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ABSTRACT  
 
 Mucoadhesive pastes with Methylprednisolone hydrogen succinate are characterized 
with pronounced therapeutic activity in treating  Pemfigus vulgaris. Two types of Carbomer as 
drug release carriers were used: Carbopol® 971P NF and Carbopol®  974P NF in concentrations 
between 27 to 32%. Mucoadhesive pastes were based on paraffin liquid with the use of 
Magnesium stearate to improve the structural characteristics of the systems. Tests for adhesion, 
stability and in vitro drug release of developed models of mucoadhesive pastes were carried out. 
The results obtained show the influence of the type and concentration of polymer used on the 
adhesion and the rate and degree of drug release. The stability of the developed mucoadhesive 
pastes was provided by inclusion of 2 wt % magnesium stearate. 
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 INTRODUCTION 
 
 Recent focus of pharmaceutical technological science has been directed towards the 
development of a mucoadhesive drug delivery system, which is able to target drugs to various  
mucosa such as buccal, nasal, ocular, pulmonary, rectal, vaginal etc (Ahuja et al., 1997; Kharenko 
et al. 2009;  Lee et al. 2000). As a result of adhesion, the controlled drug delivery localizes for 
long period at the delivery site, improving drug bioavailability in a site-specific manner using 
lower drug concentrations for disease treatment (Leung and Robinson, 1988). Mucoadhesion may 
be affected by a number of factors, including hydrophilicity, molecular weight, cross-linking, 
swelling, pH, and the concentration of the active polymer (Yang and Robinson, 1998; Andrews et 
al., 2009). Mucoadhesive polymers have numerous hydrophilic groups, such as hydroxyl, 
carboxyl, amide, and sulfate, which (i) attach to mucus or the cell membrane by various 
interactions such as hydrogen bonding and hydrophobic or electrostatic interactions; (ii) cause 
polymers to swell in water and thus expose the maximum number of adhesive sites (Rahamatullah  
et al., 2011; Mizrahi and Domb, 2008). Anionic polymers are the most widely employed 
mucoadhesive polymers within pharmaceutical formulation due to their high mucoadhesive 
functionality and low toxicity (Singla et al., 2000; Park and Robinson, 1987). Such polymers are 
characterised by the presence of carboxyl and sulphate functional groups that give rise to a net 
overall negative charge at pH values exceeding the pKa of the polymer. 
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  Typical examples include poly(acrylic acid) (PAA) and its 
weakly cross-linked derivatives. PAA polymers are available in a 
wide range of molecular weights. The buccal cavity offers many 
advantages for drug delivery application and is often associated 
with high patient compliance, low levels of irritation and 
significant ease of administration (Jones et al., 2000; Sudhakar and 
Kuotsu, 2006). The oral cavity is used as a site for local and 
systemic drug delivery. Local drug therapy is used to treat disease 
states like aphthous ulceration gingivitis, periodontal disease, and 
pemphigus vulgaris. Different dosage forms are used to administer 
adhesive ointments, gels, pastes, tablets, films, and patches 
(Medlicott, 1994; Harman, 2003). The aim of this study was to 
develop and optimize a mucoadhesive hydrophobic paste with 
Methylprednisolone hydrogen succinate for treatment of 
pemphigus vulgaris and determine the influence of polymer type 
and concentration on: (i) the adhesion ability of the system; (ii) the 
stability and (iii) drug release kinetics. 
 
MATERIALS AND METHODS 
 

Materials 
Polymers: Carbopol®  971P NF and Carbopol®  974P NF 

(BF Goodrich,USA).  All other ingredients are in analytical grade. 
 
Methods 
Preparation of model compositions of of mucoadhesive pastes 
containing Methylprednisolone hydrogen succinate 

Hydrophobic formulations based on paraffin liquid were 
designed with 0.5% Methylprednisolone hydrogen succinate. 
Preliminary sieved magnesium stearate and methylprednisolone 
was sequentially suspended in the hydrophobic carrier of the paste 
paraffin liquid. To the reconstituted suspension, preliminary sieved 
adhesive polymer Carbopol®  971P NF  or  Carbopol®  974P NF 
was added by constant stirring.    
 
