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Depression is a mood disorder in which feelings of sadness, loss, anger, or frustration
interfere with everyday life for one to several weeks. Several studies have shown that iron nanoparticles have neuroprotective and anti-inflammatory effects. This study aimed to evaluate anti-depressive effect of iron nanoparticles in male rats. Ron nanoparticles treatment in 1 mg/kg and 5 mg/kg doses groups significantly improved Depression symptoms when assessed by OFT and FST. In OFT, the number of line crossings, Entrance to central square, rearing and duration of attending in Central Square increased after iron Nanoparticles administration in depressed rats. Iron nanoparticles administration reduced immobility Time confirmed by FST and OFT. Also, iron nanoparticles administration significantly increased Duration of swimming in FST depressed rats. The first time showed potential advantageous effect of iron Nanoparticles administration attenuating depression symptoms, which was possibly mediated By modulation of neurotransmitters and anti-inflammatory effects of iron nanoparticles.
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1. Introduction: Nanoparticles has brought promising hope for the treatment of various diseases (Archakov, 2010). The unique properties of nanoparticles include their greater solubility in lipids, passing more easily through the blood-brain barrier, and greater reactivity (Archakov, 2010). These features are suitable for their use in many medical and biological fields (Berry & Curtis, 2003). Sion (Raison, Capuron, & Miller, 2006; Mössner et al., 2007; Schiepers, Wichers, & Maes, 2005). Researchers believe that chronic inflammation can contribute to the development of depression (Celano & Huffman, 2011). Several studies have shown that iron nanoparticles have neuroprotective and anti-inflammatory effects. New advances in the theory of major depression have Shed lights over the roles of inflammatory processes and Immune responses in the pathogenesis of depression (Raison, Capuron, & Miller, 2006; Mössner et al., 2007; Schiepers, Wichers, & Maes, 2005). Researchers believe That chronic inflammation can contribute to the develop-Ment of depression (Celano & Huffman, 2011). Several Studies have shown that iron nanoparticles have neuro-Protective and anti-inflammatory effects (Lee, Shin, Lee, & An, 2014). Thus, in this study we assessed anti-de-Pressive effect of iron nanoparticles in male rats. The introduction of your thesis could start by elucidating the intricate interplay between inflammation and depression, emphasizing
the    established    link    between

lipopolysaccharide (LPS) and the manifestation of depressive symptoms in experimental models. Subsequently, introduce the novel intervention of iron oxide nanoparticles, known for their anti- inflammatory properties, as a potential therapeutic avenue for alleviating LPS- induced depression. Provide a concise rationale for selecting male Wistar rats as the experimental subjects, and outline the overarching aim of your thesis in investigating the effects of iron oxide nanoparticles on LPS-induced depression in this specific context. Depression, a multifaceted mental health condition, has been increasingly associated with inflammatory processes. Emerging research has highlighted the intricate interplay between immune activation and depressive symptoms, revealing potential avenues for therapeutic intervention. In this context, lipopolysaccharide (LPS), a bacterial endotoxin, has been employed in preclinical models to induce depressive- like behaviors through its inflammatory effects. This thesis focuses on investigating the effects of administering iron oxide nanoparticles as a potential intervention for LPS-induced depression symptoms, utilizing male Wistar rats as the experimental subjects. Iron oxide nanoparticles are of particular interest due to their recognized anti-inflammatory properties, which make them potential candidates for modulating the neuroinflammatory response associated with depression.The choice of male Wistar
rats as the study subjects is grounded in

