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INTRODUCTION 

Neuroinflammation is the common denominator of 

neurological disorders. It is inflammation of the brain 

and neurons that make up the nervous system. Several 

events can lead to neuroinflammation, including 

infections, brain trauma, toxic metabolites, aging and 

autoimmune diseases. Neuroinflammation has been 

described as a key mechanism in the onset and/or 

progression of several neurological disorders defined as 

inflammatory (multiple sclerosis, vasculitis, etc.), but 

also in neurological disorders that are generally not 

classified as inflammatory, such as Alzheimer's disease, 

Parkinson's disease, stroke and traumatic brain injury.
[1-4] 

It therefore represents a mechanism of defense and 

protection of the central nervous system (CNS) in the 

face of an attack which can also lead to significant 

damage to neurons when it is not regulated.
[5][6] 

In the 

brain, inflammatory cytokines are produced by 

endothelial and glial cells.
[7][8] 

Activation of glial cells 

and complement-mediated pathways, synthesis of 

inflammatory mediators as well as oxygen radicals, and 

leukocyte recruitment are characteristic features of 

neuroinflammation.
[9][10][11]

 

 

Furthermore, several models of induction of 

neuroinflammation in rodents have been proposed, 

among others, induction by administration of 

lipopolysaccharides (LPS) and 24-hour restraint.
[12][13] 
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SUMMARY 
Neuroinflammation is described as a key mechanism in the onset and/or progression of several neurological 

disorders and is the subject of several researches. Several protocols have been proposed to model this condition, 

such as LPS injection, which induces neurodegeneration and anxiety-like behavior. Numerous studies have been 

carried out to understand the pathophysiological mechanisms of neuroinflammation. The aim of this study was to 

evaluate the effects of DHA administration on behavioral disorders as well as tissue damage induced by LPS in 

mice. Thirty male Balb /c strain mice weighing between 11.7 and 30.2g were randomly divided into three groups 

(n=10). The first group received (distilled water, 1ml/Kg). Neuroinflammation was induced in groups 2 and 3 by 

administration of 500 µg/Kg, ip of LPS for one week. Twenty-four hours after induction of neuroinflammation, 

the animals received water and DHA (55 mg/kg, per os), respectively. Finally, twenty-four hours after DHA 

treatment, the animals were sacrificed and the brains collected for histological analysis. The results obtained show 

that LPS significantly reduces motor activity. However, the administration of DHA at a dose of 55 mg/kg does not 

significantly increase this activity. Concerning the anxiety index, the results show a non-significant increase in the 

latter after treatment with DHA. Histologically, our behavioral results are in agreement with histological 

examination, which revealed that tissues from DHA-treated mice exhibited neurons and macrophage cells 

containing a pale vesicular nucleus and an obvious nucleolus (in the form of a perinuclear halot), as well as dark, 

polymorphonuclear cells, degenerating with phagocytic effect, unlike the tissues of the other two groups. In 

conclusion, our results suggest that administration of 55 mg/kg of DHA has no significant effects on behavior, but 

histological examination shows progressive repair. 
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LPS model is the most used to induce 

neuroinflammation.
[14] 

Increasing evidence suggests that 

peripheral administration of LPS disrupts brain signaling, 

leading to deficits in behavior, learning, and 

memory.
[13][15] 

Furthermore, several authors have 

reported that certain neurodegenerative disorders were 

corrected by the administration of various substances 

such as shikimic acid, hydrogen sulfide and red.
[16][17][18] 

 

Docosahexaenoic acid (DHA) is a polyunsaturated fatty 

acid (PUFA) and structural constituent of membranes, 

particularly in the central nervous system. Most evidence 

for the health benefits of (n-3) PUFA is based on studies 

of supplementation of both eicosapentaenoic acid (EPA) 

and DHA in different proportions.
[19][20][21][22][23]

 Some 

data suggest that PUFA intake (n=3) stimulated the 

development of the immune system in infants.
[24]

 Also, 

their metabolites may have an anti-inflammatory role in 

psychiatric, neurodegenerative and neurological 

disorders.
[22]

 

 

Recent data support the hypothesis of an inhibition of 

tumor growth and the metastatic potential of ovarian 

cancer by a diet rich in DHA.
[25]

 DHA could therefore 

contribute to creating optimal conditions in cognitive 

decline or behavioral deficits in certain psychiatric 

disorders, as well as the repair of tissue damage in the 

brain in neurodegenerative diseases. The present study 

aimed to evaluate the effects of docosahexaenoic acid 

administration on the anxiety-like behavioral profile and 

brain neuronal damage in a model of LPS-induced 

neuroinflammation. 

