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ABBREVIATIONS 

 

ANOVA: analysis of variance, BPB: bromophenol blue, HPLC: high performance liquid 

chromatography, LADV: local antibiotic delivery vehicle, MIC: minimal inhibitory 

concentration, PMMA: polymethyl-methacrylate, SEM: scanning electron microscopy, 

w/w %: weight percent 

 

 

 

1. INTRODUCTION 

 

Osteomyelitis is a difficult-to treat infection of the bone and bone marrow caused 

by bacteria originated from trauma, implant use, surgery, by direct colonization from a 

proximal infection or through systemic circulation, which tends to progress unless 

adequate therapy is applied. The conventional treatment of osteomyelitis includes a 

combination of surgical and antimicrobial principles. Surgical approaches require radical 

debridement of all infected tissue whereas antimicrobial therapy involves high dose of 

prolonged (4-6 weeks) parenteral antibiotic administration. Such antibiotic therapy is 

expensive and prone to complications and toxic side effects. To overcome adverse effects 

local antibiotic therapy is an alternative. By acting directly at the site of the infection the 

local drug delivery vehicles (LADV) can ensure high drug concentration locally.  

Using LADV to treat local infections is preferable over systemic therapy, as the 

main benefit of these devices is to obtain locally high antibiotic concentration at the site of 

the infection without increasing systemic toxicity. Hence, these devices can either replace 

or supplement the parenteral antibiotic administration, as the bioavailability of the systemic 

drugs is uncertain at the affected area due to poor vascular supply.  

In 1970, Buchholz and Engelbrecht reported in their pioneering work on the use of 

antibiotic-impregnated polymethylmethacrylate (PMMA). Since then, the antibiotic laden 

PMMA represents the standard in prevention and/or treatment of deep bone infections. 

However, the release properties of substances from acrylic bone cement are 

suboptimal. Previous studies concluded that antibiotic-laden PMMA shows biphasic 

release kinetic with rapid initial burst being followed by sustained low rate of release. 

Furthermore due to the hydrophobicity of PMMA, <10% of the trapped drug is released 

from such composite materials. To increase the accessible antibiotic content, PMMA have 

been complemented with various water soluble fillers, for example carbohydrates (dextran, 

sucrose), amino acids (glycine), polyols (erythrol, xylitol) or additional antibiotics. 

Moreover, a number of commercially used antimicrobial drugs cannot withstand the high 

temperature (70-110°C) during polymerization. Another limitation is that antibiotics in 

aqueous solutions cannot be used due to mixing and hardening problems. 
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2. OBJECTIVES 

 

Our aim was to develop a LADV that provides controlled local therapy for chronic 

osteomyelitis, capable of using wide-range of drugs with relatively steady time-dependent 

release kinetics over a protracted period. We have created a PMMA-filler (sorbitol) based 

capsule system with different wall thickness and filler content (as an improvement of that 

of Börzsei et al.). We assumed that the two properties are important determinants in the 

formation of elution channels. Theoretically, therefore, we should be able to control the 

capsule wall permeability by optimising these properties. 

The permeability of the capsules was preliminarily monitored by measuring the 

release of bromophenol blue (BPB) as a marker molecule throughout a clinically relevant 

period of time (42 days). 

To clarify the properties responsible for wall permeability the surface morphology 

of the capsules was characterized by scanning electron microscopy (SEM).  

According to the release profiles of the BPB we selected the most effective 

combinations of wall thickness and sorbitol content for further investigations. We also 

inteded to assess the in vitro antibiotic release profiles of the preselected capsules for 

various clinically relevant antibiotics (gentamicin, tobramycin, amikacin, clindamycin). 

 

 

3. MATERIALS AND METHODS 

 

3. 1. Preparation of PMMA-sorbitol capsules 
 

Sixteen groups of capsules were prepared with different wall thickness and filler 

content. The chosen filler was sorbitol, an anticariogenic food sweetener that is 

inexpensive, water-soluble and is metabolized either slowly or not at all by bacteria. 

