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INTRODUCTION 

Oral dosage forms account for a large proportion of prescription drugs. Solid dosage 

forms are the most commonly used formulations for adults. They are characterized with great 

patients approval due to advantages, such as convenient administration and dosage control. 

These forms can be associated with some difficulties due to inability to swallow and 

unpleasant taste sensations.  

Currently, in pediatric practice, the oral route is also preferred because of its easy and 

safe administration. The main problem is the taste correction of the dosage form, as most of 

the drugs have an unpleasant taste and smell. Children are especially sensitive to the bitter 

taste, which is the most difficult to mask. Therefore, the development of taste-corrected and 

effective pediatric dosage forms for oral administration is an important field in modern 

pharmaceutical technology. 

In recent years, one of the trends in pediatric dosage forms has been the development of 

orodispersible tablets that are gradually replacing conventional tablet dosage forms. Their 

advantages are the easier intake - they disintegrate quickly in the oral cavity without the need 

for water, allow taste correction, accurate dosing and fast therapeutic effect. Studies show that 

children can easily take and evaluate positively orodispersible tablets. On the other hand, it 

should be emphasized that medicines in this group are still a small number on the 

pharmaceutical market. This is the reason for the research interest in this type of tablets, 

including those containing antihypertensive drugs. 

Designing orodispersible tablets is associated with two main problems – achieving rapid 

disintegration and taste masking of drugs. The choice of suitable disintegrants is of major 

importance as it ensures rapid disintegration of the tablet in the oral cavity. Therefore, in the 

last decade there has been an increased interest in decomposing excipients, especially those of 

natural origin.  

The subject of this dissertation is the development of orodispersible tablets for pediatric 

practice containing enalapril maleate. Various techniques will be applied to mask the bitter 

taste of the drug. The possibilities for using flax seed and quince seeds polysaccharides, 

obtained by us by the method of spray drying, as superdisintegrants, will be studied.  
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AIM AND OBJECTIVES 

The purpose of the present work is to develop and characterize orodispersible tablets 

with enalapril maleate with improved taste for use in pediatric practice. 

The following tasks are defined for the realization of the set aim: 

1. To develop and validate a UV spectrophotometric method for the quantification of 

enalapril maleate. 

2. To develop drug-polymer complexes with enalapril maleate by the precipitation method.  

3. To apply emulsion solvent evaporation technique to obtain polymer microparticles with 

enalapril maleate.  

4. To apply the spray drying method to obtain polymer microparticles with enalapril 

maleate.  

5. To make structural-morphological and physicochemical characterization of the obtained 

particle models with enalapril maleate. 

6. To assess the degree of masking of the bitter taste of enalapril maleate by in vitro testing 

in artificial media as well as by testing in experimental animals and healthy volunteers.  

7. To obtain polysaccharides from natural sources to be used as disintegrants in 

orodispersible tablets. 

8. To develop models of orodispersible tablets with masked bitter taste of enalapril maleate 

with the microparticles and natural polysaccharides obtained by us.
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MATERIALS 

 
Enalapril maleate                                             Alfa Aesar, Karlsruhe, Germany 

Eudragit EPO
® 

                                                Evonik, Essen, Germany 

Ethylcellulose                                                  Sigma-Aldrich, St. Louis, USA 

Flax seeds                                                         Bilek, Troyan, Bulgaria 

Quince seeds                                                    Bilek, Troyan, Bulgaria 

Soy polysaccharides (Emcosoy
®

)                    JRS Pharma, Rosenberg, Germany 

Talc                                                                  Alfa Aesar, Karlsruhe, Germany 

SuperTab® 11SD Spray-dried lactose             DFE Pharma, New Zealand 

Microcrystalline Cellulose 102                        JRS Pharma, Rosenberg, Germany 

Sodium stearyl fumarate (Pruv
®
)                     JRS Pharma, Rosenberg, Germany 

Aerosil 200
®
                                                     Evonik, Essen, Germany 

Sodium starch glycolate (Vivastar
®
 P)            JRS Pharma, Rosenberg, Germany 

Polysorbate 20 (Tween 20
®
)                            Alfa Aesar, Karlsruhe, Germany 

Dichloromethane                                             Alfa Aesar, Karlsruhe, Germany 

Acetone                                                            Alfa Aesar, Karlsruhe, Germany 

Ethanol (95%)                                                  Sigma-Aldrich, St. Louis, USA 

NaOH                                                               Sigma-Aldrich, St. Louis, USA 

NaCl                        Sigma-Aldrich, St. Louis, USA 

HCl                Sigma-Aldrich, St. Louis, USA 

Na2HPO4                Sigma-Aldrich, St. Louis, USA 

KH2PO4                Sigma-Aldrich, St. Louis, USA 

H3PO4                         Sigma-Aldrich, St. Louis, USA
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METHODS 

1. UV-spectrophotometric method for quantitative analysis of enalapril 

maleate in two media 

For the purposes of this dissertation, a UV-spectrophotometric method for quantitative 

analysis of enalapril maleate in two different media was developed and validated – *artificial 

gastric fluid without enzymes with pH 1.2 and **artificial saliva without enzymes – buffer with 

pH 6.8. Standard solutions of concentrations 10, 15, 20 and 25 µg/mL were prepared to 

determine the absorption maximum of enalapril maleate in the two different media. Standard 

solutions were used to construct a standard calibration curve of enalapril maleate in artificial 

saliva and artificial gastric fluid. 10 mg of enalapril maleate was dissolved in 100 mL of buffer 

with pH 6.8 and pH 1.2, respectively, to obtain starting standard solutions with a concentration 

of 100 µg/mL, from which standard solutions with a concentration of 75, 50, 25, 20, 15, 10, 5 

and 2.5 µg/mL were prepared. Absorption was measured using an Evolution™ 300 UV/Vis 

spectrophotometer (Thermo Fisher Scientific, USA) at a wavelength of 206 nm in both media. 

Standard calibration curves were obtained by graphic presentation of the absorption/ 

concentration dependence. 

*Enzyme-free artificial gastric fluid (SGF) – medium with pH of 1.2, which was 

prepared with 2.0 g of sodium chloride, 7 mL of hydrochloric acid and distilled water up to 

1000 mL for 1 L buffer. 

**Enzyme-free artificial salivary fluid (SSF) – a buffer with a pH of 6.8, which was  

prepared with 2.38 g of Na2HPO4, 0.19 g of KH2PO4, 8.00 g of NaCl, distilled water up to 

1000 mL and the required amount of H3PO
4
 to obtain the desired pH. 

2. Obtaining taste-masked particles with ENA 

2.1. Method of precipitation 

To obtain taste-masked particles with enalapril maleate by the precipitation method, 

separately saturated solutions of enalapril maleate and Eudragit EPO
®
 in ethanol 96% were 

prepared with stirring on an electromagnetic stirrer at 500 rpm and a temperature not higher 

than 25°C. The solutions were mixed for 30 minutes, after which the mixture was added 

dropwise to 0.1 N sodium hydroxide solution, with continuous stirring on an electromagnetic 

stirrer. A semi-solid material was obtained on the surface of the sample, which was separated 

and allowed to dry at room temperature. The resulting solid was triturated in a mortar with a 

pestle and then sieved through a 600 µm sieve to even out the particle size. The obtained 

models were marked as DPC1÷DPC9 depending on the working ratio drug:polymer (Table 1, 

page 19). 
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2.2. Emulsion solvent evaporation method  

For the purposes of the study, an O/W type emulsion was prepared with an external 

phase - distilled water and an emulsifier - Tween 20
®
 (polysorbate 20). The internal phase 

consisted of dichloromethane and acetone, as well as the polymers and drug dissolved in 

them. Eudragit EPO
®
 and ethylcellulose were used as coating polymers. The obtained models 

were marked as EMS1÷EMS5 (Table 5, page 29). 

The drug and polymer solution were prepared separately, then mixed and stirred on an 

electromagnetic stirrer at 500 rpm. To prepare the enalapril maleate solution as a solvent, a 

mixture of 7 mL of dichloromethane and 1 mL of acetone was used, in which a certain amount 

of the drug was dissolved. The polymer solution was prepared by dissolving the appropriate 

amounts of Eudragit EPO
®
 and ethylcellulose in 10 mL of dichloromethane. The enalapril 

maleate solution was added to the prepared polymer solution. After the polymer solutions and 

the drug were mixed, talcum was added in an amount of 50% of the Eudragit EPO
®
. Stirring 

continued until a homogeneous suspension was obtained, which was the dispersed phase of the 

emulsion. The dispersion medium consisted of 100 mL of distilled water and Tween 20
®
 

emulsifier included in it. The aqueous phase was stirred on an electromagnetic stirrer until the 

emulsifier was completely dissolved. The oil phase was added dropwise to the aqueous phase 

with continuous stirring with an electromechanical stirrer (Velp Scientifica, Usmate, Italy), 

which formed an emulsion of the O/W type. The emulsion was stirred at room temperature for 6 

hours until the organic solvents completely evaporated and the particles solidified. They were 

removed by vacuum filtration (Nylon 66 membrane filter, 0.45 µm, Sigma), washed with 

distilled water and allowed to dry at room temperature for 24 hours. To study the ability to 

mask the bitter taste of the drug, models were developed with varying drug-polymer ratio and 

emulsifier concentration. 

2.3. Spray drying method 

Büchi B-290 Mini Spray Dryer (Büchi Labortechnik AG, Flawil, Switzerland) was used 

for the preparation of polymer microparticles by the spray drying method. A saturated solution 

of Eudragit EPO
®
 in 0.1 N HCl was prepared by stirring at 500 rpm on an electromagnetic 

stirrer, including enalapril maleate. Drug:polymer solution was transferred to a high-speed 

stirrer (MICCRA D-9 Homogenizer - Disperser, Miccra, Germany) and at 11,000 rpm the 

required amount of talc was added (50% of the polymer amount). Stirring in the high speed 

stirrer continued for 30 minutes until a stable suspension was obtained. The suspension 

prepared in this way was stirred without interruption by an electromagnetic stirrer and taken to 

the spray dryer by means of a silicone hose at a predetermined speed of the peristaltic pump. 

The apparatus parameters under which the test is performed had been experimentally 

established in preliminary studies. The inlet temperature for preparation of the models was 65°C 

and the outlet temperature was 30°C. The spray drying was performed with 100% aspiration for 

better separation and collection of dry particles. The speed of the peristaltic pump was 10%. This 

method was used to prepare microparticles with varying drug/polymer ratios, which were 

designated M2÷M10 (Table 9, page 36).   
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3. Characterization of the obtained particles 

3.1. Yield, Drug loading (DL%), and Drug entrapment efficiency 

(DEE%) 

3.1.1. Yield 

The yield of the obtained particles by all three applied methods was determined by the 

following equation: 𝑌𝑖𝑒𝑙𝑑 (%) =
𝑊3

(𝑊1+𝑊2)
∗ 100, 

Where W1 was the weight (mg) of drug used, W2 was the weight (mg) of polymer and W3 

was the weight (mg) of the resulting particles. 

3.1.2. Drug loading, DL % 

The ENA loading percentage (DL%) of the microparticles was determined according to 

the procedure presented below based on the chemical properties of the excipients. 

- For microparticles obtained by the precipitation method, the ENA loading was 

calculated by the equation:  

𝐷𝐿 % =
𝑊4

50
∗ 100, where W4 (mg) was the amount of drug included in 50 mg of each 

model, which was determined spectrophotometrically and by a calibration curve equation as 

follows: 50 mg particles of each model were dissolved in 250 mL of simulated gastric fluid 

(SGF) with pH 1.2. 2 mL of the resulting solution was filtered through a Whatman filter with 

a pore size of 0.45 μm. The sample was analyzed spectrophotometrically using a UV/VIS 

Spectrophotometer Thermo Evolution 300 (Thermo Fisher Scientific, USA) by measuring the 

absorption at 206 nm. 

- For microparticles obtained by the emulsion solvent evaporation method, the ENA 

loading was calculated by the equation: 

𝐷𝐿 % =
𝑊4

10
∗ 100, where W4 (mg) was the amount of drug included in 10 mg of each 

model, which was determined as follows: 10 mg particles were dissolved in 10 mL of 96% 

ethanol and stirred on a 300 rpm electromagnetic stirrer for 2 hours. Then 1 mL of the sample 

were diluted with 9 mL of simulated gastric fluid with a pH of 1.2. The resulting solution was 

filtered through a Whatman filter with a pore size of 0.45 μm. The sample was analyzed 

spectrophotometrically using a UV/VIS Spectrophotometer Thermo Evolution 300 (Thermo 

Fisher Scientific, USA) by measuring the absorption at 206 nm. 

- For microparticles obtained by the spray drying method, the ENA loading was 

calculated by the equation: 

𝐷𝐿 % =
𝑊4

30
∗ 100, where W4 (mg) was the amount of drug included in 30 mg of each 

model, which was determined spectrophotometrically and by a calibration curve equation as 

follows: 30 mg particles of each model were dissolved in 300 mL of SGF. 2 mL of the 

resulting solution was filtered through a Whatman filter with a pore size of 0.45 μm. The 

sample was analyzed spectrophotometrically using a UV/VIS Spectrophotometer Thermo 

Evolution 300 (Thermo Fisher Scientific, USA) by measuring the absorption at 206 nm. 
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3.1.3. Drug entrapment efficiency, DEE% 

The entrapment efficiency of enalapril maleate into the particles obtained by all three 

applied methods was determined according to the following equation:  

DEE% = 
𝑊5

𝑊1
 *100, where W5 was the weight (mg) of drug included in the yield and W1 

was the weight (mg) of the drug (mg) used to obtain the microparticles. 

3.2. Shape and surface morphology of the particles 

3.2.1. Optical microscopy 

The shape of the drug-polymer complexes obtained by the precipitation method was 

visualized using an optical microscope (Leica DM2000 LED, Leica Microsystems, Germany), 

which was equipped with a digital camera (Leica DMC 2900) and image processing software 

(Leica Application Suite, LAS) at 400x magnification. 

3.2.2. Scanning electron microscopy 

The surface morphology of the polymer microparticles obtained by the spray-drying 

method and the emulsion solvent evaporation technique was examined by scanning electron 

microscopy. For this purpose, a ZEISS EVO LS25 scanning electron microscope (Zeiss, 

Germany) was used at an accelerating voltage of 20 kV and a magnification of x5000 for the 

models obtained by emulsion solvent evaporation technique and a magnification of x10000 

for the models obtained by spray drying. 

3.3. Particle size and size distribution 

A Beckman coulter particle size analyzer (LS 13 320, Beckman Coulter, USA) 

equipped with a tornado powder system (Tornado Dry Powder System, DPS) was used to 

determine the size of the obtained particles and their size distribution. 200 mg particles were 

used for each measurement. 

3.4. Moisture content 

Moisture content (%) was measured gravimetrically using a moisture analyzer (Kern 

MLB 09/2004, Kern & Sohn Gmbh, Germany). 

3.5. Infrared spectroscopy 

Infrared spectrophotometry was used to determine possible chemical interactions 

between the drug and the polymers. The study was performed with an infrared 

spectrophotometer (Nicolet iS10 FT-IR spectrometer, Thermo Fisher Scientific, USA), 

equipped with an ATR accessory for full internal reflection (smart iTR) under the following 

conditions: 64 scans, 4nm resolution, spectral range 4000-400 cm
-1

.  
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3.6. Powder X-ray diffraction 

To determine the physical state of the drug in the polymer particles, a D2 Phaser 

powder X-ray diffractometer (Bruker AXS, Karlsruhe, Germany) with Ni-filtered Cu-

radiation in the range of 4-60° 2-theta at 30 kV and 10 mA was used. 

3.7. Thermal analysis (TG-DTA) 

Differential thermal analysis (DTA) and thermogravimetric analysis (TGA) were used to 

study the temperature changes of the drug and polymer in the resulting particles. Samples were 

analyzed in the temperature range of 25 to 600°C at a heating rate of 10°C min
-1

 under an argon 

atmosphere using a Stanton Redcroft STA 1500 thermal imaging apparatus (Thermal scientific 

plc., GB). 

4. Methods for determining the taste masking degree of enalapril maleate 

4.1. In vitro ENA release in simulated salivary fluid 

In vitro evaluation of the taste of enalapril maleate particles obtained by three different 

methods - precipitation, emulsion solvent evaporation technique and spray drying, was 

performed according to the procedure described below, taking into account the chemical 

properties of the excipients used for their preparation. The amount of ENA released in 

phosphate buffer pH 6.8 (artificial saliva without enzymes) was determined. 

