
The present study focused on the effect of Zn containing diets on the activity of superoxide dismutase
(Cu/ZnSOD), systolic blood pressure (SBP), lipid peroxides (ROOH) and lipids (LDL, HDL, triglyc-
erides and cholesterol) in male spontaneously hypertensive rats (SHR). Three experimental groups of
animals were studied: a control (G1-40 mg), and two with zinc-supplemented diets (G2-100 and G3-160
mg Zn/kg lab chow). The diets were introduced at the beginning of the development of hypertension
(2 months after birth) and the animals were fed for 8 weeks. The activity of CuZnSOD in erythrocytes
was determined by spectrophotometry with the use of RANSOD kit (RANDOX Laboratories Ltd., UK).
Atomic-absorption spectrometry was used to determine Zn and Cu concentrations in the rat’s sera. A sig-
nificantly increased Cu/ZnSOD activity was found in G3 compared with rats fed with control diet G1
(p = 0.020). SBP was significantly decreased in G3 in relation to G1 (p = 0.0048). The lipid hydroperox-
ide concentration was significantly decreased in G3 compared with G1 (p = 0.016) and G2 (p = 0.005).
Zinc supplement affected lipids profile by decreasing LDL and increasing HDL. The present data sug-
gest that Zn concentration in the diet plays an important role in the regulation of SBP and can be a crit-
ical nutrient for maintenance of anti-oxidative events in SHR.
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INTRODUCTION

Hypertension is associated with greater than normal lipoperoxidation, suggesting that
oxidative stress is important in the pathogenesis of this disease. Oxidative stress
favours the development of endothelial dysfunction, which results in arterial hyper-
tension and atherosclerosis [15].
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Although many studies have examined the effect of antioxidants in the diet on
hypertension, less attention has been paied to the evaluation of the role of specific
dietary microelements, such as Zn, in the development of hypertension. Evidences
indicate that low zinc concentration may have important implications in the patho-
genesis of hypertension. Zinc can act as an endogenous protective factor against ath-
erosclerosis by inhibiting oxidation of LDL in the cell [5].

Zinc is a critical component of biomembranes and it is essential for proper mem-
brane structure and function and the activity of numerous enzymes [16]. It could
conceivably limit oxidant-induced damage. Some possible antioxidant actions of
zinc include: (a) Stabilization of membrane structure [8]; (b) Restriction of endoge-
nous free radical production [20]; (c) Contribution to the structure of the antioxidant
enzymes superoxide dismutases [15]; (d) Maintenance of tissue concentrations of
metallothionein, a possible scavenger of free radicals [6].

In the setting of increased oxidative stress, endothelial cells lose their protective
phenotype, and express proinflammatory molecules. These molecules include vascu-
lar cell adhesion molecule-1, intercellular adhesion molecule-1, and monocyte
chemotactic protein-1, all of which facilitate endothelial-leucocyte interactions and
initiate early stages of atherosclerosis [10]. Zinc supplementation decreases lipids
peroxidation and inhibits oxidation of LDL.

It has been shown that Zn deficiency increases arterial blood pressure in SHR rats
by decreasing Cu/ZnSOD activity and increases lipid peroxidase, which is a binding
segment between hypercholesterolemia and atherosclerosis [11, 14, 21]. There are
also data indicating that changes in the serum zinc concentrations can alter
CuZnSOD activity, cholesterol (Chol) and triglycerides (Tg) concentrations, and the
level of LDL in rats [27].

The antioxidative action of zinc prevents oxidation of LDL cholesterol and con-
sequently stops the main mechanism of atherogenesis. In our previously study we
examined the influence of zinc supplement on the development of atherosclerosis
and our data indicate that zinc has an antiatherogenic effect. Atherosclerotic plaque
formation in SHR correlated with blood pressure values and increased Zn content in
the diet can decrease the number of formed ateromas in SHR.

