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Abstract

In the present study, fractalkine levels were investigated in different brain
regions and serum from the early postnatal period to adolescence. Thirty Wis-
tar albino male rats aged 15, 30, and 41 days were used (n = 10 per group).
After sacrifice, the prefrontal cortex, hypothalamus, thalamus, striatum, hip-
pocampus, temporal lobe, and serum were analyzed by ELISA. A cumulative
increase was observed in the thalamus, temporal lobe, and serum toward adoles-
cence. In contrast, a cumulative decrease was observed in the hippocampus and
striatum toward adolescence. The highest fractalkine levels were measured in
the prefrontal cortex of 15-day-old rats, in the thalamus of 30-day-old rats, and
in the thalamus and cerebellum of 41-day-old rats. Traumas that may occur
during early developmental stages can negatively affect fractalkine production
and neuroimmunity.
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Introduction. Fractalkine (FKN) is a type I transmembrane chemokine.
This molecule is synthesized as a 371-amino-acid transmembrane protein. It in-
cludes a 76-amino acid N-terminal chemokine domain; a 241-amino acid glyco-
sylated C-terminal region; an 18-amino acid hydrophobic transmembrane region;
and a 37-amino acid intracellular C-terminal domain [1].
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High levels of FKN protein have been reported in brain, lung, and heart
tissues, while lower levels have been found in kidney, pancreas, skeletal muscle,
testis, and colon tissues [2]. Fractalkine is found in the central nervous system,
including the hippocampus, frontal cortex, amygdala, striatum, globus pallidus,
thalamus, and olfactory bulb. Expression levels in these regions may vary during
postnatal development and influence processes such as synaptic plasticity and
neurogenesis [3]. Additionally, disruption of fractalkine signalling may impair
social behaviour and learning processes [4]. This study aims to determine regional
and temporal changes in fractalkine secretion levels.

Materials and methods. This study was conducted in the Animal Re-
search Laboratory of Balıkesir University in 2024, following approval from the
Balıkesir University Animal Experiments Local Ethics Committee. All experi-
mental procedures were performed within the period.

Animals. The study used male Wistar albino rats (Rattus norvegicus) at
different postnatal periods. A total of 30 male Wistar albino rats were used
(n = 10 per group) at 15 days, 30 days, and 41 days of age. This ensured
group homogeneity. The 15-day-old rats were fed their mother’s milk, the 30-
day-old rats were weaned, and the 41-day-old rats were selected because they
were in adolescence. Ethical approval was obtained from the Ethics Committee
(Approval number: 2024/12-3 Date: 18.12.2024). All experiments were conducted
in accordance with the US National Animal Guidelines [5].

Lee index, body weight, and brain weight. The calculation of the Lee
index involved the use of the formula (VA(g))1/3/naso-anal length (cm) [6]. The
brain weight, body weight, and Lee index of the subjects were measured under
anesthesia.

Molecular analysis. Tissues were homogenized in potassium chloride buffer
at a ratio of 1:9 (0.1 g tissue: 0.9 mL, 140 mmol/L) and then centrifuged at
7000 rpm for 5 min at 4 ◦C. Fractalkine levels were then measured using the
ELISA method (BT LAB, catalogue number E1968Ra).

Statistical tests. The Shapiro–Wilk test was performed to assess normality.
For data showing a normal distribution, a One-Way ANOVA and Tukey’s post
hoc test were performed. A p-value < 0.05 was considered significant. For data
that did not show a normal distribution, the Kruskal–Wallis and Mann–Whitney
U post hoc tests were performed. Data were presented as median, interquartile
range, and mean ± SEM (standard error of the mean). A p-value < 0.05 was
considered significant [7]. For comparisons using ANOVA, the Holm–Sidak test
was used; for comparisons using the Kruskal–Wallis test, Dunn’s test was used.

Results. Murinometric result. Body weight increased significantly to-
ward adolescence (Kruskal–Wallis, p < 0.05–0.0001). Compared with 15-day-old
rats, brain weight increased significantly on postnatal days 30 and 41 (Kruskal–
Wallis tests, p < 0.01 and p < 0.0001, respectively). Although there was no
significant difference between days 30 and 41, there was a slight increase. The Lee
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index was significantly lower in 30- and 41-day-old rats than in 15-day-old rats
(Kruskal–Wallis, p < 0.05).