4.1.1. Models obtained by the precipitation method 

The amount of the released enalapril maleate was determined spectrophotometrically by 

placing a certain amount of particles from each model, equivalent to 1 mg of enalapril 

maleate, in 20 mL of phosphate buffer pH 6.8 and stirring at 200 rpm on electromagnetic 

stirrer. The samples were filtered through a filter with a pore diameter of 0.45 μm and the 

absorbance of the filtrate was measured at 206 nm with a UV-VIS Spectrophotometer Thermo 

Evolution 300 (Thermo Fisher Scientific, USA). The amount of the released enalapril maleate 

(%) was calculated according to the standard curve equation and represented the amount of 

drug released after 60 seconds in artificial saliva. Three measurements were made for each 

sample. 

4.1.2. Models obtained by emulsion solvent evaporation method 

The amount of the released enalapril maleate was determined spectrophotometrically by 

placing 10 mg of each model in 50 mL of phosphate buffer pH 6.8 and stirring at 200 rpm on 

electromagnetic stirrer. The samples were filtered through a filter with a pore diameter of 

0.45 μm and the absorbance of the filtrate was measured at 206 nm with a UV-VIS 

Spectrophotometer Thermo Evolution 300 (Thermo Fisher Scientific, USA). The amount of 

the released enalapril maleate (%) was calculated according to the standard curve equation 

and represented the amount of drug released in artificial saliva after 60 seconds. Three 

measurements were made for each sample. 
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4.1.3. Models obtained by the spray drying method 

The amount of the released enalapril maleate was determined spectrophotometrically by 

placing 10 mg of each model in 20 mL of phosphate buffer pH 6.8 and stirring at 200 rpm on 

an electromagnetic stirrer. The samples were filtered through a filter with a hole diameter of 

0.45 μm and the absorbance of the filtrate was measured at 206 nm with a UV-VIS 

Spectrophotometer Thermo Evolution 300 (Thermo Fisher Scientific, USA). The amount of 

enalapril maleate released (%) was calculated according to the standard curve equation and 

represents the amount of drug released in artificial saliva after 60 seconds. Three 

measurements were made for each sample. 

4.2. In vivo evaluation on experimental animals 

The method was based on the licking frequency of solutions containing the same 

amount of enalapril maleate included in experimental models. The experiment was approved 

by the Bulgarian Food Safety Agency (approval № 87/09.01.2014) and the Ethics Committee 

of the Medical University – Plovdiv (approval № 5/29.09.2016). The study was conducted 

following the requirements of the International Council for Ethical Guidelines for Animal 

Breeding Labs for Researchers and all institutional and national rules and regulations.  

4.2.1. Animals 

The experiments were performed on 94 male Wistar rats with an initial weight of 170-

240 g. The rats were grown and kept under standard laboratory conditions: a 12-hour 

light/dark cycle, 50% relative humidity, temperature 24±2°C, and free access to food and 

water. 

To determine the median effective dose (ED50) of enalapril maleate for bitter taste by 

the Litchfield and Wilcoxon method (Tallarida et al., 1987), thirty male Wistar rats were used. 

They were randomly divided into five groups of 6 animals and treated as follows:  

I group – enalapril maleate solution at concentration 1 mg/mL 

II group – enalapril maleate solution at concentration 5 mg/mL 

III group – enalapril maleate solution at concentration 10 mg/mL 

IV group – enalapril maleate solution at concentration 15 mg/mL 

V group – enalapril maleate solution at concentration 20 mg/mL 

The licking frequency evaluation was performed on 64 male Wistar rats separated into 

groups of 8 animals and treated as follows: 

I group (controls) – distilled water; II group (negative controls) – water solution of 

enalapril maleate at concentration 13 mg/mL; 

III group – model DPC6* VI group – model М2** 

IV group – model DPC7* VII group – model М4** 

V group – model DPC9* VIII group – model М6** 

* - the composition of the models is shown in Table 1 on page 19  

** - the composition of the models is shown in Table 9 on page 36  
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4.2.2. Determination of the licking frequency 

The animals were deprived of water for a period of 24 h. After this period, all animals 

were given free access to distilled water. The licking frequency for each animal was recorded 

(count of the lickings for a time period of 3 minutes), and the consumed amount of water for 

the same period in the groups was measured. The animals were deprived of water for the next 

24 h. After this period, each group of animals received the respective test solution of enalapril 

maleate. The count of the lickings of each animal for 3 minutes was observed. The statistical 

analysis was based on the licking frequency calculated as follows (Noorjahan et al. 2014): 

𝐿𝑖𝑐𝑘𝑖𝑛𝑔 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦  % =
𝑚𝑒𝑎𝑛 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑖𝑐𝑘𝑖𝑛𝑔𝑠 𝑜𝑓 𝑒𝑛𝑎𝑙𝑝𝑟𝑖𝑙 𝑚𝑎𝑙𝑒𝑎𝑡𝑒 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛

𝑚𝑒𝑎𝑛 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑖𝑐𝑘𝑖𝑛𝑔𝑠 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 
х 100 

4.2.3. Taste evaluation of enalapril maleate containing polymer particles  

The animals were deprived of water for a period of 24 h. After 24 h, all animals were 

given free access to distilled water. The licking frequency for each animal was recorded 

(count of the lickings for a time period of 3 minutes), and the consumed amount of water for 

the same period for the animals in the groups was measured. The animals were deprived of 

water for the next 24 h. After this period, each group of animals received the respective test 

solution of enalapril maleate. The count of the lickings of each animal for 3 minutes was 

observed. During the experiment, apparent motor and behavioral reactions of the rats were 

examined. Avoidance reactions such as jaw slams, jaw or muzzle brushing, or stepping back 

in the corner of the cage were assumed manifestations of a perceived bitter taste.  

The statistical analysis was based on the licking frequency calculated according to the 

equation:  

𝐿𝑖𝑐𝑘𝑖𝑛𝑔 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦  % =
𝑐𝑜𝑢𝑛𝑡 𝑜𝑓 𝑓𝑜𝑟𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑙𝑖𝑐𝑘𝑖𝑛𝑔𝑠 

𝑐𝑜𝑢𝑛𝑡 𝑜𝑓 𝑑𝑒𝑠𝑡𝑖𝑙𝑙𝑒𝑑 𝑤𝑎𝑡𝑒𝑟 𝑙𝑖𝑐𝑘𝑖𝑛𝑔𝑠 
х 100 

4.2.4. Statistical analysis of the results  

The statistical analysis of the results of the experiment was performed with SPSS 17.0 

software. Data were provided as mean ± SEM. A non-parametric One-sample Kolmogorov-

Smirnov test was employed to determine the distribution of the obtained results. After a 

normal distribution was confirmed, a one-way ANOVA and Bonferroni’s Multiple 

Comparison Test were used (Aickin & Gensler, 1996). Results were considered statistically 

significant at p<0.05. The median effective dose (ED50) was calculated based on the 

Litchfield and Wilcoxon method using Instat 2.02 (PraphPad Software, Inc, CA, USA) and 

Pharcap software.  

4.3. Taste evaluation by healthy volunteers 

The study was performed with healthy volunteers with the permission of the Ethics 

Commission of MU – Plovdiv - Protocol № 1/22.02.2018 and the experiment was performed 

in accordance with the norms of the Code of Ethics. The drug and the models stayed on the 

tongue for 10 seconds, followed by rinsing the oral cavity with distilled water and assessing 



 

- 14 - 

 

the perceived taste. The study included 18 healthy volunteers who determined the degree of 

bitterness of enalapril maleate and the models on a given scale. The test was performed with 

models M2, M4 and M6, obtained by spray drying, which were selected according to the 

results of the studies. Volunteers initially evaluated the taste of 5 mg of pure enalapril 

maleate, which was placed on their tongue for 10 seconds, on a given bitterness scale. Then 

rinsed the oral cavity with water to neutralize its taste. The volunteers placed a certain amount 

of the models corresponding to 5 mg of enalapril maleate on their tongue for 10 seconds, then 

rinsed their oral cavity with distilled water. Next, they determined the taste of the models on 

the given scale of bitterness. The data obtained from the study with healthy volunteers were 

statistically processed with Microsoft Excel and presented in tabular and graphical form. 

5. Investigation of the enalapril maleate release from particles obtained 

by the spray drying method 

The test was performed in Apparatus 1 with a rotating basket (Ph.Eur.9 2.9.3, AT7 

Sotax apparatus, Allschwil, Switzerland) in an acceptor medium (artificial gastric fluid) with 

a pH of 1.2 with a volume of 500 mL at a temperature of 37±0,5
о
С and stirring speed 50 rpm. 

The samples of polymer microparticles were placed in a dialysis bag (Sigma, MWCO 12000 

Da) with dimensions 6/2.5 cm. It was soaked for 24 hours in artificial gastric fluid with a pH 

of 1.2. An amount of M2, M4 and M6 microparticles corresponding to 5 mg enalapril maleate 

was placed in a dialysis bag to which 1 mL of the medium was added. At selected time 

intervals determined experimentally, 2 mL samples were taken and the same amount of medium 

was recovered. Quantitative analysis was performed according to the developed 

spectrophotometric method (see item 1 Methods). 

6. Preparation of dry extracts of flax seeds (Linum usitatissimum, 

Linnaeus) and quince seeds (Cydonia oblonga, Miller) 

6.1. Preparation of aqueous extracts of flax seeds 

Aqueous extracts of flax seeds were prepared with a ratio between seeds and extractor 

(water) of 1:10. Models were denoted as FS1 to FS9, respectively. They were obtained by 

soaking flax seeds in distilled water for 72 hours at different temperatures. For models FS1, 

FS2 and FS3 the extraction was performed at room temperature – 20°С. For models FS4, FS5 

and FS6 – at 40°C, and for models FS7, FS8 and FS9 – the seeds were soaked in water at 

40°C for 36 h, then cooled to 20°C and the extraction was continued for another 36 hours with 

constant stirring. The aqueous extracts obtained after 72 hours were filtered through lint to 

remove the seeds and then treated to obtain dry extracts. 

6.2. Preparation of dry extracts of flax seeds by spray drying  

The spray drying technique was used for obtaining dry extracts from the aqueous 

extracts. Büchi B-290 Mini Spray Dryer (Büchi Labortechnik AG, Flawil, Switzerland) with a 

nozzle size of 0.7 mm. The applied spraying conditions were established experimentally: inlet 
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temperature – 110
o
C and gas flow rate – 601 L/h. The models were prepared by varying the 

aspiration and speed of the peristaltic pump, which were combined as follows: aspiration – 

50% and peristaltic pump speed – 10%, aspiration – 60% and peristaltic pump speed – 20%, 

aspiration – 70% and peristaltic pump speed – 30%. 

6.3. Preparation of aqueous extracts of quince seeds 

Aqueous extracts of quince seeds were prepared with a ratio between seeds and 

extractor (water) of 1:100. The models were denoted as QS1 to QS9, respectively. The 

models were prepared by soaking quince seeds in distilled water for 24 hours at room 

temperature. The resulting aqueous extracts were filtered to completely remove residual seeds 

and mechanical contaminants. The aqueous extracts had a high viscosity, which would 

complicate the spray drying process, so they were diluted with an equal amount of distilled 

water and spray dried. 

6.4. Preparation of dry extracts of quince seeds by spray drying 

To obtain dry extracts from the aqueous extracts, the spray drying technique and the 

Büchi B-290 Mini Spray Dryer (Büchi Labortechnik AG, Flawil, Switzerland) with a nozzle 

0.7 mm were used. The spray drying conditions were established in advance: inlet 

temperature – 130
o
C for models QS1, QS2 and QS3, 140

o
C for models QS4, QS5, QS6 and 

150
o
C for models QS7, QS8 and QS9, and the gas flow rate was 601 L/h. The models were 

prepared by varying the aspiration and the peristaltic pump speed, which were combined as 

follows: aspiration – 50% and peristaltic pump speed – 10%, aspiration – 60% and peristaltic 

pump speed – 20%, aspiration – 70% and peristaltic pump speed – 30%. 

7. Characterization of the obtained dry extracts 

7.1. Yield 

The yield of the obtained dry extracts was calculated by the following equation: 

Yield (%) = (W1 / W2) * 100,  

where W1 was the weight of the obtained dry extract, W2 was the weight of the aqueous 

extract before spray drying. 

7.2. Mean particle size of the obtained dry extracts 

To determine the mean particle size of the prepared dry extracts of flax seeds and 

quince seeds and their particle size distribution, a Beckman coulter particle size analyzer (LS 

13 320, Beckman Coulter, USA) equipped with Tornado Dry Powder System (DPS) was 

used. 200 mg particles were used for each measurement. 
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7.3. Swelling index 

The swelling index was determined according to the described in the Ph. Eur.9 (2.8.4) 

method. The study was performed with 0,5 g of dry extract. The swelling index was 

determined by the volume (mL) occupied by 0.5 g of dry extract after swelling of the test 

material in aqueous medium for 4 hours. The study was performed with a graduated cylinder 

with a capacity of 15 mL. 0,5 g of dry extract were transfered to the cylinder and the volume 

occupied by V1 was determined. Then 1 mL of 95% ethyl alcohol was added, the cylinder 

was filled up to 15 mL with distilled water and closed with a cap. The cylinder was shaked 

every 10 minutes for one hour. The dry extract was allowed to swell for another 3 hours. The 

volume of the swollen dry extract was indicated as V2. The procedure was repeated three 

times and the average value of the swelling index (S) was determined, which was calculated 

by the equation: 𝑆 =  
𝑉2−𝑉1

𝑉1
 ∗ 100 

8. Preparation of orodispersible tablets 

The tablets were prepared by direct compression at an applied pressure of 1.5 t. The 

tablet mixture was prepared after dry mixing of 7.5 mg of polymer microparticles obtained by 

spray drying, equivalent to 1 mg of enalapril maleate, and the necessary excipients for 

tableting. Lactose, microcrystalline cellulose 102, sodium stearyl fumarate, colloidal silicon 

dioxide and raspberry flavour were used for this purpose. The dry extracts of flax seeds and 

quince seeds obtained by us were included by dry mixing in the tablets as disintegrants. The 

powder mixture was subjected to direct compression on an eccentric tablet machine Erweka-

EP1 (Erweka, Germany) with a diameter of the punches – 9 mm. Fifteen models of 

orodispersible tablets, labelled ODT, with different concentrations of disintegrants, and one 

model prepared without disintegrants were developed. 

9. Characterization of the orodispersible tablets 

9.1. Uniformity of mass 

Uniformity of mass was determined according to the method in Ph. Eur.9 (2.9.5) for 

uniformity of mass of single-dose preparations. It was performed with twenty randomly 

selected tablets from each model. Tablets meet the test if no more than two separate masses 

deviate from the mean mass by more than the percentage deviation (±7,5%) and none deviates 

by more than twice the percentage deviation (±15%). 

9.2. Tablet hardness 

The measurement was carried out with 10 tablets of each model according to Ph. Eur.9 

(2.9.8) with apparatus Erweka-TBH125 (Erweka, Germany). The apparatus reported the 

mechanical strength of the tablets (N).  
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With the obtained results, the friction coefficient (K) was calculated according to the 

following equation: K = P / d.h, (kg.mm2), where P was the fricting force; d was the diameter 

of the tablet, (mm); h was the height of the tablet, (mm). 

9.3. Friability 

For tablets with a unit mass equal to or less than 650 mg, a sample of whole tablets 

corresponding as near as possible to 6,5 g (according to Ph. Eur 9. 2.9.7) was taken. After the 

measurement of their mass the selected tablets were placed in the friabilator. The drum was 

rotated 100 times. The tablets were then removed, dedusted and weighed. The friability was 

determined as a percentage of the following equation: 

friability (%) =
initial mass-final mass

initial mass
∗ 100 

9.4. Disintegration 

The study was performed simultaneously with 6 tablets according to the method 

described in Ph. Eur.9 (2.9.1). Erweka ZT 121 (Erweka, Germany) was used for 

disintegration. The medium was distilled water 900 mL at a temperature of 37.0±2
o
C. The 

time for complete disintegration of the tablets was measured in seconds. The test was 

performed three times with a total of 18 tablets. 

