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Níveis de licopeno no tecido cardíaco (nmol/kg de tecido)  
G1 G2 G3 G4 

0,00 (0,00) A 64,93 (32,28) B 0,00 (0,00) A 0,00 (0,00) A 
G5 G6 G7 G8 

0,00 (0,00) A 86,23 (125,10) B  0,00 (0,00) A  0,00 (0,00) A  
 
 

Níveis de α-tocoferol no tecido cardíaco (mmol/kg de tecido) 
G1 G2 G3 G4 

52,09 (17,62) A 62,03 (17,96) A 109,91 (18,43) B 114,86 (25,52) B 
G5 G6 G7 G8 

52,33 (19,66) A 49,86 (15,58) A  108,60 (34,49) B  106,64 (37,21) B  
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�	�	�������)	��!���
�����	!�����
�������	�����	�#����	����������������������
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�
Vacuolização Citoplasmática 

G1 G2 G3 G4 
0,00 (0,50) AB 0,00 (0,00) A 2,00 (0,50) C  1,00 (0,50) BC 

G5 G6 G7 G8 
1,00 (1,00)  1,00 (1,00)  2,00 (1,00) 1,00 (0,50)  

 
Necrose Nuclear (NN) 

G1 G2 G3 G4 
0,00 (0,00) aA 0,00 (0,00) A 1,00 (0,50) B 1,50 (0,50) B 

G5 G6 G7 G8 
2,00 (1,00) b 1,00 (1,00)  2,00 (0,50)  2,00 (0,50)  

 
Degeneração Miocítica (DM) 

G1 G2 G3 G4 
0,00 (0,00) aA 0,00 (0,00) A 2,00 (1,00) B 2,00 (0,50) B 

G5 G6 G7 G8 
2,00 (1,00) b 1,00 (1,50)  2,50 (0,50)  2,00 (0,50)  

 
Desorganização Celular (DC) 

G1 G2 G3 G4 
0,00 (0,00) aA 0,00 (0,00) A 1,00 (0,50) B 1,50 (0,50) B 

G5 G6 G7 G8 
2,50 (1,00) b 1,00 (0,50)  2,00 (0,50)  3,00 (1,00)  
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&���
�� =D� ,������ 
	� ���!�����	���� 
�� !�������'� α)��������!� �� !�������� O� α)

��������!���.�������#<�����%������
����!������!����	!����/����!������!�����	����

��	�	
�������/�4�J�

�

Colesterol total (mg/dL) 
G1 G2 G3 G4 

54,50 (14,00) a 45,00 (10,00) a 45,50 (9,00) a 56,00 (16,00) a 
G5 G6 G7 G8 

315,00 (165,00) b 260,00 (189,50) b  193,00 (138,00) b  224,00 (96,50) b  
 

LDL colesterol (mg/dL) 
G1 G2 G3 G4 

11,50 (4,00) aAB 9,00 (6,00) aA 11,50 (10,50) aAB 27,00 (6,00) B 
G5 G6 G7 G8 

88,50 (48,00) b 49,00 (45,50) b  63,50 (30,00) b  75,00 (70,50)   
 
J��� <	!����� ���� 	�������	
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����	�����	���!��	���'�������[��J'�"�����!�[��L'���������[��K'�α)��������![��N'�!��������
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G5 G6 G7 G8 

315,00 (165,00) b 260,00 (189,50) b  193,00 (138,00) b  224,00 (96,50) b  
 

HDL colesterol (mg / dl) 
G1 G2 G3 G4 
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G5 G6 G7 G8 

126,50 (60,00) b 112,00 (59,00) b  91,00 (75,50) b  108,00 (84,50) b  
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Abbreviations 

A, late peak transmitral flow velocity; 

E, early peak transmitral flow velocity; 

E / A, left ventricle diastolic function index; 

FS, left ventricle fractional shortening or left ventricle diameter variation percentage [(LVD 

– LVS) / LVD] x 100; 

