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Introduction 

 

The main scope of the experimental work is the 

investigation of the properties of two different 

physiological barriers, the nasal and the dermal barrier. 

Previously, our research group has successfully 

investigated various P-glycoprotein (P-gp) model drugs 

crossing the blood-brain barrier in a rat model by in vivo 

microdialysis (MD). Both young and middle-aged animals 

were studied, so that by comparing the results, they were 

able to successfully investigate the changes on the drug 

absorption and elimination caused by physiological aging 

[1]. Bors et al. developed an intranasal administration 

method in which the brain uptake of a P-gp substrate, 

quinidine (QND) could be examined in rats in the presence 

or absence of a P-gp inhibitor or a sympathomimetic drug 

[2]. Based on these previous results, we posed the question 

of how pathological aging (e.g. Alzheimer's disease (AD), 

atherosclerosis etc.) affects the absorption of different 

model drugs through the blood-brain barrier (BBB). The 

previously used intranasal administration procedure was 

further developed for mice, thus the alterations in the nasal 
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barrier function caused by pathological aging using two 

age-related neurodegenerative disease models, in APOB-

100 and in APP-PSEN1 mice could be examined. By 

comparing the levels of different cerebral cytokines in the 

two transgenic models compared with age-matched wild 

type (WT) mice, we could further characterize the 

differences between physiological and pathological aging. 

We also investigated the cerebro-morphological status of 

the animals by magnetic resonance imaging (MRI). 

Then the results of two research topics related to 

the dermal barrier are presented. Nowadays, there is a 

growing demand to develop various human skin 

substituents that could mimic appropriately the 

physiological and pathological processes that take place in 

the skin. However, the complex anatomical structure and 

the wide variety of macrostructures present in the skin 

make this a difficult task. The first research topic was the 

investigation of the permeability of human abdominal skin 

and a human skin substituent with a topically applied 

caffeine cream in a skin-on-a-chip device. 

The second research topic is connected to the 

altered properties of the dermal barrier due to psoriasis, 
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which is a chronic, inflammatory skin disease of unknown 

origin. In the development of this disease, in addition to 

genetic factors, environmental triggers also play an 

important role. Psoriasis severely disintegrated the dermal 

barrier, resulting in a significant increase in skin 

permeability. Various therapeutic approaches are 

available for the treatment and relief of symptoms, which 

can be used either as monotherapy or in combination [3], 

but in most cases some topical treatments are also applied 

[4]. The involvement of Transient receptor potential 

ankyrin 1 (TRPA1) and Transient receptor potential 

vanilloid 1 (TRPV1) ion channels in psoriasis has been 

confirmed recently [5–7], therefore the examination of the 

effect of the genetic deletion of these cation channels on 

the permeability was aimed in a mouse model of Aldara-

induced psoriasis-like inflammation using topically 

applied caffeine cream in a skin-on-a-chip device. 
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New scientific results 

 

 The experimental work related to the nasal barrier 

was divided into three main parts: 1) investigation of the 

alterations in the nasal barrier function, 2) the cerebral 

levels of different cytokines and 3) the cerebro-

morphological status of the APOB-100 and APP-PSEN1 

mice.  

 

Thesis 1: In our experiments (dual-probe in vivo 

microdialysis in APOB-100, APP-PSEN1 and wild type 

mice), it was demonstrated that nasal barrier function is 

unchanged in the transgenic models, and no significant 

role of P-gp can be seen in the process of cerebral 

absorption of intranasally administered quinidine. In 

addition, I showed that an inflammatory balance shift is 

present in the brain of transgenic animals, increased 

cerebral levels of VEGF, PDGF-BB and IL-17A were 

demonstrated in APOB-100 mice and upregulation of 

resistin, IL-17A and GM-CSF in APP-PSEN1 mice were 

shown. These cytokines can be relevant biomarkers of the 

pathological processes. 
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Related publication: [J1] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Investigation of the temporal characteristics of 

the absorption of quinidine following intranasal treatment 

(A) in APOB-100 and (B) in APP-PSEN1 mice compare 

to (C) wild type (WT) animals measured by dual-probe in 

vivo microdialysis. Intranasal administration was 

performed at t = 0. Black and red symbols represent the 

quinidine mean concentration in the brain and in the 

A B 

C 
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systemic circulation (plasma). Data shown as means ± 

