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Sphingolipids, a class of lipids with diverse carbohydrate components, have been increasingly 
recognized for their role in various diseases, including liver fibrosis and progression of liver 
disorders. These lipids, particularly sphingosine 1-phosphate (S1P), play a crucial part in liver 
pathology, contributing to conditions such as steatohepatitis, hepatocarcinogenesis, and ischemia- 
reperfusion liver injury. S1P is involved in inflammation, immune cell modulation, and fibrosis, 
which are essential components of non-alcoholic fatty liver disease (NAFLD) and metabolic- 
associated fatty liver disease (MAFLD). The dysregulation of sphingolipid metabolism, including 
sphingosine kinase (SphK) activity and its receptors (S1PRs), has been linked to liver fibrosis and 
cirrhosis. Additionally, sphingolipid accumulation disorders, such as those seen in sphingolipidoses, 
further underscore the importance of sphingolipid signaling in liver disease progression. Research 
highlights the potential of targeting the S1P/S1PR pathway for therapeutic interventions in liver 
fibrosis and other liver-related disorders. As the global prevalence of fatty liver disease rises, 
understanding the role of sphingolipids in liver function and pathology will be 
critical for developing effective treatments and management strategies for chronic liver conditions.
  

 

 

*CorrespondingAuthor: 
Taranvirinderdeep Singh (taranvirinder24@gmail.com) 
 
Article Info 
Received: 07 May 2025, Received in revised form: 16 June 2025, Accepted: 17 June 2025, Available online: 30 June 
2025 
 
ISSN: 3049-2955/Theauthors©2025, under exclusive license to the Sprout Publication  
DOI: https://doi.org/10.63785/cpr.2025.1.2.215224 
 

 
1. Introduction 
Since their introduction assignment 140 years ago, 
glycosphingolipids (GSLs) have been found to 
contain a lipophilic component called ceramide, 
which can display a wide range of carbohydrate 
components and have a variable composition [1],[2]. 
Due to their secretive nature, a bunch of basically 
shifted lipids known as sphingolipids were to begin 
with called after the sphinx in the 1870s [3], [4]. They 
are fundamental parts of the films of all eukaryotic 
cells. Sphingolipids are presently thought to be 
involved in oxidative stress, aggravation, autophagy, 
cell death, and disease states like diabetes, cancer, 
and multiple sclerosis [5]. One of the most lipid 
components of cell layers, sphingolipids, plays a part 
within the cardiovascular, immunological, and 
neurological frameworks, among other physiological 
functions [6]. The five S1P receptors (S1PRs) are 
altered throughout advancement and maturing, as 
well as in totally different organs. Whereas S1P4 and 
S1P5 expression is generally constrained to particular 
cell sorts, S1P1, S1P2, and S1P3 expression is 

