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Abstract

Chronic Kidney Disease (CKD) is a significant global health issue, affecting
millions worldwide. The prevalence of impaired kidney function was
estimated to range between 10% and 20% of the adult population in most
countries. Chronic Kidney Disease (CKD) represents a progressing and life-
threatening pathology which produces a series of changes in the bio-humoral
parameters. Some of these changes that develop in CKD includes modify
levels of minerals and trace elements such as copper and nickel. This study
is aimed at estimating and evaluating the concentration of copper (Cu) and
nickel (Ni) in patients with chronic kidney disease attending University of
Maiduguri Teaching Hospital (UMTH), Maiduguri, Borno State. A total of
150 subjects were recruited for the study whereby 100 of the subjects were
male and female patients attending University of Maiduguri teaching
Hospital (UMTH) presenting with the signs and symptoms of kidney disease
while the 50 were apparently healthy subjects used as control. At the kidney
center and Neurology department, arrangement was made with the Physician
whereby subjects who satisfy the study selection criteria were recruited.
Informed consent for inclusion into the study was obtained from the
subjects. The weight of the subjects were measured with a calibrated
weighing balance with minimum clothing. The subjects were asked to stand
upright on the scale facing forward. The weights were then determined by
reading the scale and measured in kilogram (kg). The subjects were asked to
stand up straight without any shoes or head covering beside the pole on
horizontal surface. The heights were measured and recorded in meter (M).
BMI was calculated from the formula; =weight in kg /height in m2. The
systolic and diastolic blood pressures of the subjects were measured using a
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sphygmomanometer and stethoscope. Blood specimens (5ml each)
were collected from ante-cubital vein using sterile disposable 5ml
syringe and needle. The desired area for the sampling was selected
and disinfected using methylated spirit and was allowed to dry. The
blood was then collected by venipuncture and transferred to a plain
container and allowed to clot at room temperature. It was
centrifuged at 4,000 revolutions per minute (rpm) for 5 minutes and
the sera were separated from the cells and transferred to a fresh
sample container and stored frozen for batch analysis. The result
revealed that there is significant difference (p< 0.05) in the means
of serum copper (0.03 = 0.02 mg/L vs. 0.05 £ 0.02 mg/L) and
serum nickel (0.01 = 0.01 mg/L vs. 0.04 = 0.01 mg/L) of chronic
kidney disease patients and controls. The result also shows that
there is a partial positive and non-significant correlation (r =0.141;
p = 0.163) between Body Mass Index (BMI) and Serum Copper.
Likewise, there is a partial positive and non-significant (r = 0.031;
p = 0.756) correlation between Body Mass Index (BMI) and Serum
Nickel. It also showed a partial negative significant correlation (r=-
0.999; P=0.000,) between levels of copper and serum urea. There
was also a weak negative significant correlation (r=-0.166;
P=0.000) between levels of copper and serum creatinine. It also
showed a weak positive significant correlation (r=0.086; P=0.000,
r=0.089; P=0.000) between levels of nickel and serum urea and
creatinine respectively. The study suggest that serum levels of
copper and nickel were affected by the chronic kidney disease,
serum levels of copper and nickel were low in patients with chronic
kidney disease.

Keywords: chronic kidney disease (CKD); copper; nickel; kidney
and patients

Introduction

Chronic kidney disease (CKD) is a global public health crisis that
tends to take dimensions of epidemic and has severe impact on
quality of patient’s life (Gerogianni and Babatsikou, 2014). It has
a greater burden and prohibitive cost of care particularly in
Maiduguri. It is a progressive, irreversible deterioration in renal
function in which the body’s ability to sustain metabolic and fluid
and electrolyte balance fails, resulting in uremia or azotemia
(retention of urea and other nitrogenous wastes in the blood)
(Leung, 2003; Ayo et al., 2023b). World Health Organization
(WHO) statistics reveal that the death rate from intrinsic kidney
and urinary tract disease was one million in the year 2002, ranking
twelfth on the list of major causes of death (WHO, 2003). The
prevalence of chronic kidney disease (CKD) in the community was
grossly underestimated in the past. The prevalence of impaired
kidney function was estimated to range between 10% and 20% of
the adult population in most countries worldwide (WHO, 2003,
Beaglehole and Yach, 2003). However, according to World Kidney
Day, an estimated 10% of the population worldwide having CKD
in 2015.

