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RESUMO
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Programa de Pds-Graduagdo em Bioquimica
Universidade Federal do Pampa

DETERMINACAO DE PARAMETROS OXIDATIVOS E BIOQUIMICOS EM
INDIVIDUOS MULTITRANSFUNDIDOS

Autora: Marilia Sabo Fernandes
Orientador: Prof. Dr. Robson Luiz Puntel
Co-orientador: Prof. Dr. Vanusa Manfredini
Local e Data da Defesa: Uruguaiana, 07 de dezembro de 2012.

O ferro é um elemento essencial que participa de vérias atividades metabdlicas das
células. No entanto, acredita-se que 0 excesso de ferro pode ser uma das principais causas de
estresse oxidativo, em sujeitos submetidos a terapia de transfusdo de sangue. Assim, 0
objetivo deste estudo foi determinar os niveis de ferro plasmatico e avaliar os marcadores de
estresse oxidativo e da atividade das enzimas antioxidantes em individuos anémicos que
receberam repetidas transfusées sanguineas no ultimo ano, em comparacdo com os controles
saudaveis (doadores de sangue). Participaram deste estudo 50 individuos multitransfundidos e
20 controles (nenhuma transfuséo), divididos em 4 grupos: grupo controle (n = 20); grupo que
recebeu até cinco (<5 transfusées) transfusdes de sangue (n = 15); grupo que recebeu de cinco
a dez (5-10 transfusdes) transfusdes de sangue (n = 17); grupo que recebeu mais do que 10
(>10 transfusdes) transfusdes de sangue (n = 18). O conteudo de ferro plasmatico e 0s
marcadores de estresse oxidativo (proteina carbonil, TBARS e DCFH-DA oxidacdo) foram
significativamente mais elevados, enquanto que niveis de total-SH foi significativamente
menor nos individuos que receberam transfusdes de sangue, em comparacao aos controles. A
atividade das enzimas antioxidantes (SOD, CAT e GPx) estavam significativamente
diminuidas nos pacientes multitransfundidos quando comparados aos individuos controles.
Além disso, encontramos correlacGes estatisticamente significativas entre o numero de
transfusdes, o teor de ferro plasmatico, os marcadores de estresse oxidativo (proteina carbonil,
TBARS, e total-SH) e a atividade das enzimas antioxidantes (SOD, CAT, GPx). Em resumo,
nossos dados confirmam o envolvimento do estresse oxidativo em pacientes anémicos apds
repetidas transfusdes de sangue. Além disso, verificou-se que as alteracbes nos marcadores de
estresse oxidativo estdo significativamente correlacionados com o conteddo de ferro e o
namero de transfusdes sanguineas.

Palavras chave: Individuos multitransfundidos; anemia, enzimas antioxidantes, proteina
carbonil, TBARS, total -SH.
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Iron is an essential element that participates in several metabolic activities of cells.
However, its excess is believed to be a major cause of iron-induced oxidative stress in
subjects undergoing blood transfusion therapy. Thus, the objective this study was to
determine the plasmatic iron content and evaluate the oxidative stress markers and the activity
of the antioxidant enzymes in anemic subjects receiving repeated blood transfusions in the
past year, comparing with healthy controls (blood donors). A total of 50 individuals
multitransfused and 20 controls (no transfusion), divided into 4 groups: control group (n=20);
group that received up to five (<5 transfusions) blood transfusions (n=15); group that received
from five up to ten (5 — 10 transfusions) blood transfusions (n=17); group that received over
than ten (>10 transfusions) blood transfusions (n=18). Plasmatic iron and oxidative stress
markers (protein carbonyl, TBARS and DCFH-DA oxidation) were significantly higher,
whereas total -SH levels was significantly lower in subjects receiving blood transfusion
compared to controls. Additionally, the activity of the antioxidant enzymes (CAT, SOD and
GPx) were significantly lower in the multitransfused subjects whem compared to controls
subjects. Moreover, we found statistically significant correlations between the number of
transfusions, the plasmatic iron content, the oxidative stress markers (protein carbonyl,
TBARS, and total —-SH) and the activity of the antioxidant enzymes (CAT, SOD, and GPx). In
summary, our data confirm the involvement of oxidative stress in anemic patients after
repeated blood transfusions. Additionally, we found that the changes in the oxidative stress
markers are significantly correlated with both iron content and number of blood transfusions.

Keywords: Multitransfused subjects, anemia, antioxidant enzymes, protein carbonyl,
TBARS, total -SH.
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1. INTRODUCAO

A transfusdo sanguinea pode salvar vidas e existem varias condi¢des hematoldgicas
para as quais a transfusdo continua de concentrado de hemécias € a Unica terapia disponivel
(LAMBING et al, 2012). Nos EUA, aproximadamente de 14 a 15.000.000 unidades de sangue
séo coletadas anualmente e transfundidas em cerca de cinco milhdes pessoas (LANGLOIS et
al, 2004). Entretanto, os individuos que recebem regularmente transfusdes de concentrados de
hemacias inevitavelmente desenvolvem sobrecarga cumulativa de ferro, e consequentemente,
risco de toxicidade devido a esse metal (SAZAMA et al, 2010; SHANDER et al, 2009;
LAMBING et al, 2012). O excesso de ferro transfusional pode ocasionar inimeras
complicac6es no organismo (SAZAMA et al, 2010), tais como o estresse oxidativo (FIBACH
et al, 2010), peroxidacéo lipidica (CIGHETTI et al, 2002), osteoporose (TSAY et al, 2010),
cirrose, miocardiopatia e distdrbio do sistema endocrino (HERSHKO et al, 2010),
hemocromatose (ALLEN, 2010), necrose hepatocelular (TOYOKUNI, 2011), fibrose hepatica
(RAMM et al, 2005), carcinoma hepatocelular (KEW, 2009), sendo a principal causa
secundaria de 6bito em pacientes com talassemias (SIMOES et al, 2010). A sobrecarga de
ferro afeta a morbidade e a mortalidade em individuos dependentes de transfuses sanguineas
(SAZAMA et al, 2010; GHOTI et al, 2010).

O ferro € um metal potencialmente toxico por ser capaz de catalisar reacdes de geracao
de espécies reativas de oxigénio (ERO), como a Reacdo de Fenton, podendo desencadear um
desequilibrio no balango redox celular. Quando a geracdo de ERO ultrapassa a capacidade de
reparo das defesas antioxidantes do organismo, cria-se um estado denominado de estresse
oxidativo (HALLIWELL, 2006; CHUNG et al, 2005). Conseqiientemente, as ERO interagem
com varios componentes celulares, ocasionando oxidacdo de biomoléculas e danos celulares
(GHOTI et al, 2010; GATTERMANN et al, 2011; HALLIWELL, 2006; SHANDER et al,
2009; FIBACH & RACHMILEWITZ, 2008).

Considerando que onumero de transfusdes sanguineas € um preditor da sobrecarga de
ferro nos tecidos, consequentemente, as multiplas transfusées sanguineas geram risco de
toxicidade ao organismo. Entretanto pouco se sabe como as transfusdes sanguineas afetam o
sistema antioxidante em seres humanos e poucos estudos foram desenvolvidos até a presente
data. Neste contexto, objetivo deste estudo foi determinar os niveis de ferro plasmatico e
avaliar os marcadores de estresse oxidativo e da atividade das enzimas antioxidantes em

individuos multitransfundidos, como evidéncia de estresse oxidativo nesses individuos.
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2. REVISAO BIBLIOGRAFICA

2.1 Transfusdo sanguinea

A transfusdo sanguinea € uma pratica relevante na terapéutica moderna e consiste,
resumidamente, na técnica médica de transferéncia de sangue de um doador saudavel a um
receptor (BRASIL 1, 2008). Somente no Brasil, no ano de 2010, foram realizados o
quantitativo de 3.970.792 procedimentos transfusionais, referindo-se a rede publica, servigos

filantropicos, privados conveniados aos SUS e somente privados (BRASIL 11, 2011).

2.1.1 Hemocomponentes

Os hemocomponentessdo obtidos atravésdo processamento do sangue total oriundo
da doacdo de sangue de um doador saudavel. No Brasil, este processo esta regulamentado
pela Lei n® 10.205, de 21/3/2001, pela Resolucdo da Diretoria Colegiada n° 153, de 14 de
junho de 2004 e pela Portaria n° 1353, de 13 de junho de 2011. Toda doacdo de sangue deve
ser altruista, voluntaria e ndo-gratificada, assim como o anonimato do doador e o sigilo de
suas informagfes devem ser garantidos.O processamento é feito por meio de centrifugagéo
refrigerada, no qual se fraciona o sangue total em hemocomponentes eritrocitarios,

plasmaticos e plaquetarios (Figura 1).