 

MATERIAL AND METHODS 

1. Animals 

The experiments were carried out on male mice of the 

Balb /c strain weighing between 11.7 and 30.2g. They 

came from the animal facility of the Faculty of Health 

Sciences of Marien NGOUABI University. They were 

raised in polypropylene cages, under an ambient 

temperature of 25°C and a light/dark cycle of 12/12, with 

free access to water and food. All experiments were 

conducted in compliance with Directive 2010/6106/EU, 

relating to the protection of laboratory animals. (Hartung, 

2010). 

 

2. Chemicals, preparation and administration 

DHA (DHA CAS: 6217-54-5) and LPS (Escherichia coli 

serotype O55: B5) were purchased from SOLARBIO 

INTERNATIONAL BIOTECH®., China. Ten (10) mg of 

DHA had been dissolved in 1 ml of distilled water. LPS 

was dissolved in sterile 0.9% isotonic saline without 

endotoxin before injection. The injections were prepared 

extemporaneously and administered intraperitoneally 

(ip), the dose of 0.1 ml/10 g body weight. The dose of 

DHA and LPS was chosen according to the protocol of 

Zhao et al.
[13]

 

 

The animals were divided into three groups (n = 10 in 

each group), after acclimation for seven days. Group1 

(H2O+H2O), group2 (LPS+H2O), group 3 (LPS+DHA). 

Neuroinflammation was induced by administration of 

500 μg/kg ip. of LPS for seven days then treated with 

DHA (55 mg/kg, per os) for 7 consecutive days, from the 

8
th

 to the 14
th

 day. 

 

3. Behavioral tests 

3.1. Open-field test 

Open-field test was used to analyze the spontaneous 

exploratory activity and curiosity of the animals when 

faced with a new and spacious environment. The test was 

carried out in a lighted room. Normally, an animal tends 

to spend more time at the periphery of the device rather 

than in the center, considered the most anxiety-provoking 

area.
[26][27][28][29]

 Each mouse was placed in the central 

area and then free to explore the new environment for 10 

min. 

 

The variables measured were 

‒ Number of squares crossed (corresponding to the 

distance traveled); 

‒ The number of adjustments carried out. 

 

Statistical analyzes were processed over the entire 

duration of the test. 

 

3.2. Raised cross maze 

The elevated cross maze is a device shaped like a cross 

with two opposing open arms (30 cm) and two closed 

arms (30 cm). In the center was an open platform (5.5cm 

x 5.5cm) on all four arms. The maze was located 53 cm 

above the ground and its center was dimly lit. It consists 

of assessing the behavior of an animal on this device by 

evaluating the number of entries as well as the time spent 

in the open arms, parameters of the anxious state.
[30]

 

 

The animals were placed on the central platform, facing 

one of the open arms, and they were free to explore the 

maze for 5 min. Locomotor activity and time spent in the 

different zones (open arms, closed arms and center) were 

recorded using a camera. These variables made it 

possible to calculate the anxiety index of each animal; 

through the following equation: 
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The experimental design is described in Fig.1. 

 
Figure 1: Experimental design. The behavioral tests (OFT and elevated cross maze) were carried out 24 hours 

before the start of the experiment (D0); then on D7 and D14 of the experiment.    

 

4. Animal sacrifice, tissue preparation and 

histological evaluation 

Twenty-four hours after the end of the behavioral tests 

(D8 and D15) the mice were anesthetized with isoflurane 

then decapitated. The brains were then gently removed, 

washed in a sodium chloride solution (9% NaCl), then 

post-fixed for 3 weeks in 10% formalin. The samples 

were embedded in paraffin and then cut sections (1-1.5 

mm thick) using a microtome. Finally, the sections were 

mounted on object slides and then stained with 

hematoxylin-Eosin (HE). The reading was made using an 

optical microscope (x100). 

