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A B S T R A C T

Inflammation is a fundamental component of the body’s response to injury or infection and is responsible for 
restoring tissue homeostasis and starting the wound healing process. To avoid excessive tissue damage, it is 
important to efficiently resolve inflammation once it is no longer necessary. In recent years, the discovery of pro- 
resolving lipid mediators derived from polyunsaturated fatty acids, such as Resolvin D1 (RvD1), has shed light on 
the resolution of inflammation. However, the impact of RvD1 on Spinal Cord Injury (SCI) remains unexplored. In 
this study, we provide direct evidence that the administration of RvD1 for one week after SCI fails to enhance 
resolution of inflammation and does not improve functional and histological outcomes. Our transcriptomic 
analysis reveals that RvD1 does not modulate inflammatory response pathways in the injured spinal cord but 
leads to significant changes in the expression of genes related to ribosomal function and extracellular matrix 
pathways. Unlike SCI, RvD1 treatment ameliorated neurological deficits in experimental autoimmune enceph
alomyelitis. Our findings represent the first report demonstrating that RvD1 treatment does not exert therapeutic 
actions in the context of SCI and suggest that this pro-resolving agonist may exert therapeutic actions in certain 
but not in all conditions involving an inflammatory component.

1. Introduction

Traumatic SCI results in permanent disability due to irreversible 
axonal damage and neuronal and glial death. The initial mechanical 
injury is followed by a range of cellular and molecular events, referred to 
as the secondary injury phase. During this phase, the initial damage 
expands to regions surrounding the lesion core, exacerbating cell death, 
axonal disruption, and functional impairments (Oyinbo, 2011). 
Inflammation plays a crucial role in triggering secondary tissue damage 
after SCI. Although the inflammatory response is critical in the acute 
phase for restoring tissue homeostasis and initiating wound repair, 
improper continuing effects of this physiological mechanism after SCI 
leads to excessive tissue damage (Buckley et al., 2014; Serhan, 2014; 
Serhan et al., 2015).

We previously revealed that, in line with post-mortem brain samples 
from Alzheimer’s disease patients (AD) (Wang et al., 2015; Zhu et al., 
2016), there is defective production of Specialized Pro-resolving 

Mediators (SPMs) after SCI, which it is associated with inadequate res
olution of inflammation (Francos-Quijorna et al., 2017). In this study, 
we also demonstrated that administration of Maresin-1 (MaR1), a do
cosahexaenoic acid (DHA)-derived SPM, facilitates the resolution of 
inflammation and leads to therapeutic benefits. Thus establishing a 
critical link between the absence/low levels of SPMs in the injured 
spinal cord and the consequential hindrance in resolving inflammation 
and mitigating tissue damage. In line with these observations, we also 
found a similar relationship in experimental autoimmune encephalo
myelitis (EAE), a mouse model of multiple sclerosis (Sanchez-Fernandez 
et al., 2022). While our results shed light on the beneficial effects of 
MaR1, the exploration of other DHA-derived SPMs, such as RvD1, re
mains to be thoroughly investigated.

RvD1 (7S,8R,17S-trihydroxy-4Z,9E,11E,13Z,15E,19Z-DHA) is a 
biologically active molecule synthesized from DHA by the action of 15- 
and 5-lipoxygenases (LOX) (Hong et al., 2003). RvD1 exerts its effects by 
binding to the G protein-coupled receptors (GPCR), GPR32 and ALX/ 
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FPR2 (Bisicchia et al., 2018; Chiurchiù et al., 2016; Chiurchiù et al., 
2019; Gilligan et al., 2019; Krishnamoorthy et al., 2010), which are 
expressed in various endothelial, immune, and neural cells. The pro- 
resolution properties of RvD1 are mediated by limiting leukocyte infil
tration, suppressing the production of pro-inflammatory cytokines, 
switching immune and epithelial cells from a pro-inflammatory to an 
anti-inflammatory state, and enhancing the clearance of immune cells 
from the challenged tissues (Chiurchiù et al., 2016; Chiurchiù et al., 
2019; Hoch et al., 2023; Krishnamoorthy et al., 2010; Norling et al., 
2012b; Pope et al., 2016; Recchiuti et al., 2011; Rogerio et al., 2012; 
Titos et al., 2011). In the context of neurological conditions, RvD1 has 
been shown to exert neuroprotective effects. Previous studies revealed 
that this SPM reduces neuroinflammation and improves cognition in AD 
(Fiala et al., 2016; Mizwicki et al., 2013; Pope et al., 2016) and mitigates 
the progression of EAE (Poisson et al., 2015) through various mecha
nisms, including the induction of Treg cells and the polarization of 
monocytes/macrophages and microglia into the anti-inflammatory M2- 
like phenotype. Furthermore, in the context of central nervous system 
(CNS) injury, RvD1 treatment has been shown to reduce the activation of 
microglial cells and astrocytes after remote brain damage, thereby 
preventing neuronal cell death (Zhang et al., 2018). Despite these 
promising pro-resolutory actions of RvD1 in the CNS, to the best of our 
knowledge, no studies have assessed the therapeutic potential of RvD1 
in SCI.

The current study aims at evaluating the efficacy of exogenous de
livery of RvD1 in mitigating inflammation and secondary damage after 
SCI in mice. Contrary to MaR1 (Francos-Quijorna et al., 2017), we found 
that RvD1 administration failed to improve resolution of inflammation 
and to confer protection against tissue damage and functional impair
ments after SCI.

2. Materials and methods

All the experimental procedures were approved by the Universitat 
Autònoma de Barcelona Animal Experimentation Ethical Committee 
(CEEAH 4053 M-) and followed the European Communities Council 
Directive 2010/63/EU, and the methods for each procedure were car
ried out in accordance with the approved guidelines.

2.1. Surgical procedure

Adult (8–10 weeks old) female C57Bl/6 mice (Charles River) were 
deeply anesthetized with intramuscular injection of a mixture of keta
mine (90 mg/kg) and xylazine (10 mg/kg). After performing a lam
inectomy at the 11th thoracic vertebrae, the exposed spinal cord was 
contused using the Infinite Horizon Impactor device (Precision Scientific 
Instrumentation) (Francos-Quijorna et al., 2017; Klopstein et al., 2012). 
Injuries were made using a force of 60 kdynes and tissue displacement 
ranging between 400 and 600 μm (Coll-Miró et al., 2016; Francos-Qui
jorna et al., 2017).