SEM. (IN QND: intranasally administered quinidine; 

AUC: area under the curve) 

 

Intranasal drug delivery is a non-invasive, 

promising method of administration that allows each drug 

to bypass the blood-brain barrier and enter the brain, 

However, the efficiency of nasal-brain absorption may be 

significantly affected by several efflux transporters in the 

nasal mucosa, one of which is P-gp. The 

neurodegenerative diseases are characterized by 

breakdown of the blood-brain barrier and its increased 

permeability, moreover altered function and 

downregulation of P-gp has been observed in Alzheimer’s 

disease [8], and recently demonstrated by Hoyk et al. in 

APOB-100 animals [9]. After the IN administration, rapid 

absorption peak of quinidine was observed in each group 

of animals, followed by a long-lasting plateau phase, 

where the release and the absorption of QND was 

continuous (Figure 1.). Based on the results of 

microdialysis experiments, unchanged function of the 

nasal barrier was observed, as the absorption pattern of 
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quinidine was similar in all cases. It can be concluded that 

P-gp does not have any significant role in drug absorption 

in the nasal cavity. 

 

 

 

 

 

Figure 2. Comparison of LIR values of the tested 

cytokines compared to the wild type animals (A) APOB-

100 and (B) APP-PSEN1 mice. Pooled samples were used 

B 

A 
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for both transgenic mouse strains as well as wild type 

animals (n = 5). 

 

Based on the results of the ELISA cytokine assay, 

APOB-100 mice showed significantly elevated levels of 

VEGF, PDGF-BB, and IL-17A (Figure 2. A), which may 

even be useful in detecting cerebrovascular lesions and 

brain dysfunction caused by hyperlipidemia. Süle et al. 

showed that in this transgenic mouse strain, 

hyperlipidemia has a serious effect on the cerebral 

vascular network, primarily affecting vascular network 

density and capillary diameter [10]. Furthermore, it is 

hypothesized that hyperlipidemia may inhibit the process 

of angiogenesis. In addition, strongly elevated levels of 

VEGF may even cause breakdown of the blood-brain 

barrier [11], experimental results confirming this claim 

have been described in APOB-100 animals [9]. The 

double-humanized, APP-PSEN1 mice showed highly 

elevated levels of resistin, IL-17A and GM-CSF (Figure 

2.B), which may serve as important markers of AD. 

Demirci et al. described elevated resistin levels in the 

serum of AD patients [12], suggesting that this cytokine 

may play an important role in the pathology of AD and be 
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useful as a marker. GM-CSF is involved in the 

inflammation processes by regulation of the number and 

function of macrophages. Significantly increased IL-17A 

levels were measured in both transgenic strains, which 

suggests the overproduction of cyclooxygenase-2 (COX-

2) and nitric oxide (NO) [13]. 

In order to characterize the morphological 

consequences of the neurodegeneration in the two animal 

models, MRI was acquired on APOB-100, APP-PSEN1 

and wild type male mice. Based on MRI data, several 

anatomical changes were detected in the brain in both 

transgenic mouse strains compared to the control animals, 

presumably due to pathological processes characteristic of 

vascular atherosclerosis and Alzheimer’s disease. 

Significantly enlarged lateral and dorsal ventricles and a 

smaller but remarkably increased fourth ventricle volume 

was observed in APOB-100 mice, which is in line with 

previous results [9,14]. 

 

I also presented some new results of two research 

topics related to the dermal barrier. The first research topic 

was the investigation of the permeability of human 
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abdominal skin and a human skin substituent with a 

topically applied caffeine cream in a skin-on-a-chip 

device. It was followed by the presentation of the second 

research topic, which was connected to the altered 

properties of the dermal barrier due to psoriasis. The 

involvement of different TRP ion channels in this chronic 

immune-mediated disease has been confirmed recently, 

thus the genetic deletion of TRPA1 and TRPV1 cation 

channels on the permeability was studied in a mouse 

model of Aldara-induced psoriasis-like inflammation 

using topically applied caffeine cream in a microfluidic 

device. 