EF, ejection fraction (EF) (LVD3 – LVS3) / LVD3; 

Ao, aortic diameter; 

HR, heart rate; 

LA, left atrium antero-posterior systolic diameter during ventricle systole; 

LV, left ventricle; 

LVD, left ventricle end-dimension measured at maximal dimension; 

LVS, left ventricle end-systolic dimension; 

PWT, left ventricle posterior wall thickness measured at maximal dimension; 

PWT/LVD ratio, free wall relative thickness was calculated by the ratio; 

LA/Ao, left atrium diameter normalized to the aortic diameter. 
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 Introduction 

Ascribed in 1922 as an essential lipid-soluble factor for maintaining normal 

reproduction, vitamin E is currently recognized as an important dietary nutrient for all 

animals (1). Vitamin E is a term used to describe a family of tocopherols (α, β, γ and δ - 

tocopherols and α, β, γ and δ - tocotrienols) of which α-tocopherol is the most important 

and abundant molecule (2). Bile production and secretion are essential to the absorption of 

α-tocopherol which is carried mainly by low-density lipoprotein LDL fraction (LDL-

cholesterol)  (3). 

It has been shown that vitamin E may attenuate several events and diseases. 

Although its protective mechanism is not completely understood, the antioxidant effect 

seems to be the most important (1, 2, 4). It is also essential for tumour inhibition, immune 

response stimuli, membrane stability (5) and inhibiting the conversion of nitrites into 

nitrosamines (2). Its protection has been examined specifically in cardiovascular diseases 

(6-8) including hypertension (9) and angina pectoris (10). A protective effect on 

myocardium infarction-induced-left ventricle dilatation has been identified when Vitamin E 

is associated with ascorbate (11). Cardiovascular observational studies that examined 

mortality (7)(12) and coronary artery event (13) risks showed their inverse association with 

high intake of food rich in Vitamin E. On the other hand, there was no Vitamin E 

supplementation efficacy on coronary disease in a double-bind study (10) or under 

cardiotoxicity experimental models (14, 15).  

The reported side effects of vitamin E supplementation have included 

gastrointestinal disturbances, increase in prothrombin time, decrease in absorption of 

vitamins A and K (10), elevated oxidative chemotherapeutic toxicity in mice (16) and 
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promotion of mice skin tumour (17) at high doses. Few studies, however, have examined 

the undesirable effect of vitamin E on cardiac diseases. They showed that vitamin E was 

associated with a strong in vitro pro-oxidant action on low-density lipoprotein (18), with a 

20% higher probability of developing congestive heart failure in humans with ventricular 

dysfunction (19) and with augmented mortality risk in patients with coronary disease (20). 

However, to our knowledge, the effect of Vitamin E supplementation on hearts free of 

disease has not been studied. Factors that may determine the switch from antioxidant to pro-

oxidant behaviour of vitamin E can be associated, in part, with the vulnerability of organs 

already compromised by a disease-induced heavy oxidative stress (21).  

In light of these considerations, the present study was undertaken to evaluate the 

effect of �-tocopherol supplementation on the heart of animals without previous cardiac 

disease. Additionally, we estimated �-tocopherol uptake into the heart. A significant 

cardiotoxicty followed by �-tocopherol treatment was found for all parameter investigated. 

Uptake of the supplement into the heart was confirmed by chromatography. 

Material and Methods 

Chemical Products. α-tocopherol (dl-α-tocopherol-acetate) was donated by Relthy Labs 

(Indaiatuba, SP, Brazil). HPLC-grade methanol and water were obtained from J. T. Baker 

Chemical (Philipsburg, NJ). Methyltert-butyl ether was purchased from Aldrich Chemical 

(Milwaukee, WI). All HPLC solvents were passed through a 0.45-mm membrane filter and 

degassed before use. The standard (DL-α-tocopherol) was stored at -70°C until use. 

