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Abstract

Endothelial cells represent an important vascular site of signaling and development of damage
during ischemia, inflammation and other pathological conditions. Excessive reactive oxygen
species production causes pathological activation of endothelium including exposure of cell to
adhesion molecules. Intercellular adhesion molecule-1 (ICAM-1), vascular cell adhesion
molecule-1 (VCAM-1) and platelet-endothelial cell adhesion molecule-1 (PECAM-1) are
members of the immunoglobulin super-family which are present on the surface of endothelial
cells. These molecules represent important markers of endothelial inflammation. The present
study was designed to investigate, with immunochemical and immunohistochemical
techniques, the effect of treatment with (+/�)-alpha lipoic (thioctic) acid and its enantiomers
on heart and kidney endothelium in spontaneously hypertensive rats (SHR). Arterial
hypertension is accompanied by an increased oxidative stress status in the heart characterized
by thiobarbituric acid reactive substances (TBARS) and nucleic acid oxidation increase. The
higher oxidative stress also modifies adhesion molecules expression. In the heart VCAM-1,
which was higher than ICAM-1 and PECAM-1, was increased in SHR. ICAM-1, VCAM-1 and
PECAM-1 expression was significantly greater in the renal endothelium of SHR. (+/�)-Alpha
lipoic acid and (+)-alpha lipoic acid treatment significantly decreased TBARS levels, the nucleic
acid oxidation and prevented adhesion molecules expression in cardiac and renal vascular
endothelium. These data suggest that endothelial molecules may be used for studying the
mechanisms of vascular injury on target organs of hypertension. The effects observed after
treatment with (+)-alpha lipoic acid could open new perspectives for countering heart and
kidney microvascular injury which represent a common feature in hypertensive end-organs
damage.
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Introduction

Arterial hypertension represents the main risk factor for

morbidity and mortality associated with cardiovascular dis-

eases. Heart and kidney are main target organs of hyperten-

sion (1–3). Other obvious target organs of hypertension are

arteries and arterioles. Hypertension affects the arterial walls

leading to an increase (hypertrophy) of wall size and/or

vascular tone accompanied by reduction of the vascular

lumen (4,5). This phenomenon increases peripheral resistance

that may be complicated by a vascular stenosis with reduced

organ perfusion (6). Accumulation of intimal vascular smooth

muscle cells is a trait of atherosclerosis. Endothelial cells

lining vascular luminal surface represent an important site of

signaling and development of damage induced by reactive

oxygen species (ROS) during ischemia, inflammation and

other pathological conditions (6).

Targeted delivery of ROS modulating enzymes conjugated

with antibodies to endothelial surface molecules provides

site-specific effects leading to endothelial damage. Excessive

ROS production induces pathological activation of endothe-

lium including exposure of cell adhesion molecules. The

intercellular adhesion molecule-1 (ICAM-1) is a member of

the immunoglobulin (Ig) superfamily which is present at the

surface of several cell types, including endothelial cells.

ICAM-1 and other adhesion molecules such as vascular cell

adhesion molecule 1 (VCAM-1), platelet-endothelial cell

adhesion molecule-1 (PECAM-1), expressed on activated

endothelium, could represent a pharmacological target and

specific sites for imaging probe for evaluating vascular

pathologies. (7–9).

Alpha-lipoic acid, (1,2-dithiolane-3-pentanoic acid), or

thioctic acid is a naturally occurring dithiol compound

synthesized enzymatically in the mitochondria from octanoic

acid. It is synthesized in the organism and is absorbed intact

from dietary sources. After absorption, it accumulates tran-

siently in many tissues. There is growing evidence that orally

delivered alpha-lipoic acid may not be used as a metabolic

cofactor but instead, it elicits a unique set of biochemical

activities with potential therapeutic value against different

pathophysiologic insults. Due to the presence of an asym-

metric carbon C3, alpha-lipoic acid exists in two enantiomers,
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namely (+)- and (�)-alpha-lipoic acid. The former enantio-

mer represents the active form of the compound. It is located

intracellularly and elicits the biological effects of alpha-lipoic

acid (10). Moreover, (�)-alpha-lipoic acid acts either as a

poor substrate or as an inhibitor of (+)-alpha-lipoic acid when

it interacts with 2-oxoacid dehydrogenase multienzyme

complexes.

