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Research Paper: 
The Relationship Between Serum and Cerebrospinal Fluid 
Concentrations of Zinc in Febrile Seizure

Background: Febrile Seizure (FS) which has different causes, is the most prevalent seizure type 
in children. Studies supported the role of Zinc (Zn) in FS. 

Objectives: The present study aimed to evaluate the serum and Cerebrospinal Fluid (CSF) Zn 
level in children with FS. 

Methods: This cross-sectional study was performed on 50 patients with FS aged 6 months-6 
years in Amirkola Children’s Hospital in 2013-2014. The required demographic and clinical data 
were recorded employing a checklist. The serum and CSF Zn levels were determined using Atomic 
Absorption Spectrophotometry (AAS) method. The collected data were analyzed in SPSS using 
the Chi-squared teste, Independent Samples t-test, and Pearson correlation coefficient.

Results: The mean±SD age of the explored patients was 12.78±8.38 months and their mean±SD 
serum Zn level was equal to 0.68±0.62 µg/L. In total, 34(68%) of these 50 children presented 
Zn deficiency. The mean±SD CSF Zn level was measured as 33.29±11.84 µg/L. Moreover, the 
mean±SD CSF Zn level was equal to 37.71±10.82 and 31.21±11.87 in normal and abnormal 
serum Zn groups, respectively. In terms of mean CSF Zn level, there was no significant 
difference between the studied patients with healthy and decreased serum Zn level; (P=0.07). 
No significant difference was found between the demographic/clinical characteristics of the 
investigated patients with FS and normal/abnormal serum levels of Zn (P>0.05). 

Conclusions: The obtained data revealed that a significant number of patients with FS had 
decreased serum Zn level; however, no association was detected between serum and CSF Zn 
concentration levels.
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1. Introduction

ebrile Seizures (FSs) are among the major 
causes of seizures in young kids. Almost 
2%-4% of children aged ≤five years suffer 
from FS; however, its incidence in some 
populations has been reported to be 15% 

(1-3). The pathophysiology of the FS is not well under-
stood. Different mechanisms have been suggested for 
its pathology, including genetic predisposition, immu-
nological factors, altered levels of Trace Minerals (TMs), 
low Gamma-Aminobutyric Acid (GABA) levels, and so 
on (4).

TMs importantly influence growth, structural tissue 
maintenance, and the Central Nervous System (CNS) 
development. The importance of TMs in the physiology 
of the CNS is well established in the literature; their con-
centration alternations in biological fluids were investi-
gated in neurological diseases (5-7). Zinc (Zn), as one of 
the most crucial TMs in the body, significantly impacts 
numerous metalloenzymes, i.e., essential in the CNS 
function (8). The role of GABA is well-documented in pre-
vious studies. It works as a crucial inhibitory neurotrans-
mitter in the pathophysiology of seizures. Decreased 
CSF concentration of GABA is associated with a group 
of seizure disorders, including febrile convulsions (9). 
Furthermore, Zn, as a potent modulator of the glutamin-
ergic synaptic transmission, regulates the activity of glu-
tamic acid decarboxylase in the GABA synthesis process 
(10). Low levels of Zn have been detected in the serum 
and CSF of epileptic patients (11). Besides, experimental 
studies have suggested that fever (i.e., infections) may 
temporarily reduce serum Zn concentrations (12). Data 
from animal studies and preliminary clinical studies have 
suggested a possible role of cytokine network, like inter-
leukin 1, influencing neuronal excitability. Accordingly, it 
may influence the pathogenesis of FS (13-15).

According to the particular circumstances in the CSF 
and the protective role of the blood-brain barrier, the 
concentrations of TMs in the CSF are lower but steadier 
than serum. Additionally, the CSF composition reflects 
the biological activities in the brain more closely than 
the blood (16). The comparison between serum and CSF 
Zn among patients with FS is available; however, data 
are controversial in this area. Therefore, the present 
study aimed to evaluate the relationship between se-
rum and CSF levels of Zn in patients with FS.