2.2. RvD1 treatment after SCI

One hour after SCI, mice received an intravenous injection of either 
0.5, 1, or 2 μg of RvD1 (7S,8R,17S-trihydroxy-4Z,9E,11E,13Z,15E,19Z- 
docosahexaenoic acid; Cayman Chemical Company, Ann Arbor, MI) 
followed by daily injections until day 7 (n = 3 per dose). These doses 
were based on previous studies in the literature using SPMs in neuro
logical conditions (Francos-Quijorna et al., 2017). Additionally, another 
larger cohort of mice received 1 μg of RvD1 daily for seven days (n = 7 
per group)), beginning 1 h after injury (n = 8 in vehicle and n = 10 in 
RvD1) or on day 1 post-injury (n = 7 per group). The RvD1 solution was 
freshly prepared from stock on the day of administration. Each prepa
ration consisted of 10 μl of 100 % ethanol containing the specified 
amount of lipid mediator, diluted in 100 μl of saline at 37 ◦C. The so
lution was individually prepared in Eppendorf tubes (one per mouse) 

and injected within 15 min of preparation. Control mice were treated 
with the vehicle solution, which consisted of 10 μl of 100 % ethanol 
diluted in 100 μl of saline at 37 ◦C, following the same administration 
protocol.

2.3. Cytokine protein expression

Mice treated with vehicle or RvD1 (n = 5 per group) were perfused 
with sterile saline and a 5 mm length of spinal cord centered on the 
lesion was collected at 12 h after contusion injury and snap frozen. 
Spinal cords were homogenized, and protein concentration was deter
mined using the DC Protein Assay (Bio-Rad). Samples were concentrated 
to 4 μg/μl using MicroCon centrifugation filters (Millipore) to ensure 
equal amounts of protein. The protein levels of 20 cytokines and che
mokines were then analyzed using the Milliplex MAP Mouse Cytokine/ 
Chemokine magnetic bead panel (Millipore) on a Luminex (Millipore) as 
per manufacturers’ protocol (Coll-Miró et al., 2016; Francos-Quijorna 
et al., 2017).

2.4. Flow cytometry

Immune cells from the injured spinal cord were analyzed by flow 
cytometry. Spinal cord from mice treated with RvD1 or vehicle were 
harvested at day 1 (n = 9 per group), 3 (n = 5 per group) and 7 (n = 5 per 
group) after injury. Briefly, spinal cords were cut in little pieces and 
passed through a cell strainer of 70 μm (BD falcon) and the cell sus
pension was centrifuged twice at 300 g for 10 min at 4 ◦C. After cell 
counts, samples were divided, and cells alone and isotype-matched 
control samples were generated to control for nonspecific binding of 
antibodies and for auto-fluorescence. The following antibodies from 
eBioscience were used at 1:250 concentrations: CD45-PerCP, CD11b-PE- 
Cy7, Gr1-PE, Ly6C-FIC or APC, F4/80-APC Cy7 or PE, CD3-FITC, CD4- 
APC, CD8-PE and CD19-Pacific Blue. After 30 min of incubation with 
combinations of antibodies at 4 ◦C, the samples were washed and fixed 
in 1 % paraformaldehyde. For intracellular staining, cells were per
meabilized with Permeabilization Wash Buffer (Biolegend) followed by 
staining unconjugated rabbit antibodies against iNOS (1:200 Abcam) 
and goat antibodies against Arg1 (1:200 Santa Cruz). After 30 min of 
incubation with combinations of antibodies at 4 ◦C, cells were washed 
and stained with Alexa488 or Alexa647 conjugated donkey secondary 
antibodies against rabbit or goat (1:750 Molecular Probes) for 30 min. 
Finally, the samples were washed and fixed in 1 % paraformaldehyde.

To perform the analysis, we first did singlet gating (doublet exclu
sion) for CD45 to ensure that only infiltrating leukocytes and resident 
microglia are selected, and then, the following combination of markers 
were used to identify CD4 T-Cells (CD45+, CD11b− , CD3+, CD4+), CD8 T 
Cells (CD45+, CD11b, CD3+, CD8+), B cells (CD45+, CD11b− , CD3− , 
CD19+), microglial cells (CD45low/med, CD11b+, F4/80+), monocytes/ 
macrophages (CD45high, CD11b+, F4/80+), and neutrophils (CD45high, 
CD11b+, F4/80− , Gr1+). Kinetic analysis of these immune cell types 
were calculated as described previously (Francos-Quijorna et al., 2017; 
Prüss et al., 2011). To study the phenotype of monocyte/macrophages, 
these cells were further differentiated based on Ly6C, CD16/32, iNOS, 
CD206 and Arg1 expression. Cells were analyzed using FlowJo® soft
ware on a FACSCanto flow cytometer (BD Biosciences).

2.5. Functional assessment

Locomotor recovery was evaluated at 1, 3, 5, 7, 10, 14, 21 and 28 
days post-injury (dpo) in an open-field test using the nine-point Basso 
Mouse Scale (BMS), which was specifically developed for locomotor 
testing after contusion injuries in mice (Basso et al., 2006). The BMS 
analysis of hindlimb movements and coordination was performed by 
two independent assessors and the consensus score taken. The final score 
is presented as mean ± SEM.

At the end of the follow up period (day 28 post-injury), a 
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computerized assessment of locomotion was also performed using the 
DigiGait™ Imaging System (Mouse Specifics Inc., Boston, MA). This 
system is constituted of a motorized transparent treadmill belt and a 
high-speed digital video camera that captures images of the underside of 
the feet in walking animals. DigiGait™ software generates “digital 
pawprints” and dynamic gait signals, representing the temporal record 
of paw placement relative to the treadmill belt. This locomotor test al
lows for an easy and objective analysis of both static and dynamic lo
comotor parameters. Finally, the highest speed at which each mouse was 
able to walk was also recorded on the DigiGait treadmill belt. Briefly, 
each mouse was allowed to explore the treadmill compartment, with the 
motor speed set to zero, for 5 min. Then speed was gradually increased 
from 0 up to 35 cm/s and the maximum speed at which each mouse 
performed for at least 5 s was recorded (Francos-Quijorna et al., 2017; 
Santos-Nogueira et al., 2015).

2.6. Electrophysiological analysis

At day 28, electrophysiological tests were performed to evaluate 
spared central motor pathways after SCI. Motor evoked potentials 
(MEPs) were recorded from the tibialis anterior (TA) and gastrocnemius 
(GC) muscles with microneedle electrodes, in response to transcranial 
electrical stimulation of the motor cortex by single rectangular pulses of 
0.1 ms duration. Pulses were delivered through needle electrodes 
inserted subcutaneously, the cathode over the skull, overlying the 
sensorimotor cortex, and the anode at the nose (Santos-Nogueira et al., 
2015). Compound Muscle Action Potential (CMAP) M waves from 
tibialis anterior and gastrocnemius muscles were recorded for internal 
control of peripheral normal conduction. In this case the sciatic nerve 
was stimulated percutaneously by means of single pulses of 0.02 ms 
duration (Grass S88), delivered through a pair of needle electrodes 
placed at the sciatic notch (Francos-Quijorna et al., 2017). All potentials 
were amplified and displayed on a digital oscilloscope Tektronix 450S 
(Tektronix, OR) at settings appropriate to measure the amplitude from 
baseline to the maximal negative peak. To ensure reproducibility, the 
recording needles were placed under microscope to secure the same 
placement on all animals guided by anatomical landmarks. During the 
tests, the body temperature was kept constant by means of a thermo
stated heating pad.

