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Abstract:  5 

Sickle cell anaemia is a hereditary blood disease characterized by the presence of haemoglobin S 6 

in red blood cells. It affects over 2 million people in Cameroon. Haemoglobin S can induce the 7 

oxidative stress and changes in electrolyte level in patients. The aim of this study was to measure 8 

the serum electrolytes Ca, Mg, K, P, Fe, Zn, Cu, Se and certain stress markers 9 

(malonedialdehyde, FRAP and catalase) in sickle cell patients.  10 

Forty SS patients and forty AA individuals (control) were selected and given questionnaires to 11 

gather information on their demographic characteristics, health states and eating habits. The Ca, 12 

Mg, K, P, Fe, Zn, Cu and Se elements as well as certain stress markers were assessed in their 13 

serum using the atomic absorption spectrophotometry and colorimetric methods respectively.  14 

The results obtained showed that SS patients present a deficiency in micronutrients and a high 15 

state of stress. The regular consumption of foods such as fish, milk and rice by sickle cell 16 

patients significantly increased the normal rate of electrolytes. On the contrary, hyperthermia, 17 

intense sport and alcohol consumption lowered their normal rate.  18 

Conclusively, the assessment of electrolyte levels and oxidative stress should be taken into 19 

consideration in the management of sickle cell disease.  20 
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Introduction 24 

Sickle cell anaemia (SCA) is a hereditary disease characterized by altered haemoglobin (Hb) [1]. 25 

It is caused by a mutation at the 6th codon of the beta chain of chromosome 11 and translated on 26 

the protein level by the substitution of glutamic acid by valine [2], thus transforming the Hb A 27 

into Hb S. It is the most widespread genetic disease in the world affecting more than 50 million 28 

people [3], including 38 million in sub-Saharan Africa [4]. In Cameroon the statistics are 29 

alarming. SCA causes about 4,000 deaths each year. Currently, the country alone has two of the 30 

fifty million SCA in the world. Of the 200,000 sickle-cell patients (SCP) surveyed, half die 31 

before the age of 5 [4], making it a real public health problem. The prevalence of the disease in 32 

Cameroon is between 2-3% [5]. The management of the disease is based on the treatment of 33 

vaso-occlusive attacks, prevention of seizure factors, folate supplementation, preventive 34 

treatment of pneumococcal and meningococcal infections, blood transfusion in severe anaemia 35 

or severe infection and the transfusion-bleeding to reduce the proportion of haemoglobin S [6]. 36 

The haemoglobin S of SCP induces changes in the membrane permeability of erythrocytes 37 

resulting in a change in electrolyte levels in the latter. Indeed, deoxygenated erythrocytes in the 38 

spleen increase sodium and potassium fluxes, with cellular gain of Na+ and loss of K+ [7]. The 39 

homeostasis of red blood cells is controlled partly by the dynamic equilibrium between ions, 40 

especially free calcium (Ca2+) and magnesium (Mg2+). Calcium stimulates the flow of potassium 41 

(K+) and loss of cellular water via the Ca2+-K+ channel (Gardos channel), thus promoting 42 

dehydration, while magnesium inhibits the K+-C1- co-transport system, decreases the loss of 43 

potassium and consequently promotes hydration of the cell. The low level of total magnesium in 44 
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the red blood cells of sickle-celled anaemia patients is therefore linked to an increase in 45 

potassium efflux, leading to cell dehydration [8]. SCP may also have microelements deficiencies 46 

[9], probably due to increased nutrient requirements, decreased dietary intake, intestinal 47 

malabsorption and high catabolism [10]. Complications such as sickling, vaso-occlusive seizures 48 

and ischemia observed in sickle cell patients are cyclic in nature and induce the generation of 49 

reactive oxygen species (ROS) leading to oxidative stress [11]. Although the level of oxidative 50 

stress is high in SCA, marker levels may also be related to other extrinsic factors such as diet, 51 

physical activity, alcohol, heat and the environment [12, 13]. These extrinsic factors also 52 

contribute to the onset of sickle cell seizures [14, 15] and may therefore have an impact on 53 

electrolyte level. 54 

Several studies have been carried out on electrolytes in SCA, mainly in Nigeria, India, Brazil and 55 

the USA, but only took into account two and five elements simultaneously. In Cameroon, data on 56 

the electrolyte profile and sickle cell stress are quite rare. Moreover, although the disease is 57 

classified as a public health problem in Cameroon, SCP are still marginalized, with very few 58 

access to care that remains costly. However, data on the electrolyte profile and the level of 59 

oxidative stress in these patients could contribute to a better management of the disease in terms 60 

of quality and cost, hence the motivation to carry out this study. 61 

Thus, the general objective of this study is to contribute to the better management of SCP by 62 

regulating their electrolyte and antioxidant profile. More specifically, 63 

- evaluate the influence of sickle cell status on the electrolyte profile and on the state of oxidative 64 

stress of sickle cell patients, 65 
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- evaluate the influence of extrinsic factors (alcohol, tobacco, diet, water intake, fever) and 66 

intrinsic factors (sex and age) on the electrolyte profile and oxidative stress of sickle cell patients 67 

in the city of Yaoundé . 68 

Materials and Methods 69 

Ethical consideration, type of study and patient selection 70 

This study was approved by the Cameroon Bioethics Initiative (CAMBIN) and the ethical 71 

clearance was obtained under the reference number CBI/387/ERCC/CAMBIN. Patients gave 72 

