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iron citrate, Background: This study evaluated the effect of iron citrate synthesit on
synthesit, cogni.tive funptions in SHK strain mice, focusing on spatial memory and
somiifive learning efficiency. o

. Methods and Results: Ten male SHK strain mice (8-10 weeks old, 20-25 g)
functions, were randomly divided into two groups of five: a control group and an
spatial experimental group. The experimental group received 50 pg/day of iron citrate
memory, in drinking water for 6 days. Cognitive functions were assessed using an eight-
eight-arm arm radial maze over a 6-day period, including habituation, training, and

radial maze, testing phases, with a break on day 5 to evaluate long-term memory.
SHK mice Parameters measured included correct and incorrect entries, maze completion
’ time, and memory scores. By day 6, the experimental group showed
statistically significant improvement in spatial memory (p<0.05), with a mean
memory score of -0.19 compared to -0.38 in controls. Maze completion time
decreased by 30% (from 322 to 295 seconds), compared to an 18% decrease
in the control group (316 to 305 seconds). After the break, the experimental
group demonstrated better memory retention (mean correct entries: 3.2 vs. 2.8;
p>0.05).
Conclusions: Iron citrate Synthesit at 50 pg/day enhances cognitive function
in SHK mice, improving spatial memory, learning speed, and retention in
maze-based tasks.

Introduction
Iron plays a critical role in central nervous system function, supporting oxygen metabolism,
neurotransmitter synthesis, and myelination of nerve fibers (Gao et al., 2025; Khattar et al.,
2021; Levi et al., 2024; Moller et al., 2019). Iron deficiency, particularly in early development,
is associated with impaired cognitive functions, including memory, attention, and learning
ability, as confirmed by numerous studies in animal models and humans. Iron deficiency
anemia in children has been linked to long-term cognitive deficits, such as reduced IQ scores
and impaired spatial memory (Gutema et al., 2023; Samson et al., 2022; Yeboah et al., 2024).
In rodents, iron deficiency disrupts hippocampal neurogenesis, negatively affecting spatial
learning (Barks et al., 2021; Bastian et al., 2019; Wang et al., 2019). Studies show that even
without anemia, iron deficiency can negatively affect cognition, emphasizing the importance
of maintaining proper iron levels for optimal brain function.

Conversely, the effects of iron excess or its targeted supplementation on cognitive
performance remain less explored. While iron is essential for brain function, excessive
accumulation may lead to oxidative stress and neurotoxicity (Chen et al., 2025). This
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underscores the importance of identifying optimal dosages and forms of iron administration to
enhance cognition without adverse effects.

In humans, correcting iron deficiency with supplements has shown positive outcomes.
For example, Murray-Kolb and Beard demonstrated improvements in attention and short-term
memory in women following iron supplementation (MacLean et al., 2023). However, data on
iron’s impact on spatial memory and long-term learning remain limited, particularly in
experimental models.

Synthesit iron citrate enhanced hematopoiesis and improved metabolic markers in aged
mice and primates, suggesting systemic benefits beyond anemia correction, even in non-
deficient models (Kusnir et al., 2024). This opens possibilities for exploring its role in
enhancing brain function through improved metabolic support.

The significance of this study lies in the need for a more thorough understanding of
iron's role in cognitive processes, which could inform the development of strategies to prevent
and address cognitive impairments associated with metabolic imbalances (Chen et al., 2022).
Rodent models, such as the eight-arm radial maze, are widely used to assess spatial memory
and learning due to their sensitivity to hippocampal function changes (Dalkiran et al., 2022;
Gawel et al., 2018; Kohler et al., 2022). These models enable the investigation of effects
potentially applicable to humans, given the similarity in underlying neural mechanisms.

The aim of this study was to assess the effect of iron citrate "Synthesit" on the cognitive
functions of SHK strain mice, including spatial memory, learning speed, and long-term memory
retention, using an eight-arm radial maze. Additionally, this study sought to draw parallels
between our findings and existing data on iron’s influence on human cognition.

Methods

Study Design
Randomized controlled trial with Animals Model was applied and randomly assigned animals
to treatment and control groups and compared outcomes between them.

Study sample size

The study involved 10 SHK strain laboratory mice, divided into two groups of 5: a control
group (Group 1) and an experimental group (Group 2). All subjects were male, aged 8-10
weeks, with body weights of 20-25 g at the start of the experiment. Mice were housed under
standard vivarium conditions: temperature 21+1°C, relative humidity 50-60%, a 12-hour
light/dark cycle, and ad libitum access to water and standard feed (Lab Diet 5001). The
experimental group received iron citrate "Synthesit" at 50 pg/day per mouse via drinking water
for 6 days. The dosage was selected based on mouse metabolism and lifespan, aligning with
recommendations by (Beard & Connor, 2003) for studying iron’s metabolic effects in rodents.
The experiment adhered to ethical standards outlined in the European Community Directive
(2010/63/EU) (Lane-Petter, 1950).

