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Abstract: Aim: This study aimed to assess the impact of chronic hepatitis B on fatty acids (FA) composition 
in erythrocyte membranes (RBC) and plasma, and its effect on lipoxin A4 and resolvin D1 levels.
Mater ia ls  and Methods: Sixty participants were enrolled: 30 hepatitis B patients (15 with cirrhosis, 15 
without) and 30 healthy controls. Fatty acids content in plasma and RBC membranes was analyzed by gas 
chromatography. Serum lipoxin A4 (LXA4) and resolvin D1 (RvD1) were measured via enzyme immuno-
assay. Principal component analysis (PCA) assessed correlations between fatty acid composition, LXA4 and 
RvD1 levels.
Results: Hepatitis B patients with cirrhosis exhibited significantly lower plasma lipoxin A4 (1812 pg/mL) 
compared to controls (2230 pg/mL) and non-cirrhotic hepatitis B patients (2453 pg/mL). Plasma n-3 FA 
levels (15.4% vs. 8.7%) and the n-3/n-6 ratio (0.8 vs. 0.4) were significantly reduced in cirrhotic patients. 
PCA data revealed associations between LXA4 and saturated fatty acids, and between n-3 FA and RvD1 
pathways, suggesting disrupted lipid-mediated inflammation resolution. Erythrocyte membranes showed 
elevated trans C18:1 in cirrhotic hepatitis B.
C onclusions: Chronic HBV infection, especially with cirrhosis, alters fatty acid profiles and reduces lipoxin 
A4 level, contributing to persistent hepatic inflammation and highlighting potential lipid-targeted therapies.
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Introduction

Hepatitis B virus (HBV) is a member of the Hepadnaviridae family, classified into 10 genotypes 
(A–J) with over 40 subgenotypes [1]. HBV is highly infectious and environmentally resilient, with 
transmission primarily via blood, sexual contact, and perinatal routes [1]. Chronic infection af-
fects approximately 350 million people worldwide, causing about one million deaths annually due 
to cirrhosis and hepatocellular carcinoma (HCC) [1].

The liver plays a central role in lipid metabolism, synthesizing and transporting cholesterol 
and fatty acids (FAs) in lipoprotein complexes. Liver diseases disrupt this balance, often reducing 
plasma cholesterol and triglycerides due to impaired lipoprotein synthesis [2–16]. Fatty acids, es-
pecially polyunsaturated fatty acids (PUFAs), modulate inflammatory responses in the liver, and 
dysregulated FA metabolism can exacerbate liver injury [4, 5, 8, 17, 18].

Emerging evidence shows that chronic HBV infection can directly influence hepatic lipid me-
tabolism. Hepatic steatosis, characterized by triglyceride accumulation in hepatocytes, is observed 
in some HBV patients and increases susceptibility to oxidative stress, inflammatory cytokines, and 
apoptosis [4–8, 10, 19–29]. HBV viral protein X (HBx) plays a key role, modulating transcription, 
apoptosis, lipid accumulation, and viral replication [2, 3, 5–7]. HBx enhances expression of lip-
id-regulating transcription factors including liver X receptors (LXRs), sterol regulatory element 
binding protein 1 (SREBP1), and peroxisome proliferator-activated receptor γ (PPARγ), promot-
ing lipogenesis and adipogenesis in hepatocytes [21–23].

Fatty acids also modulate HBV replication. Long-chain fatty acids (LCFAs) and fatty acid bio-
synthesis (FABS)-related enzymes are required for viral particle formation; inhibition of these 
enzymes reduces HBV DNA and HBsAg in vitro [25]. HBx upregulates FABS-related genes and 
enzymes critical for phosphatidylcholine synthesis, supporting viral envelope formation and viral 
persistence [22, 25].

Specialized pro-resolving mediators (SPMs), including lipoxin A4 (LXA4) and resolvin D1 
(RvD1), are derived from PUFAs (arachidonic acid n-6 and docosahexaenoic acid n-3) and play 
a key role in resolving inflammation [17, 18, 27]. Altered PUFA profiles in chronic HBV infection 
may impair SPM production, contributing to persistent hepatic inflammation [26–29]. Despite 
this, few studies have comprehensively assessed plasma and RBC FA profiles together with LXA4 
and RvD1 levels in HBV patients, especially in cirrhotic versus non-cirrhotic stages.