2. Methods

This cross-sectional study was conducted in Amirkola 
Children’s Hospital affiliated to Babol University of Med-
ical Sciences in 2013-2014. Fifty consecutive children 
(using the sample size formula) who were admitted 
with the primary diagnosis of FS and aged 6 months to 
6 years were selected as the study samples. They were 
selected by non-random and convenience sampling 
techniques. The study protocol was approved by the 
Institutional Research Review Board and Ethics Com-
mittee of Babol University of Medical Sciences. After 
explaining the study purposes, informed consent was 
obtained from the studied children’s parents. Then, 1.5 
cc peripheral venous blood samples were obtained and 
1.5 cc CSF samples were collected by Lumbar Puncture 
performed in the lateral recumbent position with a 
stainless-steel needle. Next, the collected samples were 
transferred to the -800c refrigerator. The CSF samples 
with signs of traumatic spinal tap were excluded at this 
stage. A checklist, including age, weight, medical and 
family history, relevant data, body temperature at the 
admission, seizure duration, and seizure etiology was 
completed for each patient.

The exclusion criteria of the present study were chil-
dren with cerebral palsy, metabolic disorders affecting 
CNS, the anatomical and structural malformation of 
CNS, neurodegenerative disorders, acute meningitis, 
previous Zn supplementation, and serum electrolyte 
disorders detected in biochemistry. In addition, to omit 
potential confounder effects, we initially ruled out these 
conditions; chronic diseases, inadequate absorption, 
bowel disease, alcohol intake, and histories of radiation 
therapy and surgery. For the Determination of Zn levels 
of serum and CSF by atomic absorption spectrophotom-
eter, we followed the below procedure.

Samples: After collecting blood and CSF samples for 
measuring Zn level in all children, blood samples were 
centrifuged to remove cells (3000-4000 rpm for 10 min 
at 4°C), and the supernatants were transferred to new 
polystyrene tubes. The samples were stored at –80°C 
until the final analysis. The serum and CSF levels of Zn 
were assessed using flame and graphite furnace Atomic 
Absorption Spectrometry (AAS) method, respectively 
(PG-990, china). The normal range of Zn in serum was 
considered as 0.7-1.2 micg/L; however, constant value 
in CSF was not clear in resources.

Reagents and instrument: A stock standard solution of 
Zn at a concentration of 1000 mg/l (ppm) was prepared 
in a solution, containing 0.5 mol HNO3 (ultrapure), sup-

F
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plied by Merck. The calibration curve was developed us-
ing standard solutions. PG990 atomic absorption spec-
trophotometry equipped with deuterium background 
correction, HGA graphite furnace attachment, and Zn 
hollow-cathode lamps as the radiation source, were im-
plemented for analysis. The operating parameters were 
set as recommended by the manufacturer. 

Flame Procedure for analysis of Zn in serum: Zn levels 
in the serum were evaluated by flame atomic absorp-
tion spectroscopy. In this method, working standard 
solutions were used. Analysis of each sample was con-
ducted three times with the integration time of 3s. 
This measure helped us to obtain a Relatively Standard 
Deviation (RSD) of ≤5% within the calibration range. 
Zn concentrations were determined with a deuterium 
background correction. Working standard solutions for 
Zn were 2.50, 1.25, 0.625, 0.312, and 0.156 ppm, pre-
pared from the stock standard of 1000 mg/l, obtained 
from Merck. A linear calibration was obtained from the 
working standard (R=0.996). All serum samples were di-
luted 3 times with distilled water, and the concentration 
of Zn was delineated in the diluted samples. The analyti-
cal characteristics of Zn are listed in Table 1. 

Furnace graphite for analysis of Zn levels in CSF: For the 
quantification of Zn levels in CSF, a 4-point calibration 

curve of Zn was applied in the concentration range of 
0-30 (0, 5, 10, 30) µg/L (calibration equation, R=0.996). 
The samples and standards were dried for 20 s at 120C̊, 
charred (ashed) for 20 s at 300C̊, and atomized for 4 s at 
1300 C̊. The Zn levels of CSF were evaluated according 
to a standard curve. Furnace temperature settings are 
represented in tables 2 and 3.

