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Background: In critically ill patients, there are reduced stores of antioxidants, which are
associated with increased organ failure and even higher mortality. Trace elements, especially
zinc and selenium, are the cornerstone of the antioxidant defense in acute systemic inflamma-
tory response syndrome. Prolactin (PRL) is the counterregulatory stress hormone that prevents
cortisol/stress-induced lymphocyte apoptosis. The aim of our study is to detect the serum levels
of zinc, selenium, and PRL hormone as important immunomodulators in critically ill children and
to investigate the relationship between these immunomodulators and the severity of illness.
Subjects and methods: This was a prospective study that included two groups; group 1: 50
critically ill children within 72 hours of intensive care unit admission, and group 2: 30 healthy
children as controls. Blood samples were collected from the two groups for zinc, selenium, and
PRL level measurement.

Results: Zinc and PRL levels were found to be decreased in critically ill children compared to
control group, and these levels were inversely correlated with organ failure index and pediatric
logistic organ dysfunction scores. Selenium levels were decreased in patients with sepsis and
in patients with multiple organ failure.

Conclusion: Serum concentrations of zinc and PRL are generally low in critically ill children,
with a greater decrease in patients with sepsis and in the presence of multiple organ failure. The
levels of zinc and PRL are inversely correlated with severity of illness. Selenium levels were
decreased in patients with sepsis and in patients with multiple organ failure.
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Introduction

Critical illness or injury occurs when an impending or existing organ failure impairs
the balance of oxygen and substrate supply and demand. Unless this state is prevented
or reversed, cells of the body will sustain injury or die.! Trace elements, especially
zinc and selenium, are the cornerstone of the antioxidant defense in systemic inflam-
matory response syndrome. It is associated with redistribution of zinc and selenium
to tissues involved in protein synthesis and immune cell proliferation, and this leads
to decrease in their serum levels.

Zinc is an essential trace element that plays an important role in many biological
functions; these include mucosal barrier function, innate and adaptive immunity, oxida-
tive stress responses, and wound healing. Zinc deficiency causes loss of T- and B-cell
maturation and also results in altered secretion of a number of cytokines.?

Selenium is an essential trace element involved in many immunological, endo-
crine, and antioxidant pathways. Selenium is important for maintenance of cellular
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membrane integrity. In addition, it aids in thyroid hormone
production.?

Prolactin (PRL) is a protein hormone as well as a cytokine
that is synthesized and secreted from specialized cells of
the anterior pituitary gland, named lactotrophs. It is also
synthesized in many extrapituitary tissues such as cells of
the immune system (macrophages, natural killer cells, and
T- and B-lymphocytes). PRL acts by stimulating the secretion
of other cytokines and the expression of cytokine receptors,
which indicates that PRL may influence the immune sys-
tem.* Stress-induced lymphocyte apoptosis is thought to be
mediated, in part, through the adrenocorticotropic hormone—
cortisol axis. PRL is a counterregulatory stress hormone,
which prevents cortisol/stress-induced lymphocyte apoptosis
through increased Bcl-2 production.’

In our study, we aimed at detecting serum levels of zinc,
selenium, and PRL in patients in the pediatric intensive care
unit (PICU) and at investigating the relationship between
these immunomodulators and the severity of illness.

Subjects and methods

This study was carried out on 50 critically ill children
(23 males and 27 females), aged 1—18 years, within 72 hours
of PICU admission in Benha University Hospital (30
asymptomatic children were taken as controls [15 males
and 15 females]). The study was approved by the Ethics
Committee of Benha University of Medicine after obtaining
consent from the parents of the enrolled children. Patients
using immunomodulators, those with traumatic injuries, and
readmitted cases were excluded.

The cases were subjected to complete history taking,
including history of chronic illness and chronic medication
use, primary admission diagnosis, and current medications.
Vital signs and body weight were checked. General examina-
tion including activity and conscious level of patients, signs
of distress or dehydration, as well as systemic examination
were also carried out. Presence of infection or sepsis was
checked according to the Center for Disease Control and
Prevention criteria.® Severity of illness was detected using
organ failure index (OFI) and pediatric logistic organ dys-
function (PELOD) scores.”

Approximately 1-7 mL of blood was collected via
venipuncture in metal-free tubes and allowed to clot for 30
minutes at room temperature, and then centrifuged at 3,000
rpm for 30 minutes. Serum was checked for hemolysis by
visual inspection and separated into three aliquots for zinc,
selenium, and PRL assessment. It was stored frozen until
analysis.

