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Univerzita Karlova 

Farmaceutická fakulta v Hradec Králové 

Katedra farmaceutické technologie 

Kandidát: Khalied Mahrous Farid Bataalla 

Školitel: PharmDr. Andrej Kováčik, Ph.D. 

Konzultant: Dr. Georgios Paraskevopoulos, PhD. 

Název diplomové práce: Effect of Sphingosine Phosphorylcholine on the stratum corneum 

Permeability 

 

Sfingosin-fosforylcholin (SPC) je sfingolipid, který patří do velké rodiny lysolipidů. Tato 

sloučenina vzniká z prekurzoru ceramidů, sfingomyelinu, a to působením enzymu 

sfingomyelindeacylázy. Tato sloučenina je tvořena sfingoidní bází (např. sfingosinu) a 

fosforylcholinové jednotky, které jsou spojeny přes hydroxylovou funkční skupinu. V této práci 

jsme studovali vliv SPC na bariérovou funkci a mikrostrukturu (organizaci) modelových 

membrán stratum corneum (SC). K tomuto hodnocení jsme použili čtyři parametry 

permeability: elektrickou impedanci, trans-epidermální ztrátu vody (TEWL), flux (tok) 

indometacinu a flux teofylinu. Z výsledků permeačních experimentů jsme zjistili, že přídavek 

(aplikace) SPC statisticky zvyšuje propustnost SC pro vodu a ionty (zvýšené hodnoty TEWL a 

elektrické impedance). Tento trend jsme rovněž pozorovali u třetího (propustnost pro teofylin) 

a čtvrtého (permeabilita k indometacinu) parametru propustnosti. Negativní vliv SPC na SC 

bylo studováno pomocí biofyzikálních experimentů (infračervená spektroskopie, FTIR). 

V infračervených spektech modelů SC jsme pozorovali (bez statistických rozdílů) posun 

vibračního pásu methylenových valenčních symetrických vibrací do vyšších hodnot vlnočtů. 

Toto značí horší uspořádání lipidů v modelech SC. Tato práce by mohla přispět k objasnění 

významu lysolipidů ve zdravém i nemocném SC a také by mohla být nápomocná při pochopení 

významu změn hladin lipidů v patofyziologii kožní tkáně.  



7 
 

Abstract 

Charles University 
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Supervisor: PharmDr. Andrej Kováčik, Ph.D. 
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Title of Diploma Thesis: Effect of Sphingosine Phosphorylcholine on the stratum corneum 
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Sphingosine phosphorylcholine (SPC) is a sphingolipid, which belongs to a lysolipid family. 

This compound, formed from ceramide precursor – sphingomyelin by the action of 

sphingomyelin deacylase, is composed of sphingoid base (e.g., sphingosine) and 

phosphorylcholine moiety joined to a hydroxyl group. In this project, we studied how SPC 

influences the barrier function and microstructure of model stratum corneum (SC) membranes. 

Four permeability markers were used to study the permeability of SPC: electric impedance, 

trans-epidermal water loss (TEWL), flux of indomethacin and flux of theophylline. From this 

study we found out that the addition of SPC significantly increases the permeability to water 

and ions (increased values of TEWL and decreased values of electric impedance). This trend 

was also observed on third (permeability to theophylline) and fourth (permeability to 

indomethacin) permeation markers. The detrimental effect of SPC was also studied in 

biophysical experiments (infrared spectroscopy, FTIR). From methylene symmetric stretching 

of lipids in model SC membranes with an addition of SPC we observed (not significantly) the 

shift to higher wavenumbers, which suggest the less ordered chains of skin lipids in SC. This 

study could partially elucidate the role of lysolipids in some skin diseases and be helpful to 

clarify the understanding the lipid changes in pathology of the skin tissue.  
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Abbreviations 

AD   atomic dermatitis 

ATR-FTIR  attenuated total reflection Fourier-transform infrared spectroscopy 

BmSM   sphingomyelin from bovine milk 

Cer   ceramide 
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HPLC   high-performance liquid chromatography 
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LPP   long periodicity phase 

Mw   molecular weight 

PG   propylene glycol 
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SM   sphingomyelin 

SC   stratum corneum 

SEM   standard error of mean 

SMase  sphingomyelinase 
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SPC   sphingosine phosphorylcholine 
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TEWL   trans-epidermal water loss 

NADPH  nicotinamide adenine dinucleotide phosphate hydrogen  
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1. Introduction 

1.1. Function of Human Skin 

Skin is the largest organ of the human body; its function is to protect the skin against physical 

and chemical factors such as chemicals and unwanted substances. Skin helps to control body 

temperature and to maintain moisture; it prevents the water loss. Human skin prevents the entry 

of bacteria, viruses and pollution into the body. Skin tissue involves in the synthesis of vitamin 

D. The human skin as a complex organ has many functions, such as the excretion of unwanted 

water (sweating by sweat glands), respiration or immunological function. Moreover, the skin 

protects against trauma and UV rays, etc.1-4 

1.2. Human Skin Composition 

The human skin consists of three functionally different layers, i.e., epidermis, dermis and 

hypodermis, as shown in Figure 1. 

 

Figure 1. Structure of human skin, i.e., skin layers (epidermis, dermis, and hypodermis).5 There 

in the figure, some skin derivatives (sweat gland, hair follicles), and blood vessels are depicted. 

