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Zinc supplementation prolongs the latency  
of hyperthermia-induced febrile seizures in rats
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Some studies have shown a relationship between febrile seizures and zinc levels. The lowest dose zinc supplementation 
in pentylenetetrazole seizure model has a protective effect. But, zinc pretreatment has no effect in maximal 
electroshock model. However, it is unclear how zinc supplementation affects hyperthermia-induced febrile seizures. 
The aim of the present study was to investigate the effects of zinc supplementation on febrile seizures in male 
Sprague-Dawley rats. The rats were randomly assigned to four groups. Zinc supplementation was commenced 5 
days prior to febrile seizure induction by placing the animals in a water bath at 45°C. We measured the rectal 
temperature and determined the febrile seizure latency, duration, and stage. In the zinc-supplemented group, both the 
seizure latency and the rectal temperature triggering seizure initiation were significantly higher than in the other 
groups. We suggest that zinc supplementation can positively modulate febrile seizure pathogenesis in rats.
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Zinc (Zn2+), one of the most common essential trace elements, is present in large amounts in 
the human body and plays roles in neurogenesis, neuronal migration, and synaptogenesis 
(20). The seizure-sensitive brain regions of the hippocampus and amygdala feature neuronal 
terminals containing large amounts of Zn2+ (4). The secretion of Zn2+ from presynaptic 
neuronal terminals into the synaptic cleft affects transmission by glutamatergic, gamma-
aminobutyric acid-ergic (GABAergic), and glycinergic synapses (13). Specifically, Zn2+ 
activates the enzyme “pyridoxal phosphate kinase” to produce pyridoxal phosphate, a 
cofactor in GABA synthesis. Thus, Zn2+ deficiency parallels low GABA levels in cerebrospinal 
fluid (CSF), triggering seizures (8). Studies of the pathogenesis of febrile seizures (FSs), the 
most common type of seizure in children, found that Zn2+ levels were low in both the serum 
and the CSF (16). The effect of Zn2+ treatment in different experimental seizure models have 
been evaluated by Kumar H. et al. (11). This study has shown that the lowest dose Zn2+ 
supplementation in pentylenetetrazole (PTZ) seizure model has a protective effect and the 
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Zn2+ pretreatment in maximal electroshock (MES) model has no effect. However, it is unclear 
how Zn2+ supplementation affects FSs. The aim of the present study was to investigate the 
effects of Zn2+ supplementation on the hyperthermia (HT)-induced FSs.

Materials and Methods

Ethical approval
This study was approved by “Baskent University Ethics Committee for Animal Experiments” 
(Project DA13/01).

Rats and Zn2+ administration
A total of 32 male Sprague-Dawley rats (22–30 days old) were used. The rats were kept under 
normal laboratory conditions. The animals were fed pelletted food and had access to normal 
tap water ad libitum. The rats were assigned to one of four groups: group H, HT-induced 
group; group ZH, Zn2+-supplemented and HT-induced group; group F, FS-induced group; 
and group ZF, Zn2+-supplemented and FS-induced group. 

All experiments were conducted between 09:00 and 12:00 h. Zn2+ supplementation 
(ZnSO4·7H20; 30 mg/kg/day, via gavage) was commenced 5 days prior to FS or HT induction 
and continued throughout the study (2). Rats not undergoing Zn2+ supplementation received 
tap water via gavage.

Rectal temperature measurements
A “Medical Grade YSI 400” temperature probe, used for medical purposes, was employed.

Induction of HT
Groups in which FSs were not induced were held for 30 s in warm water (45  °C) to generate 
HT.

FS induction
FSs were induced by placing rats in a water bath at 45°C, once a day for 4 consecutive days. 
The water level was maintained at neck level. The rats were kept in the water for a maximum 
of 4 min. Rats that did not have seizures within this time were taken out of the water and 
evaluated as stage 0. Rats that did have seizures were taken out of the water and placed on 
dry towels. Their body temperatures were measured as quickly as possible and they were 
observed until the seizures ended. Next, they were placed in a drying cage beside a heater and 
held there until dry (9). 

