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RESUMO

Pacientes com resisténcia a insulina e diabetes
mellitus tém morbilidade e mortalidade
cardiovascular aumentadas. A disfun¢éo
endotelial tem sido implicada na patogénese da
doenca vascular diabética. Essa funcéo
anormal ocorre precocemente, antes da
manifesta¢do da doenca cardiovascular,
caracterizando-se por redugéo do
vasorrelaxamento dependente do endotélio. O
dcido alfa-lipéico (AL) é um antioxidante
multifuncional que tem sido descrito como
benéfico na neuropatia em pacientes diabéticos
e estd associado a um decréscimo de
marcadores de stress oxidativo em vérios
tecidos. Este estudo teve como principal
objectivo investigar os efeitos do dcido alfa-
lipéico na func¢do endotelial em modelos
animais dislipidémicos com diabetes tipo 2. O
metabolismo dos hidratos de carbono e dos
lipidos, a fung@o endotelial, os niveis do
aldeido malénico no plasma (MDA) e da
8-hidroxidesoxiguanosina (8-OHdG) na urina
foram avaliados em ratos controlo normais
(ratos Wistar), animais diabéticos tipo 2 Goto-
Kakizaki (GK) basais e ratos GK tratados com
dieta aterogénica (DA) (grupo s6 com dieta,
grupo tratado com veiculo e grupo tratado com
acido lipoico). A dieta conduziu a um aumento
dos niveis de colesterol total e ndo-HDL, bem
como dos niveis de triglicerideos e fosfolipidos
e do fndice aterogénico.Os niveis de MDA e de
8-OHdG apresentaram-se significativamente
mais elevados nos grupos de ratos GK e nos
GK hiperlipidémicos e foram completamente
revertidos pelo antioxidante. A func¢do
endotelial de animais GK e GK
hiperlipidémicos apresentou uma diminui¢ao
de 50% e melhorou significativamente com o
tratatmento com dcido lipéico. O dcido lipéico

ABSTRACT

Endothelial Dysfunction in Type 2
Diabetes: Effect of Antioxidants

Individuals with insulin resistance and
diabetes mellitus have increased
cardiovascular morbidity and mortality, caused
in part by vascular complications. Endothelial
dysfunction has been implicated in the
pathogenesis of vascular diabetic disease. This
abnormal function of the vasculature precedes
cardiovascular disease and is associated with
impaired endothelium-dependent
vasorelaxation. The main etiology of the
increased mortality and morbidity of type 2
diabetic patients is atherosclerosis. Increased
production of free radicals is associated with
the pathophysiology of diabetes, resulting in
oxidative damage to lipids and proteins.
Reduction of oxidative stress in diabetic
patients may delay the onset of atherogenesis
and the appearance of micro- and
macrovascular complications. Alpha-lipoic
acid (LA) is a multifunctional antioxidant that
has been shown to have beneficial effects on
polyneuropathy and on markers of oxidative
stress in various tissues. This study was
conducted to investigate the effects of LA on
endothelial function in diabetic and
hyperlipidemic animal models. Carbohydrate
and lipid metabolism, endothelial function,
plasma malondialdehyde (MDA) and urinary
8-hydroxydeoxyguanosine (8-OHdG) were
assessed in non-diabetic controls (Wistar rats),
untreated diabetic Goto-Kakizaki (GK) rats and
atherogenic diet (AD)-fed GK rats (fed with
atherogenic diet only, treated with alpha-lipoic
acid and treated with vehicle, for 3 months).
AD resulted in a 3-fold increase in both total
and non-HDL serum cholesterol levels and in a
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reverteu também os niveis lipidicos (colesterol
total, colesterol ndao-HDL, triglicerideos e
fosfolipidos) e o indice aterogénico, sem afectar
o colesterol HDL. Suplementos de 4cido
lipéico poderdo assim representar um
importante adjuvante na terapéutica de
pacientes hiperlipidémicos com diabetes
mellitus tipo 2, na medida em que conduz a
aumentos significativos da fungéo endotelial e
a uma importante reducéo dos niveis de stress
oxidativo e do indice aterogénico, factores que
estdo implicados na patogénese da
aterosclerose na diabetes.

Palavras-Chave
Disfungdo endotelial; Diabetes tipo 2; Aterosclerose;
Stress oxidativo; Antioxidantes

INTRODUCAO

dislipidemia e a sua relagdo com a doenga

corondria aterosclerética e a disfuncio
endotelial tem sido demonstrada em multiplos
ensaios clinicos . Por outro lado, a reducdo de
eventos corondrios e a estabilizagdo ou mesmo a
regressdo da doenca aterosclerdtica através de
drogas redutoras do colesterol plasmatico,
também tém sido referidas por indmeros

@9 (s mecanismos envolvidos na

estudos
reducéo dos eventos corondrios, quando ocorre
diminuicdo do colesterol plasmadtico, parecem
estar relacionados reversdo da

disfunc¢do endotelial e a estabiliza¢do da placa

com a

de aterosclerose, uma vez que ndo se observa
um aumento significativo do didmetro vascular
ao nivel da placa aterosclerética ®. Fungoes
importantes sfo atribuidas ao endotélio vascular,
como a manutencdo do ténus vascular, o
equilibrio entre a coagulacéo e a fibrinélise e a
modulacdo da inflamacdo e da agregagdo
plaquetar ®. O endotélio tem uma funcdo
autéerina/pardcerina, reguladora da secrecdo de
muiltiplos factores relaxantes (6xido nitrico / NO)
e prostaciclina) e constritores (endotelinas).

