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Effect of elevated pH on the commercial enteric-coated omeprazole pellets resistance: 1 

patent review and multisource generics comparison 2 

 3 

Abstract 4 

Omeprazole is a widely used over-the-counter (20 mg) proton pump inhibitor, usually supplied 5 

as oral enteric-coated pellets intended to release at pH 5.5 and higher however it is sensitive to 6 

acidic pH. The likelihood of elevated gastric pH in practice is very high for patients thus, the 7 

aim of this study was to investigate the effect of elevated pH on the performance of commercial 8 

omeprazole pellets. Commercial enteric-coated delayed-release pellets were tested with water 9 

uptake-weight loss (WU-WL) test at pH range between 1.2 and 4.5 in addition to “gastric” (pH 10 

1.2 or 4.5) and “intestinal” (pH 7.4) phase dissolution tests. The range of physical 11 

characteristics of pellets was determined with a single pellet size and sedimentation time 12 

measurement, followed by the application of modified Stokes’ Law equation. The coefficient 13 

of variation of pellet size and density, and volume-density determination coefficient (R2) as 14 

descriptors of coating thickness and microstructure variability, degree of ionisation of enteric 15 

polymers, aqueous solubility and molecular weight of plasticisers have been found useful to 16 

explain commercial delayed-release pellets behaviour during WU-WL and dissolution test. 17 

Investigated commercial delayed-release pellets demonstrated pH-dependent WU-WL results. 18 

“Gastric phase” dissolution testing of pellets at pH 4.5 showed the highest omeprazole 19 

degradation (48.1%) for Nosch Labs, intermediate values of dose loss (23.4% and 17.1%) for 20 

Teva and UQUIFA delayed-release pellets, respectively. Lab Liconsa pellets have been found 21 

as the least susceptible (3.2% of dose loss). Additionally, “gastric phase” dissolution test at 22 

pH 4.5 significantly influenced omeprazole release during the “intestinal phase”. The risk of 23 

inadequate therapy associated with intake of investigated enteric-coated delayed-release pellets 24 

at elevated gastric pH has been found as minimal for Lab Liconsa and has increased from 25 

UQUIFA and Teva to Nosh Labs pellets. 26 

 27 

KEY WORDS: omeprazole, delayed-release, enteric-coated, pellets, microstructure, generic 28 

  29 
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INTRODUCTION 30 

Omeprazole 31 

Omeprazole is a potent inhibitor of gastric acid secretion with nonlinear pharmacokinetics and 32 

can be used for the treatment of gastric and duodenal ulcers (1-3). AstraZeneca was the 33 

originator of enteric-coated omeprazole-containing Prilosec®-product which was defended 34 

with a family of US-patents (1, 4-13). 35 

Omeprazole (9, 10, 12) is a racemic mixture of s- and r-enantiomers. S-enantiomer of 36 

omeprazole is known as esomeprazole (14). Despite the same capacity to decrease the 37 

production of gastric acid, metabolic pathways of these enantiomers are different (14, 15). 38 

Omeprazole exhibits acidic properties (Figure 1) (16, 17). The pKa of magnesium omeprazole 39 

is 8.8 while the pH of a saturated solution in water is approximately 9.6 (13). 40 

In the solid-state, omeprazole degradation is catalysed by acidic compounds, moisture and 41 

organic solvents, and can conversely be stabilized by alkaline compounds (1). It was shown 42 

that crystalline omeprazole obtained upon slow crystallisation is more stable than obtained 43 

from fast crystallisation (8). In the acid and neutral aqueous environment, omeprazole 44 

undergoes rapid degradation (18, 19). The half-life of omeprazole increases with increasing 45 

pH: at pH<4 the half-life is faster than 10 min and at pH=7 it is approximately 14 h (1, 20). 46 

Pellets architecture and formulations 47 

Considering pH-dependent degradation, omeprazole should be defended from the acidic gastric 48 

juice and this is achieved using enteric-coating with pH-dependent drug release. Moreover, 49 

omeprazole can react with enteric coatings because of their acidic nature. To prevent this 50 

undesirable interaction, the application of sub-coating in between enteric coating and drug-51 

loaded core can be employed. Overall, AstraZeneca's family of patents (1, 4-13) describes the 52 

multilayer pellets architecture (Figure 2) which is reviewed below in more detail. 53 

Drug-loaded cores can be prepared with extrusion-spheronisation (21) or layering method 54 

(abbreviated as CES and CFB, respectively). Available extrusion-spheronisation (Table I) and 55 

fluid-bed drug-layering (Table II) examples were performed using water as a wetting 56 

agent/solvent. Considering the instability of omeprazole in an acidic and neutral environment, 57 

omeprazole and alkalising buffering agents such as di- and/or monosodium phosphate were 58 

used for drug-loaded cores preparation as well as the magnesium salt of omeprazole with or 59 

without buffering agents (Table I and II). Mannitol, lactose anhydrous, lactose and 60 

microcrystalline cellulose (MCC) were used as diluents as well as hydroxypropyl cellulose 61 

(HPC) and MCC as binders for the extrusion-spheronisation method (Table I). Examples of 62 

sugar spheres and silicon dioxide seeds as starting cores as well as hypromellose (HPMC) and 63 

povidone (PVP) as a binder were also found (Table II). The possibility of preparing drug-64 

loaded cores utilising spray-drying or spray-congealing technique have been shortly mentioned 65 

too but examples were not provided (5). 66 

Desirable properties of magnesium omeprazole substance for the manufacturing of pellets with 67 

the extrusion-spheronisation method were described as follows: the degree of crystallinity 68 

higher than 75%; particle size less than 30-20µm; true density 1.33-1.35 g/cm3; hygroscopicity 69 
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not exceeding 2% increase in weight upon storage at 94%RH for one month; water content of 70 

between 5-10% (4, 7). 71 

As mentioned above, omeprazole rapidly decomposes if the omeprazole-loaded cores have 72 

been directly coated with an enteric coating (1, 22, 23). Ionisable carboxyl groups of pH-73 

sensitive polymers can affect omeprazole stability (22). Drug-loaded cores can be sub-coated 74 

with one 2-4µm thickness (1) or two layers (Table III) for the physical separation of 75 

omeprazole and enteric polymer. Examples of HPMC, HPC and PVP based sub-coats 76 

optionally with aluminium hydroxide, magnesium carbonate, talc and magnesium stearate were 77 

presented (Table III). The sub-coating layer with the pH-buffering compounds can be applied 78 

to neutralize hydrogen-ions diffusing from outside, preventing fast omeprazole degradation in 79 

an acidic environment. 80 

Various polymers can be used as enteric coatings for omeprazole pellets. Examples of fluid-81 

bed layering of cellulose phthalate (CAP), hypromellose phthalate (HPMC-P), hypromellose 82 

acetate succinate (HPMC-AS) and methacrylic acid copolymer (e.g. Eudragit® L) with 83 

correspondent plasticisers and solvent systems have been utilized (Table IV). To defend the 84 

acid-susceptible drug and to decrease the diffusion of acidic gastric juice into the pellets, 85 

additional compounds can be added to increase enteric coating thickness (5). The preferable 86 

thickness of the enteric coating should be more than 20µm (5, 6). 87 

Usually, enteric-coated pellets are polished with magnesium stearate and/or talc to prevent 88 

sticking during curing and bulk storage whilst also helping to facilitate manufacturing 89 

operations like dosing into the hard gelatin capsules. However, if the pellets are to be 90 

compressed into tablets, an outer-coating can be applied to prevent compression-induced 91 

pellets agglomeration. As example of an outer-coating layer is, HPMC with magnesium 92 

stearate in a proportion 20:1 (5, 6). 93 

Pellets formulation-/ architecture-related properties 94 

The positive effect of Na2HPO4, Mg(OH)2 and synthetic hydrotalcite 95 

(Al2O3•6MgO•CO2•12H2O) as drug-containing core constituents and Mg(OH)2 and synthetic 96 

hydrotalcite as sub-coating constituents on the stability of sub-coated and enteric-coated cores 97 

of omeprazole under accelerated conditions (up to 30 days at 40℃ and 75%RH) was 98 

demonstrated (1). 99 

Whilst studying the acid resistance of pellets in 0.1N HCl solution (pH 1.2) at 37℃ using 100 