 

Thesis 2: I compared the time-course of caffeine on three 

different diffusion samples – human abdominal skin, cell-

free electrospun PCL membrane (mesh) and HaCaT cell 

culture on electrospun membrane (human skin 

substituent) – with a topically applied 2% caffeine cream 

in a skin-on-a-chip-device. The time-course of caffeine 

concentration determined by spectrophotometric analysis 

confirmed the similarity of the human skin substituent and 

the human abdominal skin, demonstrating that the skin 
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equivalent is, although greatly simplified, a sufficient 

model system for studying transdermal absorption. 

 

Related publication: [J2] 

 

 

 

 

 

 

 

Figure 3. Concentration-time profiles of caffeine 

penetration of human abdominal skin, cell-free 

electrospun PCL membrane (mesh) and human skin 

equivalent. The caffeine cream was placed in the donor 

cell at time t = 0, then samples were taken every 30 min 

after caffeine exposure for all three different diffusion 

samples. Comparison of caffeine penetration pattern of 

(A) cell-free PCL membrane and human skin equivalent 

(B) human skin equivalent and human abdominal skin. For 

each sample, at least three parallel measurements (n = 3) 

were performed, results are expressed as mean ± SEM, p 

A B 



13 
 

< 0.05 indicates statistically significant difference between 

caffeine penetration in mesh and human skin equivalent. 

 

A similar penetration pattern was observed for all 

three samples, with the maximum penetration (Cmax) 

measured 1 h after the onset of caffeine exposure (Figure 

3.). Thereafter, by the end of the experiment, the caffeine 

concentration-time curves of human skin equivalent and 

human abdominal skin showed the same course. In 

contrast, a continuous decrease in caffeine concentration 

was observed for the cell-free PCL membrane, which can 

be explained by the fact that during the experiment, the 

close contact between the caffeine cream placed in the 

donor cell and the membrane was disrupted by dissolving 

the cream in the perfused medium. This process resulted 

in a gradually decreasing contact between the topically 

applied cream and the diffusion sample thanks to which a 

reduced amount of caffeine could pass through the 

membrane by passive diffusion. This phenomenon was not 

observed in the case of human skin substituents, because 

the cells were actively involved in the penetration of 
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caffeine, thus preventing the formation of gaps separating 

the cream from their surface. 

 

Thesis 3: I compared the degree and kinetics of the 

penetration of topically applied 2% caffeine cream during 

the time-progression of Aldara-induced psoriasiform 

inflammation in C57BL/6J (WT), TRPA1 KO and TRPV1 

KO mouse skins in a skin-on-a-chip device. Based on the 

caffeine content of the samples of the vaseline-treated and 

Aldara-treated groups determined by spectrophotometric 

analysis, it can be concluded that psoriasiform 

inflammation significantly disintegrated the dermal 

barrier, resulting in a significant increase in the 

permeability of psoriasiform-inflamed skin. 

 

Related publication: [J3] 
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Figure 4. Concentration-time profiles of caffeine 

penetration using the dorsal skin samples of three different 

mouse strains (A) after 24 hours vaseline-treatment, (B) 

after 24 hours imiquimod-treatment, (C) after 96 hours 

vaseline-treatment and (D) after 96 hours imiquimod 

treatment. Red, orange and blue symbols represent the 

average concentration of caffeine obtained from 

C57BL6/J (WT), TRPA1 KO, TRPV1 KO mice. In each 

case, at least three independent measurements were 

performed (n = 3), results are expressed as means ± SEM. 

 

Permeability of caffeine was examined in a skin-

on-a-chip device using the dorsal skin of three different 

mouse strains (C57BL/6J, TRPV1 KO and TRPA1 KO) 

treated with Aldara or vaseline for 24 hours or 96 hours. 

C D 
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The pattern of caffeine penetration in each mouse strain 

was significantly different between the two treatments, 

since the permeability of healthy (vaselin-treated) skin 

was significantly lower than that of psoriatic (Aldara-

treated) skin which is due to impairment of skin barrier 

function due to the psoriasiform inflammation (Figure 4.). 

Furthermore, the two observation time points allowed us 

to examine the time progression of the disease. No 

significant differences in the time-characteristics of 

caffeine penetration were seen for the three strains, just a 

moderate reduction of the caffeine absorption was 

observed in case of TRPA1 KO and C57BL/6J animals 

between the two observation points. However, no 

remarkable difference was seen between the Aldara 

treatments for 24 hours and 96 hours in TRPV1 KO 

animals, which is in accordance with the results published 

by Zhou et al. [6]. 

