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ABSTRACT 

Oral cancer is increasing worldwide at an alarming rate yet little is known of the impact this increase will have on society. Deficiency or 

excess of trace elements and electrolytes play a vital role in the development of oral cancer. The aim of the present study was to quantify 

the elemental and electrolytes levels (Ca, Mg, Sr, K, Na, Li and Co) in the scalp hair, nails and blood of oral cancer patients and 

counterpart healthy subjects by flame atomic absorption spectrometry. Average concentrations of Na, Sr, Li and Co were significantly 

higher while Mg levels were lower in the scalp hair and nails of the patients compared to the controls. In the blood, mean levels of Mg, 

Na and Sr were relatively higher and K, Co and Li levels were lower in the oral cancer patients than healthy donors. The correlation 

study revealed significantly divergent mutual variations among the elements and electrolytes in oral cancer patients and healthy donors. 

Most of the elements and electrolytes exhibited significant disparities in their concentrations based on gender, abode, dietary habits and 

smoking habits of the oral cancer patients and healthy subjects. Variations in the elemental and electrolytes levels were also observed for 

various cancer types (squamous cell carcinoma and adenocarcinoma) as well as stages (I, II, III and IV) in the patients. Consequently, 

quantification of elements and electrolytes in the scalp hair, nails and blood of the oral cancer patients demonstrated prolific data; not 

only as a diagnostic method but also in providing answers pertaining to the treatment. 

Keywords: oral cancer; electrolyte; atomic spectroscopy; statistical analysis; Pakistan. 

1. INTRODUCTION 

 Oral cancer is the 6th most common cancer in the world and 

is referred to a group of malignancies including cancers of the 

mouth, lips, cavity located behind the tonsils and the back of the 

throat [1]. It is one of the malignancies which are characterized by 

a high rate of morbidity and mortality worldwide [2]. Two-thirds 

of the global burden of oral cancer occur in low to middle-income 

countries such as India, Bangladesh, Sri Lanka and Pakistan [1, 3]. 

It is the most common cancer in men and may contribute up to 

25% of all new cases of cancer in Pakistan [3]. Oral cancer is 

characterized by histopathological and clinical manifestations and 

about 90% of oral malignancies in the upper aerodigestive tract 

are squamous cell carcinomas originating in the tissues that line 

the mouth and lips [4]. Stage of oral cancer is determined to 

indicate how far cancer has progressed. Moreover, survival from 

oral cancer is critically dependent on the clinical stage of cancer at 

presentation. At an early stage, if undetected this cancer 

metastasizes in the body leading to death. Commonly, it is 

classified into the four stages [5]. The aetiology of oral cancer 

appears to be multifactorial, and strongly related to tobacco 

smoking (cigarettes, cigars, and pipes), betel quid chewing and 

excessive alcohol consumption [6]. Others, genetic alterations, 

viruses (HPS & HPV), immune deficiency (HIV), Syphilis, 

candida, chronic irritation, exposure to elements and deficiencies 

in consumption of fresh fruits/vegetables are also implicated in the 

aetiology of oral cancer [1, 2, 7, 8]. Trace elements and 

electrolytes have many characteristics which make them an 

integral part of every biochemical process in body cells, and their 

imbalances may lead to many physiological disorders such as 

coronary heart disease, hypertension, autoimmune disease and 

development of various kinds of cancers including oral cancer [9, 

10, 11]. 

 Monitoring and surveillance of the micronutrient profile 

need to be emphasized when working with cancer patients and can 

be an inexpensive way to pinpoint improvable risk factors that 

may be addressed before any treatment [6]. Therefore, increased 

scientific interest in the elements has led to a search for a reliable 

biomarker of quantifying and monitoring their levels in human 

body tissues. Among body parts, blood is considered as the most 

reliable parameters for the assessment of elemental exposure 

because the elemental ions reach different parts of the body 

through blood circulation thus indicating current body burden of 

various elements [12]. It provides the elemental profiles under any 

occupational or environmental exposure and ease of sampling 

makes it one of the most widely used specimens for trace 

elemental analyses [2]. Hair and nails have been used frequently 

for the evaluation of environmental and occupational exposure and 

are recording filaments that can reflect metabolic changes of many 

elements over long periods of time which may provide post 

nutritional events [6]. Further, hair and nails exhibited attractive 

diagnostic materials due to simplicity/non-invasive of sampling, 

stable matrices, storage ability over a longer time span and finally 

trace elemental concentrations are not subjected to rapid 

fluctuation due to diet, air, and water [12, 13]. On contrary, due to 

the lack of standardized sample preparation procedures, hair/nails 

samples are controversial with lack of well-defined reference 

levels [14]. The growth rate of fingernails and toenails are 

approximately 3 mm/month and 1 mm/month, respectively and 

nails require approximately six months to regrow completely [15]. 
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So, it is necessary to wait for their full growth which is a hectic 

task for sampling [16]. 

 Despite the rapid rising of oral cancer incidence in 

Pakistan, only a few studies have examined the relationship 

between the pathological status of oral cancer and elements [2, 6]. 

Thus, there is an urgent need for evaluation elemental profile in 

the scalp hair, nails and blood of the patients, so that it may reveal 

possible associations between oral cancer and 

elements/electrolytes. Therefore, the aim of present study was to 

evaluate and compare the concentrations of selected elements and 

electrolytes (Ca, Mg, Na, K, Sr, Li and Co) in different types and 

stages of patients with oral carcinoma and their counterpart 

healthy donors. These elemental levels can also be selected as a 

preliminary screening tool to provide information needed to 

develop prevention strategies and likewise can be a complement to 

other diagnostic procedures. 

 

2. EXPERIMENTAL SECTION   

2.1. Study subjects. In the present study, scalp hair, nails and 

blood samples were collected from the oral cancer patients 

admitted in Nuclear Oncology & Radiotherapy Institute (NORI) 

Islamabad, and Pakistan Institute of Medical Sciences (PIMS), 

Islamabad, Pakistan, on a volunteer basis. The healthy subjects or 

controls were also selected on a volunteer basis from the same 

localities matched with the patient’s demographic characteristics 

[2]. Prior to the sample collection, all cancer patients and controls 

were informed about the aim of the study through a signed consent 

form. Prior to the sample collection, the protocol of the study was 

approved by the human ethics committees of the institutes. 

Histological diagnosis was accomplished by an experienced 

pathologist with the histological stage determined according to the 

degree of differentiation of a tumour. The patients included in this 

study had a single primary tumour and none of them had received 

pre-operative chemotherapy, radiotherapy and surgery. The 

subjects were not taking any mineral supplement during the last 

six months. A questionnaire was filled in order to collect the 

detailed information related to the subjects such as age, gender, 

type/stage of disease, abode, dietary habit, smoking habit, 

socioeconomic status and donor consent at the time of sample 

collection. Physical examinations were performed to measure the 

participant’s weight, height, blood pressure and biochemical data. 