Pentobarbital sodium (Cristalia, Paulinia, SP, Brazil), ketamine chlorhydrate (Vetbrands, 

Jacarei, SP, Brazil) and xylazine (Bayer, Sao Paulo, SP, Brazil) were used for anaesthesia. 
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Animals. Male Wistar rats (400 g) from CEMIB (Centro Multidisciplinar de Investigação 

Biológica, UNICAMP, Campinas, SP, Brazil) were housed for seven weeks (wks) and kept 

three per cage in plastic cages in the animal facility at the Experimental Laboratory of 

Internal Medicine Department, Botucatu School of Medicine, UNESP where they 

consumed water and commercial diet (22) ad libitum. Rats were randomly assigned either 

to C (control, n = 11) or E (α-tocopherol, n = 11). α-tocopherol or corn oil was 

administered daily by gavage every morning for the entire seven-wk period. The α-

tocopherol supplement mixed with corn oil [250 mg α-tocopherol /(Kg body wt)/day] was 

given to E animals, while the C group received only corn oil. To avoid differences in the 

energy provided, all groups received the same corn oil volume [(~0.5 mL/(Kg body wt) / 

day]. One day before euthanasia all animals underwent a transthoracic Doppler 

echocardiogram using light anaesthesia [ketamine [50mg/(kg body wt)] and xylazine 

[1mg/(kg body wt)]. Rats fasted overnight before euthanasia under pentobarbital sodium IP 

[50 mg/(kg body wt)] anaesthesia and necropsied immediately after death. After collection, 

heart and plasma were stored at -80°C until α-tocopherol analyses. Tissues were fixed with 

10% buffered formalin for 48 h for morphological analysis. The protocol used was in 

accordance with the Ethical Principles for Animal Research adopted by the Brazilian 

College of Animal Experimentation (COBEA) and was approved by the local Animal 

Research Ethics Committee (Document # 445/2004). 

Alpha-tocopherol preparation. The α-tocopherol-corn oil mixture was stirred for 20 min in 

a water bath at 54°C before being fed to the animals. Each milliliter of solution contained 

250 mg of α-tocopherol. The α-tocopherol was monitored at 294 nm and confirmed by 

diode-array spectra, as previously described (23). The stability of α-tocopherol in corn oil 
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was checked by HPLC, while the α-tocopherol was stable in the α-tocopherol-corn oil 

mixture for 9 weeks at 25°C. 

 

The extraction of α-tocopherol was performed by adding 100 μL of α-tocopherol solution 

to 900 μL of ethanol. To dissolve α-tocopherol, the solution was sonicated three times at 

4°C (1 minute) and also vortexed for 30 seconds. Thus, 20 μL of this solution was injected 

in the HPLC. After the end of the analysis, α-tocopherol concentration was obtained by the 

quantification of chromatograms where the area of this vitamin is divided by the area of the 

internal standard (DL-α-tocopherol).  

 

Analysis of α-tocopherol in the diet.  The diet was analyzed according to a previous study 

(24). Five mL of H2O was added to 10 g of diet and then swirled for 1 minute. Extraction 

solution [30 mL; hexane/acetone/ethanol/toluene (50:35:30:35)] was added and swirled for 

1 minute, followed by 16 hours in the dark at room temperature; 4 mL of 40% methanolic 

KOH and hexane (30 mL) were added and the mixture was left in the dark at room 

temperature. After 1 hour, 10% Na2SO4 (30 mL) was added, shaken and left in the dark at 

room temperature. After 1 hour the hexane layer was collected and volume was recorded. 

Aliquots of 200 μL were evaporated under N2 and the residue redissolved in 100 μL of 

ethanol, vortexed and sonicated for 30 seconds. Aliquots of 50 μL of the final extract were 

injected into the HPLC system. 