This study aimed to assess the impact of chronic hepatitis B on FAs composition in erythrocyte 
membranes (RBC) and plasma, and its effect on LXA4 and RvD1 levels.

Materials and Methods

Reagents

Butylated hydroxytoluene (BHT), 14% BF3, and fatty acid methyl ester (FAME) standards were 
purchased from Sigma-Aldrich (St. Louis, MO, USA). Analytical grade chloroform, methanol, 
and n-hexane were obtained from Merck (Darmstadt, Germany). Gases for chromatography of 
5.5 purity were purchased from AirLiquide (Poland).
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Patients

Sixty participants were prospectively studied: 30 patients with chronic HBV infection (CHB; 21 
men, 9 women; age 27–86, mean 54.1) treated at the Department of Infectious Diseases, Jagiel-
lonian University Hospital, and 30 healthy volunteers (17 men, 13 women; age 18–74, mean 43). 
Among CHB patients, 15 had liver cirrhosis (LC) and 15 did not (HBV). Chronic HBV infection 
was defined as the presence of HBV-DNA for ≥6 months. Liver cirrhosis was confirmed via phys-
ical examination, lab tests, abdominal USG, elastography, and/or liver biopsy. Exclusion criteria 
included other acute or chronic inflammatory diseases. All patients had signed a filled informed 
consent to participate in the examination. The study complied with the Declaration of Helsinki 
and was approved by the Local Ethics Committee.

Sample collection

Venous blood samples were collected in K2-EDTA tubes. Erythrocytes were separated from plas-
ma by centrifugation (1500×g, 10 min). 10 µL of 0.05% BHT was added to plasma samples to 
prevent oxidation.

Lipid analysis

Lipids were extracted from plasma with chloroform/methanol (2:1 v/v). FA methyl esters were 
synthesized using 14% BF3 in methanol. Gas chromatography analysis  was performed using an 
Agilent 6890N with FID at 260°C, column DB-23 (60 m × 0.25 µm), oven ramp 140–240°C, inlet 
250°C, split ratio 40:1, injection 1 µL. FAs were identified using FAME standards. Results were 
expressed as relative percentages of total FAs. Total saturated (SFA), monounsaturated (MUFA), 
n-6 and n-3 PUFAs, trans-FAs, and n-3/n-6 ratios were calculated.

Biochemical analysis

Alanine aminotransferase (ALT) levels were assessed using standard laboratory methods.
RvD1 was measured using an ELISA competitive assay (Cayman Chemical, Ann Arbor, MI, 

USA) based on tracer binding to rabbit antiserum and spectrophotometric detection at 420 nm. 
LXA4 was quantified using an ELISA (EIAab, Wuhan, China) with pre-coated microplates and 
detection at 450 nm. Results were expressed in pg/mL.

Statistics

All data are presented as means ± standard deviation (SD) or medians and lower (Q25) and up-
per (Q75) quartiles. Normal distribution of variables was checked using the Levene test. Group 
differences were analyzed using F-test or Kolmogorov-Smirnov test. Correlations were assessed 
with Pearson or Spearman coefficients. Differences between study groups were determined using 
the one-way ANOVA and Scheffe post hoc test. PCA were performed on standardized variables 
with Euclidean distance. Statistical analysis was conducted using STATISTICA 13.1 (StatSoft Inc., 
Tulsa, OK, USA), with significance defined as p ≤0.05.
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Results

ALT, LXA4 and RvD1 levels

ALT was significantly elevated in all HBV groups compared to controls (p <0.01), with no differ-
ence between cirrhotic and non-cirrhotic HBV groups (Table 1). 

LXA4 was significantly reduced in cirrhotic patients (1812 pg/mL) compared to controls 
(2230 pg/mL, p = 0.05) and non-cirrhotic HBV patients (2453 pg/mL, p = 0.001). No significant 
differences in RvD1 levels were observed (Fig. 1).

Plasma fatty acid composition

Cirrhotic HBV patients had significantly higher C10:0 and C15:1, and lower C16:1c and C18:3n3 
than controls. n-3 PUFAs were reduced (8.7% vs. 15.4%), and the n-3/n-6 ratio was lower (0.4 vs. 
0.8, p <0.05) (Table 2).

Table 1. Comparison of ALT values in the study groups (median, Q25–Q75).

