VY wit podoti mocmimxyBanu excrpeciro SIRT1 Ta
SIRT2 K KJIFOUOBY B PO3BUTKY AUCQYHKIIIT MO3KY
Ta MOXJUBICTh iHTIOITOpiB PARP-1 BrinmmBath Ha
EKCIIPECil0 IMX MPOTEIHIB 3 METOI0 MOINEPEIKeH-
Hs po3BuTKy JIE B mypiB i3 giaberom 1-ro Tuiy.
Uepes 10 TIXHIB PO3BHTKY ITyKpPOBOTO miabery,
IHIyKOBaHOTO cTpernto3oTonnHoM (70  Mr/KT),
nrypaM-caMirsiM JTiHii Wistar BBogwuii iHTiIOITOPH
PARP-1, 1,5-i3oxinomiumgion (ISO) abo HikoTHHAMI
(NAm) (3 a6o 100 mr/kr/moOy BiAMOBiAHO) TPO-
TATOM 2 THXHIB. B ekcrepumeHTHn Oynu B3sTI
[Ty pH i3 piBHEM TIIOKO3W B KpoBi Oimbre 19,7 + 2.1
MMouTb/11. BectepH-O0T aHamiz OyB mpoBeneHUI
IUIsl OUiHKK BIWBY iHTiOITOpiB PAPR-1 Ha piBHI
excrpecii SIRT1 ta SIRT2. JliabeT mpu3BOIUB 110
3HagHOTO 3HIKeHHs ekcnpecii SIRT1 Ta HagmipHOT
excrpecii SIRT2 B samepHHX eKCTpaKkTax MO3KY
Mia0eTUYHUX TIYPiB MOPIBHSHO 3 HEMIa0eTHIHUM
KoHTpojeM. Bpemenns NAm  mnpurHidyBayio
HaaMipHY ekcripeciro SIRT2 B spepHUX eKcTpakTax
MO3KY B Jia0€THYHUX IIypiB 1 HE3HAYHOIO MipOIO
migBuiyBas ekcrpecito SIRT1, tomi sk ISO He
BILIMBAaB Ha EKCIIpecito 000X cuptTyiHiB. binbiie
TOTO, BUSIBIICHO, IO B MO3KY Jia0eTHYHHUX ILIypiB
cruiBBigHomeHHs: BUIbHUX NAD/NADH map Oyio
B 3,1 pa3a HWXYE TOPIBHIHO 3 HEAiaOCTHUIHHUM
KOHTpoJieM. 3actocyBaHHsi [SO copuumHIOBajIo
He3HayHe 301JbIICHHS CIMiBBIIHOLICHHS BIJIBHUX
NAD/NADH mnap y Mo3ky AiabeTHYHHX MIypiB,
toli ik NAm 30i/bI1yBaB 1€l moka3Huk y 1,7 pasza
MOPIBHAHO 3 Mia0eTHyHUMHU mIypamu. Opepkani
JaHi CBiTYaTh MpO Te, o 3MiHu ekcmpecii SIRTT i
SIRT2 B axpax KJIITHMH MO3KY 1ia0CTHYHUX IIypiB
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MOXYTh TMPHU3BOJUTH 10 PO3BUTKY TUCQYHKIIIH
MO3Ky. OfMH 3 HEHPONPOTEKTOPHHX MEXaHi3MiB
nii NAm Takox Moke OyTH peali3oBaHUH HIISTXOM
raneMyBaHHs ekcrpecii SIRT2 B sigpax KIiTHH ro-
JIOBHOT'O MO3KY, L0 3HM)KYE PiBEHb IPOTPECYBaHHS
IHJIyKOBaHUX J11a0ETOM 3MiH 1 MOXe OyTH Tepares-
TUYHUM 32C000M JUJIs1 JTIKYBaHHS TUCQYHKIIIH MO3KY.

KniogoBi cmoBa: mykpoBud miaber,
excrpecisi cupryiniB, SIRT1, SIRT2, inriGitopu
PARP-1, 1,5-130X1HOJIIH110JI, HIKOTHHAMIJI.
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