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Effects of Isoproterenol and Magnesium Deficiency on 
Vitamin E Content, Lipid Peroxidation 

and Mineral Metabolism of Various Tissues 

T. Giintber 1, J. Vormann 1, V. Hollriegll, G. Discb2, H. G. Classen 2 

Zusammenfassung 
Milnnliche Ratten wurden 24 Tage lang mit 
normaler und Mg-Mangeldiilt geftittert, wel­
che zusiltzlich einen normalen, verminderten 
oder erhOhten Vitamin E-Gehalt batten. 
AnschlieBend wurde der Halfte der Ratten 3 
mg/kg Isoproterenol s. c. injiziert und 4 Stun­
den spater Blut, Lebcr, Nieren und Herz zur 
Bestimmung von Malondialdehyd (MDA), 
Vitamin E, Fe, Mg und Ca entnommen. 
In den Geweben war MDA bis zu einem Vit­
amin E-Gchalt von 110 nmol I g Feuchtge­
wicht negativ mit Vitamin E korrelicrt. Ober­
halb dieser Schwelle Vvurde MDA nicht mehr 
durch Vitamin E vermindert. 
Mg-Mangel verringerte den Vitamin E-Gehalt 
in Plasma und Geweben und erh6hte den Fe­
Gehalt besonders in der Leber. 
hoproterenol reduzierte das Plasma-Fe under­
hohte Mg in Plasma und Leber. Im Herzen re­
duzierte Isoproterenol den Mg-Gehalt und er­
hiihte den Ca-Gehalt. Die durch Isoproterenol 
verursachte Ca-Zunahme im Herzen wurde 
durch Vitamin £-Supplementation fast voll­
stilndig verhindert. 

Introduction 
Isoproterenol induces infarct-like my­
ocardial damage [ 1]. Several hypothe­
ses have been postulated to explain the 
mechanism of injury. These include 
hypoxia [ 1 ], increased influx of Ca [2, 
3] followed by depletion of ATP [3] and 
a rise in cAMP [ 4]. Another toxic mech-
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Summary 
Male rats were fed normal and Mg-deficient 
diets for 24 days. These diets contained either 
normal, reduced or enhanced amounts of vit­
amin E. Thereafter, half of the rats were s. c. 
injected with 3 mg/kg isoproterenol and 4 
hours later blood, liver, kidney and heart were 
taken for measuring the contents of 
malondialdehyde (MDA), vitamin E, Fe, Mg 
and Ca. 
In the tissues, MDA was negatively correlated 
to vitamin E up to a vitamin E content of 11 0 
nmol/ g wet weight. Above this threshold, 
MDA was not further reduced by vitamin E. 
Mg deficiency reduced vitamin E content in 
plasma and tissues and increased Fe content 
in tissues, particularly in liver. 
Isoproterenol reduced plasma Fe and increas­
ed plasma and liver Mg. In the heart isoproter­
enol reduced Mg and increased Ca. The in­
crease in cardiac Ca by isoproterenol was al­
most completely prevented by vitamin E sup­
plementation. 

anism of isoproterenol may be oxygen 
free radicals, which are formed during 
the oxidation of isoproterenol and other 
catecholamines to orthoquinones and 
adrenochromes [5, 6, 7]. 
Oxygen free radicals can react with nu­
cleic acids, proteins, sugars and partic­
ularly with polyunsaturated fatty acids 
of phospholipid membranes, resulting 
in lipid peroxidation (LPO) [8]. The lat­
ter mechanism and its products may 
lead to increased membrane permea­
bility and, when exceeding a critical 
level, to cell injury [9, 10, 11 ]. 
Usually, oxygen free radicals are 

