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1  | INTRODUC TION

Hydroelectrolytic disorders are very common in many clinical and 
surgical situations, and may be fatal if not corrected. Thus, adequate 
determinations of these disorders are extremely important such as 
those involving plasma sodium (Na+) and potassium (K+) assay.1

Sodium is a fundamental ion in organic function and represents 
most frequent ion in extracellular fluids, with a concentration rate 
between 135 and 145 mEq/L.2-5 Among disorders caused by changes 
in serum sodium concentration, hypernatremia has a low frequency 

and is well tolerated and usually requires simple therapeutic proce-
dures.6,7 However, hyponatremia, a major hydroelectrolytic disorder 
in the hospitalized individuals, is associated with a series of unfavor-
able outcomes such as intensive care unit hospitalization, prolonged 
hospitalization, both increasing treatment costs and mortality. In 
addition, inadequate management of a hyponatremic patient can in-
duce severe neurological damage and even death.4

Potassium is the second most abundant cation in organism. 
It represents main intracellular ion with 98% found inside cells 
(140- 150 mEq/L), especially in skeletal muscle8 and its plasma 
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concentration is between 3.5 and 5.5 mEq/L.8-10 Disorders in the 
potassium homeostasis are frequent, especially in hospitalized pa-
tients under different medicines treatment. As the potassium con-
centration in human serum is small a physiological tolerance to these 
changes is small too.9 Although low serum potassium is the disorder 
most commonly diagnosed by physicians, the hyperkalemia as im-
portant as it.8

As exposed, sodium and potassium are essential electrolytes for 
human homeostasis and its level changes can induce serious com-
plications to the patient. Thus, when most precise, sensitive and/
or specific is the method to ions determination, more subsidies the 
medical clinic will has for correct interventions. Among the possible 
methods for sodium and potassium determinations we have flame 
photometry, ion- selective electrode (ISE), and enzymatic colorimet-
ric method.

Flame photometry is one of the oldest direct potentiometric 
methods commonly used to measure the concentrations of sodium, 
potassium, and lithium in serum and urine samples. The flame pho-
tometry principle is based on chemical property of alkaline- earth 
metals on high temperatures absorbed energy from heat source 
being conducted to state of excitation in their atomic form. When 
they return to initial energy state the radiation is release at specific 
wavelengths being some in region of the visible spectrum. Thus, 
the emission is proportional to concentration of ions present at the 
study sample. If an appropriate photodetector is placed behind the 
filter, an electrical signal is obtained being proportional to concen-
tration of element in solution.11 The flame photometer for use in 
human samples represented a major advance in laboratory routine 
and has been presented as a convenient method. This has made pos-
sible Na+ and K+ analysis in a shorter time using small blood and urine 
samples.12

The ISE method consists in the use of specific membranes to ions 
Na+ and K+. This methodology form a potential by difference in con-
centrations each side of membrane. In this system two electrodes 
should be used where the reference electrode having constant po-
tential. The selective electrode for an ion develops a voltage that 
varies with sample concentration. Thus, from difference between 
the potentials of the reference electrode and the measuring elec-
trode, the ion concentration in solution is calculated and expressed 
by Nernst Equation.13,14

Some advantages of the ISE method can be reliability, robustness, 
selectivity,	 sensitivity	 and	 use	 of	 small	 sample	 volume.	Moreover,	
it presents fast results and does not undergo interference due to 
changes in sample, such as lipemia, hemolysis, and jaundice, as only 
ionized particles of electrolytes are measured. These characteristics 
make the ISE an important methodology that can be applied in clini-
cal and industrial trials.15,16

In most routine diagnostic laboratories, ISE is method of choice 
for Na+ and K+ assay. However, cost and complexity of integrating 
this technique into routine analyzers has taken to the development 
of more easily adaptable spectrophotometric methods.17,18

The kinetic method used to determine serum Na+ concentration 
by enzymatic reaction has as principle the activation of reaction 

between sodium- dependent β- D- galactosidase and its substrate 
O- nitrophenyl- β-	D-	galactopyranose	(ONPG)	by	converting	it	to	O-	
nitrophenyl and galactose by Na+ present in the sample. The rate 
of formation of the product at 405 nm is proportional to amount of 
sodium present in the sample (Figure 1).19-21

