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Abstract 

Introduction: Experimental evidence and clinical 

evidence indicate that the inflammatory process is a 

crucial mechanism in the pathophysiology of epileptic 

seizures and temporal lobe epilepsy. The amygdala 

when involved in an atypical processing is associated 

with multiple moods such as depression and anxiety 

disorder and psychiatric disorders such as 

schizophrenia. Objective: This study investigated the 

acute inflammatory process and modulation of the 

endogenous proteins’ galectins and AnxA1 in the 

amygdala of animals submitted to an experimental 

model of temporal lobe epilepsy. Methods: The 

experimental procedures were approved by the Ethics 

Committee on the Use of Animals at UNIFESP (CEUA 

nº2958050814). The experiments performed in this 

study used data and materials that were obtained from 

the project “Neuroprotective and anti-inflammatory role 

of the mimetic peptide ac2-26 of the annexin a1 protein 

in intrahippocampal pilocarpine-induced status 

epilepticus” conducted by the advisor. The experimental 

model used male Wistar rats that were divided into 3 

experimental groups (NAIVE; SHAM, Status Epilepticus 

or SE - n = 5 animals/group). Once acclimated, the 

animals in the SHAM and SE groups underwent 

stereotaxic surgery for implantation of the intracerebral 

cannula in the right hippocampus. The SHAM animals 

received sterile saline in all procedures and the NAIVE 

group only manipulated. The animals were monitored 

throughout the period and after 24 hours of experiment 

all animals were euthanized by overdose of thiopental 

to remove the brain and performed histological and 

immunohistochemical analysis. Results and 

Conclusion: Initial results demonstrate that SE and the 

acute inflammatory process cause damage to the 

amygdala, and there is also modulation of inflammatory 

markers in this structure. However, further studies are 

needed to better understand the mechanism of action in 

neuroinflammation in status epilepticus. 
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Introduction 

Experimental evidence and clinical evidence 

indicate that the inflammatory process is a crucial 

mechanism in the pathophysiology of epileptic seizures 

and temporal lobe epilepsy. One of the structures of 

extreme physiological importance affected in this 

pathology is an amygdala that, together with other 

regions, forms a basic system in emotional processing, 

memory formation and affective behavior. Thus, the 

amygdala when involved in an atypical processing is 

associated with multiple moods such as depression and 

anxiety disorder and psychiatric disorders such as 

schizophrenia [1].  

Given this situation, there is an increase in interest 

in identifying markers and new treatments. In this 

regard, proteins from the class of galectins (1, 3 and 9) 

and annexin A1 (ANXA1) evaluated as anti-inflammatory 

or as participants in this process are interesting targets 

in the understanding of neuroinflammation and 

epilepsy. Annexin A1 (AnxA1) is a protein involved in the 

modulation of molecular and cellular steps in the 

inflammatory response and its expression has already 

been demonstrated in ependymal cells, microglia, 

astrocytes, neurons and vessels [2,3]. 
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In experimental epilepsy in rats, the administration 

of the peptide Ac2-26 of AnxA1 during the induction of 

status epilepticus (SE) showed a significant 

neuroprotective effect in the CA1 region of the 

hippocampus in rats compared to untreated animals [4]. 

In that same study, pharmacological treatment with 

Ac2-26 produced a reduction in the astrocytic reaction, 

release of cytokines IL-1β, IL-6 and GRO / KC 

chemokine, in addition to ERK activation. Under normal 

physiological conditions, galectins also play a role in 

maintaining CNS homeostasis, participating in neuronal 

myelination, neuronal stem cell proliferation and apical 

vesicle transport. The main CNS-expressed galectins are 

a galectin-1 that is highly expressed in neuronal cells 

and neural stem cells [5], galectin-3 that is expressed 

by microglia, and its expression is induced in the 

ischemic brain, and galectin-9 which can be detected in 

astrocytes [6].  

On the other hand, in CNS injury caused by 

autoinflammatory diseases or trauma, some galectins 

are induced in microglial cells and neurons and may 

contribute to neuronal regeneration or Wallerian 

degeneration [7]. Together, these data reveal that 

ANXA1 and galectins 1, 3, and 9 play a significant role 

in CNS diseases that, although having a varied and often 

undefined etiology, share a common neuroinflammatory 

component.  

Therefore, this study investigated the acute 

inflammatory process and modulation of the 

endogenous proteins’ galectins and AnxA1 in the 

amygdala of animals submitted to an experimental 

model of temporal lobe epilepsy. 