Statistical analysis was performed using SPSS. Chi-
squared test and Independent Samples t-test was 
used to compare qualitative and quantitative variables 
between the study groups. Pearson correlation coeffi-
cient was applied to assess the correlation between the 
changes in serum and CSF levels of Zn. P<0.05 was con-
sidered as the significance level.

3. Results

In total, 50 (28 male [56%] and 22 female [44%]) chil-
dren with FC met the research inclusion criteria and 
were entered into the present study. The Mean±SD age 
of the study participants was 12.78±8.38 months; age 
range: 6-48 months. The Mean±SD birth weight and 
latest weight of study participants were 3.36±0.82 and 
9.31±1.72 kg, respectively. Respiratory infections were 
the most frequent cause of fever in them (Figure 1).

Table 1. Hollow-cathode lamp conditions and flame conditions for FAAS

Element Wavelengths
(nm) 

Lamp Current
(mA)

Relativity (R) 
of STD

Detection Limit 
(mg/l)

Flow Rate of Flame Gases (l/min)

Air Acetylene

Zn 213.9 5 0.996 0.003 7.0 1.5

Table 2. Instrumental parameters for determining Zn by graphite furnace AAS

Zn Wavelength Source 
Lamp

Slit 
Width

Background 
Correction

Measurement 
Mode

Calibration 
Algorithm

Integration 
Time

Sample 
Volume

- 213.90nm HCL-5.1 
ma 2.0 nm Longitudinal 

deuterium Peak area Linear through 
zero 4 sec 10 µl

Table 3. Graphite furnace temperatures for various cycles in an optimized method for Zn

Argon(mL/min)Hold(S)Ramp(S)Temp (ºC)Stages

3001010120Drying

3001010300Ashing

0401300Atomization

300211600Clean up
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The mean±SD serum Zn level with the minimum and 
maximum serum levels of 0.13 and 3.40 µg/L, respec-
tively, was equal to 0.68±0.62 µg/L. Of these 50 chil-
dren, 34 (68%) patients presented Zn deficiency in FS 
(serum Zn level<0.7µg/L). The mean±SD CSF Zn level 
with the minimum and maximum CSF levels of 14.33 
and 54.48 µg/L, respectively, were measured as 33.29± 
11.84 µg/L. As per Figure 2, there was no association 
between the serum and CSF levels of Zn in the investi-
gated patients with FC (r=0.173, P=0.23). 

In addition, the Mean±SD CSF Zn levels in the normal 
and abnormal serum Zn groups were 37.71±10.82 and 
31.21±11.87, respectively. Although the mean CSF level 
was lower in patients with decreased serum Zn, there 
was no significant difference in the mean CSF Zn level 
in patients with normal and decreased levels of serum 
Zn (P=0.07). As indicated in Table 4, no significant differ-
ence was found in the demographic/clinical characteris-

tics of the studied patients with FC and normal/abnor-
mal serum levels of Zn (P>0.05). 

4. Discussion

According to our findings, the mean±SD serum Zn level 
was obtained as 0.68±0.62 µg/L and the mean±SD CSF 
Zn level was equal to 33.29± 11.84µg/L. Although 68% 
of the studied patients with FS presented abnormal lev-
els of serum Zn, no correlation was found in Zn levels 
between serum and CSF. 

Ehsanipour et al. revealed that children with FS had 
significantly lower serum Zn levels, compared to their 
counterparts with convulsion and those with fever but 
without convulsion (17). This report was consistent with 
other studies in Korea (18), Indonesia (19), and Iran (20, 
21). Zn seems to be a predicting factor for FS; accord-
ingly, a low level of this element may be considered as a 
contributing factor for this disease among children (22). 
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Figure 1. Frequency of the clinical diagnosis of the studied patients with FC 

Figure 2. The relationship between the serum and CSF levels of Zn in the explored patients with FC 
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However, in a study on 45 children with FS in Iran, their 
Mean±SD serum Zn level was obtained a 184.04±65.5 
µg/dL, and their Mean±SD CSF Zn level was equal to 
87.06±28.2 µg/dL. Besides, no clear abnormality was 
observed in serum and CSF Zn of the study samples 
(23). Cho et al., in Korea, compared febrile convulsive 
patients with healthy children. As a result, no significant 
differences were observed in serum Zn concentration of 
the studied subjects (24).