9.5. Uniformity of content 

The study was carried out according to the method described in Ph.Eur.9 (2.9.6). For 

this purpose, the previously developed and validated UV-spectrophotometric method for 

quantitative determination of enalapril maleate in artificial enzyme-free gastric fluid with pH=1.2 

was used (See Methods section 1). The tablets comply with the test if each individual content 

is in the range of 85% to 115% of the average enalapril maleate content in all tested tablets. 

9.6. Wetting time and water absorption ratio of the orodispersible 

tablets 

The wetting time was determined by placing a double-folded filter paper on the bottom 

of a 6 cm diameter petri dish and pouring 6 mL of aqueous carmine solution. Each tablet was 

pre-weighed, placed in the petri dish and the time needed for the solution to reach the top of 

the tablet was determined.  

The wetted tablet was weighed and the water absorption ratio was calculated according 

to the equation: R = 100 * (Wb-Wa) / Wb, where R was the water absorption ratio; Wa was 

the mass of the tablet after wetting; Wb was the mass of the tablet before wetting. 
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9.7. In vitro ENA release from the orodispersible tablets in artificial 

gastric fluid 

The test was performed according to the requirements of Ph.Eur.9 (2.9.3) in Apparatus 

2 with a rotating paddle stirrer, (AT7 Sotax, Allschwil, Switzerland) in an acceptor medium 

with pH 1.2 and a volume of 500 mL at a temperature of 37±0.5
о
С and stirring speed 50 rpm. 

At experimentally established intervals, 2 mL samples were taken and the same amount of the 

medium was recovered. The samples were filtered through a filter with a pore diameter of 

0.45 μm and the absorbance of the filtrate was measured at 206 nm with a UV-VIS 

Spectrophotometer Thermo Evolution 300 (Thermo Fisher Scientific, USA). Quantitative 

analysis was performed by a UV-spectrophotometric method developed for the purposes (see 

Methods section 1). Measurement of absorption was performed against a sample of excipients 

only without the drug. 

9.8. Taste evaluation of the orodispersible tablets by healthy volunteers  

The study was conducted with 24 healthy volunteers aged between 24 and 55 years. 

Selected models of the prepared orodispersible tablets (ODT1, ODT4, ODT6, ODT7, ODT8, 

ODT11, ODT13 and ODT14) were placed on the tongue and the taste of the tablet was 

determined on a pre-selected scale. After determining the taste of each model, the volunteers 

rinsed their mouth with distilled water. They did not take the tablet internally, in which case 

enalapril maleate did not have a therapeutic effect. The test did not endanger the health of 

patients, because after evaluating the taste, the tablet was spat out and the oral cavity was 

rinsed with distilled water. The results were statistically processed with Microsoft Excel and 

reduced to 100% according to the number of responses to the degree of bitterness and 

presented in a chart. 

9.9. Stability 

The selected optimal model of orodispersible tablets was tested for stability according 

to the guidelines of the International Council for the Harmonization of Technical 

Requirements for Human Pharmaceuticals (ICH). The tablets were stored for six months 

under the following conditions: 25±2°C/60%±5% relative humidity, 30±2°C/65%±5% 

relative humidity and 40±2°C/75%±5 % relative humidity. The evaluated parameters were 

organoleptic properties, mechanical strength, disintegration, uniformity of content, in vitro 

release of enalapril maleate in artificial gastric fluid up to the 60th minute. The corresponding 

parameters were tested according to the already described procedure for orodispersible 

tablets.
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RESULTS AND DISCUSSION 

1. Quantification of enalapril maleate 

For the quantification of enalapril maleate, we developed a UV-spectrophotometric 

method in two different media – enzyme-free artificial salivary fluid (SSF) with pH=6.8 and 

enzyme-free artificial gastric fluid (SGF) with pH=1.2. We validated it according to BDS EN 

ISO/IEC 170: 2006 + AC:2006 on the parameters specificity, linearity, operating range, 

stability, detection limit, determination limit, repeatability, reproducibility and analytical 

yield. We found an absorption maximum of ENA at λ=206 nm in both media. We constructed 

a calibration curve of enalapril maleate in SSF and SGF at very high correlation (R=0.9976 at 

рН=6.8 and R=0.999 at рН=1.2). 

2. Taste masking of enalapril maleate 

2.1. Preparation of drug-polymer complexes with enalapril maleate by 

the precipitation method 

To obtain drug-polymer complexes with enalapril maleate, we applied the precipitation 

method. We used Eudragit EPO
®
 as a polymer to achieve taste masking (Thakral et al., 2013). 

According to the literature, the main parameter that affects the ability to mask the bitter taste 

of drugs is the drug:polymer ratio (Harlalka et al., 2014). In a number of studies (Khan et al, 

2007; Malik et al., 2011 and others), masking of the bitter taste was achieved in models in 

which the amount of polymer is higher. Therefore, in the prepared by us drug-polymer 

complexes, abbreviated DPC, the ratio enalapril maleate:Eudragit EPO
®
 was varied in order 

to mask the bitter taste of the drug (Table 1). 

Table 1. Drug-polymer complexes (DPC), obtained by the precipitation method. 

MODEL DPC1 DPC2 DPC3 DPC4 DPC5 DPC6 DPC7 DPC8 DPC9 

Drug: 

Polymer 

ratio 

2,5:1 2:1 1,5:1 1:1 1:1,5 1:2 1:2,5 1:3 1:4 

The compatibility between enalapril maleate and copolymers of acrylic and methacrylic 

acid was recently studied by Ramirez-Rigo et al. (2014). Their research was carried out as a 

result of the idea of increasing the low bioavailability of the active pharmaceutical ingredient 

(API). It has been found that ionic interactions between the aminomethacrylic copolymer 

(Eudragit E 100
®
) and drugs with acidic or basic properties form complexes with improved 

physicochemical and biopharmaceutical properties. Enalapril maleate is a drug that has low 

bioavailability and low chemical stability. The acidic and basic groups present in the structure 

of ENA allow it to interact with anionic and cationic polyelectrolytes and form complexes with 

them (Bharate et al., 2010). 

The formation of a polyelectrolyte complex between Eudragit E 100
®

 (a cationic 

aminomethacrylic copolymer) and enalapril maleate is presented in a study by Ramirez-Rigo 

et al. (2014). The acidic and basic groups in the structure of enalapril maleate interact with the 
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functional groups of Eudragit E 100
®
 (Figure 1) to form a drug-polymer complex of enalapril 

maleate and Eudragit E 100
®
 (Ramirez-Rigo et al., 2014). Eudragit E 100

®
 and Eudragit 

EPO
®
 have the same chemical structure and properties. The difference is in the form, Eudragit 

E 100
®
 is granule and Eudragit EPO

®
 is powder. We assume that in the precipitation method 

we used for the preparation of drug-polymer complexes a similar interaction takes place.  

                                       Еnalapril maleate              Eudragit E
®
 

 

Figure 1. Chemical structure of enalapril maleate and Eudragit E® with their acidic and 

basic groups (Ramirez-Rigo et al., 2014). 

2.1.1. Characterization of the prepared drug-polymer complexes 

Yield, drug loading and drug encapsulation efficiency  

Table 2 presents data on yield, drug loading with ENA (DL) and encapsulation 

efficiency of ENA (DEE) in the prepared models. 

Table 2. Yield, drug loading with ENA (DL) and encapsulation efficiency of ENA (DEE) in 

the prepared drug-polymer complexes (n=3). 

MODEL Yield, %±SD DL, %±SD DEE, %±SD 

DPC1 23,55±0,02 4,82±0,41 1,59±0,14 

DPC2 24,70±0,36 4,46±0,06 1,65±0,02 

DPC3 37,61±0,58 4,17±0,06 2,61±0,04 

DPC4 42,15±1,20 4,17±0,16 3,51±0,13 

DPC5 56,35±0,57 3,91±0,46 5,51±0,65 

DPC6 66,44±0,58 3,61±0,13 7,19±0,26 

DPC7 71,57±1,02 3,43±0,19 8,60±0,48 

DPC8 63,63±0,68 3,55±0,05 9,03±0,13 

DPC9 78,20±1,50 2,31±0,03 9,03±0,10 

 

The results showed the lowest yield (23.55%) for DPC1 and the highest yield (78.20%) 

for DPC9. The yield increased from DPC1 to DPC9. The low yield in the first models was 

probably due to the higher amount of drug compared to the polymer. As the amount of 

polymer increased, the yield of the models increased. Therefore, the amount of polymer used 

was decisive for the yield. The inclusion of larger amounts of polymer increased the yield, 

probably due to the ability to form more semi-solid material with a drug included in it. 

The drug loading in the models ranged from 2.31% (DPC9) to 4.82% (DPC1). The DL 

of enalapril maleate in the models decreased with the decrease of the ENA amount used for 
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the preparation of the models. The encapsulation efficiency was the lowest for DPC1 – 

1.59%. The highest EE was observed for DPC8 (9.03%) and DPC9 (9.03%). DPC7 also had a 

relatively high encapsulation efficiency of 8.60%. As the amount of enalapril maleate used for 

the preparation of the models decreased, the drug loading decreased and the encapsulation 

efficiency increased. Therefore, the drug loading and the encapsulation efficiency in the 

models were inversely proportional. We hypothesized that a smaller amount of polymer was 

not sufficient to incorporate larger amounts of enalapril maleate into the structures. Probably 

the polymer has a certain capacity to incorporate ENA into the matrix, so that the excess 

amount of API remains on the surface of the particles or is not included in the drug-polymer 

complex. The results showed that as the amount of polymer in the models increased, the yield 

and encapsulation efficiency increased and the ENA loading decreased. 

Shape of the particles 

Optical microscopy was used to visualize the obtained drug-polymer complexes. Figure 

2 shows photomicrographs of the particles of selected models after trituration of the obtained 

solid material. 

 

Figure 2. Photomicrographs of models DPC1, DPC4, DPC6 and DPC7, obtained by an 

optical microscope at 400x magnification. 

The particle shape of the obtained models was irregular – with pointed tips and edges, 

which are probably due to the trituration. It is difficult to predict where the drug was included 

in the particle structure. This particle shape was achieved after further processing of the 

material for the future incorporation of the complexes in orodispersible tablets. 

Particle size and size distribution of the models  

Beckman coulter particle size analyzer for dry and wet dispersions was used according 

to the procedure described in item 3.3. Methods section. The results for the mean particle size 

of the models are presented in Table 3, and the particle size distribution – on Figure 3. 
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Figure 3. Particle size distribution of models drug-polymer complexes, obtained by 

Beckman coulter particle size analyzer. 

Figure 3 shows that the distribution was monomodal, without large aggregates and a 

very small percentage of fine particles. The main fraction of particles had sizes from 100 to 

400 µm. This is important for the further incorporation of drug-polymer complexes in 

orodispersible tablets. There was no clear tendency in the particle size distribution by the 

different models, but the data suggested good bulk characteristics of the powder material. 

Table 3. Mean particle size of the obtained drug-polymer complexes, (d50, µm), obtained by 

Beckman coulter particle size analyzer (n=3). 

MODEL DPC1 DPC2 DPC3 DPC4 DPC5 DPC6 DPC7 DPC8 DPC9 

Mean 

particle 

size 

(d50), 

µm±SD 

410,9 

±0,36 

266,9 

±0,96 

297,7 

±1,63 

284,3 

±0,88 

315,9 

±1,55 

379,3 

±1,27 

331,2 

±1,54 

333,6 

±1,44 

328,6 

±2,54 

The results for the mean particle size (d50) showed that the d50 varied from 266.9 µm to 

410.9 µm. The particle size in the range of 200 - 400 µm is suitable for incorporation in solid 

dosage forms because it provides greater mechanical strength of the tablets due to better 

compaction of the spaces between the particles during tableting (Joiris et al., 1998). 

Moisture content in the particle of drug-polymer complexes  

Moisture content in the obtained models of drug-polymer complexes was determined 

and the results are presented in Table 4. 

Table 4. Moisture content (%) in models DPC1, DPC2, DPC3, DPC4, DPC5, DPC6, DPC7, 

DPC8 and DPC9, obtained by the precipitation method (n=3). 

MODEL DPC1 DPC2 DPC3 DPC4 DPC5 DPC6 DPC7 DPC8 DPC9 

Moisture 

content, 

% 

±SD 

4,29 

±0,55 

4,74 

±0,25 

6,93 

±1,5 

5,26 

±1,45 

8,08 

±1,85 

7,11 

±1,01 

4,74 

±0,54 

7,37 

±0,69 

6,32 

±0,85 
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The models obtained after drying at room temperature showed a moisture content of 

4.29% to 8.08%. All results for moisture content were not a prerequisite for agglomeration. This 

was also proved by the particle size distribution, which showed the absence of particle 

aggregation – Figure 3. It was noticed that in models DPC1, DPC2 and DPC7 the moisture was 

below 5%. In other models the moisture content was over 5%. No clear relationship was found 

between the drug-polymer ratio and the moisture content. The high moisture content of the 

powder mixture increased the possibility of particle aggregation and deteriorated its rheological 

parameters (Nokhodchi, 2005). 

2.1.2. Compatibility study between ENA and Eudragit EPO
®
 

Infrared spectrophotometry was used to study the compatibility of enalapril maleate and 

Eudragit EPO
®
 in the resulting drug-polymer complexes. The absorption spectra of the pure 

drug, the polymer, their physical mixture and model DPC1 are shown in Figure 4. 

 

Figure 4. FTIR-ATR spectra of enalapril maleate (1), Eudragit EPO
® 

(2)
 
, their physical 

mixture (3) and model DPC1, obtained by the precipitation method (4). 

In the spectrum of enalapril maleate a peak at 1750 cm
-1

 was observed due to C=O 

(carboxyl group). The same peak was observed in the physical mixture, but was absent in the 

DPC1 model, which was probably due to the interaction of the enalapril maleate acid groups 

with Eudragit EPO
®
. The peak, due to the keto group of Eudragit EPO

®
, at 1726 cm

-1
 was not 

observed. It is likely that the carboxyl group of ENA reacted with the dimethylamine group of 

the polymer. The peak at 3210 cm
-1

 in the spectrum of enalapril maleate was clearly visible in 

the physical mixture, but completely disappeared in the DPC1 model. Also, the peak at 1646 

cm
-1

, which was due to the carboxyl group of enalapril maleate, was smaller at DPC1, which 

indicated the interaction of this group with Eudragit EPO
®
. The infrared spectrum of the 

DPC1 model showed changes in the characteristic peaks of enalapril maleate and the polymer, 

probably as a result of the formation of a polyelectrolyte complex between them. 
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Ramirez - Rigo and team (2014) in their study present the interaction between ENA and 

Eudragit E 100
®
 as a complex formation due to acid-base interaction between the two acid 

groups of ENA and the basic groups of Eudragit E 100
®
. The resulting ion pairs lead to the 

formation of durable drug-polymer complexes. They are insoluble in water or alkaline pH 

buffer because they have the properties of a polymer that does not dissolve in a medium with a 

pH above 5. 

The visible differences between the spectra of ENA, Eudragit EPO
®
, their physical 

mixture and the DPC1 model proved the polyelectrolyte interaction. The spectrum of the 

DPC1 model resembled the spectrum of the polymer, and the characteristic peaks of ENA 

were weak. 

2.1.3. Determining the physical state of ENA and Eudragit EPO
®
 in the models 

Powder X-ray diffraction was used to evaluate the physical state of the drug and the 

polymer in the drug-polymer complexes and thermal analysis was performed. 

Powder X-ray diffraction 

Powder X-ray diffraction was used to detect possible polymorphic changes with 

enalapril maleate and Eudragit EPO
®

 during the complex formation. An analysis of the 

physical state of the drug, the polymer and selected models obtained by precipitation was 

performed. The results of this study are presented in Figure 5. 

 

Figure 5. Diffractograms of enalapril maleate, Eudragit EPO
®
 and models DPC1, DPC4 

and DPC8 obtained by the precipitation method. 

