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Abstract 

The objectives of the present work was to design and characterize the rabeprazole sodium (RAB) loaded 

halloysite nanotubes (HNTs) to overcome acidic degradation of RAB and provide an alternative non-toxic 

and biocompatible drug delivery for the currently available marketed enteric coated drug formulations. 

Incorporation of RAB into nanotubes was performed under vacuum. Particle size and zeta potential 

measurements, morphological, thermal, FTIR, NMR analyses and RAB quantification by validated HPLC 

method were used for the characterization of the formulations prepared. Release pattern of RAB from the 

nanotubes was determined using a dialysis membrane. Among the formulations prepared, HNT-RAB 

1(1:0.5) possessed smaller particle size, better protection from acidic degradation, possible HNT-RAB 

interaction indicated by thermal, FTIR and NMR studies and prolonged release pattern. In vitro 

characterization showed the possibility of enhanced bioavailability achieved by halloysite nanotube 

formulations.  
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1. Introduction 

Halloysite nanotubes (HNTs) with Al2Si2O5(OH)4 structure are naturally occurring clays found in several 

deposits worldwide (Wei et al., 2014).Tubular HNT was discovered more than 100 years agohowever 

utilized for applications only in the last 10-20 yearswhen it became available in pure form (Lvov et al., 

2016).  

HNT which is chemically similar to kaolin is a two layered aluminosilicate and has a predominantly hollow 

tubular structure in the submicron range (Vergaro et al., 2010). The unique tubular structure of HNT has led 

to its use as a nanoscale reactor biomineralfor biomineralization, an adsorbent for pollutants and an additive 

for polymer nanocomposites (Tan et al., 2014).  In addition, due to the high level of biocompatibility and 
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low cytotoxicity of HNT, this material also has attracted great attention in pharmaceutics as a carrier for 

loading various drug molecules such as gamma-aminobutyric acid (Yurtdaş Kırımlıoğlu et al., 2015), 5-

aminosalicylic acid (Viseras et al., 2009),diphenhydramine hydrochloride (Ghebaur et al., 2012), diltiazem 

hydrochloride, propranolol hydrochloride (Levis and Deasy, 2003), tetracycline hydrochloride (Price et al., 

2001), dexamethasone, furosemide, nifedipine (Veerabadran et al., 2007) and ibuprofen (Tan et al., 

2014).Those studies indicate that HNTs are useful tools for oral drug formulations, skin care, medical 

implants and dentistry (Lvov et al., 2016).  

Proton pump inhibitors (PPIs) are used in the treatment of acid-related gastroduodenal disorders by reducing 

gastric acid secretion. PPIs are substituted benzimidazoles and all share a similar core structure and mode of 

action but differ in substituent groups. The type of substituent affects the chemical properties and stability of 

the active agent in different media. Stability of PPIs in aqueous media is a function of pH with an increased 

rate of degradation as the pH decreases (Senthilkumar et al., 2012).   

Rabeprazole sodium (RAB) is a potent pump inhibitor that controls gastric acid secretion and used in the 

treatment of erosive gastroesophageal reflux (Ahmed and El-Say, 2014). The drug is chemically known as 

2-[[[4-(3-methoxypropoxy)-3-methyl-2-pyridinyl]-methyl] sulfinyl]-1H–benzimidazole sodium salt. It 

undergoes degradation in the acidic environment of stomach, and 90% of its dose gets excreted as a 

metabolized product (Swain et al., 2013). It is poorly absorbed from the low gastrointestinal pH 

(Senthilkumar et al., 2010). RAB has a short elimination half-life of 1-2hrand a bioavailability of about 52% 

(Mallikarjuna Gouda et al., 2010). 

RABhas a low bioavailability due to its acid lability (Tulain et al., 2016). Loading RAB into nanotubes 

protects the drug from harsh environment of stomach and therefore may lead to the release of drug in 

intestinal medium to optimize therapy. 

This study focused on studying the effects of different molar ratios of HNT and active agent on the 

characteristics of RAB-loaded nanotubes. RAB-loaded HNTs were formulated, characterized and in vitro 

release behavior was also examined to investigate acidic degradation challenge of RAB and provide an 

alternative drug delivery for the currently available marketed enteric coated drug formulation. 

 

2. Material and Methods 

2.1. Materials 

HNT was donated by Çanakkale Ceramic. Rabeprazole sodium was a kind gift from Neutec (İstanbul, 

Turkey). Ethanol was obtained from Sigma-Aldrich, Germany. Potassium dihydrogen phosphate and sodium 

hydroxide was purchased from Merck, Germany.  