Hypodermis (fat layer) is the innermost layer of the skin; it protects the body from cold, 

heat and plays a role as a storage area for energy. This layer, composed of adipocytes filled 

with triacylglycerols (triglycerides), plays an important role in mechanical barrier of the human 

body, i.e., it protects the muscles and other tissues (organs) against the mechanical stressor 

factors.1 Dermis is the thicker layer of the skin located below epidermis which contains sweat 

glands, hair follicles, blood vessels and nerve endings. The main part of this layer is a mixture 
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of two basic components – collagen and elastin. In the healthy skin, there is a huge amount of 

collagen subclasses. These filaments along with elastin give the strength, elasticity, flexibility 

and tonus.1 The main component of these filaments are amino acids, for instance hydroxylated 

amino acid hydroxy-Proline (OH-Pro). In this layer, many skin derivatives can be found. To 

the most important appendages we can classify the glands (sweat glands for 

excretion/respiration and sebaceous glands for the production of sebum), then hair follicles and 

nails. 

Epidermis is the outermost layer of the skin, composed of keratinocytes (skin cells), 

which form from 4 to 5 layers6, 7 (Figure 2). The most important epidermal layers are stratum 

basale, stratum spinosum, stratum granulosum and the outermost epidermal layer, i.e., stratum 

corneum. In addition, the stratum lucidum is counted to the epidermal layers (see below). 

1.3. Human Epidermis Composition 

In this chapter, the epidermal layers and their structure and function are described.8 Epidermal 

layers (Figure 2) are: 

• Stratum basale. This layer is the deepest layer of the epidermis. There, in stratum 

basale, the cells are linked with the dermis by collagen fibres links. 

 

• Stratum spinosum. The cells in this epidermal layer are joined by desmosomes. The 

desmosome strength the bond between the cells. Stratum spinosum consists of between 

8 to 10 layers of keratinocytes. 

 

• Stratum granulosum. In this layer, skin cells produce a large quantity of the protein 

keratin and keratohyalin. 

 

• Stratum lucidum. This layer is localized between the stratum granulosum and the 

uppermost layer of the skin, the stratum corneum. This layer is only found in thick skin. 

 

• Stratum corneum (SC). This layer is the outermost layer of human epidermis, it is 

composed of 20 to 30 layers of dead keratinocytes, well known as corneocytes. These 

cells do not contain any compartments and nuclei. Corneocytes plus intercellular skin 

lipids (lipid matrix; see below) play an essential role in the proper skin barrier, i.e., the 

prevention the water loss and entering of unwanted substances.3, 9  
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Figure 2. Structure of human epidermis, i.e., stratum basale, stratum spinosum, stratum 

granulosum, stratum lucidum, and stratum corneum.10 

1.4. Lipid Matrix of stratum corneum 

Lipid matrix of SC consists of a molar ratio (1:1:1 mol)6, 11, 12 of three classes of skin lipids, i.e., 

cholesterol (Chol), free fatty acids (FFA), and ceramides (Cer)13 as shown in Figure 3. 

 

Figure 3. Structure of cholesterol, free fatty acids and skin ceramides in the skin barrier.6 
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Chol is a steroid (sterol type) molecule, which was found naturally in body tissues, in 

skin care products it helps the rebuild or repair of skin and maintains its flexibility.6, 14, 15 FFA 

is a mixture of saturated, unbranched fatty acids with different chain length (mostly C16-C24). 

The most abundant FFA in the SC lipid matrix is lignoceric acid (C24) and behenic acid (C22).7, 

9, 16 

Cer are sphingolipids composed of sphingosine (sphingoid base) and fatty acid6, 7, 17, 18 

(as an acyl chain), which is linked via amide bond as shown in Figure 4 (see below). Skin Cer 

occur in the skin naturally, they form approximately 50% of skin lipid content. Cer molecule is 

composed of two parts: 

• sphingoid base (usually 18 carbons) – amino-alcohol with chiral carbons. In the healthy 

human epidermis, Cer molecules contain either sphingosine (with trans-double bond, 

S),19 or dihydrosphingosine20 (trans-double bond in the chain backbone is missing, dS), 

or phytosphingosine21 (with an additional hydroxyl group in C-4 position), or 

6-hydroxysphingosine (with trans-double bond in C-4 and a hydroxyl group in C-6 

position).17, 22 

• fatty acid acyl – unsaturated, unbranched carbon chain. The acyl can be non-

hydroxylated (N), or hydroxylated in position alfa- (A)23 or omega- (O).24-26 

 

Figure 4. Model structure of skin Cer, i.e., sphingoid base (sphingosine) and fatty acid acyl 

derived from fatty acid with 20C.13 

There are huge possibilities for Cer classification. In this work, a nomenclature 

developed by Motta et al.27 is used (acronyms for sphingoid bases and acyls are in brackets 

above). By the combination of different types of sphingid bases and fatty acid acyls, a wide 

collection of 15 subclasses is known (Table 1). Beside the free Cer, some of omega-
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hydroxylated Cer are covalently bound to corneocyte proteins, and they are called as protein 

bound Cer. Covalently bound Cer play a crucial role in the corneocyte lipid envelope 

formation and stabilization.28-30 

 

