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Objective: Inflammation resolution is mediated by specialized pro-resolving lipid mediators (SPMs). It’s of high interest to under-
stand the alterations of SPMs in chronic epilepsy.
Methods: Sixty-five patients with chronic epilepsy, 43 healthy controls and 43 patients with non-inflammatory neurological disorders 
were enrolled in this study. Plasma and cerebrospinal fluid (CSF) levels of SPMs were measured using liquid chromatography-tandem 
mass spectrometry (LC-MS-MS). Moreover, Resolvin D1 (RvD1) and resolvin E1 (RvE1), as well as pro-inflammatory factors were 
analyzed by enzyme-linked immunosorbent assay (ELISA).
Results: LC-MS-MS found several lipid mediators were altered, especially plasma (P = 0.014) and CSF (P = 0.010) RvE1 levels were 
decreased in patients with chronic epilepsy. Furthermore, ELISA results showed that in plasma and CSF, RvD1 and RvE1 levels were 
both lower in patients with chronic epilepsy, while pro-inflammatory factors were higher than in controls. Moreover, plasma RvE1 
level was independently negatively associated with the National Hospital Seizure Severity Scale scores (Β = −0.00636, P < 0.001). 
While plasma RvD1 level was correlated with Mini-Mental State Examination scores (R = 0.284, P = 0.022).
Conclusion: This study demonstrated decreased levels of RvD1 and RvE1 both in plasma and CSF in patients with chronic epilepsy, 
suggesting impaired resolution of inflammation in chronic epilepsy. Targeting RvD1 and RvE1 may be a novel direction worthy of 
further research in the treatment of chronic epilepsy.
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Introduction
Epilepsy, a chronic neurological disorder characterized by recurrent epileptic seizures, is often accompanied by impaired 
cognition and mood disorders.1,2 Although a variety of antiseizure medications (ASMs) are clinically available for 
epilepsy treatment, approximately one-third of the epilepsy develop into drug-resistant epilepsy.3 Increasing evidences 
suggest that pro-inflammatory factors are increased in plasma/serum, cerebrospinal fluid (CSF) and brain tissue in 
patients with chronic epilepsy,4–7 and the associated neuroinflammation is regarded as a consequence of epileptic seizures 
as well as an important intrinsic promoting mechanism for the development of epilepsy.8 It is assumed that neuroin-
flammation persists in chronic epilepsy due to a deficiency of endogenous resolution of inflammation, thereby leading to 
neuronal network hyperexcitability and recurrent epileptic seizures.9–11

Typically, inflammation resolution balances the inflammatory responses. Recent studies have indicated that auto-
immune and chronic inflammatory diseases might be the result of the failure of inflammation resolution mediated by 
a group of lipid mediators called specialized pro-resolving lipid mediators (SPMs), which are composed of resolvins, 

Journal of Inflammation Research 2025:18 8541–8551                                                     8541
© 2025 Li et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v4.0) License (http://creativecommons.org/licenses/by-nc/4.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Journal of Inflammation Research                                                     

Open Access Full Text Article

Received: 9 February 2025
Accepted: 16 June 2025
Published: 27 June 2025

Jo
ur

na
l o

f I
nf

la
m

m
at

io
n 

R
es

ea
rc

h 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0009-0006-3274-7047
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


lipoxins, protectins and maresins.12 In immune cells, SPMs are endogenously formed from omega-3 (n-3) and omega-6 
(n-6) polyunsaturated fatty acids (PUFAs).13 Despite the established link between neuroinflammation and epilepsy, the 
role of SPMs in this process remains unclear. Increasing evidences suggest that the synthesis of SPMs is impaired and the 
metabolism of SPMs is altered in patients with some chronic brain inflammation diseases, and it has been evidenced that 
the lipid metabolism, especially SPMs metabolism, of the brain has emerged as a key process of neuroinflammation 
resolution in psychiatric and neurodegenerative disorders.14 Resolvin D1 (RvD1) and Resolvin E1 (RvE1) are two 
representative resolvin proteins in the SPMs family, which are biosynthesized from docosahexaenoic acid (DHA) and 
eicosapentaenoic acid (EPA), respectively. By alleviating neuroinflammation, they have shown significant therapeutic 
effects in the treatment of Parkinson’s disease (PD),15 Alzheimer’s disease (AD)16 and chronic pain.17 However, to date, 
the possible changes of SPMs in plasma and CSF and their pathological role in epilepsy remain unclear.