The diffraction pattern of ENA (Figure 5) showed that enalapril maleate had a crystalline 

structure, as evidenced by the numerous characteristic distinct peaks at 50°, 70°, 10°, 13°, 15°, 

20°, 25°, 32°. The diffraction pattern of the polymer, in which there were no clear peaks, 

showed that it was in an amorphous state. The similarity between the diffractograms of the 

polymer and the analyzed models of drug-polymer complexes (DPC1, DPC4 and DPC8) was 

clearly visible, as well as the lack of pronounced peaks, which was evidence of the amorphous 
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state of the obtained complexes. The diffractograms also showed that enalapril maleate changed 

its physical state upon incorporation into the drug-polymer complexes obtained by the 

precipitation method. Therefore, ENA changed from crystalline to amorphous form and lost the 

pronounced peaks of the crystal structure, which could be seen in Figure 5 before the complex 

formation. 

Thermal analysis 

Thermal analysis was used to evaluate the physical state and the presence of possible 

drug-polymer interactions in the resulting models. Figure 6 shows thermograms of enalapril 

maleate (6.1), Eudragit EPO
®
 (6.2) and models DPC1 (6.3), DPC4 (6.4), DPC8 (6.5) obtained 

by the precipitation method. 

 

  

  

Figure 6. Termograms of enalapril maleate (6.1), Eudragit EPO
® 

(6.2) and models 

DPC1 (6.3), DPC4 (6.4), DPC8 (6.5) obtained by the precipitation method. 

Thermogram 6.1 showed that the melting point of enalapril maleate was 164.13°C 

(Tinf), after which complete decomposition of the drug occured. The melting point of Eudragit 

EPO
®
 was 295.57

о
С, which could be seen from the second thermogram (6.2 – Tinf). The 

decomposition was in two stages: the first effect was in the range of 200-300 
o
C, and the 

second - in the range of 300-400
o
C. The results of Figure 6.2 clearly showed the weight loss 

of the polymer (∆m) to – 63%. The thermal behaviour of the models was similar to that of 

Eudragit EPO
®
. In models DPC1, DPC4 and DPC8 (Figures 6.3, 6.4 and 6.5) the low-

6.1 

6.2 6.3 

6.4 6.5 
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temperature melting effect of about 165°C was absent and the first effect was between 200-

300°C. This was evidence that the polymer stabilized the drug in the composition of the 

complexes. The drug (ENA) changed from crystalline to amorphous state. 

The results of infrared spectrophotometry, powder X-ray diffraction and thermal 

analysis showed that the resulting drug-polymer complexes (DPCs) were stable amorphous 

solid particles in which ENA and Eudragit EPO
®

 were ionically bound. The results of the 

study confirmed the conclusions published by Ramirez-Rigo and team (2014). 

2.1.4. Taste evaluation of enlapril maleate 

Two methods were used to evaluate the taste masking of ENA - in vitro release of 

enalapril maleate from prepared models in artificial salivary fluid and in vivo taste evaluation 

on experimental animals.  

In vitro release of ENA from prepared models in artificial salivary fluid 

The test was based on the amount of drug released in enzyme-free artificial salivary 

fluid. For this purpose, the amount of enalapril maleate dissolved in phosphate buffer with 

pH=6.8 was determined. The results of this study are presented in Figure 7. 

 

Figure 7. Amount of enalapril maleate released (%) in artificial salivary fluid from drug-

polymer complexes obtained by the precipitation method. 

As can be seen from the results, in model DPC6 and DPC7 the least amount of drug was 

released in the first minute – about 12%. In the other models the released ENA varied from 

21.11% in the DPC1 model to 26.7% in the DPC 4. In the DPC9 model the amount of 

released ENA was the highest - 30.5%, which was a prerequisite for a bitter taste sensation. 

The models from DPC1 to DPC5 showed a release of API over 20%, which was an 

unsatisfactory result in terms of the task of achieving taste masking. Probably most of the 

drug was not included in the complexes, so it was released quickly from the models. 

Perspective drug-polymer complexes for incorporation in orodispersible tablets were the 

models with the lowest drug released in artificial salivary fluid obtained with the lowest 

amount of polymer. As optimal models we could determine DPC6 (ENA: Eudragit EPO
®
 

ratio 1: 2) and DPC7 (ENA: Eudragit EPO
®
 ratio 1: 2.5), which showed the lowest amount of 

ENA dissolved in artificial salivary fluid - about 12%. However, the DPC6 and DPC7 models 

were not suitable for incorporation in orodispersible tablets because the amount of ENA 
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released was high and the bitter taste would be felt. 

These results were reason for searching other methods for taste masking. Although 

improved bioavailability of ENA has been reported when included in complexes with Eudragit 

EPO
®
 (Ramirez-Rigo et al, 2014), the precipitation method has been unsuitable for taste 

masking of ENA. To verify the validity of the study, an experiment was performed on 

experimental animals. 

In vivo evaluation on experimental animals 

To evaluate the masking of the bitter taste of enalapril maleate in the obtained models of 

drug-polymer complexes, in vivo testing on experimental animals (rats) was performed. The 

experiment was based on the determination of the licking frequency of the drinking bottles, 

filled with solutions of the obtained models (the preparation of the models was described in 

point 4.2.1 of the chapter Methods). The results of the experiment are shown in Figure 8.  

In order to obtain an unbiased evaluation of the taste perception (masking of the bitter 

taste), we performed a preliminary determination of the median effective dose (ED50) of the 

drug enalapril maleate to test the bitter taste perception of the rats. ED50 was calculated using 

the Litchfield and Wilcoxon method (Tallarida et al., 1987):  

ЕD50 = 12.6 (8.4÷18.8); ЕD16 = 23.4; ЕD84 = 6.8; χ
2
 = 1.15; S = 0.54 

The estimated ЕD50 of enalapril maleate regarding its bitter taste was 12.6 mg/kg b.w. 

Based on these results, we used water solution of enalapril maleate in concentration 13 mg/ml 

for the treatment of the rats in the negative control group. 

 

Figure 8. Determination of the bitter taste of models DPC6, DPC7 and DPC9 by 

experimental animals, *** р ≤0.001 vs controls; ** р ≤0.01 vs controls; р ≤0.01 vs enalapril 

maleate (One-way ANOVA); n=8. 

The results showed that the licking frequency of the rats in the control group (treated 

with distilled water) was 99.3%±8.44. Rats, presented with solution of enalapril maleate in 

concentration 13 mg/mL showed significant decrease in the licking frequency (50.1%±11.1 

v/s 99.3%±8.4, р≤0.001) when compared to control rats. Similar results were obtained with 

the group of DPC6 model (60.9%±2.0 v/s 99.3%±8.4, р≤0.01) in comparison to the controls. 

In the DPC7 group, the licking frequency was significantly higher in comparison to the group 
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of rats, presented with a solution of enalapril maleate in concentration 13 mg/mL. Even 

though the rats were deprived of water for 24 hours, animals presented with a solution of 

enalapril maleate showed the following behavior: withdrawal from the drinking bottle after 

initial licking, sniffing, washing the muzzle, and circling the entire cell. An increased number 

of lickings in comparison to this group (negative controls) was observed also in rats presented 

with models DPC6 and DPC9, however, no statistical difference was registered. Probably, the 

rats perceived the improved taste of these formulations, but the change was not enough to 

provide a significant increase in the licking frequency. The animal behaviour and the 

increased licking frequency in model DPC7 rats demonstrated that this model provided 

satisfactory masking of the bitter taste. 

These results were consistent with the in vitro taste evaluation of enalapril maleate. The 

model DPC7 (ENA: Eudragit EPO
® 

ratio 1:2.5) is the optimal model, which provided good 

taste masking. The in vitro and in vivo results let us assume that the employed methods for 

taste evaluation were suitable for taste masking determination.  

The precipitation method used by us to mask the bitter taste of enalapril maleate showed 

that complexes of enalapril maleate and Eudragit EPO
®
 were formed when their ratio varied. 

The yield of the obtained particles (complexes of enalapril maleate with Eudragit EPO
®
) was 

satisfactory, but the ENA loading and the incorporation efficiency of ENA in the complexes 

were very low and unsatisfactory. The resulting drug-polymer complexes had a monomodal 

particle size distribution without the presence of large aggregates, which made them suitable 

for direct tableting. Studies on the compatibility between ENA and Eudragit EPO
®
 showed 

that the resulting complexes are stable amorphous solid particles in which ENA and Eudragit 

EPO
®
 were ionically bound. The presence of a large amount of unbound drug released in 

artificial salivary fluid was the reason for unsatisfactory taste masking. As the bitter taste of 

enalapril maleate had not been masked, the drug-polymer complexes would not be used for 

further studies. 

2.2. Preparation of polymer microparticles with enalapril maleate by 

emulsion solvent evaporation technique 

The unsatisfactory results obtained by the precipitation method geared us to another 

way of taste masking by obtaining microparticles by the method of emulsion technique with 

solvent evaporation. After preliminary studies, we found that with this method with enalapril 

maleate and aminomethacrylic copolymer (Eudragit EPO
®
) we failed to obtain solid particles. 

That is why we decided to use a second polymer needed to harden the particles. Based on 

experimental studies and literature data, we chose ethylcellulose as a suitable polymer to 

achieve this aim. In studies with emulsion technology and Eudragit EPO
®
 of other teams, the 

need to include a second polymer in order to harden the particles was also reported (Dhoka et 

al., 2011). Dhoka et al. found that a combination of two polymers provided the desired 

characteristics of the microparticles such as the ability to mask bitter taste, increased yield and 

drug content, appropriate particle size, and in vitro drug release. 
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2.2.1. Preparation of polymer microparticles 

The conditions under which the model polymer microparticles were obtained were 

derived experimentally, and the composition of the models (EMS) is presented in Table 5. For 

the models we varied the ratio of enalapril maleate:polymers (Eudragit EPO
®
 and 

ethylcellulose), the ratio between Eudragit EPO
®
 and ethylcellulose, and the concentration of 

emulsifier (Tween 20
®
). 

Table 5. Models of polymer microparticles obtained by emulsion solvent evaporation technique. 

Model 
Drug:polymers 

ratio 

ENA, 

g 

Eudragit 

EPO
®
, g 

Ethylcellu- 

lose, g 

Talc, 

g 

Tween 20®,            

% 

EМS1 1:4 0,2 0,40 0,40 0,200 1,0 

EМS2 1:4 0,2 0,40 0,40 0,200 1,5 

EМS3 1:4 0,2 0,27 0,53 0,135 1,5 

EМS4 1:4 0,2 0,53 0,27 0,265 1,5 

EМS5 1:2 0,4 0,40 0,40 0,200 1,5 

2.2.2. Characterization of the obtained microparticles 

Yield, drug loading and drug encapsulation efficiency 

Table 6 presents the results for yield, ENA loading and ENA encapsulation efficiency in 

models EMS1, EMS2, EMS3, EMS4 and EMS5 obtained by emulsion solvent evaporation 

technique. 

Table 6. Yield ENA loading (DL), ENA encapsulation efficiency (DЕЕ) in models EMS1, 

EMS2, EMS3, EMS4 and EMS5 (n=3). 

MODEL YIELD, %±SD DL, %±SD DEE, %±SD 

EMS1 41,56±1,20 40,01±0,73 2,00±0,04 

EMS2 47,03±0,60 35,22±0,79 1,70±0,04 

EMS3 52,97±1,60 33,07±0,52 1,65±0,03 

EMS4 38,85±0,25 17,93±0,79 0,89±0,04 

EMS5 38,96±0,99 27,03±0,52 1,35±0,03 

The yield of all models was over 38%, and for model EMS3 it was the highest – 

52.97%. Models EMS1 and EMS2 contained the same amounts of ENA, ethylcellulose and 

Eudragit EPO
®
, but were prepared with different emulsifier concentrations. The yield of 

EMS2 was higher than that of EMS1, which was probably due to the higher amount of 

emulsifier. Therefore, the following models were prepared with an emulsifier concentration of 

1.5% Tween 20
®
. For EMS1, DL% and DEE% had the highest values. The ENA loading was 

the highest for EMS1 and lowest for EMS4. In a study reported by Rani et al. (2012) for the 

incorporation of enalapril maleate in microparticles with prolonged release with Eudragit S 

100
®
 by the method of emulsion solvent evaporation technique, the ratio of ENA:polymer and 

the concentration of the emulsifier were varied. The results showed that the highest 

microparticle loading value of enalapril maleate of 38.4% was obtained at a drug: polymer 

ratio of 1:1 (Rani et al., 2012). In our studies, a 40% ENA loading was achieved at a drug: 

polymer ratio of 1:4. 
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Model EMS4 had the lowest encapsulation efficiency of ENA – 0.89% and the lowest 

yield – 38.85%, probably due to the smallest amount of ethylcellulose used for its preparation. 

The highest yield was for EMS3 model, probably due to the higher amount of ethylcellulose. 

The results showed that the amount of ethylcellulose was a determining factor for the yield, 

the drug loading and the encapsulation efficiency. This was confirmed by the conclusions of 

Pandav and Naik (2014), who found that as the polymer concentration increases, so did the 

binding capacity or the ability to form a polymer matrix with the drug. For this reason, larger 

amounts of ENA were incorporated into the particles and led to higher yield values when the 

drug-polymer ratio was higher (Lokhande et al., 2013). 

Shape of the obtained polymer microparticles 

Scanning electron microscopy was used to visualize the resulting microparticles (Figure 

9).

                      Model EMS3                                                        Model EMS5 

  

Figure 9. SEM photomicrographs of models EMS3 and EMS5 (5000x) obtained by 

emulsion solvent evaporation technique. 

The study with the SEM technique showed that the surface of the obtained particles was 

not smooth, but uneven with many recesses. This suggested that the drug would be released 

from the inside of the microparticles and the models might not show good masking ability 

compared to the bitter taste of ENA. The shape of the particles was not perfectly spherical, 

but rounded. Probably during the emulsification and the subsequent hardening of the droplets 

an uneven surface and an irregular shape were formed. It could be assumed that the 

combination of the two polymers was the reason for the appearance of the porous surface of 

the particles. A similar surface morphology of microparticles with ethylcellulose and 

Eudragit
®
 had also been described by Pandav et al. (2014). Eudragit EPO

®
 and ethylcellulose, 

which differed significantly in structure and properties, formed a slightly porous surface. It 

could be assumed that the recesses were formed due to shrinkage of the particle wall during 

hardening (Gowda et al., 2011). Wasilewska et al. (2019) found that microparticles 

formulated with organic solvents had a wrinkled, irregular structure and looked like “crushed 

raisins”. They also found that when the particles were in a suitable dissolution medium, the 

API that was on the surface was rapidly released from it. Probably the upcoming study would 

lead us to the same conclusion. 
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Particle size and size distribution of the obtained polymer microparticles 

The size and particle size distribution were determined with a Beckman coulter particle 

size analyzer operating on the principle of laser diffraction. Figure 10 shows the particle size 

distribution curves, and the mean particle size is shown in Table 7.  

 

Figure 10. Particle size distribution of polymer microparticles of models EMS1, EMS2, 

EMS3, EMS4 and EMS5, obtained with a Beckman coulter particle size analyzer. 

The results of the particle size distribution study of the studied models showed that the 

particles were distributed in different fractions, the bulk of which had a size in a wide range 

from 60 to 1000 µm. 

Table 7. Mean particle size (d50, µm) of the obtained models of polymer microparticles 

EMS1, EMS2, EMS3, EMS4 and EMS5 (n=3). 

MODEL EМS1 EМS2 EМS3 EМS4 EМS5 

Mean particle 

size, 

(d50), µm±SD 

148,5±0,25 236,3±0,54 187,6±0,98 140,1±1,02 339,00±2,56 

The mean particle size ranged from 140.1 μm in the EMS4 model to 339.0 μm in the 

EMS5 model. By the method of emulsion solvent evaporation technique, particles with a 

mean size over 140 µm were obtained, which could be the result of aggregation. The particles 

obtained by this method were larger in size than the particles obtained by the precipitation 

method. The smallest were the particles of the EMS4 model, which had the lowest yield, drug 

loading and encapsulation efficiency. Probably the high amount of ENA and the high 

percentage of solid phase affected the particle size of EMS5. The high concentration of the 

polymer increased the viscosity of the emulsion, which led to the formation of larger droplets 

during emulsification and larger solid particles after evaporation of the solvent. The higher 

concentration of polymer in a fixed volume of solvent increased the viscosity of the medium 

and led to increased surface tension. At higher viscosity, the droplet size of the emulsion 

increased, and the size of the microparticles increased (Kotagale et al., 2011; Behera et al., 

2008; Pachuau et al., 2008). 
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Moisture content 

The moisture content in the obtained models was measured. The results are presented in 

Table 8. 

