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Zinc has been recognized as an essential element, which takes
part in metabolism. Changes in levels of serum zinc were discov-
ered in individuals with hepatitis, anemia, hypertension, hyper-
and hypothyroidism, leukemia and other malignancies, AIDS, is-
chemia, diabetes, nutritional disorders, allergy, etc.1-25 Zinc influ-
ences cell-division, growth, development, sexual maturation, and
the immune system.13 Zinc is considered to have an important
immuno-regulatory effect on lymphocytes, lymph tissue,
neutrophiles, macrophages, mastocytes, and platelets. Zinc defi-
ciency is among the 10 most important factors that lead to
increased morbidity and mortality in developing countries.3,4 Insuf-
ficient intake of zinc is a leading cause for zinc deficiency. This was
underlined in the 2002 annual health report of WHO, which gave
directions for introducing zinc additions into daily nutrition. Clini-
cal manifestations of zinc deficiency in early childhood can lead to
acute or chronic diarrhea with malnutrition, mental disorders, and
behavioral problems. With age, one can observe alopecia, growth
retardation, skin lesions, and common infections in children with
zinc deficiency.4

The necessity of measuring zinc status for prophylactics, diag-
nosis, and treatment of different diseases and conditions is one of
the main reasons for developing different methods for zinc investi-
gation. The method most often used for determination of the
serum zinc is flame atomic absorption spectrometry (FAAS).1,6-14

The main disadvantages of this method are high matrix effects,
high costs, and suboptimal load of equipment. Spectrophotometric
methods offer greater sensitivity, but are tedious and subject to nu-
merous interferences.1 Like FAAS methods, they also require pre-
liminary preparation of reagents.1,8,9-20 At the same time, low cost
of equipment and possibility of automation are suitable for clinical
and laboratory investigations even in small laboratories.

Object: to present the first results of measurement of serum
zinc in children with enterocolitis and chronic malabsorption
syndrome through modified spectophotometric method. 

Material and Methods
The collected venous blood samples were placed into sterile,

closed tubes, untreated with anticoagulants. After 2 hours incu-
bation at room temperature and 10 minutes centrifugation at
3,500 rpm, the separated serum was put in closed plastic labora-
tory tubes and was kept at -18°C. For determination of serum
zinc in children (patients and controls of healthy children) the
following conditions were kept:

• samples were obtained on an empty stomach between 8 AM
and 9:30 AM;

• ethical approval was obtained from the institutional research
ethics committee and the parents of all subjects gave written
informed consent prior to enrollment in the study.
The patients were all children residing in the vicinity of the

Pleven University Hospital.
This study provides data for serum zinc concentrations

measured in a group of 65 children between 1 year and 4 years
of age—25 children with acute enterocolitis, 19 children with
chronic diarrhea and malabsorption, and control group of 21
healthy children.

The health status of the control group was confirmed
through investigation of biochemical (including measurement
of zinc in blood serum) and physical indicators—in the range
of normal. The healthy neuropsychological status of children
was also confirmed.
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Abstract
BBaacckkggrroouunndd:: Serum zinc concentration is the
most widely used marker of zinc status.

MMeetthhooddss:: We used a spectrophotometric
method with chromogen 4-(2-pyridylazo)
resorcinol sodium salt to measure serum zinc
concentrations.

RReessuullttss:: Zinc level in serum was measured in
children with acute enterocolitis (AE)—
12.87±2.42 µmol/L, chronic malabsorption
syndrome (MS)—8.59±2.30 µmol/L, and
control groups of healthy children—18.90 ±
5.75 µmol/L. The zinc levels in children with
AE and MS were significantly lower compared
to those in healthy controls.

CCoonncclluussiioonn:: Serum zinc is a widely used
clinical and laboratory indicator for
assessment of low levels of zinc and zinc
deficiency. With its good analytical parameters
and accuracy, the applied spectophotometric
method for measurement of serum zinc could
be used for diagnosing of zinc deficiency. In
the present study, it is applied for the first
time in children with AE and MS.
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Children with chronic diarrhea had loose stools 3 to 4 times
a day for more than 3 to 4 weeks and proved malabsorption due
to different diseases. We also observed growth retardation,
distended abdomen, eczemas, and frequent respiratory infections
in the same group. 