In this study, we aim to elucidate the alterations of SPMs in plasma and CSF in patients with chronic epilepsy, 
especially the two major resolvins, RvD1 and RvE1. Besides, the levels of pro-inflammatory factors in plasma and CSF 
were also measured in patients with chronic epilepsy. We then explored the association of resolvins and clinical 
characteristics in patients with chronic epilepsy.

Materials and Methods
Study Design and Patient Characteristics
The plasma and CSF of 65 patients with chronic epilepsy were collected consecutively from September 2023 to 
November 2024 through the Department of Neurology, the First Affiliated of Anhui Medical University, China. As plasma 
controls, the plasma of 43 age- and sex-matched healthy individuals were collected during the same period from the 
physical examination center in the same hospital. And the CSF of 43 age- and sex-matched patients with non-inflammatory 
neurological disorders were collected as CSF controls in the Department of Neurology. Epilepsy was diagnosed by two 
independent epileptologists according to the criteria of the International League Against Epilepsy (ILAE),18 and the age 
range was 18–61 years. Chronic epilepsy was defined as epilepsy of at least one year duration19 in this study. Plasma and 
CSF samples of patients were collected on admission during interictal episode (minimum of 24 hours post-seizure). Patients 
with inflammatory disease, recent infection, active tumor or use of anti-inflammatory and antibiotic drugs within one month 
were all excluded. All study participants or their guardians were informed of the study protocol and potential risks and 
provided written consent for the study. The study was approved by the ethics committee of the First affiliated Hospital of 
Anhui Medical University, and was conducted in accordance with the Helsinki Declaration.

Clinical and Laboratory Data Collection
Clinical informations on patients were collected through patient interviews using standardized questionnaire and detailed 
electronic medical records. Brain magnetic resonance imaging (MRI) and 24 hours ambulatory electroencephalogram 
(EEG) were recorded in all patients. The epileptic details including duration of epilepsy, number of types of ASMs and 
the epileptic seizure types were obtained from clinical assessments by epileptologists based on clinical data, results of 
ambulatory EEG and brain imaging. The demographic and laboratory data, including gender, age, blood leukocyte count, 
neutrophil–lymphocyte ratio (NLR), albumin, triglyceride (TG), total cholesterol (TC), CSF leukocyte count and CSF 
protein of each participant were detected on the day of blood and CSF sampling. The selection of NLR, albumin, TG and 
TC was based on their established roles in systemic inflammation and neurological disorders.20,21 Seizure severity was 
evaluated according to the National Hospital Seizure Severity Scale (NHS3) ranging from 1 to 27,22 Besides, the Mini 
Mental State Examination (MMSE) test was used to assess cognitive function of the patients.23

Blood and CSF Collection and Lipid Mediator Measurements
Venous blood samples were collected in an EDTA anticoagulant-containing tube (5 mL), and the samples were 
centrifuged at 12000 rpm at 4 °C for 10 min. CSF samples were obtained by lumbar puncture and collected in 
polypropylene tubes (1 mL), then centrifuged at 12000 rpm at 4 °C for 10 min. All the plasma and CSF samples were 
stored at −80°C until measurement.
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Liquid Chromatography–Tandem Mass Spectrometry (LC-MS-MS)
Due to resource constraints and ethical considerations, we initially conducted a preliminary LC-MS-MS analysis on 8 
patients and 6 controls. Subsequently, we analyzed the entire cohort using the enzyme-linked immunosorbent assay 
(ELISA) to validate the obtained results. The plasma and CSF samples from 8 patients with chronic epilepsy and 6 
controls were randomly selected from the sample cohort to perform quantifications of all lipid mediators (LMs) using 
LC-MS-MS method as previously described.24,25 Multiple LMs were detected, and these detected LMs were SPMs that 
included RvD1, RvD2, RvD3, RvD5, RvE1, lipoxin A4 (LXA4), LXB4, Maresin 1 (MaR1), neuroprotectin D1 (PD1), 
PDX, pro-inflammatory LMs (leukotriene B4, LTB4), prostaglandins (PGD2, PGE2 and PGF2α), their precursors (DHA, 
EPA and AA) and the intermediate products in the metabolic pathways which included 4-hydroxy-docosahexaenoic acid 
(4-HDHA), 7-HDHA, 14-HDHA, 16-HDHA, 17-HDHA, 20-HDHA, 5-hydroxy-eicosapentaenoic acid (5-HEPE), 11- 
HEPE, 12-HEPE, 15-HEPE, 18-HEPE, 5-hydroxyeicosatetraenoic acid (5-HETE), 8-HETE, 11-HETE,12-HETE, 15- 
HETE, 20-HETE et al. The multiple LMs and their relationships in synthesis and metabolism were outlined in 
Supplementary Figure 1. RvE1 and RvD1, as the identified SPMs, were further analyzed by ELISA.