Resume 
Des rats males ont re;;u, pendant 24 jours, des 
regimes alimentaires a teneur normale ou re­
duite en Mg. En outre, ces regimes contenaient 
des proportions normales, reduites ou accrues 
de vitamine E. La moiti<\ des animaux a ensuite 
ete traitee par une injection sous-cutanee de 
3mg/kg d'isoprenaline puis les rats ont ete sa­
crifies 4 heures plus tard et on a enregistre les 
concentrations demalone-dialdehyde (MDA), · 
de vitamine E, de Fe, de Mg et de Ca dans le 
sang, le foie, le rein et le cocur. 
Les taux tissulaires de MDA et de vitamine E 
ont ete inversement correles, jusqu'a une te­
neur de 110 nmol de vitamine E par gramme 
de poids frais. Au-dela de ce seui I, I' adjonction 
de vitamine E n'a pas accru la diminution du 
taux de MDA. 
La carence en Mg a diminue les concentrations 
plasmatiques et tissulaires de vitamine E et a 
augmente les taux tissulaires de Fe, en parti­
culier au niveau hepatique. 
I.: isoprenaline a reduit le taux plasmatique de 
Fe et accru les concentrations plasmatiques et 
hepatiques de magnesium. Au niveau cardia­
que, !'isoprenaline a diminue le taux de Mg 
et augmente celui de Ca. Cette augmentation 
du Ca cardiaque par !'isoprenaline a ete qua­
siment abolie par la supplementation en vit­
amine E. 

formed by Fe-dependent reduction of 
02. The toxic effects of oxygen radicals 
can be reduced by various protective 
mechanisms, e. g. superoxide dismu­
tase, catalase, glutathione peroxidase, 
vitamin E, vitamin C [8, 12]. On the 
other hand, the cellular Fe content, par­
ticularly in liver cells, and LPO can be 
enhanced by Mg deficiency [13, 14], 
and Mg deficiency-induced myo­
cardial injury in hamsters has been re­
duced by vitamin E [15]. 
Therefore, we investigated the effects 
of isoproterenol, Mg deficiency and vi­
tamin E on LPO, as an indicator of oxy-
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Effects of Isoproterenol and Magnesium Deficiency on Vitamin E Content 

Tab. I: Vitamin E and Mg content of the 
diets. 

Group Vit. E Mg 
:niJI!O!/kg l'!Ullol{k:g 

Control, - 0.42 22.6 . Vit. E red. II o. 20 22,6 

" Vit. E suppl, III 32.7{) 22.6 

Mg def., IV 0.40 1.9 . Vit. E red . V 0.23 1.9 

" Vit.E suppl, VI 31.20 1.9 

gen radical formation, and on mineral 
metabolism, as an indicator oftissue in­
jury. 

Material and Methods 
Having been approved by local author­
ities and the Animal Protection Com­
mittee the experiment was performed 
with male Wistar rats (Interfauna, Tutt­
lingen, FRG) weighing 95-110 g. 
Male rats were taken, because it has 
been reported that male rats may be 
more susceptible to hepatotoxicity by 
oxygen free radicals [ 16]. The rats were 
fed with a control or Mg-deficient diet, 
which were additionally reduced by vit­
amin E or supplemented with vitamin 
E according to tab. I. The diets (pellets) 
were obtained from Ssniff (Soest, 
FRG). The composition of the control 
diet has been described in detail [ 17]. 
Mg-deficient and vitamin E-reduced 
diets were produced by omission ofMg 
and vitamin E from the mineral or vi­
tamin mix. The rats were fed the diets 
and demineralized water ad libitum for 
24 days. 
Thereafter, half of the rats in the 6 die­
tary groups were s.c. injected with 3 
mg/kg (-)-isoproterenol hydrochlo­
ride (Sigma). Four hours after injection 
the rats were anesthetized by i. p. ad­
ministration of 60 mg/kg pentobarbi­
tal. 
Blood, liver, kidneys and heart were 
taken, and the tissues were frozen in 
liquid nitrogen and stored at -20 °C. 
Heparinized blood was centrifuged at 
1000 g for 5 min. The concentrations 
ofMg, Ca and Fe in plasma were meas­
ured by atomic absorption spectropho­
tometry (AAS, Philips, SP9). 
A part ofthe livers and one kidney were 
freeze-dried. Powdered tissue was 