  



17 
 

List of publications related to the thesis points 

 

[J1] Varga-Medveczky, Zs.; Kovács, N.; Tóth, M.E.; 

Sántha, M.; Horváth, I.; Bors, L.A.; Fónagy, K.; Imre, T.; 

Szabó, P.; Máthé, D.; et al. Age-Related Inflammatory 

Balance Shift, Nasal Barrier Function, and Cerebro-

Morphological Status in Healthy and Diseased Rodents. 

Front Neurosci 2021, 15, 700729, 

doi:10.3389/fnins.2021.700729 

 

[J2] Tarnoki-Zach, J.*; Mehes, E.*; Varga-Medveczky, 

Z.*; Isai, D. G.; Barany, N.; Bugyik, E.; Revesz, Z.; Paku, 

S.; Erdo, F.; Czirok, A. Development and Evaluation of a 

Human Skin Equivalent in a Semiautomatic Microfluidic 

Diffusion Chamber. Pharmaceutics 2021, 13, 910. 

https://doi.org/10.3390/ pharmaceutics13060910 

* These authors contributed equally to this work. 

 

[J3] Kocsis, D.; Horváth, S.; Kemény, Á.; Varga-

Medveczky, Z.; Pongor, C.; Molnár, R.; Mihály, A.; 

Farkas, D.; Naszlady, B.M.; Fülöp, A.; et al. Drug 

Delivery through the Psoriatic Epidermal Barrier—A 



18 
 

“Skin-On-A-Chip” Permeability Study and Ex Vivo 

Optical Imaging. Int. J. Mol. Sci. 2022, 23, 4237. 

https://doi.org/10.3390/ ijms23084237 

 

Other publications related to the topic of the doctoral 

dissertation 

 

 D. Kocsis, V. Klang, E.-M. Schweiger, Zs. Varga-

Medveczky, A. Mihály, Cs. Pongor, Zs. Révész, Z. 

Somogyi, F. Erdő: Characterization and ex vivo 

evaluation of excised skin samples as substitutes for 

human dermal barrier in pharmaceutical and 

dermatological studies, Skin Res Technol. 2022, 1-

13. 10.1111/srt.13165 

 Varga-Medveczky, Z.; Kocsis, D.; Naszlady, M.B.; 

Fónagy, K.; Erd˝o, F. Skin-on-a-Chip Technology 

for Testing Transdermal Drug Delivery—Starting 

Points and Recent Developments. Pharmaceutics 

2021, 13, 1852. https://doi.org/10.3390/ 

pharmaceutics13111852 

 



19 
 

 Ponmozhi, J.; Dhinakaran, S.; Varga-Medveczky, Z.; 

Fónagy, K.; Bors, L.A.; Iván, K.; Erdő, F. 

Development of Skin-On-A-Chip Platforms for 

Different Utilizations: Factors to Be Considered. 

Micromachines 2021, 12, 294. 

https://doi.org/10.3390/mi12030294 

Other publications related to other previous research 

activity of the author 

 

 Y. Miele, Y..; Medveczky, Zs.; Holló, G.; Tegze, B.; 

Derényi, I.; Hórvölgyi, Z.; Altamura, E.; Lagzi, I.; 

Rossi, F.: Self-division of giant vesicles driven by an 

internal enzymatic reaction, Chem. Sci., 2020,11, 

3228-3235, https://doi.org/10.1039/C9SC05195C 

 

 Szabó, Z.; Volk, J.; Horváth, Zs. E.; Medveczky, Zs.; 

Czigány, Zs.; Vad, K.; Baji, Zs.: Atomic layer 

deposition and annealing of Ga doped ZnO films, 

Material Science In Semiconductor Processing, 

2019, 101 pp. 95-102, 8p., 

https://doi.org/10.1016/j.mssp.2019.05.028 

https://doi.org/10.3390/mi12030294
https://doi.org/10.1039/C9SC05195C
https://doi.org/10.1016/j.mssp.2019.05.028


20 
 

 Miele, Y.; Medveczky, Z.; Lagzi, I.; Budroni, M.A.; 

Rossi, F.: (2019) The Relevance of Inorganic 

Nonlinear Chemical Reactions for the Origin of Life 

Studies. In: Cagnoni S., Mordonini M., Pecori R., 

Roli A., Villani M. (eds) Artificial Life and 

Evolutionary Computation. WIVACE 2018. 