Zinc determination

Zinc level was determined using colorimetric assay based on
the chelation of zinc present in the sample by adding zincon
(2-caboxy-2"hydroxy-5-sulphoformazyl-benzene) in the
reagent at alkaline pH. The formation of this complex was
measured at a wavelength of 610 nm.?

Selenium determination

Selenium level was determination using colorimetric assay
by mixing equal volumes of Dye 2 and Buffer 3 immediately
before use in disposable tubes. Glasswares were rinsed with
dilute hydrochloric acid and distilled water. Working reagent
and samples were mixed and incubated for 2 minutes at
room temperature, and then absorbance values of standard
and sample were read at 520 nm against the reagent blank
within 30 minutes.’

PRL determination

The PRL quantitative test is based on a solid-phase
enzyme-linked immunosorbent assay. The assay sys-
tem utilized one mouse monoclonal anti-PRL antibody
for solid-phase (micro titer wells) immobilization and
another in the antibody—enzyme (horseradish peroxidase)
conjugate solution. The test sample was allowed to react
simultaneously with the antibodies, resulting in PRL
molecules being sandwiched between the solid phase and
enzyme-linked antibodies. After 45 minutes of incuba-
tion at room temperature, the wells were washed with
water to remove unbound, labeled antibodies. A solu-
tion of tetramethylbenzidine (TMB) reagent was added
and the mixture was incubated at room temperature for
20 minutes, resulting in development of a color. The color
development was stopped with the addition of stop solution,
which changed the color was changed to yellow, and the
developed color was measured spectrophotometrically at
450 nm. The concentration of PRL is directly proportional
to the color intensity of the test sample.!’

Statistical analysis

The collected data were tabulated and analyzed using SPSS
version 16 software (SPSS Inc, Chicago, IL, USA). Categori-
cal data were presented as number and percentages, while
quantitative data were expressed as median, interquartile
range, and range. Spearman’s correlation coefficient (p),
and Student’s #-test, and Mann—Whitney U-test were used
as tests of significance. The accepted level of significance
in this work was stated at 0.05 (P<<0.05 was considered
significant).
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Figure | Affected organs in the study group.
Abbreviations: CNS, central nervous system; GIT, gastrointestinal tract.

Results

In our study, patients with chest problems represented the
majority of cases (44.0%), followed by those with central
nervous system (16.0%), and then cardiac and gastrointestinal
tract conditions (12%) (Figure 1).

There was a highly statistically significant differ-
ence (P<<0.001) between zinc levels in cases (median is
81.0 mg/dl) and controls (median is 186.0 mg/dl). There was
no difference in selenium levels between cases (median is
143.0 ng/mL) and controls (median is 142.0 ng/mL). There
was a statistically significant difference (P=0.004) between
PRL levels in cases (median is 12.3 ng/mL) and controls
(median is 44.0 ng/mL) (Table 1).

Patients in whom two organs were affected have levels
of zinc (median is 56.0 mg/dL) lower than that in patients in
whom one organ was affected (median is 82.0 mg/dL). Also,
patients in whom two organs were affected have selenium
levels (median is 133.0 ng/mL) lower than that in patients
in whom one-organ was affected (median is 143.0 ng/mL).
PRL levels were lower (median is 16.2 ng/mL) in patients

with two organs affected compared with those in whom
one organ was affected (median is 21.0 ng/mL) (Table 2).
Levels of zinc, selenium, and PRL in patients with sepsis
(medians were 77.0 mg/dL, 142.0 ng/mL, and 18.2 ng/mL,
respectively) were lower than that in patients without sepsis
(medians were 81.0 mg/dL, 160.0 ng/mL, and 30.2 ng/mL,
respectively) (Table 3).

In patients with chronic illness, the mean serum
levels of zinc (56.49%+12.52 mg/dL) were less than that
(83.66+25.58 mg/dL) in patients without chronic illness.
There was no difference in selenium levels between patients
with chronic illness (mean: 137.05+£31.51 ng/mL) and patients
without chronic illness (mean: 139.25+42.15 ng/mL). Mean
PRL levels in patients with chronic illness (23.62+8.95 ng/mL)
were less than that in patients without chronic illness
(35.24£15.63 ng/mL) (Figure 2).

Zinc was significantly inversely correlated with OFI score
(P=0.047), and PRL was significantly inversely correlated
with OFI score (P=0.049). There was no correlation between
selenium and OF]I score (Table 4).