The antioxidant activity of alpha-lipoic was investigated in

an animal model of hypertension such as spontaneously

hypertensive rats (SHR) (11,12). SHR has specific and

uniform genetic predisposition to develop arterial hyperten-

sion (13), allowing to study causes, mechanisms, pathology

and behavioral consequences of the disease. Arterial hyper-

tension also represents an important cause of oxidative stress.

In fact, it could be considered as a free radical generating

source (14) and, therefore, SHR can be used as an animal

model of oxidative stress. Hypertension-dependent organ

damage was demonstrated (13,15–17). These studies have

shown that different organs of SHR (e.g., kidney, heart and

brain), undergo to hypertension-related ROS-depended

damage (18). Hence, SHR may be a useful animal model to

study the effect of any antioxidant compound.

Therefore, the present study was designed to investigate

with immunochemical and immunohistochemical techniques,

the effect of treatment with alpha-lipoic acid enantiomers on

heart and kidney endothelium in SHR used as a model of

hypertensive end organ damage where vascular tree develops

of smooth muscle layer thickness and lumen narrowing.

Materials and methods

Animals and tissue treatment

Twenty-week-old male SHR (n¼ 30) and age-matched WKY

rats (n¼ 6) were used. Rats were fed with standard laboratory

diet and with tap water ad libitum, and kept at 23 ± 1 �C with

a 12 h light/dark cycle, light at 7 a.m. Animal manipulation

was carried out according to the National and European

Community Guidelines for Animal Care (DL 116/92, of

application of the European Communities Council Directive

86/609/EEC) and also in accordance with the ethical guide-

lines of the University of Florence. The guidelines deal with

treatment of animals under lab testing. These guidelines are

consistent with the Guide for the Care and Use of Laboratory

Animals of the US National Institutes of Health (NIH

Publication No. 85-23, revised 1996; University of Florence

assurance number: A5278-01). All efforts were made to

minimize animal suffering and to reduce the number of

animals used.

SHR rats were treated once a day for 30 days with an i.p.

injection of 250 mmol/kg/day of (+/�)-alpha-lipoic acid

(n¼ 6); 125mmol/kg/day of (+/�)-alpha-lipoic acid (n¼ 6);

125mmol/kg/day of (+)-alpha-lipoic acid lysine salt (n¼ 6)

and 125 mmol/kg/day of (�)-alpha-lipoic acid (n¼ 6). WKY

(n¼ 6) and SHR (n¼ 6) rats were also treated with the same

amounts of vehicle as control.

Animals were anaesthetised with pentobarbital sodium

(50 mg/kg, by intraperitoneal route), and then perfused

through the left ventricle with a 0.9% NaCl solution

containing 0.5% polyvinylpyrrolidone, heparin (20 inter-

national units), and ethylene diamine tetra-acetic acid

(EDTA, 25 mg/ml) to induce a maximal vasodilatation. The

first solution was then replaced by a second solution of 10%

formalin in 0.1 M phosphate buffer (pH 7.4), kept at room

temperature. After perfusion, kidney and heart were dissected

out, weighed and fixed in the fixative and embedded

into paraffin wax. Serial consecutive 12 or 8 mm thick

sections were cut using a rotary microtome and processed

for morphological analysis and immunohistochemistry as

detailed below.

Thiobarbituric acid reactive substances (TBARS)
determination

Samples (0.1 ± 0.02 g) of heart and kidney were homogenized

in a Mixer Mill MM300 (Qiagen, Hilden, Germany) in

specific lysis buffer. After homogenization, the samples were

centrifuged (2 times) at 13 000 rpm (10 min at 4 �C). Aliquots

of the supernatant were used for protein assay against a

standard of bovine serum albumin (BSA) using a BIO-RAD

protein assay (BIO-RAD, Munich, Germany). Levels of

thiobarbituric acid reactive substances (TBARS) were mea-

sured using commercial kits (Cat. No. 10009055, Cayman

Chemical Company, Cayman, Ann Arbor, MI, USA) and the

value expressed as pmol/mg of tissue.