Detection of Resolvins and Cytokines by ELISA
The levels of RvD1 and RvE1 in plasma and CSF of all subjects were measured by human resolvin D1 ELISA kit and 
human resolvin E1 ELISA kit (Cayman Chemical, USA) according to manufacturer’s instructions, the levels of cytokines 
including interleukin-1β (IL-1β), IL-6 and tumor necrosis factor-α (TNF-α) in plasma and CSF of patients and controls 
were analyzed by using ELISA kit (Jianglai Biological, China), following the manufacturer’s instructions.

Statistical Analysis
All data were expressed as mean ± standard error of the mean (SEM). Orthogonal partial least squares-discriminant 
analysis (OPLS-DA) of LMs was performed using R version 3.5.1. Heat maps were visualized using ComplexHeatmap 
(2.13.1) and R software. Data were analyzed using SPSS 25.0 statistical software. Data distributions were tested for 
normality. An independent samples t-test and Pearson’s correlation were used for continuous variables and for categorical 
variables, Chi-square test was used to test the difference. Non-normally distributed data were assessed with Mann– 
Whitney U-test for the two groups. Besides, multivariate linear regression was used to further examine associations 
between resolvins and NHS3 scores of patients while adjusting for possible confounding factors.

Results
Baseline Characterization of Patients with Chronic Epilepsy and Controls
The basic demographic and laboratory characteristics of patients with chronic epilepsy and controls are shown in Table 1. 
In total, we analyzed 65 plasma and CSF samples from patients (age from 18 to 61, 37 males, 28 females), 43 plasma 
samples from controls (age from 21 to 58, 24 males, 19 females) and 43 CSF samples from another controls (age from 20 
to 57, 23 males, 20 females). There was no significant difference in age, gender, blood leukocyte count, TG, TC, CSF 
leukocyte count or CSF protein between epilepsy and controls. Patients with chronic epilepsy displayed higher blood 
NLR level, and lower albumin level than controls. From the chronic epilepsy cohort, 23 had only generalized-onset tonic- 
clonic seizures (GTCS), and 42 had focal seizures (11 individuals) or focal to bilateral tonic-clonic seizures (31 
individuals) (FS). Of the patients receiving treatment with ASMs, 18 received monotherapy, 47 received polytherapy. 

The Plasma and CSF LMs Were Altered in Patients with Chronic Epilepsy
To reveal the potential differences in LMs profiles between patients with chronic epilepsy (n = 8) and controls (n = 6), we 
first analyzed bioactive SPMs, their intermediate derivatives, and fatty acid precursors from plasma and CSF samples 
using LC-MS-MS. Based on published criteria, a total of 38 distinct LMs from endogenous substrates DHA, EPA and 
AA were quantified and analyzed by LC-MS-MS, and the data were then statistically analyzed (Supplementary Table 1). 
And the identification of key SPMs, including RvD1 and RvE1, as shown in Supplementary Figure 2. The OPLS-DA plot 
of LMs showed a separation between controls and chronic epilepsy clusters in plasma (Figure 1A) and CSF (Figure 1B), 
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respectively. Furthermore, heats map derived by clustering differentially lipid mediators from plasma (Figure 1C) and 
CSF (Figure 1D), described that the levels of several LMs was altered significantly in patients with chronic epilepsy as 
compared with controls. Specifically, in plasma (Figure 1E), patients with chronic epilepsy had significantly lower levels 
of EPA metabolome, including RvE1 (P = 0.014) and 11-HEPE (P = 0.020), as compared with controls. For AA 
metabolome, plasma level of 8-HETE (P = 0.019) significantly increased in patients with chronic epilepsy as compared 