2.1.2 Concentrado de Heméacias:

O concentrado de hemacias (CHAD) é o hemocomponente constituido pelos globulos
vermelhos ou eritrocitos, apds a remocao do plasma. Os globulos vermelhos estdo presentes
no sangue, em condicBes normais, por aproximadamente de 4,5 a 6,5x10°/mm3. Séo
constituidas basicamente por hemoglobina, uma metaloproteina composta de quatro
grupamentos heme que contém o ferro. Tem como funcdo o transporte de oxigénio e géas
carbbnico no organismo, com meia vida aproximada de 120 dias (VERRASTRO, 2005;
PIERGE et al, 2008).


http://pt.wikipedia.org/wiki/Metaloprote%C3%ADna

Sangue total fresco - 1 doador

Usado para obteng3o dos componentes do
sangue.

Sangue total centrifugado

Apos a primeira centrifugagdo, o sangue fica
separado em plasma rico em plaquetas e
hemacias, hemocomponentes a serem
trabalhados e usados nas transfusces.

il
= Crioprecipitado:

Concentrado de
Plasma rico em plagquetas hemicias
Usado em
cirurgias,
transplantes,
casos de
anemia em
geral, leucemia
= 7 e doenga
/-—"‘D‘Q\ falciforme
2 Plasma Fresco
4 Congelado
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obteng uo de todos
os fatores
plasmaticos da
coagulag3o, alem
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\
Resulta do processo de Q Q
descongelamento do Plasma Fresco
Congelado. Os produtos resultantes
530 o Fatores Vill e XIII,
Fibrinogénio e Fator de von - -
Wiliebrand, todos usados em Hemacias H as H as
pacientes com deficiéncias em tais Lavadas Irradiadas Fitradas
. componentes Sanguineos: - -
Coroemr:dodo ;o i :. 530 :r:“‘ o Gravidss ¢
.md' e 30 produtos obtidos reagdee racém-
industrialmente, a partir do plasma m* pramaturos | nascidos
b L e pasmaicn | = -
::raevyu_rrezgoes de deficiéncias de £ o 2 “"mm Trarecae
coagulagio: & para ossea -A
Hemofilia A: Concentrado de Fator racuzir o fitragsm
Vi contsvoo -A s0e
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" amwtar & ae raagtes
Doenga de von Willebrand: resg3o

Figura 1. Hemocomponentes sanguineos.”

YFigura disponivel em <http://www.fundaciohemominas.mg.gov.br
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As transfusdes frequentes de globulos vermelhos s&o necessarias em doengas que estdo
associadas com a producdo ineficaz e/ou o excesso de destruicdo de eritrdcitos,
comotalassemia major, doenca falciforme, anemia cronica e certas neoplasias malignas. A
terapia de transfusdo aguda de concentrado de heméacias em pacientes criticamente doentes
tem efeitos significativos, como o aumento da mortalidade, a internacdo prolongada e o risco
elevado de infeccdo hospitalar. A terapia de transfusdo crénica de concentrado de hemécias
tem como consequiéncia a sobrecarga cumulativa de ferro, podendo catalisar a producdo de
ERO e estd associada as lesdes no figado, coracdo, e 6rgaos enddcrinos (OZMENTet al,
2009).

Cada unidade de CHAD contém aproximadamente 250 mg de ferro heme, 100 vezes
mais do que a ingesta diaria desse metal, e 0 acimulo significativo de ferro pode ocorrer apds
a transfusdo de 10 a 20 unidades de concentrado de hemacias.Um individuo apos receber
cerca de 20 unidades de CHAD, vai acumular aproximadamente 5g de ferro, excedendo o
nivel de ferro do organismo e ocasionando sobrecarga de ferro transfusional (SHANDER,
2009; LIST, 2010; ANDREWS, 1999; CRICHTON, 2003; PORTER, 2001; MAJHAIL et al,
2008) (Figura 2).

Iron Overload
Iron accumulation in organs

Pituitary ———
Parathyroids ——
Hean —~—. " .
% . Macrophage Catabolization
Liver J of Red Blood Cells
Pancreas ———
Gonads Saturation of
transferrin
NTBI Red Blood Cells

Ongoing erythropoietic
signals may contribute
to suppression

Accumulation

NTBl—nontransferrin-bound ron; TB-Fe—transferrin-bound iron

Figura 2. Fisiopatologia da sobrecarga de ferro transfusional.?

“Figura retirada de SHAH et al, 2012
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2.2 Ferro

O ferro € um elemento essencial para a atividade celular e desempenha um papel
fundamental em varias reacfes bioquimicas que envolvem o transporte de oxigénio e a
transferéncia de elétrons no metabolismo energético celular (LINDER, 1991; COLPO, 2008;
MAJHAIL et al, 2008; SAZAMA et al, 2010). O ferro distribui-se amplamente nos tecidos,
totalizando cerca de 3,5 a 4,59 em um individuo adulto, onde 70 a 80% sao considerados ferro
funcional. O ferro circula no plasma ligado a transferrina, e no estado de equilibrio, ndo ha
ferro livre circulante. A maior parte do ferro estdincorporado a hemoglobina e o resto é
armazenado em ferritina, mioglobina, enzimas ou como ferro livre (SHAH et al, 2012;
ANDREWS, 2005).

2.2.1Homeostase do ferro

A homeostase do ferro é bem regulada no organismo, pois tanto um aporte deficiente,
quanto um acumulo excessivo de ferro conduzem a um desequilibrio. A absorcdo do ferro é
controlada a nivel intestinal pelo regulador hepcidina, que no excesso de ferro inibe sua
absorcdo intestinal e na deficiéncia de ferro, aumenta a absorcdo intestinal desse
metal MAJHAIL et al, 2008; SAZAMA et al, 2010). Segundo GHOTI et al, 2010, a
hepcidina é omelhor regulador do metabolismo do ferro. A producéo de hepcidina é regulada
por varios fatores, e estd aumentada em resposta a sobrecarga de ferro e inflamacéo, e
diminuida ap6s a hipoxia, intensa atividade eritropoiética e estresse oxidativo (LEE &
BEUTLER, 2009) (Figura 3). Pacientes multitransfundidos com mielodisplasia desenvolvem
sobrecarga de ferro e estresse oxidativo, suprimindo a producdo de hepcidina (LEE &
BEUTLER, 2009). Aproximadamente 1-2mg de ferro é eliminado do organismo diariamente
pelas secrecdes corporeas, descamacdo da pele e intestino ousangramento menstrual. O
organismo ndo possui um mecanismo especifico para eliminar o excesso de ferro,e 0 aumento
do aporte de ferro, tanto por via gastrointestinal como por via parenteral, necessariamente leva
a condicdo patoldgica de sobrecarga de ferro (GATTERMANN et al, 2011; MAJHAIL et al,
2008; LAMBING et al, 2011; SAZAMA et al, 2010). Distarbios no metabolismo do ferro
podem ser encontrados na hemocromatose hereditaria (HH), alguns tipos de anemia

(talassemia major, anemia sideroblastica, hemolitica crénica), hepatopatia crénica,
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hemodialise prolongada, hepatite C, porfiria cutanea tarda, sindrome da sobrecarga de ferro,
entre outros (FREITAS E MENEGHINI, 2001).

Hepcidin triggers
internalization and Intestinal Absorption
i usisuum Gegradation of feroportin, : .
Hepddin Production trapping iron inside cells. Ferroportin provides

channel for iron exchange
between cells and plasma.

by Liver

Macrophage Catabolization

of Red Blood Cells
Plasma TB-Fe

Erythropoiesis

| Red Blood Cells

TB-Fe—transferrin-bound iron

Figura 3. Homeostase do ferro.

2.2.2Toxicidade

O ferro € um metal potencialmente toxico por ser capaz de catalisar reac6es de geracao
de ERO, devido a sua capacidade de doar e receber elétrons, interconvertendo-se entre o
estado ferrico e ferroso. Consequentemente, as ERO interagem com Vvarios componentes
celulares ocasionando oxidacdo de biomoléculas (GHOTI et al, 2010; FIBACH &
RACHMILEWITZ, 2008; EMERIT et al, 2001; GURZAU et al, 2003). Quando a sobrecarga
de ferro supera a capacidade de transporte de ferro da transferrina, ele é depositado nos
tecidos como ferro livre (SHANDER et al, 2009). O ferro livre participa da reacdo de Fenton
(Esquema 1), que catalisa uma reacdo ndo enzimatica a partir de peroxido de hidrogénio,
resultando na formacdo do radical hidroxila (OH™), um potente oxidante, com capacidade de
atravessar membranas e reagir com moléculas celulares, sobrecarregar a capacidade
antioxidante celular e esgotar antioxidantes celulares como a glutationa (GSH), resultando em
dano tecidual oxidativo e disfuncdo de diversos érgaos vitais (GATTERMANN et al, 2011;
HALLIWELL, 2006; SHANDER et al, 2009; FIBACH & RACHMILEWITZ, 2008).

