
Maja D. Markovic, Vesna V. PANIC, Sanja I. 

SESLIJA, Rada V. PJANOVIC 
 

PH-SENSITIVE HYDROGELS BASED ON 

POLY(METHACRYLIC ACID), CASEIN AND 

LIPOSOMES FOR TARGETED DELIVERY OF 

POORLY WATER-SOLUBLE ACTIVE 

SUBSTANCES 

The 33rd International Congress on Processing Industry 



• Due to their ability to respond to the changes in the external medium by swelling and 
release their loadings in the process, pH-sensitive hydrogels based on poly(methacrylic 
acid) (PMAA) could be used for targeted delivery and controlled release of active 
substances in the intestines. 

 

 

 

Modifying PMAA hydrogel with amphiphilic components such as protein-
casein and phospholipidic nanoparticles-liposomes poorly soluble 
substance-caffeine could be encapsulated and deliver at desired place in 
human body. 

Due to highly hydrophilic character the hydrogels based on 
PMAA are able to deliver only hydrophilic drugs. 
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Carriers based on poly(methacylic acid), casein and centrifuged liposomes 

with encapsulated poorly water-soluble model drug–caffeine (PMAC/Lc) were 

synthetized. The caffeine was encapsulated in liposomes which further were 

incorporated into the carrier networks during the synthesis of the carriers. 

PMAC/Lc carriers with different neutralization degree of methacrylic acid 

were obtained by free-radical polymerization. The carriers were denoted as 

PMAC/Lc-xN, where x represented the neutralization degree of methacrylic 

acid (ND) in percent and N was the symbol adopted for the neutralization. The 

volume ratio of centrifuged liposomes and distilled water were 50:50 in all 

samples. Concentration of caffeine in liposomes was 20 mg/ml. The 

concentration of  crosslinker - N,N′-methylenebisacrylamide (MBA) was 0.4 

mol% with respect to methacrylic acid in all samples. The concentration of 

initiator - 2,2′-Azobis-[2-(2-imidazolin-2-yl)propane]dihydrochloride (VA-044) 

was 0.06 mol% with respect to methacrylic acid in all samples.  

 



The interactions between the carrier and caffeine 

FTIR spectra of all PMAC carriers showed that hydrogen bonds were established 

between the PMAA and casein, whereas poor, physical interactions established between 

casein and liposomes (Fig.1). Encapsulation of caffeine was due to physical entrapment 

during the liposomes preparation.The intensity of the peak at 1540 cm-1 increased with 

increase of neutralization degree of methacrylic acid, whereas the intensity of the peak at 

1645 cm-1 decreased because of the presence of higher number of the –COO-  groups 

than the –COOH groups. 

Figure 1. The FTIR spectra of PMAC-0N, PMAC-100N, PMAC/Lc-0N, PMAC/Lc-100N 

carriers and the FTIR spectra of caffeine, liposomes and liposomes with encapsulated caffeine 



Structure of the synthesized carriers 



PB (pH=6.8) at 37°C 
0.1M HCl (pH=1,2) at 

37°C 

The caffeine release from the PMAC/Lc carriers  

The swelling curves of the PMAC/Lc carriers 



Conclusions 





Thank you! 