After careful study of the literature an improved version of the
method for determination of zinc in blood serum by Lampugnani
and colleagues17 was proposed for this study. The zinc quantity in
blood serum was determined by spectrophotometric method after
deproteinisation of samples. The chromogen used was 4-(2-pyridy-
lazo) resorcinol sodium salt (PAR-Na). The interference of iron and
copper ions was eliminated by masking agents. The absorbance (A)
of the obtained color solution was recorded at λ = 490 nm. The
absorption was proportional to the zinc (II) concentration.17

This method was modified to achieve maximum simplicity,
better repeatability, and sensitivity. The modified method could be
implemented much easier and was automated. We modified the
spectophotometric method of Lampugnani and colleagues17 by
lowering the volume of analyzed samples (by 5 times), using stan-
dard solutions of zinc nitrate instead of zinc oxide, and lowering
significantly the number of reagents used for spectrophotometric
definition (we used 2 instead of 7 reagents).

The analytical procedure for determination of the serum zinc
was conducted in the following manner: Reagent A (0.8 mL) was
added to serum sample (0.5 mL). After centrifugation for 10 min-
utes at 3,000 rpm, and 0.06 mL 0.10% solution of PAR–Na were
added to 1.00 mL supernatant and 2.00 mL Reagent B. The ab-
sorbance of the resulting solution was measured at 490 nm in a 1-
cm cell versus the reagents blank solution.

The zinc concentration was estimated by calibration graphs
(linearity from 0.00 to 80.00 µmol/L Zn II) or by parallel proce-
dure using 0.50 mL standard solution, equivalent to 2.00 µg/mL
(30.6 µmol/L) Zn (II). Smaller volumes of blood serum required
proportionally decreased volumes of other reagents.

Reagent A: To 150 mL solution containing 1 M HCL
(Merck) and 20% trichloracetic acid, CCl3COOH (Merck) in
proportion 2:1, 10 mL cupferon solution C6H9N3O2 (Merck)
with concentration 50 g/L was added.

Reagent B: 2.83334 g hydroxylamine hydrochloride,
NH2OH.HCl (Fluka); 0.01667 g sodium thiocyanate NaSCN
(Sigma –Aldrich); 4.104 g sodium hydroxide, NaOH (Merck);
3.048 g sodium tetraborate decahydrate, Na2B4O7

.10H2O
(Fluka) were measured, analytically transferred, and doubly dis-
tilled water was added up to 100 mL in a volumetric flask.

Zinc status is defined by serum zinc levels in the international
reference values between 11.6 µmol/L and 23.0 µmol/L.15 Zinc
values bellow 10.71 µmol/L in morning samples of blood serum
are defined by World Health Organization as zinc deficiency.1

The laboratory equipment for determination of serum zinc is:
pH–meter type RHM—64 “Research,” spectrophotometer
“Specol 11,” centrifuge T 30—Janetzki, analytical scales, and labo-
ratory glassware.

Statistical analysis of results was made using Statgraphics Plus for
Windows. All values are expressed as mean ± sd. The Student’s t-test
and ANOVA were used to assess differences between study groups.

Results and Discussion
An analytical control was provided for zinc, and every sample

was measured 2 times. Sero norms (Randox) with known concen-
trations of zinc were also used with every serial of samples—varia-
tion coefficient CV = 4.37%, n = 11.

The results of the measurements of some analytical parame-
ters of the modified method with 0.5 mL analytical sample for
determination of zinc in blood serum are the following: limit of
detection - 1.49 µmol/L; relative standard deviation (n=10) -
3.10% to 3.30%. Regression equation of the studied method
versus method of Lampugnani; (n=20): A=0.002 + 0.999.CZn(II)
with correlation coefficient, r2 = 0.9880 and P (t-test) >0.05—
which proves that the results provided by both variants of the
method are statistically undistinguishable.

The content of zinc in blood serum in children with acute
enterocolitis (AE), chronic malabsorption syndrome (MS), and
group of healthy controls (C) presented as (mean ± sd)—average
value ± standard deviation and statistical reliability P of the re-
sults are shown in Table 1.

In the control group of healthy children, serum zinc con-
centrations vary between 16.05 µmol/L and 22.65 µmol/L
(Table 1). Those concentrations are in the range of the interna-
tionally accepted standards.