Prior to the sample collection, healthy subjects were also 

undergone a standard routine medical examination [17]. The body 

mass index (BMI) of the subjects was calculated from the heights 

and weights using the formula:  

BMI (kg/m2) = Weight (kg)/Height2 (m2). 

2.2. Scalp hair sample: Collection and preparation. About 3–4 

g of scalp hair sample (not dyed, bleached or straightened) was cut 

from the sub-occipital position of the head with a pair of stainless 

steel scissors. The hair samples were about one centimeter apart 

from the scalp and directly stored at room temperature in the 

plastic bags tagged with identifying numbers. To evade external 

contamination due to dirt, dust, sweat, detergents and cosmetic 

treatments the scalp hair samples were subjected to the 

standardized washing procedure [13]. For this purpose, the long 

scalp hair samples were cut into suitable pieces (1–2 cm) and 

mixed thoroughly. The samples were immersed in 50 mL of 5% 

detergent solution and shaken on an auto-shaker for 30 min at 320 

vibrations per minute; repeatedly washed with plentiful water to 

remove all the detergent. Then 30 mL of Triton X-100 (0.5 %, v/v) 

was added and then placed the contents on an auto-shaker for 20 

min shaking. Once again the samples were washed with excess of 

doubly distilled water and finally dried in an electric oven for 

overnight at 70°C. The samples were cooled to room temperature 

in desiccators before weighing. For elemental analysis, scalp hair 

samples require an additional digestion step to destroy the organic 

matrix. The method involved sample digestion with HNO3 and 

HClO4. Accurately weighed (~3 g) scalp hair sample was taken in 

the digestion flask to which 10 mL of HNO3 was added and heated 

on a hot plate at 70–80°C for about 30 min. The digestion flask 

was cooled down at room temperature and then 5.0 mL HClO4 was 

added and again heated on the hot for a short interval of time until 

the white dense fumes evolved [12]. Following digestion, the 

solution was transferred to a 50 mL volumetric flask and diluted 

with doubly distilled water. A blank digestion (without sample) 

was also carried out through the complete procedure. 

2.3. Nail sample: Collection and preparation. Before sample 

collection, nails were scrubbed using a nylon brush to remove the 

surface dust. Then the subjects were requested to clean their hands 

and feet with medicated soap. Nail samples were cut from 

fingernails and toenails with a stainless-steel clipper. The nails 

clippings were stored dry at room temperature in marked zip-lock 

polythene bags. In the laboratory, nail samples were soaked with 

5% (w/v) detergent solution overnight to weaken the bound dirt, 

followed by shaking on an auto-shaker for 20 min at 320 

vibrations per minute and then thoroughly washed. After that, the 

samples were soaked in acetone followed by shaking on an auto-

shaker for 20 minutes for removing nail polish/lotion [12]. The 

samples were washed with distilled water. Thereafter, 30 mL of 

Triton X-100 (0.5% v/v) solution was added in each sample; the 

contents were shaken for 30 min on the auto-shaker and then 

finally washed with an excess of distilled water. The samples were 

dried in an electric oven before weighing. For sample digestion, 

the dried nail sample was accurately weighed up to three decimal 

and directly placed into the digestion flask to which 10 mL of 

concentrated HNO3-HClO4 (5:1, v/v) mixture was added, covered 

and kept at room temperature for 1 h. Then, the digestion flask 

was heated on a hot plate at 70°C until white dense fumes 

evolved. After the digestion was completed, the digestion flask 

was left to cool at room temperature and the resulting solution was 

transferred to a volumetric flask, and the volume was adjusted 

with 0.1 N HNO3. The samples were finally stored in the 

refrigerator before analyses [12]. Blank solution without a nail 

sample was prepared simultaneously through the complete 

digestion procedures and similar acid matrixes. 

2.4. Blood sample: Collection and preparation. Three to five 

milliliter of blood was drawn from the antecubital vein by using 

venepuncture method with the help of pre-cleansed syringe. The 
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blood was immediately transferred to an evacuated polyethylene 

tube. At all stages of sample collection, maximum care was taken 

to avoid contamination. Samples were kept in a refrigerator at –

15°C until further processing [6]. After accurately weighing, the 

blood sample was transferred to the digestion flask to which 10 

mL of concentrated nitric acid was added and left for 10 min and 

then added 10 mL of concentrated perchloric acid. The sample 

was heated on a hot plate until completion of digestion (dense 

white fumed evolved). Thereafter, the sample was diluted with 0.1 

N HNO3 in a 50 mL volumetric flask. A blank (without blood 

sample) was also processed in the same way along with each batch 

of five samples. 

2.5. Quantification of the elements/electrolytes. The digested 

samples were quantified for selected elements and electrolytes 

(Ca, Mg, Na, K, Sr, Li and Co) on an atomic absorption 

spectrophotometer (Shimadzu AA-670, Japan) equipped with 

automatic background correction facility under optimum 

analytical conditions (Table 1). Three sub-samples of each sample 

were treated and run separately onto the spectrophotometer to pool 

the mean levels of elements. Parallel routine check on the 

accuracy of quantified results was ensured through the use of 

standard reference material materials (Human hair, GBW 07601; 

& Bovine muscle, NIST-SRM 8414) and the results are 

summarised in Table 1. The samples were also analyzed at an 

independent laboratory for comparison of the results which were 

in good agreement (±2.5% difference) with each other. All 

reagents used were of high purity (certified >99.9%) procured 

from E-Merck or BDH. Working solutions were prepared by serial 

dilutions of 1000 ppm stock standard solutions just before the 

analysis of the elements on the instrument [6, 12].  

 

Table 1. Optimum analytical conditions for the elemental analyses along with their detection/quantification limits and certified Vs. measured (±SD) 

concentrations* (µg/g) of the elements and electrolytes in standard reference materials. 

Element Ca Mg Na K Sr Li Co 

Wavelength (nm) 422.7 285.2 589.0 766.5 460.7 670.7 240.7 

Slit width (nm) 0.5 0.5 0.5 0.5 0.5 0.5 0.2 

Limit of Detection (mg/l) 0.004 0.001 0.002 0.003 0.005 0.003 0.005 

Limit of Quantification (mg/l) 0.013 0.004 0.007 0.009 0.016 0.009 0.016 

Human Hair, 

GBW 07601 

Certified Level 2900 360 152 20 24 2 0.071 

Measured Level 2869  ± 41.31 357.1 ± 4.610 154.8 ± 7.226 20.47 ± 1.204 23.51 ± 1.533 1.966 ± 0.175 0.072 ± 0.002 

Recovery (%) 98.9 99.2 101.8 102.4 98.0 98.3 101.4 

Bovine Muscle 

Powder, NIST-

SRM 8414 

Certified Level 145 960 2100 15170 0.052 - 0.007 

Measured Level 143.8 ± 3.014 955.2 ± 10.42 2085 ± 21.61 15210 ± 33.75 0.051 ± 0.002 - 0.007 ± 0.001 