2.7. Histological analysis

At 28 dpo, mice were deeply anesthetized using Dolethal (pento
barbital sodium; Vétoquinol E. V. S. A.) and perfused with 4 % para
formaldehyde in 0.1 M phosphate buffer. A 10 mm length of spinal cord 
c centered on the lesion site was harvested, post-fixed for 1 h in 4 % 
paraformaldehyde in 0.1 M PB and cryoprotected with 30 % sucrose in 
0.1 M PB at 4 ◦C, for a minimum of 48 h. Spinal cords were fast-frozen at 
− 60 ◦C in cryoembedding compound (Tissue-Tek® OCT, Sakura) and 
cut on a cryostat (Leica). Ten series of 10 μm thick sections were picked 
up on glass slides. Adjacent sections on the same slide were therefore 
100 μm apart.

For demyelination analyses, sections were stained with Luxol Fast 
Blue (Sigma). For neuronal and axonal assessment, sections were incu
bated overnight at 4 ◦C with biotinylated antibodies against NeuN 
(1:200, Millipore) and NF (1:1000, Millipore), respectively. Moreover, 
double immunostaining for NF and MBP (1:100; Abcam) was done to 
assess the sparing of myelinated axons. Sections were incubated for 1 h 
at room temperature with the streptavidin-Alexa 594 conjugated or 
donkey anti-rabbit Alexa 594-conjugated antibodies (Molecular Probes, 
1:500), and then coverslipped in Mowiol containing DAPI to label 
nuclei.

Tissue sections were viewed with Olympus BX51 microscope and 
images were captured using an Olympus DP50 digital camera, and using 
the Cell^A Image acquisition software. The epicenter of the injection or 
contusion injury impact was determined for each mouse spinal cord by 

localizing the tissue section with the greatest damage using LFB-stained 
section. Myelin sparing after SCI was calculated by delineating the 
spared LFB-stained tissue. Neuronal survival was assessed by counting 
the number of NeuN+ cells in the ventral horns at the injury epicenter 
and at rostral and caudal areas. Axonal sparing was calculated by 
counting the number of axons in the dorsal column at the injury 
epicenter, the most damaged area of the spinal cord. The same sections 
were used to examine axonal demyelination in the dorsal column by 
counting the fibers double stained for NF and MBP at the lesion 
epicenter. The NIH ImageJ software was used to quantify all the histo
logical parameters.

2.8. RNA isolation, reverse transcription, and real-time PCR

Uninjured control mice, and injured animals treated with vehicle or 
RvD1 (n = 5 per group) were euthanized with Dolethal (pentobarbital 
sodium, Vetoquinol; 0.01 ml/10 g, intraperitoneal) at 7 dpo, and 
perfused with vehicle buffer. A 5 mm segment of spinal cord centered on 
the lesion epicenter was harvested and rapidly frozen, and storage at 
− 80 ◦C until mRNA extraction. For mRNA extraction, tissue was ho
mogenized with Quiazol lysis reagent (Qiagen) and mRNA extracted 
using RNeasy Lipid Tissue kit (Qiagen), according to the user’s guide 
protocol. An additional step with DNase I digestion (Qiagen) was 
included to avoid genomic DNA contamination.

1 μg mRNA of each sample was primed with Random Hexamers 
(Promega) and reverse transcribed using Omniscript RT kit (Qiagen). 
RNase inhibitor (Roche) was added (1 U/ μl final concentration) to avoid 
RNA degradation. RT-PCR reactions were performed using Brilliant III 
Ultra-Fast SYBR Green QPCR Master Mix (Agilent Technologies) accord
ing to the manufacturer’s instructions. Data analysis was performed using 
the MyiQ Single-Colour Real-Time PCR Detection System (Bio-Rad labo
ratories). Primer sequences included the following: iNOS forward 5′- 
GGCCAGCCTGTGAGACCTTT-3′, iNOS reverse 5’-TTGGAAGT
GAAGCGTTTCG-3′. Glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH) was used as a housekeeping gene: GAPDH forward 5’-TCAA
CAGCAACTCCCACTCTTCCA-3′, GAPDH reverse 5’-ACCCTGTTG 
CTGTAGCCGTATTCA-3′. The amount of cDNA was calculated based on 
the threshold cycle (CT) value and was standardized by the amount of 
housekeeping gene using the 2-ΔΔC method (Livak and Schmittgen, 
2001).

2.9. Microarray

Microarray hybridization was performed by the Scientific and 
Technical Support Unit and the Statistics and Bioinformatics Unit at the 
Vall D’Hebron Research Institut (Hospital de la Vall d’Hebron, Barce
lona). mRNA samples of spinal cords harvested from uninjured mice (n 
= 4), as well as from 1 (vehicle n = 4; RvD1 n = 5) and 7 1 (vehicle n = 4; 
RvD1 n = 5) days post-injured animal treated with vehicle and RvD1 
were processed for Affimetrix MOUSE Exon/Gene 2.1 ST chip array 
according to the manufacturer protocol. The optical images of the hy
bridized chip were processed with the Expression Console software 
(Affimetrix). CEL files containing the intensity values associated to 
probes and grouped into probe sets were obtained. Then, RMA method 
(Irizarry et al., 2003) was used to transform intensity values to expres
sion values. RMA is a three step-method that integrates background 
adjustment, scaling and aggregation of the probe sets to remove non- 
biological elements of the signal and genes with low signal (those 
genes whose mean signal in each group did not exceed a minimum 
threshold) and low variability (genes whose standard deviation between 
all samples did not exceed a minimum threshold). The selection of 
differentially expressed genes between conditions was based on a linear 
model analysis with empirical Bayes moderation of the variance by 
Smyth (Smyth Gordon, 2004) and implemented in the limma Bio
conductor package. In order to minimize type I errors (incorrectly 
rejected null hypotheses), all statistical tests were adjusted for multiple 
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comparisons using the Benjamini-Hochberg (Benjamini and Hochberg, 
1995) Procedure, unless otherwise specified. To assess statistical sig
nificance in changes in gene expression a cut-off p-value <0.05 was 
used. All the statistical analysis were done using the free statistical 
language R and the libraries developed for microarray data analysis by 
the Bioconductor Project (www.bioconductor.org)