widespread[7].  FTY720 (fingolimod), which was 
authorized and adopted in 2010 as a standard first-
line therapy for relapsing-remitting forms of multiple 
sclerosis, is one of the chemicals that targets S1P 
receptors and is of intrigued for the treatment of 
immune system diseases [8].  
GM1 ganglioside accumulation disorder, 
hexosaminidase A deficiency, Hexosaminidase A and 
B deficiency variation of GM2-gangliosidosis, Fabry 
malady, Gaucher illness, metachromatic 
leukodystrophy, Krabbe malady, Niemann-Pick 
syndrome malady sort A and B, Farber illness, 
combined saposin (Sap) insufficiency, SapA 
insufficiency (Non-classical Krabbe disease), SapB 
lack (Metachromatic leukodystrophy), and SapC 
insufficiency (atypical Gaucher malady) are among 
the more than ten illnesses categorized as 
sphingolipidoses [9].  Since they were at first isolated 
from neural tissue, cerebrosides and sphingomyelins 
got their names [10]. The four essential classes of 
sphingolipid-binding proteins are transporters, 
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effectors, proteins, and receptors. Lipids contain 
greasy acids and cholesterol, which arrange these 
crucial metabolic functions [11]. Lipid changes within 
the liver are common as a cause and result of 
alcoholic hepatitis, non-alcoholic greasy liver 
infection, steatohepatitis, and chronic hepatitis B and 
C infection infections[12]. Sphingolipids play a role in 
hepatocellular function, which propels numerous 
liver conditions such as hepatocarcinogenesis, 
steatohepatitis, and ischemia-reperfusion liver injury 
[14]. Commonly seen causes of hepatic organ 
sicknesses on a global scale are metabolic-associated 
fatty liver infection (MAFLD), and within the 
following decades, its incidence is anticipated to 
extend [15].  Changes within the extracellular matrix's 
composition are the essential cause of MAFLD 
improvement [16]. A bioactive sphingolipid 
connected to non-alcoholic steatohepatitis (NASH) is 
sphingosine 1-phosphate (S1P) [17]. Inflammation 
caused by safe cells could be a major factor in the 
advancement of NASH [18].  
S1P receptors, associated with a collection of five 
distinct S1P receptor subtypes known as S1P1-S1P5, 
are expressed suddenly by both innate (macrophages, 
monocytes, NK, and NKT cells) and adaptive immune 
cells (T and B lymphocytes) [19]. Even though 
different intracellular targets of S1P have been 
recognized, Sphingosine kinases (SphKs) make S1P, 
and S1P-specific cell surface receptors (S1P1–5) 
mediate numerous of its functions [20].  A few in vivo 
and in vitro liver fibrosis models have appeared to 

benefit from changes in SphKs/S1P/S1P receptor 
signaling [21]. These days, greasy liver illness is 
thought to be a prevalent cause of constant liver 
disease, or may be a developing worldwide health 
concern [22]. Various liver-related clutters have been 
connected to sphingolipid metabolic pathways that 
create sphingosine-1-phosphate (S1P) and its 
receptor S1P receptors (S1PRs) [23].  Intense liver 
damage (ALI) may be a condition when the liver is 
hurt rapidly by substances counting chemicals, 
liquor, and infections, which harms the liver's cells 
[24]. A considerable aggregation of extracellular 
network (ECM) proteins, especially collagen, is 
indicative of liver fibrosis, a basic arrange within the 
progression of inveterate liver disarranges toward 
cirrhosis and possible liver failure [25].  This 
obsessive condition comes about from maintained 
liver damage caused by a assortment of insuperable, 
such as immune system hepatitis, liquor manhandle, 
metabolic dysfunction-associated steatotic liver 
illness (MASLD), and constant viral contaminations 
[26]. Approximately 20 a long time after apoptosis 
was initially depicted, in 1993, the sphingolipid 
ceramide was at first associated to this sort of cell 
death [27].  
Lipids are a heterogeneous bunch of compounds, 
primarily composed of hydrocarbon chains [28]. A 
lipid is any of the different natural compounds that 
are insoluble in water [29]. They incorporate fats, 
waxes, sterols, vitamins, monoglycerides, 
diglycerides, phospholipids, and others [30].  
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Sphingolipids, along with glycosphingolipids, 
are vital in the understanding of a cell’s 
physiology and pathophysiology [31]. 
Sphingolipids are a subclass of bioactive lipids 
[32] Sphingolipids, as a member of the class of 
lipids with a backbone featuring a long-chain 
amino alcohol, perform structural and signaling 
functions in the case of eukaryote [33]. The 