Recovery (%) 99.2 99.5 99.3 100.3 98.1 - 99.2 

     *Triplicate sub-samples 

  

2.6. Statistical analyses. STATISTICA software was used for the 

statistical analysis of the elements and electrolytes data [18]. The 

data distribution and recognition tools applied in this study 

included pre-treatment of the data to attain normalization by 

discarding the outliers. The quantified results were subjected to 

statistical analysis in order to classify the relationship between the 

measured elements and electrolytes levels. Statistical analysis of 

the data comprised of the basic distribution parameters including 

range, mean, median, standard error (SE) and skewness while 

mutual variations among the elemental and electrolytes levels 

were computed as correlation coefficients. The elements and 

electrolytes data for the oral carcinoma patients and healthy 

donors were compared by applying the Student’s t-test to assess 

the significance of difference (p < 0.05) of the mean 

concentrations. Further, Wilcoxon rank-sum test was applied for 

the comparison of the median levels of the elements and 

electrolytes among the patients and controls (p < 0.05).  

3. RESULTS SECTION 

3.1. Demographic characteristics. The demographic data for the 

oral cancer patients (hereafter called ‘patients’) and healthy donors 

(hereafter called ‘controls’) are given in Table 2, which showed 

that the subjects were closely matched for their ages. The existing 

range of BMI of the oral cancer patients was 20.97-21.03 kg/m2 

and controls was 24.35-24.55 kg/m2. About 57-60% healthy 

donors were male, while 49-57% of oral cancer patients were 

female. However, 66-72% of the patients belong to vegetarian 

class while 28-33% of healthy donors were vegetarian in their 

food habits. Based on the habitat, 59–65% of the subjects were 

drawn from rural areas. A significant number of the patients (44–

63%) and healthy donors (38–70%) were cigarette smoker. About 

56-67% of the patients were suffering from squamous cell 

carcinoma and 33–44% from adenocarcinoma in the present study. 

Among the oral cancer patients included in the present study, 19-

22% were diagnosed at stage-I, 34-40% at stage-II, 22-23% at 

stage-III and 19-22% at stage-IV (Table 2). 

3.2. Body mass index and oral cancer. Body mass index (BMI) 

has been associated with risk of oral cancer as reported in some 

previous studies but this association remains to be clarified [19]. 

Several case control studies found inverse relationship between 

BMI and oral cancer [20]. Other recent prospective studies 

reported no association between BMI and oral cancer risk [21, 22]. 

In this study, BMI of oral cancer patients was significantly lower 

than healthy donors (p < 0.001) as shown in Table 2. Reduced 

BMI has been associated with oral cancer, possibly reflecting poor 

nutrition, socioeconomic status, or confounding by smoking [22]. 

In addition, greater than fifty percent of head and neck cancer 

patients have significant weight loss at the time of diagnosis and 

just before the treatment [19]. This weight loss is due to cancer 

induced dysphagia, odynophagia, anorexia or cancer cachexia and 

it has a negative effect on survival [23]. High BMI was found to 

be a protective factor for oral cancer but it is not clear whether 

weight loss is a risk factor for the disease or caused by oral cancer 

[24]. Some associations between BMI and head and neck cancer 

based on sex, tobacco smoking and alcohol drinking have been 



Disparities of trace elements and electrolytes in oral cancer patients in comparison with healthy subjects 

Page | 3529 

reported but it was not examined by cancer site in most of the 

previous investigations. Therefore, the current literature does not 

provide a complete picture of the association between BMI and 

oral cancer. A better understanding of the association between 

BMI and this specific cancer could lead to disease aetiology. A 

possible mechanism for the link between lower BMI and increased 

oral cancer is still unknown but they may involve altered 

absorption and utilization, elevated oxidative stress and increased 

numbers of DNA adducts [21].  

 

Table 2. Characteristics of the Subjects. 

Characteristics 
Scalp Hair Nails Blood 

Patients Controls Patients Controls Patients Controls 

n 74 74 64 60 86 86 

Age (years)       

     Range 24–86 24–60 24–86 25–60 24–86 25–65 

     Mean 57.05 42.24 57.66 43.87 57.19 43.93 

BMI (kg/m2) 21.03 24.49 20.99 24.55 20.97 24.35 

Gender       

     Female 42(57%) 32 (43%) 36(56%) 26(43%) 42(49%) 34(40%) 

     Male 32(43%) 42(57%) 28(44%) 34(57%) 44(51%) 52(60%) 

Diet       

     Vegetarian 52(70%) 50(68%) 42(66%) 40(67%) 62(72%) 62(72%) 

     Non-vegetarian 22 (30%) 24(32%) 22(34%) 20(33%) 24(28%) 24(28%) 

Habitat       

     Urban 26 (35%) 24 (32%) 26(41%) 24(40%) 32(37%) 30(35%) 

     Rural 48 (65%) 50 (68%) 38(59%) 36 (60%) 54 (63%) 56 (65%) 

Tobacco Use (Smoking)       

     No use 46(62%) 46(62%) 36(56%) 32 (53%) 32 (37%) 26 (30%) 

     Use 28(38%) 28(38%) 28(44%) 28 (47%) 54 (63%) 60 (70%) 

Types of Oral Cancer       

     Squamous cell carcinoma 42(57%) -- 36(56%) -- 58(67%) -- 

     Adenocarcinoma 32 (43%) -- 28 (44%) -- 28 (33%) -- 

Stages of Oral cancer       

     Stage I 14 (19%) -- 14 (22%) -- 16 (19%) -- 

     Stage II 30 (40%) -- 22 (34%) -- 34 (39%) -- 

     Stage III 16 (22%) -- 14 (22%) -- 20 (23%) -- 

     Stage IV 14 (19%) -- 14 (22%) -- 16 (19%) -- 

 

3.3. Distribution of elements and electrolytes in the scalp hair. 

Comparative distribution of selected elements and electrolytes in 

the scalp hair of oral cancer patients and healthy donors is 

presented in Table 3. In the case of the patients, comparatively 

higher average concentrations were found for Ca (1177 µg/g), Na 

(289.6 µg/g) and Mg (209.9 µg/g), followed by relatively lower 

levels of K (14.66 µg/g), Sr (14.64 µg/g), Co (13.48 µg/g) and Li 

(1.647 µg/g). On the mean basis, the decreasing trend of the 

elements and electrolytes levels in the scalp hair of oral cancer 

patients exhibited the following order. Ca > Na > Mg > K > Sr > 

Co > Li. Overall, Ca, Mg and Na revealed considerable 

randomness in their distribution pattern as manifested by large SE 

values on one hand and markedly dissimilar mean and median 

levels on the other hand. Furthermore, large skewness values for 

K, Sr, Li and Co exhibited predominantly asymmetrical 

distribution. 

