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SUMMARY : The chronic consumption of alcohol causes a worsening of the events that follow the cerebral ischemia. These
events are regulated through the expression of several genes and microRNAs. The aimof this work was To analyze and describe th
expression profile of PARP and AIF and miRNA-9 proteins in rats submitted to focal cerebral ischemia, associated or nmiwith ch
alcoholism model. Methods: Twenty adult Wistar rats, subdivided into: control; ischemic; alcoholic and ischemic / alcahmolized f
immunohistochemical analysis and miRNA-9 gene expression. Results: There was a reduction in the protein expression ol PARP-1 an
a positive marking for AIF in the ischemic / alcoholized group. The miRNA-9 did not obtain significant expression. Thécasebciat
ischemia with chronic alcohol use promoted a tendency to low expression of miRNA-9, low expression of PARP-1 and higin expressio
of AlF, indicating an interference in the protective effect of miRNA-9 be observed in the other groups.

KEY WORDS: PARP-1; AlIF; miRNA-9; Cerebral ischemia; Alcoholism.

INTRODUCTION

Cerebral ischemia is one of the most seriougrocess related to brain injury is apoptosis (Adias, 2010;
cerebrovascular diseases, causing morbidity and mortalifyanget al, 2017).

worldwide (Donnaret al, 2008; Mandeét al., 2012).

Apoptotic cells are present in the ischemic area and
The use of alcoholic beverages is a risk factor fajs can be reduced with adequate pharmacological treatment
cerebrovascular accident and cardiovascular diseag&gbradoet al, 2003). The duration and severity of the
(O'Keefeet al, 2014). ischemic process determine whether the cells will undergo
rapid death by necrosis or slower and more controlled

In addition to advanced intravascular procedures, thaterioration, culminating in death by apoptosis (Metta
most commonly used treatment for cerebral ischemia is thg, 2007).

administration of thrombolytic agents, recombinant tissue

plasminogen activators and calcium ion antagonists PARP-1 / AIF. The study of poly (ADP-ribose)
(Ginsberg, 2008). However, some challenges such as f§lymer (PAR) occurs because of its influence on mitosis
early administration of these drugs, as well as their frequ%}bgression’ DNA repair mechanisms, transcriptiona| con-
side effects, may be an obstacle to clinical efficacy (Goldstei| and caspase-independent cell death. Traditionally, PAR
& Rothwel, 2012). is produced in response to DNA damage, but its role in cell
death suggests that alterations to the synthesis or metabolism

Ischemic stroke is responsible for a large proportiogf PAR may be interesting therapeutic options for a variety

of cerebrovascular disease. The main pathophysiologiG# diseases (Heeres & Hergenrother, 2007).

1 Medicine School of Ribeirdo Preto, Department of Surgery and Anatomy — Ribeirdo Preto — SP, Brazil.
2 Medicine School of Franca, Franca — SP, Brazil.

616



ABRAHAO, D. P. S.; NETO, F. S. L.; RODRIGUES, A. R.; CIRINO, M. L. A; SILVA, J. P.; SARRAIPO, V. S.; CARVALHO, C.A. M.; TAZIM A, M. F. G. S.; CARLOTTIJR, C. G.;
COLLI, B. O.; TIRAPELLI, L. F. & TIRAPELLI, D. P. C.  AlF, PARP-1 AND MicroRNA-9 expression in cerebral ischemia associated to alcoholism experimental model.
Int. J. Morphol., 38(3516-621, 2020.

The major enzyme responsible for the production of The design of the experiments carried out in this study
PAR polymers is poly (ADP-ribose) polymerase-1 (PARPwas submitted and approved by the Ethics Committee on
1), corresponding to more than 99 % of the synthesis of PARhimal Experimentation (CETEA) of Medicine School of
in the cell during genotoxic stress (Sallmagiral, 2000; Ribeirdo Preto — University of Sdo Paulo.
Hasseet al, 2006).
Experimental groups: The animals were randomly divided
PARP-1 is an abundant nuclear protein that imto 4 groups: group C (control); Group | (ischemic), where
involved in the repair of excision of the DNA base systenthe animals were subjected to focal ischemia by ACM
which is potently activated by notches and breaks in the DN#clusion for 90 minutes, followed by reperfusion of 48
chain (Yuet al, 2006). hours; group A (alcoholic), where the animals received
ethanol diluted to 20 % in water for four weeks and were
Although the exact physiological function of PARP-then sacrificed; group IA (ischemic and alcoholic), where
1is not fully understood, in some tissues it plays an importathie animals were submitted to the same alcoholic protocol
role in DNA repair and genomic stability. Catabolism anaf group A and the same group | ischemia protocol.
metabolism of Poly (ADP-ribose) (PAR) is a dynamic
process, with PAR glycohydrolase (PARG) playing arlcoholic Groups Protocol: The animals of groups A and
important role in polymer degradation (Lehal, 1997). IA were submitted to the model of "semi-voluntary
alcoholism”. As the only source of liquid available to the
Excessive activation of PARP-1 leads to an intrinsianimals, ethanol diluted in water. For alcoholic habituation,
and unique cell death program where the PAR polyméme initial dilution concentration is 5 % for one week,
participates in PARP-1 dependent cell death. Measures tgeaadually increasing to 10 % in the second week and to 20
interfere with PAR actions may offer innovative therapeuti# in the third week. After the third week, the surgical
approaches to treat cell injury (Gibsetnal., 2008). procedure for cerebral ischemia performed.