general structure of Sphingolipids - 
Sphingolipids fall under amphipathic molecules, 
shallower, they possess both hydrophobic and 
hydrophilic parts [34]. The hydrophobic region 
contains the aliphatic chain and long chain 
attached by amide link at carbon [35]. In 
hydrophilic portions, the phosphate group, sugar 
group, or hydroxy group are found [36]. 
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Figure 2: Sphingosine modified to form sphingolipids by addition of R₁ and R₂ groups.
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2. Types of Sphingolipids 
Sphingolipid, or more commonly known as 
glycosphingolipid. Sphingolipids constitute an 
important part of the cellular membrane and 
regulate cellular processes such as cell 
proliferation, differentiation, apoptosis. S1P is 
essential for an intracellular messenger and 
extracellular mediator functioning within the 
organism [37]. Investigations on the influence of 
SP1/SP3 transcription factors on the activity of 
the human telomerase reverse transcriptase 
(hTERT)promoter in the presence of ceramide 
were conducted in A549 human lung 
adenocarcinoma cells [38]. Sphingosine, 
produced by ceramide hydrolysis, is either 
reused by the salvage pathway or 
phosphorylated by SphK 1 and 2 in the presence 
of ATP to yield S1P [39]. S1P can be 
dephosphorylated within the plasma membrane 
by lipid phosphate phosphatases (LPP1-3), or 
cytosolic S1P can be dephosphorylated at the ER 
due to S1P-specific phosphatases (SPP1 and 
SPP2) [40]. 

S1P is of significance in the whole human body, 
it is a key controller of vascular and immune 
systems, coordinating how immune cells move 
inside the arterial wall. Besides, it may be of 
significance to the skin. In the vascular system, 
S1P controls angiogenesis, vascular stability, 
and permeability. In the immune system, it is 
now identified as a key controller of the 
trafficking of T- and B-cells. S1P interaction 
with its receptor S1PR1 is required for the exit 
of immune cells from the lymphoid organs (like 
the thymus and lymph nodes) to the lymphatic 
vessels. Blocking of S1P receptors was found to 
be essential for immunomodulation. S1P has 
also been found to directly inhibit TLR-
mediated immunity from T cells. 
Structure of S1P 
IUPAC NAME: (2S,3R,4E) -2-amino-3-
hydroxyocatdec-4-   hydroxyoctadec-4-en-1-yl 
dihydrogen phosphate 
Chemical Formula: C18H38No  
Molar Mass: 379.4 
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2.1. Sphinganine Alkyne 

HO

NH2
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Figure 4: Structure of sphingosine showing a 
long hydrophobic chain with terminal double 
bond, and polar groups. 
  
Biological Application: Utilized to examine 
changes in the bacterial membrane caused by 
ceramide.” ‘Click-AT-CLEM` using microscopy to 

visualize the distribution of azido sphingolipids 
withinside the Live-cell imaging to observe the 
incorporation of ceramide into the bacterial 
membrane the Mammalian immune cell plasma 
membrane mobileular [41]. 
Commercial Availability- YES  

 
2.2. Sphinganine Azide 
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Figure 5: Structure of (2S,3R)-2-amino-3-hydroxy-17-azidoheptadecan-1-ol. 
 

Biological Application: Incubated with rat liver 
microsomes in vitro and analyzed by mass 
spectrometry (MS) to identify metabolic 
modifications induced by enzymes. Immune cells 
were treated and co-stained with organelle and 

viral markers to visualize lipid-virus 
colocalization, followed by dual-color live-cell 
imaging using fluorescently tagged organellar 
markers [42]. 
Commercial Availability- NO 

  
2.3. Sphinganine Azide C14 
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Figure 6: Structure of (2S,3R)-2-amino-3-hydroxy-17-azidoheptadecan-1-ol. 
  

Biological Application: Click’ interactions with 
living cells using diverse dibenzo cyclooctyne tags, 
lipid extraction, and mass spectrometry on 

defined pools of samples to elucidate individual 
azido sphingolipid [41]. 
Commercial Availability- NO  

 
2.4. Keto-SphinganineazideC14 
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Figure 7: Structure of (2S,3R)-2-amino-3-hydroxy-17-azidoheptadecan-1-ol. 
  