To investigate the biological meaning, term enrichment (over-rep
resentation) analysis (ORA) was performed against different pathway 
libraries. Terms were classified by functional annotation clustering 
analysis, where the list of selected genes (differentially expressed genes - 
DEGs) was compared to a reference set (universe - Affimetrix chip 
probes after filtering and mapping). The functional annotation cluster 
was ranked from largest to smallest enrichment score (ES), based on 
hypergeometric test and pathways sorted by statistical significance 
(typically, adjusted p-value). All plots were produced using different 
variations of the ggplot2 package (Wickham, 2016) and ORA pathway 
analyses were contrasted against KEGG (Kanehisa, 1997) Reactome 
(Gillespie et al., 2022), wikiPathways (Martens et al., 2020) and Gene 
Ontology (Mi et al., 2019) gene libraries, using DOSE (Yu et al., 2015) 
and ClusterProfiler (Wu et al., 2021) libraries. The microarray dataset is 
available under accession number GSE284533 in the Gene Expression 
Omnibus (GEO) database.

2.10. Experimental autoimmune encephalomyelitis

Adult female C57BL/6 mice (8–10 weeks old, Charles River Labo
ratories) were sedated with an intramuscular injection of ketamine (22 
mg/kg, Imalgen 1000, Merial) and xylazine (2.5 mg/kg, Rompun, 
Bayer). EAE was induced via subcutaneous immunization with 300 μg of 
myelin oligodendrocyte glycoprotein peptide 35–55 (MOG35–55, 
MEVGWYRSPFSRVVHLYRNGK, Thermo Fisher Scientific, MA, USA) in 
200 μl Complete Freund’s Adjuvant (CFA, Difco, MI, USA), supple
mented with 4 mg/ml heat-inactivated Mycobacterium tuberculosis 
(Difco, MI, USA). Additionally, mice received intraperitoneal injections 
of 400 ng of pertussis toxin (Sigma-Aldrich, ON, USA) in 100 μl sterile 
saline at the time of induction and again 48 h later (Sanchez-Fernandez 
et al., 2019).

Mice were scored daily from day 0 to day 21 post-EAE induction, 
with the researcher blinded to experimental groups during functional 
assessments. EAE clinical signs were evaluated using a 6-point scale: 0 =
normal walking, 0.5 = partially paralyzed tail, 1 = fully paralyzed tail, 2 
= mild hind limb weakness with quick righting reflex, 3 = severe hind 
limb weakness with slow righting reflex, unable to bear weight, 3.5 =
severe hind limb weakness with partial hind limb paralysis, 4 = com
plete paralysis of at least one hind limb, 4.5 = complete paralysis of one 
or both hind limbs with trunk weakness, 5 = complete hind limb pa
ralysis with forelimb weakness or paralysis, and 6 = moribund.

Following EAE induction, mice were randomly assigned to treatment 
and control groups. Starting from the first day of clinical symptom onset, 
daily intraperitoneal injections of 1 μg RvD1 (n = 10) or vehicle (n = 11) 
were administered until the study concluded 21 days post-induction.

2.11. Statistical analysis

All analyses were conducted through GraphPad Prism 9.0. Data are 
shown as mean ± standard error of the mean. Maximal speed on a 
treadmill was analyzed using the Mantel-Cox test. Functional follow-up 
for BMS score, EAE score, as well as histological analysis of myelin and 
neuronal sparing were analyzed using two-way repeated measure 
ANOVA with post-hoc Bonferroni’s post-hoc test for multiple compari
sons. Two-tailed Student’s t-test was used for the single comparison 
between two groups. Differences were considered significant at p < 0.05. 
Microarray gene differential expression analysis and term over- 
representation analyses were performed as described above.

3. Results

3.1. RvD1 accelerates neutrophil clearance but fails to enhance 
inflammatory resolution program after traumatic spinal cord injury

Based on previous findings from our laboratory suggesting that the 
deficit in the resolution of inflammation following SCI may be linked to 
impaired synthesis of SPMs (Francos-Quijorna et al., 2017), we inves
tigated the impact of systemic administration of RvD1 on immune cell 
clearance from the contused spinal cord. For this purpose, we first 
determined the effects of different doses of RvD1 on functional recovery 
after SCI to choose the optimal dose of RvD1 to conduct our experiments 
(Supplementary Fig. 1a-d). Since the three doses led to similar effects on 
locomotor recovery, we selected the dose of 1 μg per mouse and day, 
aligning with our previous work on MaR1 in SCI (Francos-Quijorna 
et al., 2017).

Flow cytometry analysis (Supplementary Fig. 2a) was used to 
compare the accumulation of immune cells in vehicle and RvD1-treated 
animals following SCI. We found that RvD1 treatment slightly reduced, 
although not to the significant level, the infiltration of neutrophils in the 
spinal cord at 1 dpo (Fig. 1a). However, after analyzing several resolu
tion parameters (Fig. 1a), we found that RvD1 accelerated the clearance 
of these cells from the contused spinal cord. In particular, the resolution 
index (Ri) for neutrophils, which reflects the time required for the count 
of this leukocyte subset to decrease to 50 % from the peak of maximum 
accumulation, was reduced by 48 % following RvD1 treatment. Contrary 
to our expectations, by day 7, when neutrophil counts typically reach a 
resolution plateau in SCI, the number of neutrophils remaining in the 
lesioned spinal cord was similar between RvD1-treated and vehicle- 
treated mice (Fig. 1a). This suggests that, while RvD1 accelerated 
neutrophil clearance initially, it did not enhance the overall reduction of 
this immune cell population in the injured spinal cord.

We then sought to examine the effect of RvD1 on microglia and 
various leukocyte subset counts after SCI (Fig. 1b, c and Supplementary 
Fig. 2b-d). Our results showed that RvD1 did not mitigate the accumu
lation of microglia or macrophage in the lesioned spinal cord (Fig. 1b, c), 
although it tended to reduce their counts. Similarly, RvD1 did not reduce 
the recruitment of different lymphocyte subsets into the spinal cord for 
the first 7 dpo (Supplementary Fig. 2b-d).