AIF is also associated with the death of nerve cell§urgical procedure: The surgical procedure for the perfor-
Excessive activation of nuclear ADP-ribose poly (PARPnance of ischemia consists of the occlusion of the middle
sends the signal to the mitochondria, causing release of Alérebral artery (ACM) by the retrograde introduction of an
from the mitochondria to the cell nucleus causing DNAbstructing wire Carlotti Juniagt al (2001). The animals
fragmentation and chromatin condensation @te#t, 2004). were maintained under stable conditions during the period

of ischemia and after the 90 minutes period of focal ischemia

AIF has two independent functions: one within thénad elapsed. The reperfusion period was 48 hours.
mitochondria, involved in cell survival, probably by
assembly or stabilization of the respiratory complex | andnmunohistochemical analysis:After the reperfusion
another as a promoter of cell death, due to the activationperiod, euthanasia was performed and sections of the brain
PARP- 1, which releases AlF to the cytoplasm that will entéissue were submitted to immunohistochemical analysis for
the nucleus to induce cell death (Dagtdal., 2009). antibodies related to the apoptosis mechanism: PARP 1 and

AlF.

This pathway of cellular suicide has been implicated
in several clinical situations, such as stroke, myocardial The expression of the proteins studied was performed
ischemia, diabetes, cardiovascular dysfunction associateader a microscope (Axioskop 2 plus, Zeiss, Germany),
with diabetes, shock and central nervous system injuries doereasing by 400x. Two parameters were analyzed:
to trauma, etc. (Sriramt al, 2015).

A) Percentage of positively labeled cells (neurons and cells

of neuroglia) in dorsolateral cortex (CDL) and area lateral
MATERIAL AND METHOD cortex (CL), both of the left cerebral hemisphere. For

counting, two fields with a magnification of 400X, for each

area under study were chosen in the regions of the cortex
For this study, 40 male Wistar rats weighing approximatelyayers): a medial field and a lateral field. However, in each
280 to 310 grams were used. The animals were kept unéietd chosen, the counting was performed on the layer (s)
standard conditions, with light cycle of 12 hours, undewhere there was the highest positive mark (hot spot regions)
controlled temperature and relative humidity, in appropriafer the respective protein under study (PARP 1 and AlF).
cages and submitted to standard feed and water ad libitimom the count of the total number of positive and negative
until euthanasia. cells, the percentage of positive cells was calculated.
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B) Percentage of positively labeled cells (neurons an8tatistical analysis:The Kruskal-Wallis test and the Dunn’s
neuroglia cells) in the striatum (S) of the left cerebramultiple-comparison test of the GraphPad Prism version 4.00
hemisphere. For the cell counts, two fields were chosen irfa Windows program (GraphPad Software, San Diego -
400X magnification: a medial field and a lateral field (Fig. 2)California USA) were used for the evaluation of protein
However, in each field chosen, the counting was performexpression and gene expression. Statistically significant
in the regon where there was the highest positive cell markingalues of p <0.05.

(hot spot regions) for the respective protein under study (PARP

1 and AIF). From the count of the total number of positive and

negative cells, the percentage of positive cells was calculat@ESULTS

Analysis of the serum gene expression of MiRNA-%or

the analysis of gene expression, 1 ml of blood was collected Immunohistochemical analysis of PARP-1/AIF: It

in a single moment for the four groups under study usingas noted positive nuclear stain for PARP-1 protein in all

the real-time PCR method with the use of TagMan Mast#te groups analyzed at areas CDL, CL and S. The comparison

Mix reagent (Applied Biosystems). among the groups identified a decrease at PARP-1 protein
expression in animals from group Al when compared to the