Table | Comparison of regarding zinc, selenium, and PRL levels between the study groups

Variable Cases (n=50) Controls (n=30) Z of MWU P-value
Median  IQR Min Max Median IQR Min  Max test

Zinc (mg/dL) 81.0 39.7-104.0 1.4 226 186.0 147.7-2170 53 293 6.68 <0.001 (HS)

Selenium (ng/mL)  143.0 102.7-170.7 53 211 142.0 1142-1640 60 198 025 08

PRL (ng/mL) 123 2.35-40.7 0.07 2244 440 6.08-161.6 0.1 2244 284 0.004 (S)

Abbreviations: HS, highly significant; IQR, interquartile range; Max, maximum; Min, minimum; MWU, Mann-Whitney U; PRL, prolactin; S, significant.
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Table 2 Levels of serum zinc, selenium, and PRL according to the number of the affected organs

Variable One organ affected (N=46) Two organs affected (N=4) Z of MWU test P-value
Median IQR Range Median IQR Range

Zinc (mg/dL) 82.0 39.7-104.2 1.4-226 56.0 23-81.5 15-87 1.09 0.27

Selenium (ng/mL) 143.0 109.7-162.5 53-211 133.0 90.7-176.7 90-178 0.14 0.88

PRL (ng/mL) 21.0 1.79-46.9 0.07-224.4 16.2 12.4-24.5 11.7-26.6 0.57 0.56

Abbreviations: IQR, interquartile range; MWU, Mann-Whitney U; PRL, prolactin.

Zinc was significantly inversely correlated with PELOD
score (P=0.026), and PRL was significantly inversely corre-
lated with PELOD score (P=0.039). There was no correlation
between selenium and PELOD score (Table 5).

Discussion

The provision of nutritional supplements with the ability to
affect cells of the immune system is a promising therapy that
may help to maintain immune system efficacy and prevent
infection.!? Three natural immunomodulators important for
lymphocyte health are zinc, selenium, and PRL."

In this study, we detected the serum levels of zinc,
selenium, and PRL in critically ill children in the PICU and
investigated their relationship to the severity of illness.

Compared with the healthy control subjects, children
in the ICU generally had significantly lower serum con-
centration of zinc. This agrees with the findings of Cvi-
janovich et al,'"* who found low plasma zinc level in his
study conducted in 20 critically ill patients, and with that
of Linko et al,’> who detected low serum zinc in 95.8% of
critically ill patients.

In this study, we found no difference in selenium level
between critically ill children and controls. This is consistent
with the findings of Heyland et al’s'® randomized, blinded
trial conducted in North American patients; they did not find
low plasma selenium concentration, which was observed
in European and South American patients. Therefore, they
concluded that racial factors may affect selenium level.

In contrast to our study, Heidemann et al'” and Dylewski
et al'® reported selenium deficiency in critically ill patients.
This different result may be explained because the increased
selenium losses in ICU patients are unlikely to account for

the marked reductions in plasma selenium concentrations,
and the findings suggest there may be significant changes in
the distribution of body selenium during critical illness."

Our study showed significant difference in PRL levels
between critically ill children and controls. In support of this
observation, Heidemann et al'” found low serum level of PRL
in PICU patients early after ICU admission. Also, Felmet
et al?® reported that critical illness induces hypoprolactinemia.
On the contrary, the results of Kumar et al’s?! study differed
from our results, as they found that PRL hormone increases
in stressful situations.

We observed that the more the number of organs affected,
the lesser the serum level of zinc, selenium, and PRL.

The results of Besecker et al’s? study were in accordance
with our observation, as they found that zinc deficiency leads
to more organ dysfunction. The results of our study were
found to be in agreement with that of Kate et al’s? study,
which showed that hypoprolactinemia was more common
in children with multiple organ failure.

These observations were also supported by Manzanares
et al,”® who found that selenium and glutathione peroxidase
levels significantly decreased in patients with multiple organ
dysfunction system. Sakr et al** also reported that selenium
decreases more in patients with a higher degree of organ
dysfunction.

We observed that in the presence of sepsis, there was a
greater decrease in serum levels of zinc, selenium, and PRL
in ICU patients.