Table 8. Moisture content (%) in the obtained polymer microparticles EMS1, EMS2, 

EMS3, EMS4 and EMS5 (n=3). 

MODEL EМS1 EМS2 EМS3 EМS4 EМS5 

Moisture content, 

%±SD 
8,79±0,56 9,09±0,87 8,46±1,36 9,32±0,98 7,82±0,45 

The moisture content data for all models were similar in value and range from 7.82% 

for the EMS5 model to 9.09% for the EMS2 model. The EMS5 model, which showed the 

lowest moisture, was the model with the largest mean particle size. Therefore, the residual 

moisture in the models was not a prerequisite for particle aggregation.  

2.2.3. Compatibility study between ENA, polymers and talcum 

Infrared spectroscopy was used to assess the compatibility between enalapril maleate, 

Eudragit EPO
®
, ethylcellulose and talc and the potential chemical interaction in the 

preparation of the particles. Figure 11 shows the spectra of the pure substances – enalapril 

maleate, Eudragit EPO
®

, talc and ethylcellulose, as well as models EMS3 and EMS5, 

obtained by emulsion solvent evaporation technique. 

  
Figure 11. FTIR-ATR spectra of enalapril maleate (ENA), Eudragit EPO®, talcum, 

ethylcellulose, models EMS3 and EMS5, obtained by emulsion solvent evaporation 

technique. 

Figure 11 showed that the characteristic peaks of ENA were observed at 1750 cm
-1

, 

1725 сm
-1

, 1450 cm
-1

, 1376 cm
-1

, 1226 cm
-1

, 1646 cm
-1

, 875 cm
-1

 and 668 cm
-1

. The 
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characteristic peaks of Eudragit EPO
®
 are at 1725 сm

-1
, 1455 сm

-1
 and at 1150 сm

-1
. The 

characteristic peaks of talcum are at 1072 cm
-1

, 1000 cm
-1

 and 667 cm
-1

. In the ethylcellulose 

spectrum there was a peak at 1450 сm
-1

 due to – CH2 group, at 1377 сm
-1

 due to CH3 group 

and two peaks at 1100 and 1060 сm
-1

 due to C-O aliphatic ester. In the studied models the 

characteristic peaks of talcum (at 1000 сm
-1

) and ethylcellulose (at 1100, 1060, 1377 and 

1450 сm
-1

) were clearly visible. It was more difficult to distinguish the characteristic peaks of 

enalapril maleate and Eudragit EPO
®
, which proved that very small amounts of them were 

included in the models.  

2.2.4. Determination of the physical state of ENA, polymers and models EMS3 and 

EMS5 by powder X-ray diffraction and thermal analysis 

Powder X-ray diffraction 

An analysis of the physical state of ENA and the excipients used was performed in 

order to determine any changes that may had occurred during the preparation of the models. 

In our opinion, perspective models for more in-depth research were EMS3 and EMS5. 

Powder X-ray diffraction was used to determine the physical state. Figure 12 shows the 

diffractograms of models EMS3 and EMS5. In model EMS3 the ratio ENA: polymers was 

1:4, and in model EMS5 – 1:2.  

                          Model EMS3                                                          Model EMS5

Figure 12. Diffractograms of models EMS3 и EMS5, obtained by emulsion solvent 

evaporation method. 

The results of the physical state of the API and the polymer (Figure 5, section 2.1 - 

diffractograms of ENA and Eudragit EPO
®
) showed that ENA is in crystalline form and 

Eudragit EPO
®
 was in an amorphous state. The diffractograms of models EMS3 and EMS5 

(Figure 12) showed that the characteristic peaks of the crystal modification of enalapril 

maleate disappeared. This was evidence that the drug had changed from crystalline to 

amorphous form during its incorporation into particles in the applied emulsion method. The 

diffractograms (Figure 12) showed in gray the amorphous component corresponding to 

enalapril maleate, ethylcellulose and Eudragit EPO
®
. Talcum, which was included as an 

excipient, which prevented the particles binding and helped to harden them, was presented in 

orange. It did not affect the amorphous component consisting of ENA and both polymers. It 
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was clear that talcum was a separate phase after receiving the particles and that it did not 

affect the physical state of the drug. The amorphous component in the EMS3 model was more 

expressed than in the EMS5 model, which was probably due to the higher amount of 

polymers in the EMS3 model at the expense of enalapril maleate. Two clearly separated 

fractions of the amorphous phase were seen, due to the inclusion of a second polymer. Studies 

by other authors had shown that the preparation of ethylcellulose microparticles in 

combination with another polymer led to the formation of two fractions of the amorphous 

phase in the obtained models (Mouffok et al., 2016). 

 

Thermal analysis  

TG-DTA analysis was used to assess the physical state of enalapril maleate in the 

prepared models. The results of the thermal analysis of models EMS3 and EMS5 are 

presented in Figure 13. 

  

Figure 13. Thermograms of models EMS3 (13.1) and EMS5 (13.2), obtained by emulsion 

solvent evaporation technique. 

 

The thermograms of Eudragit EPO
®

 and enalapril maleate (Figure 6, section 2.1) 

showed that the melting point of Eudragit EPO
®
 was 295.57°C and that of ENA was 165°C. 

As could be seen from thermograms 13.1 and 13.2, the melting point of ENA in models 

EMS3 and EMS5 was absent, which suggested decomposition of enalapril maleate. In the 

range 250
o
С-450

o
С a one-stage temperature change was visible, corresponding to the melting 

interval of Eudragit EPO
®
 and ethylcellulose. According to literature data, the thermal 

degradation of ethylcellulose was at 334.46°C (Trivedi et al., 2015). In both models the 

inflection point was at 362
о
С. These data indicated a change in the physical state of enalapril 

maleate from crystalline to amorphous. 

Thermal analysis and powder X-ray diffraction showed the transition of enalapril 

maleate from a crystalline to an amorphous form, which was preferred from a 

biopharmaceutical point of view. In addition, no recrystallization process took place during 

the evaporation and drying steps. Similar results were reported in a study by Junqueira et al. 

(2020). 

13.1 

 

13.2  
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2.2.5. Determination of the degree of taste masking of enalapril maleate 

In vitro release of ENA from prepared models in artificial salivary fluid 

The taste evaluation was based on the amount of enalapril maleate (%) released in 

phosphate buffer with pH=6.8 after 60 s. The results of models EMS1, EMS2, EMS3, EMS4 

and EMS5, obtained by emulsion technique, are presented in Figure 14. 

 

Figure 14. Amount of enalapril maleate (%) released from polymer microparticles (EMS1, 

EMS2, EMS3, EMS4, EMS5) in enzyme-free salivary fluid - phosphate buffer with pH 6.8. 

The released ENA after 60 seconds was 42.55% for EMS1 and 38.76% for EMS2. 

These models were obtained at an ENA:polymers ratio of 1:4 and variation of the emulsifier 

concentration. EMS1 and EMS2, which had the highest values of DL and DEE, showed the 

highest percentage of ENA released in artificial salivary fluid. According to a study by 

Maniruzzaman et al. (2012), the higher the drug loading in the particles, the more difficult it 

was to mask their taste. The EMS4 model, which contained the highest amount of Eudragit 

EPO
®
, released 16.51% ENA in 60 seconds. EMS5 prepared with equal amounts of polymers 

released 4.53% ENA. Only 1.78% ENA was released in EMS3. It could be assumed that the 

delayed release of ENA was due to the large amount of ethylcellulose, providing optimal taste 

masking. (Adeleke et al., 2019). The delayed release of the drug might be associated with 

effective taste masking (Amelian et al., 2017). According to the results obtained, the 

incorporation of ethylcellulose played a crucial role in the taste masking, as it was essential 

not only for the preparation, but also complicated the release of the drug. The main criterion 

for choosing the optimal model was the lowest amount of ENA released in artificial saliva, 

which might be a prerequisite for adequate taste masking. A promising model that met the 

above requirement was EMS3 (ENA: polymers ratio 1:4), which could be a basis for future 

research in the development of an oral dosage form with improved taste. 

The emulsion solvent evaporation technique successfully produced enalapril maleate 

microparticles with two water-insoluble polymers - Eudragit EPO
®
 and ethylcellulose – by 

varying their ratios. The yield of the obtained models was high, their ENA loading was 

satisfactory, but the encapsulation efficiency of enalapril maleate in the polymer 

microparticles was very low. The recessions on the surface of the microparticles were a 

prerequisite for the greater degree of ENA release from their interior. That is why taste 
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masking was achieved in one of the models, but it was a result of the low encapsulation 

efficiency. The obtained microparticles were not perspective for the purposes of the present 

work, although their average size was suitable for incorporation in solid dosage forms. 

2.3. Preparation of polymer microparticles with enalapril maleate by 

spray drying 

The spray drying method is widely used for microencapsulation of drugs for taste 

masking. The unsatisfactory results of the precipitation method and the emulsion solvent 

evaporation technique were the reason to choose the spray drying metod. There is a number of 

data for successful masking of bitter taste and suitable properties of the obtained microparticles 

for incorporation in solid dosage forms. In the present study, an aminomethacrylic copolymer, 

Eudragit EPO
®
, was used to mask the bitter taste of enalapril maleate. In a number of spray-

drying studies, Eudragit EPO
®
 was dissolved in an organic solvents or an aqueous dispersion 

was prepared that required additional excipients (Xu et al., 2008). According to the literature, 

Eudragit E
®
 polymers do not dissolve in water, but are dissolved at pH <5 (Rowe et al., 2006). 

Therefore, in our study, 0.1 M HCl (pH=1.2) was used as solvent of the aminomethacrylic 

copolymer. The microparticles were prepared at experimentally obtained parameters of the 

apparatus: at inlet gas temperature – 65
o
С, at outlet gas temperature – 30

о
С, aspiration – 100% 

and peristaltic pump speed – 10%. The polymer properties and the change in its aggregate state 

during heating do not allow changing the spray drying parameters. By increasing the inlet 

temperature above 45
o
C, the glass transition temprature of the polymer can be reached. 

(https://healthcare.evonik.com/product/health-care/en/products/pharmaceutical-excipients/EUDRAGIT/).  

2.3.1. Preparation of polymer microparticles by spray drying method  

Using the spray drying method, polymer microparticles were developed by varying the 

enalapril maleate and Eudragit EPO
® 

ratio, as shown in Table 9. The models also contained 

talc which was 50% of the polymer amount in order to easily separation of the obtained 

particles from the successor of the apparatus. 

Table 9. Models polymer microparticles with enalapril maleate and Eudragit EPO
®
, 

obtained by spray drying. 

MODEL М2 М3 М4 М5 М6 М7 М10 

Drug:polymer ratio 1:2 1:3 1:4 1:5 1:6 1:7 1:10 

ENA, g 1,0 1,0 1,0 1,0 1,0 1,0 1,0 

Eudragit EPO
®
, g 2,0 3,0 4,0 5,0 6,0 7,0 10,0 

Talc, g 1,0 1,5 2,0 2,5 3,0 3,5 5,0 

 

https://healthcare.evonik.com/product/health-care/en/products/pharmaceutical-excipients/EUDRAGIT/
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2.3.2. Characterization of the obtained microparticles 

Yield, drug loading and encapsulation efficiency 

The results for yield, ENA loading and ENA encapsulation efficiency in microparticles 

are presented in Table 10. 

Table 10. Yield, ENA loading (DL and ENA encapsulation efficiency (DЕЕ) in the models 

obtained by spray drying (n=3). 

MODEL YIELD, %±SD DL, %±SD DEE, %±SD 

M2 62,88±0,52 24,69±1,42 62,09±3,57 

M3 51,29±0,26 20,74±0,13 58,52±0,35 

M4 76,60±0,32 17,79±0,44 95,37±2,36 

M5 85,41±0,58 11,24±1,03 81,61±7,46 

M6 71,25±0,65 13,39±0,56 95,41±3,97 

M7 83,48±0,01 9,74±0,60 93,53±5,78 

M10 77,13±0,08 7,75±0,52 95,68±6,36 

The yield varied from 51.29% for model M3 to 85.41% for model M5. We assume that 

the included talc improved the yield as it prevented the material from sticking to the parts of 

the apparatus. On the other hand, the amounts of ENA, Eudragit EPO
®
 and talc that were not 

included in the microparticles, as well as the smallest and lightest particles, were lost with the 

exhaust gases, which negatively affected the yield (Xu et al., 2008). 

The particle loading (DL, %) with enalapril maleate decreased with increasing amount 

of polymer involved. In model M10, where the drug:polymer ratio was 1:10, DL% was 

7.75%, while for model M2 with drug: polymer ratio 1:2 DL% was 24.69%. It was possible 

that a larger amount of polymer would affect the incorporation of larger amounts of drug into 

the microparticles. In addition, as the amount of polymer increased, so did the amount of talc 

included as part of the solid phase instead of enalapril maleate. The talc:polymer ratio was 

maintained, but the capacity of the polymer to incorporate ENA into the microstructures 

decreased. 

The encapsulation efficiency of ENA into the microparticles increased with increasing 

the amount of polymer, reaching 95.68% for the M10 model, i.e. approximately the total 

amount of enalapril maleate used was included in that model. When comparing the results and 

models obtained by the three methods for taste masking, it was clear that the low loading and 

encapsulation efficiency of ENA by the precipitation method, the extremely low 

encapsulation efficiency by the emulsion technique, while by spray drying, an encapsulation 

efficiency of about 95% was achieved. Models with good characteristics were obtained - high 

yield and high encapsulation efficiency of enalapril maleate. Models M2 (the highest loading 

with ENA - 24.69%), M4 (high yield 76.60% and encapsulation efficiency of ENA 95.37%) 
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and M6 (high yield 71.25% and encapsulation efficiency of ENA 95.41%) were selected for 

further studies as potential models for incorporation in solid dosage forms. 

Shape and surface morphology of the obtained polymer microparticles 

Scanning electron microscopy was used to visualize the resulting microparticles. Figure 

15 shows a SEM photomicrograph of model M6 created by a Zeiss EVO LS25 scanning 

electron microscope at an accelerating voltage of 20 kV and a magnification of 10000x. 

 

Figure 15. SEM photomicrograph of model М6 (10000х), obtained by spray drying method. 

As could be seen in Figure 15, which is a photomicrograph of model M6 made by 

scanning electron microscopy, the particles had a smooth surface and a spherical shape. A 

small number of irregularly shaped particles were observed. It was probably obtained as a 

result of integration of polymer microstructures. An irregular shape could occur when the 

internal pressure in the drop increased rapidly and moisture could not be released (Seville et 

al., 2007). 

Size and size distribution of the obtained polymer microparticles 

A Beckman coulter particle size analyzer based on the principle of laser diffraction was 

used to visualize the size distribution of the polymer microparticles shown in Figure 16. 

 

Figure 16. Particle size distribution of models М2, М3, М4, М5, М6, М7 и М10 obtained 

by spray drying. 
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Figure 16 clearly showed the bimodal particle size distribution. The more particles had 

size in the range from 2 to 40 µm. In all models, a small fraction with size over 60 µm 

appeared, which was probably due to particle aggregation because of high humidity. 

The mean size of the polymer microparticles obtained by spray drying was presented in Table 

11. 

Table 11. Mean particle size (d50 , µm) of models М2, М3, М4, М5, М6, М7 and М10 (n=3). 

MODEL М2 М3 М4 М5 М6 М7 М10 

Mean particle 

size (d50), 

µm±SD 

13,89 

±0,25 

15,01 

±1,5 

17,47 

±1,36 

16,95 

±1,45 

9,10 

±1,69 

6,89 

±2,58 

5,00 

±1,36 

The results showed that the mean particle size varied from 5.00 µm to 17.47 µm, 

reaching the highest value of 17.47 µm for the M4 model. There was a gradually decrease in 

particle size from model M4 to model M10. The particles of models M6, M7 and M10 were 

very small in size, probably due to the increased amount of polymer. There was a tendency 

that as the amount of polymer involved increased, the particle size decreased. We 

hypothesized that the increased amount of polymer resulted in the formation of a large 

number of small microparticles, which might include smaller amounts of enalapril maleate. 

This was the reason for the low ENA loading in these models. 