The enzymatic reaction for K+ assay is based on conversion of 
phosphoenolpyruvate into pyruvate by K+ dependent pyruvate ki-
nase. In presence of reduced nicotinamide adenine dinucleotide 
(NADH), the pyruvate generated is converted to lactate in a reaction 
catalyzed by lactate dehydrogenase. The K+ concentration present 
in the sample is proportional to reduction of the optical density at 
380 nm as a function of NADH oxidation to nicotinamide adenine 
oxidized dinucleotide (NAD) (Figure 2).17,21

The development of new enzymatic reagents has conferred 
stability to liquid form, allowing analysis of ions together other bio-
chemical dosages, getting practicality to analytical process.21

No research was done comparing the three different methodol-
ogies routinely employed. Thus, the present study aimed to compare 
use of flame photometry, ISE and colorimetric enzymatic in sodium 
and potassium determination in human serum.

2  | MATERIAL S AND METHODS

2.1 | Sample

The study was approved by the Research Ethics Committee 
of the Federal University of Juiz de Fora, under the number 
36301514.0000.5133.

We used 175 samples from patients attending at Laboratory 
of the University Hospital (UH) of the Federal University of Juiz 
de	 Fora,	 Minas	 Gerais,	 Brazil,	 from	 October	 to	 December	 2016.	
Patients	with	age	among	18	and	65	years	(adulthood	in	Brazil)	were	
selected for this study. There was no restriction of race or gender 
to	participate	of	the	study.	During	the	analysis,	BD	Vacutainer®	Gel	
BD	SST® II Advance tubes with capacity to 5 mL of blood were used 
to obtain blood by venipuncture according standard protocol of UH 
laboratory.

The samples were sent to laboratory and centrifuged for 10 min-
utes at 1050 g. The supernatant serum was collected from blood 
samples for electrolyte assay and biochemical analysis. The samples 
with a lipemic or hemolysate aspect were not included in the study 
because they interfere with enzymatic colorimetric and flame pho-
tometry methodologies.21 The total time to performing all the pro-
cedures was approximately 1 hour.

2.2 | Sodium and potassium analysis

The automated analysis by the ISE method is routinely performed 
on	Labmax	560	device	from	Labtest	(Labtest	Diagnostica	SA,	Minas	
Gerais,	Brazil).	The	 ISE	was	used	as	the	standard	method	of	study	
since the UH laboratory performs routinely internal quality control 
of analyzes by ControlLab® and external quality control through 
proficiency testing. ControlLab® is the company that makes the 
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proficiency	 test	 in	 partnership	 with	 Brazilian	 Society	 of	 Clinical	
Pathology/Laboratory	Medicine	(SBPC/ML)	accredited	by	National	
Institute	of	Metrology	Quality	and	Technology	(INMETRO)	and	rec-
ognized	by	the	Brazilian	Ministry	of	Health.	Na+ and K+ assay made 
by the colorimetric enzymatic method were performed using com-
mercial reagent for Labtest Labmax 560 whose determination prin-
ciple	was	previously	described.	Before	performing	these	tests	two	
internal enzyme control levels were analyzed for both Na+ and K+ 
and reagents were calibrated with their own calibrators supplied 
together kit. The flame photometry analysis was performed on FC- 
280	photometer	from	CELM	company	(São	Paulo,	Brazil),	using	the	
standard lithium reference of same company.

2.3 | Statistical analysis

To characterize the sample, descriptive statistics were used, such as 
mean and standard deviation. The paired t test was used to com-
pare Na+ and K+ rates by ISE method (reference in this study) with 
those obtained by flame photometry and by colorimetric enzymatic 
method. A 95% confidence interval and a significance level of 5% 
were adopted. Pearson’s correlation was also used to evaluate the 
existence and level of correlation between variables. Data were ana-
lyzed using SPSS 19.0 (SPSS Inc., Chicago, United States).