Table 1. Skin Cer (key components of SC) shorthand nomenclature created by Motta et al.27(13) 

The functions of the skin Cer is the following: prevention the water loss from the skin, 

they play an important role as a protective barrier against harm substances that can penetrate 

through the skin.6, 31, 32 

1.5. Ceramide Biosynthesis 

The skin Cer de novo synthesis starts in endoplasmatic reticulum. First step of this synthesis is 

a condensation of amino acid L-serine and palmitoylCoA to obtain 3-ketodihydrosphingosine, 

known as 3-ketosphinganine. Next, 3-ketodihydrosphingosine is reduced (keto-group is 

reduced to hydroxyl-group) to dihydrosphingosine (dS). Some groups of Cer synthase enzyme 

act an important role in the next step, i.e., the dihydroceramide (dihydrosphingosine-based 

Cer, dS-Cer) is formed (see Figure 5). This molecule serves as a precursor for other skin Cer 

subclasses.8, 33-35 
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Figure 5. Skin Cer biosynthesis in the endoplasmatic reticulum. From the L-Serine and 

palmitoylCo A, 3-ketosphinganine is formed. From this molecule, the dihydrosphingosine, 

dihydroceramide, and other skin Cer are formed.17 

From dihydroceramide (by the action of desaturase), a sphingosine-based (S-Cer), or 

phytosphingosine-based Cer (phytoceramide, P-Cer) are formed. However, the biosynthesis 

of 6-hydroxysphingosine-based Cer (6-hydroxyceramide, H-Cer) is still unknown.36 Probably, 

some hydroxylases incorporate an additional hydroxyl group into C-6 position.17 The skin Cer 

synthesis de novo is depicted in Figure 5. 

1.6. Organisation of Skin Lipids in stratum corneum 

In contrast to phospholipids (normally form the cell bilayers), Cer bear a very small polar 

(hydrophilic) head. In addition, the Cer molecule contains two long saturated hydrophobic 

chains. In the SC, Cer molecules among with FFA and Chol and other lipids form lipid lamellae, 

i.e., multilamellar lipid membranes.37-40 In the healthy SC, lipids are lamellar organized in 

lamellar system called as long periodicity phase (LPP) with a replicate length (repeat distance; 

d) of 11.9–13.1 nm.40, 41 This lamellar phase was discovered by electron microscopy42 and later 
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on by X-ray diffraction.28, 43 The presence of LPP, determined by ultralong-chain Cer (Cer EO-

type), is essential for the proper skin barrier function, e.g., to prevent the water loss. In addition, 

majority of the studies had reported the occurrence of short periodicity phase (SPP) with a 

replicate length of 5.3-6.4 nm.39, 43-46 A phase of separated Chol (d = 3.4 nm)14, 15, 47 has been 

also found in the healthy SC lipid matrix. The phase separation of Chol is physiological, but 

still unknown. 

 

Figure 6. Lamellar (short and long periodicity phase) and lateral (orthorhombic, hexagonal, 

and liquid) organisation of the SC lipid membranes (lamellae).6 

The lateral organisation of the skin lipids (mainly the CH2 chains in Cer and FFA) can 

be in orthorhombic subcell (Figure 6), which is compacted with extremely limited motional 

freedom. In this subcell, the all-trans conformes (zik-zak) are predominant. Nevertheless, 

certain lipids are organised in a hexagonal subcell, which is typical by more significant 

rotational freedom. Small lipid part in lipid matrix is fluid (liquid subcell). In hexagonal subcell, 

the number of less ordered gauche conformers is present. In the fluid subcell, formed 

approximately by 1%, only the disordered gauche conformers are present38, 48-51 

Due to the multilamellar organisation of lipids in the SC, the extended conformation and 

the hairpin conformation (with the both chains pointing to the identical direction) of Cer are 

theoretically able to be achieved. However, the extended conformation is not so familiar in the 

biological membrane, but it could be favourable for the SC as it could decrease the packing 

force of ceramide (as they have tiny cross-sectional polar head comparing to the other chains), 

as well joins the lipid lamellae and to stop the permeable boundaries.6 
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Figure 7. Skin Cer conformations (hairpin and extended conformation); in the figure, Cer NH 

(i.e., N-lignoceroyl 6-hydroxysphingosine) is depicted.6 

1.7. Sphingomyelin, Sphingosine Phosphorylcholine and Skin 

Diseases 

Sphingomyelin (SM) is transformed to phosphoryl choline and Cer by the enzyme 

sphingomyelinase (SMase).52 It consists of Cer unit with phosphoryl choline moiety attached 

to position 1. SM is synthesized in endoplasmatic reticulum. Around 90% of SM synthesis 

occurs in liver, and it also occurs in plasma membrane, which is the important in forming SM 

from recycled Cer. In diseases, such as Niemann–Pick disease and atopic dermatitis, shortage 

of sphingomyelinase (SMase) diminish the skin barrier healing after any damage which is 

resulted by mutation in SMPD1 gene. This leads to massive decrease in SMase activity. The 

character of SMase in leading to diminish skin barrier is not fully clear. To determine the result 

of decreased SMase activity is also not fully clear. According to Schmuth et al,52 they applied 