Western blot analysis

Equal amount of proteins (40mg), obtained using the same

procedures quoted in the last paragraph, was separated by 8%

sodium dodecyl sulfate polyacrylamide gel electrophoresis.

Transblotted membranes were incubated with different poly-

clonal antibodies (ICAM-1, Sc-8439; VCAM-1, Sc-8304; and

PECAM-1, Sc-1506) that were purchased from Santa Cruz

Biotechnology, Inc, Dallas, TX, USA, and were used at 1:500

dilution.

Immunochemistry product was visualized using as HRP-

biotinylated antibody (donkey anti-goat IgG cat. No. Sc-2020,

donkey anti-rabbit IgG cat. No. Sc-2313 or donkey anti-

mouse cat. No. Sc 2314, Santa Cruz Biotechnology, Inc,

Dallas, TX, USA) followed by a chemiluminescence detection

system (Lite Ablot� plus, Cat. EMP 011005, Euroclone, Pero,

Italy) with computer-driven densitometry. To normalize

protein loadings, membranes were stripped and incubated

with a monoclonal anti-GAPDH antibody (Cat. no 9295

Sigma Chemical Co., St. Louis, MO, USA) or anti beta-actin

(clone AC-74; Sigma Chemical Co., St. Louis, MO, USA).

Band intensities were measured by densitometry with an IAS

2000 image analyzer (Biosystem, Rome Italy). Densitometry

values for each band were normalized to the respective

reference protein intensity for each sample and referred to the

normalized value of WKY group for different endothelial

markers.

Vascular morphometry by image analysis

The influence of hypertension and antioxidant treatment on

the coronary and renal arteries was assessed by image

analysis. Alternate consecutive sections (6 mm thick, 50 mm

apart) were stained with Masson’s trichromic protocol used to

assess the morphology of different heart parenchymal and
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vascular components. Slides stained with Masson’s trichrome

were viewed at a microscope connected by a video camera to

an image analyzer (IAS 2000, Delta Sistemi, Rome, Italy).

Coronary and renal arteries were divided based on their

external diameter range, as previously described (19,20).

Immunohistochemistry

Consecutive sections (12mm thick) were processed for the

immunohistochemical detection of 8-Oxo-20-deoxyguanosine

(8-oxo-dG) to analyze the DNA oxidative status and endo-

thelial markers ICAM-1, VCAM-1, PECAM-1.

The sections were processed for the immunoistochemical

detection of 8-oxo-dG using the polyclonal antibody (clone

2E2, Trevigen, cat.No. 4354-MC-050) diluted 1:250 in PBS

containing 0.1% of BSA. In accordance with the company

protocol, the sections were pre-treated at 37 �C with 5 mg/ml

Proteinase k in phosphate buffer saline (PBS) for 30 min and

100mg/ml RNase A in 15 mM sodium citrate buffer contain-

ing 150 mM NaCl for 60 min. For the immunohistochemical

detection of endothelial markers, the sections were incubated

with the same antibodies, used for western blot analysis, at

1:100 dilution.

After a pre-incubation in 3% PBS-bovine serum albumin for

1 h, the sections were exposed overnight in a moist chamber at

4 �C to primary antibodies and then for 30 min at 25 �C to

corresponding secondary biotinylated antibodies (goat anti-

rabbit IgGs, cat. No. 16-15-06 KPL, USA; rabbit anti-goat

IgGs, cat.No. 16-13-06 KPL, USA; goat anti-mouse IgGs,

AP124B, Merck Millipore, Life Science of Merck KGaA,

Darmstadt, Germany) diluted to 1:200. The product of immune

reaction was revealed using 3,30-diaminobenzidine as a

chromogen. A section of each series were used as a negative

control and exposed to a non-immune IgG instead of the

primary antibody. The density of immunoreactions was

detected by image analysis system using overlapping function

to define the endothelial layer as described elsewhere (21). The

intensity was expressed as arbitrary optical density unit.

Measurements were made in blind by two operators

independently.