We have prepared 4 types of Surgical Simplex P PMMA Bone Cement mixtures 

(Stryker-Howmedica-Osteonics, Rutherford, USA) containing 40, 50, 60 and 70 weight 

percent (w/w %) of sorbitol powder. 

First, the sorbitol was ground and passed through a filter with a pore size of 160 

μm, and then homogeneously dry-mixed with PMMA polymer powder. After adding the 

liquid monomer to the powder mix, cylindrical blocks were made. 

The technique used by Börzsei et al. was further improved by using a milling 

machine instead of a press to prepare the capsules. Therefore capsules were carved from 

these blocks with wall thickness of 0.3, 0.4, 0.5 and 0.6 mm. 

 

 

3. 2. Determination of capsule wall permeability 
 

BPB (Sigma-Aldrich, Steinheim, Germany) was used as a diffusion indicator 

preceding antibiotic elution studies. The capsules were loaded with 40 µl of 1 mg/ml BPB 

solution and placed into 1 ml of physiological saline solution for 42 days. 

At different time intervals (on days 1-6
 
and subsequently 9, 12, 15, 19, 23, 27, 32, 

37 and 42) the amount of BPB filtered trough the capsule wall was measured by 

spectrophotometric light absorption at 592 nm.  
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3. 3. Analysis of surface morphology by Scanning Electron Microscopy 

 

To clarify the properties responsible for wall permeability the surface morphology 

of the capsules was characterized by scanning electron microscopy (SEM). Pictures were 

recorded at same magnification. 

The percent ratios of the developed pores were calculated by using Image J image 

processing software (plugin: contour plotter analyzer).  
 
 

3. 4. Antibiotics and determination of their minimum inhibitory concentrations 

 

According to the BPB release profiles four types of PMMA-sorbitol capsules (60 

w/w%, 0.5 mm; 60 w/w%, 0.6 mm; 70 w/w%, 0.5 mm; 70 w/w%, 0.6 mm) were selected 

and tested for the following antibiotics: gentamicin (in form of gentamicin sulphate, 

(Sigma-Aldrich, Steinheim, Germany)), tobramycin (Brulamycin, TEVA Pharmaceuticals, 

Debrecen, Hungary), amikacin (Likacin, Lisapharma S.p.A, Erba, Italy) and clindamycin 

(Dalacin C, Pfizer Kft, Budapest, Hungary). 

Commercially available PMMA beads (Septopal, Biomet Europe, Darmstadt, 

Germany) containing 4.5 mg gentamicin (in the form of gentamicin sulphate, mass of 7.5 

mg) were used as controls. 

After ethylene oxide sterilization capsules (n=8) were loaded and placed into 1 ml 

of physiological saline solution for 42 days. On days 1-6
 
and subsequently on days 9, 12, 

15, 19, 23, 27, 32, 37 and 42 the capsules were returned to fresh saline. The saline being 

removed was stored at -80°C until being analyzed. 

The minimum inhibitory concentration (MIC) values were determined by the tube 

dilution method on Staphylococcus aureus HNCMB 112002 bacterial strain. 

 

 

3. 5. Gentamicin, tobramycin and amikain release from PMMA-sorbitol capsules 

determined by agar plate diffusion assay 

 

The amount of antibiotics filtered trough the capsule wall was measured by 

microbiologic agar plate diffusion assay using Mueller-Hinton agar seeded with S. aureus 

HNCMB 112002. 

The antibiotic concentrations of the samples were determined and expressed as 

μg/ml by measuring and comparing the inhibition zone size to those of known 

concentration standards. 

 

 

3. 6. Clindamycin release from PMMA-sorbitol capsules determined by HPLC 
 

The amounts of antibiotic filtered through the capsules wall were determined by 

high performance liquid chromatography (HPLC) using an Ultimate 3000 HPLC system 

(Dionex, Sunnyvale, CA, USA). 

Prior to analysis the samples were diluted to 10-50 times. The separation was 

carried out on a reverse phase C18 column (150x4.6 mm, 5 µm, Supelco Discovery, 

Sigma-Aldrich Kft, Budapest) at 25°C. The mobile phase was a mixture (1:1, v/v) of 
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acetonitrile and phosphate buffer. The flow rate was set at 1.0 mL/min, the injection 

volume was 10 µL and the chromatograms were detected at 205 nm. 