Moisture content in the obtained polymer microparticles 

The moisture content of the obtained particles is an important indicator of the efficiency 

of the method and the quality of the product. The rheological parameters, the tendency to 

particle aggregation and the stability of the prepared models depend on the moisture content 

(Rattes et al., 2007). Therefore, we measured the moisture content in the prepared models, 

and the results are presented in Table 12. 

Table 12. Moisture content (%) in models М2, М3, М4, М5, М6, М7 and М10, obtained by 

the spray drying method (n=3). 

MODEL М2 М3 М4 М5 М6 М7 М10 

Moisture content, 

%±SD 
10,32 

±1,52 

10,09 

±1,36 

8,89 

±1,85 

7,69 

±2,87 

8,93 

±2,65 

7,12 

±2,45 

9,96 

±1,69 

The moisture content in the models ranged from 7.12% for model M7 to 10.32% for 

model M2. During the spray drying process, a certain amount of moisture remained in the 

obtained particles, which would have a negative impact on their free movement, as well as 

their incorporation in a solid dosage form. In their study, Maur and colleagues (2005) found 

that the outlet temperature of the gas determined the residual moisture in the resulting 

powder. Therefore, a probable reason for the higher moisture in the models was the low inlet 

gas temperature – 65
o
С and the even lower outlet temperature – 30

о
С. 
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2.3.3. Compatibility study between ENA and Eudragit EPO
®
 

Infrared spectroscopy was used to examine the compatibility between ENA, Eudragit 

EPO
®
 and talc. The spectra of pure substances – enalapril maleate, Eudragit EPO

®
 and talc, 

their physical mixture and model M6 are presented in Figure 17.

   
Figure 17. FTIR-ATR spectra of ЕNA, Eudragit EPO

®
, talc, physical mixture (ENA, 

Eudragit EPO
®
 and talc) and model М6, obtained by spray drying. 

In the spectrum of enalapril maleate, peaks were observed at 1750 cm
-1

 and 1725 cm
-1

, 

corresponding to two carbonyl groups (C=O). Methyl groups were visualized with peaks at 

1450 cm
-1

 and 1376 cm
-1

. At 1226 cm
-1

, peak from the C-N bond (C-NH-C) was observed. 

Three peaks of C=C bonds were detected at 1646 cm
-1

, 875 cm
-1

 and 668 cm
-1

. Other 

characteristic peaks were seen at 1360 cm
-1

 due to the O-H bond and at 700 cm
-1

 due to the C-H 

bond from monosubstituted benzene. The characteristic peaks of the Eudragit EPO
®
 were at 

1725 cm
-1

, corresponding to the C=O bond of the ester group, at 1455 cm
-1

 – C-H bond (methyl 

group) and at 1150 cm
-1

, corresponding to the C-O ester bond. The characteristic peaks of talc 

due to Si-O bonds were at 1072 cm
-1

, 1000 cm
-1

 and 667 cm
-1

. The physical mixture showed the 

main peaks of talc and some characteristic peaks of enalapril maleate and Eudragit EPO
®
. The 

spectra of model M6 showed the characteristic peaks of enalapril maleate at 875 cm
-1

 (C=C), 

700 cm
-1

 (OH) and 668 cm
-1

 (C=C), as well as the methyl group at 1450 cm
-1

. The peaks at 

1750 cm
-1

 and 1725 cm
-1

 due to the carbonyl group were clearly expressed. The characteristic 

peaks of Eudragit EPO
®
 at 1725 cm

-1
, corresponding to the C=O bond at 1455 cm

-1
, 

corresponding to the C-H bond, were also detected. Talc was recognized by the peak at 1000 

cm
-1

 due to a Si-O bond. No new peaks were observed, suggesting that no new chemical bonds 

were formed between enalapril maleate, Eudragit EPO
®
 and talc in the preparation of spray-

dried polymer microparticles. 
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2.3.4. Determination of the physical state of ENA, Eudragit EPO
®
, models М4 and 

М6 

Powder X-ray diffraction 

Figure 18 shows diffractograms of the physical mixture of enalapril maleate, Eudragit 

EPO
®
 and talc, models М4 and М6. 

 

Figure 18. Diffractograms of the physical mixture of enalapril maleate, Eudragit EPO
®
 

and talc, models М4 and М6. 

The powder X-ray diffraction results of Figure 18 showed the state of all components of 

the physical mixture of ENA, Eudragit EPO
®
 and talc. Talc was presented everywhere – in 

the physical mixture and in the models without changing its state and without affecting the 

models themselves. The diffractograms of model M4 and M6 showed that talc did not interact 

with ENA and the polymer. From the diffractograms of enalapril maleate and Eudragit EPO
®

 

(Figure 5, section 2.1) the crystal structure of ENA was established and the amorphous state 

of Eudragit EPO
®
 was ascertained. Enalapril maleate in the physical mixture (Figure 18) was 

in a crystalline state, with expressed green characteristic peaks. In models M4 and M6 no 

characteristic peaks were observed for the crystalline form of ENA, which indicated that it 

had passed into an amorphous state. The amorphous component shown in gray in models M4 

and M6 consisted of enalapril maleate and Eudragit EPO
®
. 

Therefore, in the preparation of the polymer microparticles by the spray-drying method, 

enalapril maleate changed from a crystalline to an amorphous state, and the polymer retained 

its amorphous state. The amorphous state was preferred due to improved biopharmaceutical 

parameters - rate and degree of API release and bioavailability. 
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Thermal analysis 

We applied thermal analysis to assess the physical state of ENA and Eudragit EPO
®
. 

Тhe obtained thermograms of the physical mixture of enalapril maleate, Eudragit EPO
®
 and 

talc (19.1), models M4 (19.2) and M6 (19.3) are presented in Figure 19. 

 

        

Figure 19. Thermograms of the physical mixture of enalapril maleate, Eudragit EPO
®
 and 

talc - 19.1, models М4 - 19.2 and М6 - 19.3. 

The results of the thermal analysis of enalapril maleate and Eudragit EPO
®

 showed that 

ENA was in the crystalline state and the polymer in the amorphous state (Figures 6.1 and 6.2, 

section 2.1). While in the physical mixture of enalapril maleate, Eudragit EPO
®
 and talc 

(Figure 19.1) the melting temperature of ENA at 152.34 °C was observed, for models M4 

(Figure 19.2) and M6 (Figure 19.3) this temperature of melting was absent. This indicated 

that enalapril maleate was not in crystalline form in the models. In them, ENA had passed into 

an amorphous state, which was also proved by the powder X-ray diffraction. The melting 

point of the polymer was between 250 °C and 450 °C with two inflection points (Figure 6.2, 

section 2.1). They were found in the physical mixture (Figure 19.1) and in models M4 (Figure 

19.2) and M6 (Figure 19.3), which showed that Eudragit EPO
®
 did not change, it remained in 

an amorphous state. 

When comparing the thermograms of the models obtained by the three methods - 

precipitation method, emulsion solvent evaporation technique and spray drying method, 

differences in thermal behavior were observed, which was evidence that the preparation 

technology affected the physical state of ENA. What the three methods had in common was 

the change in the physical state of enalapril maleate from crystalline to amorphous. The 

amorphous form is preferred for the biopharmacy. Therefore, the applied three methods for 

masking the bitter taste of enalapril maleate achieved better biopharmaceutical properties. The 

19.1 

19.2 19.3 
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optimal model chosen for incorporation in orodispersible tablets was likely to provide 

improved bioavailability of ENA. 

2.3.5. Determination of the degree of taste masking of enalapril maleate 

We applied the following methods for taste evaluation: In vitro release of enalapril 

maleate in artificial salivary fluid and in vivo taste evaluation on experimental animals and by 

healthy volunteers. 

In vitro release of ENA from prepared models in artificial salivary fluid 

The method for evaluating the taste was based on the amount of the API released in 60 s 

in artificial salivary fluid, determined by a UV spectrophotometric method developed for this 

purpose. Figure 20 presents the results for all models obtained by the spray drying method. 

 

Figure 20. ENA release in artificial salivary fluid with рН=6,8 from models М2, М3, М4, 

М5, М6, М7 and М10. 

For model M2 (drug:polymer ratio 1:2), the released ENA was 20.11%. At ENA: 

Eudragit EPO
®
 ratio of 1:3 (M3), the amount of ENA released was 19.19%, and in modelM4 

(1:4) it was reduced to 10%. Model M5 (1:5) released 7.2% ENA, while model M6 (1:6) 

released a significantly smaller amount of ENA– 1.81%. In model M7 (1:7) only 0.61% ENA 

was released, which was not a statistically significant difference with model M6. No release 

of enalapril maleate into artificial salivary fluid was reported in model M10 (1:10) prepared 

with the highest amount of polymer. There was a clear tendency to reduce the amount of ENA 

released by incorporating more polymer into the models. Therefore, we did not prepare M8 

and M9 models with a drug: polymer ratio of 1:8 and 1:9, in which the release of enalapril 

maleate in artificial saliva was likely to be below 0.6%. We hypothesized that the amount of 

enalapril maleate released in artificial salivary fluid from model M6 with a drug:polymer ratio 

of 1:6 would not cause the bitter taste sensation. Model M7 released 0.61% ENA, and model 

M10 – 0% ENA in artificial salivary fluid, but the greater amount of polymer was our reason 

why these models should not be selected for further studies in terms of patient safety. 

In vivo taste evaluation on experimental animals 

To verify the results obtained from the in vitro release of ENA, an in vivo taste 

evaluation of selected models was performed on experimental animals. The study was 
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performed with models M2, M4 and M6 as described in the Methods section. The results of 

the taste evaluation of the selected models on experimental animals are shown in Figure 21. 

 

Figure 21. In vivo taste evaluation by rats - The test indicator was the licking frequency of 

models of polymer microparticles M2, M4 and M6; *** p≤0.001 against the control; # 

p≤0.05 vs. enalapril maleate; ## p <0.01 versus enalapril maleate; ### p <0.001 versus 

enalapril maleate.  

The taste evaluation of the models was based on the comparison of the licking 

frequency of the rats in the model groups, the group with access to distilled water (controls), 

and rats with access to a water solution of enalapril maleate (negative controls). The results 

showed that the rats could distinguish the bitter taste of the drug enalapril maleate. In models 

М2, М4, and М6, the licking frequency exceed 80% (82,8%±1,9 in model M2; 88,9%±2,79 in 

model M4, and 91,5%±2,72 in model М6). The licking frequency for model M2 was satisfactory, 

and this frequency increased to 89% in model M4. The licking frequency for model M6 was 

the most similar to the licking frequency of distilled water, which led us presume that the rats 

in this group perceived slightly to no bitter taste. The highest licking frequency, similar to the 

licking frequency of the water, was achieved in model M6, which showed the preference of 

the animals to this model. 

These results were consistent with the in vitro evaluation of the release of enalapril maleate 

– model M6 (ENA:Eudragit EPO
®

 ratio 1:6). Only 1,81% of the encapsulated enalapril 

maleate was released during the dissolution test in artificial salivary fluid, which explained 

the taste preference of the experimental animals. 

Taste evaluation by healthy volunteers 

The taste of models M2, M4 and M6 was also assessed by healthy volunteers on a four-

point bitterness scale. The study involved 18 healthy volunteers aged 25-28 years, of which 3 

men and 15 women. The scale for taste evaluation was: 0 – no bitter taste, 1 – slightly bitter, 2 

–moderately bitter, 3 – very bitter. After processing the taste evaluation data of the polymer 

microparticle models from healthy volunteers, the results were presented on Figure 22. 

In this experiment, the subjective sensations and different taste perceptions of the 

volunteers were taken into account. Volunteers initially evaluated the taste of pure enalapril 
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maleate placed on the tongue as a basis for comparison with the taste of the models. From the 

18 volunteers involved, 14 found the taste of pure enalapril maleate to be moderately bitter, 

and for four of them it was very bitter.  

 

Figure 22. Taste evaluation of models М2, М4 and М6 by heathy volunteers. 

Мodel M2 had a slightly to moderately bitter taste. One volunteer evaluated model M4 

as no bitter, and for five volunteers the model had a slightly to moderately bitter taste. Model 

M6 had a slightly bitter taste or no bitter taste. Therefore, M6 was a model with good taste. 

Volunteers showed a preference for the M6 model as the most palatable. The study with 

healthy volunteers for determining the degree of masking of the bitter taste of enalapril 

maleate showed similarity in the results for taste evaluation of the study on experimental 

animals. 

Model M6 had the highest licking frequency by the animals and showed good results in 

the in vitro release of ENA in artificial salivary fluid. These results and the study of taste 

evaluation by the healthy volunteers made it suitable for further incorporation in solid dosage 

forms. 

2.3.6. In vitro ENA release in artificial gastric fluid from models М2, М4 and М6 

The release kinetics of enalapril maleate from selected spray-dried models was 

performed under conditions similar to gastric conditions in order to determine the 

biopharmaceutical behavior of the obtained models. The release profiles of ENA (%) from 

models M2, M4 and M6 in artificial gastric fluid with pH 1.2 are presented in Figure 23. 

М2 (ЕNА:Еudragit EPO® 1:2)

без вкус

леко горчиво

умерено горчиво

силно горчиво

no bitter taste

slightly bitter

moderately bitter

very bitter

М4 (ENA:Eudragit EPO® 1:4) М6 (ЕNА:Еudragit EPO® 1:6)
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Figure 23. In vitro release of ENA in artificial gastric fluid from models M2, M4 and M6, 

obtained by spray drying, (n=3, ±SD) 

The dissolution profiles of enalapril maleate from the polymer microparticles of models 

M2, M4 and M6 showed that 50% of the included ENA was released by the 20th minute, 

followed by a delayed release lasting up to 120-150 minutes. This was because enalapril 

maleate initially dissolved from the smallest particles or from the surface of the particles. The 

rapid release of more amount of ENA in the beginning was also due to the high solubility of 

the polymer in artificial gastric fluid. The dissolution of the polymer led to the rapid release of 

enalapril maleate. As could be seen from Figure 23, model M2 released 93.45% of the 

included drug in 120 minutes. Model M4 released 83.35% of the included enalapril maleate in 

120 minutes. In model M6, 78.33% ENA was released in 150 minutes. The higher amount of 

polymer in the M6 model slowed the release of enalapril maleate from the microparticles. 

Similar results were reported by Rani and team (2012). There was evidence that the dialysis 

membrane could significantly delay the passage of the released drug into the acceptor 

medium, in which case the presented API release profile would not correctly describe the 

actual drug release kinetics (Yi et al., 2019). This was probably another reason for the delay 

in the release of ENA from the polymer microparticles of models M2, M4 and M6 obtained 

by spray drying. 

Using the spray drying method we prepared polymer microparticles with ENA and 

Eudragit EPO
®
, which had a spherical shape and a smooth surface. The developed models had 

high yield, high encapsulation efficiency and satisfactory drug loading. The results showed that 
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the ENA loading decreased with increasing amount of polymer involved, but the bigger amount 

of polymer decreased its capacity to incorporate enalapril maleate into the particles. The spray 

drying method achieved much greater ENA encapsulation efficiency compared to the other two 

taste masking methods applied by us (precipitation method and emulsion solvent evaporation 

method). The applied methods for taste evaluation – in vitro release of ENA in artificial salivary 

fluid, the study on experimental animals and healthy volunteers with some of the developed 

models, showed successful taste masking of enalapril maleate. An optimal model was derived 

in terms of the amount of polymer involved, yield and encapsulation efficiency of ENA. 

Healthy volunteers and experimental animals showed a taste preference for it. Therefore, the 

model could be used as a perspective for further incorporation into orodispersible tablets for 

pediatric practice. 

From all the experimental results it could be concluded that the spray drying method is 

suitable for the preparation of polymer microparticles with enalapril maleate with successful 

masking of its bitter taste. 

3. Preparation of polysaccharides for use as superdisintegrants in 

orodispersible tablets 

The aim of this study was to obtain natural polysaccharides from herbs rich in 

mucilaginous substances. Polysaccharides could be used successfully as superdisintegrants in 

orodispersible tablets due to their high ability to swell (Rani et al., 2016). Sources of 

polysaccharides in our studies are flax seeds (Linum usitatissimum, Linaceae, L.) and quince 

seeds (Cydonia oblonga, Rosaceae, Mill.). Flax seeds contain about 10% mucilaginous 

substances – rhamnose, fucose, arabinose, xylose, galactose, glucose, uronic acid and proteins 

(Fekri et al., 2008). The seed coat of quince seeds contains about 20% mucilaginous substances, 

the cyanogenic glycoside amygdalin, some tannins and about 15% fatty oil (Silva et al., 2002, 

Ashraf et al., 2016). 

