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Involvement of sphingolipids in the cell metabolism and various pathologies 

Saatov T.S., Irgasheva S.U., Ibragimova E.A.  

Institute of biophysics and biochemistry under Mirzo Ulugbek National University of 

Uzbekistan, Uzbekistan Ministry of Higher Education busorabonu50@mail.ru  

Abstract. Being an essential component of plasma membrane, sphingolipids are 

bioactive lipids playing key roles in regulation of signaling. Compositions of 

sphingolipids, sphingolipid metabolism and its regulation in tissues, as well as 

involvement of sphingolipids in various pathological processes are analyzed in the 

review.       

Keywords: sphingolipids, sphingomyelin, ceramide, sphingosine, acid 

sphingomyelinase, neutral sphingomyelinase, oxidative stress, cytokines, 

neurodegeneration  

Introduction   

Sphingolipids are a specific group of membrane lipids with the long-chain 

dehydroxyamine structure. They constitute an essential component of plasma 

membrane mainly locating on its outer surface. Sphingolipids are bioactive molecules 

crucial for the regulation of signaling. These lipids act not only as signal molecules but 

also as mediators in major cell processes [1, 2]. Occurring in many living organisms 

and almost in all types of tissues, sphingolipids take the second place among 

membranes lipids after phospholipids [3]. The sphingolipid family includes 

sphingomyelin and glycosphingolipids, to name cerebrosides, sulfatides, globosides 

and gangliosides [4, 5].    

Involvement of sphingolipids in the cell metabolism  

For many years, sphingolipids were thought to be membrane lipids. But in the course 

of the recent intensive studies, sphingolipids, to name sphingomyelin, ceramide, 

sphingosine, ceramide-1-phosphate (C1P) and sphingosine-1-phosphate (S1P), were 
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found to play key roles in the regulation of various signaling pathways [6, 7].  As 

signaling molecules, the metabolites of sphingolipids regulate the processes taking 

place in the cell, such as cell proliferation and differentiation, growth, viability, 

senescence, apoptosis, cell-cell interactions, as well as vascular and endothelial 

integrity and inflammation [8, 9, 10, 11, 12, 13, 14]. Specific involvement of 

sphingolipids in the mechanisms underlying cell processes arouses increasing interest 

of researchers for search and study on their undiscovered aspects.    

Sphingolipids are called “bioeffectors” to highlight their multifaceted involvement in 

the processes taking place in the cell. Sphingomyelin (SPH) and other sphingolipids 

together with cholesterol form the basis of essential membrane domains called “rafts” 

and “caveloae” playing significant roles in the cellular signal transduction pathways 

[15, 16, 17]. As the components of lipid bilayer, sphingolipids impart identity and 

fluidity to the membrane domains [18, 19].  The enzymes regulating formation and 

exchange of sphingolipids in cells, to name sphingomyelinases, ceramidases, 

sphingosine kinases and S1P-liasas are highly sensitive to a number of stimulating 

factors. Forming as the result of sphingomyelin’s hydrolysis in the presence of 

sphingomyelinase ceramide is the secondary messenger of the apoptotic receptors’ 

signaling pathways [20]. These interrelated metabolites are known to interact with the 

specific target proteins of phosphatases, kinases and G-protein coupled receptors (S1P-

receptors) [21].   

There are three pathways of sphingolipid metabolism: the de novo pathway formed by 

the saturated fatty acids, the salvage pathway and the SPH pathway; ceramide is the 

central molecule in sphingolipid metabolism as all the pathways converge at the 

ceramide focus (Fig.1).  

   



Asian journal of Pharmaceutical and biological research 2231-2218 

http://www.ajpbr.org/  Universal IMPACT factor 7   
SJIF 2022: 4.465   
Volume 11 Issue 2   
MAY-AUG 2022  
https://doi.org/10.5281/zenodo.7196682     

 

393  

   
Figure 1. Essential metabolic pathways of sphingolipids [22].  

 Sphingomyelin (SPH) is a type of sphingolipid consisting of a phosphocholine head 

group, a sphingosine and a fatty acid. It is an essential plasma membrane component 

in the animal cells. The SPH hydrolysis in the plasma membrane catalyzed by 

sphingomyelinase is called sphingomyelin cycle triggering formation of ceramide in 

its turn converting into sphingosine. Ceramide is phosphorylated into ceramide-

1phosphate (Cer-1-P) by ceramide kinase (Cer-K) while a sphingosine is 

phosphorylated into sphingosine-1-phosphate (Sph-1-P) by sphingosine kinase (SK) 

[23]. As endogenous bioactive compounds, sphingolipids contain a backbone of 

sphingolipid bases, a set of aliphatic amino alcohols that includes sphingosine being a 

secondary messenger or a non-cellular modulator of cell proliferation and apoptosis 
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[24]. In cells of the mammalians, SPH synthesis takes place in the Golgi complex 

where ceramide transported from the endoplasmic reticulum (ER) is modified by 

transfer of phosphocholine molecule from phosphatidylcholine to ceramide, the 

reaction is catalyzed by sphingomyelin synthase (SMS) [25]. Ceramide is formed upon 

SPH hydrolysis in the presence of sphingomyelinase (SMase) [26].     

 Ceramide (Cer) is a key molecule in the sphingolipid metabolism. Ceramides are 

formed by means of the SPH hydrolysis by SMase, as well as by the de novo synthesis 

in the endoplasmic reticulum initiated by serine-palmitoyltransferase (SPT) and the 

recirculization of sphingosine via ceramide synthase (CerS). SPH is a basic 

sphingolipid in the formation of ceramide, sphingosine, S1P and other sphingolipids. 

Some SPH metabolites act as the intracellular messengers, while others are the essential 

components of biomembranes.      

 Ceramide is a product forming as a result of interaction of sphingosine and fatty acids. 