For quantification standard solutions of clindamycin (1.5-40 µg/mL) were used.  

 

 

3. 7. Statistical analysis 

 

All statistical analysis was performed using SPSS 15.0. (SPSS Inc, Chicago, USA). 

The effects of capsule wall thickness and sorbitol content for the release of BPB were 

analyzed using ANOVA test for each sampling time (p<0.05). 

ANOVA was followed by “post hoc” analyses of paired groups of capsules on day 

6, 15, and 32 of incubation. Since 16 groups of capsules were compared at three different 

time points 16 x 15 x 3 = 720 analyses were performed. We identically color coded the 

groups of capsules, which were similar with regards their BPB release properties (p>0.05). 

The relation between the release properties and the capsule surface morphologies 

was also assessed. Comparison of the surface area of pores, as determined by SEM was 

plotted and analyzed against several aspects.  

The data are presented throughout as mean  standard deviation (SD). Comparisons 

were performed using Student’s t-test and statistically significant differences were defined 

at p<0.05. 

 

 

4. RESULTS 

 

4. 1. Wall permeability of capsules 

 

The BPB release slowed down significantly with increasing wall thickness. The 

cumulative curves representing 40-70 w/w % sorbitol concentrations gradually flatten with 

increasing wall thickness. At the 70 w/w % sorbitol level, full equilibration was seen by 

day 6 with the 0.3 mm wall thickness. Full equilibration was postponed in time when the 

capsule walls were thicker: 19, 23 and 42 days, respectively. 

As expected, the same tendencies were seen in capsules with lower sorbitol 

contents. Comparison of the effect of sorbitol content on BPB release at a given capsule 

wall thickness showed that less and less BPB is measured in the incubation medium when 

the sorbitol content decreases. Consequently, only about half the total BPB load is released 

in the thinnest, 0.3 mm – 40 w/w % sorbitol capsules by the end of experiment.  

ANOVA analysis of the released BPB as the function of wall thickness or filler 

content gave highly significant differences at any time-point (p<0.001). As expected, the 

combined effect of these 2 factors had a significant cumulative impact on the release 

profiles (p<0.001).  

Pair-wise, post hoc analyses also confirmed our hypothesis; considering only the 

wall thickness, the thinner is the capsule wall at given filler concentration, the faster the 

release group to which it belonged. Likewise, the higher the sorbitol content of the capsule 

at any given wall thickness, the faster the release of BPB.  
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4. 2. Surface morphology of capsules by SEM 
 

In SEM pictures recorded at day 42, circular dark voids (pores) were present. 

We found that the larger the area of surface pores, the sooner the initial burst 

occurs. An exponential curve provided the best fit to our data (R
2
=0.868, p<0.001). 

The relationship between the surface porosity and the time needed to release half of 

the total load gave a negative exponential correlation (R
2
=0.945, p<0.001). 

The relation between the surface porosity and the daily maximum release of BPB 

gave a strong exponential positive correlation (R
2
=0.939, p<0.001), as expected. 

The surface porosity versus time passed between the 25 and 75% total BPB 

released plot also confirmed strong negative exponential relationship between the variables 

(R
2
=0.945, p<0.001).  

 

 

4. 3. Biological activities and MIC values of the antibiotics 

 

  The bacterial inhibition assays revealed that the antibiotics retained their biological 

activity over 42 days. 

MIC of gentamicin was 0.2 µg/ml, MIC of tobramycin was 0.2 µg/ml and MIC of 

amikacin was 0.8 µg/ml on S. aureus. 

 

 

4. 4. Antibiotic release from PMMA-sorbitol capsules 
 

First we determined the gentamicin release from PMMA-sorbitol capsules and 

Septopal beads loaded with equal amount of gentamicin (4.5 mg). 

The beads showed typical biphasic kinetics with high initial burst on the first day 

followed by rapid decline. Over 50% of the total release occurred within 5 days, and the 

cumulative release curve plateaued after 10 days. Only 50% of the incorporated antibiotic 

was eluted from the beads by the end of the experiment. 