3.1. Obtaining a dry extract of flax seeds 

The purpose of this study was to select the appropriate extraction conditions for the 

preparation of an aqueous extract and the following preparation of dry extracts by spray 

drying. The influence of the various parameters of the apparatus (inlet temperature, aspiration, 

pump speed, gas flow) in the preparation of dry extracts with suitable properties for their 

incorporation in solid dosage forms as superdisintegrants was studied.  

The obtained models of dry extracts of flax seeds (FS1÷FS9) and the conditions for their 

preparation are presented in Table 13. The conditions of spray drying were experimentally 

determined. The aspiration and the speed of the peristaltic pump were varied at the inlet 

temperature of the apparatus for spray drying the water extracts 110
o
С and the speed of the gas 

flow 601 L/h. 
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Table 13. Conditions for obtaining aqueous extract and dry extract of flax seeds. 

Model 

Extraction 

temperature for 

obtaining an 

aqueous extract, 
o
C 

Inlet temperature 

for spray drying of 

aquaeous extract, 
о
С 

Aspiration, % 
Peristaltic pump 

speed rate, % 

FS1 20 110 50 10 

FS2 20 110 60 20 

FS3 20 110 70 30 

FS4 40 110 50 10 

FS5 40 110 60 20 

FS6 40 110 70 30 

FS7 40/20 110 50 10 

FS8 40/20 110 60 20 

FS9 40/20 110 70 30 

3.2. Obtaining a dry extract of quince seeds 

The aqueous extract of quince seeds was obtained by soaking the seeds with water at 

room temperature – 20
o
C for 24 hours. The models were marked as QS1÷QS9, respectively. 

The conditions under which the aqueous extracts were obtained are presented in Table 14. We 

prepared dry extracts from the aqueous extracts by spray drying at a gas flow rate of 601 L/h 

and variation of the gas inlet temperature, aspiration and peristaltic pump speed. 

 

Table 14. Conditions for obtaining aqueous extract and dry extract of quince seeds. 

Model 

Extraction 

temperature for 

obtaining an 

aqueous extract, 
 

o
C 

Inlet temperature 

for spray drying of 

aquaeous extract, 
о
С 

Aspiration, 

% 

Peristaltic pump 

speed rate, % 

QS1 20 130 50 10 

QS2 20 130 60 20 

QS3 20 130 70 30 

QS4 20 140 50 10 

QS5 20 140 60 20 

QS6 20 140 70 30 

QS7 20 150 50 10 

QS8 20 150 60 20 

QS9 20 150 70 30 
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3.3. Characterization of the obtained dry extracts 

Yield 

The results of determining the influence of the extraction conditions and the parameters 

of the apparatus on the yield of the dry extracts are presented in Figure 24 (for flax seeds) and 

in Figure 25 (for quince seeds).  

 

Figure 24. Influence of production conditions - extraction temperature, aspiration and 

peristaltic pump speed on the yield of dry flax seeds extracts obtained by spray drying. 

As could be seen from Figure 24, the yield of dry flax seeds extract was highest at an 

extraction temperature of 40°C. The obtained aqueous extract, subjected to spray drying under 

conditions: 60% aspiration and 20% peristaltic pump speed, showed the best yield results - 

models FS2, FS5 and FS8. FS5 was the model with the highest yield – 0.78% under the 

specified conditions, which would be used for further use and its role as a disintegrant would 

be evaluated. 

 

Figure 25. Influence of the production conditions - gas inlet temperature, aspiration and 

peristaltic pump speed on the yield of dry quince seeds extracts obtained by spray drying. 
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From the data presented in Figure 25 it could be seen that the most satisfactory yield 

was achieved in the models obtained at an inlet gas temperature of 140°C. As the aspiration 

and the speed of the peristaltic pump increased, the yield of the models obtained at an inlet 

temperature of 140°C also increased. Model QS6 had the highest yield – 0.83%. It was 

obtained under the following conditions: inlet gas temperature – 140
o
С, aspiration – 70% and 

peristaltic pump speed – 30%. It was found that the highest yield of dry extract containing 

polysaccharides by the method of spray drying was obtained at low inlet temperature and 

faster spray rate. The high temperature was the reason for the deposition of low molecular 

weight compounds on the walls of the apparatus, that is why the yield of these models was 

low (Cervantes-Martínez et al., 2014). It was obvious that the inlet temperature and the 

aspiration and speed of the peristaltic pump affected the yield, so it was important to find the 

right combination of conditions for optimal yield. Model QS6 would be used in further 

studies for its application such as a disintegrant based on high yields. 

Mean particle size of the obtained dry extracts 

A Beckman coulter particle size analyzer was used for this study. The results are 

presented in Table 15. 

Table 15. Mean particle size (d50 , µm) of the obtained dry extracts (n=3). 

Model FS1 FS2 FS3 FS4 FS5 FS6 FS7 FS8 FS9 

Mean 

particle 

size 

(d50), 

µm±SD 

9,85 

±0,28 

9,68 

±0,87 

8,70 

±1,25 

6,30 

±1,85 

4,36 

±1,99 

27,41 

±1,25 

5,44 

±2,57 

21,79 

±1,54 

8,23 

±0,54 

Model QS1 QS2 QS3 QS4 QS5 QS6 QS7 QS8 QS9 

Mean 

particle 

size 

(d50), 

µm±SD 

5,06 

±1,57 

5,38 

±1,24 

4,99 

±0,25 

4,95 

±0,54 

4,98 

±0,87 

4,51 

±1,88 

4,72 

±1,54 

4,70 

±2,44 

4,57 

±1,20 

The mean particle size of flax seeds dry extracts ranged from 4.36 µm to 27.41 µm. The 

mean particle size of the models of dry extracts of quince seeds varied from 4.51 µm in model 

QS6 and reaches 5.38 µm in model QS2. The model with the highest yield was the model 

with the smallest mean particle size. In thick viscous solutions with polysaccharides, the 

thermoplastic behavior was influenced by the temperature at which the material was spray 

dried. Higher spray rates and aspiration led to a reduction in particle size and an increase in 

the contact surface. This resulted in finer droplets, which allows more even drying than when 

droplets are larger, all this resulting in smaller particles. (Cervantes-Martínez et al., 2014). 

Dry quince seeds extracts were obtained at a higher gas inlet temperature, so their particle size 

was smaller than that of dry flax seeds extracts. The small mean particle size up to 27 µm 

showed that the dry extracts have a low degree of polydispersity and consisted of fine 

particles, which suggested poor rheological parameters. 
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Swelling index 

The results for the swelling index of the obtained dry extracts of flax seeds and quince 

seeds are presented in Table 16. This is an indicator of the ability of the dry extracts to absorb 

liquid and to swell. The swelling index is of particular importance for the disintegration of the 

solid dosage form. Due to their ability to swell, dry extracts containing polysaccharides can be 

used as disintegrants. 

Table 16. Swelling index of the obtained dry extracts of flax and quince seeds (n=3). 

Model FS1 FS2 FS3 FS4 FS5 FS6 FS7 FS8 FS9 

Swelling 

index, % 

±SD 

35 

±0,59 

56 

±0,87 

38 

±1,57 

50 

±1,44 

58 

±0,25 

39 

±0,85 

61 

±0,55 

67 

±0,13 

55 

±0,44 

Model QS1 QS2 QS3 QS4 QS5 QS6 QS7 QS8 QS9 

Swelling 

index, % 

±SD 

33 

±1,22 

47 

±1,47 

33 

±0,28 

44 

±2,55 

21 

±0,2 

67 

±1,45 

47 

±1,35 

79 

±1,44 

33 

±0,54 

The results showed a swelling index above 21%, reaching 79% in model QS8. These 

high values of swelling were due to the presence of polysaccharides. It was not possible to 

determine exactly which one of the dry extracts (flax seeds or quince seeds) had a higher 

swelling capacity. Models FS5, FS7, FS8, QS6 and QS8 showed the highest swelling index. 

No relationship between moisture content and swelling index was observed. Models FS7, FS8 

and QS6 had a low moisture content and showed a high swelling index. Models FS5 and QS8 

had a moisture content between 2.2% and 2.8%, but a high swelling index. The high swelling 

index confirmed the possibility to use these dry extracts as binders or disintegrants, as well as 

in controlled release forms (Аrasi et al., 2015). Therefore, the dry flax seeds and quince seeds 

extracts obtained from us could be used as disintegrants in orodispersible tablets due to their 

ability to swell, which is one of the ways of disintegration of this type of tablets.  

Under experimentally derived spray drying conditions, we obtained dry extracts of 

aqueous extracts of quince seeds (Cydonia oblonga, Rosaceae, Mill.) and flax seeds (Linum 

usitatissimum, Linaceae, L.). Their particles were spherical in shape, small in size, but with a 

high swelling index. These properties made them suitable for use as disintegrants in 

orodispersible tablets. The rheological characteristics of the dry extracts indicated that they are 

not suitable for direct tableting if included in high concentrations. Given that we would use 

them in small quantities as superdisintegrants, they would not affect the rheology of the powder 

tablet mixture. Models with optimal results for yield, mean particle size and particle size 

distribution, moisture content, rheological parameters and swelling index were selected, which 

would be used in further study. 
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4. Preparation of orodispersible tablets 

4.1. Preparation of models of orodispersible tablets by the method of 

direct compression 

We prepared orodispersible tablets with mass of 200 mg, varying the type and 

concentration of polysaccharides involved. The models were marked ODT0÷ODT15, and 

their composition is presented in Tables 31 and 32. The tablets prepared by the direct 

compression method had a diameter of 9 mm and a height of 2 mm. This tablet size was 

considered suitable for pediatric practice (Оrubu and Tuleu, 2017).  

The developed tablet models contained 7.5 mg of polymer microparticles of model M6, 

obtained by spray drying, equivalent to 1 mg of enalapril maleate. The dose of the drug was in 

accordance with the needs of pediatric practice. The aim was to obtain tablets with the 

appropriate dose of ENA for children of different age. The tablets also included: 

- Spray dried lactose 11sd 

- Microcrystalline celluloce 102 with concentration of 10% 

- Sodium stearyl fumarate 

- Colloidal silicon dioxide (Aerosil 200®) 

- Raspberyy flavor 1%  

Model ODT0 was prepared with the above excipients and 7.5 mg polymer 

microparticles of model M6, obtained by spray drying, but without additional disintegrating 

excipients. Models ODT1÷ODT15 were prepared by varying the concentration of the 

disintegrant – 0.5%, 1% and 2%. In addition to dry extracts of flax seeds and quince seeds, 

soy polysaccharide was included in selected models to determine the effect of different 

polysaccharides on tablet disintegration. Sodium starch glycolate was used as a disintegrant in 

a selected model to compare its disintegration ability with tablets prepared with natural 

disintegrants.   

Sodium stearyl fumarate, hydrophilic excipient, was included in the composition of the 

tablets instead of the widely used magnesium stearate. A number of studies had shown that 

magnesium stearate was not suitable for incorporation in ODTs due to its hydrophobic nature 

and tendency to increase the disintegration time (Randale et al., 2010). Mahrous et al. (2019) 

published data on achieved taste masking of ODTs with dextromethorphan hydrobromide by 

direct compression of a powder mixture with included sodium stearyl fumarate. The authors 

of this study suggested that mixing it with a drug led to taste masking by physical adsorption 

of sodium stearyl fumarate particles on drug particles and this effect would withstand the 

process of direct compression and would provide effective taste masking. (Mahrous et al., 

2019).  
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Table 17. Composition of models of orodispersible tablets. The amount of components is 

expressed in mg. 

Models ODT0 ODT1 ODT2 ODT3 ODT4 ODT5 ODT6 ODT7 

Microparticles with 

enalapril maleate 

 (model М6) 

7,5 7,5 7,5 7,5 7,5 7,5 7,5 7,5 

Flax seeds  

dry extract 

(model FS5) 

- 1 2 4 1 2 1 2 

Quince seeds  

dry extract 

 (model QS6) 

- - - - 1 2 - - 

Soy polysaccharides - - - - - - 1 2 

Spray dried lactose 166,5 165,5 164,5 162,5 164,5 162,5 164,5 162,5 

MC 102 20 20 20 20 20 20 20 20 

Sodium stearyl 

fumarate 
2 2 2 2 2 2 2 2 

Aerosil 200 2 2 2 2 2 2 2 2 

Raspberry fragrance 2 2 2 2 2 2 2 2 

Tablet weight 200 200 200 200 200 200 200 200 

Table 18. Composition of models of orodispersible tablets. The amount of components is 

expressed in mg. 

Models ODT8 ODT9 ODT10 ODT11 ODT12 ODT13 ODT14 ODT15 

Microparticles with 

enalapril maleate 

(model М6) 

7,5 7,5 7,5 7,5 7,5 7,5 7,5 7,5 

Quince seeds 

dry extract 

(model QS6) 

1 2 4 1 2 - - - 

Soy polysaccharides - - - 1 2 1 2 - 

Sodium starch 

glycolate 
- - - - - - - 1 

Spray dried lactose 165,5 164,5 162,5 164,5 162,5 165,5 164,5 165,5 

MC 102 20 20 20 20 20 20 20 20 

Sodium stearyl 

fumarate 
2 2 2 2 2 2 2 2 

Aerosil 200 2 2 2 2 2 2 2 2 

Raspberry fragrance 2 2 2 2 2 2 2 2 

Tablet weight 200 200 200 200 200 200 200 200 
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Models ODT1, ODT2, ODT3 contained flax seeds polysaccharides in increasing 

concentration 0.5%-1%-2%. Models ODT4 and ODT5 included a combination of flax seeds 

and quince seeds polysaccharides with a total concentration of 1% and 2%, respectively. 

Models ODT6 and ODT7 contained a combination of flax seeds polysaccharides and soy 

polysaccharide with a total concentration of 1% and 2%. Models ODT8, ODT9, ODT10 

included only quince seeds polysaccharides in increasing concentrations of 0.5%-1%-2%. 

Models ODT11 and ODT12 contained a combination of quince seeds polysaccharides and soy 

polysaccharide. ODT13 and ODT14 included only soy polysaccharide as a disintegrant. 

4.2. Characterization of the prepared models of orodispersible tablets 

4.2.1. Pharmacopoeia indicators (Ph. Eur. 9) 

The prepared tablets were tested according to the following pharmacopoeia indicators - 

mass and uniformity of mass, tablet hardness, friction coefficient, friability, disintegration and 

uniformity of content, which are presented in Table 19. 

Table 19. Pharmacopoeia indicators of the prepared models of orodispersible tablets (n – 

number of tablets with which the study is performed). 

Model 

Uniformity of 

mass, 

mg±SD,  

n=20 

Tablet 

hardness, N 

±SD, n=10 

Friction 

coefficient 

kg.mm
2
 

Friability,  

%±SD, 

n=32 

Disintegration, 

s±SD, 

n=18 

Uniformity 

of content, 

% 

±SD, n=10 

ODT0 199,11±1,52 54±1,45 3,1 1,2±0,90 185±0,19 99±0,98 

ODT1 199,90±1,71 75 ±15,5 4,2 0,5±0,008 50±0,02 100±0,25 

ODT2 200,00±2,03 66±14,74 3,7 1,3±0,02 180±0,015 99±0,32 

ODT3 199,85±1,95 78±2,65 4,3 0,6±0,01 240±0,04 98±0,04 

ODT4 200,05±1,67 78±7,55 4,3 0,7±0,01 90±0,02 97±0,52 

ODT5 200,05±1,76 79±14 4,4 0,7±0,015 390±0,05 100±0,44 

ODT6 200,30±1,38 71±10,27 3,9 1,1±0,016 60±0,028 89±0,54 

ODT7 200,45±1,54 53±1,73 2,9 0,8±0,014 120±0,035 95±0,46 

ODT8 200,20±1,51 73±9,29 4,0 1,1±0,016 150±0,12 98±0,66 

ODT9 199,85±1,66 65±8,14 3,6 0,6±0,011 270±0,06 89±0,36 

ODT10 199,75±1,68 61±3,46 3,4 0,9±0,014 300±0,087 96±0,55 

ODT11 199,80±1,67 73±8,02 4,1 0,8±0,012 120±0,023 98±0,89 

ODT12 200,05±1,82 69±5,13 3,9 0,6±0,01 195±0,03 100±0,23 

ODT13 199,85±1,50 78±2,89 4,4 0,7±0,01 90±0,07 101±0,87 

ODT14 199,80±1,64 70±1,53 3,9 0,8±0,013 120±0,065 98±0,99 

ODT15 199,55±1,76 96±14 5,3 1,1±0,018 180±0,047 97±0,55 
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The average mass of 20 randomly selected tablets of each model ranged from 199.55 

mg to 200.45 mg. It was found that the prepared tablet models corresponded to the control 

indicator mass and uniformity of the mass of single-dose preparations according to Ph. Eur.9. 