82 

ashed in the Plasma Processor 200-E 
(Technics, Miinchen, FRG). The ash 
was dissolved in 0.1 N HCl and Fe, Mg 
and Ca were measured by AAS. 
Vitamin E in plasma and tissues was 
determined by its fluorescence in hex­
ane extracts according to Taylor et al. 
[ 18]. For calibration D, La-tocopherol 
(Serva) was used. 
Malondialdehyde (MDA) was deter­
mined by a variation of the thiobar­
bituric acid (TBA) method [19, 20]. A 
20% homogenate of the tissues in 
150mmol/l KCl was diluted I: 1 (v/v) 
with 5% trichloroacetic acid and cen­
trifuged for 5 min at 13000 g. 500 IJ.l 
TBA (1 %, pH 7) was added to 500 IJ.l 
supernatant and heated at 95 T for 
15 min. After cooling, the probes were 
extracted with 3 ml 1-butanol by vor­
texing for 30 sec and centrifugation at 
2100 g for 15 min. MDA in the butanol 
phase was measured fluorometrically 
(Perkin Elmer LS 50, excitation: 
532 nm, emission: 553 nm, slit width: 
5 nm). The calibration curve was pre­
pared with malondialdehyde tetraethyl­
acetal (Sigma), which was treated in the 
same way. The hearts were homo­
genized. An aliquot ofthe 20% homo­
genate was taken for measurement of 
vitamin E and MDA. 
The remaining homogenates were 
freeze-dried, ashed in the Plasma Pro­
cessor and taken for measurement of 
Ca, Mg and Fe by AAS, as described 
above. 

Results and Discussion 

Physical Development 
and Mortality 
Rats kept on diets with normal Mg con­
tent (group I-III) developed normally, 
i.e. vitamin E supply did not affect 
growth. All groups receiving the Mg­
deficient diets (groups IV-VI) devel­
oped typical erythema during days 6 to 
10. On day 24, body weight was one 
third lower in all Mg-deficient groups 
(IV-VI). Following s.c. injection of 
isoproterenol, 75% of the rats fed the 
normal Mg content in the diets (groups 
I -III) died, whereas in the Mg-defi­
cient groups (IV-VI) mortality was 
only 25%. Death usually occurred 

within I 0 to 20 m in after injection and 
was associated with lung edema. This 
result can be explained by the Mg-de­
pendency of isoproterenol binding to [3-
adrenergic receptors, which was en­
hanced 5-fold by Mg24 [21, 22]. 
Halfmaximal effect of Mg2+ was ob­
tained at 0.4 mmoll I Mg2+ with recep­
tors from frog erythrocytes [21] and at 
2-3 mmol/1 Mg2- with receptors from 
lymphoma cells [22]. Thus, the drastic 
reduction of extracellular Mg2+ by Mg 
deficiency had reduced receptor affin­
ity to isoproterenol and death rate. 
The death rate in the groups with differ­
ent vitamin E content ofthe food (data 
not shown) was not significantly differ­
ent, indicating that free oxygen radicals 
are not involved in acute toxicity of iso­
proterenoL 

Vitamin E and Malondialdehyde 
(tab. 2, 3) 

As discussed elsewhere [13], 
malondialdehyde (MDA) values in 
plasma measured by the TBA method 
can be doubted and were therefore not 
included. 
After feeding the vitamin E-reduced 
(II) or Mg-deficient (IV) diets, MDA 
content was increased in liver, heart 
and kidney. When both deficiencies 
concurred, MDA was further increased 
and behaved almost additively in all tis­
sues (V). Thus, MDA and vitamin E are 
negatively correlated (fig. 1 ). 
Vitamin E excess in the normomag­
nesemic diet had no effect on MDA 
(group Ill) compared to the controls. 
Also vitamin E excess in the Mg-de­
ficient diet (VI) did not prevent the 
increase of MDA due to Mg defi­
ciency. 
Injection of isoproterenol increased 
MDA in liver and heart in groups I, II, 
IV and V but not in groups III and VI. 
These results indicate that isoprotere­
nol can enhance the formation of oxy­
gen free radicals and LPO and excess 
of vitamin E may scavange oxygen 
radicals induced by isoproterenoL 
Feeding a vitamin E-reduced (group Il) 
or Mg-deficient diet (group IV) de­
creased vitamin E content of plasma. 
When both deficiencies concurred (V), 
vitamin E was not further reduced. 
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Effects of Isoproterenol and Magnesium Deficiency on Vitamin E Content 

Tab. 2: Malondialdehyde content in various tissues (in )..lmol/kg wet weight). 