SMase inhibitor to the skin of hairless mice, which results in decreased 4-fold accumulation of 

SM in the murine SC after an acute barrier disturbance. The resulted new ratio of SM/Cer was 

responsible for the changed skin barrier function. Deficiency in SM biosynthesis results in 

change in the normal physiology of the cell and the organism.52 

Sphingosine phosphorylcholine (SPC) is sphingolipid, which among the glucosyl 

sphingosine belong to a lysolipid family. As shown in (Figure 8), SPC is formed from 

sphingomyelin by the sphingomyelin deacylase. SPC is composed of sphingoid base (e.g., 

sphingosine) and phosphorylcholine moiety, joined to a hydroxyl-group. This molecule has 

been recognised in normal blood plasma, SPC are alike in structure of sphingosine-1-phosphate 

and lyso-phosphatidylcholine (Figure 8). SPC has some roles in biological processes, such as 

promotion the DNA synthesis, cell growth stimulation, prevent apoptosis, inhibition of cell 

proliferation, activation of actin stress fibre formation and calcium release from the 
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endoplasmatic reticulum in various cells types. Its released when the platelet is activated and is 

found in concentration around 50 to 130 nM in plasma. SPC activates various signals, it 

stimulates the development of many cancer types, it progresses the invasion of breast cancer 

cells, it decreases the level of organ dysfunction and it has strong anti-inflammatory 

properties.53-55 

 

Figure 8. Sphingolipid metabolism in epidermis discovered in atopic dermatitis56  

These biological activities take place as well in several different types of cells located 

in the skin such as melanocytes, fibroblasts, keratinocytes and endothelial cells. SPC also plays 

an essential role in the activation of mitogen associated protein kinase (MAP). In addition, SPC 

increases the effect on wound healing after the application onto the skin in vivo.53, 56 

In many patients with skin disorders such as atopic dermatitis lower amounts of Cer, in 

comparison to healthy skin, has been detected. Interestingly, the higher levels of lysolipids 

(especially SPC) was found. However, there has been no abnormality of the enzymes used in 

Cer biosynthesis such as serine palmitoyl transferase long chain base subunits or Cer synthase. 
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In addition, it has been discovered that the enzyme sphingomylein deacylase removes the N-acyl 

linkage of the sphingomyelin leading to formation of SPC. In extracellular application of SPC 

results in changed cell migration, cytoskeleton disarrangement, a fast increase in intracellular 

calcium and activates acetyl-choline sensitive potassium current in atrial myocytes.32, 53-55, 57, 58  
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2. Goal of Work 

The aim of my work was to study effect of Cer-precursor metabolite (SPC) on the 

permeability and microstructure of the SC. In this work, the human SC was isolated from 

the skin tissue, and then the permeability (electric impedance, trans-epidermal water loss 

and flux of theophylline (TH) and flux of indomethacin (IND)) and microstructure (infrared 

spectroscopy) have been investigated. The experimental part of this work is divided into 

following parts: materials and methods (chemicals and experimental procedure describing), 

results and discussion and conclusions.  
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3. Materials and Methods 

3.1. Chemicals 

Sphingosine phosphorylcholine (SPC) was purchased from Avanti Polar Lipids (Alabaster, 

USA). Theophylline (anhydrous; TH), indomethacin (anhydrous; IND), trypsin from porcine 

pancreas (1:250; powder), propylene glycol (PG), ethanol (EtOH) and other chemicals and 

solvents were purchased from Merck-Sigma-Aldrich Chemie Gmbh (Schnelldorf, Germany). 

All solvents were analytical or HPLC grade. 

3.2. Human Skin 

The human skin was obtained from female patients who had undertaken plastic surgery (Private 

Surgery Departments SANUS Hradec Králové, Czech republic). In under 6 hours of the 

surgery, the subcutaneous fat layer was detached by a scalpel from the skin. The skin (epidermis 

+ dermis) was removed with a paper tissue. The skin was then cleaned in a phosphate buffered 

saline at pH=7.4 (PBS solution, 10 mM buffer adjusted to 150 mM ionic strength containing 

137 mM NaCl, 8 mM Na2HPO4.12H2O, 2 mM NaH2PO4.2H2O and 2.7 mM KCl) with 50 mg/L 

gentamicin for preservation. Then the clean and dried skin was stored at −20°C in the freezer. 

3.3. Human SC Isolation 

The isolation of the human SC was done by adjusting procedure described by Kligman and 

Christophers.59 The frozen skin was gently warmed and dipped in water Millipore for 30 s at 

60°C. The epidermis was carefully removed by tweezers. After that, epidermis was incubated 

overnight in a PBS solution (pH = 7.4) with 0.5% trypsin (the addition of trypsin enzyme is 

important for destruction of living layers of epidermis as only SC is needed for my experiment) 

at 32°C for 24 h. After that, the SC was washed couple of times in a Millipore water and once 

in acetone (to remove the rest of the surface lipids). 