Data analysis

The averages of different parameters investigated were

calculated from single animal data, and group

means ± S.E.M. were then derived from mean single animal

values. The significance of the differences between the

averages was analyzed by analysis of variance (ANOVA)

followed by the Newman–Keuls multiple range test. Different-

sized artery branches data were also grouped per vessel

external diameter. Morphometric values were referred to

diameter classes per similar size arteries grouped according

to lumen size distribution curve (22).

Results

Body weight values were similar in normotensive WKY rats

and SHR, either control or treated with different formulations

of alpha-lipoic acid (data not shown). No significant differ-

ences were found between WKY and SHR or SHR treated

with alpha-lipoic acid (data not shown). Heart weight/

body weight ratio was increased in control SHR rats

(3.37 ± 0.12) compared to control WKY rats (3.05 ± 0.06).

This phenomenon was not countered by antioxidant treatment

(data not shown). Neither hypertension nor pharmacologic

treatments changed kidney weight values (data not shown).

Systolic blood pressure values were higher in control SHR

rats (215 ± 3 mmHg) compared to the normotensive WKY

rats (148 ± 9 mmHg). Treatment with any stereoisomer of

alpha-lipoic acid did not significantly affect blood pressure

values in SHR (data not shown).

TBARS levels and 8-oxo-dG immunohistochemistry

In SHR an increased oxidative stress characterized by a sig-

nificant rise of TBARS level in heart (Figure 1A) was observed

compared to WKY rats. Treatment with (+)-thioctic acid

(125 mmol/kg/day) significantly decreased TBARS (Figure

1A). The two different doses of (+/�)-thioctic acid had only a

slight effect on TBARS (Figure 1A). In the kidney of SHR no

significant increase of TBARS level was detected compared to

WKY rats (Figure 1B). Treatment with (+/�)-thioctic acid

(250 mmol/kg/day) and with (+)-thioctic acid (125mmol/kg/

day) significantly decreased TBARS level (Figure 1B).

8-Oxo-dG immunostaining was expressed in a thin granu-

lar staining localized in the nuclei of the smooth muscle cells

of the heart and kidney arteries (Figure 2). Immunoreaction

was more pronounced in SHR compared to WKY (Figure 2).

Treatment with the (+)-thioctic acid decreased the 8-oxo-dG

immunoreaction (Figure 2).

Vascular morphometry

Analysis of different-size coronary arteries with 100–50mm of

diameter of control SHR revealed an increase of wall area

(2723.95 ± 148.06mm2) and luminal narrowing (830.01 ±

37.75 mm2) compared to size-matched arteries of WKY rats

wall area (2386.25 ± 221.70mm2, p50.05 vs SHR) and lumen

area (1057.23 ± 93.60 mm2, p50.05 vs SHR). An increase of

the wall-to-lumen ratio was also noticeable (3.30 ± 0.14for

SHR and 2.25 ± 0.19 for WKY, p50.05 vs SHR). In different-

sized coronary arteries, treatment with the racemic formulation

at the two concentrations and the enantiomers has shown no

effect on wall area and luminal narrowing (data not shown). No

remodeling occurred in different-sized coronary artery

branches of control or antioxidant-treated SHRs compared

with normotensive WKY rats (data not shown).

Renal arteries with 100–50mm of diameter of control

SHRs compared with size-matched arteries of WKY shows

the increased thickness of the tunica media (3092.70 ± 201.30

SHR and 2814.21 ± 219.11for WKY, p50.05 vs SHR)

accompanied by luminal narrowing (709.63 ± 50.94 SHR

and 1044.53 ± 75.17 for WKY, p50.05 vs SHR). A conse-

quent significant augmentation of the wall-to-lumen ratio was

also found (4.52 ± 0.34 for SHR and 3.89 ± 0.54 for WKY,

p50.05 vs SHR). An accumulation of connective tissue was

also observed in the tunica adventitia of different sized of

renal arteries of SHRs (data not shown). Enantiomers of

alpha-lipoic acid and the racemic formulation at two concen-

trations had no effect on the vascular changes due to

hypertension (data not shown).
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Immunochemical and immunohistochemical analysis