the importance of gender-specific considerations in preclinical research. Understanding how iron oxide nanoparticles influence depressive symptoms in this specific context contributes to the growing body of knowledge surrounding gender-related differences in the pathophysiology of depression.By exploring this intricate interplay between inflammation, LPSinduced depression, and the potential therapeutic effects of iron oxide nanoparticles, this research aims to advance our understanding of novel treatment modalities for depressive disorders. The outcomes of this study hold promise for the development of targeted interventions that may alleviate depressive symptoms by modulating the inflammatory response, thereby offering new perspectives in the field of psychoneuroimmunology and mental health research. This thesis endeavors to bridge the gap between basic research and potential clinical applications, shedding light on innovative strategies to enhance the well-being of individuals. The rationale behind this investigation lies in the multifaceted potential of iron oxide nanoparticles to modulate inflammatory responses. These nanoparticles, with their ability to mitigate inflammation, present an intriguing prospect for alleviating depression symptoms induced by LPS. The choice of male Wistar rats as experimental subjects is rooted in their widespread use in biomedical research,

providing a standardized model for studying physiological and behavioral responses.This research aspires to bridge existing gaps in understanding the intricate relationship between inflammation and depression. By delving into the specific context of LPS-induced symptoms in male Wistar rats. we aim to elucidate the nuanced effects of iron oxide nanoparticle administration on depressive behaviors. The outcomes of this study hold promise for advancing our comprehension of potential therapeutic interventions, opening new avenues for the development of strategies to combat depression and enhance mental well-being.

2. Problem analysis :
All data were presented as mean±SEM and analyzed  using  SPSS  version  24.
Comparisons were evaluated
by 1-way analysis of variance (ANOVA) test followed by Tukey’s multiple comparison tests. P<0.05 was
considered statistically significant.
The problem addressed in this research stems from the intricate connection between
inflammation and depression. Depression, a prevalent mental health disorder, is not only characterized
by psychological symptoms but increasingly recognized for its association with inflammatory processes.
Lipopolysaccharide (LPS), a bacterial endotoxin, serves as a potent inducer of inflammation and is

frequently employed in preclinical models to simulate aspects of depressive disorders. The challenge lies in identifying effective interventions to alleviate depression symptoms associated
with inflammation. Iron oxide nanoparticles present a potential solution due to their known antiinflammatory properties. However, despite the growing interest in the therapeutic applications of these
nanoparticles,	a	comprehensive understanding of their effects on depression symptoms induced by LPS
in male Wistar rats is lacking.This research problem gains significance in the context of advancing our
knowledge about the potential role of iron oxide nanoparticles as therapeutic agents for depression. By
addressing this gap, the study aims to contribute valuable insights into the nuanced relationship
between inflammation and depressive behaviors, specifically in the context of LPS-induced symptoms.
The choice of male Wistar rats as subjects is strategic, offering a standardized model to investigate
physiological	and	behavioral responses.Ultimately.
The problem analysis underscores the need to explore innovative interventions that leverage the
anti-inflammatory properties of iron oxide nanoparticles. Addressing this research gap not only

contributes to our understanding of the underlying mechanisms but also holds promise for developing
targeted therapeutic strategies to mitigate depression symptoms associated with inflammatory
processes, thereby enhancing mental health outcomes.
The challenge lies In identifying effective interventions that can modulate the inflammatory
responses associated with depression. Iron oxide nanoparticles, known for their anti- inflammatory
properties, present a potential solution. However, the specific effects of these nanoparticles on
depression symptoms induced by LPS in male Wistar rats remain inadequately explored.The problem
analysis underscores the need to comprehend the nuanced interactions between inflammation and
depressive behaviors in a controlled experimental setting. By focusing on male Wistar rats, a common
model in biomedical research.
this study seeks to address the existing gaps in knowledge regarding the therapeutic potential of iron
oxide nanoparticles. Understanding the impact of nanoparticle administration on LPS-induced
depression symptoms is crucial for elucidating their efficacy and safety in a preclinical context.Ultimately,