3.4. Sample Preparation 

After the washing SC, tissue was applied onto the supporting filters. Note: use of supporting 

filters was used because of better manipulation with the tissue during the experiment; supported 

filters do not affect the permeability of SC. Afterwards, SC samples have been fitted in the 
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Teflon holders with circular diffusion area of 1 cm2. Teflon holders with the samples have been 

installed into modified Franz diffusion cells. Franz diffusion cell composes of the donor and 

acceptor part. Acceptor compartment contains the shoulder (for sampling) and magnetic stirrer 

(for stirring). Franz cells have been put into the water bath (32°C) and kept at this temperature 

overnight. The next day, the TEWL and electric impedance of all the samples were measured. 

Afterwards, the 100 µL of 1% solution of SPC in propylene glycol/ethanol (7:3, v/v) was 

applied on each sample of SC.60 In total, two types of samples were prepared: controls (SC + 

blank mixture of solvents) and SPC samples (SC + 1% solution of SPC in mixture of PG/EtOH). 

After the application of solvents/SPC solutions, the samples were equilibrated at 32°C (water 

bath) for 12 h. Next day, the solvents/1% solution were carefully removed, and the samples 

were washed with PBS buffer and dried with ear sticks. After that, samples were again 

equilibrated at same temperature overnight. Next, the permeation experiments (water loss, 

electric impedance and permeability to TH and IND) were performed, see below. 

3.5. High Performance Thin Layer Chromatography (HPTLC) 

In this study we aimed to determine the amount of SPC in SC after its application on the tissue. 

The isolates SC was first applied onto the supporting filter and put into Franz diffusion cells, 

i.e., in the same way as samples for the permeation experiment. The tissues + supporting filters 

were incubated (= equilibrated) in water bath at 32°C for 3 hours, and after this time, the 

solution of lysolipid (SPC) in PG/EtOH was applied (same volume as for the permeation 

experiment). Next day, the samples were carefully washed with Millipore water and the 

diffusion area of 1 cm2 was cut off. The round areas of SC were then dried on gaze, placed into 

extraction vials and finally dried over phosphorous dioxide in desiccator (overnight). 

For the SC lipid analysis we used high performance thin layer chromatography 

(HPTLC) according to Bleck et al.61 The vials with samples were extracted in 2:1 chloroform–

methanol (v/v) for 2 hours. Organic solutions were filtrated, then evaporated under stream of 

nitrogen and dried in desiccator. 

The glass plate HPTLC (silica gel 60, Merck, Darmstadt, Germany) was cleaned with 

2:1 chloroform–methanol (v/v), equilibrated and dried at 120°C for 30 min in a drying oven. 

on an HPTLC glass plate. The standards (calibration solutions) and samples (extracted from the 

tissue; concentration 200 µL/mg SC) as organic solutions (chloroform–methanol 2:1, v/v) were 

sprayed (30 µL) under a stream of nitrogen using Linomat 5 (Camag, Muttenz, Switzerland). 

The HPTLC plate was elueted two times with 95:4.5:0.75 chloroform–methanol–acetic acid 
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(v/v/v) in developing chamber (Camag, Muttenz, Switzerland). The dried plate was dipped in 

an aqueous solution of 10% CuSO4, 8%H3PO4 (v/v), and 5%methanol for 10 s and then charred 

in a drying oven at 160°C for 30 min.52 After this procedure, the derived HPTLC plate was 

scanned by Scanner 3 (Camag, Muttenz, Switzerland). 

3.6. Permeation Experiments 

For the permeation experiment the Franz cells were used (see above). For my experiment, the 

Franz-type diffusion cells with an available diffusion area of 1.0 cm2 (SC siding the donor 

compartment) and an acceptor volume 6.5±0.5 mL was used. The acceptor compartment of the 

cell was loaded with (PBS solution, pH = 7.4) and stirred at 32°C during the whole experiment. 

The exact volume for every individual cell was measured. Following a 12h equilibration at 

32°C, the electric impedance and water loss were measured. Then, the donor samples (100 μL 

of either 5% theophylline (TH) or 2% indomethacin (IND) suspensions in 60% PG) were added 

onto the membrane (sample). During the permeation experiment, the acceptor phase (300 μL) 

were removed (via the shoulder) every 2 h over 8 h and were exchanged with the exact same 

volume of PBS.19, 21, 62 

3.7. Donor Samples for Permeation Studies 

Donor samples for permeation studies were 2% (w/w) suspensions of IND in aqueous 60% PG 

(v/v) or 5% (w/w) suspensions of TH. The donor samples were mixed and re-suspended before 

the application on the SC. The concentration of IND/TH was chosen to make sure that all the 

donor samples were saturated with the model permeant in order to keep the exact 

thermodynamic activity for the whole experiment.52, 60, 63 

3.8. TEWL Measurement 

Trans-epidermal water loss (TEWL) was measured in the Franz cells with their upper parts 

removed using an Aqua Flux AF 200 instrument (Biox Systems Ltd, UK) at 30–36% relative 

air humidity and 24–26°C. The Aqua Flux uses the condenser-chamber measurement method. 