 

5. Statistical analysis 

Data were analyzed using Graph Pad Prism 8.4.3 

software (Graph Pad Inc., La Jolla, CA, USA). Results 

were expressed as mean ± standard error (M±SEM). 

Bivariate analysis using the ANOVA test was performed. 

Multiple comparisons were carried out using the Tukey, 

Sidak and Dunnett tests. The results were considered 

statistically significant for p<0.05. 

 

RESULTS 

1. Effects of DHA on behavior 

1.1. Effect on locomotor activity 

The open field test made it possible to evaluate the 

effects of DHA on locomotor activity (distance traveled). 

Indeed, we observed a statistically significant difference 

between groups 1 and 2 (p=0.002) seven days after LPS 

treatment. A non-significant increase (p=0.34) in this 

variable was reported observed after the administration 

of DHA (Fig. 2). Regarding the number of rectifications, 

the same trend was observed (Fig. 3). 
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Figure 2: travelled distance, open field test. Two-way 

ANOVA test, Tukey's multiple comparison test 

(comparison with different groups). (**): P=0.002; 

(*): P=0.021; ns: not significant. 
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Figure 3: Number of rectifications, open field test. 

Two-way ANOVA test, Tukey test. (****): P<0.0001; 

(***): P=0.0002; ns: not significant; (D): Days. 

 

1.2. Effect on anxiety 

The effect of DHA on anxiety was evaluated by the 

elevated plus maze test. Our results do not show a non-

significant increase in the anxiety index between groups 

2 and 3 after DHA treatment (p=0.99). (Fig. 4). 
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Figure 4: Anxiety index, elevated plus maze test. Two-

way ANOVA test followed by Tukey test. ns: not 

significant; (D): Days. 
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2. Effect of DHA on histological appearance 

Whole brain sections were analyzed under a light 

microscope for identification of possible tissue damage. 

 

In the control group (group 1), light microscopic 

examination revealed normal tissue. Control sections 

contained pyramidal cells with a pale vesicular nucleus 

and distinct nucleolus, as well as normal glial cells (Fig. 

5.a). 

 

Sections from group 2 contained a greater number of 

pyramidal cells with a pale vesicular nucleus and a 

prominent nucleolus compared to the control group. 

Pyramidal cells with dark vesicular core and multiple 

processes were also observed in group 2. In addition, 

some basophilic cells were surrounded by empty spaces 

(apoptotic cells), consistent with intravascular 

hemorrhage linked to an inflammatory reaction and foci 

of ischemic necrosis (Fig. 5.b1). 

 

Section sections of the DHA-treated group show neurons 

and macrophage cells with a pale vesicular nucleus and 

an obvious nucleolus (as a perinuclear halo). In addition, 

these sections contained dark, degenerating 

polymorphonuclear cells with a phagocytic effect 

indicating possible tissue repair (Fig. 5.c1). 

 

  

   

Figure 5: Effect of DHA on the histological profile. On D8: a) Control group (H2O+ H2O); b) Group (LPS+ 

H2O). D14: a1) Control group (H2O+ H2O); b1) group (LPS+ H2O) c1); group (LPS+ DHA). Gx100. 

 

DISCUSSION 
The present work aimed to evaluate the effects of the 

administration of docosahexaenoic acid on the anxiety-

like behavioral profile and cerebral neuronal damage in a 

model of neuroinflammation. 

 

LPS-induced neuroinflammation is the most widely used 

model to study the pathophysiological mechanisms 

involved in neurodegeneration.
[31]

 Indeed, ip 

administration of LPS induces the activation of TLR4 

receptors and inflammatory pathways leading to a glial 

reaction and neuronal loss, which contributes to memory 

disorders and behavioral changes. Also, acute and 

chronic inflammation play a role in certain 

neurodegenerative diseases.
[32]

 Several studies have 

shown the effectiveness of LPS in inducing 

neuroinflammation, depending on the dose, method of 

administration as well as time.
[13][16][33][34]

  

 

In our study, locomotor activity as well as anxiety state 

were assessed by open field and elevated maze tests 

respectively. 

 

Thus, our study the administration of LPS led to a 

reduction in the distance traveled and the number of 

straightenings. Other authors have also reported this 

observation.
[35][36][37]

 The restorative effect of DHA on 

neuroinflammation has been investigated in several 

studies.
[38][39][40]

 Our results show a non-significant 

increase in the distance traveled, the number of 

straightenings as well as the anxiety index. This could be 

explained by a possible dose-dependent effect of DHA. 