the problem being tackled is the limited understanding of how iron oxide nanoparticles may serve as a
viable intervention for inflammation- induced depression. This study aims to contribute valuable insights
to the field, potentially paving the way for novel therapeutic strategies to alleviate depressive symptoms
associated with inflammatory conditions. Iron oxide nanoparticles emerge as a candidate for intervention due to their notable	antiinflammatory	properties. However, the specific effects of these nanoparticles on depression symptoms induced by LPS in male Wistar rats remain relatively unexplored. This research aims to address this gap
by conducting a comprehensive analysis of the behavioral and physiological responses when these
nanoparticles are administered in the context of LPS-induced depression.The problem analysis
underscores the significance of elucidating the nuanced interactions between iron oxide nanoparticles,
inflammation, and depressive symptoms. By delving into this intricate interplay, the study seeks to contribute valuable insights that could
inform the development of targeted interventions for depression, potentially paving the way for novel
therapeutic approaches and enhancing our overall understanding of the complex relationship between

inflammation and mental health.
3. Objectives
1) The objective of this study is likely to Investigate and understand the impact Of administering iron
oxide Nanoparticles on depression Symptoms induced by LPS in male Wistar rats.
2) Specific goals may include Assessing changes in behavioral Patterns, neurochemical markers, or Other
relevant factors associated with Depression.
3) The aim is to gain insights Into the potential therapeutic effects or Mechanisms of iron oxide
Nanoparticles in alleviating or Modifying depressive symptoms Induced by LPS in the chosen animal
Model.
4) Understanding	any	potential Neuroprotective effects of iron oxide Nanoparticles in the context of LPSinduced depressive symptoms.The study aims to contribute to our Understanding of how these
Nanoparticles may affect the biological And behavioral aspects of depression In a specific experimental
model.
5) Investigate	the	Behavioral Manifestations: Examine the behavioral manifestations of depression
induced by LPS in male Wistar rats, focusing on established depressive-like behaviors such as altered

locomotor activity, anhedonia, and social withdrawal.
6) Assess Neuroinflammatory Responses: Evaluate the neuroinflammatory responses associated with
LPS-induced depression, including cytokine levels, microglial activation, and overall neuroinflammatory
markers in the brain regions implicated in mood regulation.
7) Examine the Impact of Iron Oxide Nanoparticles: Investigate the impact of iron oxide nanoparticles on
the behavioral and neuroinflammatory outcomes in LPS-induced depression, aiming to discern any
mitigating effects on depressive symptoms and inflammatory processes.Explore Neurochemical Changes:
Assess alterations in key neurochemical parameters, such as neurotransmitter levels (e.g., serotonin,
dopamine) and neurotrophic factors, to gain insights into the underlying neurobiological mechanisms
influenced by iron oxide.
8) nanoparticle administration.Evaluate Oxidative Stress Levels: Examine oxidative stress levels in the
brain tissue, investigating the potential role of iron oxide nanoparticles in modulating oxidative stress
pathways associated with LPS-induced depression.Examine Long-Term Effects: Investigate the

persistence or long-term effects of iron oxide nanoparticle administration on behavioral and
neurobiological outcomes, providing insights into the durability and sustainability .
9) observed therapeutic effects.Analyze Gender-Specific Responses: If applicable, explore gender-specific
responses by comparing male Wistar rats’ reactions to iron oxide nanoparticles with existing data on
female counterparts, if available, to identify potential gender-related variations in treatment outcomes.
10) Examine Neurochemical Alterations: Investigate changes in neurochemical markers associated with
depression and inflammation in relevant brain regions. This includes analyzing levels of
neurotransmitters, inflammatory cytokines, and other markers implicated in depressive disorders.
11) Study Neuroplasticity Changes: Investigate alterations in neuroplasticity- related	factors,	such	as	brain-derived neurotrophic factor
(BDNF) levels, to understand the influence of iron oxide nanoparticles on neuroplasticity in the context
of LPS-induced depression.
12) Examine Systemic Effects:
Investigate the systemic effects of iron oxide nanoparticle administration, including biodistribution,