Ceramide molecule consists of two fragments, to name sphingoid base with the amide 

bond and fatty acid residue [27]. Ceramide is a center of metabolic pathway of 

sphingolipids; it is synthetized de novo with involvement of L-serine and palmitoyl 

CoA by hydrolysis of sphingomyelin or glycosphingolipids and sulfatides. At the same 

time, ceramide can be synthetized from sphingomyelin under effect of 

sphingomyelinase or from ceramide-1-phosphate under effect of ceramide-

1phosphatase. Ceramide is catabolized to sphingosine, as well as to 

ethanolamine1phosphate and C16 aldehydes of fatty acids [28].    

 Sphingosine is a primary component of other sphingolipids, including sphingomyelin. 

It is the most widely spread sphingoid base. Free sphingosine is formed as a product of 

ceramide hydrolysis by ceramidase involved in the cellular signaling [29]. Obtained 

from food, sphingolipids are hydrolyzed to ceramides and long-chain structures in the 

intestinal tract to be absorbed and participate in the metabolic process. A breakdown 
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product of sphingomyelin, sphingosine easily penetrates lysosomal membrane. Non-

lysosomal degradation of sphingomyelin can take place under effects of membrane-

bound hydrolases in the neutral or basic conditions. Pivotal roles of sphingolipid 

metabolites can be seen in Figure 2.     

   

   
     Figure 2. Metabolism and biological significance of sphingolipids [7].  

As it can be seen, sphingomyelin and its metabolites participate in the pivotal biological 

functions of the cell. Thus, ceramide causes cell death, as well as cellular senescence 

and arrest of growth. Similar to ceramide, sphingosine causes cell death and cell cycle 

arrest. In contrast to ceramide and sphingosine, sphingosine-1phosphate (S1P) is 

essential for cell survival, proliferation, mobility and cell-to-cell adhesion. In addition 

to its crucial role in cell proliferation and viability, S1P is of special significant for 
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chemotaxes, adhesion, angiogenesis, intracellular calcium homeostasis and formation 

of cytoskeleton [30].    

Regulation of sphingolipid metabolism in tissues  

Regulation of sphingolipid metabolism depends on multiple factors having impacts on 

the activity of sphingomyelinases (SMases) increasing under effect of various 

cytokines, irradiation, apoptosis and cancer treatment [31]. In organisms of the 

mammalians, three classes of sphingomyelinases, to name acid, neutral and alkaline 

ones, were identified. These enzymes differ by pH values and places of distribution 

[32, 33].  Sphingomyelin breakdown in the plasma membrane proceeds with 

participation of neutral and acid SMAses to result in the formation of ceramide and 

phosphocholine [34, 35, 12]. The process is catalyzed by a group of SMAses; ceramide 

and phosphocholine form due to the destruction of the phosphodiester bond [36].   

 Acid sphingomyelinase (aSMase) is a lysosomal enzyme, a glycoprotein with pH of 

5.0 catalyzing hydrolysis of sphingomyelin into ceramide and phosphocholine, 

participating in the sphingolipid metabolism and playing a significant role in the 

maintenance of normal levels of sphingomyelin and ceramides [37, 38, 39, 40].  Mg2+-

dependent neutral sphingomyelinase (nSMase) is a mediator of the stressinduced 

production of ceramides [41]. The involvement of nSMase in the intracellular signaling 

and in pathogenesis of some neurological diseases has been proved [42]. SMases are 

active in lysosomes, cytosol, mitochondria, plasma membrane, the nuclei and nuclear 

matrix, the Golgi complex and organelles, to name endoplasmic reticulum. As the 

result of the SMases activation in the lipid rafts, SPH and its metabolites are transferred 

from the cell membrane to the lysosome. The higher expression of the alkaline and acid 

ceramidases and serinepalmitoyltransferase (SPT) could be seen in vivo in ob/ob mice 

with hereditary obesity and diabetes. This was observed to result in the accumulation 
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of ceramide and spinhgosine-1-phosphate in the samples of adipose tissue as compared 

with those taken from the lean animals [43].       

Sphingolipids are the mediators of biological effects produced by a number of 

cytokines, particularly, of the tumor necrosis factor- α (TNF-α) and interleukins (ILs). 

These processes are based on the involvement of sphingolipids in the transduction and 

transformation of the cell signal [4]. Direct effect of the inflammatory cytokines, such 

as TNF-α and IL-1 on the cell lines of hepatocellular carcinoma was found to stimulate 

the expression of SPT providing direct mechanistic association between inflammation 

and sphingolipid synthesis [44]. The platelet growth factors and inflammatory 

cytokines, such as TNF-α activate sphingosine kinase and accelerate formation of S1P 

which in its turn provides cell viability and inflammatory responses [45]. In addition, 

TNF-α was established to accelerate de novo ceramide synthesis due to fast increase of 

aSMase overnight [46, 47]. Studies on the cultured myocytes demonstrated that even 

the slight increase in the ceramide concentrations in the culture medium resulted in the 

suppression of signaling and action of insulin [48, 49]. It can be concluded that even 

slight changes in the sphingolipid concentrations could result in the onset and 

progression of severe complications.  The oxidative stress, cytokines and various 

pathogens activate aSMse and nSMase in some compartments to result in the 

production of ceramides [21]. Ceramide, phytosphingosine, sphingosine, sphinganine 

and their appropriate phosphates are the regulatory molecules at the same time 

determining functional activity of the cell in the normal and pathological conditions 

[50].  

Involvement of sphingolipids in various pathological processes  

 Impaired catabolism of sphingolipids underlies many human diseases. 

Sphingolipidoses or disorders of sphingolipid metabolism are the diseases considered 

as the hereditary ones causing accumulation of some lipids in some tissues or organs 
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and having a particular impact on neural tissues [51]. Consequently, the significance 

of sphingolipids as the predicative biomarkers in the pathogenesis of various diseases 

is intensively studied [52].   

Gaucher’s disease results from the deficiency of acid β-glucosidase, a lysosomal 

enzyme responsible for the intralysosomal catabolism of its natural substrate, glucosyl-

ceramide. The changes take place in special micro-domains of membranes called lipid 

rafts due to accumulation of glucosyl ceramide. Lipid rafts are crucial for adequate 

transduction of insulin signaling; the imbalance results in the onset of insulin resistance 

in patients with Gaucher’s disease due to disorders in the insulin signaling [53].    