 

Methods 

The experiments performed in this study used data 

and materials that were obtained from the project 

“Neuroprotective and anti-inflammatory role of the 

mimetic peptide ac2-26 of the annexin a1 protein in 

intrahippocampal pilocarpine-induced status epilepticus” 

conducted by the advisor. The experimental model used 

male Wistar rats that were divided into 3 experimental 

groups (NAIVE; SHAM, Status Epilepticus or SE - n = 5 

animals/group). Ten days before the experiment was 

conducted, the animals were taken to the site so that 

they could be adapted to the environment, thus avoiding 

any external interference. Once acclimated, the animals 

in the SHAM and SE groups underwent stereotaxic 

surgery for implantation of the intracerebral cannula in 

the right hippocampus according to the following 

coordinates of Paxinos, Watson (2006) [8]: AP-5.9mm, 

ML-4.3mm and DV3.5mm. After seven days of recovery, 

status was induced by intrahippocampal pilocarpine 

administration in the SE group and, after 4 hours, 

Diazepam was administered by intraperitoneal injection 

to complete this process. The SHAM animals received 

sterile saline in all procedures and the NAIVE group only 

manipulated. The animals were monitored throughout 

the period and after 24 hours of experiment all animals 

were euthanized by overdose of thiopental to remove 

the brain and performed histological and 

immunohistochemical analysis.  

 

Ethics Approval 

The experimental procedures were approved by 

the Ethics Committee on the Use of Animals at UNIFESP 

(CEUA nº2958050814). 

 

Results and Discussion 

By direct analysis over a 24-hour period of the 

animals submitted to the experiments, it was observed 

that all animals with SE had generalized seizures (Racine 

3 to 5) characterized by paw clonias, body elevation 

followed by fall and loss of body control. SE caused 

bilateral neuronal degeneration in the tonsil areas, 

evidenced by the analysis of positive Fluoro Jade-C cells, 

demonstrating the effectiveness of damage caused by 

epileptic seizures. The bilateral lesion present in all post-

SE animals corroborates data from other studies, in 

which neurodegeneration and glial alterations did not 

only occur ipsilaterally to pilocarpine injection, but in a 

generalized way, since the neuronal circuitry 

interconnects various regions of the brain [1,9].  

Immunohistochemical analyzes showed the 

presence of microglia (Iba-1+) and astrocytes (GFAP+) 

activated in the tonsil of the SE group. Gliosis is a 

common feature of the brains of patients and animal 

models of seizures and epilepsy and, if this condition is 

not resolved in the post-acute or pre-chronic period, it 

has an inhibitory effect on nervous tissue regeneration 

after injury [10-12]. Furthermore, it was detected the 

expression of annexin A1 and its receptor (Fpr2) in the 

amygdala of all experimental groups and its modulation 

during SE. Considering these findings, the ANXA1-Fpr2 

system should act in the SE model as a tool to control 

the inflammatory process. 

 

Conclusion 

Initial results demonstrate that SE and the acute 

inflammatory process cause damage to the amygdala, 

and there is also modulation of inflammatory markers in 

this structure. However, further studies are needed to 

better understand the mechanism of action in 

neuroinflammation in status epilepticus. 

 

 



MedNEXT J Med Health Sci (2021) Page 3 of 4 

Vol 2 Iss 6 Year 2021 MedNEXT Journal of Medical and Health 
Sciences 

 

 

Acknowledgement 

Nill. 

 

Ethics approval  

The experimental procedures were approved by the Ethics 

Committee on the Use of Animals at UNIFESP (CEUA 

nº2958050814). 

 

Funding 

Not applicable. 

 

Data sharing statement 

No additional data are available. 

 

Conflict of interest 

The authors declare no conflict of interest. 

 

About the License 

© The authors (s) 2021. The text of this article is open 

access and licensed under a Creative Commons 

Attribution 4.0 International License. 

 

References 

1. Castro OW, Furtado MA, Tilelli CQ, Fernandes A, 

Pajolla GP, Garcia-Cairasco N. Comparative 

neuroanatomical and temporal characterization 

of FluoroJade-positive neurodegeneration after 

status epilepticus induced by systemic and 

intrahippocampal pilocarpine in Wistar rats. 

Brain Research [Internet]. 2011 Feb [cited 2021 

Sep 10];1374:43–55. Available from: 

https://www.sciencedirect.com/science/article/p

ii/S000689931002651X?via%3Dihub 

2. Sanches JM, Correia-Silva RD, Duarte GHB, 

Fernandes AMAP, Sánchez-Vinces S, Carvalho 

PO, et al. Role of Annexin A1 in NLRP3 

Inflammasome Activation in Murine Neutrophils. 