Immunochemical analysis was performed on samples of heart

and kidney of animals treated and untreated with different

doses of (+/�)-alpha-lipoic and its enantiomers for the

evaluation of the expression of adhesion factors ICAM-1,

VCAM-1 and PECAM-1. The analysis revealed a band

approximately 90 kDa for ICAM-1, 100 kDa for VCAM-1 and

120 kDa for PECAM-1 approximately (Figure 3). Evaluation

of the different bands was made for both the heart and the

kidney referring to density of GAPDH or b-actin reference

proteins. The expression of adhesion molecules was signifi-

cantly increased in heart and kidney of SHR (Figure 3).

Treatment with alpha-lipoic acid enantiomer or racemic

formulations partially prevents the damage caused by hyper-

tension. In fact, the (+)-alpha-lipoic acid 125 mmol/kg/day is

the more affective enantiomer to counter VCAM-1 expression

in cardiac and renal homogenates (Figure 3). ICAM-1and

PECAM-1 expression was less sensitive to antioxidant

treatment, with only a slight decrease, more obvious after

treatment with (+)-alpha-lipoic acid 125 mmol/kg/day com-

pared to (+/�)-alpha-lipoic acid.

Immunoreactivity for VCAM-1 in the coronary arteries

(Figure 4) was more expressed compared to the other

adhesion molecules ICAM-1 and PECAM-1 (Figure 5). The

Figure 1. TBARS levels in heart (A) and kidney (B) tissue homogenates, expressed as pmol/mg of tissue. A: WKY + FIS B: SHR + FIS C: SHR +
(+/�)-alpha lipoic acid 125 mmol/kg/day; D:SHR CCI + (+/�)alpha lipoic acid 250 mmol/kg/day; E: SHR + (+)alpha lipoic acid 125 mmol/kg/day; F:
SHR + (�)alpha lipoic acid 125 mmol/kg/day. *p50,05 versus WKY + FIS rats; **p50.05 versus SHR + FIS rats.

4 S. K. Tayebati et al. Clin Exp Hypertens, Early Online: 1–9
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immunoreaction was localized primarily at endothelial level

and at the level of muscular layer of the medium-sized

arteries. Immunoreaction was significantly higher in SHR

compared to age matched WKY (Figures 4 and 5). The

treatment with (+)-alpha-lipoic acid 125 mmol/kg/day

(Figure 4), but not with (�)-alpha-lipoic acid 125 mmol/kg/

day countered the increase of immunoreactions for the three

endothelial adhesion molecules analyzed (Figure 5).

ICAM-1, VCAM-1 and PECAM-1 expressions were

significantly increased in the renal vascular endothelium of

SHR (Figures 5 and 6). (+/�)-Alpha-lipoic acid 250 mmol/kg/

day and (+)-alpha-lipoic acid 125 mmol/kg/day treatment

prevented the rise of PECAM-1 expression on the vascular

endothelium. The effect of (+)-alpha-lipoic acid 125 mmol/

kg/day (Figures 5 and 6) was more pronounced than

(+/�)-alpha-lipoic acid 250 mmol/kg/day on PECAM-1

expression (Figure 5). ICAM-1 expression was less sensitive

to antioxidant treatment, with only a slight decrease, more

obvious after treatment with (+)-alpha-lipoic acid 125 mmol/

kg/day (Figures 5 and 6) compared to (+/�)-alpha-lipoic acid

250 mmol/kg/day (Figure 5).

Discussion

Long lasting arterial hypertension leads to vascular injury.

The severity of this damage is closely related to the degree of

blood pressure elevation and to the increased thickness of

arterial wall. These changes increase the wall-to-lumen ratio

and accordingly arterial resistance (4,5).

Oxidative stress and endothelial dysfunction is consist-

ently observed in hypertensive subjects, but emerging

evidence suggests that they also have a causal role in

Figure 2. Sections of coronary artery branches (A–C) and renal arteries (D–F) processed for the immuhistochemistry 8-oxo-dG immunohistochemistry.
Arrow head: positive nucleus. Asterisks: tunica media. L: lumen. A,D: WKY + FIS B,E: SHR + FIS C,F: SHR + (+)-alpha-lipoic acid 125 mmol/kg/
day. Calibration Bar: 25mm.
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the molecular processes leading to hypertension (23).