potential toxicity, and effects on peripheral organs, to ensure a comprehensive understanding of the
treatment’s overall impact.
4. Hypotheses:
1) The hypothesis suggests that Administering iron oxide nanoparticles May have an impact on
depression Symptoms induced by LPS(lipopolysaccharide) in male Wistar Rats. In simpler terms, it
proposes that Introducing these nanoparticles could Potentially influence or modify the Depressive
symptoms triggered by LPS In the mentioned rat model.
2) The hypothesis suggests that Administering iron oxide nanoparticles May have an impact on
depression Symptoms induced by LPS (lipopolysaccharide) in male Wistar Rats.
3) This	could	imply		a	potential Relationship		between	iron		oxide Nanoparticles and the modulation of Depression symptoms triggered by LPS In this specific rat model.
4) Administration of iron oxide nanoparticles will mitigate depression symptoms induced by
lipopolysaccharide (LPS) in male Wistar rats. We predict that the anti-inflammatory properties of iron
oxide nanoparticles will modulate neuroinflammatory responses, resulting in a reduction of depressive

behaviors. This hypothesis is grounded in the premise that targeting inflammation, a known contributor
to depressive states.
5) iron oxide nanoparticles will lead to observable improvements in behavioral outcomes and associated
neurochemical markers. We anticipate that the administration of iron oxide nanoparticles will not only
counteract the LPS-induced inflammatory response but also positively influence neuroplasticity and
oxidative stress levels, ultimately alleviating depressive symptoms in the experimental subjects.”
5. Limitation:-
1 )Generalization: Findings may not Directly apply to humans, limiting The external validity of the study.
2) Sample Size: Small sample sizes Can impact the study’s statistical Power and generalizability of Results.
3) Duration of Study: Short-term Studies might not capture Long-term effects.
4) Dosage Variation:
Limited	exploration	 of	different Nanoparticle	doses	may		hinder Understanding of dose-response Relationships.
5) vMethodological Constraints: Potential confounding variables, Variations in administration Techniques,
or measurement tools Can affect the study’s reliability.
6) Short-Term Focus:

The study’s duration may be limited, providing insights into acute effects but potentially overlooking
long-term implications. Extending the observation period could offer a more comprehensive
understanding of the sustained impact of iron oxide nanoparticle administration.
7) Species and Gender Specificity: The use of male Wistar rats may restrict the applicability of results to other species or female	subjects,		limiting	the	broader understanding of the potential effects of iron oxide nanoparticles on depression. 8)Short-Term Study Duration: The study’s short duration may not capture the long- term effects of iron oxide nanoparticle administration.	Extended		observations could reveal sustained impacts or potential delayed responses not apparent in the current timeframe.
6. Methodology & Method:
1) Depression	was	induced	by Lipopolysaccharide (LPS) adminstration.
Rats were randomly assigned into six groups (10 in each group):
1) control (sterile saline solution; 200 μL, IP);
2) LPS (LPS;100 μg/kg, IP);
3) Low dose Iron Nanoparticle (LINP) (1 mg/kg, IP);
4) High dose Iron Nanoparticle (HINP), 5 mg/kg IP);
5) LPS/LINP (LPS; 100μg/kg IP+INP 1
mg/kg IP); &
6) LPS/HINP (LPS; 100 μg/kg IP+INP 5
mg/kg IP).

All injections were performed every other day. To assess the effect of iron nanoparticles on depression
symptoms, rats were subjected to two behavioral tests: Forced Swim Test (FST) and Open Field Test
(OFT).
Animals and treatments :
1) This study was approved by the Institutional Animal Research Ethics Committee of Zahedan University
of Medical Sciences, Zahedan, Iran. All chemicals  were  obtained  from  Sigma-
Aldrich (America), unless
otherwise stated. A total of 60 male Wistar rats (weighing 200–250 g) were used in the present study.
Animals were maintained under 12 hour lighting cycle at room temperature and humidity controlled
vivarium. Animals permitted ad libitum access to water and standard lab chow.
2) Rats were randomly assigned into one of six groups (10 in each group):
1. Control (sterile saline solution, 200 μL IP);
2. LPS (LPS; 100 μg/kg IP);
3. Low dose Iron Nanoparticle (LINP) (1 mg/kg IP); 4. High dose Iron Nanoparticle (HINP);
5. Mg/kg IP), LPS/LINP (LPS; 100μg/kg IP+INP 1 mg/kg IP);
6. LPS/HINP (LPS; 100μg/kg IP+INP 5
mg/kg IP).
All injections were performed every other day.