“informed consent”. We carried out a cross-sectional study using, on one hand, a questionnaire 73 

administered to all participants and on the other hand the evaluation of electrolytes and some 74 

markers of oxidative stress in serum.  75 

Sampling was probabilistic with individuals of both sexes selected at random. 80 participants 76 

were selected at random (40 SS and 40 AA). Were included in this study sickle cell homozygotes 77 

(SS) confirmed and AA individuals, all one year old  at least, with voluntary participation in the 78 

study and with the informed consent signed by the participant or parent obtained. The 79 

heterozygotes (AS), those with renal insufficiency, chronic diarrhea, have received blood 80 

transfusion less than 72 h ago, less than one year old, those receiving electrolytes as food 81 

supplements and pregnant women were not included in this study. 82 

Data and Blood collections  83 

Each participant received a questionnaire that was completed under our control. The 84 

questionnaire consisted of three main parts: sociodemographic parameters (gender, age, 85 

occupation, ethnicity); the anthropometric parameters and the state of the participant (height, 86 

weight, temperature, last meal of the day, date of the last crisis, date of the last blood transfusion, 87 

medication in progress, other health problems); participants' dietary habits (food, alcohol, 88 
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tobacco, food supplements and water). The temperature, the weight and height were also taken. 89 

Blood sample collection was done with the help of the hospital personnel. Five millilitres (5 mL) 90 

of blood each were taken and introduced into previously labeled dry tubes, followed by 91 

centrifugation at 3500 rpm for 10 minutes and the obtained serum was introduced into eppendorf 92 

tubes and stored at -20 °C until analysis. The hemolyzed samples were discarded.  93 

Parameters measurement 94 

Biochemical parameters  95 

Calcium (Ca), magnesium (Mg), potassium (K), phosphorus (P), Iron (Fe), copper (Cu), zinc 96 

(Zn) and selenium (Se) concentrations were measured using atomic absorption 97 

spectrophotometry [16]. Briefly, the blood sample firstly underwent extraction using “aqua 98 

regia” (75 % concentrated nitric acid and 25 % concentrated hydrochloric acid). One millilitre (1 99 

mL) of serum was mixed with 10 mL of regal water and then introduced into a beaker. The 100 

mixture was heated until complete evaporation of the nitrous vapour. It was then allowed to cool  101 

the mixtures introduced into a 50 mL graduated flask and the flask completed to the mark with 102 

distilled water and homogenized. After reading the optical densities, the calibration curve was 103 

plotted automatically by the computer connected to the spectrophotometer, using a standard 104 

range for each element. The calibration curve helped us to calculate the concentrations of the 105 

elements in the different samples according to Beer-Lamber's law: DO = εlc. 106 

Total antioxidant activity by Ferric Reducing Antioxidant Power assay (FRAP)  107 

The FRAP was determined using the method described by Benzie and Strain [17]. This test 108 

measures the reduction of ferric ion to the ferrous form in the presence of antioxidant 109 

compounds. The fresh FRAP reagent consisted of 500 mL of acetate buffer (300 mM and pH 3, 110 

6), 50 mL of 2, 4, 6- Tri (2-pyridyl)-s-triazin (TPTZ) (10 mM) and 50 mL of FeCl3·6H2O (50 111 
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mM). The colorimetric measurement was performed at 593 nm and the reaction was monitored 112 

up to 12 minutes on 75 μL of each extract and 2 mL of FRAP reagent. The ascorbic acid was 113 

used to draw a standard curve and the Butylated Hydroxyl toluene (BHT) was used for the 114 

comparison. The absorbance was read at 593 nm.  115 

Catalase measurement 116 

The activity of catalase was determined according to the method of Sinha [18]. One hundred 117 

microlitres (100 μL) of the various test solutions or control freshly prepared were introduced into 118 

test tubes containing 900 μL of phosphate buffer (0.01M, pH 7). After homogenization, 400 μL 119 

of hydrogen peroxide (200 mM) were added in order to induce the reaction and after 60 s, 2000 120 

μL of a dichromate-acetic acid solution were added to terminate the reaction. The mixture was 121 

heated to 100 °C for 10 minutes and the absorbance measured at 530 nm. The activity of catalase 122 

was determined using the following formula: 123 

 catalase activity ሺUI/mg of proteinsሻ ൌ  
୓ୈ

ଵ.ହଵଵ଼୚ୱ ሾ୮୰୭୲ୣ୧୬ୱሿ  
    124 

OD = optical density/min 125 

[proteins] = Concentration of proteins in the different serum (mg/ml) 126 

Vs = Volume of test solution/control  127 

Malonedialdehyde (MDA) measurement  128 

The method used for the MDA assay was that of Folch et al. (1957) [19]. One hundred 129 

microlitres (100 μL) μL of distilled water and 100 μL of test solution or freshly prepared test 130 

solution and 2000 μL of MDA solution (TCA-TBA-HCl) were introduced into different test 131 

tubes. The mixture was then homogenized and heated to 100 °C for 15 minutes. After cooling, 132 

centrifugation was carried out at 3000 rpm for 5 minutes. The supernatant was collected in order 133 
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to read the optical density at 532 nm. The MDA value of the tissue in mM was then calculated 134 

using the molar extinction coefficient of 1.56 × 105 /M.cm. 135 

Statistical analysis 136 

The data were processed in the Excel software and analyzed with SPSS (Statistical Package for 137 