Apparatus II (paddle) at 100 rpm for two hours, the extent of drug degradation was established. 101 

The amount of intact omeprazole after acid resistance test for the pellets with architecture 102 

CES3, SC3, SC4 (the 2nd sub-coating), EC1 and CES7, SC4, EC1 was found to be 87% and 103 

98%, respectively (1). This comparison has demonstrated that magnesium omeprazole pellets 104 

with one sub-coat had better acid resistance than omeprazole-containing pellets with two sub-105 

coatings. Pellets produced in accordance with the current invention with moisture content less 106 

than 1% (1) have demonstrated adequate long-term stability but required moisture-protective 107 

packaging and desiccant (6). 108 
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For pellets with architecture CFB1, SC6, EC5 faster drug release was shown when magnesium 109 

omeprazole suspension was loaded at pH 9.6 comparing with pH 8.7 (13). 110 

Utilizing magnesium omeprazole-containing cores with HPMC sub-coat and enteric coating 111 

with methacrylic acid copolymer and determining acid resistance at pH 1.2 for two or six hours 112 

showed that the thickness of the enteric coating can vary widely without significant influence 113 

on the omeprazole acid resistance and release (4). 114 

For pellets with architecture CFB3, SC7, EC10 the effect of HPC type on the drug release was 115 

shown. HPC type A and B were characterised with cloud point at approx. 36 and 41℃, 116 

respectively. The drug release rate from enteric-coated pellets with HPC type A had been 117 

significantly reduced in one month of accelerated storage (in plastic bottles with a desiccant at 118 

50℃), while the drug release from the formulation with HPC type B was almost unchanged 119 

(11). 120 

For pellets with architecture CFB5, SC2, EC8 and CFB5, SC2, EC9 the effect of the plasticiser 121 

on the acid resistance of pellets and pellets tableted into a multiunit tablet was shown. The 122 

enteric coating with methacrylic acid copolymer and plasticiser PEG 400 (EC8) demonstrated 123 

lower acid resistance comparing with PEG 6000 (EC9), namely 91 and 90% vs. 94 and 96% 124 

of intact omeprazole remained after testing (0.1N HCl solution pH 1.2 at 37℃ using 125 

Apparatus II at 100 rpm for two hours) of pellets and tableted pellets, respectively. The absence 126 

of a decrease in acid resistance after tabletting of pellets was attributed to acceptable flexibility 127 

and hardness of the enteric coating (6). 128 

For the pellets with architecture CFB4, EC2 has demonstrated the approach to prepare 129 

omeprazole pellets without a sub-coating layer. Acid resistance of these enteric-coated pellets 130 

was tested in 0.1N HCl solution pH 1.2 at 37℃ using Apparatus I (basket) at 100 rpm for two 131 

hours. The amount of intact omeprazole after one, two or three months of accelerated stability 132 

(40℃/ 75%RH) and the acid resistance test was not less than 99% (24, 25). The low percentage 133 

of omeprazole degradation in the enteric-coated pellets without sub-coating probably can be 134 

explained with decreased contact between the drug and polymer. This is due to relatively low 135 

concentration of omeprazole in the drug layer and on the surface of drug-loaded cores (CFB4), 136 

relatively low specific surface area of drug-loaded cores (with size approx. 1mm) and the use 137 

of organic solvents for enteric coating (24-27). 138 

Previously it was stated that multiple unit tablets comprised from enteric-coated pellets is also 139 

suitable for the dispersion in an aqueous liquid with neutral or slightly acidic pH before being 140 

orally administrated to facilitate swallowing or fed through a nasogastric tube (5). A recent 141 

report demonstrated a liquid oral dosage form comprising five-layered pellets: the neutral core, 142 

drug layer, sub-coating, enteric coating (Eudragit® L) and taste-masking coating (Eudragit® 143 

E). The drug and Eudragit® E layers have been coated with water-ethanol solvent system and 144 

the rest of coatings using 95% ethanol (28). 145 

Dissolution test and acid resistance of commercial delayed-release omeprazole pellets 146 

In accordance to the pharmacopoeia, in-vitro drug release from enteric-coated formulations 147 

should be tested in two stages at two different pH which is intended to mimic the pH in the 148 
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stomach (“gastric phase”) and intestinal environment (“intestinal phase”) (29). For the testing 149 

of delayed-release omeprazole pellets in the “gastric phase”, 500-1000ml of 0.1N solution of 150 

hydrochloric acid with pH 1.2 as dissolution media and Apparatus I or II at the rotation speed 151 

50-100rpm for 2 h are usually used (1, 20, 30, 31). In accordance with the pharmacopoeia, 152 

phosphate buffer solution with a pH of 6.8 should be used during the dissolution test to mimic 153 

the intestinal environment (31). Previously it has been shown that the dissolution of omeprazole 154 

at pH 6.5 is not reliable and can lead to incorrect conclusions because of the short omeprazole 155 

half-life at this pH, while phosphate buffer with pH 7.4 gave reproducible and discriminative 156 

results (20). Apart from that, for HPLC-methods of omeprazole determination, a reversed-157 

phase column and a phosphate buffer with a pH of 7.4 or above as mobile phase are usually 158 

used (22). 159 

Possible pH of the stomach 160 

In the field of oral drug delivery, the pH of the stomach environment at fasting conditions is 161 

usually considered at the level of 1-3.5 (32). It is well-known that the intake of food increases 162 

the intragastric pH and gastric residence time (33, 34). Furthermore, some foods can have a 163 

relatively high pH value. At certain conditions, even the pre-omeprazole gastric pH was 164 

determined at the relatively high level of 3.5±1.9 (mean ± S.D.) (35, 36). Proton-pump 165 

inhibitors including omeprazole products are intended to suppress the production of 166 

hydrochloric acid in stomach tissue and as a result, it increases the gastric pH (37-39). Co-167 

administration of H2-antagonists such as cimetidine, ranitidine or famotidine, which are 168 

intended to decreases the production of stomach acid, also cause an increase in stomach acid 169 

pH (40). In most cases, omeprazole 20 mg is intended to be taken once or twice a day before 170 

meals for between four and eight weeks. After the intake of the dose, the intragastric pH 171 

increases followed by a gradual decrease. After the pH decrease, the next dose should be taken. 172 

The 24-hr pH monitoring of acid-suppression by omeprazole 20mg (twice daily) on day 7 by 173 

in 10 healthy male during the clinical trial showed the intragastric pH >3, pH>4, pH>5, pH>6 174 

and pH>7 was lasting 93% (81–100%), 80% (65–98%), 64% (31–84%), 44% (14–51%) and 175 

17% (1–28%) of total time, respectively (33). 176 

In light of the aforementioned information, the intake of over-the-counter delayed-release 177 

omeprazole pellets at the elevated gastric pH is very likely in practice. Thus, the aim of this 178 

study was to investigate the effect pH in the range of 1.2-4.5 during the “gastric phase” on the 179 

commercial enteric-coated delayed-release pellets’ acid resistance, omeprazole degradation, as 180 

well as on omeprazole release during “intestinal phase”. 181 

 182 

MATERIALS AND METHODS 183 

Materials 184 

Commercial products as capsules comprising enteric-coated delayed-release omeprazole 185 

pellets with a dose of 20 mg were sourced from reputable chemists based in the UK or Ukraine. 186 

Products from the following marketing authorisation holders were used; Kyivmedpreparat 187 

PJSC (batch #229348, exp. 07/2022) (41), Chemo Iberica SA (batch #LC39659, exp. 02/2021) 188 
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(42, 43), Teva Pharmaceutical Industries Ltd. (batch #12364, exp. 04/2021) (44, 45) and 189 

Farmak JSC (batch #110320, exp. 03/2023) (46) which contained omeprazole pellets 190 

manufactured by Union Quimico Pharmaceuticals SA (UQUIFA; Spain), Laboratorios Liconsa 191 