O factor relaxante melhor caracterizado e
mais importante é o NO. O NO tem uma producéo
e libertacdo basais, e uma outra dependente da
influéncia de vdrios agonistas (acetilcolina,
bradicinina, substidncia P e serotonina, entre

2-fold increase triglyceride levels while
endothelial function was significantly reduced.
MDA and 8-OHdG levels were higher in the
GK and GK hyperlipidemic groups and were
completely reversed by the antioxidant.
Hyperlipidemic GK diabetic rats showed
significantly reduced endothelial function that
was partially improved with LA. Furthermore,
lipoic acid significantly reduced serum
cholesterol levels, without lowering HDL
cholesterol. Alpha-lipoic acid supplementation
represents an achievable adjunct therapy to
improve endothelial function and reduce
oxidative stress, factors that are implicated in
the pathogenesis of atherosclerosis in diabetes.

Key words
Endothelial dysfunction; Type 2 diabetes; Atherosclerosis;
Oxidative stress; Antioxidants

INTRODUCTION

The link  between
atherosclerotic

endothelial dysfunction has been demonstrated in
many clinical trials "*. At the same time, it has
been shown in various studies that the use of
cholesterol-lowering drugs leads to a reduction in
coronary events and stabilization or even

dyslipidemia  and
coronary disease and

regression of atherosclerotic disease #?. The
mechanisms by which cholesterol lowering
reduces coronary events appear to be related to
reversal of endothelial dysfunction and to plaque
stabilization, since no significant increase in
lumen diameter is seen at the plaque site ©.
Vascular endothelium has important functions
such as maintenance of vascular tone and
coagulation-fibrinolysis balance, and modulation
of inflammation and platelet aggregation ®. The
endothelium has both autocrine and paracrine
actions, regulating the secretion of various
relaxing factors, mainly nitric oxide (NO) and
prostacyclin, as well as constrictors such as
endothelin.

The most important relaxing factor, and the
most thoroughly studied, is NO. NO is constantly
being produced and released, but this is affected
by various agonists, including acetylcholine,
bradykinin, substance P and serotonin. Endo-
thelium-dependent vasodilation is impaired in
individuals with coronary atherosclerosis and in




outros). A vasodilata¢do dependente do endotélio
ndo estd integra em individuos com aterosclerose
corondria e em doentes com factores de risco
corondrios como a hipercolesterolemia, diabetes
mellitus, hébitos tabdgicos e hipertensio arterial ©.

Mais recentemente, tem-se verificado que as
substincias antioxidantes sdo capazes de reverter
a disfuncdo endotelial provocada pela diabetes
associada a dislipidemia "
o nimero de eventos corondrios > ', embora a
sua utilizacdo, na prdtica médica, necessite,
ainda, de informacdes mais conclusivas.

) e de reduzir também

Perante estas evidéncias, a reducdo dos
lipidos plasmadticos assume um importante papel
no controlo da doenga aterosclerética. O controlo
da dieta constitui o ponto fundamental dos
distirbios lipidicos mais frequentes. Estudos
como o de Jenkins e colaboradores " sugerem
que determinadas dietas com antioxidantes
poderdo por si s6 reduzir a dislipidemia em
determinados pacientes. Considerando o elevado
custo dos fdrmacos hipolipemiantes e a
perspectiva do seu uso prolongado, os pacientes
tém recorrido a tratamentos alternativos para o
controlo da dislipidemia. Estes tratamentos tém
sido utilizados de forma empirica pela populacio,
necessitando de uma metodologia de estudo que
permita conclusdes mais fidedignas. Assim,
antioxidantes com as vitaminas C e E tém sido
extensamente avaliados.

O 4cido a-lipéico é um antioxidante
metabdlico com caracteristicas lipo e hidros-
soltveis. EE um potente sequestrador de radicais
livres e recicla outras vitaminas facilitando a sua
fun¢do antioxidante ™. Em humanos, os efeitos do
acido lipéico, administrado por diferentes vias, ja
foram avaliados em diferentes estudos, sendo
seguros e promissores os beneficios da sua
utilizagdo terapéutica
polineuropatia diabética ®"-*.

O efeito do 4dcido a-lipéico na dislipidemia e
na funcdo endotelial associadas a diabetes tipo 2,

nomeadamente na

representou o principal objectivo deste estudo. A
produgdio aumentada de radicais livres estd
associada a fisiopatologia da diabetes mellitus,
resultando em lesdo oxidativa das protefnas e
lipidos. Assim, também foram avaliados os niveis
de stress animais

oxidativo nos modelos

diabéticos.

CRISTINA M. SENA, et al
Rev Port Cardiol 2007; 26: 609-19

those with coronary risk factors such as
hypercholesterolemia, diabetes, smoking, or
hypertension ®.

It has recently been demonstrated that
antioxidants can reverse endothelial dysfunc-

tion caused by diabetes
q (013

associated with
dyslipidemi ' and also reduce the number of
coronary events *'¥ although there is a need for
more conclusive evidence of their usefulness in
clinical practice.

Given these facts, reduction of plasma lipids
has an important part to play in controlling
atherosclerotic disease. Diet is the main factor in
the commonest lipid disorders; studies such as
those by Jenkins et al. " suggest that a diet rich
in antioxidants can by itself reduce dyslipidemia
in certain patients. The high cost of lipid-
lowering drugs and the prospect of their long-
term use have led some patients to turn to
alternative treatments to control their dyslipi-
demia. Such
empirically, and so there is a need for more
rigorous research that will provide reliable
information, and antioxidants such as vitamins C
and E have been extensively studied in this
context.