In contrast, the antibiotic laden PMMA-sorbitol capsules released 70-100% of their 

total load depending on the wall thickness and sorbitol content. The capsules with 60 w/w 

% sorbitol and 0.6 wall thickness showed the lowest cumulative release, whereas the 

highest release by the end of the experiment was achieved with the capsules with 70 w/w 

% of sorbitol and 0.5 mm wall thickness. The latter ones had already emptied nearly 100% 

of their total load by day 27. 

The release profiles of the capsules were determined by the type of the capsules as 

well. The release kinetics of the capsules with 70 w/w % of sorbitol and 0.5 mm of wall 

thickness compared best to Septopal, but showed quicker release and maximum elution. 

The release was fastest during the first 19 day period and continued at lower rate after. 

Between the days 2 and 23 these capsules demonstrated significantly higher antibiotic 

release than the control beads. 

Other capsules with lower sorbitol contents and/or 0.6 mm wall thickness showed 

modest gentamicin release during the first days of the experiment. However, after the first 

phase of the opening of elution channels, sustained effective gentamicin release was seen 

throughout the rest of the observation period. Consequently, capsules with 60 w/w % 
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sorbitol and capsules with 70 w/w % sorbitol and 0.6 mm wall thickness released 

significantly more gentamicin compared with Septopal after day 9. These capsules 

appeared to deliver low levels of gentamicin during the first days, but gradually began to 

release antibiotic thereafter, giving effective sustained release throughout the 42 day. 

Capsules with 60 w/w % sorbitol and 0.6 mm wall thickness released the highest 

levels of gentamicin throughout the second half of the experiment. Between days 23 and 

42, over 800 times the MIC has been released. 
We also assessed the tobramycin release profiles from the capsules. In comparing the 

cumulative release characteristics of tobramycin-loaded capsules with gentamicin-loaded 

capsules, they demonstrated similar cumulative release characteristics where identical 

capsule constructs were used. 

Biphasic kinetic was observed also for 70 w/w % sorbitol with 0.5 mm capsules as the 

antibiotic release rate was high throughout the first days, but rapidly decreased with no 

additional release being detectable after day 27. 

Capsules containing less sorbitol and/or having a thicker wall also demonstrated similar 

release properties. Even during the last 5 days of the experiment, the capsules released 

350-660 x MIC equivalent tobramycin. 

As with the results of the gentamicin release experiments, the 60 w/w % sorbitol and 

0.6 mm wall thickness capsules showed the highest additional tobramycin release during 

the second part of the observation period. 

The elution curves of amikacin were again similar to those of gentamicin and 

tobramycin release.  

In case of clindamycin loaded capsules the drug release depended also on wall 

thickness and filler content. The highest initial burst was seen in 70 w/w %, 0.5 mm 

capsules and the capsules released 100% of the loaded clindamycin by day 42. These 

capsules represented the fastest release characteristic as high outburst was seen during the 

first days of the experiment followed by low release later. 

The 70 w/w %, 0.6 mm and 60 w/w %, 0.5 mm capsules had slower release throughout 

the experiment without showing major difference from each other. At the beginning of the 

experiment the antibiotic release was modest compared to 70 w/w %, 0.5 mm capsules, 

nevertheless, after the opening of elution channels, ascendent release was seen throughout 

the rest of the observation period. 

The 60 w/w %, 0.6 mm capsules showed the lowest cumulative release, however.  
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5. SUMMARY 

 

The data obtained demonstrate that LADV with various controlled release kinetics 

can be prepared by setting capsule wall thickness and filler content. A rapid high initial 

release was associated with high filler content and thin capsule wall. If the filler content 

was low and the capsule wall thick, relatively even but slow release kinetics were 

observed. 

In the case of the sorbitol-filled capsules, formation of elution channels starts 

immediately, but effective canalization is prolonged where the capsule wall is thick and/or 

the filler concentration is low. The more elution channels that are open, the quicker is the 

equilibration process, but the acceleration is dampened by the fact that in the meantime the 

capsule BPB concentration decreases. This allows the creation of a LADV with relatively 

constant and efficient discharge of its load. 