The measured TEWL value is defined as the steady-state flux density of water diffusing through 

the membrane.64, 65 
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3.9. Measurement of Electric Impedance 

The electrical impedance was measured using LCR meter 4080 (Conrad Electronic, Hirschau, 

Germany; measuring range of 20 Ω to 10 MΩ, error at kΩ values less than 5%), which was 

controlled by the similar mode with an alternating frequency of 120 Hz. After adding 500 μL 

of PBS at pH=7.4 in the donor compartment of each Franz cells (+ 1h equilibration), the 

electrical impedance was measured by immersing the tip of stainless steel probe into PBS in 

the acceptor compartments and donor of the Franz cells. Each cell was measured before the 

application of TH (IND) donor samples. After the measuring of electric impedance, the PBS 

was gently withdrawal from the donor compartment.52, 66 

3.10. High performance liquid chromatography (HPLC) of IND and 

TH 

HPLC of IND and TH were calculated by isocratic reverse-phase using a Shimadzu Prominence 

instrument (Shimadzu, Kyoto, Japan) consisting of SIL-20A HT autosampler, CTO-20AC 

column oven LC-20AD pumps with a DGU-20A3 degasser, SPDM20A diode array detector, 

and CBM-20A communication module. The data were examined using the LCsolutions 1.22 

software. Acceptor phase sample for TH (20 μL) was injected into the column, and the UV 

absorption of the effluent was measured at 272 nm, with a bandwidth of 4 nm. The retention 

time of TH was 3.2±0.1 min. Reverse phase separation of TH was achieved on a LiChroCART 

250-4 column (LiChrospher 100 RP-18, 5 μm, Merck, Darmstadt, Germany) at 35°C, using 4:6 

methanol/0.1 M NaH2PO4 (v/v) as a mobile phase at a flow rate of 1.2 mL/min. The IND 

samples were assayed on a LiChroCART 250-4 column (LiChrospher 100 RP-18, 5 μm, Merck) 

using a mobile phase containing 90:60:5 acetonitrile/water/acetic acid (v/v/v) at a flow rate of 

2 mL/min. After that, 100 μL of acceptor phase was added into the column maintained at 

40°C.52, 67 

3.11. Evaluation of Permeation Data 

Employing the Franz cells volumes and the measured concentration of TH and IND, the 

accumulative amount of TH and IND that penetrated over the SC membrane, was calculated. 

According to the cell volume, the cumulative amounts [μg/cm2] of TH (IND) were corrected. 

From the amounts the steady state flux of TH and steady state flux IND [μg/cm2/h] were 

calculated as a slope of the linear regression function obtained by fitting the linear region of the 
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plot in Excel. The resulted data are presented as the means ± standard error of mean (SEM). 

For the analysis, the program GraphPad and unpaired t-test were used. 

3.12. Fourier-Transform Infrared (FTIR) Spectroscopy 

Fourier-transformed infrared spectroscopy (FTIR) is used to examine the lipid chain 

conformation and the performance of the polar headgroup region during the transition state and 

at skin temperature. Three types of samples were prepared: samples of SC without any 

application of solvents/1% solution of SPC, then samples with an addition of solvents 

(PG/EtOH), and finally the samples of SC with an addition of 1% solution of SPC. In my 

experiment, the FTIR spectra are controlled on a Nicolet 6700 spectrometer with ZnSe plate. 

The spectra were produced by the addition of 256 scans collected at 2 cm–1 resolution at 

laboratory temperature (PIKE technologies, Madison, WI). The precise peak location of any 

sample is decided from the second derivative spectra.  
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4. Results and Discussion 

The main function of the skin, i.e., the barrier function, is localized in the SC. In this work, we 

aimed to study the impact of Cer-precursor metabolite (i.e., the SPC) on the SC permeability, 

integrity and microstructure. In many skin diseases, the amount of SPC is increased.52 However, 

there is not unclear if the presence of SPC increases or changes the SC structure and function. 

In this thesis we studied following markers/characteristics: 

• permeability of SC (control samples: addition of PG/EtOH vs SPC samples: addition of 

1% SPC in PG/EtOH) to water loss, 

• permeability of SC to ions, 

• permeability of SC to IND, 

• permeability of SC to TH,  

• chain order of lipids in SC, and 

• amount of skin lipids in SC. 

4.1. TEWL 

First of all, we isolated the human SC from female patients according to the published 

procedures.61 Then performed the permeation experiments. In this experiment, I prepared two 

types of samples. First batch was the pure SC (control samples), on which only the mixture of 

solvents was applied. The second batch of samples were isolated SC pieces with applied 

solution of SPC in common used solvents. First, we measured the trans-epidermal water loss 

(TEWL). 
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Figure 9. Effect of SPC on the SC permeability I. First graph describes the values of trans-

epidermal water loss (TEWL) of control samples and SPC samples (black and red columns) 

before (filled columns) and after the solvent/1% SPC solution application (white-black and 

white-red columns). The TEWL of blank supporting filter (grey column) is also depicted. The 

second graph shows the TEWL fold change of control and SPC samples, calculated from the 

values from first graph. Data are presented as the means ± standard error of mean (SEM), n = 

7-9. *Statistically significant against controls. 

 

This marker, a TEWL, is very important marker in dermatology, it is very often used in 

skin diseases diagnosis.68-70 As shown in Figure 9, first we measured the TEWL of all the 

samples before the application of either solvents or solution of SPC (black and red columns in 

first graph). The water loss of the control values was approximately 20 g/m2/h and these values 

were consistent. After the application of solvents/solution, the TEWL was measured again. The 

values of TEWL are depicted in first graph in Figure 9. On these samples, the TEWL fold 

change was calculated. The TEWL fold change of control samples was 2.26±0.11 g/m2/h, while 

the addition of SPC significantly increased the fold change (2.78±0.18 g/m2/h). Note: To 

confirm that the supporting filter does not have any effect on the TEWL, we also measured the 

TEWL of blank filters in Franz diffusion cells (“negative control”). 