The present study focused on the effect of Zn containing diets on the activity of
Cu/ZnSOD, systolic blood pressure (SBP), lipid peroxides (ROOH) and lipid con-
centrations (LDL, HDL, triglycerides and cholesterol) in male SHR rats.

MATERIALS AND METHODS

The investigation conforms to the Guide for Animal Care and Use of Laboratory
Animals by the Ethical Committee of the Medical University, Pleven, Bulgaria.



Animals and diets

Male spontaneously hypertensive rats (SHR, n = 27), with b.wt. 212.84 ± 22.54 were
used. Animals were housed in groups of 5 per cage and kept under a normal 12 h
light/dark cycle at 22 ± 2 °C. Rats were allowed access to food and water ad libitum.
They were randomly divided into 3 groups: Group 1 (G1, n = 10) – 40 mg Zn/kg diet
– controls; Group 2 (G2, n = 7) – 100 mg Zn/kg diet – zinc supplement diet; Group
3 (G3, n = 10) – 160 mg Zn/kg – zinc supplement diet. The zinc diets containing dif-
ferent Zn amounts were introduced at the beginning of the development of hyper-
tension (2 months after birth) and the animals were fed for 8 weeks. Dietary compo-
sitions such as protein, carbohydrates, fat, minerals and vitamin mixtures were iden-
tical except for Zn content in the three diets.

Blood collection and abdominal artery preparation

At the end of the treatment period, following overnight fasting, the abdominal cavi-
ty of rats was opened under pentobarbitone sodium anesthesia (26 mg/kg body
weight, i.p.). Blood was collected from the bifurcation of the aorta for the measure-
ments of Zn, Cu, Fe, Mg, Na, K, and iCa, Cu/ZnSOD activity and lipids profile.

Assay of concentration of trace elements

Zinc content in the laboratory chow and serum concentration of zinc and copper were
analyzed by a flame atomic-absorption spectrophotometry, using Perkin-Elmer,
Model-Analyst 300 apparatus. Iron was measured with ferene photometric test
(Horiba ABX, France), magnesium – with xylidyl photometric test (Horiba ABX,
France) and Na, K, Ca were analyzed with method of ion selective electrodes.

Assay of Cu/ZnSOD activity

Following blood collection and centrifugation at 3000 rpm for 10 minutes, the plas-
ma was aspirated and the erythrocytes were rinsed four times with 3 ml saline solu-
tion at 4 °C. The activity of CuZnSOD in erythrocytes was determined by spec-
trophotometry with the use of RANSOD kit (RANDOX Laboratories Ltd., UK) and
method described by McCord and Fridovich [13]. The quality of measurement of
SOD was determined each time with respect to applicable control RANSOD Control
(RANDOX Laboratories Ltd., UK).
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Cu/Zn SOD measurement

This method employs xanthine and xanthine oxidase (XOD) to generate superoxide
radicals, which react with 2-(4-iodophenyl)-3-(4-nitrophenol)-5-phenyltetrazolium
chloride (INT) to form a red formazan dye. The superoxide dismutase (SOD) activ-
ity is then measured (at 505 nm) by the degree of inhibition of this reaction. One unit
of SOD is that which causes a 50% inhibition of the rate of reduction of INT under
the conditions of the assay.

Blood pressure determinations

Systolic blood pressure was determined by tail cuff plethysmography (Blood
Pressure Recorder, Ugo Basile, Italy) as described previously [1]. Conscious rats
were placed on a heated pad in a temperature-controlled quiet room. After a 15 min
rest with the tail placed inside a tail cuff, the cuff was inflated three to four times to
condition the animal to the procedure. Three consecutive measurements were then
taken and the average of the recorded measurements was used.

Degree of oxidative damage

The degree of oxidative damage was estimated by means of lipid peroxides (ROOH)
in serum following the procedures described by Yagi [23].

Lipid analysis

Lipid analysis was performed on a Hitachi-704 automated clinical chemistry analyz-
er (Boehringer, Germany) with reagents from Horiba ABX (France). Total choles-
terol was detected by enzymatic photometric test (CHOD-PAP, Horiba ABX,
France). Triglycerides and HDL-cholesterol determinations were done following the
manufacturer’s instructions (Horiba ABX, France). The concentration of LDL was
determined following the method described by Friedewald [17].