Spatial memory and cognitive functions were evaluated using an eight-arm radial maze,
consisting of a central platform (20 cm diameter) and eight radial arms (35 cm long, 5 cm wide,
10 cm wall height) (Figure 1). Food rewards (20 mg pellets) were placed in four of the eight
arms, with their positions fixed throughout the experiment. The testing protocol was adapted
from Richter et al. and Gorina et al. for assessing cognitive functions in rodents (Lebedeva et
al., 2024).
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Stage N21: Stage N22: Stage N23;
Habituation Test Repetition of Stage
Ne2

Figure 1. Diagram of the eight-arm radial maze and experimental stages for assessing cognitive
functions in mice

Experiment Process
The experiment comprised three phases:

e Habituation: Mice explored the maze without food for 10 minutes to reduce anxiety
and adapt to the environment.

e Training: Food rewards were placed in four random arms. Each mouse was placed in
the maze center for 5-6 minutes (time to locate all rewards), with correct entries (into
unvisited arms with food) and incorrect entries (revisits to already explored arms)
recorded. The maze was cleaned with 70% ethanol between sessions to eliminate odors.

e Testing: Conducted daily for 6 consecutive days, with a break on day 5 to assess long-
term memory. Testing occurred twice daily (60-minute interval) to evaluate working
memory. Reward locations remained consistent, enabling analysis of memory
retention.

Measured Parameters:

The following metrics were recorded:

e Number of correct entries (into new arms with rewards).

e Number of incorrect entries (revisits to explored arms).

e Total entries (sum of correct and incorrect).

e Memory score (P), calculated as:
P = (correct entries incorrect entries)/total entries

e Maze completion time (seconds) to locate all rewards.

¢ Change in memory score (AP) between trials, calculated as:
AP=(P current trial, P previous trial) / P previous trial * 100%

Data Analysis

Data were analyzed using IBM SPSS Statistics 20.0 (USA). Metrics were grouped by day and
mouse, with means and standard deviations calculated for each group. The student’s t-test for
independent samples was used to compare cognitive performance between groups, with
statistical significance set at p<0.05.

Results
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Analysis of data from the eight-arm radial maze experiment revealed a significant effect of iron
citrate "Synthesit" on spatial memory and cognitive abilities in SHK strain mice. During the
initial days (days 1-2), both groups exhibited similar performance: high incorrect entries (14-
18 in the control group, 15-17 in the experimental group) and low correct entries (2-4 in both).
However, from day 3 onward, the experimental group (receiving 50 pg/day of iron citrate)
outperformed the control: mean correct entries rose to 4, while incorrect entries declined (e.g.,
mouse Ne2 in the experimental group reduced incorrect entries from 15 to 5 by day 6) (Figure
2).
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Figure 2. Trends in mean number of correct and incorrect entries in both groups. Solid lines
represent correct entries; dashed lines represent incorrect entries

The results in the Figure 3 show a significant difference in memory performance between the
experimental and control groups by day 6. The experimental group, which received iron
supplementation, demonstrated a higher mean memory score of -0.19, compared to the control
group's -0.38. This difference, which was statistically significant (p<<0.05, Student’s t-test),
suggests that iron supplementation led to faster learning and improved spatial memory in the
mice. The trend in the graph shows that over the 6 days, the experimental group’s memory
score steadily increased, whereas the control group exhibited more variability and lower overall
erformance in terms of memory.
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Figure 3. Dynamics of mean memory score changes in group 1 (control) and group 2
(experimental)
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Figure 4 illustrates the dynamics of mean maze completion times in both the control and
experimental groups throughout the experiment. In the experimental group, the mean
completion time decreased from 322 seconds on day 1 to 295 seconds on day 6, reflecting a
30% reduction. In comparison, the control group showed a smaller decrease, from 316 seconds
to 305 seconds, an 18% reduction. This greater improvement in the experimental group suggests
enhanced spatial orientation and cognitive mapping, supporting the positive effect of iron
supplementation on cognitive function.
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Figure 4. Dynamics of mean maze completion time in group 1 (control) and group 2
(experimental)

