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Neuroinflammation is a prominent feature of several neurodegenerative diseases that can be 

triggered by different pathological insults, such as trauma, ischemia, infections or toxins (Disabato 

et al., 2016). At the beginning, the inflammatory process can be described as an adaptive response 

to the pathological stimulus, aimed to detect, defend, and repair the brain, to maintain homeostasis. 

If the initial stimulus is not solved successfully, the acute inflammation process chronicizes and leads 

to synaptic dysfunction, inhibition of neurogenesis and neurodegeneration (Varela et al., 2018). 

The inflammatory response is managed by innate immune cells of central nervous system, primarily 

microglia (Heneka et al., 2014). In physiological condition, microglia have an elongated shape that 

can highly differentiate to ramified forms with many processes in constant motion to monitor the 

surrounding environment and maintain brain homeostasis. However, upon exposure to exogenous 

insults, inflammatory stimuli or brain injury microglia can get activated, changing their morphology 

into a round ameboid shape (Subhramanyam et al., 2019). After their activation, microglia are likely 
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on a continuum between two extreme states: the anti-inflammatory state (M2-like phenotype) and 

the pro-inflammatory state (M1-like phenotype) (Kobayashi et al., 2013). It is widely accepted that 

at the onset of acute inflammatory events, the M2-like phenotype is predominant and drives the 

immune response needed to defend and repair the brain; when over-activated, microglia mainly 

acquire M1-like phenotype features, leading to an exacerbation of inflammation and neurotoxicity 

(Merlo et al., 2020). Melatonin is a neurohormone primarily released by the pineal gland, that has 

been shown to be a neuroprotective agent exerting anti-inflammatory, anti-oxidant, and anti-

apoptotic activity in the treatment of neuroinflammatory process (Chen et al., 2020). The anti-

inflammatory activity of melatonin is strictly related to the immune system modulation, through the 

upregulation of silent information regulator 1 (SIRT1), a NAD+-dependent deacetylase involved in 

neuroprotection. It has already been reported that melatonin increases SIRT1 expression and exerts 

anti-inflammatory functions in in vitro and in vivo experiments (Merlo et al., 2020). Organotypic 

brain slices cultures contain all cells of the brain and maintain a 3-dimensional architecture, proving 

to be an effective valuable model to investigate the cellular and molecular complexity of the brain 

(Croft et al., 2019). The present study aims to investigate if the neurohormone melatonin can 

support the reactive M2-like microglia after brief exposure to lipopolysaccharide (LPS) in order to 

simulate an acute inflammatory state in organotypic ex vivo brain slices. 

For organotypic brain slice cultures, 8-10 day old postnatal mice were used. Vibrosections were 

performed under sterile conditions as described in detail (Ullrich et al., 2011). The brains were cut 

in 150 µm slices by a water cooled vibratome and collected in sterile medium. The organotypic 

hippocampal slices were carefully placed onto a sterile 0.4 µm pore membrane, which was then 

placed into a 0.4 µm membrane insert within a 6-well plate at 37°C and 5% CO2 with 1 ml/well of 

sterile-filtered culture medium and incubated for 2 weeks without (control) or with LPS (100 ng/ml), 

melatonin (1μM), and a combination of both. In additional experiments LPS was added on day 11 

for 24 h. After 2 weeks, slices were fixed for 3 h at 4°C in 4% paraformaldehyde. 

Immunohistochemistry was performed under free-floating conditions, as described (Ullrich et al., 

2011). Slices were stained for the microglial marker ionized calcium-binding adapter molecule 1 (Iba-

1), detected by horseradish peroxidase- 3,3′-diaminobenzidine (HRP-DAB) method, and for silent 

information regulator 1 (SIRT1), detected by fluorescence. To evaluate the microglial morphology 

and their activation state, photomicrographs of the hippocampal area were taken with 20×-

magnification and cell counting for Iba1+ microglia was performed. Specifically, cells were counted 

and based on their morphology, were divided into two different phenotypes, corresponding to 

inactivated or activated state: ramified and round microglia. Western Blot analysis was performed 

to evaluate SIRT1 protein expression in slices incubated for 2 weeks without (control) or with 
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melatonin. To evaluate if melatonin could affect the microglial activation state, the morphology of 

microglia was investigated. Iba1+ microglia were counted in the hippocampal area of slices cultured 

for 2 weeks without (control) or with LPS (for 24 h), melatonin or a combination of both. The 

immunohistochemical analysis showed that: 

- Administration of melatonin altered the morphological features of microglia with an 

increase of the round cell population. This effect was slightly modified in the presence of a 

long term treatment with LPS, but not when the inflammatory stimulus was applied for only 

24 h.  

- Immunohistochemical and western blot analysis confirmed the involvement of SIRT1 in 

these effects with an increase of SIRT1 expression following treatment with melatonin 

compared to the control. In parallel experiments, the ability of melatonin to modify the 

survival of cholinergic neurons was investigated in the nucleus basalis of Meynert using 

organotypic brain slices. The involvement of SIRT1 in melatonin effect was confirmed also 

on this case. 

In conclusion, organotypic brain slice cultures that are a well-established ex vivo model that contains 

all brain cells and maintains a three-dimensional architecture, has proven to be a valid model, 

allowing to monitor also microglial activity in a context very similar to the whole brain environment. 

The study will be continued with further experiments run in collaboration with the host lab at the 

University of Innsbruck. 
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La Società Italiana di Farmacologia dichiara che i dati personali comunicati dall’utente sono trattati in 

conformità alle disposizioni del D. Lgs. 196/2003, così come modificato dal D. Lgs. 101/2018, ed alla 

normativa comunitaria (Regolamento UE 2016/679) secondo quanto indicato specificamente 

nell’informativa privacy reperibile sul sito internet della Società all’indirizzo: https://sif-

website.s3.amazonaws.com/uploads/attachment/file/240/Informativa_Privacy_SIF_Generica.pdf che 

l’utente, con la sottoscrizione del presente Contratto, dichiara di aver compiutamente visionato, compreso 

e accettato. 
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