Biological Application: Click’ interactions with 
living cells using diverse dibenzo cyclooctyne tags, 
lipid extraction, and mass spectrometry on 

defined pools of samples to elucidate individual 
azido sphingolipid omes [41]. 
Commercial Availability- NO 

  
2.5. Deoxysphinganine Alkyne 
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Figure 8: Structure of (2S,3R)-2-amino-3-hydroxy-17-octadecyn-1-ol. 
  

Biological application: Treatment of cells, 
metabolite analysis, and co-staining of fixed cells 
with organellar markers to examine trafficking 
and localization; observation of mitochondrial 

pathology by co-staining isolated mouse dorsal 
root ganglion (DRG) neurons were treated with 
this probe for further analysis [43]. 
Commercial availability- NO  

 
2.6. Sphingosine Alkyne
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Figure 9: Structure of (2S,3R)-2-amino-3-hydroxy-17-octadecyn-1-ol. 

 
 

Biological Application: Treatment of cells with 
TLC for metabolite visualization to study the 
metabolism of sphingolipids in a viral infection 
cellular framework; ‘fix and click’ strategy and 
Capillary electrophoresis applied to single cells, 

coupled incorporating Fluorescence-based 
detection measure differences in sphingolipid 
metabolism in proliferative and epithelial cells 
with a differentiated phenotype [44]. 
Commercial Availability- YES  

 
2.7. ω-N3-Sphingosine 
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Figure 10: Structure of (2S,3R)-2-amino-3-hydroxy-17-azidoheptadecan-1-ol. 
  
Biological Application: Utilizing click 
chemistry for bacterial-infected cells, enabling 
visualization of intracellular sphingosine in fixed 

cells via actin co-staining and bacterial antibody 
labelling [45]. 
Commercial Availability- NO  

 
  
2.8. 1-N3-Sphingosine 
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Figure 11: Structure of (2S,3R)-2-amino-3-hydroxy-6-azidooctadec-7-ene. 
  
Biological Application: Click reaction in living 
cells with bacterial infection was used to 
investigate the antibacterial effects of sphingosine 
analogs. This analog is not converted transformed 

into S1P, as indicated by an in vitro assay with 
recombinant human SphK [46]. 
Commercial Availability- NO  

 
2.9. Sphingosine Azide C14 
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Figure 12: Structure of (2S,3R)-2-amino-3-hydroxy-6-azidooctadec-7-ene. 
 

Biological Application: Employed in click 
chemistry with different dibenzocyclooctyne 
labelling in living cells, lipid isolation, concurrent 
MS analysis of aggregated samples identify 

individual components azido sphingolipid omens 
[47]. 
Commercial Availability- YES 

  
2.10. Pac Sphingosine 
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Figure 13: Structure of (2S,3R)-2-amino-3-hydroxy-6-azidooctadec-7-yne. 
 

Biological Application: Rebuilt in liposomes 
for inside-the-lab link tests with clean proteins; 
pictures in still metabolic processes in cells study 
with the use of TLC and MS methods, finding 

protein content across the cel linkers Via 
proteomics [48]. 
Commercial Availability- YES 

  
2.11. Trifunctional Sphingosine 
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Figure 14: Structure of a dansyl-labeled (2S,3R)-2-amino-3-hydroxy-6-azidooctadec-7-yne 

derivative. 
 

Biological Application: Solving protein-lipid 
forces with time detail by protein MS, placing 
uncaging at the organelle level with a thin light 

beam used to find the Ca2+ release from 
lysosomes [49]. 
Commercial Availability- YES  

 
2.12. Lyso-Pac Sphingosine
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Figure 15: Structure of a dansyl-labeled (2S,3R)-2-amino-3-hydroxy-6-azidooctadec-7-yne 
derivative. 

 
Biological Application: Focused look at where 
lipids are in the cell and their movement at specific 
times; finding out where proteins help lipid 
interactions, applied in research that looked at 

how sphingosine moves from the lysosome to the 
ER [50].  
Commercial Availability-NO 

  
2.13. Sphingosine 1-Phosphate Alkyne 
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Figure 16: Structure of (2S,3R)-2-amino-3-hydroxy-4-(phosphonooxy) octadec-6-yn-1-ol. 
 

