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ABSTRACT

A nuclear procedure to determinate Na and K in wh#bod and serum of human being, based on neutron
activation analysis technique, was applied aimiag@pplication for checking electrolyte disordérise Na and

K concentrations were analyzed in healthy groupctdfom Paulista Blood Bank at Sao Paulo city. $&eim
results were compared with the conventional aralgsid they are in agreement. These limits were then
obtained for whole blood. These results permittederform a discussion about the advantages arithtions

of using serum and or whole blood for biochemismglysis in clinical practice.

1. INTRODUCTION

In the human being, the metals and ions in bloax lapt inside of a narrow range of
variation independently of the alimentary state ahgbhysical activity. Particularly for Na
and K, the main extracellular and intracellularctielytes respectively, changes in these
concentrations may modify the extracellular sodatér status as well as the intracellular
potassium/water status because the extracelluldr iatracellular osmolality must be
identical. Considering the elements Na and K aterdependent, this study focus to
investigate the behavior between them in serumelsas in whole blood. As consequence
these relationships can be used to anticipate thesldpment of anomalies related to
electrolyte disorder, i.e., hyponatremia, hypemraia, hypokalemia and hyperkalemia.
These disturbances reflect a water balance abbesaind consequent variations, i.€é, increase
(hyper) or loss (hypo) in the plasmatic osmolality.

In the last years we have performed several inyaisbins in the medical area using the semi-
parametric NAA technique [1-8]. The success in ¢heedical applications has motivated us
to continue these studies for the clinical practiseng serum as well as whole blood. In this
context, we performed a study to check electralyterders.

For this investigation the neutron activation asmly using Au as flux monitor [2], was
applied to determine the concentrations of the K Bla in whole blood and serum. To
perform this investigations a certified referencatenial from the National Institute of Public
Health - Québec (ICP- 04S-06) was analyzed towéné accuracy in this analytical method.
After that, the whole blood and serum samples @fithg volunteers were analyzed. An
application involving the analyses of blood in pats undergoing long-term dialysis have
also performed.



2. EXPERIMENTAL PROCEDURE

In the present experiment, the whole blood andmsesamples were donated by 24 healthy
volunteers from Paulista Blood Bank at Sao Paulp &thical approval for the study was
obtained from the Ethics Committee of the Blankdélcauthority. For sample preparation,
about 1ml of whole blood was collected in a vacyulastic tubing attached to the donor’s
arm and, immediately after the collection, exad®ul of blood were transferred to tliker
paper, using calibrated pipette to draw up theembramount of blood. After that, the sample
was dried for few minutes using an infrared lampe biological material still in the plastic
tubing was then centrifuged a2@Qul from serum were transferred to the filter paped a
dried. After that, each pair of samples (1DOf whole blood/200Ql of serum) was irradiated,
together with a neutron flux monitor (Au foil), f@ minutes in the nuclear reactor at
IPEN/SP (IEA-R1, 2-4MW, pool type) and gamma-codntesing a Germanium
Spectrometer. The concentration for each elemenghiole blood and serum, was obtained
using in-house software [9]. The same procedure Heen done with the whole blood
samples of patients with Chronic Renal Insufficie(CRI).

3. RESULTS

The results of reference material are presentddhbie 1. For the measurement of reference
material 5 aliquots of serum (20) were analyzed and the results presented arentdan
value and the associated uncertainly corresponohéo standard deviation (1SD). Table 2
presents the concentration of K and Na for serurthef24 subjects analyzed and Table 3
presents the results for whole blood. These tablekide the arithmetic mean and the
standard deviation. In figures 1 and 2 the redolt¥K and Na determination in whole blood
samples of six patients submitted to dialyses &gl periods (more than 5 years) are
presented; the intervals of reference obtainedvfwsle blood in this study are also included
for comparison.

Table 1. Analysis of reference material using NAA

Reference K Na
Material mEq/I mEq/I
ICP04S-06
3.94+0.31 135+ 7

Human serum

Indicative Interval [10] 3.6-51 137 - 144
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Table 2. Potassium and Sodium results in serum: maavalue and standard deviation

(SD) using Au as neutron flux monitor.

Indicative

Element | Mean Value 1SD Reference
Interval

K, mEg/I 4.1 0.7 34-438

Na, mEq/| 140 8 132 - 148

Table 3. Potassium and Sodium results in whole bldomean value and standard
deviation (SD) using Au as neutron flux monitor.

Indicative
Element | Mean Value| 1 SD Reference
Interval
K, mEq/| 42 5 37 - 47
Na, mEq/I 83 12 71 - 95
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Figure 1: Potassium-concentration in whole blood opatients submitted a dialysis. The
horizontal lines represent the indicative intervalobtained in this work.
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Figure 2: Sodium-concentration in whole blood of paents submitted a dialysis. The
horizontal lines represent the indicative intervalobtained in this work.

4. DISCUSSION

In this investigation the K and Na levels in whbleod and serum have been evaluated using
a nuclear procedure (NAA) in a group of 24 indiatkufor the proposition of an indicative
interval for reference values. The serum resultski¢3.4 — 4.8 mEqg/l) and Na (132 — 148
mEq/l) when compared with the adopted referencaevédr K (3.6 — 5.1 mEqg/l) and Na
(137-144 mEq/l) [10] are in agreement, providingpal for the diagnosis and prognostic of
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electrolytic diseases. Results related to refereradees for whole blood have also been
obtained for K (37 — 47 mEqg/l) and Na (71 — 95 miEdn application involving patients
with CRI and with electrolytic dysfunction (specdily hypernatremia) has been done (using
whole blood) and the results confirmed this diagiogsee figure 2) suggesting this nuclear
procedure using whole blood can be an alternativelinical practice.

Relating to the use of this methodology to perfaimical investigations some advantages
can be pointed, such as, simultaneous determinasmg small quantities, the possibility to
storage the samples for a long period (directlstesl to durability of filter paper) without the
need of refrigeration and facilities in its handliand discarding (the samples can be treated
as regular biohazard or be stored for future re@xation). Furthermore, using whole blood
it is not necessary to perform the serum-plasmara¢ipn making this process very fast. The
limitation is the necessity to have access to deawncreactor but, considering the high
concentration of potassium and sodium in whole dlaod serum as well as the significant
thermal neutron activation cross section*fé¢ and®**Na [11], using a higher amount of these
body fluids (0.5ml for blood and 1ml for serum) fBEese clinical analyses can be done using
neutron sources also available at IPEN facilitig3] [ In addition, considering the viability of
performing these laboratory analyses using a Cotrigaatron Generator [12], nowadays in
test, in the future they could be performed outsibihe nuclear premises.

5. CONCLUSIONS

The K and Na concentrations have been measurechatevwblood and serum using NAA

aiming to diagnose electrolyte disturbance. Theltedor serum are in agreement with the
reference values adopted in the conventional aisalysaddition, an application using whole
shows the viability of using whole blood for cliaigractice.
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