Statistical analysis

Results from biochemical assays were expressed as the mean ± SE. The data were
analyzed using one- and two-way analysis of variance (ANOVA) when they were
normally distributed or with Kruskal-Wallis and medial test when they deviated from
normal distribution. A value of P < 0.05 was considered statistically significant.

2,2

destriglyceri
HDLlcholesterototalLDL −−=



RESULTS

Effect of Zn treatment on the level of Zn and Cu, Cu/ZnSOD activity
and serum ROOH

Table 1 shows data on the level of Zn, Cu, Fe in SHR fed with standard (G1) or Zn-
supplement diets (G2 and G3) for 8 weeks. The Zn-supplement diet group (G3) had
a significantly increased concentration of serum Zn relative to the standard diet group
(G1) and G2. There was no significant difference in serum Cu concentration between
the groups. The highest serum Fe was found at control Zn intake of 40 mg/g diet (G1)
and significantly decreased in the Zn-supplement diet group (G3).

Table 2 shows data on the level of Na, K, iCa and Mg in SHR fed with standard
(G1) or a Zn-supplement diets (G2 and G3) for 8 weeks. The Zn-supplement diet
group (G3) had a significantly decreased concentration of serum Na and K compared
to G1. iCa significantly decreased in groups with Zn-supplement diets. The highest
serum Mg was calculated to occur at control Zn intake of 40 mg/g diet (G1).
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Table 1

Levels of Zn, Cu and Fe in SHR fed a standard (G1), or a Zn-supplement
diets (G2 and G3) for 8 weeks

Zn concentration Zn Cu Fe
in the diet (mg/kg) (μmol/L) (μmol/L) (μmol/L)

G1 – 40 18.92 ± 0.43 27.33 ± 1.18 20.7 ± 2.84
G2 – 100 19.86 ± 0.51 26.16 ± 1.29 11.89 ± 0.93
G3 – 160 22.24 ± 0.281,2 25.96 ± 0.33 8.68 ± 0.761

Data represent means ± S.E. of the values. 
1 Significant difference between G1 and G3 p < 0.05; 2 significant difference

between G2 and G3 p < 0.001.

Table 2

Levels of Na, K, iCa and Mg in SHR fed a standard (G1), or a Zn-supplement diets (G2 and G3)
for 8 weeks

Zn concentration Na K iCa Mg
in the diet (mg/kg) (mmol/L) (mmol/L) (mmol/L) (mmol/L)

G1 – 40 138.00 ± 1.6 5.81 ± 0.16 1.20 ± 0.05 0.99 ± 0.04
G2 – 100 119.9 ± 2.7 4.56 ± 0.65 0.55 ± 0.06 0.81 ± 0.05
G3 – 160 84.85 ± 0.051 3.16 ± 0.141 0.49 ± 0.022,3 0.44 ± 0.761

Data represent means ± S.E. of the values. 
1 Significant difference between G1 and G3 p < 0.05; 2 significant difference between G1 and G2

p < 0.001; 3significant difference between G1 and G3.
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Cu/ZnSOD activity

Our results showed that the activity of Cu/ZnSOD was higher in G3 and decreased
in G1. There was a significant difference in the activity of G3 compared to G1
(p = 0.020). The data for activation of CuZnSOD correlated positively with the appli-
cation of increasing Zn concentration in the diets (r = 0.501, p = 0.008) (Table 3).

ROOH

We monitored the level of serum ROOH and determined that it depended on the zinc
diets. SHR rats treated with the standard Zn diet (G1) showed significantly increased
concentration of serum lipid peroxides in comparison with animals treated with high-
er Zn concentration (G3, p = 0.016). We have also observed significant difference in
the concentration of lipid peroxides between G2 and G3 (p = 0.005). The level of
serum ROOH correlated negatively with the Zn concentration in the diets
(r = –0.512, p = 0.015) (Table 3).

