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ABSTRACT 

 
The elemental concentrations in the blood of fully mature “spontaneously   
hypertensive” rats [SHR] were compared with that of “normotensive” Wistar  
Kyoto rats [WKy] with an energy- dispersive XRF-system using a Rhodium 
X-ray tube. A number of elements, Na, Mg, P, Cl, S, K, Ca, Fe, Cu, Zn, Rb 
and Br, ranging in concentrations from a few ppm to around 1 % were 
measured in all the blood samples. It has been observed that the 
concentrations of elements Na, Cu, Zn and Br in whole blood of SHR are 
about 5%, 17%, 7% and 21% higher respectively than in the WKy- group. 

 
INTRODUCTION 

 
     The disease, essential hypertension, is not yet fully understood nor are its possible causes 
known. We have initiated a programme to investigate if trace elements are involved in this 
mysterious disease. The relationship between trace elements and cardiovascular diseases, 
including high blood pressure, has been the subject of many investigations over the past 40-
50 years. Masironi (1) nicely summarized the earlier work (till about 1974) in this interesting 
field. Since then many dozens of papers have appeared in this field although very few 
directly related to essential hypertension.  

 
     Taneja and Mandal (2) found that, in the population of Chandigarh (India) suffering from 
essential hypertension, the levels of Mg, Zn and Mn were significantly higher, and Cu lower, 
in hypertensive population than in matched normotensive subjects. On the other hand 
Berthelot et al (3) studied the trace elements concentrations in SHR and WKy rats and 
concluded that any differences observed in the plasma concentrations  were unrelated to 
hypertension. Similarly, inconclusive results were obtained by Saito et al (4) when they 
measured the concentrations of trace elements in SHR and normotensive rats. Schedl et al 
(5) also measured Zn Cu and Mg levels in the tissues of SHR and WKy rats and could not 
find any major differences in the two types of rats.  

 
     We compared the elemental concentrations in whole blood of SHR and WKy rats by using 
the technique of X-ray Fluorescence analysis (XRF). We chose to use experimental animals 
rather than human beings for this study in order to eliminate the effects of external 
influences (such as the environment, dietary factors, etc.) on the blood trace elements. The 
elements we studied were Na, Mg, P, Cl, S, K, Cu, Zn, Rb and Br. 

 
MATERIALS AND METHODS 
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     Five spontaneously hypertensive rats (SHR) and five Wistar Kyoto rats (WKy) were 
chosen for this study. All rats were 16 weeks old and were bred and grown in our laboratory. 
They were kept under identical conditions and received the same diet. In this way we were 
able to eliminate the possible influence of environmental and dietary factors on the body trace 
elements of these rats. 
 
     Blood samples of approximately 5 ml volume were drawn from each rat by puncturing the 
heart which also killed the rats. These blood samples were freeze-dried and, crushed ito fine 
powder and pressed into pellets by using a hydraulic press at about 10 thousand pounds per 
square inch. Ultra-pure boric acid was as the binding and backing material. In this way we 
were able to obtain stable solid discs of all the blood samples. 
 
     The elemental measurements were carried out by using a commercially available Energy-
Dispersive-X-ray-Fluorescence Spectrometer) which operated with a single Rhodium X-ray 
tube for, which is ideally suitable for exciting most elements. NIST- (National Institute of 
Science and Technology, USA) Bovine Liver and NIES- (National Institute of Environmental 
Standards, Japan) Mussel powder were used as the standards for quantifying the elemental 
concentrations into absolute values. These were also made into similar pellets and studied 
with the XRF spectrometer. Appropriate matrix corrections were applied by making use of 
home-developed Matrix-Correction-Programme (6). In this way we were able to determine 
the absolute concentrations of Na, Mg, P, Cl, S, K, Cu, Zn, Rb and Br. 
  
 

RESULTS AND DISCUSSION 
 

The results of our measurements are shown in table 1. Each value given in the table represents 
the average concentrations of 5 rats in each category. The uncertainties shown are those due 
to counting statistics only. 
 
                    Table 1.  Comparison between WKY and SHR blood concentrations 
Element     Concentration (wt. Percent) 
 
                                        WKy group    SHR group 
Chlorine     1.24  ±  0.04     1.3    ±   0.04  
Sulphur     1.08  ±  0.05     1.1    ±   0.03 
Sodium     1.08  ±  0.06     1.3    ±   0.09 
Potassium     0.97  ±  0.02     0.98  ±   0.04 
Phosphorous     0.27  ±  0.02     0.26  ±   0.02 
Iron      0.27  ±  0.01     0.27  ±   0.02 
Calcium     0.04  ±  0.002    0.04  ±   0.001 
Magnesium     0.02  ±  0.001    0.02  ±   0.004 
                                                            Concentration (ppm) 
Copper     12      ±    1     14     ±    1 
Zinc     29      ±    1     31     ±    1 
Rubidium    19      ±    1     19     ±    2 
Bromine    41      ±    2     50     ±    4 
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It can be seen from the table that the concentrations of Cu, Zn, Br and Na in whole blood of 
SHR are about 17%, 7%, 21% and 5% higher respectively than in the WKy-group. There 
were no differences in the concentrations of other elements between the two groups. 
Statistical analysis of the data, using “Student t-test” showed that the difference in the Cu 
concentrations between the two groups were significant ( 0.01 level). Regarding Zn, it was 
found that the difference between the two groups was within one standard deviation and 
therefore not significant. The Br concentrations were significantly higher in the SHR group 
that in the WKy rats.  

 
CONCLUSIONS 

 
In our opinion trace elements Cu and Br are involved in essential hypertension. It is the first 
time the Br has been shown to play a role in essential hypertension. There may, of course, be 
other elements too which might be involved with essential hypertension but we could not see 
them because the limitation of our analytical technique.  
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