The kidney, a filtration apparatus for blood, is responsible for the
removal of toxins, regulation of fluid, molecules and by-products
of metabolic processes (Hall and Hall, 2011; Arowora et al., 2024;
Asuelimen et al., 2024). Chronic Kidney Disease (CKD) is defined
in (2012) by Kidney Disease Improving Global outcomes
(KDIGO) as a gradual loss of kidney function or structural
abnormality present for three months or longer, with an estimated
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glomerular rate (eGFR) <60 ml/min/1.73m? and/or the presence of
albuminuria (>30 mg), and that exerts influence or is influenced by
trace elements circulating in the human body (Ojochenemi et al.,
2019; Joseph and Abah, 2023).

Copper is an integral part of numerous enzymes systems; these
copper-containing enzymes are fundamental to cellular respiration,
free radical defense, neurotransmitter function, connective tissue
synthesis, and iron metabolism (Fraga, 2005; Chellan and Sadler,
2015; Ayo et al., 2023); Oladosu et al., 2024). Changes in the
serum concentration of copper in patients with renal insufficiency
depend on many factors. However, the degree of renal
insufficiency is an important determinant of its serum copper
concentrations (Bogden and Klevay, 2000; Ife et al., 2024)).
Nickel is a nutritionally essential trace metal for several animal
species, micro-organisms and plants and therefore either
deficiency or toxicity symptoms can occur when too little or too
much nickel is consumed (Cempel and Nikel, 2006). Nickel is
important in the biological system, such as in enzyme activity and
hormonal control, and also in RNA/DNA structure or function (Lu
et al., 2005) Some studies have shown that the kidney serves as a
major organ of nickel excretion and is a target organ for nickel
toxicity due to nickel accumulation (Denkhausa, 2002 and Tyagi et
al., 2013; Ayo et al., 2023a)).

This study is aimed at estimating and evaluating the concentration
of copper (Cu) and nickel (Ni) in patients with chronic kidney
disease attending University of Maiduguri Teaching Hospital
(UMTH), Maiduguri, Borno State.

Materials and Method

Study Area

The study was conducted in the University of Maiduguri Teaching
Hospital. University of Maiduguri was established in 1975 by the
Federal Government of Nigeria as part of the Country’s third
development plan (1975-1980). It is situated in the outskirt of
Maiduguri along Bama Road (www.unimaid.org) while The
University of Maiduguri Teaching Hospital (UMTH) is situated in
Maiduguri town along Bama Road, Nigeria.

Study Subijects

A total of 150 subjects were recruited for the study whereby 100 of
the subjects were male and female patients attending University of
Maiduguri teaching Hospital (UMTH) presenting with the signs
and symptoms of kidney disease while the 50 were apparently
healthy subjects used as control.

Inclusion Criteria

The study only included both male and female patients who
consented and attending UMTH with chronic kidney disease
irrespective of age and also apparently healthy individual who have
not been diagnosed with kidney disease was included as control.
Informed consent for inclusion into the study was sought from the
selected students using a standard protocol (Appendices | and I1).

Exclusion Criteria

Patients without kidney disease signs and symptoms irrespective of
age and patients with known history of kidney disease were
excluded from the study. Subject who declined consent on
medication and other illness were excluded from the study.

Ethical Consideration

Copy right © Moses Abah Adondua

2|Page


http://aditum.org/
http://aditum.org/
http://www.unimaid.org/

Journal of Urology and Nephrology Research 8

Ethical approval was obtained from Ethical Committee of UMTH,
Maiduguri in accordance with Helsinki Declaration. This is a code
of ethics on human experimentation drafted by the World Medical
Association in 1964.
Sample Size Determination
The desired sample size was determined using Fisher, 1998
formula (Fisher, 1998).
Sample size (n) is given by the formula;

n=(zz—a)* () (1-p)

d2

Where n = minimum sample size, (z; — a)?> = value of standard
normal deviation which at 95% confidence level has been found to
be 1.96,p = the best estimate of the population prevalence obtained
from the literature review, d = difference between the true
population rate and sample that can be tolerated, that is absolute
precision required (in percentage point) on either site of the
population.