7. Behavioral tests:
Rats were subjected to two behavioral tests: Forced Swim Test (FST) and Open Field Test (OFT).
Open field test :
OFT was used to assess spontaneous motor activity (Belviranlı & Okudan, 2015). OFT setting consisted of
a apparatus with black square box (80 cm
× 80 cm) with 40 cm high walls.
Animals were placed in the box and their movements were assessed over a 5-min period. Following parameters were recorded: number of squares crossed, entrance to center square, urination, defecation, rearing, stretching, and time of immobility. Forced Swim Test (FST) :-
1)FST was performed according to the method of Martin Seligman. A vertical glass cylinder (50 cm high,
40 cm in diameter) was filled with 23°C water to a depth of 35 cm. For testing, each rat was placed in the
cylinder for 5 min, and duration of immobility, swimming, and climbing were scored. Water in the cylinder was changed for each rat.
2) Immobility was recorded whenever animals stopped swimming and remained floating in the water, with their heads above the surface.
Ethical Considerations Compliance with ethical guideline :
1)This study was approved by the Institutional Animal Research Ethics Committee of Zahedan University of Medical Sciences.
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8. Appendix A Research Matrix:
1) An “Appendix A Research Matrix” Related to the effects of iron oxide Nanoparticles on depression
Symptoms induced by LPS in male Wistar rats typically refers to a Supplementary document presenting
Organized data or information. This Matrix might include details such as Experimental groups, treatment
Protocols, observed outcomes.
2) This matrix could include details such as Experimental groups, dosage of iron Oxide nanoparticles, LPS
exposure Conditions, observed behavioral Changes, biochemical markers Measured, and other relevant
data Points.
3) It acts as a structured reference To streamline and present essential Elements of the research design
and Outcomes in a concise and organized Manner.
4) Dependent variables encompass a multifaceted assessment, including behavioral changes evaluated

through standardized tests such as the forced swim test and sucrose preference test. Additionally, the
study examines neurochemical alterations in relevant brain regions, inflammatory responses in both the
brain and peripheral tissues, oxidative stress parameters in brain tissues, neuroplasticity changes
focusing on brain-derived neurotrophic factor (BDNF) levels.
5) systemic effects through biodistribution studies, toxicity assessment, and impacts on peripheral
organs.The independent variable is the administration of iron oxide nanoparticles, and data collection
methods involve behavioral assessments using established tests, biochemical analyses for
neurotransmitters, inflammatory cytokines, and oxidative stress markers, as well as biodistribution
studies through imaging or tissue sampling.
6) The duration of the study and the sample size are specified, considering statistical power. Ethical
considerations are detailed, covering ethical approval, animal welfare practices, and adherence to
relevant guidelines. Data analysis methods are outlined, specifying statistical approaches for the analysis
of behavioral, biochemical, and biodistribution	data.Acknowledging potential limitations, such as species

specificity and the short-term focus of the study, the research matrix concludes.
7) A summary of expected outcomes and their implications for future research or clinical applications.
This matrix provides a comprehensive overview of the key components of the study, offering a
structured reference for researchers and readers alike.
9. Appendix B Data Collection Instrument :- In this section, we describe the tools and procedures employed to collect data in our investigation exploring the effects of iron oxide nanoparticles on depression symptoms induced by lipopolysaccharide (LPS) in male Wistar rats.
1) Collection Instruments in the study of The effects of iron oxide nanoparticles On depression symptoms induced by LPS in male Wistar rats, likely contains Details about the tools and methods Used to gather information.
2) This	may		include	specifics	about behavioral		Observation	protocols, biochemical Any other instruments Employed to collect data on depression Symptoms.