4.2. Electric Impedance 

After the measuring of first permeability marker, the electric impedance was measured. Before 

the measuring with LCR meter,66 on each sample 0.5 mL of PBS was applied. After the 
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equilibration, the electric impedance was measured. From this experiment we can see that the 

addition of either solvents or solution of SPC increases the permeability to ions. Electric 

impedance describes the resistance the tissue against the flux of ions. This parameter is also 

used for the membrane integrity investigation. The electric impedance of samples with 

solvents/1% SPC solution decreased (first graph in Figure 10). To confirm the minimal effect 

of the supporting filters on the permeability, the electric impedance of blank filter was measured 

(grey column in first graph of Figure 10). From the values, the electric impedance fold change 

was calculated (second graph in Figure 10). The control values reached the value 0.38±0.05 

g/m2/h, and the value for SPC 0.18±0.02 g/m2/h, which was 2times less (significant) compared 

to controls. These results correlate with the TEWL. This confirms that the addition of SPC on 

the SC significantly increases the permeability of the tissue to water and ions. 

 

 

Figure 10. Effect of SPC on the SC permeability II. First graph describes the values of electric 

impedance of control samples and SPC samples (black and red column) before (filled columns) 

and after the solvent/SPC solution application (white-black and white-red columns). The 

electric impedance of blank supporting filter (grey column) is also depicted. The second graph 

shows the electric impedance fold change of control and SPC samples, calculated from the 

values from first graph. Data are presented as the means ± standard error of mean (SEM), n = 

7-10. *Statistically significant against controls. 
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4.3. Permeability to TH and IND 

The third permeability marker we studied was the permeability to TH. TH is a typical small 

compound (Mw = 180,164 g/mol) with a logP = –0.02.63 This substance represents a typical 

polar permeant with balanced lipophilicity. After the measuring of TEWL and electric 

impedance, a defined volume of 5% solution of TH was applied on each SC sample. We 

performed an 8h permeation experiment. After the mathematical correction in Excel, we 

prepared the permeation profile for TH. This profile (for control and SPC samples) is shown in 

Figure 11 (first graph). The graph represents the amount of TH [µg], which penetrated across 

the defined diffusion area [cm2] to acceptor compartment of Franz cell during the permeation 

experiment in time [h]. From the permeation profiles we calculated the flux of TH. This is 

shown in second graph of Figure 11. The flux of TH in the control samples was 1.95±1.06 

μg/cm2/h. When we applied the lysolipid SPC on the SC, the permeability of the SPC samples 

to TH is higher in contrast to the control, i.e., the flux was 6.08±1.97 μg/cm2/h, however without 

statistical differences. In addition, the flux of TH for the blank filter was 3269±174.8 μg/cm2/h. 

This again confirms the previous findings. 

 

 

Figure 11. Effect of SPC on the SC permeability III. First graph describes the permeation 

profiles of TH (cumulative amount of TH) for control samples (black) and SPC samples (red) 

after the solvent/SPC solution application. The second graph shows the fluxes to TH for the 

control (black column), SPC samples (red column) and blank filters (grey column). Data are 

presented as the means ± standard error of mean (SEM), n = 9-11. 



31 
 

 

The same experiment was then performed with second compound, with IND. This is a 

typical large (Mw =357.70 g/mol) and lipophilic molecule (logP = 4.27).63 From the 

concentrations of IND (from HPLC), the cumulative amounts of IND were calculated (first 

graph in Figure 12) and from these we obtained the flux of IND (second graph in Figure 12). 

The flux of IND for the control samples was 0.61±0.31 μg/cm2/h, after the application of SPC 

on SC the flux increased (not significantly) to 2.01±0.72 μg/cm2/h. In addition, the flux of IND 

for the blank filter was determined, i.e., 140.9±43.66 μg/cm2/h. In general, when the lysolipid 

SPC is applied onto the SC, the permeability to either TH or IND increased and this correlates 

to the TEWL and electric impedance. 

 

 

Figure 12. Effect of SPC on the SC permeability IV. First graph describes the permeation 

profiles of IND (cumulative amount of IND) for control samples (black) and SPC samples (red) 

after the solvent/SPC solution application. The second graph shows the fluxes to IND for the 

control (black column), SPC samples (red column) and blank filters (grey column). Data are 

presented as the means ± standard error of mean (SEM), n = 4-7. 

 

The main idea of this work was to investigate the role of polar lysolipids on the skin 

barrier permeability, i.e., how the addition of SPC changes the permeability of SC to different 

permeants. Previously, Pullmannová et al.52 studied the role of SPC precursor, the SM. In this 

study, they prepared model membranes systems based on the sphingosine-Cer (CerNS)/isolated 

human Cer, Chol, FFA mixture and CholS. The model membranes were arranged by replacing 
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25, 50, 75 and 100 molar% of Cer (CerNS or isolated human Cer) with SM (from chicken egg; 

eSM). These skin barrier models were investigated by permeation experiments (TEWL, electric 

impedance, permeability to TH and permeability to IND). Pullmannová found out that the 

addition of SM in simple SC model membranes decreases the permeability to polar small and 

lipophilic large permeants, which was confirmed with decreasing TEWL and increasing 

resistance to flux of ions. This means that the Cer precursors lead to “better” permeability of 

model systems. 