Furthermore, we also aimed to determine whether the capsules have the potential to 

release antibiotic content in a similar manner, ensuring constant high drug levels over 

several weeks. 

As expected, antibiotic release by all capsules occurred as a function of sorbitol 

content and wall thickness. Moreover the release profiles of the same type of capsules were 

similar to each other, and independent of the type and loading dose of the antibiotics. 

All 70 w/w % sorbitol and 0.5 mm wall thickness capsules showed an initial burst 

effect (similar to Septopal); however, the release rate was significantly higher and more 

efficient compared to beads. 

Other capsules showed delayed release characteristics. Due to a thicker wall and 

lower sorbitol content, the permeabilization of 60 w/w % sorbitol and 0.6 mm wall 

thickness capsules proceeded more slowly. 

Therefore, if a longer (e.g. 6-week) effective antibiotic treatment is needed, we 

recommend a combination of capsules to complement one another. (It is also easy to create 

a separator divided capsule, where the two halves have different wall thickness and/or 

sorbitol content or create a capsule chain analogous with the bead chains.) This way, after 

the 70 w/w % sorbitol and 0.5 mm wall thickness compartments emptied their load the 60 

w/w % sorbitol and 0.6 mm wall thickness compartments could still gave a high rate of 

antibiotic release for the rest of the treatment period. Notably, the additional release from 

the PMMA-sorbitol capsules could remain at a significantly greater level than the MIC, 

which offers great possibility for rapid bacterial clearing. 

Therefore, besides the wide range of drugs that could be used, the amount of drug 

release and the duration meet the criteria of an almost ideal LADV. 

Consequently, after identification of the infective microorganism and determination 

of the in vitro antibiotic susceptibility, it would be feasible to introduce the most 

appropriate antibiotic into the previously prepared and sterilized PMMA-sorbitol capsules. 

We consider that, after radical debridement, inserting the combination of 70 w/w 

%:0.5 mm and 60 w/w %:0.6 mm capsules directly into the site of the infection could 

provide ideal and relative even local drug concentration, giving the best possibility of 

killing or inhibiting the growth of bacteria. 

We conclude that the capsules can provide effective local drug delivery in a 

predictable manner for various length of time depending on their filler content and wall 

thickness. 
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By using a combination of capsules (or a divided capsule) with quick and 

protracted release characteristics, the desired aim of local antibiotic therapy can be 

achieved. 

In this way these capsules may decrease the risk of developing antibiotic resistance, 

as the prolonged, unwanted subtherapeutic level can be avoided. 

Theoretically any kind of antimicrobial agents can be applied through this delivery 

system (based on the identification of the microorganism and its in vitro antibiotic 

susceptibility). Other drugs, such as anticancer agents, could also be employed to treat 

bone metastasis. 

Another advantage of our method is the inexpensive preparation of the capsules 

themselves. 

Thus PMMA-sorbitol capsules are likely to be more reliable drug delivery vehicles 

compared to antibiotic impregnated PMMA bone cements. 

 



11 

PUBLICATIONS 

 

Articles related to the topic 

 

Frank D, Cseh G, Nagy T, Pótó L, Kocsis B, Miseta A 

Polymethyl-Methacrylate-Sorbitol Based Capsules as Local Drug Delivery Vehicles: a 

Preliminary Study 

Cell Biol Int. 2011; 35(5):499-504.                                                                                         

IF: 1.8 (2009) 

 

Frank D, Cseh G, Kocsis B, Nagy T, Borsiczky B, Tőkés-Füzesi M, Miseta A 

Polymethyl-Methacrylate-Sorbitol Based Capsules as Local Drug Delivery Vehicles: In 

Vitro Antibiotic Elution Study 

Cell Biol Int. 2011; 35(3):267-272. 