 Within the last decade, relatively simple sphingolipids, to name ceramide, 

sphingosine, sphingosine-1-phosphate and glucosyl ceramide were found  

significantly involved in the functions of neurons, regulating the neurons’ growth and 

differentiation. Homeostasis of membrane sphingolipids in neurons and myelin is 

essential for prevention of synaptic plasticity loss, cell death and neurodenegeration 

[54]. Sphingolipids are the integral component of the brain cell membranes necessary 

for normal homeostasis and functioning of neurons. Neuronal transduction of signals 

with involvement of ceramide is mainly associated with inflammation, formation of 

free radicals and oxidative stress, as well as with dysregulation of calcium and damage 

of lysosomes [55, 56]. Products of ceramide metabolism, such as glucosyl- and lactosyl 

ceramides, stimulate cell proliferation inhibiting apoptosis [57]. Even slight changes in 

the balance of sphingolipids are significant for the onset of neurodegenerative diseases, 

particularly, of Alzheimer disease [58]. In Alzheimer disease, sphingomyelinase 

induces apoptosis in the neuronal cells triggering formation of pro-apoptotic molecule 

of ceramide [59].    

Consequently, a number of studies were conducted to reveal alterations in sphingolipid 

metabolism in the brain cells in Alzheimer disease [58, 60, 26]. In Alzheimer disease, 
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expression and activity of enzymes involved in S1P metabolism resulting in the 

decrease of the S1P concentrations can be seen [61, 62].      

Parkinson's disease (PD) is a long-term degenerative disorder of the central 

nervous system mainly affecting the motor system. It affects 1-2% of people older than 

65 years and 5% of people older than 85 years of age [63]. Sphingolipids were found 

to be involved in the onset and progression of the disease. Higher concentrations of 

mono- hexosyl ceramide, lactosyl ceramide and sphingomyelin were found in the 

samples of postmortem brain tissues [64]. A group of researchers suggested that 

Imipramine, a tricyclic antidepressant mainly used in the treatment of depression and 

anxiety, could reduce the death of neurons in the hippocampus by inhibition of activity 

of aSMase [55]. The findings from the study demonstrated that activity of aSMase 

could be inhibited by reduction in concentrations of ceramide. The increase in the 

concentrations of ceramide causes dysfunction of endothelial barrier [65]. S1P is a 

barrier-protective agent responsible for integrity of the vascular barrier [66, 67].   With 

aging, the sensitivity of the liver cells to insulin sharply declines. Ceramides with the 

increase of their concentrations in a human organism with aging are essential in 

progression of hepatocytes’ resistance to the effects of hormones.  Activation of the de 

novo process of ceramide synthesis was demonstrated to be one of the causes for 

decline of cells’ sensitivity to insulin [68]. With aging, products of metabolism were 

established to accumulate in the cell gradually destroying it.   Ratio of ceramides, 

cholesterol and long-chain aliphatic fatty acids (2:1:0.75) is the most significant 

normative indicator of the skin’s health [69, 70]. Violation of the ratio triggers 

pathological processes in the skin.     

 In addition, in sclerosis inflammatory cytokines and oxidative stress are the potent 

activators of sphingomyelin cycle in oligodendrocytes. Increase in the concentrations 

of ceramides causes suppression of the signal pathways responsible for transduction of 
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hormonal signals sometimes resulting in the onset of insulin resistance [71]. In 

addition, proliferation of aortic smooth muscle cells (ASMCs) under effect of lactosyl 

ceramide may cause exacerbation of atherosclerosis. On the other hand, cell apoptosis 

with involvement of the inflammatory cytokines, TNFα, interleukin-1 and low density 

lipoproteins (LDL) may occur by means of activation of membrane-coupled nSMase.  

Antibodies to nSMase may block apoptosis induced by LDL and TNFα and, thus, be 

instrumental in studies of apoptosis in vivo in experimental animals [72]. Ceramide was 

established to significantly reduce levels of resynthesized lipids in hepatocytes, as well 

as synthesis of phosphatidylcholine and phosphatidylethanolamine from major 

phospholipids of biological membranes [73]. Ceramide inhibits transduction of insulin 

signals and destroys pancreatic β-cells to finely result in the onset of diabetes mellitus.    

   

Conclusion  

Presently, there is a clear understanding of significance the sphingolipid synthesis 

pathways and mechanisms of control for their metabolism have. Worldwide, a lot of 

studies center on significance of sphingolipids in pathogenesis of various diseases, 

including obesity, insulin resistance, metabolic syndrome, diabetes mellitus and 

neurodegenerative disorders.    

Further studies on molecular mechanisms underlying sphingolipid metabolism 

impairment in human organism in various pathologies are promising in view of search 

for new ways of correction of these pathological processes and generation of novel 

medications.   

References  

1. Loewith R., Riezman H., Winssinger N.  Sphingolipids and membrane targets 

for therapeutics. // Current Opinion in Chemical Biology. – 2019. – V.50. – P. 

19–28.    



Asian journal of Pharmaceutical and biological research 2231-2218 

http://www.ajpbr.org/  Universal IMPACT factor 7   
SJIF 2022: 4.465   
Volume 11 Issue 2   
MAY-AUG 2022  
https://doi.org/10.5281/zenodo.7196682     

 

401  

2. Buccoliero, R., Futerman, A. H. The roles of ceramide and complex 

sphingolipids in neuronal cell function. // Pharmacological Research. – 2003.   

– V. 47. – P. 409–419.   

3. Merrill Jr. A.H., Schmelz E-M., Dillehay D.L., Spiegel S., Shayman J.A., 

Schroeder J.J., Riley R.T.,  Voss K.A., Wang E. Sphingolipids - the enigmatic 

lipid class: biochemistry, physiology, and pathophysiology. // Toxicology and 

Applied Pharmacology. – 1997. – V.142 (1). – P. 208-225.   