Social Sciences) version 16.0. The results were expressed as mean ± SD, the chi-square test was 138 

used to compare the means and the P < .05 value was considered significant. 139 

RESULTS 140 

Table 1 shows the mean serum concentrations of the macroelements and microelements in SS 141 

group compared to AA group. There was a significant (P < .05) decrease in zinc, iron and 142 

selenium microelements and magnesium, calcium and phosphorus macroelements in SCP (SS) 143 

compared to the healthy population (AA), but rather a significant increase (P < .05) of copper 144 

was observed in SS patients compared to healthy AA. Overall, this table shows a deficiency in 145 

microelements in sickle cell patients compared to control. 146 

Table 1: Impact of sickle cell disease on macroelements and microelements 147 

groups                                    Macroelements (mM) 

K Ca Mg P 
SS 5.47 ± 1.72 1.21 ± 0.89* 1.12 ± 0.20* 2.76 ± 0.73* 

AA 5.02 ± 1.31 2.18 ± 1.3 1.32 ± 0.14 3.94 ± 1.66 

P value .194 .001 .000 .000 

 Microelements (mM) 

 Cu Zn Fe Se 

SS 29.71 ± 11.81* 0.98 ± 0.46* 74.39 ± 43.45* 0.47 ± 0.42* 

AA 19.21 ± 11.33 27.67 ± 9.81 99.92 ± 45.27 1.92 ± 0.84 

P value .001 .000 .012 .000 

Independent t‐ test at P < .05. SS=Sickle cell patients. AA= health people. *=significant difference 148 

at 0.05 149 
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The serum concentrations of the oxidative stress markers in the two groups are presented in    150 

table 2. Sickle cell patients had a higher state of oxidative stress than controls. There was a 151 

significant decrease in catalase activity (P = .01) and an increase although not significant (P = 152 

.504) for MDA in sickle cell patients compared to AA control individuals. 153 

Table 2: Impact of sickle cell disease on the oxidative stress 154 

groups FRAP (µM) MDA (µg/mL) Catalase (UI/mg of protein) 

SS 142.06 ± 34.71* 1.18 ± 1.12 3.44 ± 1.06* 

AA 118.50 ± 40.08 1.01 ± 0.82 8.42 ± 3.54 

P value .016 .504 .000 

Independent t‐ test at P<.05. SS=Sickle cell anaemia patients. AA= health people. *=significant 155 

difference at.05 in column. FRAP = Ferric Reduction Antioxidant Power; MDA = 156 

malondialdehyde 157 

The percentages of the normal rate levels of the biochemical parameters assayed according to the 158 

practice or not of a sporting activity by sickle cell anaemia are presented in table 3. It is evident 159 

that the practice of intense sports by sickle cell patients significantly decreased (P <.05) the 160 

percentage of normal electrolyte and MDA levels compared to those who do not practice sport. 161 

 162 

 163 

 164 

 165 
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Table 3: Influence of some non consuming extrinsic factors on the normal rate percentage 166 

of some electrolytes and oxidative stress markers in sickle cell anaemia patient 167 

                                     Normal rates of parameters according to the practice or not of sport in SS patients

Groups K Ca Mg P Cu Fe Se MDA 

Sport (%) 33 14 35 17 7 33 23 20 

No sport (%) 67 86 65 83 93 67 77 80 

P value .001 .001 .00 .001 .00 .00 .00 .00 

                                          Normal parameters rates according to the state of crisis in SS patients

In crisis (%) 17 43 23 17 21 0 15 20 

Non in crisis (%) 93 57 77 83 79 100 85 80 

P value .001 .008 .00 .014 .00  .00 .00 

Chi-square test. Significance threshold P <.05. Reference value of some parameters: Copper: 70-150 µg/dL. Ionized 168 

calcium: 1.03-1.23 mmol/L. Magnesium: 1.5-2 mEq/L. Potassium: 3.5-5 mmol/L. Sodium: 135-145 mmol/L. Zinc: 169 

70-100 µmol/L. Selenium: 0.01-0.04 ppm. Iron: 0.011 et 0.034 mmoles/l. MDA: 0.079 nmol/ml 170 

Table 4 shows effects of some extrinsic factors on the normal rate percentage of some 171 

electrolytes and oxidative stress markers in sickle cell anaemia patients. As concerns water 172 

consumption, at least 1.5 L of water consumed per day by sickle cell patients significantly 173 

increased (P < .05) the percentage of normal electrolyte and MDA levels compared to those who 174 

drank less per day.  175 

The percentages of normal levels of biochemical parameters measured as a function of the 176 

patient’s temperature at the time of blood sampling are presented in table 4. It appears from this 177 

table that the rise in temperature significantly dropped (P < .05) the percentage of the normal 178 

electrolyte and MDA levels. In general, sickle cell patients with normal temperature (36.5 ≤ t ≤ 179 

38 °C) had significantly higher electrolyte percentage (P < .05) than patients with fever (t > 38 180 