3) Forced Swim Test:
Procedure: Rats will be individually placed in water, and their behavior, particularly the time spent
immobile or actively swimming

4) Sucrose Preference Test:Procedure: Rats will have access to water and a sucrose solution, and changes
in sucrose preference will be monitored as an indicator of anhedonia.
1) How does the administration of iron Oxide nanoparticles impact depression Symptoms induced by LPS
in male Wistar rats?”
This question aims to investigate the Specific influence of iron oxide Nanoparticles on the manifestation
of Depression symptoms triggered by LPS In the mentioned rat model, providing a Clear focus for the
research inquiry.
2) How does the administration of iron Oxide nanoparticles impact depression Symptoms induced by LPS
in male Wistar rats, and what are the underlying Behavioral and biochemical Mechanisms involved in
this Interaction?”
This question serves as a guiding Query for the investigation, prompting a Focused exploration of the
relationship Between iron oxide nanoparticles.





Figure 1. Effect of 1 mg/kg and 5 mg/kg iron nanoparticles administration on (a) number of
line crossing, (b) entrance to cen-Tral square, © rearing and (d) immobility time after LPS
administration in OFT Values are presented as mean ± SEM (n= 10 per group). *P<0.05 LPS vs.
LPS/LINP and HINP, α P<0.01 LPS vs.
Control;  *P<0.05  LPS  vs.  Control,
LPS/LINP , LPS/HINP, HINP
and LINP; *P<0.01 LPS vs. Control and LINP, α P<0.05 LPS vs. LPS/LINP, βP<0.001 LPS vs.
LPS/HINP and HINP, Φ P<0.05 HINP vs.
LPS/HINP; *P<0.05 LPS vs. Control and HINP, α P<0.01
LPS vs. LINP and LPS/HINP.
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Figure 2. Effect of 1 mg/kg and 5 mg/kg iron nanoparticles administration on (a) duration of staying in central square, (b) Number of stretching body, © urination and (d) defecation after LPS administration in OFT Values are presented as Mean±SEM. (n=10 per group). *P
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Figure 3. Effect of 1 mg/kg and 5 mg/kg iron nanoparticles administration on duration of (a)
immobility , (b) swimming and © climbing in FST Values are presented as Mean±SEM (n=10 per
group). (a) *P<0.05 LPS vs. LPS/HINP, α P<0.001 LPS vs. LPS/LINP, LPS/HINP
and LINP; (b) α
P<0.001 LPS vs. LPS/LINP and LPS/HINP, , βP<0.0001 LPS vs. HINP and LINP; (c) β P<0.0001 LPS
Vs. LINP

Control, LPS/HINP, LPS/LINP, LINP and HINP group (P<0.05, P<0.05, P<0.01, P<0.01, P<0.01,
respectively) (F5,54=5.11). Duration of immobility in control group was Significantly higher than
that in the HINP group (P<0.05) (F5,54=5.11) (Figure 3).Duration of swimming in LPS/LINP and
LPS/HINP Groups were significantly longer than that in LPS group (both P<0.001) (F5,54=8.46).
Also, duration of swimming In LPS group was significantly shorter than that in HINP And LINP
groups (both P<0.0001) (F5,54=8.46). Duration Of climbing in LPS group was significantly longer
than LINP group (P<0.05) (F5,54=4.07).


10. Statistics analysis :-
All data were presented as mean±SEM and analyzed  Using  SPSS  version  24.
Comparisons were
evaluated by 1-way analysis of variance (ANOVA) test followed by Tukey׳s multiple comparison
tests. P<0.05 was consi Ered statistically significant.
11. Results
1) Effects of iron oxide nanoparticles on open
Field test results :-
As shown in Figure 1a, number of line crossing in LPS Group was significantly lower than that in the control, LPS/LINP and HINP group (P<0.01, P<0.05, P<0.05)