The data were constantly collected during the PC&hers (Figs. 1 A, B, C).
and analyzed in ABI-7500 SDS software package.
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Fig. 1. Graph representation of average and standard variation of: A- PARP expression at CDL at analyzed groups (p=0a0014 Krusk
Wallis test). Group C versus Al (p=0.0079**); group A versus Al (p=0.0119*), Dunn’s post test. B- PARP expression at CL at
analyzed groups (p=0.0045 Kruskal-Wallis test). Group C versus Al (p=0.0159**); group A versus Al (p=0.0079*), Dunn’s post test
C- PARP expression at S at analyzed groups (p=0.0042 Kruskal-Wallis test). Group C versus Al (p=0,0079**); group A versus Al
(p=0,0079%), Dunn’s post test. D- AIF protein expression at CDL at analyzed groups (p=0.0003 Kruskal-Wallis test). E-iAIF prote

expression at CL at analyzed groups (p=0.0187 Kruskal-Wallis test). There was not statistical difference among the difeups. F- A
protein expression at S at analyzed groups (p=0.0187 Kruskal-Wallis test). There was not statistical difference amorg the group

618



ABRAHAO, D. P. S.; NETO, F. S. L.; RODRIGUES, A. R.; CIRINO, M. L. A; SILVA, J. P.; SARRAIPO, V. S.; CARVALHO, C. A. M.; TAZIM A, M. F. G. S.; CARLOTTIJR, C. G;
COLLI, B. O.; TIRAPELLI, L. F. & TIRAPELLI, D. P. C.  AIF, PARP-1 AND MicroRNA-9 expression in cerebral ischemia associated to alcoholism experimental model.
Int. J. Morphol., 38(3p16-621, 2020.

It was noted positive stain in all the groups, but groufl when compared to the others (Figs. 1 D, E,IFvas
Al presented the lowest one (Fig. 2). seen positive stains only for the group Al (Fig. 2).

| was seen positive nuclear stain for AIF protein in MiRNA-9 serum genic expression analysis. The serum
all the groups analyzed at CDL and CL, exclusively at S faxpression of miRNA-9 and was low for all the groups, being
the group Al. The comparison among the groups identifiete highest one for animals from group C, but without statistical
an increase of AIF protein expression in animals from growgignificance (p=0,3309, Kruskal-Wallis test).

Fig. 2. Photomicrograph of dorsolateral cortex (CDL) of PARP-1 immunohistochemistry. A: group C; B: group A; C: groupupD: gro
Al. Positively stained cells for PARP-1 are identified by the arrows. The highest positive stain was found at group Al. 400x.

DISCUSSION

In the cerebral ischemia the inhibition of signalingonly neurons, but also other types of cells present in brain
pathways involved in oxidative stress, inflammatoryissue. For this, it is important to identify suitable targets
responses, and subsequent damage of neuronal apoptosipasdibly expressed in most cell types.
death (Aba®t al).

In recent years, some PARP-1 inhibitors, given after

Evidence suggests that in order to achieve posterebral ischemia, have emerged as interesting tools to re-
ischemic neuroprotectidn vivoit is imperative to save not duce post-ischemic brain damage. Some laboratory studies
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have reported that PARP activation may be detrimental lmwever it can be observed that groups A, | and Al presented

most brain cells, and PARP inhibitors may reduce tisslewer expression when compared to group C.

damage, improving survival of neurons and glial cells among

others (Moroni & Chiarugi, 2009). Our data corroborate with other studies, which

demonstrated that high doses (320mg / dl) of ethanol

In the present study, the expression of the PARPsLippress the expression of specific miRNAs during cortical

enzyme was increased after the ischemia process, althonglurogenesis (miRNA-21, miRNA-335, miRNA-9 and

protein expression was not always altered (O’'Ke¢f®). miRNA 153) (Hassat al).

Slight DNA damage occurs, PARP-1 activation No data were found in the literature related to
results in poly (ADP-ribosylation) alone, histones, and oth@niRNA-9 where there was association of the I/ R mechanism
factors involved in DNA repair and control transcriptionalassociated with chronic alcohol use, however, our results
These effects lead to the repair of DNA lesions and ceduggest that the association of these two factors did not
survival. In contrast, excessive DNA damage leads to tipeovide significant alteration in miRNA-9 expression.
hyperstimulation of PARP-1 which produces large amounts
of PAR polymers, leading to the translocation of AlIF and to Alcoholism is a multigenic disease in which large
the process of apoptosis independent of caspase or necrgsise networks are affected. Considering the general effect
(Heeres & Hergenrother). of miRNA-9 on the expression of several genes relevant to