3  | RESULTS

Interference by endogenous and exogenous substances with assays 
for clinical analytes is a common problem in laboratory medicine. 
Seventeen serum samples were excluded due to hemolysis and 
lipemia; hemolysis has a direct effect on several tests. The cellular 
components of erythrocytes may in fact raise the analyte concen-
tration as a contaminant. Lipemia is the result of circulating chy-
lomicrons which are large lipid particles. They cause interference by 
turbidity or light scattering and volume displacement.

After Na+ and K+ assay by ISE, flame photometry and enzymatic 
colorimetric methods, we observed that results obtained from dif-
ferent methodologies showed small mean and standard deviation, 
showing little difference between the results obtained by different 
methods (Table 1).

As showed in Table 1, we observed that variability of data in re-
lation	to	mean	(coefficient	of	variation/CV),	showed	small	difference	
in Na+ rate by ISE and flame photometry (0.012) as well as ISE and 
enzymatic colorimetric (0.0178). Similarly the K+ rates by ISE and 
flame photometry (0.004) as well as ISE and enzymatic colorimetric 
(0.039) were very low.

The paired t test was performed comparing the values ob-
tained for Na+ and K+ by the ISE method (reference of our study) 

F IGURE  1 Enzymatic reaction 
has as principle the activation of 
reaction between sodium- dependent 
β- D- galactosidase and its substrate O- 
nitrophenyl- β-	D-	galactopyranose	(ONPG)	
by converting it to O- nitrophenyl (ONP) 
and galactose by Na+ present in the 
sample resulting in the formation of the 
yellow (λmax 405 nm) compound ONP

F IGURE  2 The enzymatic reaction 
for K+ assay is based on conversion of 
phosphoenolpyruvate into pyruvate 
by K+ dependent pyruvate kinase. In 
presence of reduced nicotinamide 
adenine dinucleotide (NADH), the 
pyruvate generated is converted to 
lactate in a reaction catalyzed by 
lactate dehydrogenase (LDH). The K+ 
concentration present in the sample is 
proportional to reduction of the optical 
density at 380 nm as a function of 
NADH oxidation to nicotinamide adenine 
oxidized dinucleotide (NAD+)
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with those obtained by Flame photometry and by the Enzymatic 
method. As show in Table 2, we can observe that in Na+ assay 
there was no significant difference between the means obtained 
by ISE method and flame photometry (P = .126). However, the com-
parison between the ISE and the enzymatic colorimetric showed 

a significant difference (P < .001). Similarly, K+ assay showed no 
significant difference between the ISE and flame photometry 
(P = .343). However, like to Na+ analysis the comparison between 
ISE and colorimetric enzymatic showed a significant difference for 
K+ assay (P < .001).

TABLE  1 Summary of serum Na+ and K+ assay comparisons with ISE, flame photometry and enzymatic colorimetric

Samples Mean mEq/L Standard deviation Minimum Maximum

Na+ assay

ISE 175 138.52 4.74 124.10 154.40

Flame photometry 175 138.19 4.56 128.00 152.00

Enzymatic colorimetric 175 139.29 4.90 124.63 152.32

K+ assay

ISE 175 4.16 0.76 1.85 6.55

Flame photometry 175 4.18 0.75 1.80 6.50

Enzymatic colorimetric 175 4.50 0.65 2.56 7.22

ISE, ion- selective electrode.

TABLE  2 Analysis of the average between Na+ and K+ assay

Methods Mean difference

Confidence Interval of the 95%

t test
Degrees of 
freedom P- ValueMinor Major

Na+

ISE -  Flame photometry 0.3247 −0.0923 0.7417 1.537 174 .126

ISE - Enzymatic colorimetric −0.7704 −1.1786 −0.3622 −3.725 174 <.001

K+

ISE -  Flame photometry −0.0174 −0.0536 0.0188 −0.950 174 .343

ISE- Enzymatic colorimetric −0.3409 −0.3889 −0.	2928 −13.989 174 <.001

ISE, ion- selective electrode.