SA (Lab Liconsa; Spain), Teva Pharma SLU (Teva; Spain) and Nosch Labs Pvt Ltd. (Nosch 192 

Labs; India), respectively. Chemicals used for the preparation of testing media were of 193 

pharmacopoeia grade and used as received. 194 

Microscopic investigation of pellets structure 195 

For sample preparation, the microparticles were embedded into a molten polymer mixture (at 196 

≈70⁰C) on the surface of the microtome-compatible plastic holder. The polymer mixture 197 

contained polyethylene-vinyl acetate (40%), vinyl acetate (10 %), terpenephenol resin (30%) 198 

and paraffin (20%). The embedded microparticles were cut cross-sectionally using a 199 

microtome or scalpel and observed with light microscopy (Zeiss Axiolab; Zeiss, Germany) 200 

(47). 201 

Determination of pellets’ characteristics 202 

Particle diameter was measured with a light microscope (Zeiss Axiolab) utilising Zeiss ZEN 203 

core v 2.6 software (Zeiss, Germany). The minimum and maximum diameters of the close to 204 

spherical shape particle were measured using single particles at various orientations. The 205 

average minimum and maximum diameters have been used to calculate the average particle 206 

diameter (D) which has been used to characterise pellet size. Based on the determined average 207 

particle diameter the volume (V) of the particle was calculated using the following equation: 208 

𝑉 = 
4

3
 𝜋 (

𝐷

2
)
3
. 209 

Particle density (ρ) was calculated due to additional measurement of sedimentation time and 210 

calculation of single-particle sedimentation velocity (Vt) in degassed water at room temperature 211 

(utilising gravitational acceleration constant (g) and knowing density (ρ0) and viscosity (η) of 212 

water) in accordance with the modified Stokes’ Law equation (47): 213 

𝜌 =  
𝑉𝑡  18𝜂

𝐷2×𝑔
+ 𝜌0. 214 

The weight of every particle was calculated by multiplying particle density and volume. The 215 

surface area of the pellet (SA) was calculated based on the average pellet diameter (D) as 216 

follows: 217 

𝑆𝐴 = 4𝜋 (
𝐷

2
)
2

 218 

Surface area (SA) was used to calculate the specific surface area (SSA) which was then used to 219 

calculate the specific surface area that comprised a 20mg dose of omeprazole (SSA*), using the 220 

following equations: 221 

𝑆𝑆𝐴 =
𝑆𝐴 𝑜𝑓 𝑝𝑒𝑙𝑙𝑒𝑡𝑠 𝑖𝑛 1 𝑔 𝑜𝑓 𝑝𝑒𝑙𝑙𝑒𝑡𝑠

1 𝑔𝑟𝑎𝑚
 and 222 
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𝑆𝑆𝐴∗ = 
𝑆𝐴 𝑜𝑓 𝑝𝑒𝑙𝑙𝑒𝑡𝑠 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑓𝑜𝑟 20𝑚𝑔 𝑑𝑜𝑠𝑒

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑝𝑒𝑙𝑙𝑒𝑡𝑠 𝑡𝑜 𝑝𝑟𝑜𝑣𝑖𝑑𝑒 20 𝑚𝑔 𝑑𝑜𝑠𝑒
. 223 

Theoretical drug concentration (C) in pellets was calculated as follows: 224 

𝐶 =  
20 𝑚𝑔 𝑜𝑚𝑒𝑝𝑟𝑎𝑧𝑜𝑙𝑒 𝑑𝑜𝑠𝑒 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑝𝑒𝑙𝑙𝑒𝑡𝑠 𝑖𝑛 𝑐𝑎𝑝𝑠𝑢𝑙𝑒 
 × 100% 225 

Characterisation of the relationship between volume and density 226 

To characterise the relationship between volume and density of ninety pellets, the coefficient 227 

of determination (R2) was calculated using the following formula:  228 

𝑅2 = 

(

 
𝑛∑(𝑥𝑖𝑦𝑖)  − ∑𝑥𝑖 ∑𝑦𝑖

√[𝑛∑(𝑥𝑖
2) − (∑𝑥𝑖)

2]  × [𝑛∑(𝑦𝑖
2) − (∑𝑦𝑖)

2] 
)

 

2

 229 

where: xi – the volume and yi – the density of every single pellet. 230 

2.5. Water uptake - weight loss test (WU-WL) 231 

For this test enteric-coated pellets were removed from the hard gelatine capsule. Preliminary 232 

weighed pellets of approximately 300 mg (minitial) were exposed in 500 ml of hydrochloric 233 

solution with sodium chloride (pH 1.2, 2.5 and 3.5) or acetate buffer solution (pH 3.5, 4.5 and 234 

5.5; Table V) in Apparatus I (basket) at 37℃ for 2h (DT 700; Erweka GmbH, Germany). Then, 235 

pellets were withdrawn from the media, weighed again (mwet) and dried in a ventilated drying 236 

oven (Precision Compact Oven; Thermo Scientific, Germany) at 105℃ overnight until 237 

constant weight (mdry). The weight loss (WL, %) and water uptake (WU, %) were calculated 238 

using the following equations (48, 49):  239 

𝑊𝐿 = 
𝑚𝑖𝑛𝑖𝑡𝑖𝑎𝑙−𝑚𝑑𝑟𝑦

𝑚𝑖𝑛𝑖𝑡𝑖𝑎𝑙
 × 100%   and  240 

𝑊𝑈 = 
𝑚𝑤𝑒𝑡−𝑚𝑑𝑟𝑦

𝑚𝑑𝑟𝑦
 × 100%. 241 

The ionic strength of solutions 242 

The ionic strength of the media (I) was calculated based on the molar concentration (ci) and the 243 

charge number of the ion (zi) using the following equation (50): 244 

𝐼 =  
1

2
 ∑𝑐𝑖 𝑧𝑖

2

𝑛

𝑖

 245 

Dissolution test 246 

For all dissolution tests, the contents of a single capsule comprising 20 mg omeprazole were 247 

emptied into a single basket for one dissolution vessel. Dissolution test has been carried out in 248 

accordance with two protocols. In accordance with a first protocol – “intestinal phase” only, 249 

enteric-coated pellets have been filled into the basket (Apparatus I) and tested at 100 rpm in 250 

900 mL of phosphate buffer solution pH 7.4 (20) at 37℃ during 1h (DT-700; Erweka GmbH, 251 

Germany). In accordance with a second protocol – “gastric phase” followed by “intestinal 252 
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phase”, enteric-coated pellets have been filled into the basket and tested at 100 rpm in 500 mL 253 

of 0.1 N HCl solution pH 1.2 or acetate buffer solution pH 4.5 at 37℃ during 2 h and then, the 254 

same basket with pellets was relocated into another vessel and test performed at 100 rpm in 255 

900 mL of phosphate buffer solution pH 7.4 at 37℃ for an additional 1h. The test was repeated 256 

six times (n=6) for every product in accordance with every protocol. The drug released in 0.1 N 257 

HCl solution pH 1.2 or acetate buffer solution pH 4.5 was calculated using the difference 258 

between the total drug released in accordance with the first and second protocol. UV-259 

spectroscopy has been utilized for the quantification of drug release (16). The UV-absorption 260 

of samples (in 10mm quartz cuvette) during the dissolution in phosphate buffer solution pH 7.4 261 

has been measured in-line (UV-2600; Shimadzu Corp., Japan). The quantification of 262 

omeprazole has been calculated using the UV-absorption values at λmax 301nm and background 263 

correction at 500nm (C=23.12 A; r2=0.9998). 264 

 265 

RESULTS 266 

Measuring the size and sedimentation velocity of ninety enteric-coated pellets was used to 267 

determine average diameter, surface area, volume, density, and weight of every single pellet 268 

(Supplementary materials). Based on measurements of ninety pellets from each manufacturer, 269 

standard deviation (S.D.), coefficient of variation (C.V.) of mentioned above characteristics 270 

(Table VI) as well as pellets size and density distribution were determined (Figure 3). 271 