The second idea, why this thesis was performed is the confirmation of detrimental effect 

of SPC on the barrier permeability. Previously, one diploma thesis aimed to study the role in 

model SC membranes. In this study, model membranes based on isolated human Cer, FFA 

mixture, Chol, CholS with increasing amount of SPC (5, 10, 20, 50, and 100% replacement of 

Cer with SPC) were investigated (permeation and biophysical study). The results from our study 

confirm our hypothesis that the SPC partially increases the SC permeability, as shown in 

Figures 9-12. 

4.4. FTIR Spectroscopy 

To clarify the effect of SPC on the SC permeability, we prepared the SC samples for FTIR 

spectroscopy. This biophysical method is very accurate, with very good resolution.71-74 For this 

experiment, three different sample types have been used. We prepared the SC samples in the 

same manner as for the permeation experiments, i.e., the SC on which the mixture of solvents 

(PG/EtOH) was applied, then the SC samples with an addition of SPC. Additionally, we 

measured the SC without any addition of solvents/1% solution of SPC. Our model samples 

were incubated before the measuring at physiological temperature of 32°C in incubator 

overnight. From infrared spectra we studied the methylene symmetric stretching vibration 

(around 2850 cm-1)75 This vibration is very sensitive to lipid chain order (-CH2- groups in skin 

lipid chains), and from this can be characterized several kinds of conformers. 

In all the samples at physiological temperature (32°C), the skin lipids are well ordered, 

because the maxima of symmetric stretching did not reach the value 2850 cm-1. As shown in 

Figure 13A, there is the clear trend (no significant differences) of detrimental effect of SPC on 

the lipid chain order. The healthy SC lipids (control sample) are well ordered (wavenumber 

2848.59±0.12 cm-1), so it means the chains are in all-trans conformation, which is important 

for the proper barrier function. However, samples with PG/EtOH or 1% SPC solution contain 

lipids, which are also well ordered, but the vibration is shifted to higher wavenumbers. In these 
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samples, the number of less ordered gauche conformers increased. From this experiment we 

can conclude that the SPC addition has as same negative effect (wavenumber 2849.13±0.27 

cm-1) as the addition of mixture of organic solvents (wavenumber 2849.59±0.15 cm-1) used in 

this study. However, we can see some non-significant increase of chain disorder in SC with 

SPC. The representative spectra are shown in Figure 13B. 

 

Figure 13. FTIR spectroscopy and lipid chain order of model SC samples at physiological 

temperature of 32°C. Panel A shows the symmetric stretching of SC before treatment (black 

column), and SC after the application of solvents (white column) and SC samples after the 

addition of SPC. Data are presented as the means ± standard error of mean (SEM), n = 4. 

Panel B shows the representative FTIR spectra. 

4.5. High Performance Thin Layer Chromatography 

To clarify the effect of SPC on the SC microstructure and permeability, we simultaneously 

studied the amount (percentage) of lysolipid in our samples. We used the HPTLC technique, 

the method that is very often used in skin lipid analysis. First, we prepared the calibration 

solutions of skin lipids (FFA – the lignoceric acid was used, Chol, Cer – Cer EOS, Cer NS, Cer 

EOP, Cer NP, Cer AS and Cer AP were used). Then we applied the organic solution of extracted 

tissue. From the amount of SPC [µg SPC/mg SC] and sum of Cer [µg Cer/mg SC] we calculated 
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the SPC-Cer ratio. In this experiment, where 5 samples were quantified; we determined the 

SPC-Cer ratio = 0.196, i.e., 16.6%.  
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5. Conclusions 

In this work, we focused on the study of lysolipid effects on the skin permeability and 

microstructure. In many studies which describe the increase amounts of lysolipids in the human 

skin, is not clear if the presence of the lysolipids has negative effect on the barrier function. The 

aim of my work was to investigate one of the polar lysolipids, the SPC. This polar molecule is 

pathologically synthesized from the ceramide-precursor sphingomyelin. 

First, in this study we had to isolate the human epidermis, then the stratum corneum and 

finally to prepare the samples for the permeation experiments. From the results we can conclude 

that the increased amounts of lysolipids (SPC in this case) have negative effect on the stratum 

corneum permeability. We observed some statistical differences in permeability to water and 

ions and trend in higher permeability to small polar and large lipophilic compounds. These 

changes in permeability were confirmed in infrared spectroscopy studies. We found out that the 

addition of SPC led to disorder of methylene chains of skin lipids. 

In conclusion, this work confirmed some detrimental effects of lysolipids on the stratum 

corneum barrier function. This study supports some partial results from previous diploma thesis, 

i.e., results from some permeability experiments with model stratum corneum membranes 

based on isolated skin ceramides with an addition of lysolipids. The work I performed could 

elucidate the role of lysolipids in some skin diseases (e.g., atopic dermatitis) and could be 

helpful to clarify the understanding the lipid changes in skin pathology.  
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