The differences in results could be explained by the 

methodological difference as well as the experimental 

conditions, such as the dose used as well as the intensity 

of the lighting during the behavioral tests.
[41]

 This would 

demonstrate the potentiation of the mouse's anxious state 

by LPS. 

 

Ip administration of LPS induces inflammatory lesions, 

as reported in the literature.
[15][38][42][43]

 Our results show 

an inflammatory-type reaction seven days after LPS 

administration in group 2 (Figure 5b). A similar profile 

was observed on brain sections from the water-treated 

group, seven days after LPS administration. This result 

suggests non-inflammatory lesions caused by water 

(figure 5a1). An anti-inflammatory effect was found after 

DHA treatment, as described in a chronic dextran sulfate 

sodium exposure model in mice.
[40]

  

 

 

 

a 

b1 

b 

a1 

c1 
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CONCLUSION 

The effects of DHA were investigated in mice in a model 

of neuroinflammation induced by LPS. The results of 

behavioral evaluation and histopathological examination 

show that peripheral administration of 500 mg/kg DHA 

exerts weak neuro-reparative effects in a 

neuroinflammation model. Further study on the optimal 

dose of DHA. In addition, immunohistochemical studies 

are necessary to identify the mechanisms involved in the 

lesions found in the control group; also, receptors 

involved in this repair mechanism of inflammation-

related diseases targeting neuroinflammation. 

 

REFERENCES 

1. Webers A, Heneka MT, Gleeson PA. The role of 

innate immune responses and neuroinflammation in 

amyloid accumulation and progression of 

Alzheimer's disease. Immunology and cell biology, 

2020; 28-41. 

2. Matejuk A, Ransohoff RM. Crosstalk between 

astrocytes and microglia: an overview. Frontiers in 

immunology, 16 July 2020; 2020; 11. 

3. Jayaraj RL, Azimullah S, Beiram R, Jalal FY, 

Rosenberg GA. Neuroinflammation: friend and foe 

for ischemic stroke. Journal of neuroinflammation, 

2019; 1-24. 

4. Candelario-Jalil E, Dijkhuizen RM, Magnus T. 

Neuroinflammation, Stroke, Blood-Brain Barrier 

Dysfunction, and Imaging Modalities. Strokem, May 

2022; 1473-86. 

5. Shabab T, Khanabdali R, Moghadamtousi SZ, Kadir 

HA, Mohan G. Neuroinflammation pathways: a 

general review. Int J Neurosci, Jul. 2017; 624-33. 

6. Troubat R, Barone P, Leman S, Desmidt T, Cressant 

A, Atanasova B, et al. Neuroinflammation and 

depression: A review. Eur J Neurosci, Jan. 2021; 

151-71. 

7. Becher B, Spath S, Goverman J. Cytokine networks 

in neuroinflammation. Nat Rev Immunol, 2017; 

17(1): 49-59. 

8. Na KS, Jung HY, Kim YK. The role of pro-

inflammatory cytokines in the neuroinflammation 

and neurogenesis of schizophrenia. Prog 

Neuropsychopharmacol Biol Psychiatry, Jan 3. 

2014; 277-86. 

9. Cianciulli A, Porro C, Calvello R, Trotta T, 

Lofrumento DD, Panaro MA. Microglia mediated 

neuroinflammation: focus on PI3K modulation. 

Biomolecules, 2020; 10(1): 137. 

10. Czeh M, Gressens P, Kaindl AM. The yin and yang 

of microglia. Dev Neurosci, 2011; 199-209. 

11. Lull ME, Block ML. Microglial activation and 

chronic neurodegeneration. Neurotherapeutics, Oct. 

2010: 354-65. 

12. Skrzypczak-Wiercioch A, Salat K. 

Lipopolysaccharide-Induced Model of 

Neuroinflammation: Mechanisms of Action, 

Research Application and Future Directions for Its 

Use. Molecules, 2022 Aug 26. 

13. Zhao J, Bi W, Xiao S, Lan X, Cheng X, Zhang J, et 

al. Neuroinflammation induced by 

lipopolysaccharide causes cognitive impairment in 

mice. Sci Rep., 2019; 9(1): 5790. 

