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Effect of melatonin on cytokine levels in a hyperthermia-induced febrile seizure model
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Abstract: Higher serum cytokine levels have been reported in children admitted with febrile seizures and in some experimental models. However, other studies

have shown that cytokine levels are influenced by melatonin. In this study, we investigated serum cytokine levels in a hyperthermia-induced febrile rat seizure
model and the effect of melatonin. A total of 28 male Sprague—Dawley rats were divided into four groups: the control (C) group, healthy melatonin (MT) group,
and hyperthermia-induced febrile seizure groups with (HIFS-MT) and without (HIFS) administration of melatonin. Melatonin (80 mg/kg) was given intraperito-
neally 15 min before the seizure. HIFS was induced by placing the rats in 45°C water. The rats were sacrificed under anesthesia after the seizure. Blood samples
were drawn by transcardiac puncture to measure serum cytokine and melatonin levels. Serum interleukin (IL)-1p, IL-6, IL-10, and tumor necrosis factor (TNF)-a
levels were lower in the HIFS group than those in the C group (p = 0.005, p = 0.200, p = 0.011, and p = 0.016, respectively). All serum cytokine levels of rats in
the MT and HIFS-MT groups were similar to those in the C group. This experimental rat model demonstrated that serum cytokine levels decrease with HIFS and
that administering melatonin maintains serum cytokine levels. These results suggest that cytokines may play role in the anticonvulsive activity of melatonin in rats
with febrile seizures.
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Introduction and anti-inflammatory cytokines (24-26).
ol FS). th | ) In this lsltudy, \ge inzllelstiggteﬁi se&um c%/tokine levels
Febrile seizure (FS), the most commonly encoun- of rats in the HIFS model and the effect of melatonin.
tered neurologic disorder in children (1-3), is gener-
ally known to have a benign course. However, some Materials and Methods
experimental animal studies have reported 30%—40%
prolonged complicated FSs resulting in temporal lobe Experimental Animals and Study Groups
epilepsy (4). In this regard, understanding FS pathogen- In the present study, 22—30-day-old male Sprague—
esis is crucial for preventing seizures and diminishing Dawley rats were divided randomly into four groups (n
seizure severity and duration. = 28); the control (C) group, melatonin-administered
A number of clinical and experimental studies have (MT) group, and groups experiencing hyperthermia-
investigated the role of various cytokines including tu- induced febrile seizure with (HIFS-MT) and without
mor necrosis factor-o (TNF-a), interleukin (IL)-1p, IL- melatonin (HIFS). Rats were placed in standardized
6, and IL-10 in FS pathogenesis (5-12). However, serum laboratory conditions under a 12-hour day/night photo-
cytokine levels have not been studied in a hyperthermia- period, and received food and water ad libitum. We al-
induced febrile seizure (HIFS) rat model. lowed the rats to adapt to their new environment during
Some clinical studies have reported lower serum the first 3 days.
cytokine levels in children with FS compared to those
in healthy controls (13-15). Administering melatonin in General experimental procedure
addition to anticonvulsive treatment in children with FS All procedures were conducted between 09.00 and
has been investigated (16-17). In addition, the anticon- 12.00 am. Melatonin (80 mg/kg) was administered in-
vulsive activity of melatonin was shown experimentally traperitoneally 15 min before the seizure. Body temper-
in the maximal electroshock mouse model, pilocarpine- ature was measured rectally before and after the seizure.
induced epilepsy rat model, pentylenetetrazol-induced HIFS was achieved by placing the rats in 45°C water.
seizure model, and penicillin-induced seizure rat model Seizure severity was evaluated according to Racine’s
(18-22). We previously demonstrated the anticonvulsive scale. Rats were sacrificed under anesthesia just after
efficacy of melatonin in a HIFS model (23). In addition, the febrile seizure, and blood was drawn by transcar-
some studies have shown that melatonin affects serum diac puncture. Serum melatonin and cytokine levels
levels of pro-inflammatory (IL-1f, IL-6, and TNF-a) were measured by enzyme-linked immunosorbent as-
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say (ELISA).