 

Tissue Preparation and Extraction. Heart (left ventricle) was harvested, weighed and 

analyzed after saponification as previously described (24). Briefly, samples (150g) were cut 

into small slices before the addition of 100 μL (0.095 mol/L) of pyrogallol in ethanol, 300 
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μL (0.5 mol/L) KOH in H2O and 1 mL ethanol. The solution was vortexed, incubated and 

shaken at 37°C for 2 hours, while the tubes were covered with parafilm. After incubation, 

tubes were cooled to room temperature, 1 mL H2O was added and the mixture were 

revortexed. DL-α-tocopherol was added as an internal standard. This mixture was shaken 

with 3 mL anhydrous ether/hexane (2:1, stabilized with 1% ethanol v/v), then vortexed, and 

centrifuged at 800 x g at 4°C for 5 min. The upper layer was removed, the extraction 

repeated and the upper layers were combined. H2O (2mL) was added, the solution was 

vortexed and 2 mL ethanol was added before centrifugation at 800 x g for 5 min. The 

hexane layer was evaporated completely under N2, and the residue was redissolved in 100 

μL of ethanol, vortexed and sonicated twice for 30 sec and centrifuged at 800 x g at 4°C for 

2 min. A 50-μL aliquot was used for HPLC analysis. All sample analyses were done in 

duplicate. All sample processing was carried out under red light. The recovery of the added 

internal standard was consistently > 90%. 

 

HPLC analysis of αααα-tocoferol. The HPLC system was a Waters Alliance 2695 (Waters, 

Wilmington, MA, USA) and consisted of a pump and chromatography bound to a 2996 

programmable photodiode array detector and a 2475 fluorescence detector, a C30 column 

(3.0 μm, 150 x 4.6 mm, YMC, Wilmington, MC), and Empower software. The Waters 2996 

programmable photodiode array detector was set at 292 nm for α-tocopherol reading. The 

HPLC mobile phase was methanol/methyl-tert-butyl ether/water (83:15:2, v/v/v, 15 g/L 

ammonium acetate in water, solvent A) and methanol/methyl-tertbutyl ether/water (8:90:2, 

v/v/v, 10 g/L ammonium acetate in water, solvent B). The gradient procedure, at a flow rate 

of 1 mL/min (16°C), was as follows: 1) 100% solvent A was used for 2 min followed by a 

6-min linear gradient to 70% solvent A; 2) a 3-min hold followed by a 10-min linear 
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gradient to 45% solvent A; 3) a 2-min hold, then a 10-min linear gradient to 5% solvent A; 

4) a 4-min hold, then a 2-min linear gradient back to 100%. An interval of 4 minutes 

between each run was provided to stabilize the column and allow new α-tocopherol 

determination. Alpha-tocopherol was quantified by determining peaks in the HPLC 

chromatograms calibrated against known amounts of standard. The amounts were corrected 

for extraction and handling losses by monitoring the recovery of the internal standards.  

 

Echocardiographic study. One day after the last administration of α-tocoferol, all animals 

were evaluated in vivo by transthoracic Doppler-echocardiogram using a SONOS 2000 

(Hewlett- Packard Medical Systems, Andover, MA, USA), equipped with a 7.5 MHz 

phased array transducer. Imaging was performed with a 60° sector angle and 3 cm imaging 

depth. Rats were lightly anesthetized by an intramuscular injection mixture of ketamine (50 

mg/Kg) and xylazine (1 mg/Kg). The chest was shaved and the rats were placed over a 

wood “V” shaped basis in left lateral decubitus. Targeted 2-D and M-mode 

echocardiograms were obtained from short-axis views of the left ventricle (LV) at or just 

below the tip of the mitral-valve leaflets, and at the level of aortic valve and left atrium 

(LA). M-mode images of LV, LA and aortic diameter (Ao) were recorded in a black-and-

white thermal printer (Sony Up – 890MD) at a sweep speed of 100 mm/s. All exams were 

performed by the same examiner and obtained according to the leading-edge method 

recommended by the American Society of Echocardiography (25). Measurements 

represented the mean of at least five consecutive cardiac cycles. LV end-diastolic dimension 

(LVD) and posterior wall thickness (PWT) were obtained at maximal diastolic dimension, 

and the end-systolic dimension (LVS) was taken at maximal anterior motion of the posterior 

wall. LA was measured at its maximal diameter and the aorta was measured at the end of 