3.2. RvD1 treatment does not modulate macrophage polarization after 
SCI

Macrophages represent a heterogeneous population of cells with 
varying effects on damaged tissue based on their phenotype. Ly6Chigh 

macrophages possess phagocytic and inflammatory properties, while 
Ly6Clow macrophages promote wound healing and repair(Arnold et al., 
2007; Nahrendorf et al., 2007). Thus, in this study, we aimed to inves
tigate the effect of RvD1 on Ly6C expression in macrophages after SCI. 
Our results showed that RvD1 did not alter the proportion of Ly6Clow 

and Ly6Chigh macrophages after SCI (Fig. 2a-c).
We then assessed whether RvD1 modulated the expression of M1/ 

M2-like markers in macrophages after SCI. Our data revealed that the 
M2-like marker, Arg1, was barely detectable in macrophages after 7 
days post-lesion (<3 %) and that RvD1 treatment failed to enhance its 
levels (Fig. 2d, e). Similarly, the levels of another M2-like marker, 
CD206, was not modulated by RvD1 (Supplementary Fig. 3b). On the 
other hand, the expression of the M1-like marker, iNOS, was slightly 
reduced in RvD1-treated mice, either by assessing the percentage of 
iNOS+ macrophages (61 ± 1 vs 53 ± 4 % in vehicle- and RvD1-treated 
mice, respectively) and the median fluorescence intensity (MFI; 648 ±
120 vs 470 ± 141 in vehicle- and RvD1-treated mice, respectively). 
However, this reduction did not reach statistical significance (Fig. 2d, e). 
Lack of iNOS reduction by RvD1 treatment was further confirmed by RT- 
qPCR analysis of iNOS transcript levels (Supplementary Fig. 3a). 
Moreover, flow cytometry analysis also showed that the expression of 
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another M1-like marker, CD16/32, remained unaltered after RvD1 
treatment (Supplementary Fig. 3b). Therefore, our results suggest that 
RvD1 fails to shift macrophages from a pro-inflammatory to an anti- 
inflammatory/pro-repair state after SCI.

3.3. RvD1 does not attenuate the expression of pro-inflammatory 
cytokines in SCI

After investigating the impact of RvD1 on the recruitment and 
phenotype of immune cells after SCI, we proceeded to examine the effect 
of RvD1 on the protein levels of various cytokines in the spinal cord at 
24 h post-lesion. Luminex assay revealed that the expression of most 
cytokines was unaltered in the injured spinal cords harvested from mice 
treated with RvD1 (Fig. 3). However, the expression of two chemokines 
that are critical for recruiting immune cells into challenged tissues, 
CCL11 and CXCL10, was significantly increased by RvD1 treatment 
(27.3 ± 4.5 and 38 ± 2 pg/mg protein for CCL11; and 1517.7 ± 236.4 
and 2302.1 ± 136.6 pg/mg protein for CXCL10 in vehicle and RvD1 
treated mice, respectively). Conversely, the anti-inflammatory cytokine 
IL-13 was significantly reduced in animals receiving RvD1 (4.6 ± 0.8 
and 2.9 ± 0.2 pg/mg protein in vehicle vs RvD1).

3.4. Administration of RvD1 does not improve functional outcomes after 
SCI

We then investigated the efficacy of RvD1 as a therapeutic option in 
SCI by assessing its impact on functional recovery. BMS analysis 
revealed that RvD1 treatment failed to improve locomotor function of 
the animals (score 3.8 ± 0.19 vs 3.55 ± 0.26 in vehicle and RvD1 
groups, respectively) (Fig. 4a). Indeed, the proportion of animals that 

exhibited plantar placement with occasional stepping was reduced in 
the RvD1-treated group (BMS ≥4; 40 % RvD1 vs. 70 % vehicle animals) 
(Fig. 4b).

At the end of the follow up period (day 28 post-injury), we further 
assessed locomotor function by doing DigiGait analysis. These experi
ments showed that RvD1-treated mice tended to display slower loco
motion on a treadmill (Fig. 4c, d). In addition, those animals that were 
able to locomote at speed of 14 m/s on a treadmill (Fig. 4e, f) showed 
some alterations in various locomotor parameters such as stride length 
variability, paw area at peak stance, and stride frequency of Max dA/dT 
after RvD1 treatment (Fig. 4g-j).

We also assessed, by electrophysiological methods, the preservation 
of the spinal cord descending pathways at day 28 post-injury. Motor 
evoked potentials (MEPs) demonstrated no notable differences in MEP 
latency or amplitude between the RvD1-treated and control groups 
(Fig. 5a, c, and 5b, d), indicating that RvD1 administration does not 
improve the preservation of descending spinal motor pathways.

In summary, these results clearly indicate that the administration of 
RvD1 does not improve functional outcomes after SCI.

3.5. Treatment with RvD1 does not reduce secondary tissue damage after 
SCI

We then evaluated the efficacy of RvD1 in mitigating tissue damage 
after SCI. For this purpose, histological tissue sections of the injured 
spinal cord were processed to evaluate different histopathological pa
rameters. Luxol Fast Blue (LFB) stained sections revealed that RvD1 
treatment did not reduce myelin loss (p > 0.05, RM two-way ANOVA) 
(Fig. 6a, b). Additionally, quantification of NeuN+ cells in the ventral 
horns of the spinal cord showed no significant increase in neuronal 

Fig. 1. Effects of RvD1 in the infiltration of immune cells after SCI. (A) Graph showing neutrophil recruitment and resolution indices. Inset shows some in
flammatory kinetics measurement, which include: ψmax = maximal cell counts; ψ7 = cell counts at 7 dpo; Tmax, time after SCI until reaching max cell numbers, T50, 
time after SCI until reduction of cell numbers by 50 %; and Ri. (B–C) Graphs showing quantification of (B) microglial cells and (C) macrophages, following SCI at 1, 3 
and 7 dpo with or without RvD1 treatment. Results were assessed for normality using the Shapiro–Wilk test and two-way ANOVA with Bonferroni’s post hoc test was 
used to analyze significant differences in the dynamics of neutrophil, microglial cells and macrophages counts after SCI; t-test was used to assess the different in
flammatory kinetic indices (n = 9 at 1 dpo, n = 5 at 3dpo and n = 5 at 7 dpo per group). Error bars indicate SEM.
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preservation after RvD1 treatment (Fig. 6c, d). Furthermore, to deter
mine the impact of RvD1 treatment on axonal and myelin preservation, 
we quantified the number of axons (NF+) and those with preserved 
myelin sheath (NF/MBP+) in the dorsal columns at the injury epicenter, 
the most damaged area of the spinal cord. This analysis revealed that 
RvD1 treatment did not result in a significant preservation of axons or 
myelin after SCI (Fig. 6e, f).

Overall, these findings provide clear evidence that the administra
tion of RvD1 does not result in improved histological outcomes after SCI.

3.6. RvD1 treatment does not modify the expression of genes related to 
inflammatory pathways

To comprehensively assess the molecular impacts of RvD1 treatment 
on mice following SCI, we conducted microarray-based expression 
profiling experiments on the injured spinal cord tissue at both day 1 and 
7 post-injury (Fig. 7a).