Table 1 Baseline Characteristics of the Study Population

Epilepsy 
(n = 65)

Plasma Controls 
(n = 43)

CSF Controls 
(n = 43)

P value

Gender (M/ F) 37/28 24/19 – 0.909

37/28 – 23/20 0.725

Age, year 

(mean ± SEM)

35.06 ± 1.51 38.40 ± 1.52 – 0.139

35.06 ± 1.51 – 37.58 ± 1.54 0.264

Leukocyte, ×109/L 

(mean ± SEM)

6.22 ± 0.21 6.11 ± 0.22 – 0.950

NLR 

(mean ± SEM)

2.15 ± 0.14 1.61 ± 0.09 – 0.012

Albumin, g/L 

(mean ± SEM)

43.45 ± 0.47 45.34 ± 0.35 – 0.004

TG, mmol/L 

(mean ± SEM)

1.27 ± 0.62 1.34 ± 1.29 – 0.532

TC, mmol/L 

(mean ± SEM)

4.39 ± 0.11 4.68 ± 0.13 – 0.071

CSF leukocyte count, ×106/L 

(mean ± SEM)

2.43 ± 0.38 – 1.60 ± 0.19 0.169

CSF protein, g/L 

(mean ± SEM)

0.38 ± 0.02 – 0.40 ± 0.02 0.312

Disease duration, year 

(mean ± SEM)

8.75 ± 1.22 – – –

Seizure types, n (%)

GTCS 23 (35.4%) – – –

FS 42 (64.6%) – – –

Number of ASMs, n (%)

1 18 (44.6%) – – –

≥2 47 (55.4%) – – –

MMSE scores 

(mean ± SEM)

26.89 ± 0.41 – – –

NHS3 scores 

(mean ± SEM)

11.51± 0.42 – – –

Abbreviations: CSF, cerebrospinal fluid; M, male; F, female; SEM, standard error of the mean; NLR, neutrophil– 
lymphocyte ratio; TG, triglyceride; TC, total cholesterol; GTCS, generalized-onset tonic-clonic seizures; FS, focal 
seizures or focal to bilateral tonic-clonic seizures; ASMs, antiseizure drugs; MMSE, the Mini Mental State 
Examination; NHS3, the National Hospital Seizure Severity Scale.
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Figure 1 LC-MS-MS analysis of SPMs synthesis pathways markers in plasma and CSF of epilepsy patients (n = 8) and controls (n = 6). Orthogonal partial least squares- 
discriminant analysis of the lipid mediators in plasma (A) and CSF (B). The lipid mediators profiling data of plasma (C) and CSF (D) are represented with heatmaps. Graphs 
showing the quantification of DHA metabolome, EPA metabolome and AA metabolome in plasma (E) and CSF (F) between two groups. *P < 0.05, **P < 0.01. Unpaired 
t-test. Data are shown as mean ± SEM. 
Abbreviations: DHA, docosahexaenoic acid; HDHA, hydroxy-docosahexaenoic acid; PDX, neuroprotectin DX; EPA, eicosapentaenoic acid; HEPE, hydroxy- 
eicosapentaenoic acid; RvE1, Resolvin E1; AA, arachidonic acid; HETE, hydroxyeicosatetraenoic acid; PGD2, prostaglandin D2; LA, linoleic acid; ALA, alpha-linolenic acid; 
GLA, gamma linolenic acid; LOX, lipoxygenase; COX, cyclooxygenase; CYP450, cytochrome P450.
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with controls. Meanwhile, in CSF (Figure 1F), for DHA metabolome, level of 14-HDHA (P = 0.037) significantly 
decreased in patients with chronic epilepsy as compared with controls. And for EPA metabolome, patients with chronic 
epilepsy had significantly lower level of RvE1 (P = 0.010), as compared with controls. Furthermore, for AA metabolome, 
level of 12-HETE (P = 0.009) significantly decreased in patients with chronic epilepsy as compared with controls. 
However, for DHA level, there was no significant difference either in plasma or in CSF between patients with chronic 
epilepsy and controls. Finally, the CSF levels of AA (P = 0.022) and EPA (P = 0.002) were lower in patients with chronic 
epilepsy than in controls. Notably, RvD1 was not detected in plasma and there was no significant difference in CSF 
RvD1 (P = 0.683) between the two groups.