®Figura retirada de SHAH et al, 2012
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Vaérios estudos tém relatado o aumento do risco de cancer em condi¢des de sobrecarga
de ferro, como observado na hemocromatose, onde oaumento das células contendo ferro pode
produzir eventos genotdxicos pela inducéo do estresse oxidativo (TOYOKUNI, 1996).

Fe** + 0,” > Fe* + O, 1)
Fe** + H,0, — Fe*" + OH +OH )

(1) Reducio do Ferro da forma férrica (Fe 3*) para forma ferrosa (Fe 2%); (2) Reacio de Fenton:

geracdo do radical hidroxil(OH) através da reagio entre Fe®* e peréxido de hidrogénio (H,0.).

Esquema 1: Reacdo de Fenton

2.3.  Estresse Oxidativo

As espécies reativas de oxigénio (ERO) sdo atomos ou moléculas que contém um
namero impar de elétrons em sua ultima camada eletrbnica, o que confere uma alta
reatividade a essas moléculas, e sdo encontradas em todos os sistemas biologicos. Em
condicdes fisiologicas do metabolismo celular aerébio, o oxigénio sofre reducdo, resultando
na formacao de dgua. Durante esse processo, cerca de 2 a 3% desse oxigénio molecular sofre
reducdo incompleta, originando intermediarios reativos, tais como o radical superdxido (O2),
hidroperoxil (HOy), hidroxil (OH) e peréxido de hidrogénio (H,O,).Normalmente essa
reducdo ocorre na mitocondria e, em condi¢cBes normais, 0 organismo Possui mecanismos
compensatérios para sequestramento das espécies reativasformadas nesse processo
(FERREIRA et al, 1997) (Figura 4).

As ERO no organismo sdo neutralizadas por substancias antioxidantes. Segundo
HALLIWELL (2000), “Antioxidante é qualquer substancia que, quando presente em baixa
concentracdo comparada a do substrato oxidavel, regenera o substrato ou previne
significativamente a oxidacdo do mesmo”. Os antioxidantes podem agir enzimaticamente
detoxificando o agente oxidante antes que ele cause lesdo, como a glutationa peroxidase
(GPx), a catalase (CAT) e a superoxido dismutase(SOD); ou ndo enzimaticamente, reparando
a lesdo ocorrida, como a glutationa (HALLIWELL, 2000; FERREIRA et al, 1997).

Quando ocorre um desequilibrio no balanco redox, onde a geracdo de ERO ultrapassa

a capacidade de reparo das defesas antioxidantes do organismo,com a potencialidade de
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exercer efeitos deletérios, cria-se um estado denominado de estresse oxidativo
(HALLIWELL, 2006; VASCONCELOQOS et al, 2007). Os danos oxidativos causados pelos
altos niveis de ERO ocasionam modifica¢des importantes a biomoléculas conduzindo a danos
celulares, nas membranas lipidicas, nas proteinas citosolicas e de membrana, e danos nas
bases nitrogenadas do acido desoxirribonucléico(DNA) (BIANCHI et al, 1999), e tém sido
relacionados com a etiologia de véarias doencas, tais como as cardiopatias e aterosclerose
(BATLOUNI, 1997), diabetes tipo 1l (MANFREDINI et al, 2010), problemas pulmonares
(FERREIRA et al, 1997), erros inatos do metabolismo (SITTA et al, 2009; RIBAS et al,
2010), envelhecimento cutaneo (HIRATA et al, 2004), carcinogénese (LOUREIRO et al,

2002), entre outros.
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Figura 4. Redugéo tetravalente do oxigénio molecular na mitocéndria até a formagao de agua. Varias espécies de
ERO sio formadas nesse processo. *

2.4 Marcadores do estresse oxidativo

Usamos o0s biomarcadores sanguineos do balanco redox para refletir os danos
causados pelas ERO e a eficiéncia das defesas antioxidantes do organismo. Esses marcadores
podem avaliar o dano oxidativo em componentes celulares como asestruturas lipidicas,
através da peroxidacdo lipidica (LPO) e avaliar o dano oxidativo a proteinas, através dos
compostos carbonilicos e sulfidrilicos. Também podem avaliar a defesa antioxidante
enzimatica, como a SOD, a CAT e a GPx, queconstituem a primeira defesa endégena de
neutralizacdo das ERO (HALLIWELL E GUTTERIDGE, 1999; AMES et al, 1993).

*Figura retirada de FERREIRA et al, 1997
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2.4.1. Peroxidacao lipidica (LPO)

As ERO podem atacar as membranas celulares, as quais contém uma grande
quantidade de acidos graxos poliinsaturados. A peroxidacdo lipidica da-se pela reacdo dos
radicais livres com os lipideos insaturados das membranas, resultando na formacdo de hidro
ou lipoperéxidos, que sdo altamente reativos e podem dar inicio a uma cascata oxidativa, com
severos danos a integridade da membrana. Nessa reacdo ocorre a liberacdo de produtos de
degradacdo de é&cidos graxos, como o malondialdeido (MDA), e a quantificacdo deste
composto tém sido utilizado para avaliar a extensdo do dano oxidativo (MARNETT, 1999;
OHKAWA et al, 1979).

2.4.2. Oxidagéo de proteinas

As proteinas s@o alvos imediatos para a modificacdo oxidativa ocasionada por ERO,
alterando sua estrutura e provocando perda de funcdo e fragmentacdo das estruturas
proteicas.A formacdo da proteina carbonil parece ser um fenbmeno comum durante a
oxidacdo, e sua quantificacdo pode se usada para medir a extensdo do dano oxidativo
(BERLETT & STADMAN, 1997; BEAL, 2003; DALLE-DONNEet al., 2003). Os
grupamentos carbonilicos (CO) sdo produzidos pela oxidacdo da cadeia lateral de
aminodcidos suscetiveis, como prolina (Pro), arginina (Arg), lisina (Lis) e treonina (Tre), ou
pela clivagem oxidativa das proteinas. Também, os CO podem ser introduzidos nas proteinas
por uma reacdo secundaria das cadeias laterais com aldeidos produzidos durante a
peroxidacdo lipidica, como o malondialdeido. O conteudo de proteina carbonil é atualmente o
marcador de oxidacdo protéica mais usado e observa-se seu aumento em varias doencas
humanas, tais como Doenca de Alzheimer, Diabetes mellitus, processos inflamatérios e artrite
reumatdide. Vale ressaltar que niveis elevados de proteina carbonil também sdo indicadores
de doencas derivadas do metabolismo protéico, e ndo somente de estresse oxidativo (DALLE-
DONNE et al., 2003). As proteinas modificadas oxidativamente sdo produtos quimicamente
estaveis, sendo um fator importante para a sua deteccdo e armazenamento (RUTKOWSKA et
al., 2005).
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2.4.3. Total-SH

Os compostos tidlicos sdo antioxidantes que contém em sua estrutura 0 grupamento—
SH, entre estes compostos estdo a glutationa, a cisteina e as proteinas tiolicas. Esses
compostos estdo envolvidos no sequestramento de radicais livres,e sdo capazes
dequelarionsmetalicosdanosos,desempenhando  assimum  papel  crucialna  defesa
antioxidantedos eritrocitose no plasma (WLODEK et al, 2010).

2.4.4. Enzimas antioxidantes

As enzimas antioxidantes SOD, CAT e GPx, servem como linha primaria de defesa na
destruicdo dos radicais livres. A SOD é uma enzima antioxidante que catalisa a dismutacdo do
radical superoxido em peréxido de oxigénio e oxigénio. A CAT é uma hemeproteina
citoplasmatica que catalisa a reducdo do peréxido de hidrogénio a agua e oxigénio. A GPx é
uma enzima que catalisa a reducdo do peroxido de hidrogénio e peroxidos organicos para seus

correspondentes alcodis, as custas da glutationa (FERREIRA et al, 1997) (Figura 5).

Cadeia respiratéria
0,
eNOS desacoplada

Xantina oxidase

Citocromo P450 R
Cicloxigenase

NADPH-cxidase O’E) Superéxido-
g H,0, Glutationa-reduzida
bie H,0,+ 2GSH
Catalase Glutationa- Glutationa-
CI:T peroxidase redutase
2H,0, GSH-Px GSH-Rd

2H,0+ 0, 2H,0
Glutationa-oxidada
GSSG

Figura 5. Sistema enzimético oxidante e antioxidante. eNOS = Oxido nitrico sintetase endotelial; O,” = &nion
superoxido; O, - oxigénio. °

*Figura retirada de DEBLIN et al, 2009
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3. OBJETIVOS

3.3.  Objetivo Geral

Determinar os niveis de ferro plasmatico e avaliar os marcadores de estresse oxidativo
e da atividade das enzimas antioxidantes em individuos multitransfundidos, como evidéncia

de estresse oxidativo nesses individuos.