Alpha-lipoic acid (LA) is a fat- and water-
soluble metabolic antioxidant that is a potent
free radical scavenger and also recycles

treatments have been used

other vitamins, strengthening their antioxidant
action ™. The effects of LA in humans,
administered in different ways, have been
assessed in various studies; it appears to be safe
and to have promising benefits, especially in the
treatment of diabetic polyneuropathy ©'#2.

The main objective of this study was to
investigate the effect of alpha-lipoic acid on
dyslipidemia and endothelial function in type 2
diabetes. Increased production of free radicals is
associated with the pathophysiology of diabetes,
resulting in oxidative damage to proteins and
lipids. Levels of oxidative stress were accordingly
also measured in the diabetic animal models
used.

METHODS

Animals

Fifteen-month-old diabetic rats (Goto-
Kakizaki [GK], an animal model of non-obese
spontaneous type 2 diabetes) were fed ad libitum
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MATERIAL E METODOS

Animais

Ratos diabéticos (Goto-Kakizaki -GK; um
modelo animal espontaneo de diabetes tipo 2 ndo
obesa) com 15 meses foram alimentados, durante
3 meses, ad libitum com ragdo standard (3%
gorduras, tipo AO4-Panlab) ou com racgdo
enriquecida em colesterol e gorduras (DA: 7.5%
gordura e 1.25% colesterol) e livre acesso a dgua.
Cinco grupos de animais (n=7-10 por grupo)
foram estudados: ratos ndo diabéticos controlo
(ratos Wistar), ratos diabéticos controlo (GK);
ratos GK com dieta aterogénica (GK+DA); ratos
GK com DA e 6leo de soja/veiculo (OS) e ratos
GK com DA e 4cido lipéico (AL). A quantidade
de dgua e ragfio ingerida foi quantificada antes e
no final do tratamento. Amostras de sangue, em
animais anestesiados, foram obtidas por puncéo
cardfaca para determinacdo da bioquimica
do sangue e as urinas (24h) recolhidas em

caixas metabdlicas para determinacdo da
8-hidroxidesoxiguanosina (8-OHdG).

Parametros bioquimicos e de stress oxidativo
Foram determinados, antes e no final do
tratamento, os pesos corporais € a glicemia apés
um jejum de 16-18 horas. Foi igualmente
determinada a glicemia 2 h ap6s administragio
de soro glicosado a 30%, por via intraperitoneal
(1,75¢ de glicose/Kg peso corporal). As
concentragdes da glicose no sangue total foram
determinadas na veia da cauda pelo método da
glicose-oxidase (glicometro e tiras teste - Bayer,
Portugal) e expressas em mg/dl. No final do
tratamento foram determinadas as concentracdes
sanguineas de colesterol total, colesterol-HDL,
triglicerideos e fosfolipidos, por analisador
automético. O findice aterogénico (Al) foi
calculado utilizando a férmula, colesterol
total/colesterol-HDL (CT/C-HDL). O aldeido
malénico (MDA) no plasma e a 8-OHdG na urina
foram determinados por HPLC e por ELISA,
respectivamente, como previamente descrito !°.
Para a determinacdo da peroxidagdo lipidica
da parede arterial utilizou-se o método de Cassini
e colaboradores . Segmentos da aorta tordcica
foram homogeneizados com écido tricloroacético
(mg de tecido por ml de TCA a 10%). Apés
centrifugagdo, foi adicionado um volume de 4cido
tiobarbitirico 0,67% sendo a mistura aquecida a
100°C durante 20min. A concentragdo de MDA

for 3 months on standard chow (Panlab AO4, 3%
fat) or high cholesterol and fat chow (atherogenic
diet [AD], 7.5% fat and 1.25% cholesterol), with
free access to water. Five groups (n=7-10 per
group) were studied: non-diabetic controls
(Wistar rats), diabetic controls (GK), GK rats on
the atherogenic diet (GK+AD), GK rats on AD
and soya oil vehicle (S0O), and GK rats on AD and
lipoic acid (AL). The quantity of water and food
ingested was measured before and at the end of
the treatment. Blood samples were taken from
anesthetized animals by cardiac puncture to
analyze blood biochemistry, and 24-hour urine
samples were obtained in metabolic cages to
measure 8- hydroxydeoxyguanosine (8-OHdG).

Biochemical and oxidative stress parameters
Body weight and 16-18-hour fasting glycemia
were measured before and at the end of the
treatment, as was glycemia after intraperitoneal
administration of 30% glucose solution (1.75 ¢
glucose/kg). Whole blood glucose was measured
in the caudal vein using the glucose oxidase
method (glucometer and test strips from Bayer,
Portugal) and expressed in mg/dl. At the end of
the treatment blood concentrations of total and
HDL cholesterol, triglycerides and phospholipids
were determined using an automatic analyzer.
The atherogenic index was calculated using the
formula: total cholesterol/HDL cholesterol.
Plasma malondialdehyde (MDA) and urinary 8-
OHdG were assessed by HPLC and ELISA
respectively, as described previously "°.