4. Hannun Y.A., Luberto C. Lipid metabolism: ceramide transfer protein adds a 

new dimension. // Curr Biol. – 2004. – V. 14(4). – Р. R163-165.   

5. Levade, T., Auge, N., Veldman, R. J., Cuvillier, O., Negre-Salvayre, A., 

Salvayre, R. Sphingolipid mediators in cardiovascular cell biology and 

pathology. // Circ Res.  2001 Nov 23; 89 (11):957-68.  

6. Eddy A.А., Liu E., МсСulloch L.  Interstitial fibrosis in hypercholesterolemic 

rats: role of oxidation, matrix synthesis and proteolytic cascades.  // Kidney Int. 

— 1998. — V. 53. — P. 1182-1189.       

7. Lee J., Yeganeh B., Ermini L., Post M. Sphingolipids as cell fate regulators in 

lung development and disease. // Apoptosis. – 2015.  — V. 20. — P. 740–757.       

8. Abou-Ghali M, Stiban J. Regulation of ceramide channel formation and 

disassembly: insights on the initiation of apoptosis. // Saudi J Biol Sci. – 2015.  

– V. 22. – P. 760–772.     

9. Gault CR, Obeid LM, Hannun YA. An overview of sphingolipid metabolism: 

from synthesis to breakdown. // Adv Exp Med Biol. – 2010. – V. 688. — P.1– 

23.           

10. Gorski J. Ceramide and insulin resistance: how should the issue be approached? 

// Diabetes. – 2012. – V. 61(12). — P. 3081-3083.          

https://www.sciencedirect.com/science/journal/0041008X
https://www.sciencedirect.com/science/journal/0041008X
https://www.sciencedirect.com/science/journal/0041008X
https://www.sciencedirect.com/science/journal/0041008X
https://www.sciencedirect.com/science/journal/0041008X/142/1
https://www.sciencedirect.com/science/journal/0041008X/142/1
https://www.sciencedirect.com/science/journal/0041008X/142/1


Asian journal of Pharmaceutical and biological research 2231-2218 

http://www.ajpbr.org/  Universal IMPACT factor 7   
SJIF 2022: 4.465   
Volume 11 Issue 2   
MAY-AUG 2022  
https://doi.org/10.5281/zenodo.7196682     

 

402  

11. Henryk Jęśko, Adam Stępień, Walter J. Lukiw, Robert P. Strosznajde.   The 

cross-talk between sphingolipids and insulin-like growth factor signaling: 

significance for aging and neurodegeneration. // Molecular Neurobiology.   – 

2019.  – V. 56. – P. 3501–3521.            

12.Hannun Y.A, Obeid L.M. Sphingolipids and their metabolism in physiology and 

disease. Nature Reviews Molecular Cell Biology. – 2018. – V.19 (3). – Р.  

175–191.         

13. Karunakaran I, van Echten-Deckert G. Sphingosine 1-phosphate - a doubleedged 

sword in the brain. Biochim Biophys Acta. – 2017. – V. 1859. – P. 1573–1582.        

14. Won J., Singh I. Inderjit Singh.  Sphingolipid signaling and redox regulation. // 

Free Radical. Biol. Med. 2006. Vol. 40. P. 1875–1888.         

15. Cherukuri A, Dykstra M, Pierce SK. Floating the raft hypothesis: lipid rafts play 

a role in immune cell activation. Immunity. – 2001. – V. 14. – P. 657– 

660.      

16. Li PL, Zhang Y, Yi F. Lipid raft redox-signaling platforms in endothelial 

dysfunction. //Antioxid Redox Signal. – 2007. – V. 9 (9). – P. 1457-70.  

17. Si Jin, Fan Yi, Fan Zhang, Justin L. Poklis, Pin-Lan Li. Lysosomal targeting and 

trafficking of acid sphingomyelinase to lipid raft platforms in coronary 

endothelial cells. // Arteriosclerosis, Thrombosis, and Vascular Biology. – 2008. 

– V. 28. – P. 2056-2062.       

18. Gerhild van Echten-Deckert , Shah Alam .Sphingolipid metabolism – an 

ambiguous regulator of autophagy in the brain. // Biol. Chem. – 2018. — V. 399 

(8). — P. 837–850.     

19. Simons, K., Gerl, M.J. Revitalizing membrane rafts: new tools and insights. // 

Nat. Rev. Mol. Cell Biol.  – 2010. — V. 11. — P. 688–699.     

https://link.springer.com/journal/12035
https://link.springer.com/journal/12035
https://pubmed.ncbi.nlm.nih.gov/?term=Singh+I&cauthor_id=16716889
https://pubmed.ncbi.nlm.nih.gov/?term=Singh+I&cauthor_id=16716889


Asian journal of Pharmaceutical and biological research 2231-2218 

http://www.ajpbr.org/  Universal IMPACT factor 7   
SJIF 2022: 4.465   
Volume 11 Issue 2   
MAY-AUG 2022  
https://doi.org/10.5281/zenodo.7196682     

 

403  

20. Both D., Goodtzova K., Yarosh D., Brown D. Liposome-encapsulated ursolic 

acid increases ceramides and collagen in human skin cells. // Arch. Dermatol.  

Res. — 2002. — V. 293. №11. — P. 569—575.       

21. Hannun YA, Obeid LM. Principles of bioactive lipid signaling: lessons from 

sphingolipids. // Nature Rev. Mol. Cell Biol. – 2008. – V. 9. – P. 139–150.         

22.Rolando I. Castillo, Leonel E. Rojo, Marcela Henriquez-Henriquez, Hernán  

Silva, Alejandro Maturana, María J. Villar, Manuel Fuentes and Pablo A. 

Gaspar.  From molecules to the clinic: linking schizophrenia and metabolic 

syndrome through sphingolipids metabolism. // Frontiers in Neuroscience. – 

2016. – V. 10 (488). – P. 1-15.            

23. Nitai C. Hait, Aparna Maiti. The role of sphingosine-1-phosphate and ceramide-

1-phosphate in inflammation and cancer // Mediators of  

Inflammation.  – 2017. – P. 1-17.       