Group n Liver Kidney Heart 

I, 4 0.84 ± 0.13 3.30 ± 0.22 1.03 ± 0.17 
I, I so 4 1.48 ± O.lle 3.30 ± 0.46 1.75 ± 0.19d 

II, 4 1.48 ± O.lOb 8.37 ± 1.92a 2.65 ± 0.15c 
II, I so 6 2.66 ± 0.43d 7.68 ± 1. 33 3.61 ± 0.22e 

III, 5 0.73 ± 0.06 3.02 ± 0.13 1.15 ± 0.14 
III, I so 4 0.71 ± 0.01 3.22 ± 0.12 1.47 ± 0.23 

IV, 5 1.48 ± O.l4b 4.22 ± 0.15b 1.80 ± 0.22a 
IV, I so 8 2.40 ± 0.37d 4.86 ± 0.47 2.92 ± 0.21e 

v, 6 2.92 ± 0.3oc 9.75 ± 1.17c 3.23 ± 0.20c 
V, I so 7 5.29 ± 0.74d 9.89 ± 1.86 4.21 ± 0.26d 

VI, 5 1.44 ± 0.19b 5.68 ± 0.75a 1. 77 ± 0.14a 
VI, I so 5 1.67 ± 0.32 5.74 ± 0.72 1.92 ± 0.14 

------------------------------------------------------------
Control (I), vitamin E-reduced (11), vitamin E-supplemented (III), Mg-deficient (IV), 
Mg-deficient+vitamin E reduced (V), and Mg-defieient-vitamin E-supplemented (VI) rats. 
A part of the rats in each group were s. c. injected 'IVith 3 mg/kg isoproterenol (ISO), 
n =number of rats, Mean± SEM. Significant differences were calculated by unpaired 
Student's t-test. 
Significant differences to controls. •, p<0.05; b, p<O.Ol; c, p<O.OOl. Significant differen-
ces between isoproterenol-treated and untreated rats within each group; d, p<0.05; 
•. p<O.OJ; f, p<O.OOL 

Tab. 3: Vitamin E content of plasma (in )..lmol/1 a-tocopherol) and various tissues (in )..lmol 
a-tocopherol/kg wet weight). See legend to tab. 2. 

Group n Plasma Liver Kidney Heart 

I, 4 43.1 ± 0.7 91.0 
I I I so 4 31.7 ± o.5f 87.7 

II, 4 11.6 ± 0.8c 18.9 
II, I so 6 9.2 ± 0.4d 20.1 

III, - 5 83.7 ± 1.2c 824 
III,Iso 4 52.5 ± 4.3f 687 

IV, 5 29.3 ± 1.2c 59.1 
IV, ISO 8 23.8 ± 0.3e 55.6 

v, 6 12.0 ± 0.4c 19.3 
v, I so 7 11.5 ± 0.4 20.8 

VI, 5 62.3 ± 3,oc 356 
VI, I so 5 47.8 ± 2.5e 327 

After feeding the vitamin E-supple­
mentcd diets (Ill, VI), vitamin E con­
tents were increased in plasma. 
Vitamin E contents in liver, kidney and 
heart behaved in analogy to vitamin E 
content in plasma. Mg deficiency also 
reduced vitamin E contents in all tis-

Magnesium-Bulletin 14, 3 (1992) 