°C) C) at the time of collection.  181 

Table 4 shows the percentages of normal levels of biochemical parameters measured in SS 182 

patients according to their health state (in crisis or not) at the time of sampling. It was found that 183 
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sickle-cell anaemia significantly decreased (P < .05) the percentages of normal electrolytes levels 184 

in patients.  185 

Alcohol effects were equally studied and are presented in table 4. It appears that alcohol 186 

consumption by SS patients significantly decreased (P < .05) the percentage of normal 187 

electrolyte level. 188 

The percentages of normal levels of biochemical parameters as a function of the frequency of 189 

fish consumption show that the regular consumption of fish by sickle cell patients significantly 190 

increased (P < .05) the percentages of the normal levels of Mg, P, Cu, Fe, Se and MDA elements 191 

(table 4). 192 

The relationship between normal electrolyte level and bread, beans and rice consumption was 193 

also evaluated. It appears on table 4 that the consumption of rice and bread regularly by sickle 194 

cell patients significantly increased (P < .05) the percentages of the normal rates of electrolytes 195 

and MDA whereas the consumption of beans decreases these parameters. 196 

Table 4: Influence of some consuming extrinsic factors on the normal rate percentage of 197 

some electrolytes and oxidative stress markers in sickle cell anaemia patients. 198 

Groups K Ca Mg P Cu Fe Se MDA 

                           Normal rates of parameters according to water consumption in SS patients 

0.5-1.5 L/day (%) 8 28 29 16 28 0 23 7 

1.5-3 L/day (%) 50 29 47 50 50 33 38 53 

3.-4.5 L/day (%) 42 43 24 34 22 67 39 40 

P value .000 .007 .00 .017 .00 .05 .00 .00 

            Normal parameters rates according to body temperature in SS patient 

36.5-38°C (%) 92 86 88 100 93  100 85 93 

˃38°C (%) 8 14 12 0 7  0 15 7 
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P value .015 .008 .00  .00   .00 .00 

        Normal parameters rates according to alcohol consumption in SS patients 

Alcohol (%) 16 14 23 50 29  33 23 33 

No alcohol (%) 84 86 77 50 71  67 77 67 

P value .001 .008 .00 .9 .00  .00 .00 .00 

           Normal parameters rates according to fish consumption in SS patients 

fish regularly (%) 58 57 77 83 71  67 54 67 

Fish rarely (%) 42 43 23 17 29  33 38 33 

P value .001 .007 .00 .014 .00  .083 .00 .00 

          Normal parameters rates according to fish consumption in SS patients 

Rice all days (%) 17 14 0 17 7  0 15 20 

Rice regularly (%) 58 29 71 50 72  33 62 53 

Rice rare (%) 17 57 29 33 21  67 23 20 

No rice (%) 8 0 0 0 0  0 0 7 

P value .000 .014 .00 .025 .00  .083 .001 .00 

 Normal parameters rates according to bread consumption in SS patients 

Bread all days (%) 83 72 94 50 79  100 84 86 

Bread regularly (%) 17 14 6 17 14  0 8 7 

No bread (%) 0 14 0 33 7  0 8 7 

P value  .001 .007 .00 .000 .00   .000 0.00 

 Normal parameters rates according to beans consumption in SS patients 

Beans all days (%) 0 0 24 16 0  0 8 0 

Beans regularly (%) 17 14 41 17 21  0 15 7 

Beans rarely (%) 25 29 35 17 50  0 46 52 

No beans (%) 58 57 0 50 29  100 31 40 

P value  .001 .007 .00 .035 .00   .000 .00 

1-2 times / week = rarely; 3-5 times / week = regularly. Chi-square test. Significance threshold P < .05. 199 

Reference value of some parameters: Copper: 70-150 µg/dL. Ionized calcium: 1.03-1.23 mmol/L. Magnesium: 1.5-2 200 

mEq/L. Potassium: 3.5-5 mmol/L. Sodium: 135-145 mmol/L. Zinc: 70-100 µmol/L. Selenium: 0.01-0.04 ppm. Fer: 201 

0.011 et 0.034 mmoles/l. MDA: 0.079 nmol/ml 202 
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It appears on tables 5 and 6 that no significant differences exist between men and women for all 203 

biochemical parameters measured in SS patients following gender and age (intrinsic factor). 204 

Table 5: Biochemical parameters variation as a function of gender in SS patients 205 

Elements Women (N=20) Men (N=20) P value 

K (mM) 5.47 ± 1.65 4.55 ± 1.70 0.093 

Ca (mM) 0.75 ± 0.79 0.75 ± 0.91 1.000 

Mg (mM) 0.72 ± 0.46 0.68 ± 0.48 0.807 

P (mM) 2.22 ± 0.65 2.30 ± 0.98 0.777 

Cu (µM) 28.71 ± 13.91 29.72 ± 9.99 0.816 

Zn (µM) 0.41 ± 0.51 0.68 ± 0.75 0.216 

Fe (µM) 74.50 ± 44.34 73.30 ± 43.77 0.932 

Se (µM) 0.13 ± 0.35 0.12 ± 0.33 0.898 

MDA (µg/mL) 0.84 ± 1.30 0.58 ± 0.77 0.453 

FRAP (µM) 134.05 ± 37.65 149.95 ± 30.64 0.162 

Catalase (UI/mg of proteins) 2.79 ± 0.98 3.32 ± 1.11 0.129 

Independent T-test. Significance threshold P < .05. 206 

Reference value of some parameters: Copper: 70-150 µg/dL. Ionized calcium: 1.03-1.23 mmol/L. Magnesium: 1.5-2 207 

mEq/L. Potassium: 3.5-5 mmol/L. Sodium: 135-145 mmol/L. Zinc: 70-100 µmol/L. Selenium: 0.01-0.04 ppm. Fer: 208 