This finding is in accordance with that of Bhatnagar et al,®
who concluded that zinc supplementation reduces the risk
of treatment failure in bacterial infection; Karakonstantakis
et al, who found that zinc acts as negative acute-phase

Table 3 Levels of serum zinc, selenium, and PRL according to presence of sepsis

Variable No sepsis (N=34) Sepsis (N=16) Z of MWU P-value
Median IQR Range Median IQR Range test

Zinc (mg/dL) 81.0 42.2-105.7 1.4-226 77 26.7-91.5 42-119 1.09 0.27

Selenium (ng/mL) 160.0 113.5-177.0 53-211 142 98.7-158.7 77-177 0.42 0.67

PRL (ng/mL) 30.1 1.14-40.7 0.07-224.4 18.2 4.5-44.8 0.48-192 0.33 0.74

Abbreviations: IQR, interquartile range; MWU, Mann-Whitney U; PRL, prolactin.
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Figure 2 Zinc, selenium, and PRL levels in patients according to presence of chronic
illness.
Abbreviation: PRL, prolactin.

reactant and is correlated with intensity of inflammatory
stimulus; and Besecker et al,>” who observed decreased zinc
level during critical illness in the presence of sepsis.

Kumar and Singhi demonstrated decreased plasma
selenium level in critically ill patients, especially those with
septic shock. Also, Duncan et al*® found that plasma selenium
decreased further with increased intensity of inflammatory
response.

Yavagal et al® reported that metoclopramide (PRL secrata-
logue) delayed time of onset of nosocomial pneumonia by
50% but did not affect mortality. On the contrary, Lesur et al*°
found that in critically ill patients, PRL levels and cortisol
were significantly higher in septic shock patients, and Maxime
et al*! observed hyperprolactinemia in patients with sepsis.

We observed that zinc concentration decreased more in
patients with chronic illness. This finding was supported by
the studies of Navarro-Alarcon et al*? and Cabr¢ et al,** which
reported low zinc levels in patients with chronic illness.

Also, PRL concentration decreased more in the presence
of chronic illness. Opalinska et al’s* study demonstrates a
different result, as they found that the presence of an elevated
PRL level is a common hormonal change in patients with
chronic diseases. The results of Hou et al’s** study are also
contrary to our finding.

Table 4 Correlation between OFI and serum zinc, selenium, and
PRL among the studied cases

With OFI

p P-value
Zinc (mg/dL) -0.231 0.047 (S)
Selenium (ng/mL) 0.107 0.46
PRL (ng/mL) —0.280 0.049 (S)

Abbreviations: OF|, organ failure index; PRL, prolactin; S, significant.

Table 5 Correlation between PELOD and serum zinc, selenium,
and PRL among the studied cases

With PELOD

p P-value
Zinc (mg/dL) —0.157 0.026 (S)
Selenium (ng/mL) 0.114 0.43
PRL (ng/mL) -0.271 0.039 (S)

Abbreviations: PELOD, pediatric logistic organ dysfunction; PRL, prolactin;
S, significant.

Yoshimura et al*® reported that patients with chronic renal
failure have lower level of selenium than patients without
chronic illness. But our data did not show any difference
regarding selenium level between patients with chronic ill-
ness and patients without chronic illness.

In the current study, zinc is inversely correlated with OFI
and PELOD scores. This is consistent with the findings of
Cvijanovich et al,'* who reported that zinc levels correlated
inversely with degree of organ failure, and with the findings
of Linko et al,'* who found an association between low serum
zinc and organ failure scores.

We observed negative relationship between PRL and
scores of illness severity (OFI and PELOD). This is similar
to the findings of Cui et al.’’

Our results showed that there is no correlation between
selenium and OFI and PELOD scores, which is in accordance
with the results of Avenell et al.*® In contrast to our results,
Manzanares et al,”? Sakr et al,>* and Vincent and Forceville®
showed a significant negative correlation between plasma
selenium level and severity of illness scores.

Heidemann et al,'” in their study of 293 critically ill chil-
dren, concluded that serum concentrations of zinc, selenium,
and PRL are often low in critically ill children early after
PICU admission.

Limitation

In this study, assessment of tissue levels and body stores of
zinc and selenium was not performed. Also, the correlation
between these immunomodulator concentrations and sever-
ity of illness being affected by many other factors has to be
taken into consideration.

Conclusion

Serum concentrations of zinc and PRL are generally
decreased in critically ill children, with more pronounced
decrease in the presence of organ dysfunction/failure and dur-
ing sepsis. Zinc and PRL levels are correlated with severity
of illness. We did not find any difference in selenium levels
between critical cases and controls, but it decreases in patients
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with sepsis and in patients with more than one organ failure.

Therefore, we recommend supplementation of these trace

elements to deficient, critically ill patients.
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