Data: Z21=1.96
P=7.0%
d=5.0%
The current prevalence of the Kidney disease in Maiduguri is 7%
(Odubanjo et al., 2011).
Therefore,
n = (1.96)? (0.05) (1 — 0.05)
(0.05)?

_3.8416x0.07x0.93
0.0025

_ 0.25008816
0.0025

n= 100

The calculated sample size is 100.

Sampling Techniques

At the kidney center and Neurology department, arrangement was
made with the Physician whereby subjects who satisfy the study
selection criteria were recruited. Informed consent for inclusion
into the study was obtained from the subjects. The nature of the
study was explained to the subject using an appropriate language.
A full medical history was obtained from the subjects followed by
anthropometric and blood pressure measurements and collection of
blood specimen. The findings were documented.

Anthropometric Measurements

The parameters measured include Height, Weight and Body Mass
Index (MBI)

Weight

The weight of the subjects was measured with a calibrated
weighing balance with minimum clothing. The subjects were asked
to stand upright on the scale facing forward. The weights were then
determined by reading the scale and measured in kilogram (kg).

Height
The subjects were asked to stand up straight without any shoes or
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head covering beside the pole on horizontal surface. The heights
were measured and recorded in meter (M).

Body Mass Index (BMI)
BMI was calculated from the formula; =weight in kg /height in m2,

Measurements of Blood Pressure
The systolic and diastolic blood pressures of the subjects were
measured using a sphygmomanometer and stethoscope.

Blood Specimen Collection and Processing

Blood specimens (5ml each) were collected from ante-cubital vein
using sterile disposable 5ml syringe and needle. A tourniquet was
applied to the upper arm (about 2-3cm above the ante-cubital
region). The desired area for the sampling was selected and
disinfected using methylated spirit and was allowed to dry. The
blood was then collected by venipuncture and transferred to a plain
container and allowed to clot at room temperature. It was
centrifuged at 4,000 revolutions per minute (rpm) for 5 minutes and
the sera were separated from the cells and transferred to a fresh
sample container and stored frozen for batch analysis.

Estimation of Serum Urea
Serum urea was estimated using diacetylmonoxime (DAM)
chemical method (Ormsby, 1942).

Estimation of Serum Creatinine

Serum creatinine concentrations were estimated using Jaffe’s
method, (1886)

Estimation of Serum Bicarbonate
Serum bicarbonate was measured using acid-based titration
method (Van Slyke et al., 1919)

Estimation of Serum Chloride
Serum chloride was measured using Schales and Schalles method
(Schales and Schalles, 1941)

Estimation Of Serum Sodium and Potassium
Serum sodium and potassium was measured using flame emission
photometric method (Hald, 1947)

Estimation of Serum Copper and Nickel
Serum copper and nickel were measured using atomic absorption
spectrophotometric method (Walsh, 1955)

Statical Analysis

The data obtained were analysed using statistical package of social
science (SPSS) version 16. The results of serum urea, creatinine,
sodium, potassium, bicarbonate, chloride, copper and nickel
obtained from kidney disease patients and controls were compared
using one way analysis of variance (ANOVA). Where there was
significant difference, a post-hoc analysis was carried out using
student t-test statistical method. Correlations of BMI with
mentioned biochemical parameter were carried out using Pearson
linear correlation analysis. A p-value of less than 0.05 (p < 0.05)
was considered as significant.

Results

Demographic Data of CKD Patients and Control Subjects
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Table 1 shows the demographic distribution of both chronic kidney kidney disease patients and control subjects. The result shows a
disease patients and controls. The result revealed that there is a significant difference in the BMI of the Chronic Kidney Disease
significant difference (p< 0.05) in the means of ages of chronic (CKD) patients and the controls.

Table 1. Demographic data of CKD patients and control subjects

Variables CKD Patients Controls p-value Remarks
Age (years) 48.78 £ 13.320 41.66 £5.22 0.000 S
BMI (kg/m?) 26.70 + 4.41 21.83+1.92 0.000 S
Gender Males 54 41 - -
Females 46 9 - -

Values are presented as mean + standard deviation
Key:
S=there is a statistically significant difference between the means
NS= No statistically significant difference between the means

Comparison of Mean of Cu and Ni levels of CKD Patients and Controls

Table 2 shows the comparison of mean of copper and nickel levels of chronic kidney disease patients and controls. The table revealed
that there is significant difference (p< 0.05) in the means of serum copper (0.03 + 0.02 mg/L vs. 0.05 = 0.02 mg/L) and serum nickel
(0.01 £ 0.01 mg/L vs. 0.04 + 0.01 mg/L) of chronic kidney disease patients and controls.