± 5.3 66.2 ± 3.1 110.1 ± 3.9 
± 0.3 65.5 ± 3.8 110.5 ± 6.6 

± 0.5c 20.6 ± 1.2c 34.5 ± 2.2c 
± 0.9 22.4 ± 1.5 31.0 ± 1.2 

± 100c 92.3 ± 2.1c 19.3.0 ± 11.5c 
± 76 88.7 ± 3.5 188.9 ± 14.3 

± 5.2c 55.4 ± 2.8a 91.7 ± 5.5a 
± 3.2 55.0 ± 2.0 84.6 ± 3.1 

± 1.1c 27.8 ± l.Oc 4,2.5 ± 1.5c 
± 1.3 26.9 ± 0.9 39.9 ± 1.7 

± 47c 98.8 ± 5.oc 174.0 ± 13.5b 
± 44 94.6 ± 2.5 174.1 ± 11.6 

sues. This effect ofMg deficiency was 
particularly expressed in plasma and 
liver. 
Injection of isoproterenol reduced vit­
amin E in plasma and had no signifi­
cant effect on vitamin E content in the 
tissues. 

A most remarkable result was the 
depletion of vitamin E in plasma and 
tissues by Mg deficiency. Similarly, 
also in dietary Zn deficiency vitamin 
E content of rat plasma was reduced 
[23]. Other tissues were not investi­
gated by these authors [23]. As an ex­
planation it was discussed that absorp­
tion and transport of tocopherol by the 
intestinal mucosa and the blood trans­
port system may be affected [23]. 
However, from our results on MDA 
(fig. I), showing the reciprocal behav­
iour of vitamin E and MDA, it appears 
to be more likely that reduction of vit­
amin E is caused by its destruction due 
to free radicals. Since LPO due to oxy­
gen free radicals is also increased by 
Zn deficiency [24, 25], the reduction of 
plasma vitamin E by Zn deficiency may 
also be caused by its destruction due 
to free radicals. In agreement with this 
conclusion, iron loading, too, which 
leads to increased formation of oxygen 
free radicals caused a reduction of vit­
amin E [26]. In agreement with this 
mechanism the Fe content in liver, heart 
and kidney was increased by Mg defi­
ciency (tabs. 5, 6, 7). 
Besides Mg deficiency-induced in­
crease of intracellular Fe, the enhanced 
release of catecholamines in Mg defi­
ciency may be an additional mecha­
nism of elevated MDA and LPO. Proof 
of this suggestion is the increase of 
MDA by isoproterenol in liver and 
heart (tab.2). 
The mechanism by which isoproterenol 
increased MDA may be oxygen free 
radicals, which arc formed by its oxi­
dation to o-quinone and adrenochrome 
[27]. 
Another mechanism may be local 
ischemia by isoproterenol. During 
ischemia xanthine dehydrogenase in 
endothelial cells is converted to xan­
thine oxidase, whereas hypoxanthine 
concentration is increased. This serves 
as substrate for xanthine oxidase. With 
beginning reperfusion oxygen free 
radicals are produced [28]. 
Moreover, in Mg deficiency the syn­
thesis ofprostaglandins, particularly of 
thromboxane Az, which is combined 
with increased formation of oxygen 
radicals, was enhanced [29]. For 
detailed literature and discussion of the 

83 



Effects of Isoproterenol and Magnesium Deficiency on Vitamin E Content 

Tab. 4: Concentration of Fe, Mg and Ca in plasma of rats fed various diets (1- VI) and s. c. 
injected with 3 mg/kg isoproterenol (Iso). See legend to tab. 2. 

----------------------------------------------------------------
Group n Fe Mg ea 

~mo1/1 mmo1/1 mmo1/1 
----------------------------------------------------------------
I, 4 38.8 ± 1.2 0.62 ± 0.01 2.53 ± 0.05 
I, I so 4 12.6 ± 2.1f 0.73 ± o.o1f 2.45 ± 0.02 

II, 4 36.0 ± 2.6f 0.60 ± 0.01 2.55 ± 0.04 
II, I so 6 11.3 ± 1.7 0.76 ± o.o2f 2.38 ± o.o6d 