Study of adhesion ability of model formulations 

Their bioadhesive behavior was studied in a modified 
tensile tester in contact with artificial membrane and the force-
elongation behavior was measured up at breakpoint. An                    
artificial membrane was placed on an electronic balance.                
On the artificial membrane was applied uniformly researched 
adhesive and above it the aluminum cap covered with a                  
membrane was placed by pressing. The strength of adhesion              
was equivalent to the mass indicated from the balance, by the            
time of rupture of the withdrawing adhesive   (expressed in grams). 
 
Stability studies 

Weight method for determining the separate amounts             
of hydrophobic liquid under stress storage conditions  (60 °C)  was  

 
 
 
 
 

used. On top of the wall of the glass 1.2800 ± 0.002 g of the model 
formulations were applied.  

The glass with the sample was weighed on an analytical 
balance. After 48 hours equilibration at 60 °C in heating and drying 
oven (Heraeus T6) and after equilibration in desiccator, the 
separated oil was carefully absorbed with filter paper and the glass 
with the sample was weighed again on an analytical balance. The 
separated oil was calculated in milligrams.  
 
In vitro drug release 

Drug release profiles were evaluated using a dissolution 
test apparatus (Еrweka DT 600, Hensenstmm, Germany). 
Dissolution of Methylprednisolone hydrogen succinate was carried 
out by USP 5 paddle over disk. At the bottom of the apparatus the 
artificial membrane was placed on the network disk. On the 
artificial membrane 1.21 g of adhesive paste was affixed 
uniformly.  The test was carried out at a paddle rotation speed of 
50 rpm, maintained at 37 ± 0.5 °C, in 250 ml dissolution medium 
at рН 6.8 – PBS. Withdrawing 5 ml filtered (0.45μm) samples at 
preselected intervals (5, 10, 15, 20, 30, 45, 60, 75, 90 and 120 
minutes), the dissolution progress was monitored.  

The quantity of Methylprednisolone in sample solutions 
was analyzed by UV absorbance at 246 2 nm using a Hewlett-
Packard 8452 А Diode Array spectrophotometer (New Jersey, 
USA). The cumulative percentage of drug release was calculated 
and the average of six determinations was used in the data analysis. 
The statistical analysis of the dissolution data showed a statistical 
difference (p < 0.05) using t-test by Origin Plot software. 
 
RESULTS AND DISCUSSION 
  

Preparation of model compositions of mucoadhesive pastes 
containing Methylprednisolone hydrogen succinate 

Hydrophobic mucoadhesive paste was chosen because of 
(i) instability of Methylprednisolone hydrogen succinate in water 
solutions (Gőrőg S, 1983); (ii) hydrophobicity of the paste does not 
allow for a rapid uptake of water in it (providing a gradual swelling 
of the hydrophilic polymer) and ensures prolonged contact with 
oral mucosa. Two types of carbomers: Carbopol® 974P NF and 
Carbopol® 971P NF were used as mucoadhezive polymers. 

Our preliminary studies have shown that use of sunflower 
oil as a vehicle not provide sufficient adherence of the paste which 
is probably due to  the steric effect of triglycerides on the adhesion 
of polymer.  Moreover, developed preliminary models showed low 
stability during storage, resulting in separation of the oil. Therefore 
in this study liquid paraffin is used as a hydrophobic suspending 
medium. To improve the structural characteristics of the system 
magnesium stearate was included.  The developed model 
compositions are presented in Table 1. 
 
 
 
 
 
 

Table 1: Model compositions 
Model (wt%) M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 
Methylprednisolone hydrogen succinate  0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
Carbopol®  971P NF   32  32  32  29 29 27 27 
Carbopol ® 974P NF    32  32  32     
Paraffin liquid   67.5 67.5 65.5 65.5 63.5 63.5 68.5 66.5 70.5 68.5 
Magnesium stearate     2 2 4 4 2 4 2 4 
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Study of adhesion ability of model formulations 
Adhesion ability of the model compositions was tested 

using the developed methods. 
 The summarized data obtained from the study is presented 
in Fig. 1 and 2 
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Fig.1: Influence of polymer type and concentration of magnesium stearate on the 
adhesion ability of the different model compositions (Models M1-M6, respectively). 
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Fig. 2: Influence of the concentration of Carbopol®  971P NF and concentration of 
magnesium stearate on the adhesion ability of the different model compositions 
(Models M3, M5, and M7-M10, respectively). 
 