 In the case of healthy donors (Table 3), predominantly 

higher levels in their scalp hair were noted for Ca (1104 µg/g), Mg 

(229.4 µg/g) and Na (184 µg/g), followed by relatively lower 

levels of Sr (20.84 µg/g), K (9.204 µg/g), Co (5.777 µg/g) and Li 

(0.745 µg/g). The selected elements and electrolytes in the scalp 

hair of healthy donors revealed the following order in their 

average levels: Ca > Mg > Na > Sr > K > Co > Li. Some elements 

(Co, Li, Sr and K) displayed a relatively Gaussian distribution 

pattern in their concentrations as evidenced by fairly low SE 

values. Nevertheless, Na, Mg and Ca exhibited asymmetrical 

distribution as showed by large skewness values. Two-tailed 

Student’s t-test of the elemental data showed that mean 

concentration of Na, K, Li and Co were significantly elevated in 

the scalp hair of patients, while average levels of Sr was 

significantly higher in the scalp hair of controls (p < 0.05). 

Similarly, median concentrations of the elements and electrolytes 

were also compared by Wilcoxon rank sum test which revealed 

statistically significant differences (p < 0.05) for Ca, Na, K, Li, Sr 

and Co in the scalp hair of the oral cancer patients and healthy 

donors (Table 3). 

3.4. Distribution of elements and electrolytes in the nails. The 

basic statistical parameters related to the distribution of selected 

elements and electrolytes levels (µg/g, dry weight) in the nails of 

oral cancer patients and healthy donors are shown in Table 3. 

Dominant average contents were observed for Ca (1064 µg/g), Na 

(246.8 µg/g) and Mg (186.6 µg/g), followed by relatively lower 

levels of K (53.50 µg/g), Sr (23.69 µg/g), Co (20.01 µg/g) and Li 

(10.37 µg/g) in oral cancer patients. Most of the elements and 

electrolytes revealed appreciable randomness in their distribution 

pattern as manifested by large SE. On the mean basis, the 

decreasing trend of elements and electrolytes levels in the nails of 

oral cancer patients exhibited following order: Ca > Na > Mg > K 

> Sr > Co > Li. Relatively, large dispersion in the concentration 

was observed in the case of Mg, Na and Ca, whereas large 

skewness values for Ca and Na exhibited their predominantly 

asymmetrical distribution in the nails of patients. 

 In the case of healthy subjects, predominantly higher 

concentrations were noted for Ca (1241 µg/g), Mg (233.3 µg/g), 

Na (74.69 µg/g), and K (65.15 µg/g), followed by relatively lower 

concentrations of Sr (19.35 µg/g), Co (13.68 µg/g) and Li (4.955 
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µg/g). The selected elements in the nails samples of healthy 

donors exhibited the following decreasing order in their mean 

levels: Ca > Mg > Na > K > Sr > Co > Li. Most of the elements 

and electrolytes revealed non-Gaussian distribution as indicated by 

elevated SE values except Co, Li and Sr. Nevertheless, Na and Ca 

manifested asymmetrical distribution as shown by relatively large 

skewness values (Table 3). Two-tailed Student’s t-test (p < 0.05) 

of the data showed that there was a significant difference between 

the contents of Ca, Mg, Na, Co and Li in the nails of patients and 

healthy donors (Table 3). The average contents of Mg, Ca and Na 

pointed out significantly higher levels in the nails of oral cancer 

patients than healthy donors. In contrast, average levels of Co, Li 

and K were considerably lower in the patients as compared to 

healthy donors. Wilcoxon rank sum test showed that median levels 

of Ca and Mg levels were significantly elevated and Na, Sr and Li 

levels were significantly lower in the nails of the oral cancer 

patients than controls.  

 

Table 3. Statistical distribution parameters for elements and electrolytes concentrations (µg/g) in the scalp hair, nails and blood of oral cancer patients 

and healthy donors. 

  Patients Controls 
p-value 

  Min Max Mean Median SE Skew Min Max Mean Median SE Skew 

S
ca

lp
 H

ai
r 

Ca 467.7 3834 1177 1189 97.44 2.482 348.1 2180 1104 955.2 68.35 1.104 NS 

Mg 91.20 298.5 209.9 211.4 9.139 -0.116 100.4 353.2 229.4 237.9 14.76 -0.062 NS 

Na 9.700 749.9 289.6 271.3 42.63 0.530 1.650 613.4 184.0 133.9 30.08 0.861 <0.05 

K 1.175 33.94 14.66 14.62 1.737 0.190 1.650 17.68 9.204 8.938 1.051 0.239 <0.05 

Sr 2.250 30.90 14.64 14.30 1.204 0.571 3.950 41.05 20.84 20.25 2.084 0.090 <0.05 

Li 0.200 4.150 1.647 1.400 0.179 0.709 0.100 2.350 0.745 0.600 0.093 1.044 <0.05 

Co 2.200 28.95 13.48 13.23 1.187 0.092 0.100 13.50 5.777 4.250 0.686 0.537 <0.05 

N
ai

ls
 

Ca 322.5 2578 1064 836.3 117.7 0.740 203.4 2272 1241 1304 109.9 -0.177 <0.05 

Mg 68.23 373.0 186.6 190.1 14.75 0.319 55.64 381.8 233.3 247.3 15.21 -0.623 <0.05 

Na 23.12 829.5 246.8 133.7 40.11 1.249 4.587 234.2 74.69 57.29 10.27 1.112 <0.05 

K 14.00 128.1 53.50 48.90 5.263 0.838 6.92 141.6 65.15 60.20 6.689 0.601 NS 

Sr 2.523 43.75 23.69 25.00 2.076 -0.093 2.717 42.90 19.35 14.59 2.305 0.492 NS 

Li 1.136 28.80 10.37 9.617 1.341 0.579 1.322 18.12 4.955 3.615 0.689 2.188 <0.05 

Co 4.250 48.84 20.01 14.46 2.812 0.871 2.232 30.94 13.68 13.29 1.399 0.767 <0.05 

B
lo

o
d

 

Ca 16.64 48.46 37.57 39.01 1.041 -0.896 21.05 66.36 39.78 38.54 1.572 0.744 NS 

Mg 24.80 38.72 30.80 30.99 0.464 0.22 21.48 34.96 27.91 27.70 0.498 0.186 NS 

Na 1399 1995 1684 1666 22.19 0.271 1336 2331 1675 1610 38.38 1.178 NS 

K 380.5 682.7 490.1 483.6 11.39 0.584 329.6 919.5 554.8 528.3 17.38 0.925 <0.05 

Sr 0.098 4.759 1.943 1.848 0.163 0.217 0.076 2.239 1.102 1.110 0.089 0.234 <0.05 

Li 0.016 1.235 0.266 0.198 0.037 2.485 0.048 1.335 0.531 0.564 0.049 0.522 <0.05 

Co 0.073 4.597 1.562 1.502 0.161 1.495 0.256 8.711 3.396 2.742 0.350 0.740 <0.05 

     *NS-non significant  

3.5. Distribution of elements and electrolytes in the blood. 

Average elemental levels along with the basic statistical 

parameters pertaining to the distribution of selected elements and 

electrolytes in the blood of oral cancer patients and healthy donors 

are shown in Table 3. Comparatively higher average 

concentrations were found for Na (1684 µg/g) and K (490.1 µg/g), 

followed by lower levels of Ca (37.57 µg/g) and Mg (30.80 µg/g). 