Studies that evaluated Zn levels in both serum and CSF 
are scarce. Mollah et al. investigated the Zn concentra-
tion changes in serum and CSF among the children with 
FS, compared to their matched Non-Seizure Febrile (NSF) 
peers. They concluded that serum and CSF Zn simultane-
ously decreased in children with FS, compared to their 
matched NSF children (25); i.e., inconsistent with the 
study conducted in Turkey (26), that presented a linear 
relationship between serum and CSF Zn. This finding is 
inconsistent with those of ours and Mollah et al.’s study.

It is assumed that blood metal levels have no or limited 
impact on the levels of metals in the CSF. This is because 
the trace element environment of the brain is controlled 
through the blood-brain-barrier. Generally, the concen-
trations of the trace elements in the blood are consider-
ably higher than their respective concentrations in the 

CSF (16). Regional changes in CSF constituents could re-
flect local cerebral pathology and might not be detected 
by lumbar spinal fluid analysis. Therefore, for trace ele-
ments, the analysis of lumbar CSF concentrations and 
blood/CSF ratios are complex, and the expected correla-
tions cannot be generally found (6). In the mouse model 
and in vitro studies, the mechanism underlying the role 
of Zn levels has been examined in seizures. Various stud-
ies have demonstrated that Zn modulates specific GABA 
receptors, and this mechanism could inhibit the seizure. 
Nevertheless, despite some disagreement, human stud-
ies revealed that the FS group presented lower Zn levels, 
compared to the controls with simple fever, (18).

The limitations of the present study were as follows: 
a matched control group could not be recruited due 
to the exposure of the control group to the risks of un-
necessary lumbar puncture; all children received some 
medications, such as antibiotics and antipyretic agents 
before and or after admission to the hospital. Such in-
terventions could have affected the measurements of 
serum or possible CSF levels of Zn. 

Remarkably, the present study patients had seizures 
despite high levels of Zn in their serum or CSF. There ex-
ist doubts about the role of Zn in FS and its preventive 
use in all geographical areas. Further studies with large 

Table 4. The demographic and clinical findings of the study participants

Group

Variables

Mean±SD/No. (%)

PNormal Serum Zinc
n=16

Abnormal Serum Zinc
n=34

Age (mon)* 12.25±5.01 13.03±9.63 0.76

Birth weight (kg)* 3.22±0.30 3.40±0.93 0.67

New weight (kg)* 9.08±1.13 9.42±1.94 0.55

Gender
Male 10 (62.5) 18 (52.9)

0.55
Female 6 (37.5) 16 (47.1.1)

Body temperature*

37.8-38.4 6 (37.5) 12 (37.5)

1.0038.5-39.4 10 (62.5) 19 (59.4)

39.5-41 0 (0) 1 (3.1)

Family history
Positive 2 (12.5) 8 (23.5)

0.46
Negative 14 (87.5) 26 (76.5)

History of FC
 Positive 1 (6.3) 3 (8.8)

Negative 15 (93.8) 31 (91.2)

Seizure duration**

1-5 14 (93.3) 25 (73.5)

0.385-10 1 (6.7) 8 (23.5)

10-15 0 (0) 1 (2.9)

*Data for 2 cases were missing; **Data for 1 case were missing.
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sample sizes and different control groups in various geo-
graphical areas are recommended. Such investigations 
could help to support the existing hypothesis that low 
serum and CSF Zn play major roles in FS.

5. Conclusion

The results of the study suggested that in the children 
with FS, serum zinc level was significantly decreased. No 
association was identified between serum and CSF zinc 
concentration levels. 
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