0.011 et 0.034 mmoles/l. MDA: 0.079 nmol/ml 209 

 210 

 211 

 212 

 213 
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Table 6: Biochemical parameters variation as a function of age in SS patients 214 

 Age range (years) 

Elements 
1-10 

(N=4) 

10-20 

(N=15) 

20-30 

(N=17) 

30-40 

(N=3) 

P 

value 

K (mM) 4.75 ± 2.63 5.14 ± 1.88 5.12 ± 1.36 4.67 ± 2.31 0.803 

Ca (mM) 0.50 ± 0.58 0.67 ± 0.82 0.71 ± 0.77 2.00 ± 1.00 0.083 

Mg (mM) 0.75 ± 0.50 0.60 ± 0.51 0.73 ± 0.46 1.00 ± 0.00 0.743 

P (mM) 2.50 ± 0.58 2.40 ± 0.99 2.20 ± 0.77 1.67 ± 0.58 0.670 

Cu (µM) 27.00 ± 12.36 29.33 ± 13.66 31.53 ± 10.64 19.00 ± 11.53 0.566 

Zn (µM) . 0.60 ± 0.51 0.46 ± 0.52 1.33 ± 1.53 0.082 

Fe (µM) 65.25 ± 49.90 63.73 ± 36.61 85.65 ± 41.12 52.33 ± 72.54 0.267 

Se (µM) 0.33 ± 0.58 0.10 ± 0.32 0.13 ± 0.35 . 0.800 

MDA (µg/mL) 0.25 ± 0.50 0.73 ± 1.22 0.88 ± 1.09 . 0.737 

FRAP (µM) 121.5 ± 33.9 143.6 ± 27.1 140.3 ± 39.5 165.5±57.3 0.487 

Catalase (UI/mg dof 

proteins) 
3.50 ± 1.29 3.07 ± 1.22 2.94 ± 0.77 4.00 ± 0.00 0.182 

Independent T-test. Significance threshold P < .05. 215 

Reference value of some parameters: Copper: 70-150 µg/dL. Ionized calcium: 1.03-1.23 mmol/L. Magnesium: 1.5-2 216 

mEq/L. Potassium: 3.5-5 mmol/L. Sodium: 135-145 mmol/L. Zinc: 70-100 µmol/L. Selenium: 0.01-0.04 ppm. Fer: 217 

0.011 et 0.034 mmoles/l. MDA: 0.079 nmol/ml 218 

1. DISCUSSION 219 

In this study, SCA significantly affected the levels of electrolytes and some stress markers 220 

in SS patients, compared to the healthy AA control population. The results show a significant 221 

decrease in the macroelements magnesium (Mg), phosphorus (P) and calcium (Ca) and the 222 
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microelements zinc (Zn), iron (Fe) and Selenium (Se), against a significant increase in copper 223 

(Cu) and potassium (K) (although not significant for the latter) in sickle cell patients compared to 224 

the AA control population. That is, SS patients of Yaoundé suffer from microelements 225 

deficiency. The lowest magnesium level observed in SCP could be a consequence of renal 226 

magnesium losses [20] or linked to a diet low in magnesium [8]. Indeed, it has been observed in 227 

this study that SCP rarely consumes chocolate, vegetables and beans, which are foods rich in 228 

magnesium [21]. These results are in agreement with other works [9, 22] on the variations of 229 

serum electrolytes in SCA compared to healthy controls. The low level of phosphorus in SCP 230 

could be due to low renal reabsorption of phosphate, a result of increased secretion of 231 

parathyroid hormone in them [23]. Hypocalcemia observed in sickle cell patients could in turn be 232 

due to a decrease in Ca2+-Mg2+ATPase, reduced intestinal absorption of calcium and reduced 233 

synthesis of vitamin D [24]. Indeed, in SCA, there is generally a decrease in the activities of Ca-234 

ATPase, Na-ATPase and K-ATPase [25]; the decrease in Ca2+ -Mg2+ATPase activity causes 235 

more calcium to enter the erythrocytes resulting in a low plasma concentration. These results 236 

corroborate those of a recent work [26] that evaluated the serum levels of calcium, sodium, 237 

potassium and phosphorus in sickle cell SS patients compared with AA controls, demonstrating 238 

significant decrease in calcium in SCP. The non-significant increase in potassium in SS 239 

compared to AA is identical to the other results [27], which revealed a non-significant increase in 240 

serum potassium in SCP compared to controls. This increase in potassium may be due to 241 

activation of the Gardos channel by the excessive intake of calcium into the erythrocytes, leading 242 

to the release of K+ [8].  243 

The general deficiency in microelements observed in SCP may be due to inadequate absorption 244 

of these elements because of chronic pain, reduced appetite and chronic haemolysis. Reduced 245 
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zinc levels may be due to increased requirements in SS, an increase in urinary excretion of zinc 246 

itself caused by hypoxanthinuria [28]. The low selenium content observed in SS patients may be 247 

related to increased oxidative stress [9]. The lower iron content in the SS than in the control 248 

population may be explained by a low nutritional status. Indeed, we observed that SCP rarely 249 

consume meat and vegetables, and most do not consume fruits that are foods rich in iron [21]. 250 