The average pellets size increased in the sequence: UQUIFA (1127 µm) < Lab Liconsa 272 

(1379 µm) < Nosch Labs (1488 µm) < Teva (1499 µm). While the C.V. of pellets size was 273 

6.1% and 5.6% for Teva and Nosh Labs, and 3.4% and 2.8% for Lab Liconsa and UQUIFA, 274 

respectively. Pellets size had a direct effect on the calculated surface area and volume of pellets 275 

(Table VI). As a result, pellet surface area increased in the same sequence: UQUIFA 276 

(3.99 mm2) < Lab Liconsa (5.98 mm2) < Nosch Labs (6.98 mm2) < Teva (7.08 mm2). Density 277 

and weight of pellets have been calculated with a modified Stokes’ Law equation based on the 278 

additional measurement of single pellet sedimentation time and previously calculated volume 279 

of the same pellet. The density of pellets increased in the sequence: Lab Liconsa (1.164g/ml) 280 

< Teva (1.133g/ml) < Nosch Labs (1.136g/ml) < UQUIFA (1.184g/ml). Pellets size (Figure 281 

3A) and density distribution (Figure 3B) showed almost normal distribution. 282 

Omeprazole concentration was 8.9%, 10.2%, 8.6% and 8.6 % for Lab Liconsa, Teva, UQUIFA 283 

and Nosch Labs enteric-coated pellets, respectively. While the calculated surface area of 284 

enteric-coated pellets per 20 mg omeprazole dose (SSA*) for the same sequence of commercial 285 

pellets was 8.4, 6.9, 10.4 and 8.3 cm2/dose (Table VI). 286 

The relationship between volume and density of ninety pellets was characterised using linear 287 

regression and coefficient of determination (R2). For investigated commercial enteric-coated 288 

pellets, the decrease of R2 in the following sequence: Teva (0.73) > Lab Liconsa (0.41) > 289 

UQUIFA ≈ Nosch Labs (0.27) was shown (Figure 5). 290 

The multilayer structure of investigated commercial delayed-release omeprazole pellets was 291 

confirmed using microscopy of the pellets’ cross-section (Figure 4). The qualitative 292 
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composition of investigated commercial delayed-release pellets (Table VII) and their enteric 293 

coatings was determined based on the available product information (41-46) and literature data 294 

(Table I-IV). The enteric coating of delayed-release omeprazole pellets manufactured by Lab 295 

Liconsa and Teva used methacrylic acid copolymer with soluble plasticisers as PEG 6000 and 296 

TEC, respectively. For the preparation of delayed-release pellets manufactured by Nosch Labs 297 

and UQUIFA HPMC-P was used as enteric polymer as well as practically insoluble in water 298 

cetyl alcohol and DEP as plasticisers, respectively. Based on the microscopy, the enteric 299 

coating thickness of investigated commercial delayed-release pellets was visually-comparable 300 

(Figure 4). 301 

To investigate the behaviour of commercial enteric-coated pellets, they were placed into 302 

baskets and tested for 2h in pH-range which can reflect elevated gastric pH-conditions. As 303 

testing media hydrochloric acid solution (pH 1.2, 2.0 and 3.5) and acetic buffer (pH 3.5, 4.5 304 

and 5.5; Table V) were used. As expected, in accordance with visual observation, upon 305 

exposure to acetic buffer solution pH 5.5, all pellets had disintegrated. For the rest of the media, 306 

the WL-WU data for all investigated commercial pellets were collected and processed 307 

(Table VIII, Figure 6). 308 

Lab Liconsa and Teva pellets showed almost media-pH and media-composition independent 309 

weight loss (not more than 6.3%) in the pH-range 1.2-4.5. The weight loss of Nosh Labs pellets 310 

increased from 9.8% at pH 1.2 to 34.1% at pH 3.5 in hydrochloric acid solution and from 311 

18.1% at pH 3.5 to 35.5% at pH 4.5 in the acetic buffer. The weight loss of UQUIFA pellets 312 

increased from 20.3% at pH 1.2 to 25.5% at pH 3.5 in hydrochloric acid solution and had 313 

almost the same 29.3% and 27.8% weight loss at pH 3.5 and 4.5 in the acetic buffer, 314 

respectively. 315 

The wet and dried weight of whole and intact pellets gave valuable information regarding water 316 

uptake. The water uptake of Teva and Lab Liconsa pellets slightly decreased from 21.8 and 317 

22.5% at pH 1.2 to 18.8 and 17.5% at pH 3.5 in hydrochloric acid solution. At the same time, 318 

in the acetic buffer, the water uptake of Teva pellets increased from 25.2% to 29.9%, while the 319 

water uptake of Lab Liconsa pellets remained almost unchanged as 31.3% and 31.8% at pH 3.5 320 

and 4.5, respectively. In the tested pH range, Nosh Labs pellets showed a relative decrease in 321 

water uptake from 39.0% at pH 1.2 to 31.1% at pH 2.5 which then stayed unchanged until 322 

pH 4.5. While the water uptake of UQUIFA pellets showed a decrease of water uptake from 323 

36.6% at pH 1.2 to 27.2% at pH 2.5 which then stayed unchanged until pH 3.5 before 324 

increasing up to 38.5% at pH 4.5. 325 

The effect of media during WU-WL test was observed at pH 3.5. The most pronounced effect 326 

of media on WL was found for Nosch Labs pellets. The WL from these pellets was significantly 327 

lower in the acetic buffer (18.1%) compared to hydrochloric acid solution (34.1%) (Figure 6A), 328 

while for the rest of pellets the effect of media was less pronounced. The effect of media was 329 

negligible for WU by Nosch Labs and UQUIFA pellets, but at the same time, WU by Teva and 330 

Lab Liconsa pellets was approximately one-third higher in acetic buffer compared to 331 

hydrochloric acid solution (Figure 6B). 332 
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When “gastric phase” was not used, the release kinetics of omeprazole in the phosphate buffer 333 

solution pH 7.4 from investigated commercial enteric-coated delayed-release pellets decreased 334 

in the following sequence: Nosch Labs > UQUIFA > Teva > Lab Liconsa (Figure 7 A, 335 

Table IX). Unlike others, pellets of Lab Liconsa demonstrated a five-minute lag-time before 336 

release has started. 337 

During the “gastric phase” dissolution testing at pH 1.2, omeprazole release/degradation from 338 

commercial enteric-coated pellets was less than 10%: 5.5% for Nosch Labs, 3.3% for Teva, 339 

2.1% for UQUIFA, and 1.4% for Lab Liconsa pellets (Table IX). The exposure of commercial 340 

enteric-coated pellets to acidic conditions during the “gastric phase” dissolution testing, 341 

slightly changed the release profiles of omeprazole during the subsequent dissolution testing 342 

in phosphate buffer solution pH 7.4 (Figure 7 B vs. A, Table IX). Comparing drug release at 343 

the most discriminative time point (2.25h) illustrated an increase of drug release for Lab 344 

Liconsa (73.9 vs. 47.8%) and a decrease for Teva (74.7 vs. 86.7%), Nosch Labs (80.9 vs. 345 

93.5%), and UQUIFA (94.5 vs. 99.4%) enteric-coated pellets. While after 2.5h the drug release 346 

from all commercial enteric-coated pellets was more than 85%. 347 

During the “gastric phase” dissolution testing at pH 4.5, Nosch Labs pellets showed the highest 348 

value of released/degraded omeprazole (48.1%). Teva and UQUIFA pellets demonstrated 349 

comparable (23.4% and 17.1%, respectively) values of the same. While Lab Liconsa pellets 350 

were found the most stable pellets demonstrating only minor (3.2%) dose loss during “gastric 351 

phase” dissolution testing (Figure 7 C, Table IX). After exposition in the acetic buffer solution 352 

pH 4.5, the release kinetics of omeprazole from investigated commercial enteric-coated pellets 353 

in the phosphate buffer solution pH 7.4 was changed and decreased in the following sequence: 354 