3.4.  Objetivos especificos

e Quantificar os niveis de ferro sérico no plasma de individuos multitransfundidos e
controles;

e Verificar a atividade das enzimas antioxidantes catalase (CAT), glutationa peroxidase
(GPx) e superoxido dismutase (SOD) nos eritrécitos de individuos multitransfundidos
e controles;

e Quantificar o dano oxidativo em proteinas plasmaticas, pelo método do carbonil, em
plasma de individuos multitransfundidos e controles;

e Quantificar o dano oxidativo em lipidios de membrana pelo método de TBA-RS em
plasma de individuos multitransfundidos e controles;

e Determinar 0 conteddo de sulfidrilas totais no plasma de individuos
multitransfundidos e controles;

e Quantificar os niveis de Espécies Reativas de Oxigénio (ERO) no plasma de
individuos multitransfundidos e controles;

e Correlacionar os parametros do estresse oxidativo (carbonil, TBARS, total-SH, ROS)
com o teor de ferro plasmatico e o nimero de transfusdes sanguineas;

e Correlacionar as enzimas antioxidantes (SOD, CAT, GPx) com o teor de ferro

plasmatico e o nimero de transfusfes sanguineas.
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Abstract

Iron is an essential element that participates in several metabolic activities of cells; however,
it excess can be a major cause of oxidative stress (OS) in subjects undergoing blood
transfusion therapy. The objective of this study was to determine the plasmatic iron content,
evaluate the OS markers and the activity of the antioxidant enzymes in anemic subjects
receiving repeated blood transfusions. Here, 50 anemic subjects (divided into 3 subgroups: 1)
received up to five blood transfusions [n=15]; 2) received from five up to ten transfusions
[n=17]; and 3) received more than ten transfusions [n=18]) and 20 controls were analyzed.
Plasmatic labile iron, protein carbonyl, thiobarbithuric acid-reactive substances and
dichlorofluorescindiacetate oxidation were significantly higher, whereas Total -SH levels
were significantly lower in anemic subjects compared to controls. Additionally, the activity of
catalase, superoxide dismutase and glutathione peroxidase were significantly lower in the
transfused subjects. Moreover we found statistically significant correlations between the
number of transfusions, plasmatic iron content, the OS markers and the activity of the
antioxidant enzymes. Our data confirms the involvement of OS in patients following therapy
with repeated blood transfusions. Additionally we found that the changes in the OS markers

are tightly correlated with both iron content and the number of transfusions.

Keywords:Politransfused subjects, anemia, antioxidant enzymes, protein carbonyl, TBARS,

Total -SH.

Abbreviations:  TBARS:  Thiobarbithuric  acid-reactive  substances;  DCFH-DA:
dichlorofluorescindiacetate; Total —SH: Total thiol groups; CAT: catalase; SOD: superoxide

dismutase; GPx: glutathione peroxidase.
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1. Introduction

Iron is an essential trace element of cells and it participates in various redox processes
because its capacity to accept and donate electrons, interconverting between the Fe** and Fe?*
forms (1-3). Additionally, iron is a vital constituent of various enzymes, including iron—
sulphur and haem proteins of the respiratory chain, as well as ribonucleotidereductase, among
others (1, 4). Moreover, iron has the unique ability to alter its oxidation and redox states in
response to several ligants, which makes it indispensable for life processes (5). However, this
unique redox property renders iron potentially toxic in biological systems due to generation of
reactive oxygen species (ROS) during its redox cycling (6). In order to prevent ROS over
production, circulating and intracellular free iron are tightly regulated by binding to
transferrin, ferritin and other proteins (7).

However, in some situations the iron balance may be disturbed, either locally or
systemically, resulting in labile iron (“free iron” — not bound to ferritin or transferrin) which
could participate in Fenton chemistry (Scheme 1) and subsequently generating large amounts
of ROS (8). Indeed, iron overload could occur under some conditions, such as in several
chronic anemias, secondary to repeated blood transfusions, and following increased
gastrointestinal absorption (9-10). So, subjects undergoingrepeatedblood transfusions are
believed to be at risk oftoxicity associated withiron overload (11). Additionally, iron balance
could also be disrupted in patients in the end-stage of renal failure following therapy to treat
hemodialysis-associated anemia (12).

Accordingly, it was pointed that elevated tissue iron can overwhelm the protective
mechanisms and lead to an increase in iron complexes with small molecules such as
nucleotides and citrate in the serum of these patients and also within cytoplasm and organelles
(13-14). Indeed, it was previously reported that under repeated blood transfusions the levels of

iron increase, being available to generate catalytically active complexes, and consequently
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free radicals and oxidative damage (14). Actually, such labile iron is catalytically active,
promoting free radical formation that culminates in the oxidation of biomolecules.
Accordingly, iron overload in humans and in experimental animals seems to be associated
with oxidative stress (15). In particular, the catalytically active iron promotes oxidative stress
in organs that accumulate it on excess (16-17). Indeed, it is known that an imbalance in the
oxidant/antioxidant status of the cell is associated with oxidative stress and this causes
important modifications in cellular macromolecules leading to cell damage (18). Thus,
oxidative stress is believed to be one of the most important factors determining cell injury in
patients with iron overload (19). Hence, the end-result of the oxidation reactions is the
formation of lipid peroxides and protein carbonyls, damaged deoxyribonucleic acid (DNA)
bases, and mitochondrial dysfunction (5, 20). Additionally, individuals with iron overload
also demonstrate impaired antioxidant defenses (10, 21). Accordingly, the long-term
consequence of chronic iron overload is organ injury, which could contribute to the initiation
and development of several chronic pathologies, such as endocrinopathies, diabetes mellitus,
cirrhosis, hypogonadism and heart failure (22-24).

In general, oxidative damage of biomolecules can be counteracted by enzymatic as
well as nonenzymatic defenses (25). Indeed, humans are well equipped with several
biological mechanisms to defend against intracellular oxidative stress. One of the most
important mechanisms involves the actions of antioxidant enzymes, such as superoxide
dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx) (26). However, despite
their well-developed antioxidant defense system, cells can be oxidatively damaged under
some pathological conditions (18, 27).

Considering the exposed, we hypothesize that oxidative stress can be correlated with
plasmatic iron content in anemic patients following therapy with repeated blood transfusions.

Moreover, to the best of our knowledge, data about labile iron accumulation in anemic
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subjects receiving repeated blood transfusion and its correlation with the oxidative damage
markers are scarce in the literature. Therefore, in order to verify this hypothesis we evaluated
the oxidative stress markers and the activity of the enzymatic antioxidant defenses in the
blood of patients receiving repeated transfusions and in control subjects (no transfused).
Additionally, we determined the plasmatic labile iron content in these subjects and correlated

with each other evaluated markers.

2. Material and Methods

2.1. Chemicals
1,1,3,3-tetramethoxypropane, 2-thiobarbituric acid (TBA), sodium dodecyl sulfate
(SDS), 5,5- dithiobis(2-nitrobenzoic acid) (DTNB), trichloroacetic acid (TCA),2’,7’-
dichlorofluorescin diacetate (DCHF-DA), 2,4-Dinitrophenylhydrazine (DNPH), were
purchased from Sigma, St. Louis, MI, USA. The kit for iron determination was obtained from
BioSystems, kits for SOD and GPx from Randox® Laboratories, UK, and Kit for protein
determination from BioClin. All the other chemicals were commercial products of the highest

purity grade available.

2.2. Subjects

This study was approved by the Ethics Committee in Research of Universidade Federal
do Pampa (UNIPAMPA), protocol number 001/2012. Altogether 50 anemic individuals
receiving blood transfusion and 20 healthy individuals (blood donors) from the Banco de
Sangue do Municipio de Uruguaiana were included in the study. Anemic subjects, selected for
the study, do not present other diagnosed disease, such as cancer, renal failure, hepatic
disease, blood loss or others. Indeed the inclusion criteria adopted here were: chronic anemic

patients that received the blood therapy during last year prior to collection (i.e. 12 months
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from the first transfusion until sample collection to analysis). Additionally, it is important to
mention here that the sample collection was done before a new transfusion, namely clinical
screening. The anemic subjects were divided into 3 subgroups: 1) subgroup that received up
to five (<5 transfusions) blood transfusions (n=15); 2) subgroup that received from five up to
ten blood transfusions (n=17); and 3) subgroup that received more than ten blood transfusions
(n=18). Some characteristics of the subjects included in this study, including data concerning

the number of transfusions are pointed in Table I.

2.3. Sample collection
Blood from either controls or anemic subjects were collected by venous arm puncture
and stored into tubes containing heparin. The plasma and cells were separated by
centrifugation at 1500 rpmfor 10 min and were subsequently used for biochemical analyses.
All biochemical assays were done in duplicate or triplicate, depending on availability of

samples.