Lowest levels were observed for Sr (1.943 µg/g), Co (1.562 µg/g) 

and Li (0.266 µg/g) in the blood of the patients. Overall, mean 

levels of elements and electrolytes in the blood of oral cancer 

patients revealed following order: Na > K > Ca > Mg > Sr > Co > 

Li. Most of the elements exhibited relatively normal and 

symmetrical distribution in the blood of patients as manifested by 

their small SE and skewness values. However, Na and K showed 

asymmetrical distribution as given by their higher SE and 

skewness values. 

 In the blood of healthy donors (Table 3), predominantly 

elevated mean contents were noted for Na (1675 µg/g), K (554.8 

µg/g), Ca (39.78 µg/g) and Mg (27.91 µg/g), followed by 

relatively lower levels of Co (3.396 µg/g), Sr (1.102 µg/g) and Li 

(0.531 µg/g). In the blood of healthy donors, the elements and 

electrolytes revealed following order in their average levels: Na > 

K > Ca > Mg > Co > Sr > Li. Most of the elements exhibited a 

symmetrical distribution in their levels as manifested by small 

skewness values, nonetheless, Na and K revealed random 

distribution as evidenced by the corresponding higher SE values. 

Two tailed student’s t-test showed that mean concentration of Sr 

was significantly higher while mean contents of Co Li and K were 

significantly lower (p < 0.05) in the blood of the patients 

compared to the controls. However, the average levels of Ca, Na 

and Mg exhibited insignificant differences in the blood of two 

donor groups. Likewise, median concentrations of the elements 

were also compared by Wilcoxon rank sum test which showed 

statistically significant differences (p < 0.05) for Co, Li and Sr in 

the blood of oral carcinoma patients and healthy subjects. One of 

the interesting features of this comparative study revealed 

imbalance of elemental levels in case of oral cancer patients which 

exhibited the adverse effects of these elements on the emergence 

and development of oral malignancy.  

3.6. Variations of elements and electrolytes based on 

demographic characteristics. Comparison in the mean levels of 

elements and electrolytes (±SE) in the scalp hair, nails and blood 

of oral cancer patients and controls based on gender, abode, 

dietary and smoking habits are shown in Figures 1-4 (a–l). 

Gender-based comparison revealed that the mean levels of Na, K, 

Li and Co were significantly elevated in the scalp hair of the 

female patients than the female controls (Figure 1a). However, Sr 

revealed a considerably higher level in the case of female controls. 

Furthermore, appreciably higher levels of Li and Co were 

observed in the male patients than male controls, while Mg and Sr 

showed a significant rise in the case of the male controls. 

 Residence-based comparison (Figure 2d) revealed that 
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mean levels of K, Li and Co were significantly elevated in the 

scalp hair of urban and rural patients in comparison with urban 

and rural healthy subjects, while average concentrations of Ca and 

Sr were significantly higher in urban controls. Similarly, rural 

patients showed a significant rise in mean levels of Na, Li, Co and 

K in the scalp hair of rural patients compared to urban healthy 

subjects, nevertheless, considerably higher Ca and Sr levels were 

noticed in the scalp hair of urban healthy donors. Rest of the 

elements manifested insignificant differences in their 

concentrations in scalp hair of the patients and controls from urban 

localities.  

 

 

 
Figure 1. Gender-based variations in mean concentrations of selected 

elements and electrolytes (±SE), in the scalp hair, nails and blood of oral 

cancer patients and healthy donors. 

 In the case of nails, Na, Sr, Li and Co revealed significantly 

elevated levels in urban and rural patients compared to the urban 

and rural controls as shown in Figure 2e. In the case of controls, 

mean concentrations of K and Mg were found at considerably 

higher levels in the nails of rural controls compared to the rural 

patients. Likewise, mean concentrations of Ca, Mg and K were 

elevated in the nails of rural controls than urban patients. Besides, 

the mean content of Li was appreciably elevated in the nails of 

urban controls than rural patients. In the case of blood, (Figure 2f) 

comparatively higher levels were observed for Sr in the patients 

(urban & rural) as compared to the controls while mean contents 

of Li and Co were elevated in urban and rural controls. Average 

concentrations of Li, Sr and Co were appreciably higher in the 

rural patients than urban patients. Nonetheless, average 

concentrations of Ca, Mg, Na and K were more or less comparable 

in the blood of the patients/controls with urban and rural 

residences. 

 Diet-based comparison (Figure 3g) revealed that mean 

levels of Na, K, Li, Co and Sr were considerably higher in the 

scalp hair of patients (vegetarian & non-vegetarian) than those of 

healthy donors while average concentration of Sr was found to be 

appreciably higher in non-vegetarian and vegetarian controls.  

 

 

 
Figure 2. Habitat-based variations in mean concentrations of selected 

elements and electrolytes (±SE), in the scalp hair, nails and blood of oral 

cancer patients and healthy donors. 

 Moreover, non-vegetarian healthy donors exhibited an 

appreciable rise in mean levels of Mg and Sr compared to the 

vegetarian controls, whereas Co showed the notably elevated level 

in the scalp hair of vegetarian controls than non-vegetarian 

controls. The comparison of the mean concentrations of elements 

and electrolytes in nail samples of oral cancer patients and 

controls (Figure 3h) showed considerably higher mean levels of 

Sr, Li, Co and Na for non-vegetarian and vegetarian patients, 
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while Mg revealed appreciably higher levels in the case of non-

vegetarian and vegetarian controls. Some of the elements (Ca, Sr, 

Li and Co) manifested appreciably elevated mean levels in the 

nails of non-vegetarian patients than vegetarian patients. In 

addition, the mean contents of Mg and Na were relatively higher 

in vegetarian patients compared to the non-vegetarian patients. 

Elevated levels of Li and K were noted in the vegetarian controls 

than non-vegetarian controls, while Na, Sr and Co showed 

relatively higher levels in the nails of non-vegetarian controls.  

 

 

 
Figure 3. Diet-based variations in mean concentrations of selected 

elements and electrolytes (±SE), in the scalp hair, nails and blood of oral 

cancer patients and healthy donors. 

 In the case of blood (as shown in Figure 3i) Sr was 

relatively higher while Li & Co levels were lower in non-

vegetarian and vegetarian patients than non-vegetarian and 

vegetarian controls. However, the concentration of K was higher 

in vegetarian healthy donors as compared to patients with 

vegetarian food habits. Average levels of remaining elements were 

not appreciably different in the blood of oral cancer patients and 

controls (Figure 3i). 

