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Abstract  

Introduction: Breast cancer is a heterogeneous disease that cause women death. Several factors 
influence the development of breast cancer. Trace elements are associated with breast cancer risk 
factors. This study investigated six trace elements in red blood cells of women newly diagnosed 
with breast cancer, compared to healthy women. Methods: 38 Sudanese women participated in 
this study; 19 of them were breast cancer patients, who were compared with 19 healthy women 
of the same age to determine the concentrations of K, Zn, Cu, Fe, Ca, and Pb in red blood cells 
by X-ray fluorescence. Results: K concentration was significantly increased in breast cancer 
patients compared to the control group (P= < 0.001). Zn and Cu were slightly decreased in 
patients compared to the control group. In contrast, insignificant increase was observed for Fe, 
Ca and Pb in breast cancer patients compared to the control group. Correlations between Fe and 
Cu, K and Pb were found in breast cancer patients. Conclusion: High K concentration in red 
blood cells is associated with breast cancer risk in Sudanese women. K can be used as a 
biomarker for breast cancer prognosis and development. 
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1. Introduction  

Breast cancer is a common disease in women and causes deaths worldwide [1]. Due to the 

heterogeneity of the disease, several factors affected the development of breast cancer. Risk 

factors include genetic, and environmental [2], exposure to ionizing radiation, dietary habits, 

alcohol consumption, body mass index [3], and ethnicity [4] that influence the incidence of 

breast cancer. Trace elements are micronutrients that are essential for biological processes. These 

include metabolism of genetic material for growth and differentiation, programmed cell death 

and necrosis, protection from oxidative damage, and anti-inflammatory and anti-carcinogenic 

effects [5]. Trace elements have been associated with the pathogenesis of breast cancer [6]. 



 

 

Several studies have found that trace elements levels change in patients with breast cancer, but 

their role has not been fully elucidated, and they may be associated with the risk of this disease 

[7]. The determination of elements in red blood cells (RBCs) is helpful for the status of essential 

elements, with important intracellular functions, such as potassium (K), calcium (Ca), iron (Fe), 

copper (Cu), and zinc (Zn). In addition, the analysis of erythrocyte elements is crucial for the 

evaluation of exposure to toxic metals such as arsenic (As), cadmium (Cd), and lead (Pb), which 

preferentially accumulate in erythrocytes [8]. Deficiency or excess of these essential elements 

affects numerous metabolic processes [9]. For example, Cu plays a crucial role in the production 

of hemoglobin; it acts as a coenzyme required for the binding of iron to its transport protein - 

transfer -, so iron deficiency anemia may occur due to copper deficiency [10]. Zinc plays an 

essential role in cellular metabolism [11].  

X-ray fluorescence (XRF) is a representative multi-element technique for the analysis of trace 

elements [12]. The X-ray fluorescence technique is based on the excitation of atoms in a material 

by an X-ray beam of suitable energy, and subsequent detection of the emitted characteristic 

radiation, which is proportional to the concentration of particles in the material [13,14]. XRF is a 

rapid and straightforward analytical technique, for many samples with high sensitivity and low 

detection limits, allowing the determination of trace element concentrations [15,16]. The aim of 

this study was to determine some trace elements including; copper (Cu), zinc (Zn), iron (Fe), 

potassium (K), calcium (Ca) and lead (Pb) in the red blood cells of newly diagnosed breast 

cancer patients compared to a healthy control group. 

2.Materials and Methods  

2.1. Study population:  

A total of 38 Sudanese women participated in this study. 19 of them, were newly diagnosed 

breast cancer patients who visited the Radiation and Isotope Center – Khartoum for initiation of 

therapy, and were randomly selected, and compared with 19 healthy women.  

2.2. Sample collection:  

Venous blood samples were collected from both groups in EDTA vacutainer tubes, and then 

centrifuged at 3000 g for 10 minutes. The supernatant plasma was aspirated into Eppendorf tubes 



 

 

using a Pasteur pipette. Red blood cells were washed with phosphate buffer saline, and stored in 

cryotubes at -80°C until analysis.  

2.3. Preparation of samples for analysis  

Freeze-drying was used to prepare samples for red blood cell analysis. Samples were frozen at -

20°C for 2-4 days, and the Lyotrap was run until the temperature reached -50°C. Then, the 

samples were placed in the condensation chamber for 48 hours until the sublimation process was 

completed (freeze dryer. Lyotrap, series, K12173-5. United Kingdom). The samples obtained in 

powder form were also distributed and mixed homogeneously. Then, each sample was accurately 

weighed and the weighed amount was transferred to a special cup, and then placed in the sample 

holder to perform the elemental analysis.  

2.4. X-ray fluorescence measurements  

The dried blood samples were analyzed using the X-ray fluorescence instrument in the 

Laboratory for Nuclear Applications, located in the Department of Physics, College of 

Khartoum, and jointly operated by the College of Khartoum, and the Sudan Atomic Energy 

Commission. (Canberra model number 7013-04755 and serial number 10-3499), and a separate 

multichannel analyzer (MCA) (Series 35-Canberra). The energy resolution of the detector was 

190 eV at 5.8 KeV of Mg. The X-ray spectra were analyzed using a computer program called 

Analysis of X-ray Spectra by Iterative Least-Square fitting (AXIL). This is a Fortran program 

developed by Van Espen for deconvolving complex X-ray spectra with a Si (Li) detector (XRF 

manual). Each sample was analyzed for 1000 seconds. Analysis of 38 blood samples or the 

International Atomic Energy Agency (IAEA) standard reference material - animal blood (A-13) - 

was performed using an energy dispersive XRF (EDX) analysis system. 