All other chemicals used were analytical grade. 

 

2.2. Methods 

2.2.1. Loading of RAB into halloysite nanotubes 

Loading of RAB into HNTs were carried out under vacuum. The required amount of HNT was placed in an 

evaporator and vacuum (100 mmHg) was applied for 10 min. Then, different quantities of ethanolic RAB 

solution (HNT-RAB molar ratio, 1:0.5, 1:1, 1:2) were added to the nanotubes and vacuum (100 mmHg) was 

applied for 10 min and then cycled back to atmospheric pressure. This process was repeated three times in 

order to increase loading efficiency. After washing with water and centrifugation, nanotubes were dried. Dry 

powders were obtained and kept in tightly closed and colored vials until being analyzed. 

Formulation components and codes of nanotubes prepared are summarized in Table 1.  
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Table 1. Codes and molar ratios of HNTs containing RAB  

CODE HNT  RAB  

HNT-RAB 1 1 0.5 

HNT-RAB 2 1 1 

HNT-RAB 3 1 2 

 

2.2.2. Characterization of halloysite nanotubes 

2.2.2.1. Particle size and zeta potential analysis 

Particle size and zeta potential measurements were carried out on freshly prepared samples using a Malvern 

Nano ZS (Zetasizer Nanoseries, England) analyzer. Samples of all nanotube formulations were diluted with 

bidistilled water, adjusted to a constant conductivity of 50 µS.cm-1 with 0.9% NaCl prior to analysis. All 

analyses were repeated in triplicate. 

 

2.2.2.2. SEM analysis 

Structural and morphological properties of the nanotubes prepared were investigated using a scanning 

electron microscope (FESEM) (FESEM Supratn 50 vpZeiss, Germany). 

 

2.2.2.3. Thermal analysis 

Structural and crystallinity changes of RAB and the nanotubes due to the thermal impacts during the 

formulation steps were evaluated using differential scanning calorimetry (DSC). DSC(DSC-60, Shimadzu 

Scientific Instruments, USA).Analyses were carried out under nitrogen at a flow rate of 50 mL.min-1 at 50-

300°C with an increase rate of 10°C min-1. 

 

2.2.2.4. FTIR analysis 

Fourier transform infrared spectrophotometric (FTIR) analysis spectra were recorded using Shimadzu IR 

Prestige-21 (Japan) and formulations were analyzed at the wavelength range of 4000-500 cm-1. Pure HNT 

and pure RAB were used as references in evaluating the interaction between RAB and HNT.   

 

2.2.2.5. NMR analysis 

NMR analyses were performed on Fourier 300 FT-NMR spectrometer (Brucker, USA) using deuterated 

dimethyl sulfoxide ((CD3)2S=O) as the solvent. Spectra of pure RAB and pure HNT were also analyzed and 
1H-NMR spectra obtained were used as references. 

 

2.2.3. Determination of RAB in halloysite nanotubes 

2.2.3.1. High performance liquid chromatography  

Literature survey revealed chromatographic methods for the determination of RAB in various 

pharmaceutical dosage forms (Garcia et al., 2004) as well as spectrophotometric methods for RAB 

determination in drug combinations (Sabnis et al., 2008, Senthilkhumar et al., 2010).  

HPLC analyses for the determination of RABin this study were performed on Shimadzu (Kyoto, Japan) LC-

20A Prominence, equipped with a Shimadzu DGU-14A degasser, LC-20 A dual piston pump, CTO-10 

ASVP column oven, SPD-M20A PDA detector, Reodyne 7725i injection valve (Rheodyne Inc., Cotati, CA, 

USA) and a GL Sciences inertial ODS-3 column (Tokyo, Japan) (250 mm× 4.6 mm i.d., 5 µm). Mobile 

phase composition usedis summarized in Table 2. Flow rate of the mobile phase was 1 mL.dk-1. 10 µL 

samples were injected via an automatic injector(USP Pending monograph, 2013). Validation of the HPLC 

method was achieved for the reliability of the data obtained. 
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Table 2. HPLC mobile phase composition 

Time (min) Solution A*(%) Solution B** (%) 

0 100 0 

13.0 100 0 

15.0 60 40 

25.0 60 40 

*Solution A: Acetonitrile-KH2PO4 buffer (pH 6.0) (35:65) 

**Solution B: Acetonitrile-water (90:10) 

 

2.2.3.2. Determination of RAB content 

Accurately weighed formulation (5 mg) was dispersed in methanol in an ultrasonic bath at room 

temperature. Dispersion was filtered through a 0.22 µm polyamide filter prior to the HPLC analysis. The 

experiment was repeated in triplicate. 