14. Nazem A, Sankowski R, Bacher M, Al-Abed Y. 

Rodent models of neuroinflammation for 

Alzheimer's disease. J Neuroinflammation, 2015; 

12: 74. 

15. Lee JW, Lee YK, Yuk DY, Choi DY, Ban SB, Oh 

KW, et al. Neuro-inflammation induced by 

lipopolysaccharide causes cognitive impairment 

through enhancement of beta-amyloid generation. J 

Neuroinflammation, 2008; 5: 37. 

16. Bao X, Zheng Z, Lv J, Bao J, Chang S, Jiang X, et 

al. Shikimic acid (SA) inhibits neuro-inflammation 

and exerts neuroprotective effects in an LPS-induced 

in vitro and in vivo model. Front Pharmacol, 2023; 

14: 1265571. 

17. Kshirsagar V, Thingore C, Gursahani M, Gawali N, 

Juvekar A. Hydrogen Sulfide Ameliorates 

Lipopolysaccharide-Induced Memory Impairment in 

Mice by Reducing Apoptosis, Oxidative, and 

Inflammatory Effects. Neurotox Res., 2021; 39(4): 

1310-22. 

18. Lee MY, Kim M. Effects of Red ginseng on 

neuroinflammation in neurodegenerative diseases. J 

Ginseng Res., Jan. 2024; 20-30. 

19. Canhada S, Castro K, Perry IS, Luft VC. Omega-3 

fatty acids' supplementation in Alzheimer's disease: 

A systematic review. Nutritional neuroscience, 

2018; 21(8): 529-38. 

20. Eriksdotter M, Vedin I, Falahati F, Freund-Levi Y, 

Hjorth E, Faxen-Irving G, et al. Plasma fatty acid 

profiles in relation to cognition and gender in 

Alzheimer’s disease patients during oral omega-3 

fatty acid supplementation: The omegad study. 

Journal of Alzheimer's Disease, 2015; 48(3): 805-12. 

21. Calder PC. New evidence that omega-3 fatty acids 

have a role in primary prevention of coronary heart 

disease. Journal of Public Health and Emergency, 

2017; 1(2). 

22. Giacobbe J, Benoiton B, Zunszain P, Pariante CM, 

Borsini A. The anti-inflammatory role of omega-3 

polyunsaturated fatty acids metabolites in pre-

clinical models of psychiatric, neurodegenerative, 

and neurological disorders. Frontiers in Psychiatry, 

2020; 11: 450833. 

23. Troesch B, Eggersdorfer M, Laviano A, Rolland Y, 

Smith AD, Warnke I, et al. Expert opinion on 

benefits of long-chain omega-3 fatty acids (DHA 

and EPA) in aging and clinical nutrition. Nutrients, 

2020; 12(9): 2555. 

24. Miles EA, Childs CE, Calder PC. Long-Chain 

Polyunsaturated Fatty Acids (LCPUFAs) and the 

Developing Immune System: A Narrative Review. 

Nutrients, 2021; 13(1): 247. 

25. West L, Yin Y, Pierce SR, Fang Z, Fan Y, Sun W, et 

al. Docosahexaenoic acid (DHA), an omega-3 fatty 

acid, inhibits tumor growth and metastatic potential 



Dobhat-Doukakini et al.                                                                     World Journal of Advance Healthcare Research 

www.wjahr.com       │      Volume 8, Issue 9. 2024      │      ISO 9001:2015 Certified Journal      │                         47 

of ovarian cancer. Am J Cancer Res., 2020; 10(12): 

4450-63. 

26. Crawley JN. Behavioral phenotyping of transgenic 

and knockout mice: experimental design and 

evaluation of general health, sensory functions, 

motor abilities, and specific behavioral tests. Brain 

Res., 1999; 835(1): 18-26. 

27. Elizalde N, Gil-Bea FJ, Ramirez MJ, Aisa B, 

Lasheras B, Del Rio J, et al. Long-lasting behavioral 

effects and recognition memory deficit induced by 

chronic mild stress in mice: effect of antidepressant 

treatment. Psychopharmacology (Berl), 2008; 

199(1): 1-14. 

28. Karl T, Pabst R, von Horsten S. Behavioral 

phenotyping of mice in pharmacological and 

toxicological research. Exp Toxicol Pathol, 2003; 

55(1): 69-83. 