Biological Application:  Good for looking at 
how S1P is made and used, applied in the 'fix and 

click' method [51]. 
Commercial Availability-YES 

  
2.14. Sphingosine 1-Phosphate Azide
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Figure 17: Structure of (2S,3R)-2-amino-3-hydroxy-17-azidoheptadecan-1-ol. 
 

Biological Application: Through live-cell click 
chemistry to see where S1P is found, and the S1P 
signaling receptor goes inside cells in culture [52]. 
Commercial Availability-NO 
2.3. How SP is treating NFALD 
S1PR2 is a promising prognostic biomarker in the 
context of Hepatocellular carcinoma in the context 
of NAFLD (NAFLD-HCC) [53]. S1PR2 was found 
to be significantly up-regulated using GCDA 
incorporated in CBAs as a potential treatment for 
hepatocellular carcinoma (HCC) HCC cells, signal 
molecules related to the phosphoinositide 3-
kinase/AKT/mTOR cascade were also found to be 
notably up-regulated. This implies that GCDA can 
elicit the PI3K-AKT-mTOR signaling network 
through up-regulation of S1PR2 and eventually 
hepatocellular carcinoma cell activities [54]. It 
involves lipidomic analysis in plasma and liver in 
a diet-induced mouse model of NAFLD, across the 
whole range of histological disease 
characterization, compared with that from a 
clinically and histologically well-characterized 
human cohort of NAFLD patients [55].  
S1P upregulated the presence of S1pr4 expression 
in macrophages and activated the NLRP3 
inflammasome using an Inositol trisphosphate 
and receptor-mediated calcium signaling  pathway 
[56]. Dysregulation of the sphingosine-1-
phosphate (SphK1/S1P) signaling pathway 
contributes to the development of hepatic 
inflammation and injury [57]. AFLD comprises a 
spectrum of pathological lesions in the liver, 
starting with hepatic steatosis with potential 
progression in up to 20% of patients to hepatic 
inflammation, cirrhosis, and/her cancer [58]. CER 
induces cell-type-specific apoptosis primarily 
through the activation of protein kinase C, protein 
phosphatases, and proteases , and also modulates 
the pro-apoptotic Bcl-2-family proteins [59]. 
Conversely, S1P is an anti-apoptotic factor via 
inducing the signaling process through G-protein-
coupled receptors, resulting in activation of RAS, 
RAC, protein kinase B, and phospholipase C [60]. 
FTY720P improved lipid droplet formation, but 
this improvement was no longer seen in S1PR3, 