 115

diastole. Free wall relative thickness was calculated by the PWT/LVD ratio. The peak 

velocities of diastolic transmitral flow (E and A velocities) were obtained in the apical four-

chamber view and used as indexes of LV diastolic function. The time interval between two 

consecutive cardiac cycles was measured for heart rate calculation. Global ventricular 

systolic function was evaluated by the following indexes: fractional shortening (FS, %) = 

[(LVD – LVS) / LVD] x 100 and ejection fraction (EF) (LVD3 – LVS3) / LVD3. 

 

Histological study. Coronal sections of the left ventricle were fixed in 10% buffered 

formalin and embedded in paraffin. Five-micrometer-thick sections were cut from the 

blocked tissue, and stained with haematoxylin-eosin (H&E). The severity of morphological 

features identified by H&E was graded blindly by two pathologists on a scale from zero (no 

alterations) to three (marked abnormality) using semi-quantitative analysis according to the 

modified Billingham method (26) as follows: zero, normal morphology; 1, few affected 

cells with early myofibrilar changes (loss) and cytoplasmic vacuolization; 2, group of 

affected cells with loss of contractile elements (marked myofibrilar loss) and cytoplasmic 

vacuolization; 3, extensively affected tissue characterized by severe changes.  

 

The following items were evaluated: a) cytoplasmic vacuoles (CV); b) nuclear 

necrosis (NN); c) myocytic degeneration (MD); d) inflammatory infiltrate (II) and; e) cell 

organization (CO). The criteria used to identify cytoplasm necrosis were extreme 

acidophilic appearance and myofibrillar loss, while nuclear necrosis was identified by 

pyknosis, karyorrhexis and karyolysis, corresponding to the size reduction, fragmentation 

and disappearance of nuclei, respectively. Myocytic degeneration was recognized by 

identification of smaller cells, with pale and homogenous cytoplasm. These investigations 

were performed using equipment, from Carl Zeiss, Germany, consisting of a light 
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microscope (Axio Imager A1; magnification X400) attached to a digital video camera 

(Zeiss Vision) and connected to a personal computer equipped with image analyzer 

software (Axio Vision software rel., version 4.3).  

 

Lipid protein analysis. During the euthanasia procedure, 3 to 5 ml of blood was collected 

by cardiac punction for analysis of serum levels of total cholesterol, high-density 

lipoprotein (HDL-cholesterol), low-density lipoprotein (LDL-cholesterol) and triglyceride 

by using the automation system Vitros 950 – Johnson & Johnson (Langhorne, PA, US). 

Total cholesterol and triglyceride levels were obtained by using the end-point colorimetric 

method – dry chemistry. HDL serum levels were analyzed by the magnetic colorimetric 

method – dry chemistry. Finally, the direct LDL levels were determined based on enzymatic 

colorimetric assay using a specific kit from DiaSys (Diagnostic Systems International) – C 

LDL Select FS.  

 

Statistical Analysis. Data for transthoracic Doppler echocardiogram, body and cardiac 

weights were assessed by ANOVA complemented with the Tukey test for multiple 

comparisons. Results are expressed as mean ± SD. Histological, lipid protein and, cardiac 

α-tocopherol levels were assessed by a nonparametric variance analysis complemented with 

the Dunn test for multiple comparisons (27) and results are expressed as median ± semi-

range. A p level of 0.05 was used to determine significance. 

 

Results 

General considerations. Animals from C and E groups exhibited healthy conditions 

throughout the studied period. However, aggressive behaviour, less cooperation during the 
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supplementation procedure and bleeding located between the mouth and nostrils were 

observed among E group animals. No death or in vivo congestive failure symptoms were 

detected in either animal group. 

 

Body and cardiac weights. Both groups had similar weight gain profiles up to the 3rd week. 