Control (1)

n = 30

HBV group (2)

n = 30
mean

HBV (3)
(without cirrhosis)

n = 15
mean

HBV (4)
(with cirrhosis)

n = 15
mean

p

ALT
(U/L)

19.4  
(14–19.5)

35
(19–40)

40.4
(20–53)

30
(19–25)

1vs2 = 0.001
1vs3 = 0.006
1vs4 = 0.007
3vs4 = 0.74

 

Fig. 1. Box-whisker plot showing differences in lipoxin A4 [A] and resolvin D1 [B] levels in plasma of pa-
tients with liver cirrhosis (LC) and HBV infection (HBV2) in comparison to control (CTRL).
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Fatty acid
Control

(1)
Mean ± SD

HBV total 
(2)

Mean ± SD

HBV cirrhosis
(3)

Mean ± SD

HBV non-cirrhosis
(4)

Mean ± SD
P

C8:0 0.4 ± 0.2 0.9 ± 0.6 0.8 ± 0.5 0.9 ± 0.7 1 vs. 2 0.01
C10:0 0.3 ± 0.2 0.5 ± 0.3 0.6 ± 0.3 0.5 ± 0.3 1 vs. 2; 1 vs. 3 0.04
C12:0 1,1 ± 1.0 1.1± 0.8 1.3 ± 0.7 0.9 ± 0.8
C14:0 2.2 ± 1.3 1.8 ± 0.7 1.8 ± 0.6 1.8 ± 0.8 
C15:0 1.5 ± 1.5 1.2 ± 1.4 0.9 ± 0.9 1.3 ± 1.7
C16:0 16.0 ± 8.0 20.8 ± 6.3 21.6 ± 6.4 20.2 ± 6.4
C17:0 5.7 ± 7.7 2.7± 2.6 3.0 ± 6.7 2.4 ± 4.7
C18:0 7.5 ± 4.0 8.7 ± 2.9 8.3 ± 9.0 9.0 ± 2.8
C22:0 0.5 ± 0.9 0.1 ± 0.1 0.2 ± 0.7 0.1 ± 0.1
SFA 35.2 ± 5.7 37.9 ± 5.2 38.6 ± 4.8 37.2 ± 5.5
C14:1n-5 2.1 ± 1.3 2.7 ± 1.4 3.0 ± 1.2 2.5 ± 1.5
C15:1n-10 3.1 ± 2.9 5.6 ± 4.9 6.8 ± 5.6 4.8 ± 4.2
C16:1n-7 6.6 ± 4.0 3.7 ± 3.0 2.7 ± 1.8 4.5 ± 3.6 1 vs. 2 0.01; 1 vs. 3 0.02
C17:1n-7 1.5 ± 1.1 1.2 ± 0.8 1.0 ± 0.8 1.2 ± 0.8
C18:1tn-9 0.4 ± 0.4 0.5 ± 0.6 0.4 ± 0.6 0.5 ± 0.7
C18:1n-9 8.6 ± 2.2 9.4 ± 2.0 10.0 ± 2.1 8.9 ± 1.8
C20:1n-9 2.0 ± 1.5 2.5 ± 1.4 3.0 ± 1.3 2.2 ± 1.5
C22:1n-9 0.5 ± 0.8 1.2 ± 0.9 1.1 ± 0.9 1.2 ± 1.2
MUFA 24.4 ± 3.9 26.5 ± 4.3 27.6 ± 4.3 25.4 ± 4.4
C18:2n-6t 2.2 ± 3.5 1.3 ± 2.5 1.6 ± 3.1 1.0 ± 2.0
C18:2n-6 4.6 ± 2.9  6.7 ± 4.0 6.6 ± 3.3 6.7 ± 4.5
C18:3n-6 3.1 ± 3.6 3.6 ± 2.5 3.9 ± 2.2 3.3 ± 2.7
C20:2n-6 2.4 ± 2.1 2.5 ± 2.0 2.9 ± 2.1 2.3 ± 1.9
C20:3n-6 1.5 ± 1.3 1.0 ± 0.8 1.1 ± 1.0 0.9 ± 1.2
C20:4n-6 10.1 ± 4.9 9.2 ± 3.6 8.1 ± 2.6 10.1 ± 4.1
C22:2n-6 0.4 ± 0.8 0.1 ± 0.0 0.1 ± 0.1 0.1 ± 0.4
C22:4n-6 0.8 ± 0.8 0.6 ± 0.6 0.5 ± 0.4 0.7 ± 0.6
n-6 22.4± 5.9 23.5 ± 5.6 23.1 ± 5.3 24.0 ± 5.9
C18:3n-3 7.1 ± 4.6 3.8 ± 2.0 2.5 ± 2.9 4.8 ± 5.3 1 vs. 3 0.03
C20:3n-3 2.3 ± 2.0 2.1 ± 1.6 2.0 ± 1.1 2.3 ± 2.0
C20:5n-3 3.0 ± 1.6 2.4 ± 1.5 2.2 ± 0.7 2.5 ± 2.0
C22:5n-3 1.2 ± 1.1 0.6 ± 0.9 0.4 ± 0.6 0.8 ± 1.0 
C22:6n-3 1.5 ± 1.5 1.4 ± 1.1 0.5 ± 0.5 1.3 ± 1.2
n-3 15.4 ± 7.7 10.2 ± 7.0 8.7 ± 5.4 11.8 ± 8.6 1 vs. 3 0.02
n-3/n-6 0.8 ± 0.5 0.5 ± 0.3 0.4 ± 0.3 0.6 ± 0.4
trans 2.5 ±  3.7 1.7 ± 2.2 1.9 ± 3.1 1.5 ± 1.3