 

2.2.4. In vitro drug release  

In vitro release pattern of the nanotube formulations was investigated over 24hr. Release of RAB from 

nanotubes was tested using a dialysis membrane. Nanotubes equivalent to 5 mg of drug was placed in a 

cellulose acetate dialysis bag (with a molecular weight cut off 12-14 kDa, Sigma) and a little amount of 

dissolution media was added which was then sealed at both ends. Dialysis bag was then placed into an 

opaque bottle containing 90 mL of 0.1 N HCl (pH 1.2) as the dissolution medium at 37°C ± 0.5°C while 

stirring continuously at 100 rpm. After 2hr, acidic media was changed into basic media using the phosphate 

buffer (pH 6.8). The receptor compartment was closed to prevent evaporation of the dissolution medium. 

Samples were withdrawn at regular time intervals and the same volume was replaced by fresh dissolution 

medium. Samples were then tested by the validated HPLC method.  

 

3. Results and discussion 

3.1. Characterization of halloysite nanotubes 

3.1.2. Particle size and zeta potential analysis 

Mean particle size and polydispersity index (PI) of nanotube formulations are presented in Table 3. 

Colloidal systems require small particle sizes and narrow size distribution for high stability and also low 

toxicity (Demirel and Yazan, 2000). Particle size analyses results obtained demonstrated nanometer range 

with a relatively homogenous and narrow size distribution. 

Zeta potential is a scientific term for electrokinetic potential in colloidal systems which is one of the most 

important properties playing major role in effectiveness of nanomedicine. Zeta potential can affect the 

physical and the pharmacokinetic properties of nanosystems in the body or may affect the phagocytosis of 

the nanoparticles in the blood stream (Honary and Zahir, 2013). 

Zeta potential of pure HNT was found to be -26.77± 0.76 mV which is consistent with the literature (Levis 

and Deasy, 2002; Bordeepong et al., 2011). The negative external surface was attributed to different external 

and internal compositions of HNT(SiO2 and Al2O3, correspondingly) (Guo et al., 2012). Zeta potential 

results shown in Table 3 demonstrated that zeta potential of nanotube formulations containing RAB were 

between the range of -42 and -47 mV. It seems that incorporation of RAB into HNTs reduces the zeta 

potential values.   
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Table 3. Particle size, PI and zeta potential values of nanotube formulations (n=3).  

Formulation 

Code 

Particle Size (nm) Zeta Potential (mV) GABA content % 

Mean ± SE PDI ± SE Mean ± SE Mean ± SE 

HNT-RAB 1 348.50 ± 22.13 0.57 ± 0.03 -42.47 ± 0.85 8.355 ± 1.542 

HNT-RAB 2 414.60 ± 7.85 0.55 ± 0.06 -45.13 ± 0.47 12.177 ± 2.008 

HNT-RAB 3 421.57 ± 25.76 0.38 ± 0.02 -47.47 ± 0.33 14.713 ± 2.572 

Pure HNT 466.73 ± 35.65 0.44 ± 0.08 -26.77 ± 0.76 - 

 

3.1.3. SEM analysis 

Morphological analyses revealed that HNTs were uniform in content containing many tubules with the 

presence of occasional particle agglomerates (Fig. 2a) while formulations prepared kept the tubular shape 

(Figure 2b) showing that the tubular shape was maintained after grafting of RAB (Riela et al., 2014). 

Average size of HNT was coincident with particle size analysis data obtained previously. 

 

 
Figure 1. Structural formula of rabeprazole sodium 

 

[a] [b] 

Figure 2. SEM images of nanotube formulations (a: pure HNT, X70000; b: HNT-RAB 1,X50000). 

 

3.1.4. Thermal analysis 

DSC was used in order to determine the incorporation of RAB into the nanotubes as well as the status of 

nanotubes and the active agent after the formulation procedure. DSC profiles of RAB, HNT and the 

nanotube formulations obtained are demonstrated in Figure 3. RAB shows a characteristic endothermic 

peak at 145.35°C. It was reported previously that RAB does not show a clear melting point, instead 

demonstrates decomposition between 140°C-145°C (Ahmed and El-Say, 2014). Melting peak of RAB was 

not seen in the DSC thermo grams of formulations indicating possible drug-matrix interaction or loss of 

crystallinity of drug (Shen et al., 2011).  
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Figure 3. DSC thermograms of pure RAB, pure HNT and nanotube formulations 