Lab Liconsa > UQUIFA > Teva > Nosch Labs. Comparing drug release at 2.25h showed an 355 

increase of drug release for Lab Liconsa (90.1 vs. 47.8%) and decrease for Teva (43.5 vs. 356 

86.7%), Nosch Labs (19.0 vs. 93.5%), and UQUIFA (72.4 vs. 99.4%) enteric-coated pellets 357 

(Figure 7 C vs. A, Table IX). The direction of drug release change was the same as after 358 

exposition at pH 1.2 (Figure 7 B) but to a higher extent. 359 

 360 

DISCUSSION 361 

Capsules comprising enteric-coated delayed-release pellets are classified as multiple-unit 362 

dosage forms. Drug release from the capsule with enteric-coated pellets is the result of capsule 363 

disintegration and drug dissolution from every pellet. Concurrently, drug release from the 364 

single pellet depends on the pellet architecture (Figure 2) and microstructure which itself is a 365 

function of the formulation and manufacturing process. 366 

Enteric-coatings of pellets must protect the drug, in this case omeprazole, from the acidic 367 

gastric environment. Considering the short half-life of omeprazole in acidic media, drug 368 

degradation can occur during the “gastric phase” following the penetration of acidic media into 369 

the enteric-coated pellet, or the release of omeprazole into the acidic environment. This is only 370 

possible if the enteric-coating is permeable at such conditions, allowing an influx of acidic 371 

media into the pellet. In addition, if water diffuses through the enteric coating, alkaline 372 

compounds from the sub-coating can form alkaline solution inside the enteric-coated pellet 373 
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which in turn can dissolve enteric coating from the inside, initiating premature coating 374 

disintegration and omeprazole release followed by degradation (1). 375 

In accordance with the chemical composition of investigated commercial enteric-coated 376 

delayed-release pellets, HPMC-P and methacrylic acid copolymer were used as enteric 377 

polymers (Table VII). These polymers are intended to deliver the drug into the duodenum and 378 

to dissolve at a pH of 5.5 and higher (22, 49, 51, 52). In this study, all investigated commercial 379 

enteric-coated pellets had completely disintegrated at pH 5.5. According to commercial 380 

polymers specification, the amount of free carboxyl groups in HPMC-P and the methacrylic 381 

acid copolymer is 21-27% and 46-50%, while the pKa values determined by acid-base back 382 

titration are 4.83 and 6.45, respectively (22). The pKa of HPMC-P is lower than the pKa of 383 

methacrylic acid. So, at the same pH, the degree of ionisation of HPMC-P is expected to be 384 

higher than for methacrylic acid copolymer (Figure 8). Ionisation is followed by solvation and 385 

the formation of solvation shells around ionised groups. These processes are the reasons for 386 

structural changes, membrane permeability and precondition for diffusion across the enteric 387 

coating. Thus, the increasing media pH should increase the degree of ionisation of polymers 388 

and their permeability. 389 

In accordance with the qualitative composition of enteric coatings, methacrylic acid copolymer 390 

was used for the coating of Lab Liconsa and Teva delayed-release pellets with plasticisers like 391 

PEG 6000 and TEC, respectively (Table VII). While HPMC-P with insoluble plasticisers like 392 

cetyl alcohol and DEP were used for Nosch Labs and UQUIFA delayed-release pellets, 393 

respectively. Plasticisers are introduced into the formulation to lower the glass transition 394 

temperature (Tg) of enteric polymers to fit their minimum film-formation temperature into the 395 

processing requirements as well as to reduce the fragility of the polymer film and improve or 396 

facilitate the coalescence of the polymer film (curing of the film) on the pellet surface (53). 397 

Considering the reviewed literature, the concentration of plasticiser (based on the polymer; %, 398 

w/w) can reach up to 30% for PEG 6000 or TEC, 20% for DEP and up to 5% for cetyl alcohol 399 

(Table IV). All plasticisers can be categorised as soluble (like PEG 6000 and TEC) and 400 

insoluble (like cetyl alcohol and DEP) in aqueous media. Thus, in addition to the polymer 401 

properties, the solubility, swelling ability and dissolution/ leaching of plasticiser can influence 402 

the coating’s permeability (54-56). Additionally, enteric coating of Lab Liconsa, Teva and 403 

Nosch Labs pellets had inorganic inclusions like talc and titanium dioxide. Usually, they are 404 

included in the formulation to improve the coating and curing process by reducing stickiness 405 

and/or to increase enteric coating thickness. Also, particle size and volume concentration of 406 

inorganic inclusions influence coating microstructure and diffusion pathways. 407 

Each capsule contains a cohort of enteric-coated delayed-release pellets which represents the 408 

ensemble of pellets prepared simultaneously, in the same manner. The ensemble of pellets 409 

could be characterised by physical properties as well as formulation- and manufacturing-410 

dependent variability of physical characteristics. Physical properties of final enteric-coated 411 

pellets and variability of these properties are dependent on the physical properties of starting 412 

cores, qualitative and quantitative composition of applied layers and used manufacturing 413 

method. 414 
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Size and density distribution of final enteric-coated pellets are predetermined by cores size and 415 

density distribution, the composition of the coating layer, coating equipment type and coating 416 

conditions, including the duration of the coating process. Every coating layer has its own 417 

composition and coated at specific conditions, as a result, the density of this layer is 418 

composition- and process-dependent. The size span of fluid-bed coated pellets increases along 419 

with fluid-bed coating process duration. That means the size difference between the average 420 

and under- or over-coated pellets, or coefficient of variation (C.V.) increases. If pellets are 421 

applied with various amounts of coating, the C.V. of density also increases. Consequently, 422 

coating thickness variability inside the ensemble of coated pellets can be indirectly assumed 423 

based on the C.V. of size and density. 424 

The variability of enteric coated pellet physical characteristics can provide the indirect 425 

assessment of coating thickness variability and allow the comparison of variabilities between 426 

commercial pellets. It should be noted that the sieving of pellets is often used to reduce the size 427 

span by removing dust, under- and over-coated or agglomerated pellets after enteric coating. If 428 

sieving was used, the conclusion regarding coating variability based on the size C.V. can lead 429 

to the misconception. While C.V. of density looks more reliable for interpretation of pellet 430 

properties. 431 

Among investigated commercial enteric-coated delayed-release pellets of omeprazole, the C.V. 432 

of size for Teva and Nosch Labs pellets was approximately two times higher than the same for 433 

Lab Liconsa and UQUIFA pellets (Table VII). Consequently, C.V. of single pellet surface area 434 

and volume for Teva and Nosch Labs pellets were higher than for Lab Liconsa and UQUIFA 435 

pellets. The C.V. of pellets density for Lab Liconsa pellets was at the lowest (0.9%), while for 436 

Teva, UQUIFA and Nosch Labs pellets the C.V. of pellets density was higher and close to each 437 

other (1.4%, 1.2% and 1.3%, respectively). So, among investigated commercial omeprazole 438 

pellets Lab Liconsa pellets demonstrated both relatively low C.V. of size and density. At the 439 

same time, Nosch Labs pellets demonstrated both relatively high C.V. of size and density. 440 

The correlation between pellets’ volume and density in one cohort of pellets can be used as an 441 

additional characteristic for the estimation of the constancy/homogeneity of coated pellets’ 442 

microstructure in the ensemble of pellets. For the coefficient of determination, the lower values 443 

are reflecting the higher variability of pellet density at the same volume. Thus, the lower 444 

coefficient of determination values suggests inconsistent/variable pellet microstructure. It was 445 

found that the coefficient of determination for UQUIFA and Nosch Labs pellets was much 446 

lower (approximately 0.27) than for Lab Liconsa (0.41) and Teva (0.73) pellets, respectively 447 

(Figure 5). Thus, the higher microstructure variability of UQUIFA and Nosch Labs versus Lab 448 

Liconsa and Teva enteric-coated pellets can be concluded. 449 

After being coated with the less ionisable methacrylic acid copolymer (despite the utilisation 450 

of soluble plasticisers) and having the lower microstructure variability, Teva and Lab Liconsa 451 

enteric-coated pellets demonstrated low values of weight loss (not more than 6.3%) in the pH 452 

range between 1.2 and 4.5. While for UQUIFA and Nosch Labs enteric-coated pellets coated 453 

with more ionisable HPMC-P (despite the use of insoluble plasticisers) possessed higher 454 

microstructure variability and demonstrated an increase in weight loss as pH increased (Figure 455 