The method of Cassini et al."” was used to
determine lipid peroxidation in the arterial wall.
Segments of the thoracic aorta were homogenized
with trichloroacetic acid (TCA) (1 mg of tissue per
ml of 10% TCA). Following centrifugation, one
volume of 0.67% TCA was added and the
mixture was heated to 100°C for 20min. The
concentration of MDA was calculated by
absorbance at 532 nm, using an extinction
coefficient of 1.49x10° expressed in nmol/mg of
tissue x 107,

Vascular function

Rings 3-4 mm in length were carefully cut
from the thoracic aorta of each animal and
cleaned of connective tissue, preserving the
endothelium . The latter was mechanically
removed from separate segments of the thoracic
aorta of each animal. The rings were suspended




foi calculada pela absorbancia de 532nm,
utilizando-se um coeficiente de extin¢do de
1,49x10° expresso em nmol./mg de tecido x 107.

Fun¢ao vascular

Anéis vasculares da aorta tordcica de cada
animal, com aproximadamente 3-4mm, foram
cuidadosamente removidos e limpos de tecido
conjuntivo, de forma a preservar o endotélio ™. O
endotélio foi mecanicamente removido de
segmentos distintos da aorta tordcica dos mesmos
animais. Os anéis foram suspensos em cAmara de
perfusio com 10ml de capacidade, contendo
solugdo de Krebs-Henseleit a pH 7.4, com a
seguinte composi¢do (mmol/L): NaCl, 118,6; KCI,
4,7; CaCly, 1,6; NaHCO;, 25,0; MgSO,, 1,18;
KH2PO4, 1,18; glicose, 11,0. A solucdo foi
mantida a 37 °C e oxigenada com uma mistura de
gases contendo 95% de Oy e 5% de CO,y. Os
anéis foram montados em dois ganchos de metal,
ligados a um suporte de um lado e a um
transdutor de for¢a (PowerLab) do outro lado.
Os anéis foram distendidos a uma tensdo de
2g, estabelecida previamente como tensdo
ideal, através de curvas de comprimento-tensdo.
Os anéis de aorta foram perfundidos por um
periodo de 60min. Para prevenir a sintese
de prostaglandinas algumas
foram realizadas na presenca de 10 pM de
indometacina. Os resultados foram expressos
como percentagem de relaxamento em relagéo a
contrac¢io com fenilefrina. Os anéis de aorta,
com e sem endotélio, foram contraidos com
fenilefrina-PHE (107 M). Apés estabilizagdo da
contrac¢do, foi adicionada acetilcolina-ACh
ao banho de forma cumulativa a fim de se

experiéncias

obterem concentracoes de 10° a 10" M e a serem
produzidas as curvas de concentragfo-efeito na
auséncia ou presenca de N°Nitro-L-arginina
metil ester (L-NAME). Em seguida, a solucdo de
Krebs-Henseleit foi substituida por solucéo
fresca e a tensdo relaxada até ao valor basal.
Depois de um perfodo de 30min os anéis foram
contraidos com PHE e novas curvas de
concentracgio-efeito foram obtidas com o dador de
oxido nitrico, nitroprussiato-SNP (10® a 10" M).

RESULTADOS

Os valores do peso corporal, da glicemia, do
MDA do plasma e da parede da aorta e os niveis

CRISTINA M. SENA, et al
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in a 10-ml perfusion chamber containing a
Krebs-Henseleit solution at pH 7.4 with the
following composition (in mmol/l): NaCl, 118.6;
KClL, 4.7; CaCly, 1.6; NaHCO;, 25.0; MgSO,,
1.18; KH,PO,, 1.18; glucose, 11.0. The solution
was maintained at 37 °C and oxygenated with a
mixture of gases containing 95% O, and 5% CO.,.
The rings were mounted on two metal hooks
connected to a support on one side and a force
transducer (PowerLab) on the other; they were
then stretched at a tension of 2 g, previously
established as the ideal tension using length-
tension curves, and were perfused for 60 min.
Some experiments were performed in the
presence of 10 pm of indomethacin to prevent the
synthesis of prostaglandins. The results were
expressed as a percentage of relaxation compared
to contraction with phenylephrine. The aortic
rings, with and without endothelium, were
subjected to contraction with phenylephrine
(107 M).
acetylcholine was progressively added to the bath
in order to obtain a concentration of 10* to 10*M
and to construct concentration-effect curves in

After stabilization of contraction,

the absence or presence of N-®-nitro-L-arginine
methyl ester (L-NAME). The solution was
replaced with fresh Krebs-Henseleit solution and
tension relaxed to baseline levels. After 30 min,
the rings were contracted with phenylephrine and
new concentration-effect curves were obtained
using the NO donor sodium nitroprusside (SNP)
(10% to 10 M).

RESULTS

Body weight, glycemia, plasma and aortic wall
MDA and urinary 8-OhdG values are given in
Table 1.

It can be seen that the diabetic animals' body
weight did not change with the treatment.
Although there were no significant differences in
the quantities of chow consumed by the different
groups during the study period (data not
presented), a tendency was seen for animals on
the high-fat diet to gain weight.

Fasting glycemia worsened with the
atherogenic diet (mean rise of 32%) and was
significantly improved by LA (19%). Two hours
after administration of glucose solution, no
significant differences were seen between the
diabetic animal groups. Plasma MDA and urinary
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de 8-OHdG na urina estdio expressos no quadro 1.

Verificou-se que o peso corporal dos animais
diabéticos ndo sofreu qualquer alteragcdo com os
tratamentos. Apesar de nfo terem sido
observadas diferencas na quantidade de racdo
consumida pelos diferentes grupos durante o
periodo de estudo (dados ndo apresentados),
verificou-se uma tendéncia para um aumento do
peso corporal dos animais tratados com a dieta
gorda.

