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ABSTRACT
Objective: Cancer is a major health problem not only in developed countries but also in developing countries like Nigeria. This study was designed to
study the status of plasma electrolytes, urea, creatinine, and C-reative proteins (CRPs) in freshly diagnosed cancer patients.

Methods: Plasma electrolytes (sodium [Na+], potassium [K+], chlorine [Cl-], and bicarbonate [HCO3-]), urea, creatinine, and CRP were estimated in
four different types of cancer (liver, colon, cervical, and uterine) patients attending Ekiti State University Teaching Hospital Ado Ekiti Nigeria. A total
of 250 patients (between age of 45 and 70 years) consisting of 50 patients in each cancer type and 50 normal subjects as control were considered in
this study.
Results: The result obtained revealed a significant (p<0.05) increase in the plasma levels of Na+, Cl-, creatinine, and CRP in all the cancer types when
compared with the control subjects. Plasma urea level decreased significantly in patients with colon (3.16±0.70 mmol/L) and liver (3.03±1.75 mmol/L)
cancer when compared with the control subjects (4.80±1.12 mmol/L). K+ and HCO3_ level was not significantly (p>0.05) different in all cancer types
when compared with the control subjects.
Conclusion: This study revealed a possible link between plasma electrolytes, creatinine, CRP, urea, and cancer which could be useful in the assessment
and management of cancer.
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INTRODUCTION
Cancer has become a major source of morbidity and mortality globally.
In 2008, there were 12.7 million new cases and 7.6 million cancerrelated deaths [1]. Most, 56% of these newly reported cancer cases
occurred in developing countries, and it is projected that, by 2030, 70%
of all new cases of cancer will be found in developing countries [2]. The
reason behind this increase is due to population growth and increased
life expectancy [3]. Some 100,000 new cases of cancer occur every year
in Nigeria with high case fatality ratio with approximately 20% of the
population of Africa and slightly more than half the population of West
Africa, Nigeria, contributed 15% to the estimated 681,000 new cases of
cancer that occurred in Africa in 2008 [1,4].

Cancer is characterized by loss of control of cellular growth and
development leading to excessive proliferation and spread of cells
known medically as malignant neoplasm [5,6]. Determining what
causes cancer is complex. Many factors are known to increase the risk
of cancer including tobacco use, certain infections, radiation, and lack of
physical activity, obesity, and environmental pollutants [7-9].

Plasma electrolyte concentrations are among the most commonly
used laboratory tests by clinicians for assessment of a patient’s clinical
conditions and disease status [8]. In physiology, the primary ions
of the electrolytes are sodium (Na+), potassium (K+), calcium (Ca2+),
chloride (Cl-), hydrogen phosphate (HPO42-), and hydrogen carbonate
(HCO3-) [10,11]. Electrolyte disorders are commonly encountered in
the patient with cancer. In most cases, these disorders are associated
with etiologies seen in all types of patients and are not specifically
linked to the malignancy or its therapy (for example, diuretic-induced

hyponatremia or hypokalemia [10,12,13]. The careful monitoring of
the serum electrolytes plays very important role in the prognosis of
diseases. Thus, proper recognition and treatment of these disorders is
important in the overall care of the patient with cancer [6,11]. Likewise,
the assessment of kidney functions tests (urea and creatinine) plays a
key role in the diagnosis and management of cancer diseases as any
deterioration of renal function results in elevations of these parameters
in the blood. Elevated urea and creatinine levels in the blood signify
impaired kidney function or kidney disease parenthesis [14-15].

C-reative proteins (CRPs) are a protein that is found in the blood. The
level of CRP rises as a response to inflammation. Its physiological role is
to bind to phosphocholine expressed on the surface of dead or dying cells
(and some types of bacteria) to activate the complement system through
the carrier complex [16]. CRP is synthesized by the liver in response
to factors released by macrophages and fat cells (adipocyte) [17].
Many studies have shown that CRP has been implicated in the process
of carcinogenesis [18,19]. Several metabolic changes occur in cancer
development, and electrolyte imbalance is one of them. The electrolyte
imbalance in advanced cancer patients can be induced by various factors.
Furthermore, the kidney function parameters (urea and creatinine) and
CRP are also important diagnostic markers implicated in the process of
cancer development. Hence, the careful monitoring of these biochemical
parameters plays a crucial role in the prognosis of this disease. However,
there is a dearth of information on some of these biochemical parameters
in cancer diagnosis cases. Therefore, this study evaluates the plasma
levels of electrolytes, urea, creatinine, and CRP in four different freshly
diagnosed types of cancer patients, namely, liver, colon, cervical, and
uterine cancer with a view to provide useful information on the diagnosis
and proper maintenance of patients already diagnosed with the disease.
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METHODS
A total number of 250 patients were involved in this study, 50 patients
each for cervical, liver, uterine, and colon cancer, respectively, and
50 patients without cancer as control subjects. 5 ml of venous blood
were collected from each cancer patients and normal subjects. The
collected blood samples were dispensed into lithium heparin bottles
and were centrifuged at 10,000 rpm (10,000 rpm) for 10 min and
separated to obtain plasma. The separated plasma was stored at
−10°C for further analysis. Urea levels in plasma were estimated
using the method described by Weatherburn [20]. Creatinine levels
were determined using the method of Bartels et al. [21]. Plasma levels
of electrolytes, namely, Na+, K+, and Cl- were carried out by flame
photometry technique, using Gallenkamp flame photometer [22],
while bicarbonate (HCO3-) was analyzed using titrimetric method [23].
Plasma CRP was assayed using ELISA method as described by Deraz
et al. [24]. All patients gave their informed consent, and this study was
approved by the Institutional Review Board of the Hospitals.
Data analysis
Data gotten from the present study were presented as a mean
value±standard deviation. The results were analyzed using the
Statistical Package for Social Science (SPSS) version 16.0 (SPSS, Chicago,
USA). A p<0.05 was considered statistically significant.
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to those reported by Falconer et al. [27]. A significant (p<0.05) increase
was also observed in the plasma level of creatinine (Fig. 2) in all the
cancer types when compared with the normal subjects. In contrast,
the urea level was significantly low in most of the cancer patients,
especially colon and liver cancer. Plasma creatinine and urea are the
major parameters to access renal function and excretion of these
components is the function of lean body mass in normal person. Plasma
concentration of creatinine and urea could be used as an indicator of
nephrotoxicity [28]. High creatinine level was also observed in cervical
cancer by Koji et al. [29] who concluded that elevation of plasma
creatinine level was the most significant risk factor for cervical cancer.
Furthermore, low urea level was observed in colon cancer patients in a
study by Christy [30]. However, the frequency of cancer, and especially
of colon cancer, may increase greatly if urea levels are low. A favorable
nitrogen economy depends on the ability of an organism to regulate
the synthetic and catabolic processes involving numerous and different
proteins with the goal of maintaining a relatively constant body protein
mass. In the presence of cancer, the homeostasis of nitrogen is disturbed