 Comparison of elemental levels in the scalp hair of 

smoking and non-smoking patients and controls are shown in 

Figure 4j. On the mean basis, Ca, Co and Li were considerably 

higher in the scalp hair of the patients with smoking habits, while 

notably higher concentrations of Mg, K and Sr were found in the 

case of smoking controls.  

 

 

 
Figure 4. Smoking-based variations in mean concentrations of selected 

elements and electrolytes (±SE), in the scalp hair, nails and blood of oral 

cancer patients and healthy donors. 

 Nonetheless, mean concentrations of Co, Li, K and Na 

were considerably higher and average Sr content was lower in the 

scalp hair of non-smoking patients than smoking controls. In 

addition, mean levels Li and Mg were found to be appreciably 

higher whereas average concentrations of Ca, Sr and Co were 

lower in the scalp hair of the smoking controls than non-smoking 

controls. In the case of nails mean levels of Na, Sr, Li and Co 

revealed appreciably rise in smoking patients than smoking 

healthy donors as shown in Figure 4k. Only K revealed marked 

elevation in its average level for smoking healthy donors, while no 
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other elements and electrolytes showed any significant variation in 

their mean levels. Likewise, in the case of non-smoking patients, 

Na, Li and Sr exhibited higher levels as compared to the non-

smoking healthy donors, while mean levels of Co, Ca, Mg and K 

were comparatively higher in the nails of non-smoking healthy 

donors. The average concentration of Mg was higher while that of 

Li was lower in the patients with smoking habits than non-

smoking patients.  

  

 

 

 
Figure 5. Comparative mean concentrations of selected elements and 

electrolytes (±SE) in the scalp hair, nails and blood of oral cancer patients 

based on types. 

 Mean concentrations of Co, K and Ca were considerably 

higher in non-smoking controls than patients with smoking habits 

(Figure 4k). Mean concentrations of Sr and Co were noted to be 

relatively higher in the blood of smoking patients compared to 

non-smoking patients, which revealed the appreciably higher 

average level of Li as noted in Figure 4l. However, mean levels of 

K and Na showed almost comparable levels in the patients 

irrespective of smoking or non-smoking habits. Similarly, mean 

concentrations of Li, Mg and Co were found to be noticeably 

higher in the blood of smoking controls compared to the non-

smoking controls, which exhibited a relatively higher level of Ca 

in their blood (Figure 4l). 

3.7. Variations of the elements and electrolytes based on 

cancer types. Comparative evaluation of average concentrations 

(± SE) of the elements and electrolytes in scalp hair, nails and 

blood of different types of oral cancer patients (i.e., 

adenocarcinoma and squamous cell carcinoma) is shown in Figure 

5 (a–c). In the case of adenocarcinoma, Li revealed very high 

average concentration while Na and K manifested maximum 

levels in the scalp hair of squamous cell carcinoma patients as 

shown in Figure 5a. Rest of the elements were more or less 

comparable in squamous cell carcinoma and adenocarcinoma 

patients. In the case of nails, the mean concentration of Sr was 

significantly higher in adenocarcinoma and average levels of Na 

and Co were considerably higher in the nails of squamous cell 

carcinoma patients as shown in Figure 5b. Nonetheless, mean 

levels of Ca, Mg, K and Li were almost comparable in the nails of 

adenocarcinoma and squamous cell carcinoma patients. In the 

blood samples, the markedly elevated level was noticed for Li in 

the blood of squamous cell carcinoma patients while the remaining 

elements and electrolytes exhibited almost equivalent 

contributions in the patients as shown in Figure 5c. 

3.8. Variations of the elements and electrolytes based on 

stages. Comparative assessment of the elements and electrolytes 

concentrations (± SE) in the scalp hair, nails and blood of oral 

cancer patients at different stages is shown in Figure 6 (d–f). Mean 

concentrations of Na and Co in the scalp hair were considerably 

higher at stage-I, while mean concentration of Li in the scalp hair 

was found elevated at stage-III of the patients as shown in Figure 

6d. It was noted that the average content of Ca was highest at 

stage-IV in the scalp hair of oral cancer patients. In the case of 

nails, a higher level of Ca was found in the patients at stage-I, 

while highest levels of K, Sr and Li were observed in the nails of 

the patients at stage-III as shown in Figure 6e. Mean content of 

Mg in nails was found to be highest at stage-IV of the patients. In 

the case of blood, the average level of Li was maximum at stage-

III as displayed in Figure 6f. Some of the concentrations of 

elements and electrolytes (Ca, Mg, Na, and K) were not 

appreciably dissimilar at all four stages in the blood of the 

patients. Mean content of Li in the blood was found lowest at 

stage-IV of the oral cancer patients. 

3.9. Correlation study. The data on mutual correlations in the 

scalp hair of oral cancer patients and healthy donors are presented 

in Table 4, wherein the significant r-values are shown in bold at p 

< 0.05. In the case of patients, strong positive correlations were 

found between K-Na (r = 0.879), Sr-Mg (r = 0.548) while a 

significant relationship was noted for K-Ca (r = 0.399) indicating 

their probable communal variations/origin in the scalp hair of the 

patients. Furthermore, some elemental pairs exhibited inverse 

relationship manifested by significantly negative correlations; Li-

Na (r = −0.433), Li-K (r = −0.313) and Co-Mg (r = −0.281). The 

counterpart data for the controls pointed out strong correlation 

coefficients between K-Na (r = 0.860) and Sr-Mg (r = 0.745) thus 
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manifesting mutual variations of these elements. On the other 

hand, age of the patients revealed a significant inverse correlation 

with Ca (r = −0.317) in their scalp hair (Table 4). 

 The data on elemental correlations in the nails of patients 

and controls are also given in Table 4, wherein the significant r-

values are shown in bold at p < 0.05. In the case of patients, strong 

positive correlations were noted between Li-Sr (r = 0.727) and K-

Mg (r = 0.508), while some significant relationships were 

observed among Co-Na (r = 0.492), Co-Sr (r = 0.374) and Co-Li (r 

= 0.368). Additionally, age of the patients showed significant 

positive correlations with Li (r = 0.308) and K (r = 0.256) contents 

in the nails of oral cancer patients. Likewise, in the case of healthy 

donors (Table 4), positive correlations were found between the 

following pairs: Co-Mg (r = 0.401), K-Mg (r = 0.333), Co-Li (r = 

0.313), Sr-K (r = 0.290) and Sr-Na (r = 0.271). Furthermore, 

significant inverse correlations were observed among Na-Ca (r = 

−0.353) and Na-Mg (r = −0.254). Furthermore, age of the oral 

cancer patients exhibited significant inverse correlations with Na 

(r = –0.255) contents. Some negative correlations were also found 

but they were not significant. 

  

 

 

 
Figure 6. Comparative mean concentrations of selected elements and 

electrolytes (±SE) in the scalp hair, nails and blood of oral cancer patients 

based on stages. 