6 A). 456 
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The weight loss for Teva and Lab Liconsa enteric-coated pellets was relatively low and 457 

therefore water uptake results can be considered as a direct function of coating permeability. 458 

The water uptake for Teva and Lab Liconsa enteric-coated pellets in hydrochloric acid solution 459 

at pH range between 1.2 and 3.5 remained stable at 19%, however in acetic buffer at pH 3.5 460 

and 4.5 the water uptake was 25.2% and 29.9% for Teva and 31.3% and 31.8% for Lab Liconsa, 461 

respectively. At the same time, the water uptake results for UQUIFA and Nosch Labs enteric-462 

coated pellets were affected by high weight loss. So, the high water uptake values (around 30-463 

40%) of UQUIFA and Nosch Labs enteric-coated pellets can be partly explained by 464 

disintegrated pellet residuals and pellet permeability (Figure 6B). It should be noted that the 465 

enteric coating of Teva and Lab Liconsa pellets comprised of methacrylic acid copolymer with 466 

pKa 6.45 whereas pellets from UQUIFA and Nosch Labs comprised of HPMC-P with pKa 467 

4.83 (Table VII). Thus, the higher water uptake in HCl solutions at pH 1.2-3.5 can be explained 468 

with lower pKa of polymer and consequently higher permeability of enteric coating (Figure 8). 469 

The ionic strength, which is a measure total electrolyte concentration, can affect the 470 

dissociation constant of polymers. At the pH of 3.5, the effect of hydrochloric acid solution 471 

(51 mmol/L) and acetic buffer (202 mmol/L) with the same pH but different composition and 472 

ionic strength (Table V) on the enteric-coated pellets during WU-WL test was investigated. 473 

The weight loss of Nosch Labs enteric-coated pellets was significantly higher in hydrochloric 474 

acid solution comparing with acetic buffer (34.1% vs. 18.1%, respectively), while for the rest 475 

of enteric-coated pellets the weight loss difference was much lower (Figure 6, Table VIII). The 476 

water uptake by Teva and Lab Liconsa enteric-coated pellets was significantly lower in 477 

hydrochloric acid solution comparing with acetic buffer (18.8% vs 25.2% and 17.5% vs 31.3%, 478 

respectively). These examples show the effect not only of gastric pH but also gastric 479 

environment composition on the water uptake and weight loss as the measure of enteric-coated 480 

pellets resistance and enteric coating permeability. 481 

The "intestinal phase" drug release from commercial enteric-coated pellets with and without 482 

"gastric phase" exposure at pH 1.2 resulted in minimal omeprazole release/degradation during 483 

the "gastric phase" and fast release (more than 85% after 15 min) during the "intestinal phase". 484 

Thus, all commercial enteric-coated pellets followed pharmacopeial requirements to delayed-485 

release products (Figure 7 A and B). 486 

As the most provoking, the media with a pH of 4.5 was chosen as an additional media for 487 

“gastric phase” dissolution testing based on the WU-WL test results and considering the 488 

increasing of polymer ionisation with pH increase. Nosh Labs enteric-coated pellets 489 

demonstrated the highest loss of omeprazole (48.1%; Figure 7 C, Table IX) during the “gastric 490 

phase” dissolution testing which was even higher than the weight loss (35.5%; Figure 6, 491 

Table VIII) in the same media. This can be explained with the high microstructure variability 492 

based on the low volume-density correlation (R2=0.27) and relatively high C.V. of size (5.6%) 493 

and density (1.3%) and with more ionisable HPMC-P enteric polymer. 494 

Conversely, despite the use of the soluble but high molecular weight plasticiser PEG 6000, Lab 495 

Liconsa enteric-coated pellets were the most stable at the same conditions demonstrating a 496 

minor amount of omeprazole loss (3.2%) during “gastric phase” dissolution test and lowest 497 

value of weight loss (3.8%). Lab Liconsa enteric-coated pellets were characterised with the 498 
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relatively low microstructure variability based on the high volume-density R2 (0.41) and 499 

relatively low C.V. of size (3.4%) and density (0.9%). Additionally, Lab Liconsa enteric-coated 500 

pellets contained in the enteric coating less ionizable methacrylic acid copolymer. 501 

Teva enteric-coated pellets demonstrated a relatively high value (23.4%) for omeprazole loss 502 

during “gastric phase” dissolution test. In the same media, the weight loss value was relatively 503 

low (4.3%), but water uptake value was high (29.9%). The low WL of enteric-coated pellets 504 

confirmed the ability of coating (based on less ionisable methacrylic acid copolymer) to 505 

maintain pellet integrity. But despite its’ highest volume-density coefficient of determination 506 

(R2=0.73) and less ionisable methacrylic acid copolymer, relatively high omeprazole loss and 507 

water uptake can be explained with the leaching of soluble low-molecular-weight plasticiser 508 

TEC (6, 54) and the highest C.V. values of size (6.1%) and density (1.4%). It could be assumed 509 

therefore, that the difference of coating layers density was low and volume-density coefficient 510 

of determination in case of Teva enteric-coated pellets was not discriminative. 511 

UQUIFA enteric-coated pellets demonstrated relatively high omeprazole loss (17.1%) during 512 

the “gastric phase” dissolution test and simultaneously relatively high weight loss (27.8%). 513 

Despite the lowest size C.V. (2.8%) which can be the result of sieving, the relatively high 514 

omeprazole and weight loss by UQUIFA enteric-coated pellets can be explained by the highest 515 

microstructure variability based on the lowest volume-density R2 (0.27) and relatively high 516 

C.V. of size (1.2%). 517 

The pre-treatment of enteric-coated pellets during the "gastric phase" dissolution test at pH 4.5 518 

influenced drug release during the “intestinal phase” in phosphate buffer pH 7.4. After the 519 

"gastric phase" at pH 4.5, Lab Liconsa enteric-coated pellets lost their lag time during the first 520 

5 min and showed more than 90.1% released in 15 min comparing with 47.8% for the same 521 

time without “gastric” pre-treatment (Figure 7C vs. A) and 73.9% after pre-treatment at pH 1.2 522 

(Figure 7C vs. B, Table IX). The total amount of drug released from other investigated 523 

commercial enteric-coated delayed-release pellets was remarkably variable due to drug 524 

degradation during the “gastric phase” at pH 4.5. Additionally, after the “gastric phase” at pH 525 

4.5 versus pH 1.2, the release kinetics for 15 min of “intestinal phase” had decreased 1.3, 1.7 526 

and 4.2 times for UQUIFA, Teva and Nosch Labs enteric-coated pellets, respectively (Figure 527 

7, Table IX). In light of recently published information, the aforementioned drug release 528 

differences in phosphate buffer solution at pH 7.4 are expected to be even bigger and probably 529 

different upon testing in biorelevant bicarbonate solution (57-59). Apart from that, after the 530 

“gastric phase” conditions were changed from pH 1.2, where 85% drug release was observed 531 

within 15 min, to pH 4.5, drug release from commercial enteric-coated pellets UQUIFA, Teva 532 

and Nosch Labs was observed to be less than 85% in 30 min. 533 

 534 

CONCLUSION 535 

Patent review and qualitative analysis of compositions allowed the identification of enteric 536 

coating components for the investigated commercial enteric-coated delayed-release pellets and 537 

their functional role. The range of physical characteristics of enteric-coated pellets including 538 

size, surface area, volume, density, and weight as well as their variability was determined with 539 
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single pellet size and sedimentation time measurement following the application of modified 540 