2.4. Analysis of hemoglobin

The electrophoretic analysis of hemoglobin was performed using the Minicap(Sebia,
Norcross, France) according to the manufacturer's instructions, running controls with every
test as described previously. The Minicap system uses the principle of capillary
electrophoresis in free solution. Charged molecules are separated by their electrophoretic
mobility in an alkaline buffer with a specific pH. Separation also occurs according to the
electrolyte pH and electro-osmotic flow. Electropherograms were expressed with divided
zones from Z1 to Z15 based on standardizing the location of HbAaccording to previous

described (28).
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2.5. Measurement of plasmatic labile iron content

The plasmatic iron content was determinedby its reactivity with ferrozine(which does
not detect heme iron) in the presence of the denaturant sodium dodecyl sulfate and the
reducing agents ascorbate and sodium metabisulphite, according to previously described (29).
Accordingly, ferrous ions react with ferozine forming a coloured complex that can be
measured by spectrophotometry (30). We follow the previously validated convention of using
the term labile iron (“free iron”) to non heme iron that has reacted quickly in the ferrozine
assay (within few minutes), instead of the term “non heme iron” that include others (e.g.

ferritin and transferrin iron) (31).

2.6. Protein carbonyl determination

Content protein carbonyl was determined as described by (32). The carbonyl protein
presence is indicative of oxidation. Plasma samples were added 0.2 mL of trichloroacetic acid
(TCA), 10% and placed on ice for 5 minutes. After centrifugation (5 min, 8000), was added 1
mL of 2,4-dinitrophenylhydrazine (DNPH) in 2M HCI to 10mM and samples 1 mL of 2M
HCI in white tubes and incubated for 90 min at 37 ° C. The proteins were dissolved in 6M
guanidine and interference was removed after washing with ethanol-ethyl acetate 1:1 (v / v).
The extent of the damage will be done by reading absorbance at 370nm. The results were

expressed as nmolcabonyl/mg protein.

2.7. Determination of TBARS levels
Thiobarbituric acid reactive substances (TBARS) were determined in plasma by the
method of Ohkawa et al. (33). In brief, samples were incubated at 100 °C for 60 min in acid

medium containing 0.45% sodium dodecyl sulfate and 0.6% thiobarbituric acid. After
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centrifugation, the reaction product was determined at 532 nm using 1,1,3,3-

tetramethoxypropane as standard and the results were expressed as nmol MDA/mg protein.

2.8. Total thiol (Total —SH) determination

Plasmatic total -SH were determined as described by Ellman (34). The colorimetric
assay was carried out in 1 M phosphate buffer, pH 7.4. A standard curve using glutathione
was constructed in order to calculate the total -SH content in samples. Total -SH content was

expressed as nmol total —-SH /mg protein.

2.9. Determination of DCHF-DA oxidation

The determination of intracellular oxidant production was based on 2°,7’-
dichlorofluorescin diacetate (DCHF-DA) cleavage to 2’,7’-dichlorofluorescin (DCHF) that
can be oxidized to the fluorescent compound 2’°,7’-dichlorofluorescein by ROS according to
previously described (35-36). The plasma sample was diluted (1: 10) in Tris/fHCI 10 mM
buffer. Then, 50 uL of diluted plasma was incubated in 10 mMTris/HCI buffer and 10 [1 M
DCHF-DA at 37 ° C for 30 min. The DCF fluorescence intensity emission was measured
using a Perkin-Elmer spectrofluorometer at an excitation wavelength of 488 nm and an
emission wavelength of 520 nm, 20 min after the addition of DCHF-DA to the medium. The

results were expressed as arbitrary fluorescence unit (AFU).

2.10. Catalase activity
Catalase (CAT) enzyme activity was measured by the method previously described
(37). Packed erythrocytes were hemolyzed by adding 100 volumes of distilled water, then, 20
uL of this hemolyzed sample was added to a cuvette and the reaction was started by the

addition of 100 uL of freshly prepared 300mM H,0, in phosphate buffer (50 mM, pH 7.0) to
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give a final volume of 1 mL. The rate of H;O, decomposition was measured
spectrophotometer at 240nm during 120 seg. The CAT activity was expressed as Ul/mg

protein.

2.11. Superoxide dismutase activity

Superoxide dismutase (SOD) activity was measured in erythrocytes using the Kit
RANSOD® (Randox Laboratories, UK). This method employs xanthine and xanthine oxidase
to produce superoxide radicals which react with 2-(4-iodophenyl)-3-(4-nitrophenyl)-5-
feniltetrazol chloride (INT) to form compound formazan red. The superoxide dismutase
activity was measured by the degree of inhibition of this reaction at 505 nm. The SOD

activity was expressed as Ul/mg protein.

2.12. Glutathione peroxidase activity
Glutathione peroxidase (GPx) activity was determined in erythrocytes using the Kit
RANSEL® (Randox Laboratories, UK), according to the method previously described(38).

The GPx activity was expressed as Ul/mg protein.

2.13. Protein determination
The protein content is determined by the biuret method, through the Total Protein Kit
Bioclin®, using bovine serum albumin as standard. The copper ions in an alkaline medium
(biuret reagent) react with peptide, producing a purple color, whose intensity is proportional
to the concentration of proteins in the samples being measured in a spectrophotometer at

545nm.
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2.14. Statistical Analysis
Data are expressed as means = SEM. Statistical analysis was performed using analysis
of variance (ANOVA), followed by post hoc Tukey multiple range test when appropriated. P

< 0.05 was considered significant. Pearson correlation between variables was also carried out.

3. Results

Some characteristics of the subjects included in this study are presented on Table I.
The eletrophoretic hemoglobin profile of the subjects included in this study indicates that
none individual presented hemoglobinopathy (100% had normal hemoglobin profile; data not
shown). Indeed, fetal hemoglobin variant was found in 8% of individuals, at normal
proportions (less than 10% of total current hemoglobin). As expected, the plasmatic labile
iron content was statistically (P<0.05) high in the transfused subjects when compared to
control group (Figure 1). Nonetheless, only subjects receiving >5 transfusions presented iron
levels statistically different from controls (Figure 1). Additionally, we found a statistically
significantly correlation between the number of transfusions and the iron content (Figure 2).
Moreover, we does not found significant correlation between the iron content and the age of
the subjects (r=-0.613; P=0.437).

The oxidative stress analyzed markers such as protein carbonyl (Figure 3), TBARS
(Figure 4) and DCFH-DA oxidation (a marker ROS, Figure 5) were significantly (P<0.05)
higher, whereas total -SH (Figure 6) levels were significantly (P<0.05) lower in transfused
subjects compared to controls. However, statistical analysis revealed that only subjects
receiving >10 transfusions presented statistically significant decrease in SH groups when
compared to controls (Figure 6). Indeed, to other evaluated oxidative stress markers, the
changes were seen to all groups of transfused subjects, independent from the number of

transfusions (see Figures 3-5). Likewise plasmatic iron content, we found statistically
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significant correlations between the number of transfusions and protein carbonyl (Figure 7A),
TBARS (Figure 7B), and total -SH (Figure 7C).

In general, the activity of the all antioxidant enzymes reported here (CAT, SOD and
GPx) were significantly (P<0.05) lower in the transfused subjects than in controls (Figures 8,
9 and 10, respectively). However, CAT activity did not differ from controls in the group that
received <5 transfusions (Figure 8), whereas SOD activity was statistically different from
controls only in the group that received >10 transfusions (Figure 9). Additionally, we also
found statistically significant negative correlations between the number of transfusions and
the activity of the antioxidant enzymes CAT (Figure 11A), SOD (Figure 11B), and GPx
(Figure 11C).

Analyzing the groups of anemic and controls subjects we found statistically significant
correlations between the evaluated oxidative stress markers and the plasmatic labile iron
content (see Figure 12 A-F), except to DCDH-DA oxidation (Table II). In general, the iron
content was negatively correlated to the activity of the antioxidant enzymes (Figures 12 A-C)
and with total -SH (Figure 12D). In contrast, iron content was positively correlated to the
protein carbonyl (Figure 12E) and TBARS levels (Figure 12F). Other correlations are also
presented in Table Il. In short, it was found that the activity ofantioxidant enzymes andtotal -
SHlevelswere positivelycorrelated, beingnegatively correlatedwith the levels ofprotein
carbonyl and TBARS. In contrast, protein carbonyl and TBARS were found to be positively

correlated (Table II).