Communications in Computer and Information 

Science, vol 900. Springer, Cham., 

https://doi.org/10.1007/978-3-030-21733-4_11 

 

 Tóth-Szeles, E.; Medveczky, Zs.; Holló, G.; Horváth, 

J.; Szűcs, R.; Nakanishi, H.; Lagzi, I.: pH mediated 

kinetics of assembly and disassembly of molecular 

and nanoscopic building blocks, Reac Kinet Mech 

Cat, 2018, 123, 323–333., 

https://doi.org/10.1007/s11144-017-1312-x 

 

In Annual Issues of the Doctoral School Faculty of 

Information Technology and Bionics 

 

 Zs. Varga-Medveczky: Comparative evaluation of 

permeability properties of a human skin equivalent 

https://doi.org/10.1007/978-3-030-21733-4_11
https://doi.org/10.1007/s11144-017-1312-x


21 
 

and ex vivo human skin tissue in skin-on-a-chip 

microfluidic device, PhD Proceeding Annual Issues 

of the Doctoral School Faculty of Information 

Technology and Bionics, (in press) (2022) 

 Zs. Varga-Medveczky: Characterization of age-

related neurodegenerative disease models in 

transgenic animals, PhD Proceeding Annual Issues 

of the Doctoral School Faculty of Information 

Technology and Bionics, vol. 16:2021 pp. 115-118., 

4 p (2021) 

 Zs. Varga-Medveczky: Drug delivery through 

physiological barriers: investigation of the 

permeability of blood-brain barrier, nasal- and 

dermal-barriers, PhD Proceeding Annual Issues of 

the Doctoral School Faculty of Information 

Technology and Bionics, vol. 15:2020 pp. 117-119., 

3 p. (2020) 

 Zs. Varga-Medveczky: 3D two-photon imaging of 

putative visual cortical functional modules, PhD 

Proceeding Annual Issues of the Doctoral School 

https://m2.mtmt.hu/gui2/?mode=browse&params=publication;32775402
https://m2.mtmt.hu/gui2/?mode=browse&params=publication;32775402
https://m2.mtmt.hu/gui2/?mode=browse&params=publication;32775402


22 
 

Faculty of Information Technology and Bionics, vol. 

14:2019 pp. 159-161., 3 p (2019) 

 

  



23 
 

References 

1.  Bors, L.; Tóth, K.; Tóth, E.Z.; Bajza, Á.; Csorba, A.; 

Szigeti, K.; Máthé, D.; Perlaki, G.; Orsi, G.; Tóth, 

G.K.; et al. Age-Dependent Changes at the Blood-

Brain Barrier. A Comparative Structural and 

Functional Study in Young Adult and Middle Aged 

Rats. Brain Research Bulletin 2018, 139, 269–277, 

doi:10.1016/j.brainresbull.2018.03.001. 

2.  Bors, L.A.; Bajza, Á.; Mándoki, M.; Tasi, B.J.; 

Cserey, G.; Imre, T.; Szabó, P.; Erdő, F. Modulation 

of Nose-to-Brain Delivery of a P-Glycoprotein 

(MDR1) Substrate Model Drug (Quinidine) in Rats. 

Brain Research Bulletin 2020, 160, 65–73, 

doi:10.1016/j.brainresbull.2020.04.012. 

3.  Greb, J.E.; Goldminz, A.M.; Elder, J.T.; Lebwohl, 

M.G.; Gladman, D.D.; Wu, J.J.; Mehta, N.N.; Finlay, 

A.Y.; Gottlieb, A.B. Psoriasis. Nat Rev Dis Primers 

2016, 2, 16082, doi:10.1038/nrdp.2016.82. 

4.  Kocsis, D.; Horváth, S.; Kemény, Á.; Varga-

Medveczky, Z.; Pongor, C.; Molnár, R.; Mihály, A.; 

Farkas, D.; Naszlady, B.M.; Fülöp, A.; et al. Drug 

Delivery through the Psoriatic Epidermal Barrier—A 

“Skin-On-A-Chip” Permeability Study and Ex Vivo 

Optical Imaging. International Journal of Molecular 

Sciences 2022, 23, 4237, doi:10.3390/ijms23084237. 