IF: 1.8 (2009) 

 

Frank D, Montsko G, Juricskay I, Borsiczky B, Cseh G, Kocsis B, Nagy T, Nagy AK, 

Kovács LG, Miseta A 

Clindamycin Release Determined by High Performance Liquid Chromatography from a 

Novel Low-Cost Local Drug Delivery System: A New Potential Treatment Option for 

Chronic Osteomyelitis 

Accepted for publication. Ahead of print in Journal of Chemoterapy 

IF: 1.166 (2009) 

 

Oral presentations related to the topic 

 

Frank D, Cseh G, Borsiczky B, Miseta A 

A polimetil-metakrilát egy újfajta felhasználási lehetősége a muszkuloszkeletális infekciók 

kezelésében 

2009.08.21-22. 

HMAA Balatonfüredi Nyári Diákkonferencia (Balatonfüred, Hungary) 

 

Frank D, Cseh G, Nagy T, Borsiczky B, Seres L, Miseta A 

A novel local drug delivery device in the management of muskuloskeletal infections 

Preliminary testing 

2009.11.19-22. 

6th International Medical Postgraduate Conference (Hradec Kralove, Czech Republic) 

 

Frank D, Cseh G, Borsiczky B, Börzsei L, Miseta A 

PMMA-szorbitol kapszulák diffúziós vizsgálata  

2010.06.17-19. 

A Magyar Ortopéd Társaság és a Magyar Traumatológus Társaság 2010. évi Közös 

Kongresszusa (Pécs, Hungary) 

 



12 

Frank D, Cseh G, Borsiczky B, Börzsei L, Kocsis B, Miseta A  

PMMA-szorbitol kapszulák antibiotikum kiáramlás vizsgálata  

2010.06.17-19. 

A Magyar Ortopéd Társaság és a Magyar Traumatológus Társaság 2010. évi Közös 

Kongresszusa (Pécs, Hungary) 

 

Borsiczky B, Börzsei L, Jancsik V, Frank D, Miseta A, Cseh G 

Nyúl tibiáján létrehozott kísérletes osteomyelitis lokális terápiája antibiotikummal töltött 

PMMA-szorbitol kapszulák közvetítésével 

2010.06.17-19. 

A Magyar Ortopéd Társaság és a Magyar Traumatológus Társaság 2010. évi Közös 

Kongresszusa (Pécs, Hungary) 

 

Börzsei L, Borsiczky B, Cseh G, Kocsis B, Frank D, Miseta A 

Szeptikus csontfolyamatok lokális antibiotikum terápiájának lehetőségei és egy újabb 

antibiotikum hordozó: A PMMA-szorbitol kapszula  

2010.06.17-19. 

A Magyar Ortopéd Társaság és a Magyar Traumatológus Társaság 2010. évi Közös 

Kongresszusa (Pécs, Hungary) 

 

Frank D, Cseh G, Borsiczky B, Kocsis B, Miseta A 

PMMA-sorbitol capsules 

2010.08.20-21. 

Hungarian Medical Association of America. HMAA Summer conference in Balatonfüred 

(Balatonfüred, Hungary) 

 

Frank D 

PhD hallgatói előadás-PMMA-szorbitol kapszulák 

2010.08.30-09.3. 

Fogorvosok számára kötelező szintentartó tanfolyam és gyakorlati kurzus, 

Fogorvostudományi Tudományos Ülés (Pécs, Hungary) 

 

Frank D 

PMMA-szorbitol kapszulák permeabilitás és in vitro antibiotikum kiáramlás vizsgálata 

2010.09.27. 

Pécsi Tudományegyetem Orvostudományi és Egészségtudományi Szakosztály 

Tudományos Ülése- Tanulságos Esetek Fóruma- Felkért előadás (Pécs, Hungary) 

 

Cseh G, Jancsik V, Börzsei L, Frank D, Jávor S, Borsiczky B 

PMMA sorbitol capsules for the treatment of pyogenic bone infection: experimental study 

in rabbits 

2011.06.26-30. 

Br J Surg. 2011 Jun; 98 Suppl 5:S1-69 

46th Congress of the European Society for Surgical Research (Aachen, Germany) 

IF: 4.077 (2009) 

 



13 

Frank D, Borsiczky B, Montskó G, Cseh G, Kocsis B, Kolarovszki B, Nagy T, Nagy Á, 

Kovács LG, Miseta A 

A novel local drug delivery system 

 

2011.08.31-09.03. 