Effect of Zn treatment on rat systolic blood pressure

Table 4 summarizes the effects of Zn administration on SBP of SHR. All groups of
SHR showed continuous increase of systolic blood pressure following the adminis-
tration of different Zn containing diets, reaching significance on month 4 (p < 0.001,
compare to SBP on month 2). Two months dieting with Zn at concentrations 160
caused blood pressure to be lowered significantly (p = 0.0048) compared to the con-
trol group (40 mg/kg diet). These observations show that for Zn at concentrations
160 mg/kg, the dosage and the duration of the regimen were effective in the obtain-
ing a blood pressure decrease without severely compromising the health of the treat-
ed animals.

Table 3

Levels of serum ROOH and Cu/ZnSOD activity in SHR fed a standard (G1),
or a Zn-supplement diets (G2 and G3) for 8 weeks

Zn concentration ROOH SOD activity
in the diet (mg/kg) (nmol/ml serum) (U/g Hg)

G1 – 40 4.61 ± 0.31 2049.1 ± 257.7
G2 – 100 4.86 ± 0.29 2177.1 ± 337
G3 – 160 3.48 ± 0.081,2 3179.3 ± 286.12

Data represent means ± S.E. of the values.
1 Significant difference between G2 and G3 p < 0.05; 2 significant difference

between G1 and G3 p < 0.001.



Lipid profile

Some investigators reported effects of zinc on lipids metabolism but the mechanism
of action is not clear enough. The changes in serum total lipid values at 8 weeks after
beginning of diet are given in Fig. 1. A significant decrease was observed in serum
level of LDL (p < 0.05) in SHR fed a Zn diet 3 (G3), (0.49 ± 0.05) compared to SHR
fed a Zn diet 1 (G1), (0.68 ± 0.04). No difference was found for triglyceride and total
cholesterol between G1, G2 and G3. HDL was significantly increased in group 3
(G3), (0.64 ± 0.06) in comparison with group 2 (G2), (0.54 ± 0.03; p < 0.05) and
group 1 (G1), (0.55 ± 0.02; p < 0.05).
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Table 4

Systolic blood pressure obtained from SHR fed a standard (G1),
or a Zn-supplement diet (G2 and G3) for 8 weeks

Zn concentration Systolic blood pressure Systolic blood pressure
in the diet (mg/kg) (mm Hg) – month 2 (mm Hg) – month 4

G1 – 40 175.1 ± 2.21 190.8 ± 2.371,2

G2 –100 169.85 ± 3.7 187.14 ± 3.751

G3 – 160 168.4 ± 3.32 178.8 ± 1.791

Systolic blood pressure was measured as described in the Methods section.
1 Significant difference between month 4 and month 2 p < 0.05; 2significant

difference between G1 and G3 p < 0.001.

Fig. 1. Serum lipids profile in SHR fed a standard (40 mg/kg), or a Zn-supplement diets (G2 and G3)
for 8 weeks
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DISCUSSION

Zinc is a component of the antioxidant defensive system, which may exert its pro-
tective effect either directly by competing with the pro-oxidant metals (i.e. Cu and
Fe) for binding sites [3], or indirectly as a structural component of antioxidant met-
alloenzymes, such as Cu/Zn SOD. The present study shows an increase in the serum
Zn concentration and a tendency of decrease in the serum Cu concentration in SHR
fed a Zn-supplement diet. There is a reciprocal relationship between the intestinal
absorption rates of Zn and Cu [24].