III, 5 36.4 ± 3.0 0.62 ± 0.02 2.50 ± 0.03 
III, I so 4 8.6 ± 1.4f 0. 71 ± 0.02e 2.37 ± o.o3d 

IV, 5 30.8 ± 3.1~ 0.102 ± 0.007c 2.53 ± 0.01 
IV, ISO 8 8.7 ± 1.6 0.133 ± o.oo8e 2.41 ± o.o3e 

v, 6 30.8 ± 3.oa 0.087 ± o.oo3c 2.50 ± 0.02 
V, I so 8 10.7 ± 1. 7f 0.155 ± o.olJf 2.40 ± 0.04d 

VI, 5 31.9 ± 2.oa 0.079 ± o.oo5c 2.51 ± 0.04d 
VI, I so 5 12.8 ± o.9f 0.125 ± 0.026 2.36 ± 0.05 

Tab. 5: Fe, Ca and Mg content in liver (mmol!kg dry weight). For legend see tab. 2. 

Group n Fe 

I, 4 3.57 ± 0.19 
I, I so 4 4.44 ± 0.37 

II, 4 4.02 ± 0.60 
II, I so 6 4.82 ± 0.41 

III, 5 4.13 ± 0.20 
III, I so 4 3.89 ± 0.52 

IV, 5 10.4 ± 2.4a 
IV, I so 8 12.7 ± 1.6 

V, 6 10.6 ± 1.6b 
V, I so 7 12.8 ± 1.6 

VI, 5 11.0 ± 2.2a 
VI, I so 5 11.2 ± 0.8 

pathobiochemical mechanisms see 
References [13, 14,30]. 
The MDA levels in tissues represent 
steady-state concentrations and not for­
mation of MDA, because MDA is 
rapidly metabolized by mitochondrial 
aldehyde dehydrogenase and is ex­
creted by the kidneys [11,31,32]. 
Therefore, the formation of free radi­
cals in Mg deficiency may be higher 
than indicated by MDA formation, be-

! cause a part ofMDA was metabolized 
and a part of free radicals was 
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ea Mg 

2.42 ± 0.06 27.7 ± 0.1 
2.57 ± 0.03 32.9 ± 0.3f 

2.41 ± 0.06 27.1 ± 0.5 
2.42 ± 0.07 31.0 ± l.Oe 

2.35 ± 0.11 27.1 ± 0.7 
2.57 ± 0.10 29.6 ± 0.2d 

2.58 ± 0.19 27.1 ± 1.1 
2.47 ± 0.10 33.4 ± o.8f 

2.65 ± 0.12 25.9 ± 0.8 
2.48 ± 0.12 34.6 ± 0.9f 

2.50 ± 0.22 26.7 ± 1.2 
2.42 ± 0.11 33.8 ± 0.6f 

scavenged by vitamin E, leading to de­
struction of vitamin E in Mg deficiency 
(tab. 3). 

Electrolyte concentrations 

Plasma (tab. 4) 

Mg deficiency caused a drastic reduc­
tion of plasma Mg and a small reduc­
tion of plasma Fe, as already described 
[33]. Vitamin E content ofthe diets had 

no effect on plasma concentrations of 
Fe, Mg and Ca. 
Four hours after injection of isoprotere­
nol we found a drastic reduction of 
plasma Fe, a significant increase in 
plasma Mg and a small reduction of 
plasma Ca. 
The isoproterenol-inducedreduction of 
plasma Fe may be caused by increased 
intracellular uptake. Since the amount 
of plasma Fe (transferrin-bound Fe) is 
extremely small compared to cellular 
Fe, an increased cellular Fe (transfer­
rin) uptake cannot be verified. The in­
crease in plasma Mg by isoproterenol 
is probably caused by release of Mg 
from hydroxyapatite of bone (in pre­
paration). 