Stokes’ Law equation. The C.V. of coated pellet size and density, as well as volume-density 541 

determination coefficient (R2), were found as indirect descriptors of coating thickness and 542 

microstructure variability. The pKa of enteric polymers (degree of ionisation at certain pH), 543 

aqueous solubility and molecular weight of plasticisers, coating thickness and microstructure 544 

variability have been found useful attributes to explain commercial enteric-coated delayed-545 

release pellets behaviour during WU-WL and dissolution tests. As expected, investigated 546 

commercial enteric-coated pellets demonstrated pH-dependent WU-WL results. The “gastric 547 

phase” dissolution testing at pH 1.2 showed no more than 10% omeprazole release/degradation 548 

and confirmed the compliance with pharmacopeial requirements. The “gastric phase” 549 

dissolution testing of enteric-coated pellets at the most provoking media with pH of 4.5 showed 550 

the highest omeprazole loss (48.1%) for Nosch Labs, intermediate values of dose lost (23.4% 551 

and 17.1%) for Teva and UQUIFA enteric-coated pellets, respectively. Lab Liconsa pellets 552 

have been found as the least susceptible (3.2% of dose lost) among investigated enteric-coated 553 

delayed-release commercial pellets. Comparing with pH 1.2, pellets pre-treatment at pH 4.5 554 

during the “gastric phase” dissolution test influenced omeprazole release during the “intestinal 555 

phase”. Omeprazole release kinetics from Lab Liconsa enteric-coated pellets in 15 minutes of 556 

“intestinal phase” dissolution test increased 1.2 times, while release kinetics of UQUIFA, Teva 557 

and Nosch Labs enteric-coated pellets was decreased 1.3, 1.7 and 4.2 times, respectively. 558 

Additionally, the drug release from UQUIFA, Teva and Nosch Labs enteric-coated pellets in 559 

30 min became lower than 85%. Thus, the risk of inadequate pharmacokinetics and therapy 560 

associated with intake of investigated commercial enteric-coated delayed-release pellets at 561 

elevated gastric pH has been found as minimal for Lab Liconsa, relatively high and 562 

approximately the same for UQUIFA and Teva and very high for Nosh Labs delayed-release 563 

pellets. 564 
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Tables and Figures 

Table I. Composition of drug-loaded cores for utilising the extrusion-spheronisation method. 

Composition (% w/w on dry basis) of extruded-spheronised cores 

  CES1 CES2 CES3 CES4 CES5 CES6 CES7 

Adapted from (1) (1) (1) (4) (6) (1) (1) 

Solution/dispersion in water 

Omeprazole  9.96 9.96 – – – – – 

Sodium lauryl sulphate (SLS) 0.25 1.00 0.23   0.30 0.25 0.25 

Disodium phosphate (Na2HPO4) 0.40 0.40 – – – – – 

Monosodium phosphate (NaH2PO4) – 0.02 – – – – – 

Dry mixture 

Magnesium omeprazole – – 11.16 12.21 29.91 11.10 11.10 

Mannitol 80.43   79.72 77.32 49.85 83.65 73.65 

Lactose anhydrous 3.98 23.50 3.95 4.34 – – – 

Lactose – 55.17 – – – – – 

Hydroxypropyl cellulose (HPC) 2.99 4.98 2.96 3.26 4.99 – – 

Microcrystalline cellulose (MCC) 1.99 – 1.97 2.17 14.96 5.00 5.00 

Colloidal silicon dioxide – 4.98 – – – – – 

Disodium phosphate (Na2HPO4) – – – 0.43 – – – 

Sodium lauryl sulphate (SLS) – – – 0.27 – – – 

Magnesium hydroxide (Mg(OH)2) – – – – – – 10.00 

* – in all provided formulation the water has been used as a solvent for the drug layering. 
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Table II. Composition of drug-loaded cores for utilising the fluid-bed layering method. 

Composition* (% w/w on dry basis) of fluid-bed coated cores 

  CFB1 CFB2 CFB3 CFB4 CFB5 

Adapted from (6) (6) (11) (24, 25) (6) 

Sugar spheres, 0.25-0.35mm 46.51 43.76 46.12 – – 

Sugar spheres, 0.84-1mm – – – 73.06 – 

Silicon dioxide seeds, 0.15-0.3mm – – – – 45.74 

Magnesium omeprazole 46.51 43.76 43.19  45.74 

Omeprazole – – – 12.50 – 

Hypromellose (HPMC) 6.98 12.25 9.64  8.06 

Povidone (PVP) – – – 0.13 – 

Lactose anhydrous – – – 12.50 – 

Sodium lauryl sulphate (SLS) – – 1.05 0.31 0.46 

Colloidal silicon dioxide – 0.23 – – – 

Disodium phosphate (Na2HPO4) – – – 1.50 – 

* – in all provided formulation as a solvent the water has been used. 
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Table III. Composition of sub-coating layer for utilising the fluid-bed layering method 

Composition 

 SC1 SC2 SC3 SC4 SC5 SC6 SC7 

Adapted from (1) (6) (1) (1) (1) (6) (11) 

Composition 

Drug-loaded cores 96.15 92.59 95.42 96.15 96.15 89.29 77.56 

Hypromellose (HPMC) 3.85 7.41 3.82 3.85 – – – 

Povidone (PVP) – – – – 3.85 – – 

HPC – – – – – 10.71 7.80 

Aluminium hydroxide/  

    Magnesium carbonate 
– – 0.76 – – – – 

Talc – – – – – – 13.50 

Magnesium stearate (MgSt) – – – – – – 1.14 

Used solvent for coating 

Water Y Y Y Y – Y Y 

Ethanol – – – – Y – – 

“Y” denotes “been used in the composition”   
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Table IV. Composition of enteric coating for utilising the fluid-bed layering method. 

Composition 

 EC1 EC2 EC3 EC4 EC5 EC6 EC7 EC8 EC9 EC10 EC11 EC12 

Adapted from (1) (24, 25) (6) (1) (6) (6) (4) (6) (6) (11) (6) (6) 

Composition 

Drug-loaded or drug-loaded and sub-coated 

pellets 
89.29 71.43 51.02 90.99 59.61 65.79 80.28 66.23 59.62 62.60 60.61 47.39 

Hypromellose phthalate (HPMC-P) 10.18 18.43 40.82 – – – – – – – – – 

Methacrylic acid copolymer – – – 8.19 29.81 26.32 18.04 27.37 29.81 27.48 – – 

Hypromellose acetate succinate (HPMC-AS) – – – – – – – – – – 30.30 – 

Cellulose acetate phthalate (CAP) – – – – – – – – – – – 35.55 

Cetyl alcohol 0.54 0.92 – – – – – – – – – – 

Diethyl phthalate (DEP) – – 8.16 – – – – – – – – 14.22 

Stearyl alcohol – – – 0.82 – – – – – – – – 

Triethyl citrate (TEC) – – – – 8.94 7.89 – – – 8.35 9.09 2.84 

Mono- and diglycerides or glyceryl 

monostearate 
– – – – 1.49 – – 0.66 1.49 1.43 – – 

Polysorbate 80 – – – – 0.15 – – 0.22 0.14 0.14 – – 

Polyethylene glycol (PEG) 400 – – – – – – 1.68 5.52 – – – – 

PEG 6000 – – – – – – – – 8.94 – – – 

Talc – 9.21 – – – – – – – – – – 

Used solvent for coating 

Acetone Y – – – – – – – – – – Y 

Ethanol Y – Y Y – – – – – – Y Y 

Isopropyl alcohol (IPA) – Y – – – – – – – Y – – 

Water – Y Y – Y Y Y Y Y – Y – 

“Y” denotes “been used in the composition”.  
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Table V. pH, composition, and ionic strength of media for WU-WL test. 

 

HCl solution Acetic buffer  

Media pH 1.2 2.5 3.5 3.5 4.5 5.5 

Composition, g/L       

HCl 3.10 0.18 0.04 – – – 

NaCl 2.92 2.92 2.92 – – – 

CH₃COONa – – – 1.00 2.99 5.98 

CH₃COOH – – – 11.41 1.68 0.36 

Ionic strength, mmol/L 135 55 51 202 64 79 
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Table VI. Pellets’ characteristics. 