Preliminary validation of the data suggested that, transcriptionally, 
RvD1-treated and untreated animals are similar after SCI, as evidenced 
by Principal Component Analysis (Fig. 7b) and sample similarity studies 
(Supplementary Fig. 4a). Nevertheless, we further explored the effects of 
RvD1 treatment at a more refined level to gain a deeper understanding 
of its impact following SCI.

We initially examined the impact of the injury itself in the first week 
following SCI in mice and determined whether the resulting responses 
were time-specific or consistently altered during the acute (1 day) and 
sub-acute (7 day) phases (Supplementary Fig. 4). We observed distinct 
transcriptional changes in the spinal cords of injured versus non-injured 
animals, with samples segregating into two distinct groups at both 1 and 
7 days after injury (Supplementary Fig. 4a). Due to the massive differ
ences between pre- and post-SCI conditions, a more stringent differential 
expression analysis was performed using Benjamini-Hochberg correction 
for multiple comparisons (adjusted p-value/FDR < 0.01) and an abs 
(log2)FC > 1 to select greater biological changes. This analysis revealed 
647 and 1210 differentially-expressed genes at 1- and 7 dpo, respec
tively, with 271 genes being commonly differentially expressed at both 
time points (Supplementary Fig. 4 b and c).

Further pathway analysis demonstrated that pathways related to 
extracellular matrix alteration and cell migration were primarily 
modulated at 1 day after SCI (Supplementary Fig. 4 d-f), whereas 
changes in immune responses were more prevalent at 1 week after SCI 
(Supplementary Fig. 4 g-i). Additionally, cell proliferation pathways 
were found to be altered at both time points, suggesting sustained 

Fig. 2. Impact of RvD1 treatment on macrophage phenotypic modulation after SCI. (A) Graph showing the evolution of LyC6high macrophages in the injured 
spinal cord after RvD1 treatment. (B) Graph showing proportion of different macrophage subsets in the injured spinal cord at 7 dpo. (C) Graph showing the effects of 
RvD1 in the ratio of LyC6high/LyC6low macrophages in the injured spinal cord at 7 dpo. (D-E) Representative FACS histograms plots of (D) Arg I and (E) iNOS 
expression in macrophages at 7 dpo. (F) Graph showing the expression of Arg1 and iNOS assessed by mean fluorescence intensity (MFI) and percentage in mac
rophages after SCI. Mean ± SEM. (n = 5 per group). Student t-test was used to analyze significant differences between RvD1 and control mice.

Fig. 3. Pro-inflammatory cytokine expression levels after SCI in RvD1 
treated animals compared with the control group. (A) Multiplex analysis of 
cytokine protein levels from spinal cord of RvD1-treated and vehicle-treated 
mice at 24 h post-injury. Mean ± SEM. (n = 5 per group) *p < 0.05 vs 
vehicle. Student t-test was used to analyze significant differences between RvD1 
and control mice.
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alteration of these pathways during the first week after SCI (data non 
shown).

We then further characterized the impact of RvD1 treatment on the 
differential expression of genes at day 1 and day 7 following SCI. Dif
ferential expression analysis revealed there were no differences between 
RvD1-treated and control mice at both 1- and 7-days-post-SCI when 
results were adjusted for multiple comparisons (Benjamini-Hochberg 
Procedure). The RvD1 responses at day 1 post-injury were almost 
indistinguishable from those observed in vehicle injured animals (Sup
plementary Fig. 5 a-c). Nevertheless, in an attempt to elucidate possible 
underlying differences occurring between treatments we performed 
differential expression analysis and fixed statistical significance at (un
adjusted for multiple comparisons) p-value <0.01 or < 0.05. Using these 
parameters, we observed that only 50 and 300 genes were differentially 
expressed, respectively, in RvD1- versus vehicle-treated mice (Extended 
data - Table 1). Notably, most of these genes correspond to annotated 
sequences with not known function (Riken, ORFs), pseudogenes (Gms) 
or microRNAs (Supplementary Fig. 5 b, d and e). Pathway analysis 
(unadjusted p-value <0.05) revealed minimal differences at immune 
signaling events (Supplementary Fig. 5f).

Finally, we assessed the differential gene expression between RvD1 
and vehicle-treated mice at 1-week post-SCI, time-point when inflam
matory resolution is needed to avoid tissue damage. At this stage, the 
differences between the two groups were slightly more pronounced than 
those observed at day 1, with the samples being segregated into two 
distinct groups based on treatment (Fig. 7c, d). RvD1 treatment resulted 
in the differential expression of approximately 450 and 1500 genes with 
an unadjusted p-value of <0.01 or < 0.05, respectively, with a nearly 
balanced distribution of up- and down-regulated genes (Extended data - 
Table 2). Interestingly, none of the top 10 up- or down-regulated genes 
in RvD1-treated mice compared to the control group (by p-value) were 
associated with the inflammatory response at 7 days post-SCI (Fig. 7 e- 
g). In-depth pathway analysis of all statistically significant differentially 

expressed genes (RvD1 vs. vehicle) at 1-week post-SCI revealed down
stream metabolic effects (ribosomal functions) and differences in 
extracellular matrix pathways (Fig. 7h).

In conclusion, our new findings in line with our previous results, 
support the notion that the administration of exogenous RvD1 after SCI 
in mice fails to resolve inflammation.

3.7. Lack of RvD1 receptor overexpression in sub-acute stage of 
inflammatory response after SCI

To shed light on the lack of efficacy of RvD1 treatment in resolving 
the inflammatory response following SCI, we conducted an analysis of 
the expression of its receptors at various time points post- injury. Spe
cifically, we focused on the Formyl peptide receptor 2 (ALX/FPR2), the 
only known RvD1 receptor in mice, as no murine homologs of the 
human GPR32 receptor has been described(Bäck et al., 2014). Our 
findings indicate that the expression of FPR2 is significantly increased in 
the injured spinal cord parenchyma at day 1 post-injury and tends to 
normalize its levels by day 7 (Fig. 8a). However, RvD1 treatment pre
vented the induction of FPR2 in the injured spinal cord (Fig. 8a).

This may indicate that the lack of efficacy of RvD1 treatment in 
resolving the inflammatory response after SCI may be, at least in part, by 
the effects of RvD1 on preventing the induction of ALX/FPR2 transcripts 
in the injured spinal.