Liver (tab. 5) 

In Mg deficiency, Fe content of liver 
was drastically increased independent 
of vitamin E nutrition, as described and 
discussed in a preceding paper [33]. 
Isoproterenol had no significant effect 
on liver Fe. 
Ca content of liver was unchanged by 
Mg deficiency, vitamin E or isoprotere­
nol. 
Mg content in liver was not signifi­
cantly changed by Mg deficiency and 
vitamin E. However, 4 hours after in­
jection of isoproterenol liver Mg was 
increased by about 20 % independent 
of vitamin E. 
Other investigators found a 28 % and 
22% increase in liver Mg 1 day and 2 
days after s. c. injection of 65 mg/kg 
isoproterenol [34]. The biochemical 
mechanism was investigated in detail 
[34a]. 

Kidney (tab. 6) 

Fe content of kidney was increased in 
Mg deficiency by about 35%, as found 
by other authors [35]. 
Ca content of kidney was increased by 
Mg deficiency which is one of the typ­
ical effects of Mg deficiency. 
Remarkably, high vitamin E nutrition 
prevented the Mg deficiency-induced 
Ca deposition in the kidney. Probably 
a toxic cellular event (oxygen free radi­
cals) which can be prevented by vit­
amin E is involved in Mg deficiency-

Magnesium-Bulletin 14, 3 (1992) 
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Tab. 6: Fe, Ca and Mg content of kidney (in mmollkg dry weight). For legend see tab. 2. isoproterenol-induced reduction of car­
diac Mg. Ca content of the heart was 
drastically increased by isoproterenol 
as found by other investigators [3, 36]. 

Group 

I, 
I, 

II, 
II, 

III, 
III, 

IV, 
IV, 

V, 
v, 

VI, 
VI, 

ISO 

I so 

I so 

I so 

I so 

!so 

n 

4 
4 

4 
6 

5 
4 

5 
8 

6 
7 

5 
5 

Fe 

3.09 ± 0.20 
2.61 ± 0.20 

3.14 ± 0.16 
2.87 ± 0.12 

3.10 ± 0.13 
2.59 ± 0.18 

4.26 ± 0.26b 
3.62 ± 0.13 

4.27 ± 0.25b 
3.69 ± 0.12 

4.09 ± o.2ob 
3.58 ± 0.22 

ea 

4.35 
5.12 

4.43 
4.85 

4.48 
4.53 

70.2 
22.9 

32.8 
56.7 

± 0.39 
± 0.59 

± 0.16 
± 0.08 

± 0.11 
± 0.19 

± 27.7a 
± 8.3 

± 10.1a 
± 19.9 

5.58 ± 1.02 
5.46 ± 0.50 

Mg 

30.3 ± 2.1 
33.6 ± 0.7 

29.4 ± 2.2 
31.4 ± 1.6 

31.1 ± 0.6 
30.4 ± 0.8 

29.5 ± 0.9 
29.1 ± 0.5 

30.1 ± 0.8 
30.9 ± 0.5 

29.8 ± 0.4 
30.3 ± 0.6 

Tab. 7: Fe, Ca and Mg content of heart (in mmol!kg dry weight). For legend see tab. 2. 

Group n Fe ea Mg 

Vitamin E supplementation could al­
most prevent this effec~. It could also 
protect against Mg-deficiency-induced 
cardiomyopathy in hamsters [15]. 
Therefore, it was suggested that oxygen 
free radicals may be involved in cardia­
toxicity [ 15]. 
There is a well-known relationship be­
tween intracellular Ca and LPO caused 
by oxygen free radicals in hepatotox­
icity [10]. 
In order to analyze the relationship be­
tween cardiotoxicity (measured by car­
diac Ca) and LPO (measured by cardiac 
MDA) vitamin E and MDA (fig. 1) and 
MDA and Ca (fig. 2) were correlated. 
Fig. 1 shows that MDA is negatively 
correlated to vitamin E up to 110 11mol! 
kg wet weight indicating that vitamin 
E can reduce LPO by scavenging oxy­
gen free radicals. Isoproterenol caused 
the same increase in MDA independent 

--------------------------------------------------------- of vitamin E content. However, at high 