24. Hannun Y.A., Obeid L.M., Dbaibo G.S. Handbook Lipid Res., Bell, R.M., Ed. 

New York: Plenum, 1996, pp. 177-204.   

25. Laura Riboni, Paola Viani, Rosaria Bassi, Alessandro Prinetti and Guido 

Tettamanti. The role of sphingolipids in the process of signal transduction. // 

Prog. Lipid Res.1997. –V. 36. (No. 2/3). –Р.153-195.       

26. Zheng, W., Kollmeyer, J., Symolon, H., Momin, A., Munter, E., Wang, E., 

Samuel Kelly Jeremy, C.Allegood Ying Liu, Qiong Peng,  Harsha Ramaraju, M. 

Cameron Sullards,  Myles Cabot, Alfred H. Merrill Jr. Ceramides and other 

bioactive sphingolipid backbones in health and disease: lipidomic analysis, 

metabolism and roles in membrane structure, dynamics, signaling and 

autophagy. // Biochim. Biophys. Acta. – 2006. – V. 1758. – P. 1864–1884.          



Asian journal of Pharmaceutical and biological research 2231-2218 

http://www.ajpbr.org/  Universal IMPACT factor 7   
SJIF 2022: 4.465   
Volume 11 Issue 2   
MAY-AUG 2022  
https://doi.org/10.5281/zenodo.7196682     

 

404  

27. Pant D.C., Aguilera-Albesa S., Pujol A. Ceramide signalling in inherited and 

multifactorial brain metabolic diseases. // Neurobiol Dis. – 2020 Sep; – V. 

143(105014). – P. 1-15.       

28. Merscher S., Fornoni A. Podocyte pathology and nephropathy – sphingolipids 

in glomerular diseases. // Nefrologia.  – 2016. – V. 20(1). – P. 10-23. (in  

Russian)   

29.Suzuki E, Handa K, Toledo MS, Hakomori S. Sphingosine-dependent apoptosis: 

a unified concept based on multiple mechanisms operating in concert. // Proc. 

Natl Acad. Sci. –  2004. – V. 101. – P. 14788–14793.     

30. Ana Olivera, Sarah Spiegel.  Sphingosine-1-phosphate as second messenger in 

cell proliferation induced by PDGF and FCS mitogens. // Nature. – 1993. – V. 

365. – P. 557–560.           

31. Babak Oskouian , Julie D. Saba. Cancer treatment strategies targeting 

sphingolipid metabolism. // Adv. Exp. Med Biol. – 2010. – V. 688. – P. 185– 

205.               

32. Duan RD Alkaline sphingomyelinase: an old enzyme with novel implications // 

Biochim Biophys Acta. – 2006. –V. 1761.–Р. 281–291.          

33. Marchesini N, Hannun YA. Acid and neutral sphingomyelinases: roles and 

mechanisms of regulation // Biochem Cell Biol. – 2004. –V. 82. – Р. 27–44.      

34. Bartke N. and Hannun Y. A. Bioactive sphingolipids: metabolism and function. 

// J. Lipid Res. – 2009.  – V. 50. – Р. S91–S96.               

35. Grösch S, Alessenko AV, Albi E. The many facets of sphingolipids in the 

specific phases of acute inflammatory response. // Mediators of Inflammation.  

– 2018. – V. 2018. – Р. 1–12.       

https://www.ncbi.nlm.nih.gov/pubmed/?term=Oskouian%20B%5BAuthor%5D&cauthor=true&cauthor_uid=20919655
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oskouian%20B%5BAuthor%5D&cauthor=true&cauthor_uid=20919655
https://www.ncbi.nlm.nih.gov/pubmed/?term=Saba%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=20919655
https://www.ncbi.nlm.nih.gov/pubmed/?term=Saba%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=20919655
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=20919655
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=20919655
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=20919655
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=20919655
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=20919655
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=20919655
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=20919655
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=20919655
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=20919655
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=20919655
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=20919655


Asian journal of Pharmaceutical and biological research 2231-2218 

http://www.ajpbr.org/  Universal IMPACT factor 7   
SJIF 2022: 4.465   
Volume 11 Issue 2   
MAY-AUG 2022  
https://doi.org/10.5281/zenodo.7196682     

 

405  

36. Tardy C, Codogno P, Autefage H, Levade T, Andrieu-Abadie N. Lysosomes and 

lysosomal proteins in cancer cell death (new players of an old struggle). // 

Biochim. Biophys. Acta. – 2006. – V. 1765. – P. 101-125.              

37. Babenko N.A., Shevereva V.M., Gar’kavenko V.V. Imbalance of sphingolipids 

in tissues and modification of rat behavior under effect of neurogenic stress: role 

of changes in activity of sphingomyelinases. Neurofiziologia (Neurophysiology) 

(Kiev). – 2016. – V. 48 (6). – P. 437-445 (in Russian).  

38. Jensen J., Folster-Holst R., Baranowsky A.   Baranowsky A.,  Schunck M.,   

Winoto-Morbach S., Neumann C.,  Schütze S.,  Proksch E. Impaired 

sphingomyelinase activity and epidermal differentiation in atopic dermatitis. //  

J. Invest. Dermatol. — 2004. — V. 122. №6. — P. 1423—1431.                

39. Jin S, Yi F, Zhang F, Poklis JL, Li PL Lysosomal targeting and trafficking of 

acid sphingomyelinase to lipid raft platforms in coronary endothelial cells. // 

Arterioscler Thromb Vasc Biol. – 2008. – V. 28. – P. 2056–2062.           

40. Kornhuber Johannes, Muehlbacher Markus, Trapp Stefan, Pechmann Stefanie,  

Friedl1 Astrid, Reichel1 Martin, Mühle Christiane, Terfloth Lothar, Groemer 

Teja W., Spitzer Gudrun M., Liedl Klaus R., Gulbins Erich, Tripal Philipp. 

Identification of novel functional inhibitors of acid sphingomyelinase. //  PloS 

One, 2011;6(8):e23852.                