Gq, SREBP, mTOR, PI3K, and PPARγ-inhibited 
cells, indicating their respective contribution in 
the process [61]. It is examined the inhibiting 
effect of CH5169356 on hepatic fibrosis. The in 
vivo experiment was performed on a male 
C57BL/6J mouse model. The result of the study 
showed a decrease in the level of α-SMA and 
collagen 1A1 by 2.12-fold and 2.5-fold as compared 
to the untreated group. Overall, the study showed 
that CH5169356 could inhibit the progression of 
hepatic fibrosis, showing its potential therapeutic 
activity [62]. 
Examined the effect of S1P on Vesicle Trafficking, 
Wnt/Ca2+, and BMP/Smad Signaling using bone 
marrow stromal cell lines. The result of the study 
indicated that Catherine's level was increased upto 
5-fold at the dose of 8µM/mL. A further study 
revealed the EEA1 level was increased upto 5-fold 
at the dose of 8µM/mL. Further study results 
showed the level of F-actin was increased upto 10-
fold at the dose of 8µM/mL. SFA value is increased 
in the third and fifth weeks, decreased in the 
fourth week, and decreased sphinganine-1-
phosphate (SA1P in the third week. Ceramide level 
increased in the fourth and fifth week, while 
sphingosine (SFO) consistently rose across all 
time points Sphingosine-1-phosphate (S1P) 
decreased in the third and fourth weeks, and the 
S1P/CER ratio decreased in the second, third, and 
fourth weeks. They examined the influence of HFD 
intake and oral P. gingivalis (Pg) inoculation on 
body weight. The difference between HFD+Pg is 
shown by 1.22, but overall, a very minor difference 
is shown on the graph. The result of the study 
showed that higher body weight without 
imipramine level, but with imipramine value, it 
increased [63]. 
The Sphk2 is performed under a high-fat diet 
regimen and cholic acid. The outcome of the study 
indicated a reduction in the ND level and an 
elevation in the level of HFD+CA. The value of the 
mRNA level for ND is 1, and the value of HFD 
shown is 2 [64]. Examined that TG/SB3 
(Transgenic) mice have levels of CD11b, TNFα, and 
IL12 expression much higher than those of WT 
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(Wild Type) mice. CD11 b and TNFα expression 
levels in TG/SB3 mice are 2.5 times those of WT 
mice, while IL12 levels are about 4.5 times those of 
WT mice [65]. It showed that the level of cell death 
is greater concentrations of PA (palmitic acid) in 
WT (wild type) and Sphk1-/- (Sphk1 knockout) 
groups. The Sphk1-/- group always exhibits a 
greater percentage of cell death than the WT 
group, suggesting that the lack of Sphk1 enhances 
cell death upon PA. The cell death percentage is 2 
[66]. 
3. Signalling Pathways of Liver Cirrhosis 
3.1. S1P-Driven Signalling in Liver Fibrosis 
SphKs take part in the biosynthesis of S1P, and its 
production is balanced via SPL and S1P 
phosphatase breakdown activities. SPL can 
irreversibly degrade the compound [67]. There are 
five subtypes of S1P receptors (S1PRs), namely 
S1PR1-5; S1PR1, S1PR2, and S1PR3 are the most 
broadly demonstrated ones within tissues in a 
living organism, like liver parenchymal cells and 
mesenchymal cells [68]. S1PR4 can also be found 
solely in lymphoid and hematopoietic tissues, 
and S1PR5 can be found solely in the central 
nervous system [69]. It has been reported that 
deregulation of sphingomyelin, ceramide, and S1P 
backbone correlates with liver disease and liver 
regenerative processes [70]. Such as liver fibrosis 
and HCC. This equilibrium may be therapeutically 
targeted in liver disease. [71]. The pharmacological 
inhibition of the sphingolipid metabolism 
pathway could therefore be specifically beneficial 
for therapeutic purposes in liver regeneration, 
fibrosis, and HCC, it concludes. [72].  SphK is a 
prerequisite for activated hepatic stellate cells in 
generating the cirrhotic liver [73].  
TGF-signaling, one of the differentiation 
processes from HSC to myofibroblast, was found 
to promote SphK1 expression and result in 
lowering the levels of ceramide but raising the 
levels of S-1P [74]. Activation of these receptors 
may promote fibrosis independently of fibrin 
generation, through the induction of mediators 
such as PDGF, CTGF, and MCP-1/CCL2 or the 
activation of latent TGF-β [75]. SphK1 is also 
predominantly overexpressed in most solid 
tumours and points towards a critical involvement 
in human tumorigenesis [76]. In contrast, SphK2 