We next assessed whether the prevention of ALX/FPR2 upregulation 
in the lesioned spinal cord observed by RvD1 treatment was responsible 
for the lack of therapeutic efficacy of this SPM in spinal cord contusion. 
For this purpose, we initiated RvD1 administration on day 1 post-injury, 
thereby avoiding the acute impact of RvD1 on ALX/FPR2 expression. 
This experiment revealed that, unlike treatment initiated at 1 h post- 
injury, animals receiving RvD1 treatment at 1 day following SCI resul
ted in a trend towards improved locomotor performance, although the 
effect did not reach statistical significance (Fig. 9a, b).

Fig. 4. Functional recovery analysis after RvD1 treatment after SCI. Animals treated with RvD1 did not show significant improvement in locomotor skills after 
SCI, assessed by (A-B) the 9-point Basso Mouse Scale (BMS) or (C-J) DigiGait™ Imaging System. (A) Graph showing the BMS score of RvD1 and vehicle treated mice 
after SCI. (B) Bar graph showing the percentage of mice in each stage of BMS scale. (C) Graph and (D) bar graph showing maximum locomotion speed differences 
between groups after SCI. (E) heatmap showing the effect of RvD1 treatment 28 days after SCI assessed by DigiGait™ Imaging System. (F) PCA of animal posture, 
balance and coordination parameters in mice treated with or without RvD1. (G-J) Bar graph showing the only 4 gait parameters with significant differences between 
groups. Data are expressed as mean ± SEM. *p < 0.05 Results were assessed for normality using the Shapiro–Wilk test and analyzed using two-ways RM-ANOVA with 
Bonferroni’s post hoc test in (A), Mantel-Cox test in C and t-test in E, G-J (A-D n = 8 in vehicle group, n = 10 in RvD1 group; E-J n = 8 in vehicle group, n = 6 in 
RvD1 group).

Fig. 5. Electrophysiology analysis after SCI. RvD1 treatment does not improve MEPs after SCI. (A-D) Quantification of MEPs latency and amplitude recorded 
from the gastrocnemius (A-B) and tibialis anterior muscles (C–D) after SCI. Data are shown as mean ± SEM. (*p < 0.05; t-test; n = 8 in vehicle- and n = 10 in RvD1- 
treated mice).
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Previous studies have demonstrated the therapeutic effects of RvD1 
in various conditions, including EAE, a mouse model of multiple scle
rosis (Poisson et al., 2015; Zhang et al., 2024). To determine whether the 
lack of beneficial actions of RvD1 was specific to SCI we investigated its 
actions in EAE. This experiment revealed that daily administration of 
RvD1 starting at the onset of the disease, ameliorated the neurological 
deficits of EAE mice (Fig. 9c). These findings suggest that the therapeutic 
potential of this pro-resolving agonist cannot be applicable across all the 
pathological conditions but may instead be effective in specific 
disorders.

4. Discussion

Timely resolution is the ideal outcome of acute inflammation, as it is 
required for ensuring return to tissue homeostasis and host health. It is 
now appreciated that resolution of inflammation is not a passive process 
as it was once thought. This is indeed controlled, in part, by the 

biosynthesis of SPMs derived from poly-unsaturated fatty acid (PUFA) 
(Serhan and Petasis, 2011). SPMs actively turn off the inflammatory 
response by acting via distinct G protein-coupled receptors expressed on 
immune cells that mediate dual anti-inflammatory and pro-resolution 
programs (Buckley et al., 2014; Serhan et al., 2015). Nevertheless, 
when the synthesis of SPMs is defective or delayed, inflammation may 
become chronic, cause bystander effects, and contribute to the patho
genesis of many highly burdening diseases. This is the case of SCI where, 
previous results from our laboratory (Francos-Quijorna et al., 2017) 
demonstrated that lesion milieu is characterized by impaired induction 
of SPMs, and administration of the DHA-derived SPM, MaR1, enhanced 
resolution of inflammation after SCI and improved functional and his
topathological outcomes. Besides MaR1, there are other DHA-derived 
SPMs, which include the different members of the RvD series (RvD1- 
RvD6) and protectins (Bannenberg and Serhan, 2010; Serhan et al., 
2008). Among them, RvD1 is the most studied member of this lipid 
family and has been shown to mediate potent effects in boosting the 

Fig. 6. Histological analysis of injured spinal cords after RvD1 treatment. (A) Quantification of myelin sparing at various distances rostral and caudal to the 
injury epicenter. (B) Representative micrographs showing myelin sparing at the injury epicenter in sections stained with LFB from saline- and RvD1-treated mice. (C) 
Quantification of ventral horn neuron survival at various distances rostral and caudal to the injury epicenter reveals the lack of effect of RvD1 in neuronal survival. 
(D) Representative micrographs showing sparing of ventral horn neurons in saline- and RvD1-treated mice tissue in sections stained against NeuN at 800 μm rostral to 
the injury epicenter. (E) Quantification of dorsal neurofilament and MBP immunoreactivity at the injury epicenter. (F) Representative micrographs showing dorsal 
neurofilament (red) and MBP staining at the injury epicenter from saline- and RvD1-treated mice. Data are expressed as mean ± SEM. (*p < 0.05; two-ways RM- 
ANOVA, Bonferroni’s post hoc test in A, and D; t-test in F; n = 5). (For interpretation of the references to colour in this figure legend, the reader is referred to the web 
version of this article.)
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Fig. 7. Transcriptomic analysis of the injured spinal cord after RvD1 treatment. (A) Experimental design of transcriptomic analysis. (B) 2D Principal 
Component Analysis (PCA) of microarray data (filtered and normalized counts) comparing naive vs RvD and vehicle-treated animals at 1 and 7 days after SCI. PCA 
shows treatment separation between injured and uninjured samples and between 1 and 7 days after SCI but not between RvD1 and vehicle-treated animals. (C) 2D 
PCA comparing naive with control (vehicle) and RvD1-treated injured animals 1 week after SCI. Note that there are no significant differences between both 
treatments at this time-point. (D) Heatmap of top 100 differentially-expressed genes between RvD1-treated mice and vehicle-treated mice at 7 dpo. Minor but obvious 
changes can be observed between the two groups. In addition, Euclidean-distance analysis clusters samples by treatment group (y-axis dendrogram). (E) Volcano plot 
showing statistical significance and log2 fold-change (RvD1 vs vehicle) at 7dpo. A p-value threshold of 0.05 (dotted blue line) and an abs(log2FC) > 0.25 (dotted red 
line) were used to highlight the most relevant differentially expressed sequences. From this pool, shows the (F) Top 10 up-regulated (sorted by log2FC) and the (G) 
Top 10 down-regulated (sorted by statistical significance) sequences between RvD1 and vehicle-treated mice at 7 days post-SCI. (H) Over-representation pathway 
analysis (ORA) of differentially expressed unique genes (RvD1 vs control) matching Gene Ontology (Biological Process and Molecular Function) gene libraries. 
Significance scores are denoted as **p < 0.05, **p < 0.01, ***p < 0.001 and ****p < 0.0001. (n = 4 in naive and vehicle-treated groups and n = 5 in RvD1 groups). 
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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resolution of inflammatory in a wide spectrum of pathologies (Norling 
et al., 2012a; Norling et al., 2016), but not in neurotrauma yet. There
fore, in the present report, we wondered whether systemic RvD1 
administration has similar therapeutic actions as MaR1 in acute SCI 
(Francos-Quijorna et al., 2017).