41. Barbosa-da-Silva S, Bringhenti Sarmento I, Lonzetti Bargut T, Souza-Mello V, 

Aguila MB, Mandarim-de-Lacerda CA. Animal models of nutritional induction 

of type 2 diabetes mellitus. // Int J Morphol. – 2014. – V. 32. – P. 279-293.             

42. Lydic TA, Goo YH. Lipidomics unveils the complexity of the lipidome in 

metabolic diseases. // Clinical and Translational Medicine. – 2018. –V. 7(1). –  

Р. 4.              

https://pubmed.ncbi.nlm.nih.gov/?term=Baranowsky+A&cauthor_id=15175033
https://pubmed.ncbi.nlm.nih.gov/?term=Baranowsky+A&cauthor_id=15175033
https://pubmed.ncbi.nlm.nih.gov/?term=Baranowsky+A&cauthor_id=15175033
https://pubmed.ncbi.nlm.nih.gov/?term=Schunck+M&cauthor_id=15175033
https://pubmed.ncbi.nlm.nih.gov/?term=Schunck+M&cauthor_id=15175033
https://pubmed.ncbi.nlm.nih.gov/?term=Schunck+M&cauthor_id=15175033
https://pubmed.ncbi.nlm.nih.gov/?term=Winoto-Morbach+S&cauthor_id=15175033
https://pubmed.ncbi.nlm.nih.gov/?term=Winoto-Morbach+S&cauthor_id=15175033
https://pubmed.ncbi.nlm.nih.gov/?term=Winoto-Morbach+S&cauthor_id=15175033
https://pubmed.ncbi.nlm.nih.gov/?term=Winoto-Morbach+S&cauthor_id=15175033
https://pubmed.ncbi.nlm.nih.gov/?term=Winoto-Morbach+S&cauthor_id=15175033
https://pubmed.ncbi.nlm.nih.gov/?term=Neumann+C&cauthor_id=15175033
https://pubmed.ncbi.nlm.nih.gov/?term=Neumann+C&cauthor_id=15175033
https://pubmed.ncbi.nlm.nih.gov/?term=Sch%C3%BCtze+S&cauthor_id=15175033
https://pubmed.ncbi.nlm.nih.gov/?term=Sch%C3%BCtze+S&cauthor_id=15175033
https://pubmed.ncbi.nlm.nih.gov/?term=Proksch+E&cauthor_id=15175033
https://pubmed.ncbi.nlm.nih.gov/?term=Proksch+E&cauthor_id=15175033


Asian journal of Pharmaceutical and biological research 2231-2218 

http://www.ajpbr.org/  Universal IMPACT factor 7   
SJIF 2022: 4.465   
Volume 11 Issue 2   
MAY-AUG 2022  
https://doi.org/10.5281/zenodo.7196682     

 

406  

43. Samad F, Hester KD, Yang G, Hannun YA, Bielawski J. Altered adipose and 

plasma sphingolipid metabolism in obesity: a potential mechanism for 

cardiovascular and metabolic risk // Diabetes. 2006 Sep;55(9):2579-87.  

44. Memon RA, Holleran WM, Moser AH, Seki T, Uchida Y, Fuller J, Shigenaga 

JK, Grunfeld C, Feingold KR. Endotoxin and cytokines increase hepatic 

sphingolipid biosynthesis and produce lipoproteins enriched in ceramides and 

sphingomyelin. // Arterioscler Thromb Vasc Biol. 1998. – V. 18(8). – P. 1257– 

1265.                   

45. Pettus BJ, Bielawski J, Porcelli AM, Reames DL, Johnson KR, Morrow J,  

Chalfant CE, Obeid LM, Hannun YA The sphingosine kinase 1/sphingosine-

1phosphate pathway mediates COX-2 induction and PGE2 production in 

response to TNF-α. // FASEB J.   – 2003. – V. 17. – P. 1411–1421.             

46. Haimovitz-Friedman A, Cordon-Cardo C, Bayoumy S, Garzotto M, McLoughlin 

M, Gallily R, Edwards CK 3rd, Schuchman EH, Fuks Z, Kolesnick R. 

Lipopolysaccharide induces disseminated endothelial apoptosis requiring 

ceramide generation. // J. Exp. Med. – 1997. – V. 186(11). – P. 1831- 

1841.                  

47. Medler TR, Petrusca DN, Lee PJ, Hubbard WC, Berdyshev EV, Skirball J, 

Kamocki K, Schuchman E, Tuder RM, Petrache I. Apoptotic sphingolipid 

signaling by ceramides in lung endothelial cells. // Am. J. Respir Cell. Mol. Biol. 

– 2008. – V. 38(6). – P. 639-646.            

48. Pickersgill L, Litherland GJ, Greenberg AS, et al. Key role for ceramides in 

mediating insulin resistance in human muscle cells. // Biol Chem J. – 2007. – V. 

282. – P. 12583–12589.                 

49. Powell DJ, Turban S, Gray A, et al. Intracellular ceramide synthesis and protein 

kinase Czeta activation play an essential role in palmitate-induced insulin 



Asian journal of Pharmaceutical and biological research 2231-2218 

http://www.ajpbr.org/  Universal IMPACT factor 7   
SJIF 2022: 4.465   
Volume 11 Issue 2   
MAY-AUG 2022  
https://doi.org/10.5281/zenodo.7196682     

 

407  

resistance in rat L6 skeletal muscle cells. // Biochem J. – 2004. – V. 382. – P. 

619–629.        

50. Kandalova O.V., Kandalova A.N., Martynova E.A. The role of sphingolipids in 

the skin aging. Patogenez (Pathogenesis) (Moscow). 2012; 10(1): 4-13. (in  

Russian)           

51. Young Simon A., Mina John G., Paul Denny W., Smith Terry K. Sphingolipid 

and ceramide homeostasis: potential therapeutic targets. // Biochemistry 

Research International. – 2012. – V. 2012. – P. 1-12.         

52. Aoki M., Aoki, H., Ramanathan, R., Hait NC., Takabe, K. Sphingosine-

1phosphate signaling in immune cells and inflammation: Roles and therapeutic 

potential. // Mediators of Inflammation. – 2016. – V. – Р. 1-12.            