ethanol actions on the CNS, it is tempting to speculate that

Analyzing our results we can suggest that loumiRNA-9 plays a substantial role in mediating the effects
expression of AIF in group | indicates that the ischemiaf ethanol on the development of alcoholism. (Griffiths-Jones
model possibly generated slight DNA damage whicht al, 2006).
stimulated the activation of PARP-1 only at levels sufficient
to promote DNA repair and not the activation of the process
of apoptosis by the translocation of AIF. As demonstrated @ONCLUSION
our results, the Al group showed a significant reduction in
the protein expression of PARP-1 when compared to the
other groups. On the other hand, there was no protein  This study concluded that the protein expression of
expression of AIF in any of the other groups, being onlpARP-1 was decreased in all brain areas analyzed in the
expressed in the Al group. No data were found in literaturechemic group associated with alcoholism. On the other hand,
that indicated reduced PARP-1 expression in | / R modelse protein expression of AIF increased in these same areas.
associated with chronic alcohol use.

No correlation was observed between the expression

In experimental models, the use of ethanol wasf mMiRNA-9 with the protein expression of PARP-1 and AlF,
sufficient to cause substantial brain neurodegeneration.dimce miR-9 showed low levels of expression in all groups
this way, PARP-1 is linked to the cell death programs andugen compared to the control group.
triggered by oxidative stress caused by exposure to ethanol.

Our data still differed with other authors who had increased -
levels of PARP-1 in adult rats submitted to the use of chroffBRAHAO, D. P. S.; NETO, F. S .L.; RODRIGUES, A. R

. - CIRINO, M. L. A.; SILVA, J. P.; SARRAIPO, V. S;
gihaelmglobllg)who did not undergo the 1/ R model (Nataraj ARVALHO. C. A. M.: TAZIMA. M. F. G. S.: CARLOTTI

JR, C. G.; COLLI, B. O.; TIRAPELLI, L. F. & TIRAPELLI,

o ) ) . D.P.C.AIF, PARP-1y microRNA-9 expresion en isquemia cere-
In this principle, miRNA-9 is one of the responsiblepra| asociado a un modelo experimental de alcoholigntoJ.
for regulating the serum response factor (FRS) in vitro. FRGorphol., 38(3)616-621, 2020.

is activated in response to ischemia and stimulates precursor

cells (CPOs) to differentiate into mature oligodendrocytes RESUMEN: EI consumo cronico de alcohol provoca un
(OLs). These cells are responsible for the formation of tiggnpeoramiento de los eventos que siguen a la isquemia cerebral.
myelin sheath in an attempt to preserve neurological functidpStoS €ventos estan regulados a través de la expresion de varios
indicating that mIRNA-9 may be involved in the regulation of€"€S ¥ MICTORNA. El objetivo de este trabajo fue analizar y des-

. . cribir el perfil de expresion de las proteinas PARP y AIF y
FRS through an ischemic process (Sallmeinal). microRNA-9 en ratas sometidas a isquemia cerebral focal, asocia-

) ) ) das o no, con el modelo de alcoholismo crénico. Veinte ratas Wistar
~ Inour study, miRNA-9 expression did not present gqultas se dividieron en: grupo control, isquémico alcohdlico, e
statistically significant difference between the groupssquémico / alcoholizado para andlisis inmunohistoquimico y ex-
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presion de genes microRNA-9. Resultados: Hubo una reducciBi¢¢efe. J. H.; Bhatti, S. K.; Bajwa, A.; DiNicolantonio, J. J. & Lavie, C.
en la expresion de proteinas de PARP-1 y un marcado positivoJ‘ Alcohol and card!ovascular health: the dose makes the poison...or
. . . P the remedyMayo Clin. Proc., 89(3382-93, 2014.
paraAIE en _el QV_UPQ 'squem'co_/a|C0h0|'Zado' No se_ ot_)§ervo uggllmann, F. R.; Vodenicharov, M. D.; Wang, Z. Q. & Pairier, G. G.
expresion significativa en el microRNA-9. La asociacion de la  characterization of SPARP-1. An alternative product of PARP-1 gene
isquemia con el consumo cronico de alcohol promovié una ten- with poly(ADP-ribose) polymerase activity independent of DNA strand
dencia a la baja expresion de microRNA-9, baja expresion de PARP-breaks.J. Biol. Chem., 275(2@)5504-11, 2000.
1y alta expresién de AIF, lo que indica una interferencia en 8pbrado, M.; Lépez, M. G.; Carceller, F.; Garcia, A. G. & Roda, J. M.
efecto protector de microRNA-9 en los otros grupos . Combined nimodipine and citicoline reduce infarct size, attenuate
apoptosis and increase bcl-2 expression after focal cerebral ischemia.
. . L . Neuroscience., 118(1)07-13, 2003.
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