Melatonin Preparation and Administration

Melatonin (M5250; melatonin powder, >98% TLC;
Sigma, St. Louis, MO, USA) was dissolved in 2.5%
(v/v) ethanol/saline solution just before use and admin-
istered intraperitoneally (i.p) at a dose of 80 mg/kg 15
min before the seizure (23,27).

Hyperthermia-induced Febrile Seizure Model

HIFS was achieved by placing the rats in 45°C wa-
ter that did not reach the rat’s neck. The rats were re-
moved from the water and placed on a dry towel when
the seizure began (myoclonic spasm at the edge of the
lips or the rat stayed still and sank to the bottom) (28).
Seizure latency, total duration of clinical seizure, and
seizure stage were evaluated. Seizure latency was de-
fined as the time interval between contact of the rat with
the water and the beginning of the seizure. Clinical sei-
zure duration was the time period from the beginning
of the seizure until the rat was conscious and regained
movement. Seizure severity was evaluated according
to Racine’s scale, which assigns scores as follows: 0,
no convulsive behavior; 1, facial clonus; 2, nodding; 3,
anterior limb clonus; 4, rearing up movement; and 5,
rearing up and falling on one side due to imbalance (29).

Rectal Temperature Measurement

The body temperature of the rats was measured
rectally before and as soon as possible after the febrile
seizure (pre- and post-experimental) using the Medical
Grade YSI 400 temperature probe for medical purposes
(ABD; BIOPAC Systems, Inc. Santa Barbara, CA).

Blood Samples

The rats were sacrificed just after the febrile seiz-
ure by administering xylazine/ketamine (10 mg/kg and
100 mg/kg, i.p, respectively) (30). Blood samples were
drawn by transcardiac puncture as soon as possible af-
ter sacrifice and centrifuged at 1,500 rpm for 6 min. All
serum samples were labelled and stored at —80°C until
biochemical analyses were performed (31).

ELISA

Protein levels of the serum samples were checked
by the Bradford method. Then, serum melatonin (Bio-
Assay) and cytokine (RAYBIOTECH, Norcross, GA,
USA) (IL-1B, IL-6, TNF-0, and IL-10) levels were
measured by ELISA according to the manufacturer’s
instructions (32).

Statistical Analysis

The Shapiro-Wilk test of normality was used to de-
termine the normality of the distributions of continu-
ous numeric variables. If parametric test assumptions
were met, numerical variables are presented as mean
and standard deviation; if these assumptions were not
met, the numerical variables are presented as median
and range. The study groups were compared in terms of
numerical dependent variables including weight, serum
melatonin level, pre-experimental rectal temperature,
and serum IL-1, IL-6, TNF-a, and IL-10 levels using
one-way analysis of variance for variables that met the
parametric test assumptions and the Kruskal-Wallis

Table 1. Body weights and pre-experimental rectal temperatures in

groups.
Body Weight (gr) Pre-experimental Rectal
Mean<SD Temperature (°C)
Median (Min-Max)
C 44.0+4.62 35.9(34.7-35.9)
MT 43.7+3.72 35.9(33.9-37.1)
HIFS 43.6 +5.53 35.7(35.5-36.0)
HIFS -MT 45.6 +4.57 35.7(34.7-35.9)
p 0,843! 0,780?

"' One way analysis of variance test, > Kruskal Wallis variance
analysis test

analysis of variance for variables that did not. Between-
group differences in numerical independent variables,
such as post-experimental rectal temperature, latency,
seizure duration, and seizure severity, were compared
using Student’s #-test if the parametric test assumptions
were met and the Mann—Whitney U-test if not. Type-I
error probability was o = 0.05 for all tests. SPSS v17.0
software was used for the analysis (SPSS, Inc., Chicago,
IL, USA, September 2012 license number: 1093910,
Baskent University).

Results

The experimental animals in all groups were similar
in terms of weight and pre-experimental rectal tempera-
ture (Table 1). No animal died during the study.