Table 2. Fatty acid content [%] in plasma in the study groups. Means ± SD. MUFA, monounsaturated fatty 
acids; SFA, saturated fatty acids, PUFA — polyunsaturated fatty acids.
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Erythrocyte membrane FA composition C18:1 trans was significantly elevated in cirrhotic 
HBV patients. Other FAs showed no significant differences (Table 3).

Table 3. Fatty acid content [%] in erythrocyte membranes in the study groups. Means ± SD. MUFA, mono-
unsaturated fatty acids; SFA, saturated fatty acids, PUFA — polyunsaturated fatty acids.

Fatty acid Control
Mean ± SD HBV total HBV cirrhosis

Mean ± SD
HBV non-cirrhosis

Mean ± SD p

C14:0 3.5 ± 1.5 2.9 ± 1.0 2.8 ± 1.1 3.0 ± 0.9
C16:0 26.2 ± 2.6 28.0 ± 3.8  27.9 ± 3.3 28.0 ± 4.2
C18:0 22.7 ± 4.5 22.6 ± 4.9 21.7 ± 4.5 23.3 ± 5.2
SFA 52.3 ± 6.2 53.4 ± 6.3 52.5 ± 6.2 54.3 ± 6.4

C16:1n-7 1.6 ± 0.5 1.4 ± 0.5 1.4 ± 0.5 1.4 ± 0.4

C18:1tn-9 0.4 ± 0.1  1.1 ± 1.1 1.4 ± 1.1 0.8 ± 1.0 0.02

C18:1n-9 24.3 ± 3.6 22.3 ± 4.0 22.5 ± 4.1 22.1 ± 4.0
MUFA 25.9 ± 3.8 23.7 ± 4.1  23.9 ± 4.2 23.5 ± 4.0

C18:2n-6 10.2 ± 2.4 10.9 ± 3.1 11.2 ± 3.0 10.7 ± 3.3
C20:4n-6 9.7 ± 7.9 9.5 ± 2.8 9.9 ± 2.9 9.2 ± 2.8
C22:6n-6 0.2 ± 0.3 0.2 ± 0.2 0.2 ± 0.1 0.1 ± 0.3
n-6 19.9 ± 7.4 20.4 ± 5.4 21.1 ± 5.2 19.8 ± 5.6

C18:3n-3 0.8 ± 0.5 0.8 ± 0.6 0.7 ± 0.5 0.9 ± 0.7
C20:5n-3 0.5 ± 0.7 0.4 ± 0.2 0.3 ± 0.4 0.5 ± 0.5
n-3 1.3 ± 0.9 1.2 ± 0.7 1.0 ± 0.5 1.4 ± 0.9
n-3/n-6 9.9 ± 7.8 9.6 ± 2.8 10.0 ± 2.9 9.3 ± 2.8
trans 0.5 ± 0.7 0.4 ± 0.4 0.3 ± 0.4 0.5 ± 0.5

Principal component analysis PCA presented clusters of cirrhotic patients with high satu-
rated FAs and reduced n-3 PUFAs, correlating with lower LXA4 levels. Non-cirrhotic patients 
clustered closer to controls. These results suggest disrupted lipid-mediated resolution of inflam-
mation (Fig. 2).