53.Leonie A. Boven, Marjan Van Meurs, Rolf G. Boot, Atul Mehta, Louis Boon, 

Johannes M. Aerts, Jon D. Laman, Gaucher cells demonstrate a distinct 

macrophage phenotype and resemble alternatively activated macrophages. // 

American Society for Clinical Pathology. – 2004. – V. 112(3). – P. 259-269.               

54. Alice V. Alessenko, Elisabetta Albi. Exploring sphingolipid implications in 

neurodegeneration // Frontiers in Neurology – 2020; – V. 11: 437. – P. 1-13              

55. Maceyka М., Sarah Spiegel S. Sphingolipid metabolites in inflammatory 

disease. // Nature. – 2014. – V. 510. – 58-67  

56. A Ra Kho, Bo Young Choi, Song Hee Lee, Dae Ki Hong, Beom Seok Kang, Si 

Hyun Lee and Sang Won Suh Administration of an Acidic Sphingomyelinase  

 (ASMase)  Inhibitor,  Imipramine,  Reduces  Hypoglycemia-Induced  

Hippocampal Neuronal Death. // Cells. – 2022. – V. 11(667).  – Р. 1-20.                   

57. Dyatlovitskaya E.I., Kandyba A.G. Bioeffector sphingolipids as stimulators of 

cell growth and survival. Bioorganicheskaya khimiya (Bioorganic Chemistry) 

(Moscow). 2004;30(3):277-233. (in Russian)   

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7254877/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7254877/


Asian journal of Pharmaceutical and biological research 2231-2218 

http://www.ajpbr.org/  Universal IMPACT factor 7   
SJIF 2022: 4.465   
Volume 11 Issue 2   
MAY-AUG 2022  
https://doi.org/10.5281/zenodo.7196682     

 

408  

58. Mielke M. M., Lyketsos C. G. Alterations of the sphingolipid pathway in 

Alzheimer's disease: new biomarkers and treatment targets? // Neuromolecular 

Med. 2010. – V. 12 (4). – Р.  331–340.                

59. Raas-Rothschild A., Pankova-Kholmyansky I., Kacher Y., Futerman A. H.  

Glycosphingolipidoses: beyond the enzymatic defect. // Glycoconjugate  

Journal. – 2004. – V. 21(6).  – P. 295–304.                

60. Haughey N. J., R. Bandaru V. V., Bae M., Mattson M. P., Roles for dysfunctional 

sphingolipid metabolism in Alzheimer's disease neuropathogenesis. // 

Biochimica et Biophysica Acta. – 2010. – V. 1801(8). –  

P. 878–886.               

61. Ceccom, J., Delisle, M. B., Cuvillier, O. Sphingosine 1-phosphate as a biomarker 

for Alzheimer's disease? // Med. Sci. – 2014. – V. 30. – P. 493–495.       

62.Katsel, P., Li, C., Haroutunian, V. Gene expression alterations in the 

sphingolipid metabolism pathways during progression of dementia and 

Alzheimer's disease: a shift toward ceramide accumulation at the earliest 

recognizable stages of Alzheimer's disease? // Neurochem. Res. – 2007. – V.  

32. – P. 845–856.                 

63. Obeso, J. A., Rodriguez-Oroz, M. C., Goetz, C. G., Marin, C., Kordower, J. H., 

Rodriguez, M., Hirsch E.C., Farrer M., Schapira A.H., Halliday G. Missing 

pieces in the Parkinson's disease puzzle. // Nature medicine. – 2010. –V. 16  

(6). – P. 653-661.   

64. Abbott, SK., Li, HY., Munoz, SS.,  Knoch, B., Batterham, M., Murphy, KE., 

Halliday, GM., Garner, B. Altered ceramide acyl chain length and ceramide 

synthase gene expression in Parkinson's disease. // Movement Disorders. – 2014. 

– V. 29 (29). – Р. 518-526.              



Asian journal of Pharmaceutical and biological research 2231-2218 

http://www.ajpbr.org/  Universal IMPACT factor 7   
SJIF 2022: 4.465   
Volume 11 Issue 2   
MAY-AUG 2022  
https://doi.org/10.5281/zenodo.7196682     

 

409  

65. Petrache I., Petrusca D.N., Russell B. P., Kamocki K. Involvement of ceramide 

in cell death responses in the pulmonary circulation. // Proceedings of the 

American Thoracic Society. – 2011. – V. 8. – Р. 492–496.                 

66. Kane L Schaphorst,  Eddie Chiang, Keri N Jacobs, Ari Zaiman, Viswanathan 

Natarajan, Frederick Wigley, Joe G N Garcia. Role of sphingosine-1 phosphate 

in the enhancement of endothelial barrier integrity by platelet-released products. 

// Am J Physiol Lung Cell Mol Physiol. – 2003. – V. 285. – P. L258– L267.       

67. Viswanathan Natarajan, Dudek, Jeffrey R. Jacobson, Liliana Moreno-Vinasco, 

Long Shuang Huang, Taimur Abassi, Biji Mathew, Yutong Zhao, Lichun Wang, 

Robert Bittman, Ralph Weichselbaum,  Evgeny Berdyshev, Joe G. N. Garcia. 

Sphingosine-1–phosphate, FTY720, and sphingosine-1–phosphate receptors in 

the pathobiology of acute lung injury. // American journal of respiratory cell and 

molecular biology. – 2013. – V. 49.  – P. 6-17.               

68.Babenko N.A., Kharchenko V.S. Role of ceramides in the damage of 

phospholipase D-dependent insulin signaling in the liver cells of senile rats. 

Biokhimiya (Biochemistry)(Moscow). 2012;77(2):223-230. (in Russian)  

69. Feingold K. Skin Lipids. The role of epidermal lipids in cutaneous permeability 

barrier homeostasis. / / J. Lipid Res. — 2007. — V. 48 (12). — P. 2531—2546.               