Table 2. Comparison of Mean of Cu and Ni levels of CKD Patients and Controls

Variables KD patients (n=10( Controls (n=50)  t-value p-value Remarks
Serum Copper (mg/L) 0.03 £0.02 0.05 £ 0.02 -135 0.000 S
Serum Nickel (mg/L) 0.01+0.01 0.04+0.01 -43.5 0.000 S

Values are expressed as mean + standard deviation

Key:

S=there is a statistically significant difference between the means
NS= No statistically significant difference between the means

Correlation Between the BMI with Cu and Ni levels of CKD Patients and Controls

Table 3 shows Pearson’s correlation of Body Mass Index (BMI) with Serum Copper and Serum Nickel. There is a partial positive and
non-significant correlation (r = 0.141; p = 0.163) between Body Mass Index (BMI) and Serum Copper. Likewise, there is a partial
positive and non-significant (r = 0.031; p = 0.756) correlation between Body Mass Index (BMI) and Serum Nickel.

Table 3. Correlation between the BMI with Cu and Ni levels of CKD Patients and controls

Variable ‘son’s Correlation Coefficient p-value Remarks
CKD patients  control CKD patients Control CKD patients control
BMI and Cu (mg/L) 0.141 0.105 0.163 0.468 A partial positive A partial positive

correlation but NS correlation but NS

BMI and Ni (mg/L) 0.031 0.171 0.756 0.236 A partial positive A partial positive
correlation but NS correlation but NS

Copy right © Moses Abah Adondua alPage


http://aditum.org/
http://aditum.org/

Journal of Urology and Nephrology Research a Aditum Publishing -www.aditum.org

Key:

S= there is a statistically significant correlation between the two variables

NS= No statistically significant correlation between the two variables

Correlation Between Copper and Biochemical Parameters in Chronic Kidney Disease Patients

Table 4 shows the correlation between the levels of copper with the biochemical parameters of CKD patients. It showed a partial negative
significant correlation (r=-0.999; P=0.000,) between levels of copper and serum urea. There was also a weak negative significant
correlation (r=-0.166; P=0.000) between levels of copper and serum creatinine.

Table 4. Correlation between Copper and biochemical parameters in Chronic Kidney Disease Patients

Parameters >earson’s Correlation Coefficients (r  P-value Remarks
Urea(mmol/L) -0.999 0.000 S
Creatinine(umol/L) -0.166 0.000 S

Key:
S= there is a statistically significant correlation between the two parameters
NS= No statistically significant correlation between the two parameters

Correlation between Nickel and Biochemical Parameters in Chronic Kidney Disease Patients

Table 5 shows the correlation between the levels of Nickel with the biochemical parameters of CKD patients. It showed a weak positive
significant correlation (r=0.086; P=0.000, r=0.089; P=0.000) between levels of nickel and serum urea and creatinine respectively.
Table 5. Correlation between Nickel and Biochemical Parameters in Chronic Kidney Disease Patients

Parameters Pearson’s Correlation Coefficients (r) P-value Remarks
Urea(mmol/l) 0.086 0.000 S
Creatinine(umol/l) 0.089 0.000 S

Key:
S= there is a statistically significant correlation between the two parameters
NS= No statistically significant correlation between the two parameters
Correlation Scattered Plot Between Serum Urea and Copper in CKD patients
Figure 1 shows the correlation between serum urea and Copper in CKD patients. The result obtain showed a partial negative significant
correlation between levels of copper and serum urea.
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Figure 1: Correlation scattered plot between serum urea and Copper in CKD patients

Correlation Scattered Plot Between Serum Creatinine and Copper in CKD Patients
Figure 2 shows the correlations between Serum Creatinine and Copper in CKD patients. The plot shows a weak negative significant
correlation between levels of copper (Cu) and serum creatinine
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Figure 2: Correlation scattered plot between serum creatinine and copper in CKD patients