After that, through the end of the protocol, animals supplemented with α-tocopherol 

showed significant weight loss (C vs. E; p < 0.05). At the end of the study (7th wk) body 

weight (g) (mean ± SD) was lower in E (412.82 ± 23.40) than in C (480.27 ± 27.82) group 

(Figure 1). Supplementation with α-tocopherol led to global lower cardiac weight (g) (mean 

± SD) in E (0.94 ± 0.07) as compared to the C (1.08 ± 0.09) group at the end of study. 

 

Alpha-tocopherol uptake and absorption. No �-tocopherol was detected in the diets. From 

the �-tocopherol corn oil mixture, the animals received 250 mg α-tocopherol / (Kg body wt 

/ d). After seven weeks of α-tocopherol supplementation, cardiac α-tocopherol levels 

(nmol/Kg tissue) (median ± total semi-range) were higher in E (109.91 ± 18.43) than C 

(52.09 ± 17.62) group (p < 0,05). There was detectable α-tocopherol in cardiac tissue of C 

group due to its presence in the corn oil. 

 

Histological analysis. Rat myocardium from C group presented no pathological changes 

(Figure 2A). Mononuclear and polymorphonuclear cells were rare in the E group. 

Supplementation with α-tocopherol led to damage of the ventricular myocytes. When 

compared with the C group, the blinded semi-quantitative analysis revealed marked nuclear 

necrosis (p < 0.05), myocyte degeneration (p < 0.05), disorganization of myofibrillar 
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morphology (p < 0.05), and cytoplasmic vacuolization of myocytes (p < 0.05) (Table 1). 

The main myocardial histological alterations are shown in Figure 2B. 

 

Lipid protein analysis. Both groups (C; E) presented similar values (mg/dL) (median ± total 

semi-range) in total-cholesterol (54.50 ± 14.00; 45.50 ± 9.00), HDL-cholesterol (32.50 ± 

9.50; 27.50 ± 9.00), LDL-cholesterol (11.50 ± 4.00; 11.50 ± 10.50) and triglyceride (74.50 

± 39.50; 111.00 ± 63.50) serum levels. 

 

Echocardiographic evaluation. Echocardiographic exam allowed the evaluation of cardiac 

remodelling using morphological and functional variables, which are presented in Tables 2 

and 3. Alpha-tocopherol supplementation was associated with significantly decreased left 

ventricular end-diastolic diameter (LVD) and aortic diameter (Ao), left ventricle fractional 

shortening (FS), ejection fraction (EF) and transmitral flow early peak velocity (E).  There 

were no echocardiographic changes in the hearts of control group animals. 

 

Discussion 

Although epidemiological evidence suggests that increased dietary intake of 

naturally occurring antioxidants is associated with lower risk of cardiovascular diseases, the 

prior primary and secondary prevention trials based on antioxidant therapy were not 

conclusive (28-30). In particular a series of large, negative intervention studies on vitamin 

E, C, and/or �-carotene supplements and cardiovascular disease have been identified. 

Recently, the American College of Cardiology and American Heart Association concluded 

that there is currently no basis for recommending that patients take vitamin C or E 

supplements or other antioxidants for the express purpose of preventing or treating coronary 
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artery disease (31). A meta-analysis of clinical trials studying vitamin E suggests that the 

use of high doses of vitamin E (greater than 400 IU/day) may actually increase mortality in 

patients with coronary disease (20).  

 

In the current study, synthetic α-tocopherol was administered 5 times per week at 

250 mg / (Kg body wt) for 7 weeks resulting in a cumulative dose of 8750 mg/Kg body wt. 

The daily supplementation dose of α-tocopherol was selected [250 mg/(Kg body wt)/day] 

based on previous studies that showed protective effect of α-tocopherol against cardiac 

diseases (32, 33). Our study revealed general and cardiac changes in animals supplemented 

with that dose of α-tocopherol without prior cardiac disease. In fact, α-tocopherol 

supplementation was associated with behavioural modification and decreases in cardiac and 

body weight gain in rats. The lack of experimental studies analyzing body weight in α-

tocopherol-induced cardiotoxicity prevents further comparisons. Regarding cardiac weight, 

a previous study identified an opposite result. Significant heart enlargement was observed in 

Wistar rats after treatment with 10,000 IU and 25,000 IU of vitamin E/Kg of diet/8 months 

(34). The global cardiac weight diminution that occurred in the current study can be 

attributed in part to the weight body loss detected in rats supplemented with α-tocopherol. 