4. Discussion
This study demonstrates for the first time that the number of blood transfusion in
anemic subjects was significantly correlated with plasmatic labile iron content and with

oxidative stress markers (TBARS, protein carbonyl, totalthiol, SOD, CAT and GPXx).
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Accordingly, iron content (Figure 1), protein carbonyl levels (Figure 3), TBARS (Figure 4)
and ROS (as measured by DCFH-DA oxidation; Figure 5) were significantly higher, while the
total thiol content (Figure 6) and the activity of antioxidant enzymes (SOD, CAT and GPx;
Figures 8-10) were significantly lower in anemic subjects receiving repeated blood
transfusion, when compared to control subjects. Additionally, we found that the plasmatic
labile iron was positively correlated to the number of blood transfusions (Figure 2) and does
not correlate with the age (r=-0.613; P=0.437). Altogether, the presented results confirm our
hypothesis that the markers of oxidative stress are correlated with plasmatic iron content in
anemic patients following therapy with repeated blood transfusions. However, we found some
changes in the oxidative stress parameters even in the absence of significant iron
accumulation, suggesting that alterations in oxidative stress markers could precede iron
accumulation in patients following blood therapy. Anyway, this point is extremely relevant
and deserves further attention in future investigations.

Nevertheless, our data are in accordance to a previous study showing that the serum
iron content was significantly higher and was positively correlated with oxidative stress in
beta-thalassemic patients that received blood transfusions (beta thalassaemia major patients)
when compared to subjects that does not received transfusion (beta thalassaemiaintermedia
patients) (19). Additionally, based on data concerning hemoglobin profile (data not shown),
were discarded hemoglobin disorders in these individuals. These data is extremely important
to avoid misinterpretations, once it was previously shown that any imbalance between the a
and B chains plays a crucial role in producing oxidative stress (39-40). Taking into account
our results, and that previously found, it is plausible to assume that, under blood transfusion
therapy the excess of labile iron (catalytically active iron) must generate free radicals (ROS)
via Fenton chemistry (Scheme 1), resulting in oxidative damage to biomolecules in vivo (41-

42). Our assumption is further supported by previous report showing that iron-catalyzed ROS
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generation leads to an increase in the genomic instability in hematopoietic progenitor cells
(43-45). Moreover, in animal models it was shown that iron overload causes liver damage via
both oxidative and nitrosative mechanisms (46).

Taking into account the presented results, we suggest that the repeated blood transfusion
increase the amount of labile iron available to participate in the Fenton chemistry (Scheme 1),
thus leading to a increase in the ROS generation, as measured by the increase in DCFH-DA
oxidation (Figure 5). Indeed, we assume that under repeated blood transfusions, the iron
content increase to values that overwhelm the protective mechanisms, leading to an increase
in the amount of iron available to form complexes with small molecules, the called
“catalytically active iron complexes”. Thus, we assume that ROS generated (via Fenton
chemistry) are responsible for the oxidation of DCFH-DA found in the transfused subjects,
which is supported by previous report showing that overload with iron (ferric nitrilotriacetate)
lead to an increase in oxidation of DCFH-DA in cultures rat hepatocytes (47).

We found the levels of TBARS significantly increased in subjects receiving blood
transfusion (Figure 4), which was positively correlated to the iron content (Figure 12F) and
the number of transfusions (Figure 7B). These findings are in accordance to previous reports
showing that the levels of lipid peroxidation products were increased in beta thalassaemic
patients receiving blood transfusions (19, 30, 48) and in subjects with hepatic iron overload
(49). Moreover, we found a significantly increase in the protein carbonyl in the subjects
receiving repeated blood transfusion (Figure 3), which was found to be significantly
correlated with iron content (Figure 12E). Likewise other oxidative markers, our data are in
accordance to a previous paper showing a significant increase in the protein carbonyl content
in conditions of iron overload (47).

Moreover, we found a significant reduction in total SH in the subjects receiving

repeated blood transfusion (Figure 6), which are in accordance to previous report showing a
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decrease in thiol content in the liver of rats treated with iron (50).Albeit not completely
understood, we believed that thiols are oxidized (consumed/used) in these subjects due to
oxidative stress status following iron overload. However, other possibility is that the iron
could reacts nonenzymatically with thiols in plasma to generate ROS, which directly lead to
reduction of antioxidant capacity in plasma and the increased susceptibility of blood
components to oxidation (51). Thus, this thiol-dependent free radical generation by iron
overload might be a potential contributing factor for the changes in the oxidative markers
reported here. Our assumptions are supported by other previous studies showing that oxygen
radicals can be produced by iron-catalyzed autooxidation of cysteine or glutathione (GSH)
(52-53). So, the generated ROS (either by Fenton chemistry as well as via iron-catalyzed
autooxidation of thiols) are the putative responsible for the oxidation of other biomolecules
reported here, such as lipids and proteins.

Additionally, we found a severe decrease in the antioxidant enzymes activity in the
subjects with iron overload (Figures 8-10), which are in accordance with previous reports (47,
54). In fact, we clearly show a statistically significant negative correlation among enzymes
activity and the plasmatic labile iron content (Figures 12 A-C), TBARS (Table II) and protein
carbonyl (Table II). In line with this, we suppose that the decrease in the antioxidant
enzymatic activity further contributes to the oxidative stress condition. Indeed, according to
Chakbraborty and Bhattacharyya the decrease in the antioxidant enzymes strongly contributes
to the increase in the markers of oxidative stress (TBARS, protein carbonyl and ROS)(55).
Although our data do not support this supposition, we hypothesize that a decrease in the
antioxidant enzymes reported here could, at least in part, be due to a decrease in their
expression. Indeed, it was previously shown that both CAT and GPx were down regulated

under oxidative stress conditions in human cells (56-57). However, the detail mechanisms of
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regulation in the expression of antioxidant enzymes under iron overload remain to be better
explored.

Considering the exposed, is reasonable to suggest that antioxidants could be associated
with blood therapy. In fact, previous data reported that antioxidant supplementation is safe
and favorably affects the markers of oxidative stress, albeit it does not result in a significant
clinical benefit (58-59). Additionally, ironchelators that efficiently decrease the levels of
labile iron are putative candidate to counteract the iron-induced ROS generation (42, 60).
However, more studies are necessary to better understand the mechanism(s) associated to
iron-induced oxidative changes, tentatively to minimize the side effects associated to blood

transfusion therapy and uncertainly to improve some clinical benefits.

5. Conclusions

In summary, our data confirm the involvement of oxidative stress in and its correlation
with to plasmatic labile iron content in anemic patients following therapy with repeated blood
transfusions. However, we found some alterations on oxidative stress markers even in the
absence of significant iron accumulation, which encourages us to further explore the changes
in the oxidative stress parameters in subjects receiving blood therapy that occur previously to
iron overload. Moreover, to the best of our knowledge, it is important to emphasize that this is
the first report concerning the correlation between oxidative stress markers and the labile iron
content in anemic subjects following repeated blood therapy. Additionally, we found that the
changes in the oxidative stress markers are, at least in part, correlated to both iron content and
number of transfusions. However, more studies must be performed in order to establish the
temporal relationship among the oxidative changes reported here and consequently to better
understand the mechanism(s) involved with iron toxicity and/or blood transfusions,

tentatively to improve the quality of life of these subjects. Likewise, the mechanisms of



39

regulation in the expression of antioxidant enzymes under iron overload deserve further

attention.
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Figure Legends

Figure 1: Plasmatic labile iron levels in studied subjects (controls (n=20); up to five
transfusions (n=15); 5-10 transfusions (n=17); over 10 transfusions (n=18)). Data are
expressed as means = SEM. (a) indicates significant differences (P< 0,05) from control group;
(b) significant difference (P< 0.05) from group up to five transfusion; (c) significant
difference (P< 0.05) from group 5-10 transfusion by one-way ANOVA followed by Tukey’s

multiple range test.

Figure 2: Pearson’s correlation among plasmatic iron content and number of blood

transfusions.

Figure 3: Protein carbonyl levels in studied subjects (controls (n=20); up to five transfusions
(n=15); 5-10 transfusions (n=17); over 10 transfusions (n=18)). Data are expressed as means
+ SEM. (a) indicates significant differences (P< 0.05) from control group; (b) significant
difference (P< 0.05) from group up to five transfusion; (c) significant difference (P< 0.05)

from group 5-10 transfusion by one-way ANOVA followed by Tukey’s multiple range test.

Figure 4: TBARS levels in different groups (controls; group <5; group 5-10 and group >10).
Data are expressed as means = SEM. (a) indicates significant differences (P< 0.05) from

control group by one-way ANOVA followed by Tukey’s multiple range test.

Figure 5: DCFH-DA oxidation in different groups (controls; group <5; group 5-10 and group
>10). Data are expressed as means + SEM. (a) indicates significant differences (P< 0.05) from

control group by one-way ANOVA followed by Tukey’s multiple range test.