Correlation Scattered Plot Between Serum Urea and Nickel in CKD Patients
Figure 3 shows the correlation between Serum Urea and Nickel in CKD patients. It showed a weak positive significant correlation
between levels of nickel and serum urea respectively.
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Figure 3: Correlation scattered plot between serum urea and Nickel in CKD patients

Correlation Scattered Plot Between Serum Creatinine and Nickel in CKD patients
Figure 4 shows the correlation between Serum Creatinine and Nickel in CKD patients. It showed a weak positive significant correlation
between levels of nickel and serum Creatinine respectively.
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Figure 4: Correlation scattered plot between serum Creatinine and Nickel in CKD patients

Discussion

Chronic Kidney Disease (CKD) represents a progressing and life-
threatening pathology which produces a series of changes in the
bio-humoral parameters. Some of these changes that develop in
CKD includes modify levels of minerals and trace elements such
as copper and nickel. In a normal levels, these trace elements play
an essential role in healthy organisms, however, in CKD because
of reduced glomerular filtration rate, structural abnormalities,
disturbance in acid-base status, modified levels of these trace
elements might produce alteration in metabolism, enzymes activity
and also membrane potential imbalance, which may induce cardiac
arrhythmia and sudden death (Faur et al., 2020).

In this study, the mean of the serum levels of copper (0.03 + 0.02
mg/L vs. 0.05 + 0.02 mg/L) were low in CKD patients than in
control subjects (table 2) and it is statistically significant (p-value
< 0.05) which agree with the findings of Kaminska-Galwa et al.,
(1993) and Anees et al., (2011) who reported that serum copper
levels were significantly deficient in CKD patients however it is
inconsistent with the study of Shih et al., (2013) who reported
significantly high levels of serum copper, however, Ongajooth et
al., (1996) reported no significant effect on serum copper levels in
their studies. This result showed inconsistency with the findings of
Atlihan et al., (1991) and Lin et al., (1996) who reported in their
findings higher levels of serum copper in hemodialysis patients in
comparison with control subjects. In another study by Hsieh et al.,
(2006), they reported that there were no difference in copper levels
between CKD patients undergoing dialysis and control subjects.
The present study (table 2) showed low mean serum levels of
nickel (0.01 £ 0.01 vs. 0.04 + 0.01) in CKD patients in comparison
with control subjects and it is statistically significant (p-value <
0.05) which disagrees with findings of Hsieh et al., (2006) who
reported that CKD patients undergoing hemodialysis had
significantly higher levels of nickel in comparison with control
subjects. According to Klatka et al., (2015) high level of nickel is
found in patients with end stage renal disease (ESRD) leaving in
region with high nickel exposure such as welding areas.

Chronic kidney disease patients are at theoretically risk for both
accumulation and deficiency of copper and nickel depending on
dietary intake, removal by dialysis, the composition of some water

used for hemodialysis and residual kidney function (D’haese and
De Broe, 1996). According to Prasad, (2013) serum copper level
reduced in end stage renal disease (ESRD) due to protein and
albumin excretion in urine.

However, table 3 of this study showed a partial positive correlation
between BMI and copper levels of CKD patients and control
subjects but is statistically insignificant. This showed that there is
a partial positive relationship between BMI and levels of serum
copper, as BMI increases serum copper level also increases in same
direction with BMI. According to World Health Organization
(WHO) a BMI between 18.5 and 25 kg/m? is considered to be
normal weight, a BMI between 25 and 30 kg/m? as overweight, and
a BMI of >30 kg/m? as obese. Kramer et al., (2005) reported that
overweight (BMI 25-29.9 kg/m?) and obesity (BMI >30 kg/m?)
were associated with CKD, defined as the presence of +1 or greater
proteinuria and/or eGFR <60 mL/min/1.73 m?. Numerous large
population-based studies have shown that, higher level of BMI is
associated with the presence and development of low estimated
GFR with more rapid loss of estimated GFR over time, and with
the incidence of end stage renal disease (Gelber et al., 2005,
Ejerblad et al., 2006 and sVivante et al., 2012). In addition, there
are various studies that linked elevation of serum copper and obese
(Kahn and Flier, 2000, Omar et al., 2001, Lima et al., 2006 and Fan
etal., 2017).