A glicemia em jejum foi agravada pela dieta
32%) e foi
significativamente diminuida pelo AL (19%).
A glicemia, 2h apés administra¢do de soro
glicosado, ndo apresentou variagdes significa-
tivas entre os grupos de animais diabéticos.
Os niveis de MDA do plasma e de 8-OHdG
na urina apresentaram-se significativamente
mais elevados nos grupos de ratos GK e
GK' hiperlipidémicos e foram completamente
revertidos pelo AL (Tabela I). O teor de MDA
da parede da aorta aumentou significativamente
nos grupos de ratos GK e GK hiperlipidémicos
(84% e 282%, respectivamente; p<0.001),
quando comparado com o grupo ndo diabético
68%, em relagio ao GK
hiperlipidémico, na presenga de AL.

Os valores de colesterol total e colesterol ndo-
HDL, os
aumentaram significativamente com a dieta
aterogénica (Tabela II) tal como o indice
aterogénico (Fig. 1). Os valores do colesterol
total, do colesterol ndo-HDL, dos triglicerideos
e dos fosfolipidos foram significativamente

aterogénica (aumento de

e diminuiu

triglicerideos e os fosfolipidos

mais baixos nos grupos de ratos GK tratados
com o6leo de soja e com 4cido lipéico,
quando comparados com o grupo GK+DA
(Tabela II). O mesmo foi observado no indice
aterogénico (Fig. 1). A comparacdo das curvas de
concentragio efeito com acetilcolina (Fig. 2),
entre os ratos GK e Wistar, revelou uma redu¢ao
do relaxa-mento dependente do endotélio nos
ratos GK e GK hiperlipidémicos. Observou-se
ainda um aumento do relaxamento dependente do
endotélio no grupo de animais tratados com AL,
quando comparado com o grupo GK+DA. Nao
houve diferengas entre os grupos, quando as
curvas de concentracio-efeito foram obtidas com
o nitroprussiato, dador de NO (Fig. 3).

Na presenca do inibidor das sintetases do
6xido nftrico (L-NAME) néo ocorreu qualquer
relaxamento dependente do endotélio (Fig. 4).

8-OHdG levels were significantly higher in the
GK and GK+AD groups, and were completely
reversed by LA (Table I). MDA concentrations in
the aortic wall rose significantly in the GK and
GK+AD groups, by 84% and 282% respectively
(p<0.001) compared to the non-diabetic group,
and fell by 68% compared to GK+AD animals in
the presence of LA.

Total and non-HDL cholesterol, triglycerides
and phospholipids increased significantly with
the atherogenic diet (Table II), as did the
atherogenic index (Fig. 1), but were significantly
lower in the SO and LA groups (Table 1), as was
the atherogenic index (Fig. I). Comparison of
concentration-effect curves with acetylcholine
(Fig. 2) between GK and Wistar rats showed
reduced endothelium-dependent relaxation in
the GK and GK+AD groups, but this was
improved in the LA-treated animals. There were
no differences between the groups in the
concentration-effect curves obtained with sodium
nitroprusside (Fig. 3).

In the presence of the nitric oxide synthase
inhibitor L-NAME, there was no endothelium-
dependent relaxation (Fig. 4).

DISCUSSION

Impaired endothelium-dependent relaxation
is an early stage of the development of
atherosclerosis . In this study, we demonstrated
that it is reduced in old diabetic GK rats and that
this reduction is not aggravated by an atherogenic
diet. We also found that endothelial dysfunction
is significantly reversed by LA, almost back to
the levels of normal Wistar rats. At the same time,
in diabetic rats, a high fat and cholesterol diet
for three months led to a marked rise in total
cholesterol  (357%), mnon-HDL cholesterol
(809%), triglycerides (245%) and phospholipids
(96%). LA did not affect body weight, but it
significantly reduced fasting glycemia (19%),
total cholesterol (87%), non-HDL cholesterol
(93%), triglycerides (79%) and phospholipids
(65%), and did not alter HDL cholesterol.
Lipid profile was also normalized in the presence
of vehicle (soya oil). Studies in the literature
indicate that soya has a beneficial effect on
the lipid profile of adults ®. Soya oil is rich in
linoleic and linolenic acids and also contains
antioxidants such as tocopherols and isoflavones.




Tabela 1

Descricio geral dos animais e parametros de siress oxidativo avaliados nos diferentes grupos, ratos Wistar
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controlo, ratos diabhéticos (GK), ratos diabéticos com dieta aterogénica (GK+DA), tratados com éleo de

soja (GK-DA+OS) ou acido o-lipéico (GK-DA+AL)

(ng/24h)

Wistar GK GK+DA GK+DA+OS GK-DA+AL
Peso corporal (g) 582.7 £ 28.0 [356.53 £ 8.7 |410.86 £ 5.1 428.82 £ 12.0™  |433.96 = 10.9™
Glicemia em jejum 755719 1153 £5.6™ 151.65 £ 7.9 % 129.63 £ 4.5 122.32 £ 9.37" A
(mg/dI)
Glicemia as 2h (mg/dl)| 116.3 +4.0 |332.5 £ 47.7"" [419.14 + 28.5™ 338.6 + 23.4™ 365.57 £ 9.5
MDA (uM) 1.12 £ 0.1 1.5+£0.1" 1.8 +0.1™ 1.42 £ 0.2 1.11 = 0.1°°AA
MDA-aorta (nmol/mg | 5.2 + 0.32 9.56 £ 0.73™ 19.86 + 0.437 % 12.86 = 0.757%  16.35 + 0.36"AAA
tecido x 10-7)
8-OHdG na urina 191.48 £ 28.7|1609.97 + 70.1™ [1349.58 + 237.9™ %% 877.16 + 202.8™ [42.28 + 12.6"*°

*p<0.01,""p<0.001 versus ratos Wistar; ¥ p<0.01, % p<0.001 versus grupo GK controlo; * p<0.05, ** p<0.01, ** p<0.001 versus grupo GK+DA.