RESULTS

Table 1 revealed a significant increase (p<0.05) in the mean plasma levels
of Na in liver (141.78±4.57 mmol/L), colon (144.13±4.16 mmol/L),
cervical (143.35±3.37 mmol/L), and uterine cancer (143.25±2.37)
patients when compared to the control subjects (133.50±3.02); Cl- in
liver (102.72±3.10 mmol/L), colon (101.64±2.37 mmol/L), cervical
(102.89±4.67 mmol/L), and uterine cancer (101.85±1.89 mmol/L)
when compared to the control (97.7±1.32 mmol/L) subjects. However,
there was no significant difference (p>0.05) in the mean plasma levels
of both K+ and HCO3- in all the cancer types when compared to the
control subjects.
DISCUSSION

Cancer harms the body when damaged cells divide uncontrollably to
form lumps or masses of tissue called tumors. Tumors can grow and
interfere with the digestive, nervous, and circulatory systems, and they
can release hormones that alter body function [7,11]. Table 1 shows
that plasma sodium level was found to be higher in all the cancer
patients considered. This condition also known as hypernatremia occur
whenever free water loses exceed sodium loses. This may be attributable
to excessive insensible loses with an impaired thirst mechanism [25].
The increase in plasma sodium level observed in patients with colon
cancer might be due to a decrease fluid intake [25]. Milde et al. [26] also
reported that high plasma sodium may be associated with tumors that
invade the lateral hypothalamus, the tumors which may destroy the
thirst center with the subsequent development of severe dehydration
and hypernatremia.
CRP is an important marker of inflammation which is known to be
involved in the initiation and progression of cancer. This could probably
be the reason why elevated level of CRP (Fig. 1) was observed in all the
cancer patients considered in this study. Our observations are similar

Fig. 1: Concentration of C-reactive protein in the plasma of
cancer patients and control subjects. Results were expressed as
means±standard deviation, (n=50) graphs of the same parameter
with different data labels indicate significant difference at p<0.05

Fig. 2: Concentration of creatinine and urea in the plasma of
cancer patients and control subjects. Results were expressed as
means±standard deviation, (n=50) graphs of the same parameter
with different data labels indicate significant difference at p<0.05

Table 1: Parameters of blood plasma showing the mean electrolyte levels in liver, colon, cervical, and uterine cancer patients

Data of the study

Liver cancer
patients

Colon cancer
patients

Cervical cancer
patients

Uterine cancer
patients

Normal
patients

Na+(mmol/L)
K+(mmol/L)
Cl‑(mmol/L)
HCO3‑(mmol/L)

141.78±4.57b
4.07±0.24a
102.72±3.10b
26.18±2.72a

144.13±4.16b
3.68±0.21a
101.64±2.37b
24.44±2.68a

143.35±3.37b
4.10±0.58a
102.89±4.67b
24.00±2.26a

143.25±2.37b
3.89±0.22a
101.85±1.89b
24.36±3.32a

133.50±3.02a
3.58±0.29a
97.7±1.32a
25.42±1.90a

Values are given as mean±SD, (n=50) values not showing a common superscript letter differ significantly as p<0.05, SD: Standard deviation
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and the tumor seems to inappropriately metabolize both dietary and
host proteins, resulting in the wasting of lean body mass. Tumors
may act as nitrogen and energy traps; their growth is preferential to
that of the host, this suggests that the enlarging neoplasm is retaining
neoplasm while the host tissues are losing it [31-33].
CONCLUSION

This study revealed a possible association generally between cancer
and plasma levels of electrolytes, creatinine, CRP, and urea. This
could provide a platform for further research into the diagnosis and
management of this disease that is becoming a serious threat to human
existence.
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