Lower Levels of RvD1 and RvE1 in Plasma and CSF From Patients with Chronic 
Epilepsy by ELISA
Based on the findings of LC-MS-MS analysis, further analysis of RvD1 and RvE1 in plasma as well as in CSF from 65 
patients with chronic epilepsy and 43 controls was performed by ELISA (Figure 2A). In agreement with LC-MS-MS 
results, RvE1 levels in both plasma (P < 0.001) and CSF (P = 0.001) were significantly lower in patients with chronic 
epilepsy compared with controls. As for RvD1, its level in plasma (P = 0.035) as well as in CSF (P < 0.001) were 
significantly lower in patients with chronic epilepsy as compared to controls.

Figure 2 Distribution of the levels of the markers in plasma and CSF among patients (n = 65) and controls (n = 43). (A) The differences in resolvins between patients with chronic 
epilepsy and controls. The levels of RvD1 and RvE1 both in plasma and CSF were lower in epilepsy patients than controls. (B) The differences in pro-inflammatory markers between 
patients with chronic epilepsy and controls. The plasma levels of IL-1β and TNF-α were significantly increased in patients compared to controls, while the CSF levels of IL-1β and IL-6 
were significantly higher than controls. No difference was found in the levels of plasma IL-6 and CSF TNF-α between the two groups. ***P < 0.001, **P < 0.01, *P < 0.05, ns, no 
statistical difference. Unpaired t-test. Data are shown as mean ± SEM. 
Abbreviations: RvD1, resolvin D1; RvE1, resolvin E1; CSF, cerebrospinal fluid.

https://doi.org/10.2147/JIR.S521679                                                                                                                                                                                                                                                                                                                                                                                                                                                           Journal of Inflammation Research 2025:18 8546

Li et al                                                                                                                                                                                

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Changes of Pro-Inflammatory Cytokines in Patients with Chronic Epilepsy
To further determine the differences in the levels of inflammatory markers between patients with chronic epilepsy and 
controls (Figure 2B), we analyzed the levels of pro-inflammatory cytokines including IL-1β, IL-6, TNF-α in plasma and 
CSF samples from all subjects. The plasma levels of IL-1β (P <0.001) and TNF-α (P = 0.024) and the CSF levels of IL-1β 
(P <0.001) and IL-6 (P = 0.005) in patients with chronic epilepsy were significantly higher than in healthy controls. While 
no difference was found in the levels of plasma IL-6 (P = 0.066) and CSF TNF-α (P = 0.134) between two groups.

Correlations Between Resolvins and Disease Severity in Patients with Chronic 
Epilepsy
The levels of RvD1 and RvE1 either in plasma or in CSF were not associated with age, gender, seizure types and number 
of ASMs (Supplementary Table 2). As for epilepsy severity, we found that NHS3 scores were inversely correlated with 
plasma levels of RvD1 (R = −0.291, P = 0.019) and RvE1 (R = −0.301, P = 0.015) and CSF level of RvE1 (R = −0.325, 
P = 0.008) (Figure 3A–D). Furthermore, multivariate linear regression analysis was conducted with NHS3 scores as 
a dependent variable, and age, gender, blood leukocyte count, NLR, Albumin, TG, CSF leukocyte count, CSF protein, 
plasma and CSF levels RvD1 and RvE1 as covariates, revealing that only plasma RvE1 level was negatively correlated 
with NHS3 scores (Β = −0.00636, P < 0.001) (Supplementary Table 3). Moreover, only plasma level of RvD1 (R = 
0.284, P = 0.022) positively correlated with MMSE scores (Figure 3E–H).