Characteristics units 
Lab Liconsa Teva UQUIFA Nosch Labs 

Av. S.D. C.V., % Av. S.D. C.V., % Av. S.D. C.V., % Av. S.D. C.V., % 

Diameter1 µm 1379.3 46.6 3.4 1498.8 91.0 6.1 1127.5 31.8 2.8 1488.3 82.6 5.6 

Surface area1 mm2 5.98 0.40 6.7 7.08 0.85 12.0 3.99 0.23 5.7 6.98 0.79 11.3 

Volume1 mm3 1.38 0.14 10.1 1.78 0.32 17.9 0.75 0.06 8.6 1.74 0.30 17.2 

Density1 g/ml 1.164 0.010 0.9 1.133 0.015 1.4 1.184 0.015 1.2 1.136 0.015 1.3 

Weight1 mg 1.60 0.15 9.6 2.01 0.26 12.9 0.89 0.07 8.0 1.98 0.33 16.5 

Pellets per capsule2 
mg 224.3 3.4 1.5 196.9 2.6 1.3 232.2 5.0 2.1 233.8 3.6 1.5 

units 139.9 2.1 1.5 97.8 1.3 1.3 261.0 5.6 2.1 118.4 1.8 1.5 

Drug concentration %, w/w 8.9 – – 10.2 – – 8.6 – – 8.6 – – 

Specific surface area1 cm2/g 37.3 – – 35.2 – – 44.9 – – 35.3 – – 

Surface area of pellets3 cm2/dose 8.4 – – 6.9 – – 10.4 – – 8.3 – – 

1 – based on single pellets measurement (n=90) 

2 – based on six capsules (n=6) 

3 – the calculated surface area of pellets in one capsule (i.e. per 20 mg of omeprazole dose) 
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Table VII. The qualitative composition of commercial pellets. 

The qualitative composition of commercial omeprazole pellets 

  Lab Liconsa Teva Nosch Labs UQUIFA 

Drug-loaded core and sub-coating(s) 

Sugar cores Y Y Y Y 

Mannitol Y – Y – 

Lactose Anhydrous – – – Y 

Sodium starch glycollate (type A)   Y     

Sodium lauryl sulphate (SLS) Y Y Y Y 

Tri-, di- or monosodium phosphate Y Y Y Y 

Povidone (PVP) – Y – – 

Hydroxypropyl cellulose (HPC) – – – Y 

Hypromellose (HPMC) Y Y Y Y 

Calcium carbonate (CaCO3) – – Y – 

Enteric coating 

Methacrylic acid copolymer Y Y – – 

HPMC-P – – Y Y 

Polysorbate 80 Y – – – 

Polyethylene glycol (PEG) 6000 Y – – – 

Triethyl citrate (TEC) – Y – – 

Cetyl alcohol – – Y – 

Diethyl phthalate (DEP) – – – Y 

Talc Y Y – – 

Titanium dioxide (TiO2) Y Y Y – 

“Y” denotes “been used in the composition”. 
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Table VIII. Weight loss and water uptake (%, w/w) as a function of media type and pH. 

 
Media and pH 

Teva Lab Liconsa Nosch Labs UQUIFA 

 Av. S.D. Av. S.D. Av. S.D. Av. S.D. 

WL 

HCl 

solution 

1.2 6.2 1.5 2.9 1.4 9.8 0.7 20.3 2.9 

2.5 4.8 3.4 5.2 2.0 14.6 2.3 22.2 0.5 

3.5 4.3 0.3 3.6 2.6 34.1 2.9 25.5 1.6 

Acetic 

buffer 

3.5 6.3 3.5 5.6 0.1 18.1 1.8 29.3 1.7 

4.5 4.3 0.9 3.8 0.4 35.5 4.2 27.8 1.9 

5.5 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

WU 

HCl 

solution 

1.2 21.8 3.1 22.5 3.7 39.0 3.3 36.6 2.0 

2.5 21.1 3.1 21.9 1.3 30.1 2.3 27.2 0.7 

3.5 18.8 0.9 17.5 3.0 31.7 3.1 27.6 1.1 

Acetic 

buffer 

3.5 25.2 2.3 31.3 1.3 30.5 1.0 27.7 5.2 

4.5 29.9 2.5 31.8 2.6 29.5 1.1 38.5 1.2 

5.5 NA NA NA NA NA NA NA NA 
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Table IX. Dissolution test results. 

  
 Lab Liconsa Teva Nosch Labs UQUIFA 

  time, h Av. S.D. Av. S.D. Av. S.D. Av. S.D. 

O
n

e 
m

ed
ia

 

Gastric 

phase 
 -  NA NA NA NA NA NA NA NA 

Intestinal 

phase 

(pH 7.4) 

0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.08 1.2 0.1 12.6 3.5 75.5 2.6 30.5 1.2 

0.25 47.8 8.5 86.7 0.7 93.5 2.2 99.4 2.8 

0.50 99.0 2.3 94.5 2.1 98.7 1.9 98.3 2.9 

0.75 99.6 1.9 94.6 1.9 98.4 2.8 99.5 3.1 

1.00 100.0 2.1 94.1 1.9 97.4 2.4 100.0 1.6 

M
ed

ia
 c

h
a
n

g
e 

Gastric 

phase 

(pH 1.2) 

2.00 1.4 0.9 3.3 1.2 5.5 2.5 2.1 1.1 

Intestinal 

phase 

(pH 7.4) 

2.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

2.08 1.2 0.5 7.8 3.5 31.3 4.1 26.0 3.3 

2.25 73.9 4.2 74.7 4.3 80.9 3.4 94.5 1.8 

2.50 98.6 1.1 92.0 2.3 94.3 2.8 97.1 1.2 

2.75 98.6 1.0 96.7 1.2 94.5 2.4 97.8 1.2 

3.00 98.6 1.0 96.7 1.1 94.5 2.4 97.9 1.1 

M
ed

ia
 c

h
a
n

g
e 

Gastric 

phase 

(pH 4.5) 

2.00 3.2 2.0 23.4 1.8 48.1 2.3 17.1 1.6 

Intestinal 

phase 

(pH 7.4) 

2.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

2.08 3.3 0.2 5.2 1.0 10.8 1.8 13.3 1.9 

2.25 90.1 6.6 43.5 0.4 19.0 7.2 72.4 2.1 

2.50 97.4 2.3 62.2 0.4 37.9 4.6 80.3 1.5 

2.75 96.8 2.3 71.6 1.2 45.5 2.4 81.8 1.5 

3.00 96.8 2.1 76.6 1.9 51.9 2.4 82.9 1.6 
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Figures 

The same figures are additionally provided as separate files in accordance with Journal's 

requirements. 

 

 

 

 

Figure 1. Molecular structure of magnesium omeprazole. 

 

 

 

 

Figure 2. Schematic presentation of the architecture of the omeprazole multi-layered pellet. 
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A)  

 

 

  

B)  

 

 

 

Figure 3. Pellets’ size frequency (A) and pellets’ density frequency (B) (based on n=90). 
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A) Lab Liconsa B) Teva 

  

  

C) UQUIFA D) Nosch Labs 

  

  

Figure 4. Microscopy of commercial pellets’ cross-section: Lab Liconsa (A), Teva (B), 

UQUIFA (C), Nosch Labs (D). 

  



32 
 

 

A) B) 

  

  

C) D) 

  

Figure 5. Pellets’ density distribution versus volume: Lab Liconsa (A), Teva (B), UQUIFA 

(C), and Nosch Labs (D). 
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A)  

 

 

B)  

 

 

Figure 6. weight loss (%, w/w) (A) and water uptake (%, w/w) (B) as a function of pH and 

media type. 
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A) 

 

B) 
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C) 

 

Figure 7. The release of omeprazole in phosphate buffer solution at pH 7.4 (A) and in 

phosphate buffer solution at pH 7.4 after two hours in 0.1N HCl solution at pH 4.5 (B) or 

acetic buffer solution at pH 4.5 (C). 
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Figure 8. Calculated (in accordance with Henderson-Hasselbalch eq.) degree of ionisation of 

enteric polymers based on of their pKa values (22). 