Temporal molecular result. There were no significant differences observed
among the three periods in the cerebellum, PFC, hypothalamus, hippocampus, or
parietal lobe (Kruskal–Wallis, p > 0.05). In the thalamus, fractalkine increased
significantly toward adolescence (Fig. 1C). Fractalkine levels in 41-day-old rats
were significantly higher than in 15-day-old rats (Kruskal–Wallis, p < 0.05). Tem-
poral lobe fractalkine levels increased significantly toward adolescence (Fig. 1G).
Fractalkine levels in 30-day-old rats were significantly higher than in 15-day-old
rats (Kruskal–Wallis, p < 0.05). In the striatum, fractalkine decreased signifi-
cantly toward adolescence (Fig. 1E). Fractalkine levels in 15-day-old rats were sig-
nificantly higher than in 30-day-old rats (One-way ANOVA, p < 0.01). In serum,
fractalkine increased significantly toward adolescence (Fig. 1I). Fractalkine levels
in 15-day-old rats were significantly lower than in 30-day-old rats and 41-day-old
rats (Kruskal–Wallis, p < 0.005, p < 0.001).

Spatial molecular results. In 15-day-old rats, fractalkine levels were high-
est in the prefrontal cortex (PFC) (2.003± 0.39) and lowest in the temporal lobe
(0.89± 0.13). Serum levels were significantly lower in all brain regions except the
temporal lobe and thalamus (Kruskal–Wallis, p < 0.05). There were no significant
differences between brain regions (Kruskal–Wallis, p > 0.05) (Fig. 2).

In 30-day-old rats, fractalkine levels were highest in the thalamus (1.84±0.20)
and lowest in the striatum (0.84±0.09) among brain regions. Fractalkine levels in
the thalamus were significantly higher than those in serum and striatum (Kruskal–
Wallis, p < 0.05, p<0.005). PFC fractalkine levels were significantly higher than
those in the striatum (Kruskal–Wallis, p < 0.05), (Fig. 3).

In 41-day-old rats, fractalkine levels were highest in the thalamus (2.92 ±
0.71) and cerebellum (2.92 ± 0.75), and lowest in the striatum (1.07 ± 0.05) and
hippocampus (1.056 ± 0.09). Fractalkine levels in the thalamus are significantly
higher than those in the hippocampus and striatum (Kruskal–Wallis, p < 0.05),
(Fig. 4).

Discussion. The temporal and spatial expression dynamics of fractalkine
were investigated for the first time during the early period of rat brain develop-
ment. Rats are a commonly used model species in the study of brain diseases
and nervous system physiology [8]. They are typically fed mother’s milk for up
to 21 days [9]. For this purpose, 15-day-old rats were selected to model breastfed
human infants. Thirty-day-old rats were selected to model both infants who are
not breast-fed and those who have not yet entered puberty. Rats 41 days old were
selected as the group entering adolescence [10]. From the gestational period to the
onset of adolescence, various cellular processes occur, including cell proliferation
and migration, myelination, apoptosis, synaptogenesis, and synaptic pruning [11].
According to our results, when examining the healthy development profile of sub-
jects, we observe increases in body and brain weight as they approach adolescence.
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Fig. 1. Temporal molecular findings. Fractalkine levels by age group: (A) PFC, (B) Cerebellum,
(C) Thalamus fractalkine, (D) Hypothalamus, (E) Striatum, (F) Hippocampus, (G) Temporal
lobe, (H) Parietal lobe, (I) Serum. The significant differences are as follows: ∗ 15-day-old and
41-day-old in thalamus (p < 0.05); 15-day-old and 30-day-old in temporal lobe (p < 0.05); ∗∗ 15-
day-old and 30-day-old in striatum (p < 0.01); α 15-day-old and 30-day-old in serum (p < 0.005);

β 15-day-old and 41-day-old in serum (p < 0.001), (n = 10, each group)
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Fig. 2. Spatial molecular findings (15 days old rats): The significant differences are as follows: α

serum and hypothalamus (p < 0.005); serum and striatum (p < 0.005); β serum and cerebellum
(p < 0.05); serum and parietal lobe (p < 0.05); # serum and hippocampus (p < 0.01); δ serum

and PFC (p < 0.0005), (n = 10, each group)

Fig. 3. Spatial molecular findings (30-day-old rats). The significant differences are as follows:
α the striatum and PFC (p < 0.05); β the striatum and thalamus (p < 0.005); δ serum and

thalamus (p < 0.05)

Additionally, the relationship between height and weight was examined using the
Lee index, which was developed for rats in obesity studies [12, 13]. Because the
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Fig. 4. Spatial molecular findings (41-day-old rats). The significant differences are as follows:
α, the thalamus and striatum (p < 0.05); β, the thalamus and hippocampus (p < 0.05) (n = 10,

each group)

increase in subjects’ height exceeded that in their weight, the Lee index decreased
as they approached adolescence.