Rats in the MT and HIFS-MT groups had higher
serum melatonin levels than did those in HIFS and C
groups (p < 0.05) (Figure 1).

Post-experimental rectal temperature was lower in
the HIFS-MT group than that in the other groups (p =
0.02). No significant difference was observed in seizure
latency between the HIFS and HIFS-MT groups (79.0 +
10.0 sec vs. 80.9 + 27.46 sec, respectively, p = 0.435).
The melatonin-administered seizure group (HIFS-MT)
had a shorter mean seizure duration (174.0 = 109.85 sec
vs. 285.0 = 121.50 sec, respectively, p = 0.049) and a
lower mean seizure scale score (p = 0.0005) than those
of the HIFS group (Table 2).

2400

2200

2000~

1500

Melatonin (ng/dl)
o

1600~

- E =

1200

¢ MT
Figure 1. Serum melatonin levels of the study groups. Serum
melatonin (MT) levels in the hyperthermia-induced febrile seizure
with (HIFS-MT) and without (HIFS) MT and the control (C)

groups (p < 0.05).
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Table 2. Post-experimental rectal temperatures, latencies, seizure durations and scales in groups.

Post-experimental Rectal Temperature (°C) Latency (sec) Seizure Duration (sec) Seizure Scale
Median (min-max) Mean£SD Mean£SD Median (min-max)
HIFS 44.4(42.2-45.1) 79.0 +10.00 285.0 £121.50 5(4-5)
HIFS-MT 42.4(39.4-44.1) 80.9 +27.46 174.0 +109.85 3(1-3)
P 0.02 0.435 0.049 0.0005
N e seizure threshold by administering IL-1p also supported

C & HIFS

HIFS & HIFS-MT

I1p L6 IL10  TNFa Mg M6  TM-10 TNFa

B C&MT D C & HIFS-MT

wap L6

1L-10 TNF-a L1 16 110 TNF-a

Figure 2. Serum cytokine levels of the study groups. Cytokine
levels of A) control (C) and hyperthermia-induced febrile seizure
(HIFS) groups, B) C and melatonin (MT) groups, C) HIFS and

HIFS-MT groups, D) C and HIFS-MT groups. (* p <0.05)

The HIFS group had lower serum IL-1f (0.019
+ 0.0040 ng/ml), IL-6 (0.027 £+ 0.0074 ng/ml), IL-10
(0.024 £ 0.0080 ng/ml), and TNF-a (0.027 £ 0.0093 ng/
ml) levels compared to those in the C group (p = 0.005,
p =0.200, p=0.011, and p = 0.016, respectively) (Fig-
ure 2A).

No significant difference was observed in the serum
cytokine levels between the C and MT groups (p > 0.05)
(Figure 2B).

The HIFS-MT group had higher serum IL-1p (0.024
+ 0.0053 ng/ml), IL-6 (0.031 £ 0.0080 ng/ml), IL-10
(0.028 + 0.0084 ng/ml), and TNF-a levels (0.032 +
0.0084 ng/ml) than those in the HIFS group (p < 0.05
for IL-1B and p > 0.05 for others) (Figure 2C). No sig-
nificant difference in serum cytokine levels was ob-
served between the HIFS-MT and C groups (p > 0.05)
(Figure 2D).

Discussion

The present study is the first to investigate the ef-
fects of serum cytokine levels and melatonin in a HIFS
model. Rats in the HIFS group had low serum cytokine
levels (IL-1B, IL-6, IL-10, and TNF-a). However, both
the MT and HIFS-MT groups had serum cytokine levels
similar to those for the controls.