Endothelial dysfunction is defined as the imbalance between

the production and bioavailability of endothelium-derived

relaxing factors (EDRFs) and endothelium-derived contractile

factors (EDCFs), associated with increased bioavailability of

ROS and decreased antioxidant capacity characterized as

oxidative stress (6).

Oxidative stress may directly alter vascular function and

tone, for example, by oxidative modification of proteins or

nucleic acids. ROS may directly alter vascular function or

cause changes in vascular tone by several mechanisms

including altered nitric oxide (NO) bioavailability or signal-

ing. A major mechanism for the impact of oxidative stress on

vascular tone is the decrease of NO bioavailability and/or

signaling, leading to endothelial dysfunction, and ROS may

also promote vascular cell proliferation and migration,

inflammation and apoptosis, as well as extracellular matrix

alterations. All of these ROS-related processes contribute to

Figure 3. Immunochemical analysis of the heart and kidney processed with different antibodies. A: WKY + FIS B: SHR + FIS C: SHR + (+/�)-alpha
lipoic acid 125 mmol/kg/day; D:SHR CCI + (+/�)alpha lipoic acid 250 mmol/kg/day; E: SHR + (+)alpha lipoic acid 125 mmol/kg/day; F: SHR
+ (�)alpha lipoic acid 125 mmol/kg/day. The densitometric data were expressed as ratio of Optical density. The results of densitometric analysis
were the mean of different experiments (at least three) on the three different rats. All the values were different from WKY rats. *p50.05 versus
SHR + FIS rats.

Figure 4. Sections of coronary arteries processed for VCAM-1 immunohistochemistry of. A: WKY + FIS B: SHR + FIS C: SHR + (+)alpha lipoic acid
125mmol/kg/day. Note in control SHR (B) an increase expression of VCAM-1 in the endothelial layer compared to control WKY rats. Expression of
VCAM-1 was lower in the SHR treated with (+)alpha lipoic acid 125 mmol/kg/day alpha lipoic acid. Arrow head: endothelial layer. Asterisks: tunica
media. L: lumen. Calibration bar: 12,5mm.

6 S. K. Tayebati et al. Clin Exp Hypertens, Early Online: 1–9
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the development of hypertension (23). Reduction of vascular

oxidative stress by antioxidants or ablation of ROS-producing

enzymes has been shown to decrease blood pressure in animal

models (24,25). This evidence was in contrast to our results

showing no effect of the alpha-lipoic acid treatment on blood

pressure in SHR. On the other hand, alpha-lipoic acid did not

modify the increase of arterial wall thickness and lumen

narrowing in heart and kidney vascular tree of SHR. This is

probably due to the fact that the duration of treatment was

significantly different from other studies (24,25) or to the

different characteristics of antioxidant molecules used

(24,25).

However, alpha-lipoic acid countered the increase of

oxidative stress, in particular in the heart. The results of

present study confirm the development of oxidative stress in

the heart of SHR, characterized by an increase of lipid

peroxidation and nucleic acid oxidation according to other

evidences regarding the increase of oxidative stress and

decreased of catalase, superoxide dismutase and glutathione

peroxidase activities in SHR (26). This phenomenon may be

related to higher cardiac hypertrophy in SHR compared to

WKY rats, indicating that the two effects are associated

(20,26). In contrast, renal lipid peroxidation was not appar-

ently different between SHR and WKY rats, but nucleic acid

oxidation was particularly increased in the SHR renal vessels.

Although TBARS was not significantly increased in kidney of

SHR, treatment with (+)-alpha-lipoic acid decreased this

parameter confirming its antioxidant properties.