From the data presented in Fig. 1 and 2 it can be clearly 
seen, that the type and concentration of polymer carrier as well as                   
the inclusion and concentration of magnesium  stearate  affect  the 
adhesion ability of the paste. Of particular importance is the type of  
mucoadhesive polymer career. Models based on Carbopol®  971P 
NF demonstrate higher adhesion ability compared to models based 
on Carbopol®  974P NF. That is due  to  the   fact   that   Carbopol® 
974P NF has a higher degree of crosslinking.  

Thus, Carbopol®  971P NF polymer tends to be more 
efficient in controlling drug release than Carbopol® 974P NF 
polymer because it has smaller degree of crosslinking and provides 
three dimensional gel structure, which is more resistant to diffusion 
and erosion. With the inclusion of magnesium stearate as structural 

forming additive, the adhesion ability decreases. The reduction of 
the adhesion ability is more pronounced in model compositions 
based on Carbopol® 974P NF. The adhesion ability of M4 and M6 
decreased with 35% and 40%, respectively. The data obtained 
shows that adhesion ability of M3 based on Carbopol® 971P NF 
and 2% magnesium stearate decreases only with 5%, while with 
increasing the quantity of magnesium stearate to 4% in M5 reduces 
this parameter more than 30%. This is reasonable due to the 
significant hydrofobicity and hampered ability to wetting of the 
polymer.  

The results presented in Fig. 2 clearly indicate the 
significant influence of the concentration of Carbopol® 971P NF 
on the adhesion ability of the samples. The relative adherence for 
M3 and M9 decreased from 43 to 21g, respectively with decreasing 
the concentration of polymer from 32% to 27%. The differences in 
relative adherence between 32% and 29% concentration of the 
polymer are not so insignificant (M3 and M7). 

Based on the performed comparative studies, it could be 
concluded that model compositions based on Carbopol® 971P NF 
in concentrations higher than 29% have considerably better 
adhesion ability in the presence of not more than 2% of magnesium 
stearate.  
 
Stability studies 

Initially, test for estimating the stability of the developed 
model compositions under stress storage conditions (60 °C) for 48 
hours was conducted. The results from the investigation are shown 
in Fig. 3. Data shows that amount of separated oil phase in model 
compositions M3, M7 and M9 is significantly reduced with 
inclusion of 2% of magnesium stearate. Increasing the 
concentration of magnesium stearate to 4% leads to deterioration 
of the structure of the paste, resulting in sliding (separated oil is 
greater than 10 mg). The change in concentration of the polymer 
carrier does not influence significantly on its stability.   

It can be concluded that the introduction of 2% 
magnesium stearate in the investigated model compositions is 
effective in improving the physical stability of the systems. 
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Fig. 3: Stability studies for model compositions based on Carbopol 971P NF under 
stress storage conditions (60 °C) for 48 hours. 
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Composition of M7 was conducted in preliminary 
stability study at room temperature for a period of 6 months. The 
results showed the absence of separation of oil and a similar 
release profile to that of freshly prepared model M7 (Fig. 4). 
 
In vitro drug release 

Based on the results obtained above, a study for the in 
vitro drug release was carried out for model compositions M3, M7 
and M9. The drug release data are presented in Fig.4. 
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Fig. 4: Iv vitro release of Methylprednisolone hydrogen succinate from  M 3, M 7, 
M 9, and M 7 after 6 months storage. 
 

It is noteworthy that at all tested models in the process of 
Methylprednisolone hydrogen succinate release begins with a 
pronounced burst effect - 15-22% of the substance is released for 5 
minutes. After that period kinetics of release is characterized by 
relatively constant and low release rate to approximately 80 
minute, then an increase in the rate of release of the included drug 
is observed. The rate increase of release of Methylprednisolone 
hydrogen succinate is due to the start of the process of erosion of 
the swollen gel structure. Most significant is sustaining the drug 
release from model composition M3 (containing 32% Carbopol® 
971P NF), where at the 120 minute only 55% of the included drug 
is released. With decrease of the polymer concentration, the rate of 
drug release increases and at 120 minute reaches 71% and 80% for 
M 7 and M9, respectively. This is a positive result according to a 
local action of Methylprednisolone hydrogen succinate in 
mucoashesive pastes. 
 