Discussion
In this study, ELISA results showed that the levels of RvD1and RvE1 in plasma as well as in CSF were lower in patients 
with chronic epilepsy than in controls, and results from LC-MS-MS analysis of a small sample of the cases also 
confirmed lower plasma and CSF levels of RvE1 in patients with chronic epilepsy, suggesting a dysfunction of 
inflammation resolution in chronic epilepsy. Notably, the LC-MS-MS method failed to detect plasma level of RvD1, 
which is consistent with most previous studies in other population.26,27 The differences in the detection results may 

Figure 3 Correlations between resolvins and disease severity, as well as cognitive impairment in patients with chronic epilepsy. The plasma level of RvD1 (R = −0.291, 
P = 0.019) (A), plasma RvE1 (R = −0.301, P = 0.015) (C), and CSF RvE1 (R = −0.325, P = 0.008) (D) positively correlated with NHS3 scores, while CSF RvD1 (R = −0.129, 
P = 0.307) (B) of patients was not correlated with NHS3 scores. Plasma RvD1 level (R = 0.284, P = 0.022) (E) was positively correlated with MMSE scores of epilepsy 
patients, while CSF RvD1 (R = 0.243, P = 0.051) (F), plasma RvE1 (R = 0.071, P = 0.573) (G), and CSF RvE1 (R = 0.208, P = 0.097) (H) and of patients were not correlated 
with MMSE scores. Spearman correlation. 
Abbreviations: RvD1, resolvin D1; RvE1, resolvin E1; CSF, cerebrospinal fluid; MMSE, the Mini Mental State Examination; NHS3, the National Hospital Seizure Severity Scale.
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reflect the differences in the sensitivity of different detection methods. A possible explanation for this is that the level of 
RvD1 in human plasma is very low and may be below the detection limits of some laboratories. Therefore, it is 
understandable that some SPMs were inconsistently detected across studies using the LC-MS-MS.28

PUFAs and their bioactive metabolites of DHA and EPA play a critical role in the inflammation regulation.12 Animal 
studies demonstrated that n-3 PUFAs could raise seizure threshold29 while in clinical studies, n-3 PUFAs supplementa-
tion to patients with epilepsy have produced conflicting results,30 and two randomized clinical trials both found no 
significant benefits of daily supplementation despite the level of n-3 PUFAs was obviously increased in these 
patients.31,32 Thus, we hypothesize that the underlying cause of the poor clinical efficacy of n-3 PUFAs supplementation 
on epilepsy was a failure of producing sufficient levels of SPMs derived from n-3 PUFAs, rather than the insufficient 
bioavailability of n-3 PUFAs in the body. In addition, LC-MS-MS analysis found alterations in SPMs precursors (AA and 
EPA) and intermediates in patients with chronic epilepsy, and these results were similar to those previously reported in 
patients with inflammation.24,27 Therefore, in our study, reduced levels of RvD1, RvE1 and other LMs in plasma and 
CSF indicate that the peripheral and central synthetic pathways of SPMs in chronic epilepsy do not proceed normally, 
and these alterations may be associated with brain inflammation aggravating epilepsy.

It is increasingly evidenced that neuroinflammation has a fundamental role in the development of epilepsy.8–11 

Amount of clinical studies have found that the peripheral blood and CSF levels of proinflammatory cytokines, such as IL- 
1β, IL-6 and TNF-α, are significantly elevated in chronic epilepsy.4–6 Consistent with literature reports, we found that the 
levels of proinflammatory cytokines IL-1β and TNF-α in plasma, as well as IL-1β and IL-6 in CSF were significantly 
elevated in interictal phase in patients with chronic epilepsy. On the other hand, we found for the first time that levels of 
multiple SPMs in peripheral blood and central nervous system were altered, especially the levels of RvD1 and RvE1, 
which accelerate the resolution of inflammation, were reduced in patients with chronic epilepsy. Overall, these results 
suggest that, in chronic epilepsy, the balance between pro-inflammatory cytokine induced inflammatory response and 
SPMs induced inflammation resolution is disrupted. SPMs regulate the resolution processes of the inflammatory response 
by antagonizing the action of inflammatory mediators, thereby terminating acute inflammation and restoring 
homeostasis.13 While the inflammation resolution is disrupted due to the insufficiency or absence of SPMs, acute 
inflammation will develop into chronic inflammation.33 Thus, it is reasonable to speculate that the insufficient levels 
of peripheral and central RvD1 and RvE1 may be an important cause of persistent inflammatory brain changes in chronic 
epilepsy. In addition, our results showed that the peripheral blood NLR level was increased and the serum albumin was 
decreased in patients with chronic epilepsy, which is consistent with our previous reports.20