45th Meeting of the Continental European Division of the International Association for 

Dental Research with the Scandinavian Division (Budapest, Hungary) 

IF:3.773 (2009) 

 

Poster presentations related to the topic 

 

Frank D, Borsiczky B, Börzsei L, Kocsis B, Nagy T, Miseta A, Cseh G 

Release Properties of a Novel Local Drug Delivery System 

2010.06.16-17. 

8th Central European Orthopaedic Congress (Pécs, Hungary) 

 

Frank D, Montskó
 
G, Borsiczky B, Cseh G, Kocsis B, Kolarovszki B, Nagy T, Kovács 

LG, Miseta A
 

Clindamycin Release from a Novel Local Antibiotic Delivery System for the Management 

of Chronic Osteomyelitis 

2011.06.24-30. 

4th Congress of European Microbiologist FEMS 2011 (Geneve, Switzerland) 

 

Further articles 

 

Nagy T, Balasa A, Frank D, Rab A, Rideg O, Kotek G, Magyarlaki T, Bogner P, Kovács 

GL, Miseta A 

O-GlcNAc modification of proteins affects volume regulation in Jurkat cells  

European Biophysics Journal. 2010:39;1207-1217. 

IF: 2,437 (2009) 

 

Frank D, Nagy T,
 
Kátai E, Yahiro RKK, Bakó C, Zrínyi Z, Poór VS, Kovács GL, Miseta 

A 

Lithium induces unfolded protein response and enhance O-GlcNAc modification of 

proteins in Jurkat cells grown on galactose 

(Under review) 

 

Furter published abstracts 

 

Nagy T, Frank
 
D, Poor

 
VS, Rab A, Kovacs GL, Miseta A 

Impaired galactose metabolism by lithium treatment leads to increased unfolded protein 

response and elevated O-GlcNAc modification of proteins  

Glycobiology.2010:(20)11; 1481-1482.   Meeting Abstract: 103 

2010.11.7-10. 

2010 Annual Conference of the Society for Glycobiology (St Pete Beach, FL, USA) 

IF: 3,929 (2009) 



14 

 

Further oral presentations 

 

Frank D, Benke B 

Teljes kivehető lemezes fogpótlás szerkezeti stabilitásának növelési lehetősége 

2008.08.22-23. 

Tobacco Epidemic in Hungary Conference in Budapest (Budapest, Hungary) 

 

Benke B, Frank D, Marada G, Cseh K, Szabó G 

The effect of reinforcement with glass fibers and fracture characteristic of damaged 

acrylic-resin based specimen sas analysed by SEM 

2008.09.4-6. 

32nd Annual Congress of European Prosthodontic Assotiation (Pécs, Hungary) 

 

Frank D, Nagy T, Rab A, Poór VS, Kovács LG, Miseta A 

Lithium treatment induces unfolded protein response and increases O-GlcNAc 

modification of proteins in Jurkat cells grown on galactose 

2010.08.20-21. 

HMAA Balatonfüredi Nyári Konferencia 2010 (Balatonfüred, Hungary) 

 

Nagy T, Frank D, Miseta A 

Protein O-glycosylation; A new diagnostic Tool? 

2010.08.26-28. 

A Magyar Laboratóriumi Diagnosztikai Társaság 55. Nagygyűlése (Pécs, Hungary) 

 

Frank D, Nagy T, Rab A, Poór VS, Kovács LG, Miseta A 

Lithium influences the signaling mechanism of O-glycosylation by the modulation of Ca
2+

-

stores in galactose-fed Jurkat cells 

2010.11.18-20. 

7th International Medical Postgraduate Conference (Hradec Kralove, Czech Republic) 

 

Further posters 

 

Frank D, Pandúr E, Poór VS, Sarnyai Á, Nagy T, Miseta A, Sipos K 

A hepcidin kimutatása a nagy nyálmirigyekből 

2009.05.19-22. 