5.  Kemény, Á.; Kodji, X.; Horváth, S.; Komlódi, R.; 

Szőke, É.; Sándor, Z.; Perkecz, A.; Gyömörei, C.; 

Sétáló, G.; Kelemen, B.; et al. TRPA1 Acts in a 

Protective Manner in Imiquimod-Induced 

Psoriasiform Dermatitis in Mice. J Invest Dermatol 

2018, 138, 1774–1784, doi:10.1016/j.jid.2018.02.040. 



24 
 

6.  Zhou, Y.; Follansbee, T.; Wu, X.; Han, D.; Yu, S.; 

Domocos, D.T.; Shi, Z.; Carstens, M.; Carstens, E.; 

Hwang, S.T. TRPV1 Mediates Inflammation and 

Hyperplasia in Imiquimod (IMQ)-Induced 

Psoriasiform Dermatitis (PsD) in Mice. J Dermatol 

Sci 2018, 92, 264–271, 

doi:10.1016/j.jdermsci.2018.11.009. 

7.  Riol-Blanco, L.; Ordovas-Montanes, J.; Perro, M.; 

Naval, E.; Thiriot, A.; Alvarez, D.; Paust, S.; Wood, 

J.N.; von Andrian, U.H. Nociceptive Sensory Neurons 

Drive Interleukin-23-Mediated Psoriasiform Skin 

Inflammation. Nature 2014, 510, 157–161, 

doi:10.1038/nature13199. 

8.  Erdő, F.; Denes, L.; de Lange, E. Age-Associated 

Physiological and Pathological Changes at the Blood-

Brain Barrier: A Review. J Cereb Blood Flow Metab 

2017, 37, 4–24, doi:10.1177/0271678X16679420. 

9.  Hoyk, Z.; Tóth, M.E.; Lénárt, N.; Nagy, D.; Dukay, 

B.; Csefová, A.; Zvara, Á.; Seprényi, G.; Kincses, A.; 

Walter, F.R.; et al. Cerebrovascular Pathology in 

Hypertriglyceridemic APOB-100 Transgenic Mice. 

Front Cell Neurosci 2018, 12, 380, 

doi:10.3389/fncel.2018.00380. 

10.  Süle, Z.; Mracskó, E.; Bereczki, E.; Sántha, M.; Csont, 

T.; Ferdinandy, P.; Bari, F.; Farkas, E. Capillary Injury 

in the Ischemic Brain of Hyperlipidemic, 

Apolipoprotein B-100 Transgenic Mice. Life Sci 2009, 

84, 935–939, doi:10.1016/j.lfs.2009.04.011. 

11.  Lange, C.; Storkebaum, E.; de Almodóvar, C.R.; 

Dewerchin, M.; Carmeliet, P. Vascular Endothelial 

Growth Factor: A Neurovascular Target in 



25 
 

Neurological Diseases. Nat Rev Neurol 2016, 12, 439–

454, doi:10.1038/nrneurol.2016.88. 

12.  Demirci, S.; Aynalı, A.; Demirci, K.; Demirci, S.; 

Arıdoğan, B.C. The Serum Levels of Resistin and Its 

Relationship with Other Proinflammatory Cytokines 

in Patients with Alzheimer’s Disease. Clin 

Psychopharmacol Neurosci 2017, 15, 59–63, 

doi:10.9758/cpn.2017.15.1.59. 

13.  Varga-Medveczky, Z.; Kovács, N.; Tóth, M.E.; 

Sántha, M.; Horváth, I.; Bors, L.A.; Fónagy, K.; Imre, 

T.; Szabó, P.; Máthé, D.; et al. Age-Related 

Inflammatory Balance Shift, Nasal Barrier Function, 

and Cerebro-Morphological Status in Healthy and 

Diseased Rodents. Front Neurosci 2021, 15, 700729, 

doi:10.3389/fnins.2021.700729. 

14.  Bereczki, E.; Bernát, G.; Csont, T.; Ferdinandy, P.; 

Scheich, H.; Sántha, M. Overexpression of Human 

Apolipoprotein B-100 Induces Severe 

Neurodegeneration in Transgenic Mice. J Proteome 

Res 2008, 7, 2246–2252, doi:10.1021/pr7006329. 

 

 