(F5,54=2.76). The number of entrance to the central Square in the control, LPS/LINP, LPS/HINP, HINP and LINP
group was significantly higher than that in LPS Group (P<0.05) (F5,54=2.43) (Figure
1b).Number of rearing behavior (Figure 1c) in LPS group Was significantly lower than that in the control, LINP, LPS/LINP, LPS/HINP and HINP group (P<0.01, P<0.01,  P<0.05,  P<0.001,  P<0.001)
(F5,54=6.18). Number of rear-Ing behavior in HINP group was significantly lower than That in LPS/HINP group (P<0.05)  (F5,54=6.18).  Dura-Tion  of
immobility in LPS group was significantly lon-Ger than that in the control, HINP, LINP  and  LPS/HINP  Group  (P<0.05,
P<0.05, P<0.01, P<0.01, respectively) (F5,54=2.49) (Figure 1d).
As shown in Figure 2, duration of attending in central Square of LPS group was significantly shorter than that In the control group (P<0.01) (F5,54=2.71). Duration of at-Tending in central square of LINP group was significant-Ly longer than that in the control and LPS/LINP group (P<0.05)  (F5,54=2.71).  Number  of
stretching body in LPS Group was significantly higher than those in LINP, LPS/LINP group (P<0.05) (F5,54=2.58).
Number of stretching Body in LPS/HINP group was significantly higher than That in the HINP group (P<0.05) (F5,54=2.58).
2) Effect of iron oxide nanoparticles on forced.

Swim test results:-
Result of FST has shown that the duration of immobil-Ity in this test was significantly higher in LPS group than
12. Discussion :-
Results of the present study showed that iron nanopar-Ticles have beneficial effects in reducing depression Symptoms. In the present study, we induced depression By LPS administration in rats and assessed their symp-Toms by open field and forced swim	tests.		LPS	adminis-Tration	had detrimental	effect		on	behavioral	 test results. Simultaneously, iron nanoparticles injections in both 1 Mg/kg and 5 mg/kg improved values in open field and Forced swim tests.Iron element has important role in oxygenation of brain Parenchyma and thus allows normal function of the brain (Młyniec, Davies, de Agüero Sánchez, Pytka, Budzisze-Wska, & Nowak, 2014). In addition, iron is the element Required for energy production, normal neuronal cell Function, neurotransmitter synthesis, and myelination (Dusek, Jankovic, & Le, 2012). Thus, brain iron lev-Els have strong effects on behaviors (Kim & Wessling- Resnick, 2014).
Several mechanisms are suggested for The role of iron in behavior regulation (Kim & Wessling-Resnick, 2014). Iron deficiency results in attenuation Of myelination and monoamine		metabolism		(Kim			& Wessling-Resnick, 2014). Glutamate and GABA	metab-Olism	 is	altered		by fluctuations in brain iron status. Such Changes		lead	to	emotional	and

psychological problems. Iron acts as a cofactor for tyrosine hydroxylase and tryp- Tophan hydroxylase enzymes and in this way participates In dopamine and serotonin synthesis (Kim & Wessling- Resnick, 2014). These neurotransmitters are involved in The regulation of mood, neuronal activity, and anxiety (Kim & Wessling-Resnick, 2014).
13. Conclusion:-
The	present				study		investigated		the potential	of			iron	oxide		nanoparticles (IONPs)			in					alleviating				 depression symptoms induced by lipopolysaccharide (LPS) administration in male Wistar rats. Depression,			characterized			by		mood alterations,				anhedonia,	and	altered neurochemical						signaling,				poses		a significant global health burden. While traditional antidepressants target monoaminergic						neurotransmission, emerging		research	 explores		 alternative mechanisms, including neuroinflammation modulation.
Given the known involvement of inflammation in depression, particularly through increased cytokine production, targeting inflammatory pathways presents a promising therapeutic approach. Our findings reveal that administration of IONPs effectively attenuated depression- like behaviors induced by LPS, as evidenced by significant improvements in sucrose preference and locomotor activity in rats receiving IONPs compared to those receiving LPS alone. Furthermore, analysis of pro-inflammatory cytokine levels in the

hippocampus and prefrontal cortex demonstrated a marked reduction in interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNFα) levels following IONP treatment, indicating a potential anti-inflammatory effect.These results suggest that IONPs may exert their antidepressant effects through modulation of neuroinflammatory processes.
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