Endothelial cells, that represent the luminal layer of tunica

intima of blood vessel, are the primary target of immuno-

logical attack in inflammatory responses. The role of vascular

inflammation as an etiological factor in the progression of

hypertension and hypertensive damage has been largely

studied (27–29). Cyclophosphamide, an immunosuppressive

agent, significantly attenuated blood pressure elevation in

SHR supporting the hypothesis regarding the involvement of

inflammatory reaction in hypertension (30). The immune

imbalance status correction in SHR delayed the development

of hypertension (31) and therefore the immunological

dysfunction is one of the etiological agent of hypertension

(32). An alteration in the serum immunoglobulin levels was

detected in both animals and patients, demonstrating

an inflammatory involvement in hypertension (33).

Furthermore, in hypertensive subjects, an increased inter-

action between inflammatory cells and endothelial cells (34)

was demonstrated.

Inflammatory adhesion molecules, expressed by the endo-

thelial cells, are involved in the pathogenesis of hypertension

and cardiovascular events. The expression of VCAM-1 and

ICAM-1 is up-regulated in response to inflammatory insult

(35–38).

Hypertension also contributes to an increase in endothelial

cell permeability leading to intimal edema, increases the

expression of adhesion molecules (39,40) and the adherence

of leukocytes to the vessel wall. Therefore, hypertension

directly leads to the pathological alterations of the endothe-

lium and it seems that these effects trigger the pathogenesis of

chronic vascular disease (41).

The results of the present study first confirm previous

evidence concerning the wall thickness increasing and the

increase of the wall to lumen ratio, in heart and kidney

vasculature (19,42,43). The endothelial layer of cardiac and

renal arteries showed an increased expression of the ICAM-1,

VCAM-1 and PECAM-1. This presence was more evident in

the larger arteries than in the small one among the

microvessel family (diameter 5100 mm). The adhesion mol-

ecule VCAM-1 immunoreaction was particularly high in the

heart while ICAM-1 immuoreaction was higher in the kidney.

The increase of endothelial adhesion molecules could be

directly related to the increase of ROS production that may

Figure 5. Densitometric analysis of immunoreaction for ICAM-1, VCAM-1 and PECAM-1 of endothelial layer of coronary and renal arteries. A:
WKY + FIS B: SHR + FIS C: SHR + (+/�)-alpha lipoic acid 125 mmol/kg/day; D:SHR CCI + (+/�)alpha lipoic acid 250 mmol/kg/day; E: SHR
+ (+)alpha lipoic acid 125 mmol/kg/day; F: SHR + (�)alpha lipoic acid 125 mmol/kg/day. The densitometric data were expressed as ratio of Optical
Density Unit. All the values were different from WKY rats. *p50.05 versus SHR + FIS rats.
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also alter vascular function or cause changes in vascular tone

by several mechanisms including altered NO bioavailability

or signaling (23).

As a working hypothesis we can suggest that antioxidant

activity of alpha-lipoic acid modify endothelial alteration in

conditions of oxidative stress. In fact the expression of ICAM-

1, VCAM-1 and PECAM-1 was reduced by the treatment with

(+/–)-alpha-lipoic acid and to a greater extent by (+)-alpha-

lipoic acid. This anti-inflammatory activity of alpha-

lipoic acid can be related to its antioxidant property, by

down-regulating the production of ROS. In fact, in a model of

increased oxidative stress, in vitro, alpha-lipoic acid coun-

tered the ROS production (11,44,45). In addition, in SHR,

alpha-lipoic acid reduced the oxidative stress decreasing the

plasmatic malondyaldeyde levels and oxidative status of

plasmatic protein (12).

Based on these observations, the antioxidant action of

alpha-lipoic acid improves the vascular functions protecting

endothelial layer in cardiac and renal vascular districts.

Therefore, although this antioxidant has no antihypertensive

effects, its use, in particular the enantiomer (+), may be

beneficial in hypertensive patients to prevent inflammatory

phenomena and further damage of endothelium. This anti-

oxidant based approach, could be important in the early stage

of hypertension or in its onset.

Conclusion

To sum up, it is possible to conclude that endothelial

molecules investigated represent an important tool for

assessing vascular injury of heart and kidney. Effects

observed after treatment with (+)-alpha-lipoic acid could

open new perspectives for the treatment of cardiac and renal

injury of vascular nature.
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