F IGURE  3 Correlation analysis 
between values obtained by Na+ assay 
using ISE and flame photometry methods
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In our study, the results were also analyzed to verify the ex-
istence or not of correlation between the techniques, having as 
standard the ISE method. These findings are agreed with data of 
Figures 3-6. Figure 3 shows a positive correlation between the Na+ 
values obtained by ISE and flame photometry (r = .820), as well as 
a positive correlation between the ISE values and the colorimetric 
enzymatic method (r = .840) (Figure 4).

As shown in Figures 5 and 6 K+ assay revealed correlation be-
tween ISE and flame photometry (r = .949) and ISE and enzymatic 
colorimetric (r = .908) respectively.

4  | DISCUSSION

Seventeen serum samples were excluded due to hemolysis and/
or lipemia, once they have a direct effect on several tests. According 
Albert,22 the hemolysis increases the concentration of potassium per 
3 mmol/L for each 1 g/L of hemoglobin being that lipemia causes in-
terference by turbidity or light scattering and volume displacement. 
Although the literature date say that ISE does not undergo interfer-
ence due to changes in the sample, such as lipemia and hemolysis,15,16 
colorimetric enzyme and flame photometry methods can be impaired. 

F IGURE  4 Correlation analysis 
between values obtained by Na+ assay 
using ISE and colorimetric enzymatic 
methods

F IGURE  5 Correlation analysis 
between values obtained by K+ assay 
using ISE and flame photometry methods
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Thus, these samples could impair the correlation between them and 
ISE method.

According Leite,23 different techniques can be used to validate 
an analytical result. Therefore is relevant to analyze the same sam-
ple by another technique, in order to verify the magnitude of result. 
Serum sodium and potassium disorders are common in both inpa-
tients and out patients, especially in emergency patients, where dis-
natremias and discalemias are reported as independent predictors of 
mortality.24 In this article, the results showed in Table 1 allow us to 
infer that methods are effective for Na+ and K+ assay.

There is a close physiological variation of electrolytic values, and 
the most varied morbid conditions can lead alterations of these val-
ues, disturbing the homeostasis of the electrolytes.16 It is important 
to report that accuracy in determination of serum sodium concentra-
tion is essential for diagnosis and safe treatment of dysnatremias.25 
Assay of potassium should follow the same criteria, since its serum 
concentration range is small, as well as the organism’s tolerance to 
these modifications.10

Langhoff and Steiness,26 with support of a potentiometric an-
alyzer specific for sodium and potassium, obtained similar results 
like flame photometry and both instruments showed linearity within 
a physiological range for sodium and potassium concentrations. In 
addition, the instruments showed similar precisions, agreeing our 
study, since comparison of these methods there was no statistically 
difference between the Na+ and K+ assay.

In recent study conducted by Albert et al,22 were evaluated 630 
serum samples with aim to compare two different methods (ISE and 
flame photometer) of same laboratory for Na+ and K+ analysis. As 
shown the value of Na+ and K+ obtained by ISE and flame photom-
eter are in accordance with reference values, demonstrating 95% 
of confidence. Thus, we demonstrate that results between the two 

methods are to agree, since they do not differ enough to cause clin-
ical complications.

The results for Na+ and K+ obtained by ISE compared to colo-
rimetric enzyme were statistically significant (P < .001). These data 
were analyzed in accordance with values provided by ControlLab® 
and the manufacturer of colorimetric enzymatic reagent, since stan-
dards were properly analyzed and accepted before assay. We em-
phasize that limit values for calculation of Na+ and K+ are ± 8 mmol/L 
and ± 10% for K+, respectively, while variation of enzyme reagent is 
± 15% for both electrolytes.

Concerning to Na+ assay none of 175 samples evaluated by col-
orimetric method presented results outside of rate proposed by 
ControlLab® in comparison to results obtained by ISE though es-
tablished significant statistical difference. According K+ assay to 175 
samples we showed that 93 (53%) has a change rate of ± 10% as 
proposed by ControlLab® when compared to value obtained by ISE 
method while others 82 samples (47%) had a change rate of ± 15% as 
proposed by colorimetric enzymatic assay kit.