The present study (table 3) showed a partial positive correlation
between BMI and levels of serum nickel of CKD patients and
control subjects. The relationship between serum nickel and BMI
is statistically insignificant.

This study found a significant partial negative correlation between
levels of copper and serum urea in CKD patients with a weak
negative significant correlation between copper levels and serum
creatinine (table 4). This is in disagreement with the findings of
Balla and Ismail, (2016) who reported that no correlation between
serum copper levels and serum urea and creatinine in hemodialysis
patients.

The present study found a significant weak positive correlation
between levels of nickel and serum urea and creatinine respectively
(table 5). Although this study of correlation between nickel levels
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and serum urea and creatinine is probably the first study, therefore
could not relate with any study, more research is needed to
ascertain this claim in this study.

Conclusion

In conclusion, serum levels of copper and nickel were affected by
the chronic kidney disease, serum levels of copper and nickel are
low in patients with chronic kidney disease. The decreased in both
levels of serum copper and nickel in patients with CKD are
statistically significant. There is partial positive correlation
between the BMI with serum levels of copper and nickel of CKD
patients and controls, therefore, modifying lifestyle and diet is
paramount in monitoring CKD. Also, the meals for CKD patients
should be fortified with basic trace elements to avoid deficiency or
insufficiency.

Acknowledgments

We want to thank all the researchers who contributed to the success
of this research work.

Conflict of Interest

The authors declared that there are no conflicts of interest.
Funding

No funding was received for this research work.

References

1. Anees, M., Mumtaz, A., Frooqi, S., Ibrahim, M., & Hameed,
F. (2011). Serum trace elements (Aluminium, Copper, Zinc)
in hemodialysis patients. Biomedica, 27(2), 106-10.

2. Balla, S. E., & Ismail, A. M. (2016). Impact of hemodialysis
on serum zinc and copper level in CKD patients. J Appl Pharm
Sci [Internet], 6(4), 165-18.

3. Beaglehole, R., & Yach, D. (2003). Globalisation and the
prevention and control of non-communicable disease: the
neglected chronic diseases of adults. THE LANCET, 362,
903-908

4. Bogden, J. D.,, & Klevay, L. M. (Eds.). (2000). Clinical
nutrition of the essential trace elements and minerals: the guide
for health professionals. Springer Science & Business Media.

5. Cempel, M., & Nikel, G. J. P.J. S. (2006). Nickel: a review of
its sources and environmental toxicology. Polish Journal of
Environmental Studies, 15(3).

6. Chellan, P., & Sadler, P. J. (2015). The elements of life and
medicines. Philosophical Transactions of the Royal Society A:
Mathematical, Physical and Engineering Sciences, 373(2037),
20140182.

7. Denkhaus, E., & Salnikow, K. (2002). Nickel essentiality,
toxicity, and carcinogenicity. Critical reviews in
oncology/hematology, 42(1), 35-56.

8. D'haese, P. C., & De Broge, M. E. (1996). Adequacy of dialysis:
trace elements in dialysis fluids. Nephrology Dialysis
Transplantation, 11(supp2), 92-97.

9. Ejerblad, E., Fored, C. M., Lindblad, P., Fryzek, J.,

McLaughlin, J. K., & Nyrén, O. (2006). Obesity and risk for

chronic renal failure. Journal of the American society of

nephrology, 17(6), 1695-1702.

Fan, Y., Zhang, C., & Bu, J. (2017). Relationship between

selected serum metallic elements and obesity in children and

adolescent in the US. Nutrients, 9(2), 104.

11. Faur, D. M., Moldovan, M., Prodan, D., Aldea, C., Deleanu,

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

Aditum Publishing —-www.aditum.org

D., Bulata, B., ... & Borzan, C. (2020). Correlation Of Trace
Elements Level In The Urine Of Healthy Children And
Chronic Kidney Disease Pediatric Patients. Journal of
Environmental Protection and Ecology, 21(2), 710-718.
Fisher, L. D. (1998). Self-designing clinical trials. Statistics in
medicine, 17(14), 1551-1562.

Fraga, C. G. (2005). Relevance, essentiality and toxicity of
trace elements in human health. Molecular aspects of
medicine, 26(4-5), 235-244.