29. Palanza P. Animal models of anxiety and 

depression: how are females different? Neurosci 

Biobehav Rev., 2001; 25(3): 219-33. 

30. Braun AA, Skelton MR, Vorhees CV, Williams MT. 

Comparison of the elevated plus and elevated zero 

mazes in treated and untreated male Sprague-

Dawley rats: effects of anxiolytic and anxiogenic 

agents. Pharmacol Biochem Behav., 2011; 97(3): 

406-15. 

31. Batista CRA, Gomes GF, Candelario-Jalil E, Fiebich 

BL, de Oliveira ACP. Lipopolysaccharide-Induced 

Neuroinflammation as a Bridge to Understand 

Neurodegeneration. Int J Mol Sci., 2019 May 9. 

32. Kim W-G, Mohney RP, Wilson B, Jeohn G-H, Liu 

B, Hong J-S. Regional Difference in Susceptibility 

to Lipopolysaccharide-Induced Neurotoxicity in the 

Rat Brain: Role of Microglia. The Journal of 

Neuroscience, 2000; 20(16): 6309-16. 

33. Bossu P, Cutuli D, Palladino I, Caporali P, 

Angelucci F, Laricchiuta D, et al. A single 

intraperitoneal injection of endotoxin in rats induces 

long-lasting modifications in behavior and brain 

protein levels of TNF-alpha and IL-18. J 

Neuroinflammation, 2012; 9: 101. 

34. Harro J. Animal models of depression: pros and 

cons. Cell Tissue Res., 2019; 377(1): 5-20. 

35. Alqurashi GK, Hindi EA, Zayed MA, Abd El-Aziz 

GS, Alturkistani HA, Ibrahim RF, et al. The Impact 

of Chronic Unpredictable Mild Stress-Induced 

Depression on Spatial, Recognition and Reference 

Memory Tasks in Mice: Behavioral and Histological 

Study. Behav Sci (Basel), 2022; 12(6). 

36. Alzahrani NA, Bahaidrah KA, Mansouri RA, 

Alsufiani HM, Alghamdi BS. Investigation of the 

optimal dose for experimental lipopolysaccharide-

induced recognition memory impairment: behavioral 

and histological studies. J Integr Neurosci, 2022; 

21(2): 49. 

37. Ellenbroek B, Youn J. Rodent models in 

neuroscience research: is it a rat race? Dis Model 

Mech., 2016; 9(10): 1079-87. 

38. Tyrtyshnaia A, Konovalova S, Bondar A, 

Ermolenko E, Sultanov R, Manzhulo I. Anti-

Inflammatory Activity of N-

Docosahexaenoylethanolamine and N-

Eicosapentaenoylethanolamine in a Mouse Model of 

Lipopolysaccharide-Induced Neuroinflammation. Int 

J Mol Sci., 2021; 22(19). 

39. Van der Burg KP, Cribb L, Firth J, Karmacoska D, 

Mischoulon D, Byrne GJ, et al. EPA and DHA as 

markers of nutraceutical treatment response in major 

depressive disorder. Eur J Nutr., 2020; 59(6):     

2439-47. 

40. Wang XY, He SS, Zhou MM, Li XR, Wang CC, 

Zhao YC, et al. EPA and DHA Alleviated Chronic 

Dextran Sulfate Sodium Exposure-Induced 

Depressive-like Behaviors in Mice and Potential 

Mechanisms Involved. Marine drugs, 2024; 22(2). 

41. Grotemeyer A, McFleder RL, Wu J, Wischhusen J, 

Ip CW. Neuroinflammation in Parkinson's Disease - 

Putative Pathomechanisms and Targets for Disease-

Modification. Front Immunol, 2022; 878771. 

42. Sharma N, Nehru B. Characterization of the 

lipopolysaccharide induced model of Parkinson's 

disease: Role of oxidative stress and 

neuroinflammation. Neurochem Int., 2015; 87:     

92-105. 

43. Thingore C, Kshirsagar V, Juvekar A. Amelioration 

of oxidative stress and neuroinflammation in 

lipopolysaccharide-induced memory impairment 

using Rosmarinic acid in mice. Metab Brain Dis., 

2021; 36(2): 299-313. 