  

 In the case of the blood of the oral cancer patients, 

significant positive relationships were observed between K-Ca (r = 

0.425), Sr-K (r = 0.399), Na-Ca (r = 0.383), K-Na (r = 0.305), K-

Mg (r = 0.297), Li-Mg (r = 0.297) and Sr-Ca (r = 0.267). In the 

blood of healthy donors (Table 4), significant associations were 

found among Li-Mg (r = 0.480), Sr-K (r = 0.463), Co-Sr (r = 

0.401), Co-Li (r = 0.384), Li-K (r = 0.331) and K-Mg (r = 0.297) 

(Table 4). Overall, the correlation results of selected elements and 

electrolytes for the healthy donors remained significantly 

dissimilar compared to the oral cancer patients, which may be 

ascribed to the imbalances of the elements and electrolytes in the 

patients. 

3.10. Elements, oxidative stress and oral cancer. 

Epidemiological and animal experimental studies have shown an 

increased cancer incidence associated with chronic exposure to 

certain elements [25]. Elements undergo redox cycling reactions 

and have the ability to generate reactive radicals (via the Fenton-

like reaction) such as superoxide anion radical and nitric oxide in 

the biological system [26]. It is generally accepted that ROS via 

oxidative stress produced by elements eventually causes DNA 

damage, strand breaks and alterations in the cellular redox 

balance, whereby insufficient cellular repair mechanisms may 

involve a wide variety of diseases including oral cancer 

development [27]. Various studies supported that oxidative stress 

plays a significant role in oral carcinogenesis [28]. It has long 

been advocated that cancer cells are under enhanced and persistent 

oxidative stress due to elevated levels of intracellular ROS 

production [29]. Ma et al., [30] demonstrated that oxidative stress 

contributes to the development of oral cancer [31]. Smoking may 

enhance oxidative stress through the production of ROS which is 

an important event in the development of oral cancer [32]. 

3.10.1. Magnesium. Magnesium (Mg) is an important regulator of 

cell functions, cell proliferation, cell cycle progression and 

differentiation [9, 33]. Magnesium and Calcium share the same 

homeostatic control system and antagonizes each other in cell 

cycle regulation, inflammation and many other physiologic 

activities [34, 35]. Mg is a necessary cofactor of DNA, RNA and 

ribosomes [36]. It is required in binding mRNA to polysomal 

subunits and for the activation of aminoacyl RNA complexes 

during protein synthesis [37]. Association between Mg and cancer 

is complex, both excess and deficiency of Mg may produce either 

carcinogenic or anti-carcinogenic effects [36]. Previous clinical 

studies supported evidence of the oxidative stress with deficiency 

of Mg on human pathology [38] such as genomic instability, poor 

DNA repair and promote apoptosis [39]. Lack of Mg facilitates the 

uncoupling of oxidative phosphorylation, which leads to loss of an 

electron in the electron transport chain [40]. Mg deficiency 

depressed cellmediated immunity and impairs phagocytic activity 

[41]. Recent data advocated that deficiency of Mg may trigger 

carcinogenesis by changing the fidelity of DNA replication and 

increasing membrane permeability [33, 42, 43]. Castiglioni and 

Maier [44] pointed out that deficiency of Mg can lead to the 

initiation, proliferation of cancer and hinder treatment [45]. There 

was a significant decrease in Mg concentration in blood plasma 

and saliva in oral squamous cell carcinoma patients than normal 

patients [9]. Shpitzer et al., [45] noted a salivary concentration of 

Mg was higher in oral cancer patients as compared to controls. 

The concentration of serum Mg was increased in oral cancer 

patients as compared to the healthy controls [46]. Nasulewicz et 
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al., [42] indicated a significant retardation of primary tumour 

growth in mice receiving Mg-deficient diet. However, Mg 

repletion caused in these mice significant increase of primary 

tumour burden [42]. 

3.10.2. Cobalt. Cobalt (Co) is an essential element, an integral part 

of vitamin B12 [47] and has a substantial role in the formation of 

amino acids and neurotransmitters [48]. Cobalt may interact with 

other elemental ions as in human red cells, e.g., Co shares the 

transport mechanism with Ca [49]. The uptake is practically 

irreversible since Co bound in the cytosol is not itself extruded by 

the Ca pump. Additionally, Co in vitro can replace Fe in the heme 

group of hemoglobin [50]. Higher concentration of Co becomes 

toxic to humans. Several studies revealed that Co induced 

chromosomal aberrations, micronuclei or DNA damage in 

mammalian cells [51]. Adverse effects of Co were genotoxic and 

mutagenic in experimental animals [52, 53]. Cobalt is reported to 

be a potentially carcinogenic compound and has been included 

recently in group 2A carcinogens i.e., probably carcinogenic to 

humans [51]. Cobalt seems to produce oxidative stress/damage to 

lipids, proteins, DNA and carcinogenesis by mediating free 

radicals via ROS [47, 53, 54]. Cobalt depletes glutathione, 

resulting in enhanced production of ROS such as catalase [52]. 

Upon inhalation exposure, the respiratory system is the main 

target organ of Co in patients with a higher risk of lung cancer 

[50]. 

3.10.3. Sodium. Sodium (Na) is a major electrolyte for maintaining 

body’s fluid balance, proper nerve and muscle functions [55]. It 

also determines membrane potential of cells and participates in the 

active transport of some molecules across cell membranes. Other 

electrolytes such as K and Ca interact with Na and influence its 

physiological effects [56]. Low Na levels occur in a wide variety 

of medical disorders including cancer [57]. Studies have revealed 

a marked association with low Na and mortality in lung cancer, 

gastric cancer, renal cancer and non-Hodgkin’s lymphoma patients 

[58]. However, Dziewulska et al., [46] reported higher Na 

concentration in the saliva of oral cancer patients than controls 

[59]. It might be supposed that an elevated Na level could reflect 

dehydration due to the oral carcinoma itself, as well as smoking 

and alcohol consumption. Low Na is considered as the most 

common electrolyte disorder associated with tumour-related 

conditions [60]. 

3.10.4. Potassium. Potassium (K) plays a vital role in regular 

cellular maintenance, cell volume homeostasis and transmission of 

nerve impulses [61]. It is involved in cellular metabolism, 

regulating protein synthesis, glucose use and storage [62, 63]. The 

high or low concentration of K can lead to potentially lethal 

problems in excitatory tissue, particularly the cardiac muscle. The 

most important transcellular enzyme involved in K regulation is 

Na/K ATPase, which maintains the transcellular gradient of Na 

and K concentrations. β-2-Adrenergic agents increase the activity 

of Na/K ATPase by binding to cell surface receptors thereby 

linking K flux to the sympathetic nervous system [64]. Cancer 

patients face additional risk factors for high K. Side effects of 

chemotherapy, the breakdown of tumour cells, hormones produced 

by certain types of tumours and extensive replacement of the 

adrenal glands by tumours can all result in high K blood levels, 

according to the manual of clinical oncology [65]. Shpitzer et al., 

[45] observed a lower average K level K in the saliva of oral cell 

cancer patients than healthy individuals [46]. The concentration of 

K in the present investigation is similar to that reported by 

Shpitzer et al., [45] as well as by Bloniarz et al., [66]. 