Table 1

General description of experimental animals and oxidative stress parameters in the different groups:
control Wistar rats, diabetic rats (GK), diabetic rats on atherogenic diet (GK+AD), and treated with soya
oil (GK+AD+S0) or o-lipoic acid (GK+AD+LA)

(ng/24h)

Wistar GK GK+DA GK+DA+OS GK-DA+AL
Body weight (g) 582.7 +28.0 [356.53 + 8.7 |410.86 £ 5.1 428.82 £ 12.0™  [433.96 + 10.9™
Fasting glycemia 755719 |1153 £5.6™ 151.65 £ 7.9™% 129.63 + 4.5 122.32 £ 9.37* A
(mg/dl)
2-h glycemia (mg/dl) | 116.3 +4.0 |332.5 +£47.7" |419.14 + 28.5™ 338.6 £ 23.4™ 365.57 £ 9.5
MDA (uM) 1.12 £ 0.1 1.5+0.1" 1.8 £0.1™ 1.42 + 0.2 1.11 £ 0.1%
MDA-aorta (nmol/mg | 5.2 + 0.32 9.56 £ 0.73™ 19.86 + 0.43™ %% 12.86 + 0.757%  6.35 + 0.36"AAA
tissue x 10-7)
Urinary 8-OHdG 191.48 + 28.7|609.97 £ 70.1™ | 1349.58 + 237.9™ 3| 877.16 = 202.8™ |42.28 + 12.6*

#% p<0.01,%4% p<0.001 vs. Wistar; ¥ p<0.01, 5 p<0.001 vs. control GK group; ® p<0.05, ® p<0.01, ** p<0.001 vs. GK+DA group.

Tabela 11

Descricio geral dos animais e parametros de stress oxidativo avaliados nos diferentes grupos, ratos Wistar
controlo, ratos diabéticos (GK), ratos diabéticos com dieta aterogénica (GK+DA), tratados com dleo de

soja (GK-DA+OS) ou acido o-lipéico (GK-DA+AL)

Wistar GK GK+DA GK+DA+OS | GK-DA+AL
Colesterol Total (mg/dl) 93.6 £ 8.1 154.3 +25.6 | 705.4 + 118.3%** 8% 11456 + 21.5%° | 92.4 + 10.4%%
Colesterol ndao-HDL (mg/dl)|23.5 + 3.5 68.0 + 19.7 618.14 £ 115.7%%* % 1860 £ 18.6% | 42.71 + 6.2%
Triglicerfdeos (mg/dl) 102.1 £ 14.6 | 159.9 £ 69.5 | 551.7 + 85.4%#%* 196.6 + 37.1% | 116.9 + 14.0%
Fosfolipidos (mg/dl) 171.1 £20.5 [ 233.9 +£42.9 | 457.6 + 45.8%*%** % 194.6 £ 19.0* | 162.0 = 11.8%°

##50.<0,001 versus ratos Wistar; ¥ p<0.001 versus grupo GK controlo; * p<0.01, **® p<0.001 versus grupo GK+DA.

Table 11

Lipid parameters in the different groups: control Wistar rats, diabetic rats (GK), diabetic rats on

atherogenic diet (GK+AD), and treated with soya oil (GK+AD+SO) or o-lipoic acid (GK+AD+LA)

Wistar GK GK+DA GK+DA+OS | GK-DA+AL
Colesterol Total (mg/dl) 93.6 + 8.1 154.3 £25.6 | 705.4 £ 118.3%%* % | 145.6 + 21.5% | 92.4 + 10.4%°
Colesterol ndo-HDL (mg/dl)|23.5 £ 3.5 68.0 = 19.7 618.14 £ 115.7#%*% % 186.0 + 18.6" | 42.71 + 6.2%°
Triglicerideos (mg/dl) 102.1 £ 14.6 | 159.9 £ 69.5 | 551.7 £ 85.4%7#% 5% 196.6 + 37.1% | 116.9 + 14.0%°
Fosfolipidos (mg/dl) 171.1 £20.5 | 233.9 £ 42.9 | 457.6 £ 45.8%%% % 194.6 = 19.0% | 162.0 + 11.8*°

5% ) <0.001 vs. Wistar rats; §§§ p<0.001 vs. control GK group; * p<0.01, **® p<0.001 vs. GK+DA group
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Figura 1. Indice aterogénico (CT/C-HDL) em ratos controlo
(Wistar), ratos diabéticos (GK), ratos diabéticos com
hiperlipidemia (GK+DA), tratados com veiculo (GK+DA+0S) ou
com dcido o-lipsico (GK+DA+AL). Média + epm de 10
experiéncias. §§§ p<0.001 wversus GK controlo; ¢odp p<0.001
versus grupo GK+DA.