Seizure latency was measured as the interval between the time the rat was placed in 
warm water and seizure onset. The first myoclonic spasm or sinking to the tank bottom after 
a short immobile period was defined as the onset of a seizure. Seizure duration was measured 
as the time from seizure onset to the end of the seizure. Regaining consciousness with 
correction of posture was defined as the end of a seizure (14).

Seizure severity was categorized into stages from 0 to 5 based on Racine’s classification 
system (9). Seizure latency, seizure duration and stage were evaluated.

Statistical analysis
All data were analyzed using the software package SPSS (version 17; SPSS Inc., Chicago, 
IL, USA). Descriptive statistics were used, to describe discrete and continuous variables. 
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Dunn’s test was used for multiple comparisons. Independent group means of variables that 
failed to meet the assumptions of parametric tests were compared using the Kruskal-Wallis 
test and their dependent group means were compared employing Friedman’s test. The level 
of statistical significance was set at α = 0.05. 

Results

No mortality was observed during or after HT and FS induction, or indeed at any other time. 
All rats were weighed every day and all gained weight (p  <  0.001). 

The group body temperatures did not differ significantly prior to HT or FS induction 
(p  = 0.995). No significant difference in body temperature after HT induction was noted 
between groups H and ZH (p = 0.995). After FS induction, the body temperatures were 41.44 
± 0.23°C in group F and 42.65 ± 0.46  °C in group ZF, and the difference was significant (p < 
0.001, Table I). 

Table I.  Body temperature changes (°C) (n=8)

Groups Before procedure After procedure p
H 35.52 ± 0.14 39.01 ± 0.18 a 0.001

ZH 35.50 ± 0.19 39.04 ± 0.16 b 0.001

F 35.42 ± 0.18 41.44 ± 0.23 a,b,c 0.001

ZF 35.35 ± 0.35 42.65 ± 0.46 a,b,c 0.001

p 0.995 a,b,c = 0.001

H: Hiperthermia-induced group, ZH: Zn2+ supplemented and hiperthermia-induced group,  
F: Febrile seizure induced group, ZF: Zn2+ supplemented and febrile seizure induced group

The FS latency was 145.47 ± 10.88 s in group F and 172.97 ± 23.50 s in group ZF, and 
the difference was significant (p < 0.01, Fig. 1). Thus, Zn2+ supplementation increased the 
seizure threshold and seizure latency significantly. 

Fig. 1.  FS latency values F: FS induced group (n = 8), ZF: Zn supplemented and FS induced group (n = 8)
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Two rats in the ZF group did not have any clinically evident seizures on the 3rd day 
(body temperatures 42.49 and 42.63  °C), and one rat in the same group did not have any 
seizures on the 4th day (body temperature 43.88  °C) of hyperthermia-induced FS. 

The seizure durations in groups F and ZF were 64.25 ± 23.40 and 62.62 ± 26.83 s, 
respectively, but no significant difference was evident (p = 0.959). The seizure stage in group 
F was 2.31 ± 0.64 while that in group ZF was 2.25 ± 1.12; no significant difference was 
evident (p = 0.893). Thus, Zn2+ supplementation had no effect on seizure duration or stage.

Discussion

FSs are a common age-related type of seizure in children. Although simple FSs have a benign 
clinical course, focal and prolonged FSs may occasionally be associated with the later 
development of epilepsy and mesial temporal sclerosis (18). Much effort has been devoted to 
understanding FS pathogenesis, but little is known. HT causes seizures in many species by 
facilitating direct neuronal firing. Also, FSs tend to be associated with genetic mutations in 
sodium channel proteins, GABA-A receptors (15) and hyperpolarization-activated cyclic 
nucleotide-gated channel proteins (3). Additionally, HT-induced or interleukin-1 beta (IL-1β) 
gene promoter mutation-related increases in IL-1β levels have been shown to play significant 
roles in FS induction. The increased seizure thresholds in rats with IL-1β receptor deficiencies 
supports the existence of such an IL-1β-mediated effect (6), which is believed to influence 
(particularly) long-term neuronal excitability. Clinical studies have also suggested an 
association between FSs and Zn2+ levels. Mollah et al. (16) reported that children with FSs 
had lower serum and CSF Zn2+ levels compared to febrile children with no FSs. Seizure-
sensitive brain regions have high densities of zinc-containing neuronal terminals, and Zn2+ 

plays well-known roles in transmission at glutamatergic, GABAergic, and glycinergic 
synapses. These findings support the importance of Zn2+ in seizure pathogenesis (13). 