CONCLUSION 
 

Model compositions of mucoadhezive pastes              
based on Carbopol®  971P NF and Carbopol®  974P NF have been 

 
 
 
 

developed. The influence of the type and concentration of the 
polymer to the adhesion ability and drug release properties was 
established. The use of carbomer type Carbopol® 971P NF 
provides better adhesion ability than using carbomer type 
Carbopol®  974P NF, due to the higher degree of crosslinking of 
Carbopol®  974P NF. Concentrations of Carbopol® 971P NF over 
27% provide better kinetics of drug release, up to 120 minute to 
80%. It was established that the inclusion of 2% magnesium 
stearate in the composition of mucoadhezive pastes provides very 
high stability of the system, with regards to separation of oil. The 
results after 6 months storage of the model M7 showed absence of 
separation of oil and a similar release profile to that of freshly 
prepared model M7. Based on the results of the studies, 
mucoadhesive composition was optimized to be investigated 
further in vivo studies. 
 
REFERENCES 
 

Ahuja A., Khar RK., Ali J. Mucoadhesive drug delivery 
systems. Drug Dev Ind Pharm. 1997; 23:489–515. 

Andrews GP., Laverty TP., Jones DS. Mucoadhesive polymeric 
platforms for controlled drug delivery. Eur.J.Pharm.Biopharm. 2009; 
71(3): 505-518. 

Gőrőg S., Quantitative analysis of Steroids, Elsevier, 
Amsterdam, (1983), pp. 184-246. 

Harman KE., Albert SA., Back MM. Guidelines for 
management of pemphigus vulgaris. British J. Dermatology. 2003; 149: 
926-937. 

Jones DS., Woolfson AD., Brown AF., Coulter WA., 
McClelland C., Irwin CR. Design, characterization and preliminary 
clinical evaluation of a novel mucoadhesive topical formulation containing 
tetracycline for the treatment of periodontal disease. J Control Release. 
2000; 67:357–368. 

Kharenko EA., Larionova NI., Demina NB. Mucoadhesive drug 
delivery systems: A Review.  Pharm Chem. 2009; 43:200-8. 

Lee JW., Park JH., Robinson JR. Bioadhesive-based dosage 
forms: the next generation. J. Pharm. Sci. 2000; 89:850–866. 

Leung SH., Robinson JR. The contribution of anionic polymer 
structural features related to mucoadhesion. J Control Release. 1988; 
5:223–31. 

Medlicott NJ., Rathbone MJ., Tucker IJ., Holborow DW. 
Delivery systems for the administration of drugs to the periodontal pocket. 
Adv Drug Deliv Rev. 1994;.13:181–203. 

Mizrahi B., Domb AJ. Mucoadhesive polymers for delivery of 
drugs to the oral cavity. Recent Pat Drug Deliv Formul. 2008; 2:108–19.  

Shaikh R., Singh TRR., Garland MJ., Woolfson D., Donnelly 
RF. Mucoadhesive drug delivery systems. J Pharm BioAlled Sci. 2011; 
3(1): 89-100. 

Park H., Robinson JR. Mechanisms of mucoadhesion of 
poly(acrylic acid) hydrogels. Pharmaceut. Res. 1987; 4: 457–464. 

Singla AK., Chawla M., Singh A. Potential applications of 
carbomer in oral mucoadhesive controlled drug delivery system: A 
Review. Drug Dev. Ind. Pharm. 2000; 26: 913–924. 

Sudhakar Y., Kuotsu K., Bandyopadhyay AK. Buccal 
bioadhesive drug delivery – a promising option for orally less efficient 
drugs. J. Control. Release. 2006; 114:15–40. 

Yang X., Robinson JR. Bioadhesion in Mucosal Drug Delivery. 
In: Okano T, editor. Biorelated Polymers and Gels. Academic Press, 
London (1998). 
 
 
 