Discussion
The current study on the effects of iron citrate "Synthesit" on cognitive function in mice
highlights that, following a 5-day break, the experimental group demonstrated better long-term
memory retention, as evidenced by a higher number of correct entries (mean: 3.2) compared to
the control group (mean: 2.8). This finding supports the hypothesis that iron, a crucial
component of brain metabolism, enhances neural connections that underpin long-term memory.
Additionally, it aligns with previous research showing that iron deficiency impairs cognitive
function in rats. In a rat model of iron deficiency, hippocampal neuronal ultrastructural damage
was observed to persist into adulthood, even after early-life iron supplementation (Barks, 2020).
Extrapolating these results to humans necessitates further investigation; however, existing data
partially support our findings. For instance, a study in humans demonstrated enhanced attention
and memory in women following the correction of iron deficiency anemia (Pivina et al., 2019).
In current study, iron supplementation not only improved the number of correct entries
but also decreased performance variability. Specifically, the maze completion time in the
experimental group decreased by 30% (from 322 to 295 seconds), suggesting an enhanced
spatial orientation and cognitive efficiency, compared to the 18% reduction observed in the
control group (from 316 to 305 seconds). This more substantial reduction in maze completion
time suggests that iron supplementation improves cognitive processing speed, which is
consistent with improved memory retention. These results are consistent with another findings
that iron supplementation, when administered at appropriate doses and developmental stages,
can enhance cognitive performance, particularly memory and processing speed. These benefits
are likely mediated by upregulation of neurotransmitter systems crucial for learning and
memory. However, the positive effects depend on avoiding both deficiency and overload, and
may vary with age and sex (Shete et al., 2024). Previous findings suggest iron citrate (Synthesit)
may influence hematologic and immune markers, potentially supporting red blood cell
production and reducing chemotherapy-induced neuropathy in cancer patients (Kusnir & Baig,
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2024). Such systemic effects could indirectly support improved brain oxygenation and
metabolic activity, contributing to cognitive enhancement.

The current study shows that while iron supplementation can enhance cognitive
function, excessive iron can be toxic. A separate study linked high doses of iron to neurotoxic
effects (D’Mello & Kindy, 2020). In current study, the dosage of 50 pg/day was specifically
adjusted for mouse metabolism and did not result in any noticeable side effects over the 6-day
period. However, another animal study indicated that higher doses of ferric citrate (50-100
mg/kg) led to hippocampal iron accumulation, neuroinflammation, and impaired cognitive and
motor functions. These effects were associated with proteomic changes that impacted iron
metabolism proteins, such as the transferrin receptor and DMT1 (divalent metal transporter 1)
(Cui et al., 2024). In a dyslipidemic patient, Synthesit initially reduced cholesterol levels,
followed by a slight rebound, highlighting potential short-term lipid-lowering effects and the
need for further long-term evaluation (Patrik & Shahbaz, 2024). This suggests Synthesit may
also influence lipid metabolism, which is increasingly recognized as a factor in
neurodegenerative conditions and cognitive decline.

The small sample size (10 mice) reduced statistical power. These results are supported
by multiple large-scale human trials and animal studies from recent years demonstrating that
iron supplementation improves various cognitive domains, particularly memory and
intelligence. These converging findings underscore that prenatal iron supplementation,
customized to maternal hemoglobin levels and baseline iron stores, contributes to improved
cognitive functioning in children at the age of 4 (Iglesias-Vazquez et al., 2023).

Study Limitation

The limitations of this study include a small sample size (10 mice), which restricts the
generalizability of the findings, as well as the lack of baseline biochemical markers, limiting
the ability to draw causal inferences regarding cognitive improvements. The short study
duration (6 days) and individual behavioral variability further limit the findings. Additionally,
the lack of mechanistic insights and potential confounding factors, such as diet and
environmental stressors, require further exploration.

Conclusion

This study demonstrated that iron citrate "Synthesit" at 50 ng/day enhances cognitive functions
in SHK strain mice, including spatial memory and learning speed, as confirmed by eight-arm
radial maze testing. The experimental group exhibited more correct entries (P =-0.19 vs. -0.38
in controls, p<0.05), reduced maze completion time (30% decrease), and better retention post-
break. These findings suggest iron positively influences memory and learning-related neural
processes, consistent with data on iron deficiency correction. The dosage was optimal, with no
adverse effects observed, though the lack of biochemical markers and short duration limit
mechanistic insights. Individual behavioral variability requires further analysis. Overall, the
results highlight the potential of iron citrate "Synthesit" for cognitive enhancement, but larger,
longer-term studies with biochemical analysis are needed to confirm its therapeutic value.

FINDINGS:

1. The experimental group, receiving 50 ug/day of iron citrate "Synthesit," showed
statistically significant improvement in spatial memory (p<0.05): mean memory score
by day 6 was -0.19 vs. -0.38 in the control group.

2. Maze completion time in the experimental group decreased by 30% (322 to 295
seconds), vs. 18% in the control group (316 to 305 seconds), indicating more efficient
spatial orientation (p>0.05).

3. Post-break long-term memory was better preserved in the experimental group (mean
correct entries: 3.2 vs. 2.8 in controls) (p>0.05).
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