This result may also be related to the presence of intestinal parasites, malabsorption syndrome 251 

and increased urinary excretion of iron, which are very present in SCA [29]. About one-third of 252 

hemolysis in SCA is intravascular [30]; the resulting excessive urinary iron loss could lead to a 253 

decrease in iron in the body. 254 

The increase in copper observed in SS may be due to the observed decrease in zinc. Indeed, 255 

copper and zinc compete for similar binding sites on certain proteins such as albumin and 256 

metallothionine [31], therefore a decrease in zinc can lead to an increase in copper [27]. These 257 

results corroborate previous works [9, 32, 27] which presented significantly lower serum levels 258 

of Se, Zn and Mg against high copper levels in SCA patients compared with healthy control 259 

individuals. The decrease of catalase activity and the increase of the lipid peroxidation all 260 

significant, observed in SCA are the sign of a state of oxidative stress in the latter. The increase 261 

in lipid peroxidation in SS patients may be due to the auto-oxidation of HbS coupled with the 262 

decompartmentalization of iron observed in the latter [33]. Indeed, the increased auto-oxidation 263 

of HbS, which produces superoxide radicals, also results in the formation of a pathological 264 

amount of hydrogen peroxide (H2O2) which, in the presence of free iron, produces free radicals 265 

which in turn cause serious damage to membrane proteins and lipids, leading to oxidation of 266 

thiols and lipid peroxidation [33, 34]. The free iron produced in SCA due to decreased haeme 267 

synthesis can also act as a Fenton reagent with hydrogen peroxide and give rise to the 268 
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superoxide, peroxide and hydroxyl radicals which consequently leads to the initiation of lipid 269 

peroxidation, hence the increased the production of MDA in SCA patients [35, 36]. This 270 

excessive production of ROS is also the cause of decreased catalase activity in SCA patients, as 271 

ROS, particularly H2O2, are able to inhibit the action of antioxidant enzymes including catalase 272 

[35, 36]. H2O2 increases the phosphorylation of protein kinase B (Akt kinase), thus causing the 273 

phosphorylation of the transcription factor FoxO1, the increase of which inhibits the expression 274 

of catalase [37]. These findings corroborate those of recent studies [36, 38, 39, 40], which have 275 

demonstrated a significant decrease in catalase activity and an increase in MDA production in 276 

SCP compared to healthy controls. 277 

The results from this study show that there is no significant difference in the average levels of 278 

electrolytes and markers of oxidative stress according to gender and age. This implies that 279 

electrolyte levels, as well as markers of oxidative stress in SCP do not depend on gender or age. 280 

This could be explained by the fact that SCA is a genetic disorder with autosomal recessive 281 

transmission, implying that it affects both girls and boys alike. If half of the SCPs die before the 282 

age of five, the other half, well attended, can live up to old age. These results corroborate those 283 

obtained by Idonije et al. [9] who established that serum levels of microelements in sickle cell 284 

patients were independent of gender and age. 285 

For extrinsic factors, the results show that non-sporting SS patients had significantly higher 286 

levels of electrolytes and MDA compared to those who practiced intense sport. This could be 287 

explained by the fact that shortness of breath causes desaturation of Hb in O2, leading to the 288 

acceleration of sickling and consequently to the production of ROS and to ion perturbation [41]. 289 

Similarly, the intake of at least 1.5 L of water per day significantly increases the percentage of 290 

normal electrolytes levels; which could be explained by the fact that hydration increases the 291 
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fluidity of the blood and limits the sickling of the red blood cells. The results also show that 292 

elevation of temperature significantly decreases the percentage of normal electrolyte and MDA 293 

levels; this is due to the fact that fever causes dehydration and the formation of inflammatory 294 

proteins that slow down blood flow [41].  295 

The regular consumption of fish, milk, rice and bread, as well as the rare consumption of beans 296 

by the patients, significantly increases the percentages of the normal electrolytes and MDA 297 

levels. This could be explained by the fact that dairy products, fish and cereals are rich in macro 298 

and microelements [21]. Moreover, the percentages of the normal electrolytes and MDA levels 299 

significantly reduce in patients consuming alcohol and could be explained by the fact that 300 

alcohol is a dehydrating agent, which can consequently lead to seizures [41]. 301 

Conclusion  302 

These results suggest that patients with sickle cell disease in the city of Yaoundé suffer from 303 

microelement deficiency and are under high stress, not related to intrinsic factors, but may be 304 

linked to certain extrinsic factors such as alcohol, temperature, the state of crisis, water and some 305 

dietary consumption. Thus, sickle cell patients should avoid alcohol consumption, intense sport 306 

and fever. They should drink at least 1.5 L of water per day and have a good dietary. A full 307 

consideration of all the above factors could enhance SCA patients care. 308 

 309 

Data Availability  310 

The datasets used and/or analysed during the current study are available 311 

from the corresponding author on reasonable request. 312 

 313 

ACKNOWLEDGMENTS 314 



18 
 

Authors also appreciate the work done by Dr. Lekeufack Martin of the University of Dschang in 315 

proofreading this paper. 316 

Conflicts of Interest 317 

The authors declare that there is no conflict of interest regarding the publication of this paper. 318 