Previous studies showed that patients with febrile
seizure had higher TNF-a gene expression and serum
IL-1p and IL-6 levels compared to healthy children
(6,10,11). In addition, plasma IL-1f level, IL-10 (an anti-
inflammatory/regulatory cytokine) level, and the IL-1p/
IL-10 ratio were higher in patients with febrile seizure;
this ratio has been suggested to be useful in predicting
febrile seizure risk (12). Previous experimental studies
demonstrated that both hyperthermia of the brain and
increased IL-1P levels led to seizures by aggravating
neuronal excitability (5.9). IL-1p receptor-deficient rats
were more resistant to febrile seizures, and lowering the

previous clinical studies (8). Heida et al. (33) explored
the role of IL-1p in the development of febrile seizure
and found that 14-day-old rats that experienced febrile
seizure had higher hippocampal and hypothalamic IL-
1B levels compared to controls after an i.p lipopolysac-
charide (LPS) injection. In our study, we found lower
serum cytokine levels in the HIFS group. This result
was probably due to rapid seizure induction by external
hyperthermia and early blood collection to measure se-
rum cytokine levels, which did not allow adequate time
for cytokine-mediated inflammatory processes to oc-
cur. Cytokine-mediated inflammatory processes are ex-
pected to play a role in more slowly developing febrile
seizures due to infectious and endogenous processes. In
addition, no study has investigated cytokine levels in a
febrile seizure model induced by external hyperthermia.
On the other hand, a number of previous studies have
explored the effects of applying external hyperthermia
to the body that did not lead to febrile seizures, such
as the ‘whole body hyperthermia (WBH)’ model (34-
38). Yamashita et al. (36) investigated the role of cy-
tokines in the cardioprotective effect of hyperthermia.
They conducted a WBH model by leaving adult rats in
42°C water for 15 min and measuring serum cytokine
levels 5 days after WBH. The results indicated that IL-
1B and TNF-a levels increased significantly. Nelson et
al. (37) studied the effects of hyperthermia on neonatal
mortality and serum cytokine (IL-1p and IL-6) levels.
They placed 10-14-day-old rats in water at various tem-
peratures (38, 39, and 40°C) for 1 hour, and collected
blood 1 hour after WBH; they reported similar serum
IL-1P levels, but increased IL-6 levels with higher ex-
ternal hyperthermia. Haveman et al. (34) applied WBH
at 41.5°C for 1 hour. They showed that serum TNF-a
level remained unchanged, serum IL-1 level reached
a peak 15 min after WBH, and serum IL-6 level re-
mained unchanged during WBH, but increased signifi-
cantly 1 hour later. On the other hand, Ostberg et al.
(35) conducted an experimental study on BALB/c and
C57BL/6 mice and reported that long-duration WBH
did not affect serum IL-1f, IL-6, or TNF-a levels. In a
cell-culture study, Fairchild et al. (38) evaluated the ef-
fects of hyperthermia on LPS-induced cytokine expres-
sion in neonatal and adult monocytes and macrophages
maintained at 40°C. They reported that no increase in
TNF-a or IL-1P expression was observed initially, but
TNF-a and IL-1B concentrations increased by 18-50%
in all cell cultures, and IL-6 concentrations decreased
by 26-29% in all cell cultures except adult macrophages
after 24 hours in a hyperthermal condition. All of these
studies clarify that a certain time period is necessary for
inflammatory processes to take place. The differences
in serum cytokine levels are mostly due to a difference
in the environmental temperature that experimental
animals are exposed to, the exposure duration, and the
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time interval between hyperthermia exposure and blood
collection. In the present study, we exposed the rats to
45°C, and the exposure duration to hyperthermia (equal
to seizure latency, sec-min) was relatively shorter com-
pared to other studies. We collected blood samples just
after the application. This was also a rather short delay
when compared to previous studies (hours/days).
Previous studies have shown that melatonin admin-
istration affects serum cytokine levels (24-26). Addi-
tionally, there is evidence to support anticonvulsive ac-
tivity of melatonin in various seizure models and in the
HIFS model (16.17,18-23). However, the relationship
between cytokines and the anticonvulsive efficacy of
melatonin is unknown. In this study, we demonstrated
that serum cytokine levels decrease with febrile sei-
zures, whereas melatonin administration maintains se-
rum cytokine levels stable at a level similar to that for
controls in the HIFS rat model. Maestroni et al. (24)
showed that melatonin diminished T cell apoptosis and
increased T cell-mediated cytokine expression. Yuan et
al. (26) studied human umbilical vein endothelial cells
and found that melatonin administration decreased IL-
1P levels. Long-term melatonin treatment decreased
pro-inflammatory cytokines (IL-1B, IL-6, and TNF-a.),
which increase with aging and increase anti-inflamma-
tory cytokine levels (25). Melatonin (30 mg/kg) was in-
jected i.p into C57BL/6J mice to investigate the protec-
tive effects of melatonin on brain injury, and blood and
brain samples were collected 48 hours from a surgical
model. Melatonin administration decreased 1L-1 and
TNF-a levels (39). Ersoy et al. (40) conducted a septic
shock model and injected 10 mg/kg i.p melatonin into
Wistar albino rats twice at a 6-hour interval to investi-
gate the effects of melatonin during the early inflam-
matory phase of sepsis. They collected blood samples
at 16 hours and at 3 and 7 days after injection. In the
groups receiving melatonin, serum IL-6 levels were sig-
nificantly lower than those in the controls in the 16-hour
sample, whereas it was higher than that of the control
group on days 3 and 7. Serum IL-10 level was signifi-
cantly higher than that of controls after 16 hours, where-
as it was significantly lower than the controls on days
3 and 7. Carrillo-Vico et al. (41) injected 10 mg/kg i.p
melatonin twice into adult female Swiss LPS-induced
septic shock model mice. They collected blood samples
2, 4, and 6 hours after the model and decapitated the
mice. Serum IL-1, IL-6, and TNF-o levels remained
unchanged in all samples in the groups receiving mela-
tonin, whereas IL-10 was significantly higher only in
the 6-hour blood sample. Kahya et al. (42) conducted a
study of diabetic rats to investigate the effects of mela-
tonin and selenium on oxidative stress in the brain and
plasma cytokine levels. They injected 10 mg/kg i.p mel-
atonin into rats for 14 days and collected blood samples
12 hours after the last melatonin injection. They found
similar IL-1p levels in the melatonin group and the con-
trols. Consistently, we found similar serum IL-1f levels
in the MT and C groups in our study model. Our results
support studies by Carrillo-Vico et al. (41) and Kahya et
al. (42). We also found significantly higher IL-1f lev-
els in the HIFS-MT group compared to the HIFS group.
This result parallels that in a study by Maestroni et al.
(24), but contradicts the results of Yuan et al. (26), Ro-
driguez et al. (25), and Zhao et al. (39). On the other