Body temperature is a significant parameter in the pathogenesis of FS. However, only a 
few studies have investigated the correlation between body temperature and Zn2+. Konomi 
and Yokoi (10) investigated the effect of Zn2+ on body temperature, and concluded that an 
imbalance between Zn2+ and iron could affect body temperature set point. On the other hand, 
Partyka et al. (17) studied the anxiolytic-like activity of Zn2+, and found that Zn2+ decreased 
hyperthermia in a stress-induced hyperthermia test. However, this finding may be related to 
either the effect of Zn2+ on thermoregulatory mechanisms or its anxiolytic activity. As is 
evident from these studies, the effect of Zn2+ on body temperature is not clear. The present 
study was conducted to investigate the effect of Zn2+ supplementation on hyperthermia-
induced FS. We induced hyperthermia in H and ZH groups to increase body temperature 
without causing FS, and did not find any significant difference in rectal temperature between 
the groups. Therefore, the higher rectal temperature in rats in the ZF group compared to those 
in the F group resulted from keeping them in hot water for a longer time rather than the effect 
of Zn2+ on thermoregulation.

Our work clearly shows that experimental Zn2+ supplementation prolonged the seizure 
latency and elevated the seizure threshold. Although, there is not enough research to examine 
Zn2+ supplementation in the seizures treatment, our findings are similar to the results of 
Kumar et al. (11). However, it is unclear whether Zn2+ supplementation modulates one or 
both  of these parameters. Zn2+ deficiency renders GABA-mediated responses inadequate 
(21), and it is thus reasonable to suggest that Zn2+ might strengthen GABA-mediated 
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inhibition. Additionally, Zn2+ increases postsynaptic neuronal inhibition by stimulating 
chlorine transport through metabotropic Zn2+-sensing receptor proteins (1). In the context of 
seizure threshold elevation, Zn2+-related, NMDA-receptor mediated effects likely play a role 
(19). However, as the rats used in the present study were not Zn2+-deficient prior to the study, 
we suggest that the effects of Zn2+ supplementation are independent of any prior Zn2+ 

deficiency. This idea should be explored in studies introducing Zn2+ supplementation after the 
induction of Zn2+ deficiency. 

The onset of seizures is thought to result from an imbalance between excitatory and 
inhibitory mechanisms. Termination of the seizure determines its duration and severity, but 
the underlying mechanism is not well-understood. A number of mechanisms have been 
proposed to be responsible at the single-neuron level and local neuron networks for the 
termination of seizures, including intracellular ion-activated potassium currents, 
transmembrane ion gradients, membrane shunting, energy failure, glutamate depletion, 
increased GABAergic inhibition, the intra- and extracellular environments, gap junctions, 
and neuromodulators (12). In our study, Zn2+ decreased sensitivity to seizures but did not 
affect the duration or severity of the seizure, suggesting that Zn2+ affects seizure initiation 
rather than termination. Another factor that determines seizure duration and severity in FS is 
the duration of high body temperature (5).

In the experimental FS model used in the present study, rats were taken out of the water 
(thus, into room temperature) immediately after seizures commenced; their body temperatures 
dropped rapidly and HT was relieved. Therefore, to test for any direct effect of Zn2+ on 
seizure duration, it will be necessary to use an FS model featuring the activation of endogenous 
HT mechanisms (e.g., the lipopolysaccharide/kainic acid model).

In our study, we induced hyperthermia by FS in rats for 4 consecutive days, and found 
that three rats in the group administered Zn2+ did not have any seizures on the 3rd and 4th days 
of the study. This finding is in agreement with the results of Fallah et al. (7), who gave 
children with FS and normal Zn2+ levels 2 mg/kg/day of Zn2+, and observed a reduced 
recurrence of FS.

In conclusion, we found that Zn2+ supplementation in rats with no prior history of Zn2+ 
deficiency extended the seizure latency and elevated the seizure threshold by modulating the 
seizure mechanism.
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