46

Figure 6: Total SH levels in different groups (controls; group <5; group 5-10 and group >10).
Data are expressed as means = SEM. (a) indicates significant differences (P< 0.05) from
control group; (b) significant difference (P< 0.05) from group up to five transfusion; (c)
significant difference (P< 0.05) from group 5-10 transfusion by one-way ANOVA followed

by Tukey’s multiple range test.

Figure 7: Pearson’s correlation among number of blood transfusions and protein carbonyl

(A), TBARS (B) and Total —-SH content (C).

Figure 8: Catalase activity in different groups (controls; group <5; group 5-10 and group
>10). Data are expressed as means + SEM. (a) indicates significant differences (P< 0.05) from
control group; (b) significant difference (P< 0.05) from group up to five transfusion; (c)
significant difference (P< 0.05) from group 5-10 transfusion by one-way ANOVA followed

by Tukey’s multiple range test.

Figure 9: Superoxide dismutase activity in different groups (controls; group <5; group 5-10
and group >10). Data are expressed as means £ SEM. (a) indicates significant differences (P<
0.05) from control group; (b) significant difference (P< 0.05) from group up to five
transfusion; (c) significant difference (P< 0.05) from group 5-10 transfusion by one-way

ANOVA followed by Tukey’s multiple range test.

Figure 10:Glutathione peroxidase activity in different groups (controls; group <5; group 5-10
and group >10). Data are expressed as means + SEM. (a) indicates significant differences (P<

0.05) from control group; (b) significant difference (P< 0.05) from group up to five
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transfusion; (c) significant difference (P< 0.05) from group 5-10 transfusion by one-way

ANOVA followed by Tukey’s multiple range test.

Figure 11: Pearson’s correlation among number of transfusions and CAT (A), SOD (B) and

GPx (C) activity.

Figure 12: Pearson’s correlation among plasmatic iron content and CAT (A), SOD (B), GPx

(C), Total -SH (D), Protein carbonyl (E) and TBARS (F).
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Scheme
Scheme 1: Fenton reaction

Fe** + 0" Fe®" + O, (1)
Fe** + H,0, — Fe®* + OH +0OH )

(1) Iron reduction in the ferric form (Fe 3%) to ferrous form (Fe 2%); (2) Fenton reaction that
generates hydroxyl radicals (OH) through reaction between Fe?* and hydrogen peroxide

(H205).
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Figure 1
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Protein Carbonyl

Figure 3
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TBARS

Figure 4

Q | 00
TO O O ORAOOO
< <

< 4
o <« < <
AAMA

fes
o O oo 0
Oy 80
¥

o o o
o o
N -

uiajold Bw)ygmy jowu

=)
o
)




53

Figure 5

DCFH-DA Oxidation
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GPx

Figure 10
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Figure 12
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Figure 12
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Tables

Table I: Characteristics of the subjects

Mean of Age* Male Female Mean of Number of transfusions*
Group control  40.1 (20-50) 15 (75%) 5 (25%) 0 (0)
Group <5 62.8 (24-92) 14 (93.3%) 1 (6.6%) 3.20 (2-4)
Group 5-10 64.8 (49-84) 11 (64.7%) 6 (35.2%) 7.17 (5-9)
Group >10 57.5(24-74) 14 (77.7%) 4 (22.2%) 18.78 (14-26)

*Results from age and number of transfusions are expressed as mean (min - max).



Table I1: Pearson correlations in both control and politransfused subjects

GPx SOD CAT TBARS DCFH-DA Protein Iron
oxidation Carbonyl
.3990*  .4124*  4082* @ -.2147* -1211 -.0646
Total SH P=.000 P=.000 P=.000 P=.006 (n.s)) (n.s.)
Protein -4418*  -2390* -.3033*  .4604* -.3202*
Carbonyl P=.000 P=.002 P=.000 P=.000 P=.000 -
DCFH-DA .0541 -.0484 .0703 -.1421 -.0068
oxidation (n.s.) (n.s.) (n.s.) (n.s.) - - (n.s.)
-.2409*  -.1584*  -.1232
TBARS P=.002 P=.045 (n.s.) - - -
.9325*% . 7158*
CAT P=0.00 P=.000 - - - -
.7359*
SOD P=.000 - - - - -
Ne of .0810
transfusions (n.s.)

TBARS: Thiobarbithuric acid-reactive substances; Total -SH: Total thiol groups; DCFH-DA:
dichlorofluorescindiacetate; CAT: catalase; SOD: superoxide dismutase; GPx: Glutatione peroxidase;
n.s.: not significant; * Significant correlation at indicated P value.
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5. DISCUSSAO

A andlise dos dados obtidos nesse estudo demonstrouque o0s individuos
multitransfundidos apresentaram 0s parametros oxidativos alterados. Com o aumento do
namero de transfusfes sanguineas houve um aumento significativo dos niveis de peroxidagdo
lipidica, uma diminuicdo significativa dos niveis de grupamentos tidlicos, um aumento
significativo dos niveis de carbonilacdo de proteina, um aumento significativo dos niveis de
espécies reativas de oxigénio, um aumento significativo do nivel de ferro sérico, e uma
diminui¢do significativa da atividade das enzimas antioxidantes catalase, superoxido
dismutase e glutationa peroxidase. Essas alteracdes foram observadasprincipalmente em
individuos que receberam mais de dez transfusfes sanguineas, concordando com o estudo de
MAJHAIL et al, 2008, onde descreve que individuos que receberam de 10 a 20 unidades de
concentrado de hemacias ja desenvolvem os efeitos oxidativos da sobrecarga cumulativa de
ferro.

Foi observado um aumento significativo do nivel de ferro plasmatico nos individuos
multitransfundidos com o aumento do numero de transfusdes sanguineas, tendo uma
correlacdo significativa positiva do TBARS e carbonil com o contetdo de ferro plasmatico e
uma correlacdo significativa negativa do total-SH, CAT, SOD, GPx, com o contetdo de ferro
plasmatico. Esses dados estdo de acordo com o estudo de CIGHETTI et al, 2002, que
observou que o ferro sérico esta significativamente mais elevado em pacientes talassemicos
dependentes de transfusbes sanguineas do que nos talassemicos ndo dependentes de
transfusdo sanguineas, e correlacionou positivamente peroxidacdo lipidica e ferro sérico.
Estes resultados confirmam que o ferro € um catalisador eficaz para a geracdo de ERO, o que
resulta em peroxidacéo lipidica e aumento do estresse oxidativo in vivo (ZHANG et al, 2012).
Uma andlise retrospectiva multivariada de 902 pacientes demonstrou forte relacdo entre os
niveis de ferro sérico com a sobrevida global reduzida, e com sobrevivéncia livre de leucemia
(SANZ et al., 2008). Essa correlacdo entre a sobrecarga de ferro e o risco de progressdo
leucémica é apoiada por estudos que demonstram aumento da instabilidade genémica em
células progenitoras hematopoiéticas expostas a niveis aumentados de ROS (KOPTYRA ET
AL, 2006;. NAKA et al, 2008; RASSOOL ET AL, 2007). Em modelos animais, a sobrecarga
de ferro é demonstrada pelo mecanismo de dano hepatocelular mediado por ERO, onde a
sobrecarga de ferro facilita a formacao de ERO, que perturba o equilibrio redox das células e
causa estresse oxidativo e nitrosativo (TOYOKUNI, 2011).
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O MDA plasmético é um biomarcador bem reconhecido de peroxidacéo lipidica. Nosso
estudo demonstrou aumento significativo dos niveis de MDA nos individuos
multitransfundidos, com correlacdo significativa positiva com o numero de transfusdes
sanguineas recebidas. Nosso resultado esta de acordo com diversos estudos onde demonstram
que o aumento da peroxidacdo lipidica € amplamente observado em pacientes talassémicos
que dependem de transfusdes sanguineas continuas para sobreviver (CIGHETTI et al, 2002;
LAKSMITAWATI et al, 2003; CHAKRABORTY et al, 2001). WALTER e cols.
(2006)demonstraram que a anélise da regressdo comparando MDA com a concentracdo de
ferro no figado de individuos talassemicos e individuos com anemia falciforme mostram que,
em ambas as doencas, concentracdes mais elevadas de ferro no figado estdo associadas com
maiores niveis de MDA plasmatico.