2.5. Statistical analysis:  

Data was analyzed using SPSS Statistics version 22.0 software. T-test was used to compare mean 

element concentrations, and a Pearson correlation was performed. The P-value < 0.05 was 

considered statistically significant. 

3. Results:  



 

 

The median age of the patients was 38 years, the age range was (26-53 years), with different 
tumor stages. No significant difference was found between the patients and the control group in 
trace element levels, except that potassium levels were significantly increased in the breast 
cancer patients compared with the control group (P < 0.001). An insignificant decrease was 
observed for Zn and Cu in the patients, compared with the control group. In contrast, Fe, Pb, and 
Ca levels were not significantly increased in breast cancer patients compared with the control 
group (see Table 1). Figure 1 shows the mean K values in the study groups. 

A strong positive correlation was observed between Fe and Cu (r=0.6, P=0.002). An inverse 
correlation was observed between K and Pb (r=0.8, P= < 0.001), as explained in Figure 2 and 3, 
respectively. 

 

 Table1: Comparison of red blood cells levels of trace elements between breast cancer 
patients and control group 

Elements  Patients  Control P. Value 
Mean ± STD (Ppm) Mean ±STD (Ppm) 

Cu 3.0 ± 0.9 3.8±2.8 0.2 
Zn 3.5 ± 1.1 4.3±2.8 0.2 
Fe 2426 ± 685 1776±1441 0.07 
Pb 0.9 ± 1.5 0.57 ± 1.5 0.3 
Ca 49.8 ± 27.3 38.3 ± 36.3 0.2 
K 6087 ± 2184 2625 ± 1311         < 0.001 

 

 

 



 

 

 

Figure1: Mean of K concentrations for study groups (P =< 0.001)  
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Figure 2: Correlation between Fe and Cu in breast cancer patients (r=0.6, P = 0.002)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 

   
Figure 3: Correlation between K and Pb in breast cancer patients (r=0.8, P= < 0.001) 
 
 

 

4. Discussion  

In this study, the concentration of six trace elements in the erythrocytes of Sudanese breast 

cancer patients and control subjects, was measured by XRF. The results showed that K 

concentration was significantly increased in breast cancer patients compared to healthy women. 

High blood potassium level (hyperkalemia) occurs in various diseases, including cancer. 

However, a high K level in cancer is an indicator of tumor cell lysis [17]. Pseudo-hyperkalemia 

results from the rapid proliferation of tumor cells, which leads to the release of large amounts of 



 

 

potassium. This condition must be differentiated from high K(hyperkalemia) caused by renal 

disease [18]. Tumor cell lysis syndrome is characterized by elevated potassium, high phosphate, 

and low calcium levels. The most common tumor associated with this syndrome is lymphoma 

[19], and certain cancer patients may be affected by the development of tumor lysis syndrome 

[20]. High K concentration leads to abnormal metabolism, which may lead to complications 

during cancer therapy [21]. It also leads to other diseases such as renal insufficiency and cardiac 

arrhythmias, so patients should limit potassium intake in this case [22]. Previous studies on Zn 

and Cu content in red blood cells, showed that both Zn and Cu content in red blood cells of 

breast cancer patients were lower than those in the control group [23,24], confirming this result. 

Another study on serum zinc content, also showed no significant difference between breast 

cancer patients and control subjects [25,26]. Another study showed no significant difference in 

serum levels of Zn, Ca, and Pb between breast cancer patients and the healthy group of Chinese 

women [27], which is in line with our study findings. Previous studies conducted in Canada, [28] 

and India, [29] reported no significant differences in Cu levels between the two groups, which is 

also consistent with our study on Sudanese women. The relationship between iron and copper is 

based on the protein (ceruloplasmin), that binds copper, and acts as an iron carrier in the body. 

When copper absorption is low due to low consumption, ceruloplasmin levels increase [30], Fe 

and Cu levels correlate in malignant breast tissue [31], which is consistent with our results 

showing a strong positive correlation between Fe and Cu in breast cancer patients. Several 

studies showed opposite results for increased Cu and Zn levels in breast cancer patients 

compared to the control group [32, 33]. Pb can alter B cell proliferation, and differentiation by 

interacting with B cells to enhance their proliferation, and differentiation, and activate the 

proliferation of lymphocytes and leukocytes [34]. Thus, exposure to toxic metals such as Pb 

could lead to specific health problems [35]. Another previous study confirmed, our findings and 

reported that, there were no differences in the concentrations of Pb, Ca, and Zn between breast 

cancer patients and control subjects in China [36]. In this study, a relationship between breast 

cancer and trace elements was found, with emphasis on K, because erythrocytes were the best 

indicator of K status. In breast cancer patients, the correlation of K and Pb showed inverse 

relationships. Further studies are needed to confirm the importance of K monitoring in breast 

cancer patients.  

 



 

 

5. Conclusion  

High K levels in red blood cells were associated with the risk of breast cancer in Sudanese 

women. K can be used as a biomarker for breast cancer prognosis and development. 
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