According Yu et al,27 enzymes play an important role in labora-
tory reactions, however, they generally suffer from lower stability 
and less tolerance of temperature, pH condition compared with 
general chemical product. This, perhaps, may explain the statistical 
difference found between the ISE and colorimetric enzyme meth-
ods. However, it is possible to observe that differences were small 
within the clinical tolerance without changes that could lead others 
interpretations.

In addition, degree of difference in samples assay would not 
change the classifications of the natremias and calemias, not being 
able to cause immediate risk to patients.

Although few studies have been comparing Na+ and K+ assay by 
ISE	and	colorimetric	enzymatic	methods,	Quiles	et	al20 developed a 

F IGURE  6 Correlation analysis 
between values obtained by K+ assay 
using ISE and colorimetric enzymatic 
methods
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study proposing an automated method based on principles of injec-
tion flow analysis for enzymatic determination of serum sodium. Like 
our study (r	=	.840,	Figure	4),	the	correlation	presented	by	Quiles20 
was excellent (r = .9716) when compared to direct potentiometric 
method, ie ISE. Thus, the proposed method proved to be a valid al-
ternative to ISE on determination of serum sodium concentration.

These analyses are supported by Fernandez- Homero.28 Their 
Analysis of 15 sample serum to K+ by ISE and enzymatic colorimet-
ric showed a positive correlation of the r = .9931. Koch, Parrish and 
Ladenson,29 using a Du Pont analyzer evaluated Na+ and K+ assay by 
direct potentiometry (ISE). They compared these results with results 
in three different equipments to ISE and flame photometer as prin-
ciple. The analysis between Du Pont aca ISE and flame photometer 
using 103 serum samples showed a solid correlation of r = .962 and 
r = .995 to Na+ and K+ respectively.

Thus, these results corroborate our study, since we showed 
a solid correlation between ISE and flame photometry for Na+ 
(r = .820) and K+ (r = .949).

Colorimetric enzymatic methodology has been undergoes con-
stant evolution. As shown in this article, statistical differences be-
tween sodium and potassium by colorimetric enzymatic technology 
were observed in relation to the ISE method (P < .001), however, with 
a strong correlation (0.840 Na+ and 0.908 K+). Advances in enzymatic 
determination are a promise for this tool. Electrocatalysis of molecules 
is a hot topic in biological and energy- related chemistry. In the work 
of Zhao et al,30 was developed a new system to study the electro-
catalytic efficiency of a single catechol molecule for NADH oxidation 
by single functionalized nanoparticle collision at ultramicroelectrodes. 
NADH molecules could be catalyzed per second by a single catechol 
molecule, suggesting the successful establishment of this novel cat-
alytic system. Studies like this show that enzymatic methodologies 
continue to evolve and could be used as a promising platform for re-
search on other molecular and diagnostic electrocatalytic systems.

The electrolyte assay is a fundamental clinical practice where 
the need for rapid results has allowed the emergence of automated 
methods such as ISE and enzymatic colorimetric.27 Was described 
that electrode selective is the reference method to analyze Na+ 
and K+. However, researches for new methods are necessary to 
continue improve laboratorial analysis and the quality of life of the 
patients. Ying et al,31 compared to traditional wire electrodes with 
wireless asymmetric nanopore electrode and this exhibited a high 
signal- to- noise ratio by increasing the current resolution from na-
noamperes to picoamperes. This author showed that asymmetric 
nanopore electrode is highly sensitive and promising for the future 
imaging of electron transfer dynamics in live cells and research in 
new techniques.

Against the above, the results have been showing that methods 
are safe and can be used in Na+ and K+ assay, since there is a solid 
correlation between obtained results. However, in order to establish 
the best methodology for Na+/K+ assay, further analysis are neces-
sary such as cost/benefit, reagents stability, frequency of apparatus 
calibrations among others since these were not aim of this study. For 
this goal, further studies are required.

Thus, we can infer that analysis by ISE, flame photometer and 
colorimetric enzymatic method can be used in Na+ and K+ assay on 
clinical practice.
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