39. Membrántranszport Konferencia (Sümeg, Hungary) 

 

Frank D, Nagy T, Rab A, Miseta A 

A foszfoglükomutáz (PGM) szerepe a lítium hatásmechanizmusában Jurkat sejteken 

2009.05.19-22. 

39. Membrántranszport Konferencia (Sümeg, Hungary) 

 



15 

Nagy T, Frank D, Balasa A, Józsa G, Rab A, Miseta A 

O-glikoziláció: calcium szabályozás hypoxiás folyamatokban 

2009.05.19-22. 

39. Membrántranszport Konferencia (Sümeg, Hungary) 

 

Frank D, Szalma J, Rideg O, Nagy T, Miseta A, Olasz L 

Humán papillomavírusok (HPV) szerepe a szájüregi daganatos megbetegedésekben 

2009.11.5-7. 

Magyar Arc-, Állcsont- és Szájsebészeti Társaság XIII. Kongresszusa (Pécs, Hungary) 

 

Frank D, Nagy T, Kovács LG, Miseta A 

A lítium hatása a galaktóz metabolizmusra és az O-glikozilációra Jurkat sejteken 

2010.05.18-21. 

40. Membrántranszport Konferencia (Sümeg, Hungary) 

 

Frank D, Nagy T, Kátai E, Poór VS, Kovács LG, Miseta A 

Lítium a galaktóz metabolizmus megváltoztatásával fokozza a fehérjék O-glikozilációját és 

az UPR-t 

2011.05.17-20. 

41. Membrántranszport Konferencia (Sümeg, Hungary) 

 

Kátai E, Nagy T, Frank D, Kovács LG, Miseta A 

Lítium új preventív lehetőség az Alzheimer betegségben? 

2011.05.17-20. 

41. Membrántranszport Konferencia (Sümeg, Hungary) 

 

Nagy T, Yahiro KKR, Kátai E, Frank D, Balogh A, Kovács LG, Miseta A 

Az O-típusú protein glikoziláció szerepe a TRPC1 kálcium-csatorna szabályozásában 

2011.05.17-20. 

41. Membrántranszport Konferencia (Sümeg, Hungary) 

 

Kolarovszki B, Barla-Szabó P, Frank D, Fülöp G 

Biszfoszfonát – kezelés mellékhatásaként fellépő állcsontnekrózis – „lerágott csont” 

2011.09.2-3. 

51. Somogyi Egészségügyi Napok (Siófok, Hungary) 



16 

ACKNOWLEDGEMENTS 
 

First of all I am very thankful to my supervisor Prof. Dr. Attila Miseta for his 

support, great advises and great enthusiasm in helping to accomplish my work. 

I am grateful to Prof. Dr. Lajos Olasz, Prof. Dr. Gyula Szabó and Dr. Ákos Nagy.  

Many thanks for their support, help, administrative and organizing contributions to my 

official affairs. 

I would like to express my special thank to Dr. Tamás Nagy and Dr. Emese Kátai 

for their help, support and great advises.  

I am grateful to Prof. Dr. Gábor L. Kovács and Gergely Montskó for their help and 

support in HPLC measurements. 

I would also like to acknowledge the substancial help and assistance of Dr. Balázs 

Borsiczky, Dr. Gellért Cseh and Dr. László Börzsei. 

Special thanks to Ferenc Szvacsek for the preparation of the capsules. 

I am very thankful to Dr. Béla Kocsis and Erika Kocsis for their encouragement 

and expert microbiological assistance. 

I would like to express my appreciation to Prof. Dr. László Seress and Béla Dolgos 

for their support and help in scanning electronmicroscopy. 

I would like to also thank Dr. László Pótó and Dr. István Juricskay for their 

valuable help in statistical analysis. 

I  am also thankful  to  all  my  Colleagues  from  Department of Laboratory 

Medicine and also from Dentistry, Department of Oral Surgery. 

And last but not least, I am very thankful to my Family, my Husband and my 

Friends for standing beside me every time I really needed them. Without their continous 

support and compassionate love I would not have been capable of achieving my goals and 

dreams. 

 