Cells [Internet]. 2021 Jan 11 [cited 2021 Sep 

10];10(1):121. Available from: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC

7827236/ 

3. You J-E, Jung S-H, Kim P-H. The Effect of 

Annexin A1 as a Potential New Therapeutic 

Target on Neuronal Damage by Activated 

Microglia. Molecules and Cells [Internet]. 2021 

Apr 30 [cited 2021 Sep 10];44(4):195–206. 

Available from: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC

8112165/ 

4. Gimenes AD, Andrade BFD, Pinotti JVP, Oliani 

SM, Galvis-Alonso OY, Gil CD. Annexin A1-

derived peptide Ac2-26 in a pilocarpine-induced 

status epilepticus model: anti-inflammatory and 

neuroprotective effects. Journal of 

Neuroinflammation [Internet]. 2019 Feb 12 

[cited 2021 Sep 10];16(1). Available from: 

https://jneuroinflammation.biomedcentral.com/

articles/10.1186/s12974-019-1414-7. 

5. Lerman BJ, Hoffman EP, Sutherland ML, Bouri K, 

Hsu DK, Liu F, et al. Deletion of galectin‐3 

exacerbates microglial activation and accelerates 

disease progression and demise in a SOD1 G93A 

mouse model of amyotrophic lateral sclerosis. 

Brain and Behavior [Internet]. 2012 Jul 23 [cited 

2021 Sep 10];2(5):563–75. Available from: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC

3489809/ 

6. Yan Y-P, Lang BT, Vemuganti R, Dempsey RJ. 

Galectin-3 mediates post-ischemic tissue 

remodeling. Brain Research [Internet]. 2009 Sep 

[cited 2021 Sep 10]; 1288:116–24. Available 

from: 

https://pubmed.ncbi.nlm.nih.gov/19573520/ 

7. Chen H-L, Liao F, Lin T-N, Liu F-T. Galectins and 

Neuroinflammation. Advances in Neurobiology 

[Internet]. 2014 [cited 2021 Sep 10];517–42. 

Available from: 

https://pubmed.ncbi.nlm.nih.gov/25151395/ 

8. Paxinos G, Watson C. The rat brain in stereotaxic 

coordinates [Internet]. Amsterdam; Boston: 

Academic Press/Elsevier; 2007 [cited 2021 Sep 

10]. Available from: 

https://www.elsevier.com/books/the-rat-brain-

in-stereotaxic-coordinates/paxinos/978-0-12-

374121-9 

9. Furtado MA, Castro OW, Del Vecchio F, de 

Oliveira JAC, Garcia-Cairasco N. Study of 

spontaneous recurrent seizures and 

morphological alterations after status epilepticus 

induced by intrahippocampal injection of 

pilocarpine. Epilepsy & Behavior [Internet]. 2011 

Feb [cited 2021 Sep 10];20(2):257–66. Available 

from: 

https://pubmed.ncbi.nlm.nih.gov/21237720/ 

10. Loewen JL, Barker-Haliski ML, Dahle EJ, White 

HS, Wilcox KS. Neuronal Injury, Gliosis, and Glial 

Proliferation in Two Models of Temporal Lobe 

Epilepsy. Journal of Neuropathology & 

Experimental Neurology [Internet]. 2016 Mar 4 

[cited 2021 Sep 10];75(4):366–78. Available 

from: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC

5009480/ 

11. Ishibashi S, Kuroiwa T, Sakaguchi M, Sun L, 

Kadoya T, Okano H, et al. Galectin-1 regulates 

neurogenesis in the subventricular zone and 



MedNEXT J Med Health Sci (2021) Page 4 of 4 

Vol 2 Iss 6 Year 2021 MedNEXT Journal of Medical and Health 
Sciences 

 

 

promotes functional recovery after stroke. 

Experimental Neurology [Internet]. 2007 Oct 

[cited 2021 Sep 10];207(2):302–13. Available 

from: 

https://keio.pure.elsevier.com/en/publications/g

alectin-1-regulates-neurogenesis-in-the-

subventricular-zone-and- 

12. Yoshida H, Imaizumi T, Kumagai M, Kimura K, 

Satoh C, Hanada N, et al. Interleukin-1β 

stimulates galectin-9 expression in human 

astrocytes. Neuroreport [Internet]. 2001 Dec 

[cited 2021 Sep 10];12(17):3755–8. Available 

from: 

https://pubmed.ncbi.nlm.nih.gov/11726788/ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://faceres.com.br/ 

 
https://zotarellifihoscientificworks.com/ 

https://faceres.com.br/
https://zotarellifihoscientificworks.com/