Gelber, R. P., Kurth, T., Kausz, A. T., Manson, J. E., Buring,
J. E., Levey, A. S., & Gaziano, J. M. (2005). Association
between body mass index and CKD in apparently healthy men.
American Journal of Kidney Diseases, 46(5), 871-880.
Gerogianni, K. and Babatsikou, P. (2014). Psychological
aspects in chronic renal failure. Health science journal, 8(2):
205-214.

Hald, P. M. (1947). The flame photometer for the
measurement of sodium and potassium in biological materials.
Journal of Biological Chemistry, 167(2), 499-510.

Hall, J., Guyton and Hall. (2011). Textbook of Medical
Physiology (12th ed). Philadelphia: PA Elsevier.

Hsieh, Y. Y., Shen, W. S., Lee, L. Y., Wu, T. L., Ning, H. C.,
& Sun, C. F. (2006). Long-term changes in trace elements in
patients undergoing chronic hemodialysis. Biological trace
element research, 109(2), 115-121.

Jaffé, M. (1886). Ueber den Niederschlag, welchen
Pikrinsdure in normalem Harn erzeugt und Uber eine neue
Reaction des Kreatinins.

Kahn, B. and B, Flier JS (2000). Obesity and insulin
resistance. J Clin Invest, 106, 473-481.

Kaminska-Galwas, B., Grzeszczak, W., Jedryczko, A., &
Pachelski, J. (1993). Level of zinc, copper, selenium and
nickel in serum of patients treated for chronic renal failure
with hemodialysis--influence of erythropoietin therapy.
Polskie Archiwum Medycyny Wewnetrznej, 89(5), 368-376.
KDIGO. (2012). Clinical Practice sGuideline for Anemia in
Chronic Kidney Disease. Kidney International Supplements,
2(4).

Klatka, M., Blazewicz, A., Partyka, M., KoHataj, W.,
Zienkiewicz, E., & Kocjan, R. (2015). Concentration of
selected metals in whole blood, plasma, and urine in short
stature and healthy children. Biological trace element research,
166(2), 142-148.

Kramer, H., Luke, A., Bidani, A., Cao, G., Cooper, R., &
McGee, D. (2005). Obesity and prevalent and incident CKD:
the Hypertension Detection and Follow-Up Program.
American Journal of Kidney Diseases, 46(4), 587-594.
Leung, D. K. (2003). Psychosocial aspects in renal patients.
Peritoneal dialysis international, 23(2_suppl), 90-94.

Lima, S. C. V. C., Arrais, R. F., Sales, C. H., Almeida, M. G,
De Sena, K. C. M., Oliveira, V. T. L., ... & Pedrosa, L. F. C.
(2006). Assessment of copper and lipid profile in obese
children and adolescents. Biological trace element research,
114(1), 19-29.

Lin, T. H., Chen, J. G, Liaw, J. M., & Juang, J. G. (1996).
Trace elements and lipid peroxidation in uremic patients on
hemodialysis. Biological trace element research, 51(3), 277-
283.

Lu, H., Shi, X., Costa, M., & Huang, C. (2005). Carcinogenic

Copy right © Moses Abah Adondua

8|Page


http://aditum.org/
http://aditum.org/

29.

30.

3L
32.
33.

34.
35.
36.
37.

38.

39.

Copy right © Moses Abah Adondua

Journal of Urology and Nephrology Research 8

effect of nickel compounds. Molecular and cellular
biochemistry, 279(1), 45-67.

Omar, S., Abdennebi, M., Ghanem, A., Azzabi, S., Hedhili,
A., Zouari, B., ... & Guemira, F. (2001). Serum copper levels
in obesity: a study of 32 cases. La Tunisie medicale, 79(6-7),
370-373.

Ongajooth, L., Ongajyooth, S., Likidlilid, A., Chantachum, Y.,
Shayakul, C., & Nilwarangkur, S. (1996). Role of lipid
peroxidation, trace elements and anti-oxidant enzymes in
chronic renal disease patients. Journal of the Medical
Association of Thailand= Chotmaihet Thangphaet, 79(12),
791-800.

Ormshy, A. A. (1942). A direct colorimetric method for the
determination of urea in blood and urine. J. biol. Chem, 146,
595.