 

3.1.5. FTIR analysis 

FTIR spectroscopy was used for further characterization of the nanotube formulations (Figure 4). FTIR 

spectrum of RAB showed a number of characteristic peaks corresponding to the active functional groups of 

the drug. Characteristic peaks at 3046.32 cm-1 and 2888.65 cm-1 correspond to aromatic and aliphatic –C-H 

stretching, respectively. Other distinctive peaks determined at 1581.63, 1298.09, 1093.27 and 1026.13 cm-

1stand for aromatic C=C, C-N, C-O aryl alkyl ether and sulphoxide S-O, respectively (Ahmed and El-say, 

2014). Absorption bands at 3695 cm-1 and 3620 cm-1 in the FTIR spectrum of HNT were assigned to the 

stretching vibration due to the O-H groups present in the internal surface of HNT. Bands at 1028.06 cm-1 

and 1004.91 cm-1 were engendered by the stretching vibration of Si-O-Si. The band observed at 908.47 cm-1 

corresponds to single AlO2 bending (Ghebaur et al., 2012; Yurtdaş Kırımlıoğlu, 2014).  

Intensity of RAB characteristic peaks were found to be proportional with the quantity of RAB used for HNT 

modification (Ghebaur et al., 2012). FTIR spectra of all nanotube formulations showed all RAB and HNT 

characteristic peaks. HNT-RAB 2 and HNT-RAB 3 profiles showed similar internal hydroxyl bands of HNT 

and aromatic C=C, C-N bands of RAB. However, spectral results of HNT-RAB 1 showed shifting of 

internal hydroxyl bands at 3695 cm-1, 3620 cm-1 to 3698 cm-1 and 3624 cm-1 and shifting of aromatic C=C 

bands at 1581.63 cm-1 to 1583.56 cm-1 besides disappearance of some characteristics peaks of RAB.As a 

conclusion, FTIR spectra confirmed the successful incorporation of RAB into the HNT-RAB 1 formulation 

(Wang et al., 2014). 
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quantification method for RAB was determined to be reliable, linear, precise, accurate and selective (ICH 

Topic Q2B, 1996). 

RAB content (content % ± SE) was detected to be 8.355 ±1.542, 12.177 ± 2.008 and 14.173 2.572 (n=3) for 

HNT-RAB 1, HNT-RAB 2 and HNT-RAB 3, respectively. Although HNT-RAB 1 formulation showed 

lower loading compared to other formulations, characterization studies suggested the highest interaction 

between RAB and HNT for HNT-RAB 1. Therefore, HNT-RAB 1 seemed to be a better candidate for 

further studies.  

 

3.3. In vitro drug release 

Release profiles obtained for nanotube formulations are given in Figure 6. In vitro drug release behavior 

showed that HNT formulations provide good barrier against drug diffusion under acidic pH condition to 

protect the drug from degradation. The highest protection was observed in HNT-RAB 1 with approximately 

94% release up to 24hr.  

Time-dependent release profiles of RAB from different nanotube formulations presented in Figure 6 

demonstrated sustained release in PBS (pH 6.8) (Guo et al., 2012).Prolonged release of RAB was ascribed to 

the release of RAB loaded into the HNT lumen where diffusion was substantially retarded by the one-

dimensional nanotube structure of HNT (Tan et al., 2014).  

Drug release was found to be sustained up to 24hr for HNT-RAB1 while release from HNT-RAB 2 and 

HNT-RAB 3 formulations were almost completed within 9 hours. Higher release of the drug from HNT-

RAB 2 and HNT-RAB 3 was probably due to faster dissolution of the highly water soluble drug from the 

external surface of the nanotubes.   

 
Figure 6. In vitro release profiles of pure RAB and nanotube formulations (n=6).  

 

4. Conclusion 

RAB-loaded halloysite nanotubes were prepared under vacuum. In vitro characteristics of the nanotubes 

were analyzed in detail confirming the incorporation of RAB into the nanotubes.   
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Considering both characterization and in vitro release studies, HNT-RAB 1 possessing high interaction 

between RAB and HNT with the highest protection from acidic degradation, more uniform and release with 

prolonged pattern was selected as the optimum formulation.  As a conclusion of this study, RAB-loaded 

halloysite nanotubes (especially HNT-RAB 1) were designed and characterized to overcome acidic 

degradation of RAB, ensure sustained release manner over an extended period of time and provide an 

alternative non-toxic and biocompatible drug delivery to the currently available marketed enteric coated 

drug formulation. 
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