Unexpectedly, our study reveals that systemic administration of 
RvD1, at a dose of 1 μg/day for a week, does not lead to resolution of 
inflammation following SCI. A detailed flow cytometry analysis reveals 
that this SPM, consistent with previous studies, accelerates the clearance 
of neutrophils from the damaged spinal cord environment(Norling et al., 
2012a). However, this effect is short-lived and only observed for the first 
3 days after SCI but not thereafter. Furthermore, RvD1 fails to diminish 
the number of microglia and various leukocyte subsets after SCI and to 
redirect microglia and macrophages towards an anti-inflammatory 
phenotype. Instead, RvD1 increases the production of the pro- 
inflammatory cytokines CCL11 and CXCL10, while reducing the level 
of the anti-inflammatory cytokine IL-13. Notably, the absence of reso
lution of inflammation by RvD1 treatment after SCI is reflected in the 
lack of improvement in histological and functional outcomes.

To gain mechanistic insights into the poor resolution of inflamma
tory by RvD1 following SCI, we conducted microarray-based expression 
profiling. We used naïve instead of sham mice for the gene array analysis 
in SCI. While previous studies indicate that both laminectomy and 
impact trauma can induce gene expression changes, the alterations 
caused by laminectomy alone are relatively mild compared to those 
resulting from the impact trauma. However, we acknowledge that some 
of the transcriptomic changes observed in this study may be influenced 
by the absence of a sham-laminectomy control (De Biase et al., 2005).

Our findings showed that there were no significant differences in 
genes associated with the inflammatory response between injured spinal 
cords from mice treated with RvD1 and vehicle, and only differences in 
extracellular matrix and ribosomal function pathways were found at day 
7 post-SCI. These results are consistent with our FACS analysis, which 
demonstrated that RvD1 did not lead to improved resolution of 
inflammation after SCI and did not confer protection against functional 
and tissue loss.

MaR1 and RvD1 are both derived from DHA, but while MaR1 
treatment has been shown to promote beneficial inflammatory resolu
tion (Francos-Quijorna et al., 2017), the mechanisms underlying RvD1’s 
inability to do so after SCI remain unknown. Our current focus is on 
RvD1 receptor expression. It is well established that in human cells, 

Fig. 8. Analysis of RvD1 receptor expression following SCI. (A) Bar-graph 
showing the expression of fpr2 gene within uninjured and injured spinal cord 
(1 and 7 dpo) in mice treated with vehicle and RvD1. Data are expressed as 
mean ± SEM. *p < 0.05; Results were analyzed using t-test (n = 4 in naive and 
vehicle-treated groups and n = 5 in RvD1 groups).

Fig. 9. Effects of delay treatment of RvD1 in SCI and EAE. (A) Graph illustrating the BMS scores of SCI mice treated with delayed RvD1 (1-day post-injury) 
compared to the vehicle-treated group. (B) A bar graph representing the percentage distribution of mice across different stages of the BMS scale. (C) A plot 
showing the neurological scores of EAE mice treated with RvD1, initiated at the onset of disease symptoms. Data are expressed as mean ± SEM. *p < 0.05 Results 
were assessed for normality using the Shapiro–Wilk test and analyzed using two-ways RM-ANOVA with Bonferroni’s post hoc test in (A, C (A-B n = 7 in vehicle group, 
n = 7 in RvD1 group; C n = 11 in vehicle group, n = 10 in RvD1 group).
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RvD1 acts through the Formyl peptide receptor 2 (ALX/FPR2) receptor 
and GPR32 receptor (Krishnamoorthy et al., 2010). However, since no 
murine homologs of the human GPR32 receptor exist, the effect of RvD1 
in our SCI mouse model is limited to its effect through Fpr2, the murine 
homolog for ALX/FPR2.

The effect of RvD1 must be closely related to the specific time- 
expression of the receptor. Guo and collaborators showed that in a 
model of stroke, FPR2 expression increased after subarachnoid hemor
rhage (SAH) and peaked at 24 h but reduced considerably later (Guo 
et al., 2016). In agreement with these findings, our microarray data 
shows that this receptor is induced in the injured spinal cord paren
chyma at day 1 post-injury and tended to normalize its mRNA levels by 
day 7. However, RvD1 prevented the early induction of ALX/FPR2 in the 
injured spinal cord. In line with these results, the Godson group also 
showed that LXA4, another FPR2 ligand, induced a time-dependent 
internalization of the receptor from the plasma membrane to the intra
cellular space (Maderna et al., 2010). This could, at least in part, explain 
the lack of effectiveness of RvD1 when administered after SCI. This is 
indeed supported by a previous study revealing that RvD1 halted 
inflammation and exerted therapeutic actions after hemicerebellectomy 
in rats (Bisicchia et al., 2018) or in EAE in mice (Poisson et al., 2015; 
Zhang et al., 2024). In this line, we also show the beneficial effects of 
RvD1 in EAE suggesting that this SPM may be condition-specific, 
showing effectiveness in certain disorders rather than universally 
across all CNS pathological conditions.

In conclusion, we show for the first time that daily administration of 
RvD1 for 1 week after SCI fails to halt the inflammatory response, and 
does not induce improvements in functional and histopathological 
outcomes. This study therefore highlights that different SPMs may have 
divergent actions under different pathological conditions. Acquiring a 
better understanding of the different SPM will allow us to determine 
which of these might be suitable therapeutic targets for the treatment of 
SCI and other neurological conditions.
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Vales: Writing – review & editing, Writing – original draft, Project 
administration, Methodology, Investigation, Funding acquisition, 
Conceptualization.

Declaration of competing interest

The authors declare the following financial interests/personal re
lationships which may be considered as potential competing interests:

Ruben reports financial support, article publishing charges, statisti
cal analysis, and writing assistance were provided by Spain Ministry of 
Science and Innovation. Marc reports financial support and article 
publishing charges were provided by Spain Ministry of Science and 
Innovation. Nestor reports financial support and article publishing 
charges were provided by Government of Catalonia. Ruben reports a 
relationship with Autonomous University of Barcelona that includes: 
employment. Ruben has patent Maresins for use in the treatment of cns 
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