A decrease in protein-caloric ingestion restrains body weight while left ventricle weight 

gain (35) might have been provoked by α-tocopherol supplementation, although we did not 

monitor daily diet consumption.  

 

Effect of αααα-tocopherol supplementation on αααα-tocopherol cardiac tissue content. Oral 

treatment with α-tocopherol [250 mg α-tocopherol /Kg body wt / d)] for 7 weeks led to 

appearance of α-tocopherol (median, 109.91 nmol/Kg tissue) in the saponified cardiac 
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tissue, a fact which confirms the uptake of the supplement into that organ. Previous study 

found greater cardiac α-tocopherol levels (mean, ~ 93,000 nmol/Kg of cardiac tissue) in 

non-supplemented Sprague-Dawley rats (36). However, the authors did not mention the 

level of α-tocopherol in the diet composition.  

 

Effect of αααα-tocopherol supplementation on left ventricle histology. The marked 

myocytic loss and cell disorganization in rats supplemented with α-tocopherol suggest a 

destructive effect of this supplement on cardiomyocytes. Interestingly, one previous study 

showed that α-tocopherol deficiency led to similar changes, including myofilament loss, 

cytoplasmic vacuolization, cell necrosis and myocyte loss (37). To our knowledge, there are 

no reports showing cardiomyocyte histological changes in subjects under α-tocopherol 

supplementation. 

 

Effect of αααα-tocopherol supplementation on left ventricle remodelling and function. In 

this study, we observed that α-tocopherol supplementation was associated with significant 

decrease in ventricular size and systolic (FS and EF indexes) and diastolic dysfunction (E 

velocity). The necrosis of myocytes found in hystological analysis is in accordance with the 

observation of functional decrease (FS and EF). The left ventricle size decrease may have 

resulted from at least two factors: myocyte necrosis and delayed growth. However, systolic 

function damage suggests that the second factor is the more important. Our data lead us to 

consider the possibility of another interfering factor such as dehydration and/or diastolic 

dysfunction. Nevertheless, the presence of diastolic dysfunction with systolic dysfunction is 

common. The effect of α-tocopherol either on systolic and diastolic dysfunction or 

remodelling damage has not previously been described in rats in vivo. Only a non-
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significant impaired of contractile function in isolated heart of α-tocopherol-treated rabbits 

(300 mg/(Kg body wt) / d / 12 wk) was previously described by others (14). Wahab et al. 

described how  vitamin E used in the same dose as in our protocol did not lead to 

cardiotoxicity in mice (32). However, other target organs have been reported. For instance, 

a vascular damage (39) and clotting (40) reduction after low doses of �-tocopherol 

supplementation and the sclerotic thickening of the aorta’s intima in α-tocopherol-treated 

rabbits (300 mg/(Kg body wt) / d / 12 wk) (14). 

The protective effect of α-tocopherol on propagation of the lipid peroxidation 

phase is well known. The reaction occurs in three steps as follows: Step 1. α-tocopherol + 

lipid peroxyl radical � α-tocopheroxyl radical + lipid hydroperoxide; Step 2. α-tocopherol 