The interaction between Zn and other micronutrients and the resulting effect on Zn
status have been observed in both human [26] and animal [18] studies. High intake
of Zn, when combined with normal serum concentration of Cu and Fe, is a factor for
decreasing the oxidative stress in SHR rats. The data also indicate that high intake of
Zn is beneficial in both – preventing Fe effects and optimizing the antioxidant defen-
sive capabilities in the SHR rat. The mechanism by which Zn exerts its antioxidant
action is not well defined. We suppose that zinc can occupy iron and copper binding
sites on lipids, proteins and DNA and thus exerts a direct antioxidant action. Iron is
a redox active metal that can catalyze the formation of the highly reactive hydroxyl
radicals from H2O2 and decompose lipid peroxides to peroxyl and alkoxyl radicals,
which favour the propagation of lipid oxidation. We found decreased serum Fe con-
centration in Zn-supplemented group (G3) and decreased lipid peroxidation.
Disturbances in mineral metabolism (i.e. Na+, K+, Ca2+) have also been reported to
be associated with the development of hypertension in the SHR and we found sig-
nificantly decreased concentration of serum Na, K, iCa and Mg in groups with zinc
supplementation.

The spontaneously hypertensive rat developed by Okamoto and Aoki (1963) has
been used as an animal model for human essential hypertension. Oxidative stress can
be increased during hypertension by an increased production of reactive oxygen
species such as superoxide anion (O2

•–) or by a decrease in antioxidant enzymes such
as SOD. The activity of SOD in erythrocytes is decreased in patients with essential
hypertension [19] and experimental hypertension. Myocardial SOD activity is
decreased in the SHR [4] and blood SOD activity is decreased in the Isiah stress-sen-
sitive hypertensive rat [25]. Our data demonstrate that unlike SHR fed a standard diet
SHR fed a Zn-supplement diet (G3 – 160 mg Zn/kg diet) exhibits a progressive
decrease in SBP levels during the dietary conditioning. We suppose that zinc sup-
plementation may decrease systolic blood pressure in SHR by two mechanisms:
1. Zinc as a component of one of the most important antioxidant enzyme Cu/ZnSOD;
2. Zinc as an antioxidant which may decrease endogenous free radical production.

Cu/ZnSOD is well known to be an enzyme requiring Zn for maintaining its func-
tion. We found in the present study that the activity of Cu/ZnSOD in erythrocytes is
significantly increased in SHR fed with Zn-supplement diet – G3 compared with
SHR fed with standard diet. It is considered that an increase in the activity of
Cu/ZnSOD in G3 may be due to the effect of Zn supplementation.



The results of this study show that in SHR fed with Zn-supplement diet (G3)
serum lipid peroxidation was significantly decreased as compared to controls
(P < 0.05). The mechanism by which Zn may function as an antioxidant involves the
prevention of HO• and O2

•– production by transition metals. This mechanism involves
the competition of Zn with Fe for chelation by the organic ligand cysteine. Because
the cysteine-bound Fe can transfer electrons to O2 and produces HO•, Zn inhibits HO•

dependent processes such as lipid peroxidation [3]. Shaheen et al. [22] reported that
dietary zinc deficiency caused increased lipid peroxidation, and this was inhibited by
zinc supplementation.

The effect of zinc on plasma lipid concentrations remains a controversial issue.
The investigators studying different model systems found increased concentrations of
cholesterol, phospholipids, VLDL, and intermediate density lipoproteins during zinc
deficiency [9]. On the other hand, it was reported that zinc deficiency decreased plas-
ma and VLDL triacylglyceride concentrations in rats [12]. However, this effect was
attributed mainly to the lower food intake resulting from zinc deficiency. The lipid-
lowering effect of zinc was also shown in humans [2]. The mechanism for the effect
of zinc on lipoproteins is not clear. It was suggested that zinc is required for enzymes
involved in lipid synthesis and lipoprotein excretion [7]. The result of lipids profile
of this study indicate that zinc supplementation (G3) decreases LDL and increases
HDL in SHR (p < 0.05).

The results of the study indicate that the in vivo oxidant status of hypertensive
SHR fed with zinc-supplemented diets were associated with an increase in the activ-
ity of Cu/ZnSOD and decrease concentration of serum ROOH. The present data sug-
gest that Zn concentration in the diet plays an important role in the regulation of SBP
and can be a critical nutrient for maintenance of anti-oxidative events in SHR.
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