overexpression arrests Advancement induces 
cytochrome c-mediated apoptosis and activation  
of caspase-3 [77]. S1P is produced and released 
from primary synthetic cells, and in transit, about 
60% of S1P associates with apolipoprotein M 
(ApoM) in high-density lipoprotein (HDL), and 
40% of the remaining fraction is bound to albumin 
[78]. Expression of SphK1 has been found to rise 
after liver injury, specifically with linkage to 
Kupffer cells, and attenuation of SphK1 activity 
reduced mortality in a model of acute liver failure, 
along with lower markers of liver injury and 
inflammation [79].  
Further, HCC due to NASH is anticipated to 
increase significantly and become the fastest-
growing indication for liver transplant in the 
United States [80]. During metabolic syndrome, a 
risk factor for the onset of steatosis, an increase in 
ceramide and sphingosine-1-phosphate (S1P) has 
been reported [81]. Ceramide is also involved in 
liver fibrosis and cirrhosis, cooperating with S1P 
[73]. Figure 18 Sphingolipid pathway-targeting 
drugs in liver fibrosis. The figure demonstrated 
how S1P modulators induce antifibrotic effects by 
binding to S1PR1-4. Critical enzymes for S1P 
synthesis pathways, such as SPT and SphK, play 
significant roles in controlling fibrogenesis. ↑ 
Represents upregulation, and ↓ represents 
downregulation. S1P: Sphingosine-1-phosphate; 
SPT: serine palmitoyl transferase; SphK: 
sphingosine kinase; TGF-β: transforming growth 
factor-beta; S1PRs: sphingosine-1-phosphate 
receptors; CCL2: monocyte chemoattractant 
protein 1; DMS: N, N-Dimethyl sphingosine; 
HDAC1/2: histone deacetylase 1 and 2; YAP: yes, 
associated protein; GTP: guanosine triphosphate; 
ERK1/2: extracellular signal-regulated kinase 
[82]. 
Recent studies, including ours, have shown that 
activating the notion that pharmacological 
stimulation of the S1P1 or S1P3 receptors  
increases adiposity or associated metabolic 
disease, whereas S1P2’s function includes the 
opposite effect [83]. Additionally, sphingosine 
kinase (SphK) control of S1P generation is an 
important factor that affects glucose homeostasis 
[84].  
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Figure 18: Overview of sphingosine-1-phosphate (S1P) signaling pathways through S1PR1-4 

and their pharmacological modulators. 
 

3.2. Mechanism 
Direct mechanisms of some of the DMTs, being 
S1PR modulators, include a concomitant MOA 
that even restricts the neurodegenerative sequelae 
[85]. The existing approved DMTs for treatment in 
MS, as presented through this review article, 
provide updates and recent evidence on the 

pharmacological, immunopharmacological, and 
neuropharmacological properties of the S1PR 
modulators and, in this article, an emphasis on 
fingolimod's CNS-oriented, astrocyte-targeting 
MOA [86]. 

 

 
 

Figure 19: Sphingolipid signalling controls immune cell responses in normal and inflamed 
liver conditions 

 
3.3. Receptors 
Sphingosine1-phosphate (S1P), a metabolite of membrane sphingolipids, controls important 
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physiological and pathological processes by 
causing infiltration and activation of multiple cell 
types via S1P receptors (S1PRs) [87]. The 
functions of S1P are more complex since there five 
distinct S1P receptors (S1PRs: S1P1-5) located on 
the cell surface with modified functions, distinct 
expression patterns within cells, and 
imperceptible targets located inside the cell [88]. 
Current evidence, including that from our group, 
attests to the interesting idea that Such 

pharmacological stimulation of S1P1 or S1P3 
enhances obesity and related metabolic 
dysfunctions, but that of S1P2 does the reverse 
[89]. The mice were given the S1P1,4,5 modulator 
Etrasimod or the S1P1 modulator Amiselimod, 
once daily by oral gavage, for the final four weeks 
of diet administration. Hepatic inflammation or 
injury became established through histological 
and gene expression analyses [90].  

 
 

 
Figure 20: S1P1, S1P2, and S1P3 regulate heart rate, vascular barrier, cell migration, 

proliferation, and response to vascular injury. 
 

3.4. Diseases 
The rate of metabolic dysfunction-related 
(MASLD) alcoholic fatty liver disease (AFLD), one 
of the primary etiologies of chronic liver disease, 
has grown in prevalence with obesity and 
metabolic disorders, with Altered glucose 
processing and insulin pathway dysfunction, such 
as in type 2 diabetes(T2D).  Sphingolipids 
(sphingomyelin, glycolipids, gangliosides) are 
present in cell membranes, plasma, and 
lipoproteins [91].  
 