Prasad, A. S. (2013). Discovery of human zinc deficiency: its
impact on human health and disease. Advances in nutrition,
4(2), 176-190.

Schales, O., & Schales, S. S. (1941). A simple and accurate
method for the determination of chloride in biological fluids.
J. biol. Chem, 140(5), 879-882.

Tyagi, R., Rana, P., Gupta, M., Khan, A. R., Bhatnagar, D.,
Bhalla, P. J. S., ... & Khushu, S. (2013). Differential
biochemical response of rat kidney towards low and high
doses of NiCI2 as revealed by NMR spectroscopy. Journal of
Applied Toxicology, 33(2), 134-141.

Van Slyke, D. D., Stillman, E., & Cullen, G. E. (1919). Studies
of acidosis: xiii. A method for titrating the bicarbonate content
of the plasma. Journal of Biological Chemistry, 38(1), 167-
178.

Vivante, A., Golan, E., Tzur, D., Leiba, A., Tirosh, A.,
Skorecki, K., & Calderon-Margalit, R. (2012). Body mass
index in 1.2 million adolescents and risk for end-stage renal
disease. Archives of internal medicine, 172(21), 1644-1650.
Walsh, A. (1955). The application of atomic absorption
spectra to chemical analysis. Spectrochimica Acta, 7, 108-117.
World Health Organization. (2003). The world health report
2003: shaping the future. World Health Organization.
Arowora KA, Ugwuoke KC, Abah MA, Ugwoke BC (2023)

40.

41.

42,

43.

44,

45.

46.

47.

Aditum Publishing —-www.aditum.org

Effects of green-synthesized silver nanoparticles from
Azadirachtaindica on growth performance and liver function
parameters in male albino rats. Cell Biol Dev 7: 28-34.
Asuelimen Steve Osagie, Ale Ebenezer Morayo, Umaru John
Isaac, Moses Adondua Abah, Ogbe Monday Eromosele, et al.
(2024) Effect of Aqueous Extract of Allium sativum on
Biochemical Status in Gentamicin-Induced Hepatotoxicity in
Wistar Rats. International J of Botany 20: 10-19.

Ayo VI, Abah MA, Ale EM, Oluwasegun BM,
EmohchonneJU, et al. (2023c) Ameliorative effect of
methanol leafextract of Phyllanthus niruri onanaemic male
wisterrats. Res J Med Plants 17(1): 32-41

Ayo, V. I, M. A. Abah, J. Ekele, A. L. Ajiduku, and S.
Abdullahi. "Effects of methanol leaf extract of Mucuna
pruriens on male anaemic wister rats." International Journal of
Pharmacy and Pharmaceutical Studies 7, no. 1V (2023b): 1-13.
Ayo, V.l., M.A. Adondua, A.E. Morayo, J.U. Ekele and D.
Amilo et al., 2023a. Effect of Lactuca sativasupplemented diet
on poloxamer 407 induced hyperlipidemic albino rats (Rattus
norvegicus). AsianJ. Nat. Prod. Biochem., 21: 67-78.4.

Ife AV, Abah MA, Moranyo AE, et al. Effect of cucumis
callosus fruit extract on the liver function of DMBA-induced
mammary cancer in female albino wistar rats. Int J
Complement  Alt Med. 2024;17(6):255-261. DOI:
10.15406/ijcam.2024.17.00714

Joseph 1, and Abah MA (2023) Hematological Changes in
Male Albino Rats Administered Silver Nanoparticles. Asian J
of Research in Biosci 2023(5): 13-20.

Ojochenemi EY, Okwesili FCN, Silas VT, Moses A, Sunday
G (2019) In vitro Determination of Antioxidant Activities of
the Fractions Obtained from Adansonia Digitata |. (baobab)
Stem Bark Ethanolic Extract using Different Parameters. Curr
Trends Biomedical Eng & Biosci. 17(5): 555973.

Oladosu MA, Abah MA, Salau BA, Abiodun WO, Aja-
Nwachuku AG, et al. (2024) Effect of Dietary Sucrose on
Body Weight and Antioxidant Status (Vitamin C and Uric
Acid) of Wister Strain of Albino Rats. Food Sci & Nutri Tech
9(3): 000353.

9|Page


http://aditum.org/
http://aditum.org/