Serum zinc in studied patients with acute enterocolitis is
between 8.57 µmol/L and 15.75 µmol/L (Table 1). Some of the
children in this group showed serum zinc levels below the value
10.7 µmol/L. This is zinc deficiency due to gastrointestinal
losses. Several researches, cited by Hotz and colleagues, prove
that zinc supplementation therapy decreases the duration of
acute diarrhea and lowers the average stool frequency per day.21

Zinc supplementation treatment results in a 47% reduction of
duration of the acute diarrhea.6 Within an appropriate dose,
zinc supplementation increased weight gain in children recover-
ing from severe malnutrition and decreased the risk of severe
complications.3,10,12,21

We found statistically significant differences in serum zinc
concentrations between patients with MS and the control group
and between patients with MS and those with AE (Table 1). The
observed low serum zinc concentrations in the group of patients
with MS are characterized as zinc deficiency.  

Chronic diarrhea has a different etiology. Chronic diarrhea
is defined as persistent diarrhea that lasts for more than 14 days.
Chronic diarrhea is characterized with increased volume and
number of bowel stools—5 to 8 per day. Stools are watery,
smelly, and may contain undigested food material. Chronic diar-
rhea is related to malabsorption syndrome caused by primary or
secondary injuries of the small intestine, digestion disorders
(maldigestion), or malabsorption of nutrients through the mu-
cous membrane of the small intestine. The combination of
maldigestion and malabsorption is defined as malabsorption syn-
drome. The clinical features of malabsorption syndrome are loss

Table 1_Serum Zinc in Children With Acute Enterocolitis
(AE), Chronic Malabsorption Syndrome (MS) and
Control Group (C)

Groups→ Control Patients Patients 
Parameters↓ Group with AE with MS

Serum Zn:
(mean ± sd) µmol/L 18.90 ± 5.75 12.87 ± 2.42 8.59 ± 2.30
C(min) – C(max), µmol/L 16.05 – 22.65 8.57 – 15.75 3.75 – 13.16

Statistical significance:
p (%): p2-3 (n = 46) p3-4 (n = 44) p2-4 (n = 40)

<0.001 < 0.001 < 0.001 
(99.99%) (99.99%) (99.99%)

p2-3, p3-4, p2-4, - statistical significance between zinc concentrations in blood 
serum of studied children, respectively: C-AE, AE-MS, C-MS. D
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of appetite, vomiting, stomachache, chronic diarrhea, and
growth retardation. The more common causes of malabsorp-
tion syndrome are cystic fibrosis, celiac disease, allergy to cow
milk proteins, carbohydrate intolerance, post anterior
syndrome, and irritable bowel syndrome. We observed children
with malabsorption syndrome who demonstrated the described
clinical features. We observed also severe body mass deficit and
growth retardation, distended abdomen, eczemas, and frequent
respiratory infections in children with malabsorption
syndrome. The retardation in physical and neuropsychological
development is considerable. 

The results of several randomized clinical studies reveal that
zinc decreases the time period and severity of prolonged diarrhea
(children with diarrhea experience excessive faecal loss of
zinc).7,22 The therapeutic effect of zinc implementation in diar-
rhea is described with the direct effect that zinc exerts upon gas-
trointestinal system.7,12 It is proved that zinc improves the
absorption of water and electrolytes, early regeneration of intes-
tinal mucosa, restoration of enterral enzymes, and increases
humeral and cell immunity.3,12,22,23 Children gain weight after
taking daily zinc supplementation.4,7

Zinc supplementation decreases the morbidity and mortal-
ity of persistent diarrhea in children. Introducing zinc into daily
dietary intake is recommended in treatment of malabsorption
syndrome.4,5,7,23-25 Most of the authors we referred to did not
investigate serum zinc, but implemented per oral zinc therapy
on the basis of clinical findings. 

Serum zinc is a necessary clinical and laboratory indicator
for assessment of decreased levels of zinc and zinc deficit in chil-
dren with acute enterocolitis and chronic malabsorption
syndrome. With its good analytical parameters, the modified
spectophotometric method for determination of serum zinc that
we propose could be used for diagnosis of zinc deficiency and to
monitor oral zinc therapy. In the present study, the method was
applied for the first time in children with AE and MS. LM
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