hand, no significant difference in serum IL-6 levels was
observed between our study groups, a finding consis-
tent with the results of Carrillo-Vico et al. (41). In the
present study, serum IL-10 level in the MT group was
significantly higher than that in the HIFS and HIFS-MT
groups, which is consistent with Maestroni et al. (24),
Rodriguez et al. (25), the 16 hour results of Ersoy et al.
(40), and the 6 hour results of Carrillo-Vico et al. (41).

Some previous studies have shown that the serum
TNF-a level decreases after melatonin is administered
(25,39), whereas it remained unchanged after 2, 4, and
6 hours in Carrillo-Vico et al. (41).

Consequently, some previous studies are consistent
with our results regarding changes in cytokine levels af-
ter melatonin administration, whereas other studies con-
tradict our results. These controversial results are most
probably due to differences in the melatonin dose, the
number of repetitions in different experimental models,
or different blood sampling times.

In the present study, serum IL-6 levels did not
change, whereas IL-1f3, IL-10, and TNF-a levels de-
creased significantly just after seizure in the HIFS rat
model. Furthermore, administering melatonin to the rats
resulted in no change in serum IL-6 levels, whereas it
increased serum levels of the other cytokines (IL-1§,
IL-10, and TNF-a) to the levels of the control. These
results suggest that the anticonvulsive efficacy of mela-
tonin may be related to cytokines. Further studies with
blood sampling at different times after seizure and in-
vestigating cytokine levels, especially in the hippocam-
pus, are needed to clarify the role of cytokines in the
anticonvulsive efficacy of melatonin in the HIFS model.
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