I, 
I, 

II, 
II, 

I so 

I so 

III, 
III, !so 

IV, 
IV, 

V, 
V, 

VI, 
VI, 

I so 

I so 

!so 

4 
4 

4 
6 

5 
4 

5 
8 

6 
7 

5 
5 

4.07 ± 0.12 
4.08 ± 0.16 

4.00 ± 0.30 
4.21 ± 0.14 

4.11 ± 0.40 
4.38 ± 0.23 

5.28 ± o.3ob 
5.43 ± 0.21 

5.02 ± 0.16b 
5.79 ± o.o7e 

5.36 ± o.2oc 
5.31 ± 0.23 

2.47 ± 0.49 
5.55 ± 0.6oe 

2.55 ± 0.15 
5.42 ± 0.42f 

2.55 ± 0.17 
3.00 ± 0.25 

2.96 ± 0.70 
6.04 ± 0.34e 

2.82 ± 0.19 
5.69 ± o.48f 

3.03 ± 0.30 
4.19 ± 0.34d 

vitamin E contents of the hearts, there 
35 • 2 ± 0 • 8 was no significant increase in MDA, 
30.1 ± 1 • 2d indicating that high vitamin E contents 
3 4 • 3 ± 1. 2 can almost completely prevent iso-
28. 5 ± 1.1 e proterenol-induced LPO. 

Correlation of LPO with cardiac Ca 
34 • 0 ± 1. 3d (fig. 2) showed that in groups I, II, IV 
28 • 9 ± 1 • 5 and VI isoproterenol induced almost 
28. 3 ± 1. ob the same increase in cardiac Ca and 
27. 4 ± 1. 5 MDA, which were drastically reduced 

29.8 ± 1.9a 
28.7 ± 0.6 

32.6 ± 0.6a 
30.5 ± 1.3 

in groups lii and VI with high vitamin 
E supplementation (fig. 2). This result 
may indicate that isoproterenol-in­
duced LPO is involved in isoprotere­
nol-induced Ca uptake of the heart. 
However, this correlation is no proof 

----------------------------------------------------------·of causality. At low cardiac vitamin E 

induced kidney calcification. Mg con­
tent was not significantly affected by 
the treatments. 

Heart (tab. 7) 

In Mg deficiency, Fe content of heart 
was increased by 25 %. Thus, Fe in­
crease in heart was less than in kidney 
and much less than in liver. 
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Isoproterenol caused a small additional 
Fe increase in the hearts of Mg-defi­
cient-vitamin E-reduced rats. 
Mg content of the heart was reduced 
by Mg deficiency or isoproterenol, 
which is in agreement with the results 
of other authors [36]. Injection of iso­
proterenol to Mg-deficient rats did not 
further reduce Mg content. Vitamin E 
had no effect on Mg deficiency ~ or 

(isoproterenol-untreated rats of groups 
11 and V), MDA was higher than in iso­
proterenol-treated rats of group I (fig. 
1, 2) although these rats of groups II 
and V expressed lower cardiac Ca than 
isoproterenol-treated rats of group I 
(fig. 2). 
This comparison shows, that there is no 
simple correlation between MDA and 
Ca. 
Therefore, it may be alternatively sug­
gested that isoproterenol-induced Ca 
uptake is mediated by a ~-adrenergic 
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Fig. 1: Correlation of cardiac MDA (tab. 2) and cardiac vit. E (tab. 3); 0, without isoprote­
renol, e, isoproterenol-injected rats. 
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Fig. 2: Correlation of cardiac MDA (tab. 2) and cardiac Ca (tab. 7). 0, without isoprotere-
nol, e, isoproterenol-injected rats. I-VI, dietary group. 

effect and high vitamin E content in the 
cell membrane may inhibit the 13-
adrenergic system or the 13-adrenergic­
stimulated Ca channel. In agreement 
with this conclusion it was shown that 
vitamin E can protect against Ca-in­
duced cell injury independent of its an-
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tioxidant effects [37]. 
This action of vitamin E can also ex­
plain its cardioprotective effect in Mg 
deficiency-induced cardiomyopathy of 
hamsters [ 15]. 
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