3.5. Metabolism 
Metabolism is a biotransformation reaction, in 
which endogenous as well as exogenous 
substances are transformed to more polar 
metabolites to ease their excretion from the body. 
Metabolism is a process that occurs in 3 phases 
[92]. Liver impairment can not only decrease the 
plasma/blood clearance of drugs being removed 
by hepatic metabolism or excretion via bile, but it 
may also alter plasma protein binding, and 
consequently modify the disposition and 

elimination processes [93]. Portal-systemic 
shunting, frequent in late-stage hepatic cirrhosis, 
can heavily reduce systemic of highly extractable 
drugs after their oral dosing, and consequently 
result in the extensive rise of the absorption extent 
[94]. The sphingolipidoses form a group of 
monogenetic hereditary disorders due to 
dysfunction of the lysosomal sphingolipid 
breakdown system, which leads to increased non-
degradable storage material accumulation in one 
or several organs [95]. Steatosis of the liver is 
primarily a consequence of dysregulation between 
de novo lipogenesis and fatty acid breakdown, 
with enhanced free fatty acid influx in the liver 
[96]. Precursor to ceramide is subsequently 
oxidized to ceramide catalyzed by 
dihydroceramide desaturase, which adds a trans-
4,5-unsaturation [97]. End-stage liver disease is 
the last stage of chronic hepatic disease due to 
various pathogenic factors [98]. Cirrhosis occurs 
following prolonged inflammation that culminates 
in the replacement of the normal liver parenchyma 
with fibrotic tissue and regenerative nodules, 
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which causes portal hypertension [99] 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 21: Sphingolipid metabolic pathway leading to S1P production, export, receptor 
signalling, and its roles in cell proliferation, migration, and angiogenesis. 

 
Liver transplantation is still the sole remedy or 
treatment for a chosen population of patients, but 
medication-related interventions having the 
ability to that can stop the  development of 
decompensated cirrhosis or even reverse cirrhosis 
are in the process of being developed [100]. 
Cirrhosis is a rising cause in modern healthcare 
systems nations, ranking as the 14th main cause of 
death globally, but fourth in Central Europe [101]. 
Insulin resistance due to deficiency of insulin 
receptor substrate-2 (IRS-2)-associated 
phosphatidylinositol 3-kinase (PI3K) activity 
results in an accumulation of intracellular fatty 
acid-derived metabolites like diacylglycerol, fatty 
acyl CoA, or ceramides [102]. Synchronous 

metabolic dysregulation, obesity, and allied 
nutritional derangement can transform the gut 
microbiota, thus stimulating hepatic and systemic 
inflammation by directly triggering innate and 
adaptive immune responses [103]. Platelets have 
elevated SPHK activity and no S1PL, which 
enables them to take up massive levels of S1P 
[104]. Thrombocytes contain SPHK1 as well as 
SPHK2, but the previous isoform produces 75% of 
overall SPHK activity [105]. Its frequency is 
increasing promptly and currently invades 
approximately 25% of the overall Western 
population, considering the obesity prevalence 
[106]. 

 
Conclusion 
Sphingolipids, including ceramide, sphingosine, 
and sphingosine-1-phosphate (S1P), are emerging 
as key modulators of liver pathobiology. Their 

involvement in critical cellular processes such as 
inflammation, apoptosis, and fibrogenesis 
positions them as central players in the 
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progression of liver fibrosis. Recent studies have 
highlighted the complex and often cell-type-
specific roles of sphingolipids in hepatic injury and 
repair, suggesting that their dysregulation 

contributes significantly to the fibrotic cascade. 
Based on the current evidence, the sphingolipid 
pathway represents a compelling and novel target 
for antifibrotic therapeutic development.  
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