Ethics Guidelines 319 

The study protocol was approved by the Cameroon Bioethics Initiative and the ethical clearance 320 

was obtained under the reference number CBI/387/ERCC/CAMBIN.  321 

Consent Guidelines 322 

Patients gave “informed consent”. 323 

 324 

List of abbreviations 325 

FRAP: Ferric Reduction Antioxidant Power, Hb: Hemoglobin, MDA: Malonedialdehyde, ROS: 326 

Reactive Oxygen Species, SCA: Sickle Cell Anaemia, SCP: Sickle Cell patient 327 

 328 

References 329 

1- Alli N, Patel M, Alli H, Bassa F, Coetzee M, Davidson A et al. Recommendations for the 330 
management of sickle cell disease in South Africa. South Africa Medical Journal. 2014;11: 743-331 
75. 332 

2- Behera S, Dixit S, Bulliyya G. and Kar S. Vitamin A status and hematological values in sickle 333 
cell disorder cases. Indian Journal of Medical Science. 2012;66: 169-174. 334 

3- Ibe E, Ezeoke C, Emeodi I, Akubugwo E, Elekwa E, Ugonabo M et al. Electrolyte profile and 335 
prevalent causes of sickle cell crisis in Enugu, Nigeria. African Journal of Biochemistry 336 
Research. 2009;3(11): 370-374. 337 

4- DREPAVIE Association. Intégrer le problème de santé publique de la 338 
drépanocytose lors de l'EPU du Cameroun. 2013; 2-3. Accessed 16 July 2015. Avaible : 339 
http://www.drepavie.com . French. 340 



19 
 

5- Organisation Mondiale de la Santé (OMS). La drépanocytose dans la région africaine : 341 
situation actuelle et perspectives. Comité Régional de l’Afrique, cinquante sixième session, 342 
Addis Abéba, Ethiopie. 2006;2-3. French. 343 

6- Tchokoteu P. La drepanocytose de l’enfant: aspects cliniques et prise en charge. Clinics in 344 
Mother and Child Health. 2004;1 (1): 21-29. French. 345 

7- Vikas G, Ajay K, Jayant S, Prasant N, Patil K and Neelima S. Variation in serum electrolyte in 346 
sickle cell patients in Chhattisgarh population. International Journal of Science Innovations and 347 
discoveries. 2012;2 (1): 239-243. 348 

8- Zehtabchi S, Sinert R, Rinnert S, Chang B, Heinis C, Altura R et al. Serum Ionized Magnesium 349 
Levels and Ionized Calcium-to-Magnesium Ratios in Adult Patients with Sickle Cell Anemia. 350 
American Journal of Hematology. 2004;77 (3): 215-222. 351 

9- Idonije B, Iribhogbe O and Okugun G. Serum trace element levels in sickle cell disease 352 
patients in an urban city in Nigeria. Nature and Sciences. 2011;9 (3): 67-71. 353 

10- Hyacinth H, Gee B and  Hibbert J. The Role of Nutrition in Sickle Cell Disease. Nutrition and  354 
Metabolic Insights. 2010;3: 57-67. 355 

11- Belini E, Grünig D, Lidiane, Eduardo A, Delfini R, Chiattone C et al. Oxidative stress and 356 
antioxidant capacity in sickle cell anaemia patients receiving different treatments and 357 
medications for different periods of time. Annals of Hematology. 2011;91 (4): 479-489. 358 

12- Haleng J, Pincemail J, Defraigne J, Charlier C and Chapelle J. Le stress oxydant. Revue 359 
Médicale de Liège. 2007;62(10): 628-638. French. 360 

13- Chirico E. The role of exercise training on oxidative stress and inammation in vascular 361 
diseases. Human health and pathology. 2012; 83-86. Accessed 23 February 2016. Avaible: 362 
https://tel.archives-ouvertes.fr/ 363 

14- Elira-Dokekias A. Etude analytique des facteurs d’aggravation de la maladie drépanocytaire au 364 
Congo. Médecine d’Afrique Noire. 1996;43(5): 279-285. French. 365 

15- Ruffieux N. Déficits cognitifs chez les enfants et adolescents souffrant de drépanocytose. 366 
Archive ouverte Unige. 2011;21-26. Accessed 16 July 2015. Avaible : http//archive-367 
ouverte.unige.ch/. French. 368 

16- Pauwels J, Van R, Verloo M. and Mvondo A. Manuel de laboratoire de pédologie. Publications 369 
Agricoles. 28th ed. Bruxelles; 1992. p.54-5. French.  370 

17- Benzie I. and Strain J. The Ferric Reducing Ability of Plasma (FRAP) as a measure of 371 
antioxidant power. The FRAP assay. Analytical Biochemistry. 1996;239: 70-76. 372 

18- Sinha A. Colorimetric assay of catalase. Analytical Biochemistry. 1972;47(2): 389-394. 373 
19- Folch J, Lees M and Stanley G. A simple method for the isolation and purification and total lipid 374 

from animal tissues. Journal of Biological and Chemistry. 1957;226: 497–509. 375 
20- Olukoga A, Adewoye H, Erasmus R and Adedoyin M. Urinary magnesium excretion in steady 376 

state sickle cell anaemia. Acta Haematology. 1993;90 (3): 136-138. 377 
21- Valdiguié P. Biochimie Clinique. Editions Médicales Internationales. 2e ed.  Allée de la Croix 378 