Experimental studies have shown that RvD1 or RvE1 treatment protected against neuroinflammation in different 
neurological diseases via decreasing inflammatory factors, reducing microglial activation and alleviating neutrophil 
accumulation.15–17 In clinical studies, plasma or CSF RvD1 levels were low in PD patients,15 and the CSF RvD1 
level was significantly positively correlated with MMSE scores in AD patients.25 Here, we found that plasma RvD1 
levels were positively correlated with MMSE scores in patients with chronic epilepsy, which indicates that RvD1 is 
closely associated with cognitive function in chronic epilepsy. It is reported that cognitive impairment associated with 
seizures is a significant risk for development of epilepsy.1,34 In addition, emerging evidences support the critical role of 
innate immunity and neuroinflammation in epilepsy, especially in epilepsy with cognitive impairment.35,36 Our study 
further demonstrated the association between epilepsy and cognition and suggested that early detection of plasma RvD1 
in patients with epilepsy can assess the risk of cognitive impairment as early as possible. Resolvins have been shown to 
be correlated with the severity of neuroinflammatory disease.24,25 In this study, Spearman correlation test revealed that 
the plasma and CSF levels of RvE1 and the plasma level of RvD1 were positively correlated with NHS3 scores, and 
multiple linear regression analysis further revealed that plasma level of RvE1 was independently negatively associated 
with NHS3 scores, suggesting the potential role of plasma RvE1 as a biomarker for predicting epilepsy severity. 
Emerging evidence from clinical studies reveals that reduced biosynthesis of SPMs, especially of resolvins, are closely 
correlated with the disease progression in neurodegenerative disorders.25,37 Furthermore, experimental supplementation 
with RvE1 demonstrated therapeutic benefits, by alleviating neuroinflammation and ultimately improving the disease 
outcomes of the experimental model.16 Although there are reports indicating that the inflammatory process can 
significantly aggravate the severity of epileptic seizures,6 our study is the first to reveal the association between resolvins, 

https://doi.org/10.2147/JIR.S521679                                                                                                                                                                                                                                                                                                                                                                                                                                                           Journal of Inflammation Research 2025:18 8548

Li et al                                                                                                                                                                                

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



particularly plasma RvE1 levels, and the severity of epileptic seizures. These findings suggest that targeted modulation of 
RvE1 may alleviate seizure severity, a discovery that could pave the way for innovative therapeutic strategies against 
chronic epilepsy. In general, we found that both central and peripheral RvD1 and RvE1 decreased in patients with chronic 
epilepsy, and in particular, the decrease of peripheral resolvins were closely related to the severity of epileptic seizures 
and cognitive impairment, suggesting that dysfunction of neuroinflammation resolution may contribute to the pathogen-
esis of epilepsy mainly through peripheral pathways.

There are some limitations to this study that need to be addressed. The sample size of this study was small and all the 
subjects included were from the same hospital in-patient unit, which may have selection bias, and patient attributes (such 
as age and comorbidities) may have affected the results. Therefore, further expansion of the cohort study is needed. 
Although LC-MS-MS is regarded as a best quantitation method for measuring LMs, there are still variations in the 
concentrations of SPMs reported, even several LMs could not be detected in our small sample of cases as the measurable 
minimum limits of LMs are not known, thus, RvD1 and RvE1 were mainly measured by ELISA in this study. In addition, 
experimental model studies are needed to elucidate how resolvins are involved in the pathogenesis of epilepsy.

Conclusion
In conclusion, plasma and CSF levels of RvD1 and RvE1 is decreased in chronic epilepsy, which might be due to the 
potential dysregulation of n-3 PUFA metabolism, thereby damaging the biosynthesis of SPMs, or due to the increased 
consumption of SPMs. Decreased plasma RvE1 is an independent risk factor for the severity of epileptic seizures, and 
decreased plasma RvD1 is correlated with the impairment of cognitive function in chronic epilepsy. Therefore, this study 
suggests an impaired resolution of neuroinflammation due to the reduction of RvD1 and RvE1 in chronic epilepsy. 
Targeting RvD1 and RvE1 may be a novel direction worthy of research in the treatment of chronic epilepsy.
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