70. Gooris G., Bouwstra J. Infrared spectroscopic study of stratum corneum model 

membranes prepared from human ceramides, cholesterol, and fatty acids. //  

Biophys. J. — 2007. — V. 92 (80). — P. 2785—2795.       

71. Yang G. Badeanlou L, Bielawski J, Roberts AJ, Hannun Y.A., Samad F. Central 

role of ceramide biosynthesis in body weight regulation, energy metabolism, and 

the metabolic syndrome. // Am J Physiol Endocrinol Metab. 2009 

Jul;297(1):E211-24.   

https://pubmed.ncbi.nlm.nih.gov/?term=Schaphorst+KL&cauthor_id=12626332
https://pubmed.ncbi.nlm.nih.gov/?term=Schaphorst+KL&cauthor_id=12626332
https://pubmed.ncbi.nlm.nih.gov/?term=Chiang+E&cauthor_id=12626332
https://pubmed.ncbi.nlm.nih.gov/?term=Chiang+E&cauthor_id=12626332
https://pubmed.ncbi.nlm.nih.gov/?term=Jacobs+KN&cauthor_id=12626332
https://pubmed.ncbi.nlm.nih.gov/?term=Jacobs+KN&cauthor_id=12626332
https://pubmed.ncbi.nlm.nih.gov/?term=Jacobs+KN&cauthor_id=12626332
https://pubmed.ncbi.nlm.nih.gov/?term=Zaiman+A&cauthor_id=12626332
https://pubmed.ncbi.nlm.nih.gov/?term=Zaiman+A&cauthor_id=12626332
https://pubmed.ncbi.nlm.nih.gov/?term=Zaiman+A&cauthor_id=12626332
https://pubmed.ncbi.nlm.nih.gov/?term=Natarajan+V&cauthor_id=12626332
https://pubmed.ncbi.nlm.nih.gov/?term=Natarajan+V&cauthor_id=12626332
https://pubmed.ncbi.nlm.nih.gov/?term=Natarajan+V&cauthor_id=12626332
https://pubmed.ncbi.nlm.nih.gov/?term=Natarajan+V&cauthor_id=12626332
https://pubmed.ncbi.nlm.nih.gov/?term=Natarajan+V&cauthor_id=12626332
https://pubmed.ncbi.nlm.nih.gov/?term=Wigley+F&cauthor_id=12626332
https://pubmed.ncbi.nlm.nih.gov/?term=Wigley+F&cauthor_id=12626332
https://pubmed.ncbi.nlm.nih.gov/?term=Wigley+F&cauthor_id=12626332
https://pubmed.ncbi.nlm.nih.gov/?term=Garcia+JG&cauthor_id=12626332
https://pubmed.ncbi.nlm.nih.gov/?term=Garcia+JG&cauthor_id=12626332
https://pubmed.ncbi.nlm.nih.gov/?term=Garcia+JG&cauthor_id=12626332
https://www.ncbi.nlm.nih.gov/pubmed/?term=Natarajan%20V%5BAuthor%5D&cauthor=true&cauthor_uid=23449739
https://www.ncbi.nlm.nih.gov/pubmed/?term=Natarajan%20V%5BAuthor%5D&cauthor=true&cauthor_uid=23449739
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dudek%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=23449739
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dudek%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=23449739
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dudek%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=23449739
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jacobson%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=23449739
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jacobson%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=23449739
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jacobson%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=23449739
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moreno-Vinasco%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23449739
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moreno-Vinasco%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23449739
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moreno-Vinasco%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23449739
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moreno-Vinasco%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23449739
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moreno-Vinasco%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23449739
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20LS%5BAuthor%5D&cauthor=true&cauthor_uid=23449739
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20LS%5BAuthor%5D&cauthor=true&cauthor_uid=23449739
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abassi%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23449739
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abassi%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23449739
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mathew%20B%5BAuthor%5D&cauthor=true&cauthor_uid=23449739
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mathew%20B%5BAuthor%5D&cauthor=true&cauthor_uid=23449739
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23449739
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23449739
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23449739
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23449739
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23449739
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bittman%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23449739
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bittman%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23449739
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bittman%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23449739
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bittman%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23449739
https://www.ncbi.nlm.nih.gov/pubmed/?term=Weichselbaum%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23449739
https://www.ncbi.nlm.nih.gov/pubmed/?term=Weichselbaum%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23449739
https://www.ncbi.nlm.nih.gov/pubmed/?term=Weichselbaum%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23449739
https://www.ncbi.nlm.nih.gov/pubmed/?term=Berdyshev%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23449739
https://www.ncbi.nlm.nih.gov/pubmed/?term=Berdyshev%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23449739
https://www.ncbi.nlm.nih.gov/pubmed/?term=Garcia%20JG%5BAuthor%5D&cauthor=true&cauthor_uid=23449739
https://www.ncbi.nlm.nih.gov/pubmed/?term=Garcia%20JG%5BAuthor%5D&cauthor=true&cauthor_uid=23449739
https://www.ncbi.nlm.nih.gov/pubmed/?term=Garcia%20JG%5BAuthor%5D&cauthor=true&cauthor_uid=23449739
https://www.ncbi.nlm.nih.gov/pubmed/?term=Garcia%20JG%5BAuthor%5D&cauthor=true&cauthor_uid=23449739


Asian journal of Pharmaceutical and biological research 2231-2218 

http://www.ajpbr.org/  Universal IMPACT factor 7   
SJIF 2022: 4.465   
Volume 11 Issue 2   
MAY-AUG 2022  
https://doi.org/10.5281/zenodo.7196682     

 

410  

72. Subroto Chatterjee. Sphingolipids in atherosclerosis and vascular biology. // 

Arteriosclerosis, Thrombosis, and Vascular Biology. 1998. –V. 18. –Р. 1523- 

1533.       

73. Babenko N.A., Belyi A.N., Kharchenko V.S. Role of ceramides with various 

lengths of acyl chain in the liver cells malfunction. Tavricheskiy 

medicobiologicheskiy vestnik (Taurida medical-biological herald) (Simferopol), 

2013;16(1):29-33. (in Russian).  

   

   

   

   

  