Bossée; 2002. p. 120. French. 379 
22- Emokpae M. and Musa M. Impact of fetal hemoglobin on micronutrients in sickle cell anemia. 380 

Journal of Applied Hematology. 2015;6(2): 74-78. 381 
23- Al-Harbi N, Annobil S, Abbag F, Adzaku F and Bassuni W. Renal re-absorption of phosphate in 382 

children with sickle cell anaemia. American Journal of Nephrology. 1999;19: 552-554. 383 
24- Oladipo O, Temiye E, Ezeaka V and Obomanu P. Serum magnesium, phosphate and calcium 384 

in Nigeria children with sickle cell disease. WAJM. 2005;24(2): 120-123. 385 
25- Elekwa I, Monanu M and Anosike E. In vitro effects of aqueous extracts of Zanthoxylum 386 

macrophylla roots on adenosine triphosphatases from human erythrocytes of different 387 
genotypes. BIOKEMISTRI. 2005;17(1): 19-25. 388 

26- Pandey S, Sharma A,  Dahia S, Shah V, Sharma V, Mishra R, et al. Biochemical Indicator of 389 
Sickle Cell Disease: Preliminary Report from India. Indian Journal for Clinical Biochemistry. 390 
2012;27(2): 191-195. 391 

27- Abobaker A and Omer F. Assessment of Renal Function Tests, copper and selenium levels in 392 
Homozygous Sickle Cell Disease Patients at Aljazeera state in Sudan. British Journal of 393 
Medical and Health Research. 2015;2(6): 46-51. 394 

28- Hasanato R. Zinc and antioxidant vitamin deficiency in patients with severe sickle cell anemia. 395 
Annals of Saudi Medecine. 2006;26(1): 17-21. 396 



20 
 

29- Warade J, Apte I, Dahake H and Pawade Y. Study of iron profile in sickle cell disease patients. 397 
International Journal of  Biological and Medical Research. 2013;4(3): 3271- 3274. 398 

30- Prasad R. Iron in Sickle Cell Disease: A Review Why Less is Better. American Journal of 399 
Hematology. 2003;73(1): 59-63. 400 

31- Josko O. and Natasa S. Copper and Zinc, Biological Role and Significance of Copper/Zinc 401 
Imbalance. Journal of Clinical toxicology. 2011;3: 1-18. 402 

32- John K, Meludu S, Dioka C, Christian E, Augustine I and Chidiadi A. Trace Elements 403 
Deficiency in Patients with Homozygous Sickle Cell Disease. British Journal of Medicine and 404 
Medical Research. 2014;4(21): 3878-3883. 405 

33- Jyoti T, Suresh C, Madhur G, and Nitin P. Pro-oxidant and anti-oxidant status in patients of 406 
sickle cell anaemia. Indian Journal of Clinical Biochemistry. 2004;19(2): 168-172. 407 

34- Jamal A. and Lamia M. Lipid Peroxidation in Sickle Cell Disease. Medical Joumal of  Babvlon. 408 
2005;2(4): 397-402. 409 

35- Prakash H, Aadinath S, Aarti K, Rajesh V, Rahul G and Sonali, S. The effect of antioxidant 410 
supplementation on the oxidant and antioxidant status in sickle cell anaemia. Journal of Clinical 411 
and Diagnostic Research. 2011;5(7): 1339-1342. 412 

36- Eman R, Amina A-S, Hanan F, Walaa S, Marwa M and Sherien M. Oxidative stress and 413 
cytokine role of patients with sickle cell disease. Journal of Chemical and Pharmaceutical 414 
Research. 2016;8(1): 434-438. 415 

37- Venkatesan B, Mahimainathan L, Das F, Ghosh-Choudhury N. and Ghosh G. Downregulation 416 
of catalase by reactive oxygen species via PI 3 kinase/Akt signaling in mesangial cells. Journal 417 
of  Cellular Physiology. 2007;211(2): 457-467. 418 

38- Prakash H, Adinath S, Aarti K, Rahul G and Maya V. Antioxidant Status and Lipid Peroxidation 419 
in Sickle Cell Anaemia. Biomedical Research. 2010;21(4): 461-464. 420 

39- Kalyan G, and Debes R. Putative pathogenic effect of oxidative stress in sickle cell disorder. 421 
Biomedical Research. 2011;22(1): 23-27. 422 

40- Sanjana B,  Pradeep K and Amar S. Association of Inflammatory Biomarker C-Reactive 423 
Protein, Lipid Peroxidation and Antioxidant Capacity Marker with HbF Level in Sickle Cell 424 
Disease Patients from Chattisgarh. Indian Journal for Clinical Biochemistry. 2012;27(4): 394-425 
399. 426 

41- Leport D. La drépanocytose dossier complet sur la maladie. Académie Guadeloupe. 2004. 427 
Accessed 23 February 2016. Avaible: 428 
http://pedagogie.acguadeloupe.fr/sciences_vie_et_terre/drepanocytose_dossier_complet_sur_429 
maladie. French. 430 

 431 

 432 

 433 