Figure 1. Atherogenic index (TC/HDL-C) in control rats (Wistar),
diabetic rats (GK), diabetic rats with hyperlipidemia (GK+AD),
and treated with vehicle (GK+AD+SO) or with o-lipoic acid
(GK+AD+LA). Means + SEM of 10 experiments. §§§ p<0.001 vs.
control GK group; ¢d¢ p<0.001 vs. GK+AD group.

DISCUSSAO

Uma diminui¢do do vasorrelaxamento
dependente do endotélio é um estddio precoce no
desenvolvimento da aterosclerose ™. Neste
estudo, demonstramos que hd uma diminuig¢éo do
relaxamento dependente do endotélio em animais
diabéticos GK idosos e que esta alteracdo nfo é
agravada na presenga de uma dieta aterogénica.
Verificou-se ainda que a disfunc¢éo endotelial é
significativamente revertida na presenga de dcido
lip6ico para valores préximos dos ratos Wistar
normais. Por outro lado, nos ratos diabéticos, a
administra¢do da dieta enriquecida em colesterol
e gorduras, durante 3 meses, conduziu a um
aumento acentuado do colesterol total (357%),
do colesterol ndo-HDL (809%), dos trigli-
cerideos (245%) e dos fosfolipidos (96%). O
dcido o-lipéico ndo afectou o peso corporal,
mas  diminuiu significativamente a glicemia
do jejum (19%), o colesterol total (87%), o
colesterol nao-HDL (93%), os triglicerideos
(79%) e os fosfolipidos (65%) e nao afectou o
colesterol-HDL. O perfil lipidico foi também
normalizado na presenca do veiculo (o é6leo de
soja). Estudos na literatura apontam para um
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Figura 2. Curvas concentragdo-efeito com acetilcolina, em ratos
controlo (Wistar ——), ratos diabéticos (GK —m-), ratos diabéticos
com hiperlipidemia (GK+DA —a-), tratados com veiculo
(GK+DA+0S —v-) ou com 4cido o-lipsico (GK+DA+AL —&-).
Média = epm de 21 experiéncias. §§§ p<0.001 versus GK
controlo; ¢ p<0.05; ¢¢ p<0.01; ¢¢d p<0.001 wersus grupo
GK+DA.

Figure 2. Concentration-effect curves with acetylcholine in
control rats (Wistar —s—), diabetic rats (GK—m-), diabetic rats with
hyperlipidemia (GK+AD —a-), and treated with vehicle
(GK+AD+SO —v-) or with a-lipoic acid (GK+AD+LA —e-).
Means + SEM of 21 experiments. §§§ p<0.001 vs. control GK
group; ¢ p<0.05; ¢ p<0.01; ¢pod p<0.001 vs. GK+AD group.

LA significantly reduces lipid profile in
hyperlipidemic patients @". Although soya oil
normalized the lipid profile, it had no effect on
endothelium-dependent relaxation. The effect of
LA therefore appears to be mediated by other
mechanisms that, as well as lowering lipids,
improve endothelial function.

LA has unique characteristics compared
to other antioxidants: it distributes to the
mitochondria; it has a very low redox potential
and can thus recycle other antioxidant redox
pairs such as ascorbate; and it is regenerated by
increases in nicotinamide adenine dinucleotide
(NADH) induced by a rise in blood glucose
and by the action of plasma non-esterified fatty
via pyruvate dehydrogenase, which
establishes a link between antioxidant activity
and the increases in metabolic rate ®*?Y. Lipoic
acid directly modulates glucose metabolism in
insulin-resistant muscle tissue ®. Chronic
treatment of obese insulin-resistant Zucker rats

acids

with LA improves glucose tolerance and insulin
sensitivity of skeletal muscle ®. This antioxidant
also appears to prevent diabetes in certain
animal models .
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Figura 3. Curvas concentragfio-efeito com nitroprussiato, em
ratos controlo (Wistar ——), ratos diabéticos (GK —m-), ratos
diabéticos com hiperlipidemia (GK+DA —a-), tratados com
vefculo (GK+DA+0S —v—) ou com dcido o-lipsico (GK+DA+AL
—#-). Média + epm de 21 experiéncias.

Figure 3. Concentration-effect curves with sodium nitroprusside
in control rats (Wistar —e—), diabetic rats (GK —m-), diabetic rats
with hyperlipidemia (GK+AD —a-), and treated with vehicle
(GK+AD+SO —v-) or with o-lipoic acid (GK+AD+LA —e-).
Means + SEM of 21 experiments.

efeito benéfico da soja no perfil lipidico de
individuos adultos ®. O éleo de soja é rico em
dcidos linoleico e linolénico e possui também
antioxidantes como tocoferéis e isoflavonas. Em
particular, o dcido o-linolénico é um importante
perfil

hiperlipidémicos ®". Embora o 6leo de soja tenha

redutor do lipidico em pacientes
normalizado o perfil lipidico ndo teve qualquer
efeito no relaxamento dependente do endotélio.
Assim, o efeito do 4cido lip6ico parece ser
mediado por outros mecanismos que, associados
ao decréscimo dos lipidos, permitem uma
melhoria da func¢éo endotelial.