Discussion

Our study revealed significant alterations in fatty acid (FA) profiles in plasma and erythrocyte 
membranes in patients with chronic hepatitis B virus (HBV) infection, particularly in those with 
liver cirrhosis. The observed reduction in n-3 polyunsaturated fatty acids (PUFAs) and the de-
creased n-3/n-6 ratio suggest a disruption in the balance between pro- and anti-inflammatory me-
diators, potentially contributing to the persistence of chronic hepatic inflammation [18, 19, 26–29]. 
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Notably, changes in specific FAs, such as decreased C16:1c and C18:3n3, and increased C10:0 and 
C15:1, indicate a shift towards pro-inflammatory lipid species.

The reduction in lipoxin A4 (LXA4) levels in cirrhotic patients, alongside unchanged resolvin 
D1 (RvD1) levels, suggests differential regulation of specialized pro-resolving mediators (SPMs) 
during HBV infection. It is possible that n-3 PUFA deficiency limits RvD1 synthesis, whereas 
LXA4, primarily derived from arachidonic acid (n-6), is more sensitive to metabolic disturbances 
in cirrhosis. This distinction highlights the complex regulation of COX- and LOX-mediated SPM 
pathways and warrants further investigation [17, 18, 27].

Fig. 2. Score plot in the principal component analysis (PCA). A) Cases projection on the factor 1 and 2 plane 
(1 × 2). Cases with sum of squared cosines ≥0.00 are presented. Unlabeled points refer to controls. Labels: 
HBV-herpes hepatitis virus; LC- liver cirrhosis; B) Variables projection on the factor plane. In the figure are 
marked variables showing correlations; C) Values of standardized factor-plasma variable coefficients ob-
tained in PCA. Lx-lipoxin A4; PL — variable in plasma; RBC — variable in erythrocytes; Rv — resolvin D1.
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Mechanistically, these changes are likely mediated through HBV X protein (HBx), which 
modulates the expression of transcription factors such as LXR, SREBP1, and PPARγ, as well as 
enzymes involved in FA biosynthesis [4, 6, 7, 10, 22, 26–29]. HBx promotes lipogenesis and tri-
glyceride accumulation, supporting viral replication while increasing hepatocyte susceptibility to 
oxidative stress and inflammation. Additionally, disruptions in short-chain FA metabolism and 
gut-liver axis interactions may exacerbate lipid dysregulation in cirrhosis [26, 29].

Alterations in erythrocyte membrane FAs, particularly elevated C18:1 trans, may reflect sys-
temic metabolic stress and oxidative imbalance, affecting membrane fluidity, immune function, 
and cellular signaling. These changes may influence both disease progression and host immune 
response to HBV [28].

Clinically, our findings have two major implications. First, FA profiles and LXA4 levels may 
serve as potential biomarkers for disease progression and complication risk, including hepatocel-
lular carcinoma. Second, these results suggest therapeutic opportunities: supplementation with 
n-3 PUFAs or administration of LXA4/RvD1 analogs could enhance inflammation resolution and 
mitigate liver injury [29]. Previous clinical studies indicate that increasing n-3 PUFA intake can 
improve lipid profiles and support pro-resolving mediator synthesis, although data in the context 
of HBV are limited.

Nevertheless, our study has limitations: a relatively small sample size, age heterogeneity among 
participants, lack of dietary and lifestyle assessment, and single time-point measurements of FAs 
and SPMs, which limit causal inferences. Moreover, detailed virological parameters (HBV-DNA, 
HBeAg) were not included, which could influence lipid metabolism.

In conclusion, our observations indicate that chronic HBV infection, particularly in the setting 
of cirrhosis, leads to disturbances in FA composition and reduced LXA4 levels, potentially con-
tributing to persistent inflammation and progressive liver damage. 

Chronic HBV infection, particularly in patients with cirrhosis, is associated with significant 
alterations in plasma and erythrocyte membrane fatty acid composition and reduced levels of 
lipoxin A4. These changes likely contribute to persistent hepatic inflammation and impaired res-
olution, promoting progressive liver injury. Monitoring FA profiles and pro-resolving mediators 
may provide valuable biomarkers for disease progression. Moreover, targeting lipid metabolism 
and enhancing pro-resolving mediator pathways represent promising therapeutic strategies. Fu-
ture longitudinal studies are needed to confirm causal relationships and assess the efficacy of such 
interventions in chronic HBV infection.
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