A dosagem dos grupamentos tiolicos totais sdo usados como parametro de medida de
dano oxidativo as proteinas plasmaticas. Os tiois estdo presentes no plasma em substancias de
baixo peso molecular, tais como cisteina e glutationa, e como residuo de proteinas maiores,
como a albumina. Em geral, 80% dos tiois livres do plasma estdo contidos na albumina
(RADI et al, 1991). Observamos que 0s niveis de grupamentos tiolicos foram
significativamente diminuidos com o aumento do numero de transfuses sanguineas, numa
correlacdo significativa negativa com o numero de transfusdes sanguineas. Estes dados estdo
de acordo com o estudo de DEVI et al, 2010, onde demonstrou que os niveis de proteinas
tiolicas na mitocondria de figado de ratos tratados com ferro e alcool eram significativamente
diminuidos em relacdo aos ratos tratados somente com alcool. CHUNG et al, 2005
demonstrou que o ferro reage ndo enzimaticamente com tidis no plasma, principalmente a
albumina, gerando espécies reativas de oxigénio, desencadeando reducdo da capacidade
antioxidante no plasma e aumento da susceptibilidade de oxidacdo de LDL colesterol.
Pesquisas recentes relataram que a sobrecarga de ferro e aumento dos niveis de tidis
plasmaticos estdo associadas com o aumento da mortalidade em pacientes com sindrome da
angustia respiratdria aguda secundaria a circulacdo extracorpdrea (QUINLAN et al, 2000).

A formacao da proteina carbonil parece ser um fenbmeno comum durante a oxidacao de
proteinas, e sua quantificacdo pode se usada para medir a extensdo do dano oxidativo
(BERLETT & STADMAN, 1997; BEAL, 2003; DALLE-DONNE et al, 2003). Atualmente é
um marcador de oxidacdo protéica bastante usado e esta aumentado em varias doencas
humanas, como Doenca de Alzheimer, Diabetes mellitus, inflamacdo e artrite reumatdide
(DALLE-DONNE et al, 2003). S&o produzidos pela oxidacdo da cadeia lateral de

aminodcidos (prolina, arginina, lisina e treonina), ou pela clivagem oxidativa das proteinas.
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Também podem ser introduzidos nas proteinas por uma reagdo dos aminodcidos cisteina,
histidina e lisina com aldeidos produzidos durante a peroxidacao lipidica (DALLE-DONNE et
al, 2003). As proteinas modificadas oxidativamente sdo produtos quimicamente estaveis,
sendo um fator importante para a sua deteccdo e armazenamento (RUTKOWSKA et al,
2005). No nosso estudo encontramos um aumento significativo de grupamentos carbonilicos
com o aumento do numero de transfusdes sanguineas, com correlagdo significativa positiva.
Nosso estudo esta de acordo com o estudo de SHE-FANG et al, 2007, onde demonstrou
aumento de peroxidacdo lipidica e formacdo de proteina carbonil em hepatdcitos de ratos
tratados com sobrecarga de ferro. Segundo VENKATRAMAN et al, 2004, as modificacdes de
proteinas durante o e estresse oxidativo pode causar aumento no teor de proteina carbonil e
perda de grupamentos tiélicos.

A fim de detectar as ERO geradas pela sobrecarga de ferro, foi medida a emisséo
DCFH-DAno plasma. Observamos um aumento significativo de ERO nos individuos
multitransfundidos em relacdo ao grupo controle, com uma correlacdo significativa positiva
com o numero de transfusfes sanguineas. Nossos estudos estdo de acordo com SHE-FANG et
al, 2007, onde demonstrou que o tratamento com ferro ao plasma humano aumentou a
emissdo de DCFH-DAem uma concentracdo dose-dependente.

Este trabalho investigou a capacidade antioxidante dos individuos multitransfundidos
pela mensuracdo das enzimas antioxidantes CAT, SOD, GPx. Foi observado que a atividade
dessas enzimas foram significativamente diminuidas com o aumento do ndmero de
transfusbes sanguineas, e ainda, observamos uma correlacdo significativa negativa das
enzimas antioxidantes com o numero de transfusbes sanguineas. Provavelmente esta
diminuicdo da atividade das enzimas antioxidantes esta relacionada ao seu consumo como
sequestrador de oxidantes. Segundo CHAKRABORTY et al, 2011, estes niveis baixos de
enzimas antioxidantes provavelmente contribuem para niveis aumentados de MDA, proteina
carbonil e ERO. CHUNG et al, 2005, demonstrou que ap6s o tratamento de plasma humano
com ferro, a capacidade antioxidante diminui em 50%, sugerindo que o plasma sob condicéo
de sobrecarga de ferro pode se tornar mais suscetivel a acdo de oxidantes. Nosso estudo
discorda em partes com o estudo de ZHANG et al, 2012, onde observou aumento de proteinas
carbonil, de MDA, da atividade da SOD e diminuicdo do conteddo de sulfidrilas e da
atividade de GPx em de ratos com lesdo hepética tratados com sobrecarga de ferro. Nosso
estudo concorda com o estudo de SHE-FANG et al, 2007, que demonstrou uma deplecédo de

47% na atividade da GPx em hepatdcitos expostos a sobrecarga de ferro. No entanto, 0s
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mecanismos de regulacdo da expressdo das enzimas antioxidantes na sobrecarga de ferro
necessitam ser mais explorados.

Considerando o exposto, é razoavel sugerir que o0s antioxidantes podem ser associados
com a terapia de sangue. De fato, dados anteriores relatam que a suplementacdo com
antioxidantes é segura e afeta favoravelmente os marcadores de estresse oxidativo, embora
isso ndo resulte em um beneficio clinico significativo. No entanto, sdo necessarios mais
estudos para compreender melhor 0s mecanismos associados aos danos oxidativos
ocasionados por ferro, na tentativa de minimizar os efeitos secundarios associados a terapia de

transfusdo de sangue repetida e melhorar a qualidade de vida destes individuos.
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CONCLUSAO

e Em resumo, este estudo confirma o envolvimento de estresse oxidativo em pacientes
anémicos apos a terapéutica com mdaltiplas transfusfes sanguineas, e sua correlacéo
com o teor plasmatico de ferro. A concentracdo de ferro plasmatico estava
significativamente aumentada nos individuos multitransfundidos;

e As enzimas de defesas antioxidantes (CAT, SOD, GPx) encontraram-se
significativamente diminuidas nos individuos submetidos a maltiplas transfusfes
sanguineas;

e O dano oxidativo a proteinas plasmaticas (proteina carbonil) e o dano oxidativo a
lipideos (TBARS) encontraram-se significativamente maiores nos individuos
submetidos a multiplas transfusdes sanguineas;

e O contetdo de grupamentos tiolicos totais (TOTAL-SH) foi significativamente
reduzido nos individuos submetidos a multiplas transfusGes sanguineas;

e O conteudo de ERO foi significativamente aumentado nos individuos
multitransfundidos com o aumento do nimero de transfusées sanguineas;

e Além disso, verificou-se que as alteragdes nos marcadores de estresse oxidativo séo
correlacionadas, pelo menos em parte, com o contetddo de ferro plasmatico e 0 nimero

de transfusbes sanguineas;
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7. PERSPECTIVAS

Baseado nos resultados apresentados nessa dissertacdo faz-se necessario:

Quantificar os niveis séricos de ferritina e transferrina;

Quantificar os niveis de glutationa reduzida e glutationa oxidada;

Elucidar o(s) mecanismo(s) envolvido(s) com a toxicidade do ferro e/ou com as
multiplas transfusbes sanguineas no desenvolvimento do estresse oxidativo;
Elucidar mecanismos de regulacdo da expressao das enzimas antioxidantes sob a
sobrecarga de ferro transfusional;

Instituir uma terapia antioxidante nos individuos em tratamento com mdltiplas
transfusdes sanguineas, a fim de neutralizar e/ou reverter os danos oxidativos
observados neste estudo, como tentativa de melhorar a qualidade de vida desses

individuos.
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ANEXO |

Carta de aprovacio do Comité de Etica em Pesquisa da Unipampa.

MINISTERIO DA EDUCACAO

UNIVERSIDADE FEDERAL DO PAMPA
Comité de Etica em Pesquisa

Unipampa/CEP - Portaria n® 728 09/GR/Unipampa e
Registrado na CONEP - Oficio n” 32 HVONS/GM/MS Srmervedads Tedermi co Pampe
Enderego eletronico: ceplalunipampa.edu.br

Uruguaiana, 09 de janeiro de 2012,

CARTA DE APROVAGAO N° 001 2012

Prezado Pesquisador Responsavel

Robson Luiz Puntel

Comunicamos que o protocolo de pesquisa intitulado DETERMINACAO DE
PARAMETROS OXIDATIVOS E BIOQUIMICOS EM INDIVIDUOS
POLITRANSFUNDIDOS, registro ProPesq 10.120.11.CEP, registro Unipampa/CEP
090 2011, fol avaliado por este CEP e esta aprovado para execugdo a partir da
presente data.

Lembramos que qualquer alteragdo no protocolo de pesquisa submetido a
avaliagdo devera ser comunicada ao Unipampa/CEP imediatamente, bem como
eventos adversos, e que o relatério parcial devera ser entregue em julho de 2012,

Atenciosamente,

/ﬁg‘(‘ tea,
- 2

Rosana Soibelmann Glock
Coordenadora CEP
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