 

Table 4. Correlation coefficient (r)* matrix of elements and electrolytes in the scalp hair, nails and blood of oral cancer patients (below the diagonal) 

and healthy donors (above the diagonal). 

  
Age Ca Mg Na K Sr Li Co 

S
ca

lp
 H

ai
r 

Age 1 -0.317 0.150 0.031 -0.113 -0.183 0.026 -0.005 

Ca 0.034 1 -0.163 -0.110 -0.018 -0.125 -0.155 0.030 

Mg 0.102 -0.226 1 -0.116 -0.072 0.745 -0.152 -0.161 

Na -0.219 0.229 -0.011 1 0.860 0.021 0.054 0.196 

K -0.193 0.399 0.024 0.879 1 -0.077 -0.013 -0.010 

Sr 0.110 -0.081 0.548 0.199 0.077 1 0.013 -0.117 

Li 0.003 0.000 -0.092 -0.443 -0.313 -0.094 1 0.111 

Co 0.088 0.142 -0.281 0.066 -0.054 -0.057 0.249 1 

N
ai

ls
 

Age 1 -0.398 -0.007 -0.234 -0.467 -0.048 -0.088 -0.200 

Ca -0.124 1 -0.007 -0.353 0.146 -0.104 -0.187 0.098 

Mg 0.001 -0.079 1 -0.254 0.333 0.093 0.084 0.401 

Na 0.023 0.006 0.158 1 0.080 0.271 0.226 0.158 

K 0.182 -0.016 0.508 0.247 1 0.290 0.057 0.143 

Sr 0.256 0.100 0.030 0.046 0.205 1 0.226 0.137 

Li 0.308 -0.057 -0.067 -0.087 0.020 0.727 1 0.313 

Co -0.284 0.002 0.100 0.492 0.143 0.374 0.368 1 

B
lo

o
d

 

Age 1 -0.201 0.427 0.296 0.147 -0.027 0.234 0.017 

Ca -0.186 1 -0.316 0.125 -0.040 -0.039 0.042 0.174 

Mg 0.043 -0.039 1 0.122 0.297 0.184 0.480 0.259 

Na -0.255 0.383 0.010 1 0.344 0.192 0.205 -0.164 

K 0.205 0.425 0.297 0.305 1 0.463 0.331 0.185 

Sr -0.012 0.267 0.057 0.043 0.399 1 0.177 0.401 

Li -0.009 0.191 0.279 0.198 0.126 -0.220 1 0.384 

Co 0.008 0.164 0.079 -0.050 0.046 0.109 -0.081 1 

     *r-values > 0.307 or < – 0.307 are significant at p < 0.001  

 

3.10.5. Calcium. Calcium (Ca) is an essential element required for critical biological functions including muscle contraction, nerve 
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conduction, coagulation and bone development [67]. It also takes 

part in cell signaling, regulating cell proliferation, differentiation 

and apoptosis [68, 69]. High Ca has been linked to cancer and 

reported due to the production of circulating hormone like factors 

by a tumour or from the elaboration of osteolytic factors by these 

tumours [37]. In experimental studies, increasing the level of Ca 

decreases cell proliferation and induces differentiation of 

mammary cells [67]. Malignancy is the most common cause of 

high Ca seen in patients particularly common in advanced stage 

cancer [70, 71]. These elevated Ca levels patients with tumour 

tend to have limited survival for several months. An elevated Ca 

level is most common in lung cancer, breast cancer, multiple 

myeloma and lymphoma patients [69]. The concentration of Ca 

was found highest in the saliva of the oral cancer patients as 

compared to controls [46]. Another study found that Ca value was 

elevated in the tissue of oral cancer patients as compared to 

controls [37]. Previous clinical data advocated high Ca developed 

in patients with head and neck cancer, but only a few clinical 

studies have investigated the incidence of this morbidity in large 

numbers of patients [72]. 

 There are some limitations to the present study. The levels 

of elements and electrolytes in patients were evaluated after the 

diagnosis of oral cancer, but before the start of any treatment or 

therapy. Injuries and infections were reported to alter 

concentrations of a variety of micronutrients [73]. The size of the 

study population is relatively small. The study samples were 

selected randomly and cannot be generalized to the whole 

population. The potential strong points of the study are that 

selected elements and electrolytes levels were observed in relation 

to various clinical types and stages of oral cancer patients. 

Besides, atomic absorption spectrometry was used to analyze the 

elements which are more accurate in elemental analysis than 

traditional calorimetric method [2]. In addition to controlling 

tobacco smoking and betel quid chewing, approaches to control 

the disease in Pakistan involve improving the population’s living 

standards and access to health facilities, improving the quality of 

incidence and mortality data, and studies to investigate other 

potential etiological causes of oral cancer, such as viruses and 

occupational exposures, which would help in early detection, 

management and monitoring the efficacy of treatment. Moreover, 

the survey should be conducted to determine an actual number of 

people suffering from oral cancer in Pakistan and to provide basic 

information for the policymakers to devise health care policies 

accordingly. Nevertheless, the abnormal levels of elements and 

electrolytes can be changed with precautionary measures including 

dietary supplements, change in agricultural approaches, and 

detoxification for those already burdened, which may help reduce 

oral cancer risk for a certain population. Future studies can be 

performed on a large number of well-randomized samples to 

confirm the correlation between expression of 

elements/electrolytes and oral cancer.  

4. CONCLUSIONS 

 The current study is based on the measurement of elements 

and electrolytes (Ca, Mg, Sr, K, Na, Li and Co) in the scalp hair, 

nails and blood of oral cancer patients in comparison with healthy 

donors. Mean concentrations of Na, Sr, Li and Co were found to 

be significantly higher in the scalp hair and nails of oral cancer 

patients, while average levels of Mg, Na and Sr were significantly 

elevated in the blood of oral cancer patients compared with the 

controls. The correlation study exhibited considerable associations 

between the elements and electrolytes in the case of the patients. 

Most of the elements and electrolytes showed noticeable 

disparities in their concentrations based on gender, dietary habits 

and smoking habits of the subjects. In the case of adenocarcinoma 

patients, Li level was highest in the scalp hair while Sr was 

elevated in the nails. Na and K manifested maximum levels in the 

scalp hair & Co and Na were highest in the nails of squamous cell 

carcinoma patients. Likewise, stage-based comparison showed 

significant disparities in the scalp hair/nails/blood of the oral 

cancer patients. Hence, the disruption in the balance of elements 

and electrolytes in the scalp hair, nails and blood may possibly 

indicate the potential diagnostic marker to predict oral cancer 

progression and its aetiology in patients. 
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