The mechanical strength varied from 53 N for model ODT7 to 96 N for model ODT15. 

The friction coefficient ranged from 2.9 for model ODT7 to 5.3 for model ODT15. These 

results correlated with the friction coefficient of ODTs with enalapril maleate of Rao et al. 

(2015). Model ODT7 appeared to be the weakest on mechanical impact, and model ODT15 – 

respectively – the strongest. In the developed models the tablet hardness varied from 50 N to 

96 N, which was evidence of sufficient strength of the tablets. According to Tawfeek et al. 

(2018) low mechanical strength was a problem by orodispersible tablets and would lead to the 

need for special packaging. The friability of the prepared models varied between 0.5% and 

1.3%. Tawfeek et al. (2015) found that values for friability up to 1% were satisfactory for 

orodispersible tablets. 

The disintegration results in Table 33 showed that models ODT3, ODT5, ODT9, 

ODT10 and ODT12, prepared with a higher concentration of dry extracts, disintegrated in 

more than 3 minutes and therefore did not meet the pharmacopoeia disintegration standards of 

orodispersable tablets (Ph. Eur 9). The ODT0 model, which did not contain disintegrants, 

disintegrated in 185 s, and the ODT3, ODT5, ODT10 and ODT12 models with a 2% 

disintegrating excipient disintegrated over a longer period. The reason for these results was 

the polysaccharide composition of natural disintegrants. Instead of breaking down the tablet, 

it became stronger due to the aggregation of polysaccharide particles. Kumar et al. (2014) also 

showed that higher concentrations of natural polysaccharides resulted in delayed 

disintegration. Therefore, the higher concentration of natural superdisintegrants adversely 

affected the disintegration of the tablets. Polysaccharides had the property to swell, which 

probably resulted in a thick viscous gel, which was a barrier to further penetration of the 

liquid medium into the tablet, which slowed its disintegration (Randale et al., 2010). Models 

ODT1, ODT4, ODT6, ODT7, ODT8, ODT11, ODT13 and ODT14 met the disintegration 

indicator according to Ph. Eur. 9. ODT1 contained 0.5% dry flax seeds extract and showed 

the fastest disintegration – 50 s. ODT4 contained a combination of dry extracts of flax seeds 

and quince seeds with a total concentration of 1%. ODT6 included soy polysaccharide and 

dry flax seeds extract with a total concentration of 1%, and ODT13 contained only 0.5% soy 

polysaccharide. According to Swamy et al. (2012) the first step in the disintegration process 

was the penetration of water into the tablet. The porosity depended on the tabletting pressure 

as well as the composition of the tablet mixture. At low levels of compression force, many 

cavities were created in the tablet, and high compression force resulted in a tablet with lower 

porosity and rapid disintegration. In the tablets prepared by us, the applied compression force 

was the same – 1.5 t in all models, because we analyzed the influence of the concentration and 

type of disintegrating excipients on disintegration. 

The disintegration of the ODTs prepared by us showed that the obtained dry extracts 

had the capacity of superdisintegrants - they are effective in extremely low concentrations. 

Dry flax seeds extract had better disintegrating properties than quince seeds extract. 

According to literature data, quince seeds contained a very large amount of mucilaginous 

substances, which led to greater mechanical strength (Ashraf et al., 2016). This was a 
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prerequisite for stronger relations and could lead to gelling. Therefore, instead of rapidly 

disintegrating the tablet, the polysaccharide composition caused a delay in disintegration due 

to swelling and gelling. Model ODT15, which contained an established superdisintegrant - 

sodium starch glycolate, showed a disintegration of 180 s. Models ODT13 (prepared with 1% 

soy polysaccharides) and ODT15 (prepared with 1% sodium starch glycolate) disintegrated 

more slowly than model ODT1 (prepared with 1% dry flax seeds extract). 

The study of uniformity of content showed a quantitative content of ENA in the models 

from 89% to 101%. All models met the Ph. Eur. 9 indicator (2.9.6) for uniformity of content. 

4.2.2. Non-pharmacopoeia indicators 

Wetting time and water absorption ratio of the orodispersible tablets 

The results of wetting time and water absorption ratio of the prepared models of 

orodispersible tablets are presented in Table 20. 

Table 20. Wetting time and water absorption ratio of the prepared models of orodispersible 

tablets. 

Model Wetting time, s Water absorption ratio, % 

ODT0 57 13,4 

ODT1 20 23,1 

ODT2 60 13,6 

ODT3 70 13,6 

ODT4 120 16,7 

ODT5 180 24,0 

ODT6 50 4,8 

ODT7 35 9,5 

ODT8 140 9,1 

ODT9 120 9,1 

ODT10 140 13,6 

ODT11 70 9,1 

ODT12 60 13,6 

ODT13 50 9,1 

ODT14 50 9,5 

ODT15 55 12,5 

The wetting time and water absorption ratio are related to the internal structure of the 

tablet, especially the pore size, affecting the penetration of water into the tablet (Kumar et al., 

2014). The wetting time characterizes the time during which saliva enters the tablet through 

the pores, causing the superdisintegrant to swell, creating a large hydrodynamic force leading 

to rapid disintegration of the tablet (Sharma et al., 2012). Therefore, the wetting time is an 

important indicator that is directly related to the disintegration of the tablets (Abed et al., 

2010). The wetting time of the prepared models varied from 20 s for ODT1 to 180 s for 

ODT5. These were also the models with the highest water absorption ratio, respectively 

23.1% in model ODT1 and 24% in model ODT5. Due to the results, the relationship between 
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the wetting time, water absorption ratio and the disintegration of the tablets prepared by us 

was clearly visible. Model ODT1, which got wet the fastest, disintegrated in only 50 s, and 

model ODT5, which got wet the slowest, disintegrated the slowest – 390 s. Results showed 

that the models prepared with dry quince seeds extract had a lower water absorption ratio, 

which was also related to their longer wetting and disintegration time. 

4.2.3. In vitro release of enalapril maleate from prepared tablet models in artificial 

gastric fluid with pH=1.2 

The results of the in vitro release of enalapril maleate in artificial gastric fluid with 

pH=1.2 from selected orodispersible tablet are presented in Figure 26. The study was 

performed with models ODT1, ODT4, ODT6, ODT7, ODT8, ODT11, ODT13, ODT14, 

which show disintegration time up to 3 min. 

 

Figure 26. Release profiles of enalapril maleate in artificial gastric fluid with pH=1.2 from 

models ODT1, ODT4, ODT6, ODT7, ODT8, ODT11, ODT13, ODT14, n=3±SD. 

Figure 26 clearly showed that 80% to 90% of ENA was released from the tablets by the 

60th minute. The release profile of ENA from the prepared tablets differed from that of the 

polymer microparticles of model M6 (Figure 26), where we found a delayed release of ENA 

as the amount of polymer involved increased. Probably during tableting some of the polymer 

microparticles were destroyed, as a result of which they released the included ENA faster. 

Model ODT1 released 92% of the included ENA at the 45th minute, which could be 

explained by the short wetting time – 20 s, the high water absorption ratio – 23.1%, as well as 

the disintegration time (50 s). More than 85% of ENA was released within 45 minutes. The 

slowest release of enalapril maleate is in model ODT8, which was characterized by a long 

wetting time – 140 s and a low water absorption ratio – only 9.1%, and its disintegration is 2 
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min and 30 s. There was a clear relationship between the wetting time, the water absorption 

ratio and the disintegration, which also affected the release profile of enalapril maleate from the 

prepared models. 

4.2.4. Evaluation of the taste of the prepared tablets by healthy volunteers 

A taste evaluation study was performed of selected tablet models (ODT1, ODT4, ODT6, 

ODT7, ODT8, ODT11, ODT13, ODT14) by healthy volunteers. For this purpose, some models 

were selected that met the test for disintegration of orodispersible tablets according to Ph. Eur. 9 – 

these were the models that show disintegration up to 3 min. The results are presented in Figure 

27. 

 

Figure 27. Taste evaluation of models ODT1, ODT4, ODT6, ODT7, ODT8, ODT11, 

ODT13, ODT14 from healthy volunteers. 

The taste evaluation was performed according to the described methodology on the 

basis of a four-point scale of bitterness - no bitter taste, slightly bitter, moderately bitter and 

very bitter. After processing the results, it was found that the volunteers rated the selected 

models as slightly bitter or without bitter taste. Figure 27 presented the obtained data on the 

taste of the selected models, equated to 100%. All volunteers rated the ODT13 model as 

slightly bitter (100%). Models ODT7 and ODT11 received a rating without bitter taste 

(100%). In the ODT1 and ODT6 models, 67% of the volunteers found no bitter taste, and the 

other 33% felt a slightly bitter taste. Models ODT4, ODT8 and ODT14 were rated by 33% of 

volunteers as models without bitter taste, but 67% defined them as slightly bitter. The 

obtained results showed that taste masking was achieved for models ODT1 (with flax seeds), 

ODT6 (with flax seeds and soy polysaccharide), ODT7 (with flax seeds and soy 

polysaccharide) and ODT11 (with quince seeds and soy polysaccharide). The study showed 

that the taste preferences of the volunteers were to models ODT7 and ODT11, which were 

rated 100% as models without bitter taste. It is possible that the taste of some of the excipients 

in the tablet mixture affected the taste sensations of the volunteers, for example the raspberry 
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aroma. Some authors reported that the inclusion of a flavoring excipient in tablets might 

improve the taste sensations. (Kamble et al., 2015). 

Model ODT1, prepared with 0.5% flax seeds polysaccharides, with a disintegration time 

of 50 s, a wetting time of 20 s and water absorption ratio of 23.1%, releasing 92% ENA in 45 

minutes, rated by volunteers as a model with a masked bitter taste, we defined as optimal. It 

achieved the aim of taste masking. 

4.2.5. Stability test of model ODT1 

A stability test of the selected optimal model ODT1 for a period of six months was 

performed on selected parameters – organoleptic properties, tablet hardness, disintegration, 

uniformity of content and release of ENA in artificial gastric fluid. The results of the stability 

test are presented in Table 21, and the release profiles are presented in Figure 28. 

Table 21. Stability test of model ODT1 after storage for 6 months (n=3). 

Storage conditions 

Tablets 

properties 

after 

preparation 

25±2°C and 

relative 

humidity 

60%±5% 

30±2°C and 

relative 

humidity 

65%±5% 

40±2°С and 

relative 

humidity 

75%±5% 

Organoleptic 

properties 

Tablets are 

white and 

raspberry 

flavoured 

unchanged unchanged unchanged 

Tablet hardness (N) 

±SD 
75±15,5 72±10,5 69±2,5 65±6,8 

Disintegration (s)  

±SD 
50±0,02 52±0,55 54±0,78 60±1,77 

Uniformity of 

content±SD 
100±0,25 99,54±0,78 98,88±0,48 98,12±1,45 

The stability test of the selected model was performed after preparation and storage 

under the specified conditions. No change in the organoleptic properties (color and smell) of 

the tablets was found. The tablet hardness after storage under the specified conditions was 

between 72 N and 65 N, without significant difference with the results for tablet hardness 

after preparation.  The disintegration was between 52 s and 60 s, which showed a minimum 

increase of 10 s compared to the disintegration of the tablets after preparation (50 s). The 

content of ENA was between 98% and 99%, permissible deviation according to the control 

indicator uniformity of the content according to Ph. Eur.9 (2.9.6).  
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Figure 28. Release profiles of enalapril maleate from tablet model ODT1 after 6 months, 

stored under the indicated conditions, n=3±SD. 

By the 60th minute, between 89% and 90% of the enalapril maleate in the tablets were 

released (Figure 28). No significant changes in the release profile of ENA were observed from 

tablets stored under different conditions for the indicated period. The stability test showed that 

the ODT1 model remained stable during the storage period of 6 months under the specified 

conditions. 

The dry extracts of flax seeds and quince seeds and polymer microparticles with an 

ENA: Eudragit EPO
®
 1:6 ratio were incorporated into tablets by direct compression. For some 

models, disintegration was achieved by the third minute, which was a pharmacopoeia 

requirement for orodispersible tablets. Less wetting time and a high water absorption ratio led 

to faster disintegration of the tablets. The test performed to evaluate the taste of selected tablet 

models with healthy volunteers showed the achieved taste masking in four of the prepared 

models. The results give reason to believe that the tablets prepared with polymer 

microparticles of enalapril maleate and Eudragit EPO
®
, obtained by the method of spray 

drying, are a good option for children's dosage form with improved taste.  

The selected optimal model (prepared with spray-dried polymer microparticles with 

Eudragit EPO
®
, including 1 mg enalapril maleate, 0.5% flax seeds polysaccharides, spray 

dried lactose, microcrystalline cellulose, sodium stearyl fumarate, colloidal silicon dioxide 

and raspberry flavour) proved the achievement of the aim set in the dissertation. 

0

10

20

30

40

50

60

70

80

90

100

0

10

20

30

40

50

60

70

80

90

100

0 15 30 45 60

In vitro ENA release
D

ru
g
 r

el
ea

se
d

, 
(%

)

Time, (min)

after preparation

25±2°С and relative 

humidity 60%±5%

30±2°С and relative 

humidity 65%±5%

40±2°С and relative 

humidity 75%±5%



 

- 61 - 

 

CONCLUSIONS 

1. The developed and validated spectrophotometric method provides accurate and 

reproducible quantitative analysis of enalapril maleate in enzyme-free artificial salivary 

fluid (pH 6.8) and enzyme-free artificial gastric fluid (рН 1.2).  

2. The drug-polymer complexes of enalapril maleate and Eudragit EPO
®

 obtained by the 

precipitation method do not show satisfactory masking of the bitter taste regardless of the 

working ratios between the components, the achieved yields and the particle size. 

3. The emulsion solvent evaporation technique is a suitable method for obtaining 

microparticles with enalapril maleate and Eudragit EPO
®
 with high yields and optimal 

particle sizes only after the inclusion of a second structuring polymer with a hydrophobic 

nature - ethylcellulose. Achieved satisfactory taste masking is a result of the low 

encapsulation efficiency of enalapril maleate in the microparticles.  

4. Appropriate parameters have been established for the incorporation of enalapril maleate into 

Eudragit EPO
®
 microparticles by spray drying. The obtained particles have optimal 

physicochemical and structural-morphological characteristics, as well as improved taste qualities. 

5. Optimal conditions for obtaining dry extracts of quince seeds (Cydonia oblonga, 

Rosaceae, Mill.) and flax seeds (Linum usitatissimum, Linaceae, L.) are derived for use as 

superdisintegrants in the composition of orodispersible tablets. 

6. A perspective model of orodispersible tablets with achieved taste masking of enalapril 

maleate and optimal technological and biopharmaceutical properties is proposed. 

CONTRIBUTIONS 

1. For the first time, the potential of Eudragit EPO
®

 for taste masking of enalapril maleate 

was studied by the methods: precipitation, emulsion solvent evaporation technique and 

spray drying. 

2. A modified method for spray drying of Eudragit EPO
®
 with an aqueous carrier (0.1 M 

HCl) is proposed to facilitate the technological process and eliminate the use of organic 

solvents. 

3. For the first time, optimal parameters for obtaining dry extracts containing 

polysaccharides from flax seeds (Linum usitatissimum, Linaceae, L.) and quince seeds 

(Cydonia oblonga, Rosaceae, Mill.) were derived by spray drying and their potential as 

disintegrant in orodispersible tablets was proven. 

4. An optimal model of a pediatric dosage form is proposed - orоdispersible tablets 

containing enalapril maleate microencapsulated in Eudragit EPO
®
 and dry flax seeds 

extract as a superdisintegrant. 
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