+ radical oxidant � inactive oxidant + α-tocopheroxyl radical; Step 3. α- tocopheroxyl 

radical + lipid peroxyl radical � nonradical products. α-tocopheroxyl radical generated in 

the first step should react with another lipid peroxyl radical to form a stable adduct. Thus, 

each molecule of α-tocopherol has the capacity to scavenge two radicals (i.e., 

stoichiometric value of α-tocopherol = 2), resulting in � 1 mol lipid hydroperoxide formed 

per mole of α-tocopherol consumed (41). The pathway shown implies that augmented 

levels of �-tocopherol result in increased quantities of �-tocopherol radicals. The �-

tocopherol radical can independently initiate the lipid peroxidation process. When the 

antioxidant system is balanced, this pro-oxidant action of vitamin E radicals is inhibited by 

co-antioxidants which can reduce the radical back to vitamin E. However, elevated levels of 

�-tocopherol only (without lipid peroxyl radicals and/or co-antioxidants) may result in 

increased levels of �-tocopherol radicals which can no longer be efficiently detoxified by 

the co-antioxidants (42). These statements can partially account for our results. The absence 
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of previous oxidative stress in the current protocol design (animals without disease) may 

have resulted in an inappropriate ratio of lipid peroxyl radicals / �-tocopherol.  

The effect of the imbalance between antioxidant system and free radical magnitude 

on antioxidant efficacy has been indicated by human and experimental studies. The α-

tocopherol pro-oxidative action has been suggested by high susceptibility to hydrogen 

peroxide-induced peroxidation of erythrocytes found in non-smoking men supplemented 

with D-α-tocopherol acetate (1050 mg / d / 20 wk) (43). Mortality increase due to 

hemorrhagic stroke was also identified in smoking male volunteers exposed for 5–8 years to 

daily Vitamin E supplementation (50 mg / d / 6.1 years) (44). The α-tocopherol-mediated 

peroxidation process has been demonstrated by experimental studies using lipoprotein (18, 

45-47) in which its oxidation was initiated and promoted by α-tocopheroxyl radical. Results 

from animal studies have also emphasized the imbalance issue. Lipid peroxidation 

diminution (32, 48) and improvement of glutathione, superoxide-dismutase (32) were 

shown in heart tissue of α-tocopherol-rodents supplemented under high oxidative stress.  

The role of oxidative stress magnitude on other antioxidant efficacy has also been 

addressed. Recently an interesting hypothesis has been proposed for the switching between 

antioxidant/pro-oxidant effects of �-carotene. Under conditions of moderate oxidative 

stress, the antioxidant function of �-carotene predominates. However, under heavy 

oxidative stress, �-carotene undergoes an oxidative breakdown leading to the formation of 

aldehydes and epoxides which are responsible for the pro-oxidative effect of �-carotene (49, 

50). This mechanism probably explains the results from previous studies where �-carotene 

supplementation was associated with increased lung cancer in smokers (51, 52). Recently, it 

was also observed that high doses of another antioxidant, butylated hydroxytoluene, 
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induced plasma lipid protein and cardiac lipid peroxidation enhancement in rats without 

prior diseases (53). 

  

The adverse myocardial effects of α-tocopherol supplementation found in our 

study may have resulted from the dose itself and / or from the oxidative stress absence. Our 

results may indicate a cardiac harmful role of α-tocopherol under healthy conditions. 

Dietary vitamin E, however, is readily incorporated into biological membranes and has no 

toxic effects (54, 55). Thus, an appropriate dietary supplementation with antioxidants, 

including vitamin E and other co-antioxidants could constitute part of a protective strategy 

to minimize future oxidative damage. Our results may result from a switching between 

antioxidant/pro-oxidant effects of α-tocopherol, as presented by �-carotene as well. 

Although the experimental design using long-term α-tocopherol supplementation mimicked 

the clinical situation, it would be imprudent to extrapolate the current results to humans. 

However, the present study contributes to expanding the inquiry regarding the function of 

α-tocopherol supplementation under healthy cardiac conditions. 

 

Conclusions 

Administration of α-tocopherol [250 mg /(Kg body wt) / day / 7wks] to Wistar rats 

without prior cardiac disease induced body weight loss and cardiotoxicity confirmed by 

echocardiography and histology. The myocardial remodelling and systolic/diastolic 

dysfunction may reflect a pro-oxidative effect of vitamin E, which deserves further study. 
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