The thalamus acts as a bridge between the cortex and subcortical structures.
The thalamus plays a role in sleep, wakefulness, and primary sensory process-
ing [14]. A time-dependent cumulative increase has been observed in the thala-
mus. Previous studies have shown that fractalkine and microglia activation in
the thalamus and temporal lobe play a role in migraine pathology in an epilepsy
animal model [15].

In the striatum, there was a significant decrease in fractalkine levels from
15-day-old rats to 41-day-old adolescent rats. Fractalkine activates microglia via
its receptors and facilitates neuron-microglia communication [16]. Damage oc-
curring during the first 15 days, specifically during the weaning period, can have
serious effects. While fractalkine decreases during the transition to adolescence
in the striatum and hippocampus, an increase was particularly noticeable in the
thalamus. This may be related to the embryonic origin and the distribution of
gray-white matter ratios across brain regions. Damage occurring in the thalamus
before the transition to adolescence may prevent the peak in fractalkine that typ-
ically occurs during adolescence. In contrast, early damage in the hippocampus
and striatum may lead to a further decrease in fractalkine, which is already de-
creasing during the transition to adolescence. In addition, the highest fractalkine
levels were observed in the thalamus among all brain regions in 30- and 41-day-old
rats. This may be because the immunological development of the thalamus differs
from that of other brain regions.
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In the present study, no specific peak or cumulative decrease-increase was
observed in the prefrontal cortex. However, the highest fractalkine expression was
observed in the prefrontal cortex during the lactation period, compared to other
regions. Connections between the PFC and the striatum are important for cogni-
tive functions [17]. Furthermore, our results showed another cumulative increase
in serum fractalkine levels during adolescence. Serum fractalkine levels showed a
rise similar to that in the thalamus and temporal lobe. Microglia play a role in
synaptic pruning and waste removal during different developmental periods [18].
The distribution of microglia in neural tissue can be as important as their number
and function [19]. Since fractalkine is one of the factors that determines microglial
distribution, it contributes to neurodevelopment.

Elucidating the roles of fractalkine in neurological disorders of the central
nervous system may be crucial. A significant increase in cerebrospinal fluid lev-
els has been observed in patients with severe brain injury during the first four
days [20]. In the same study, a slight but statistically insignificant increase in
fractalkine levels was observed in the brains of mice subjected to a closed-head
trauma model; however, in that study, the entire damaged cerebral hemisphere
was examined [20]. This finding once again underscores the importance of the re-
gional distribution of fractalkine in our study. It would be beneficial to investigate
the potential roles of fractalkine in other neurological disorders, such as epilepsy,
cerebral palsy, migraine, and multiple sclerosis, through clinical and preclinical
studies.

Our study has some limitations. The first limitation is the use of male rats
only. Experiments with female subjects are also necessary from the perspective
of public health and translational medicine. This was not possible in the pre-
sented study due to budget and time constraints. Secondly, we focused only on
the temporal and regional profiles of fractalkine expression from the early post-
natal period to adolescence. Another limitation is the study’s budget. Increasing
the budget could make it possible to investigate different brain regions and cere-
brospinal fluid. In particular, studies should be conducted in adult rodents to
examine cerebrospinal fluid in models of neurological diseases.

Our study has raised some new questions. In particular, fractalkine produc-
tion, receptors, and microglia behaviour can be investigated in brain lesions in
specific regions. Another critical point is that fractalkine serum levels increase
toward adolescence. Can serum fractalkine levels be used as a marker in pediatric
clinics for children’s development and the development of specific brain regions?

Conclusions. The present study found that fractalkine levels varied tem-
porally and regionally during early developmental stages. Fractalkine levels were
particularly high in the hippocampus and striatum during the lactation period
and decreased towards adolescence. In contrast, fractalkine levels increased to-
ward adolescence in the thalamus, temporal cortex, and serum. The highest
fractalkine levels were observed in the prefrontal cortex of 15-day-old rats and
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in the thalamus of 30- and 41-day-old rats. Fractalkine may be susceptible to
damage during early developmental stages.
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