O é4cido O-lipéico tem caracteristicas muito
proprias, relativamente a outros antioxidantes:
1) distribui-se pela mitocondria; 2) tem um
potencial redox muito baixo, sendo por isso capaz
de reciclar outros pares redox antioxidantes,
como o ascorbato; e 3) é regenerado por aumentos
do dinucleétido de nicotinamida adenina
(NADH) induzidos pelo aumento da glicemia e
por acc¢do dos dcidos gordos plasméticos ndo
esterificados (NEFA, via piruvato desidrogenase),
estabelecendo uma ligacdo entre a actividade
antioxidante e o grau de aumento do fluxo
metabélico Y. O écido o-lipéico pode modular
directamente o metabolismo da glicose no tecido

Figura 4. Curvas concentragdo-efeito com acetilcolina na
presenca de L-NAME, em ratos controlo (Wistar ——), ratos
diabéticos (GK -m-), ratos diabéticos com hiperlipidemia
(GK+DA —a-), tratados com veiculo (GK+DA+0OS —v—) ou com
dcido o-lipéico (GK+DA+AL —e-). Média = epm de 21

experiéncias.

Figure 4. Concentration-effect curves with acetylcholine in the
presence of L-NAME in control rats (Wistar ——), diabetic rats
(GK —m-), diabetic rats with hyperlipidemia (GK+AD —a-), and
treated with vehicle (GK+AD+SO —v-) or with a-lipoic acid
(GK+AD+LA —#-). Means + SEM of 21 experiments.

Levels of plasma MDA, an index of lipid
peroxidation, and of urinary 8-OhdG, a marker of
oxidative DNA damage, rose by 61% and 605%
respectively with the atherogenic diet, while
levels of MDA in the aortic wall increased by
77%. These findings are in agreement with
the literature, and confirm that dyslipidemia
ageravates oxidative damage “"*. Levels of MDA
in the aorta and plasma, and levels of 8-OHdG in
the urine normalized with LA but not with soya
oil (vehicle). Endothelial function, already
impaired by age-associated diabetes (GK
group), did not worsen with the atherogenic
diet (GK+AD group). However, we observed
an improvement in endothelium-dependent
vasomotor function (maximum relaxation
increased by 49%) in the presence of LA, which
was not seen in the presence of vehicle (soya oil).

Like soya oil, LA normalizes lipid profile, but
it also reverses the long-term endothelial
dysfunction seen in old diabetic animals and
reduces levels of oxidative stress to those of
control animals. Our results are in agreement
with previous studies in animal models of type 1
diabetes, which also showed the beneficial effect

of LA on endothelial dysfunction ®. Lipid
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muscular resistente a insulina ®. O tratamento
Zucker

resistentes, com 4cido lipéico, induz um melhoria

crénico de ratos obesos insulino-

da tolerdncia a glicose e da sensibilidade do
miculo esquelético a insulina®. Por outro lado
este antioxidante parece prevenir a diabetes
mellitus em determinados modelos animais ®.
Os valores do MDA (indice de peroxidagio
lipidica) plasmédtico e os niveis de 8-OHdG
(indice de oxidacdo do DNA) na urina
aumentaram, respectivamente, 61% e 605% com
a dieta aterogénica enquanto o teor de MDA da
parede da aorta aumentou 77%. Estes resultados
estdo de acordo com a literatura e reafirmam que
a dislipidemia acentua os processos oxidativos®>?.
Os niveis plasméticos e aédrticos de MDA e os
niveis urindrios de 8-OHdG normalizaram com
o 4cido lipéico, mas ndo com o 6leo de soja
(veiculo). A funcdo endotelial, j& comprometida
pela diabetes associada ao envelhecimento
(grupo GK), ndo se agrava com a dieta gorda
(grupo GK+DA). Contudo observdmos uma
melhoria da fun¢do vasomotora dependente do
endotélio (relaxamento méximo aumentou 49%)
na presenca do 4cido lipéico, que ndo foi
observada na presenga do veiculo (Gleo de soja).
O 4cido lipéico embora normalize o perfil
lipidico, a semelhan¢a do 6leo de soja, tem
também a capacidade de reverter a disfuncéo
endotelial de longo termo observada nos animais
diabéticos idosos e de reduzir os niveis de stress
oxidativo para os valores dos animais controlo. Os
nossos resultados estdo de acordo com estudos
anteriores, em modelos animais diabéticos de
tipo 1, que demonstram também efeitos benéficos
do 4cido lipdico na disfun¢do endotelial . Por si
s6, uma reducdo dos lipidos ndo é suficiente para
melhorar a funcio endotelial. De referir a este
propésito, o estudo de Calkin e colaboradores,
onde um agonista dos receptores do activador
do proliferador peroxissomal-o. (PPAR-0) possui
actividade anti-aterogénica, independentemente
das alteracdes no metabolismo do colesterol ©°,

CONCLUSOES

Os resultados do presente estudo fornecem
evidéncias para a importancia do stress oxidativo
na patogénese da disfuncdo endotelial e para os
efeitos benéficos do dcido o-lipéico como
antioxidante e na reversio da hiperlipidemia e da

reduction is not by itself sufficient to improve
endothelial function, as shown in a study by
Calkin et al., in which an agonist of peroxysomal
proliferator-activator receptor alpha (PPAR-cr)
demonstrated antiatherogenic activity, indepen-
dently of alterations in cholesterol metabolism .

CONCLUSIONS

The results of the present study demonstrate
the importance of oxidative stress in the
pathogenesis of endothelial dysfunction and the
beneficial properties of alpha-lipoic acid as an
antioxidant and in reversing hyperlipidemia and
endothelial dysfunction associated with type 2
diabetes. They also suggest that the effects of
this antioxidant should be studied in diabetic
patients.
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