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ABSTRACT 
The objective of the present investigation was to design and optimize lipid-based floating multiparticulate of Berberine 
hydrochloride (BERH), so as to increase its solubility and to reduce P-Glycoprotein mediated efflux in the intestine, 
hence to improve oral bioavailability. Solid dispersions were prepared using hydrophilic carriers gelucire 44/14 
and gelucire 50/13 in different ratio. The prepared solid dispersion of BERH was further formulated into sustain 
release gastroretentive floating pellets using hydrophobic lipid carrier gelucire 43/01 as release retardant, sodium 
bicarbonate (NaHCO3) and hydroxylpropyl methyl cellulose K4M (HPMC K4M) as gas former and matrix polymer, 
respectively. The effect of amount of gelucire 43/01 and NaHCO3: HPMC K4M were studied and optimized using a 
3-level, 2-factor, factorial design. Solid dispersion of BERH compared to pure drug showed 4-fold enhancement in 
aqueous solubility. The optimum system could float for more than 8 hours and showed 88.46% drug release in 8 hours. 
The pharmacokinetic study conducted in male Wistar rats indicated 2.32-fold increase in relative bioavailability of 
optimized formulation compare to the marketed tablet. The lipid-based floating pellets of BERH were obtained and 
could be an applicable choice to deliver BERH with improved bioavailability in effective use for various clinical 
applications.

INTRODUCTION
Berberine hydrochloride (BERH), a quaternary 

isoquinoline alkaloid, presents in various plants of Berberis 
species which are commonly found in the Eastern hemisphere 
(Kosalec et al., 2009). It has been historically used as an anti-
diarrheal agent in Ayurvedic and Chinese medicine (Chang, 
1959). In the past few years, numerous studies have demonstrated 
the potential therapeutic applications of BERH including anti-
diabetic, anti-hyperlipidemic, anti-obesity, anti-arrhythmic, and 
anti-cancer (Gao et al., 2013; Jantova et al., 2003; Kettmann  
et al., 2004; Kong et al., 2004; Lee et al., 2006; Sanchez, 1996; 
Shen et al., 2014; Tsai and Tsai, 2004). However, the systemic 
bioavailability of BERH is very low due to its poor water solubility 

and dissolution rate which limits its clinical use (Tan et al., 2011). 
BERH is also a P-glycoprotein substrate (P-gp) results into active 
efflux from the intestine (Maeng et al., 2002; Pan et al., 2002; 
Zhang et al., 2013). In addition, BERH has a shorter biological 
half﻿life of 2–2.5 h (Alolga et al., 2016). Hence, it is necessary to 
improve the solubility and bioavailability of BERH so that it can 
be effectively used in many clinical applications. 

In recent years, some studies have explored the use of P-gp 
inhibitors, permeation enhancers and lipid-based delivery systems 
to enhance the oral bioavailability of BERH (Fan et al., 2013; Ke 
et al., 2015; Khayam et al., 2018; Sailor et al., 2015; Wei et al., 
2011; Zhu et al., 2013). However, P-gp inhibitors possess their own 
pharmacological effects and might leads to toxic effects while use 
of permeation enhancers suffers with the drawback of compromised 
integrity of intestinal mucosa (Davis, 2005). Among the lipid-based 
systems, self-microemulsifying systems, solid lipid nanoparticle 
and liposomes of BERH were developed showed significant 
enhancement in bioavailability but faces the problems of either 
low drug loading capacity or poor long term stability (Sailor et al., 
2015). Solid dispersion technique is one of the areas that have been 
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extensively used to improve the solubility, dissolution rate and oral 
absorption of poorly water-soluble drugs (Douroumis et al., 2007; El-
Badry and Fathy 2006; 2015; Thybo et al., 2007). On the other hand, 
gastroretentive dosage forms might be useful for P-gp substrate drugs 
because they allow continuous delivery of drug to the proximal part 
of the gastrointestinal tract (GIT) (Hoffman et al., 2004; Kagan and 
Hoffman, 2008; Streubel et al., 2006). Among all the gastroretentive 
systems, due to minimum affect on GIT motility, floating drug 
delivery systems (FDDS) are considered suitable and preferable 
(Kotreka and Adeyeye, 2011; Reddy and Murthy, 2002; Strusi et al., 
2008). A wide range of single unit and multiparticulate FDDS were 
developed, due to reduce inter and intra subject variabilities in drug 
absorption and lower chances of dose dumping the multiparticulate 
FDDS were chosen over single unit system (Bulgarelli et al., 2000; 
Iannuccelli et al., 1998; Streubel et al., 2003).

Gelucires are a family of vehicles derived from mixtures 
of mono, di, and triglycerides with polyethylene glycol (PEG) esters 
of fatty acids. Gelucires are available with a range of properties 
depending on their Hydrophilic Lipophilic Balance (1–18) and 
melting point (33°C–65°C) range (Anaoui and Vergnaud, 1998; 
Sheu and Hsia 2001). The gelucires containing only PEG ester such 
as gelucire 44/14 and gelucire 50/13 are hydrophilic in nature and 
profoundly used for solubility enhancement (Pawar et al., 2012; 
Pestieau et al., 2015; Seo et al., 2003; Sruti et al., 2013; Yang et al., 
2007). That composed of only glycerides or mixtures of glycerides 
and PEG esters such as gelucire 43/01 due to extreme hydrophobicity 
used in the preparation of sustained release and gastroretentive 
formulations (Barker et al., 2003; Jain and Jangdey, 2009).

The present research work aims to enhance the oral 
bioavailability of BERH. In the present study solid dispersion 
of BERH was prepared by fusion method using gelucire 44/14 
and gelucire 50/13 to enhance its solubility and dissolution rate. 
Further the prepared solid dispersion of BERH was formulated 
into sustain release gastroretentive floating pellets so as to reduce 
its P-gp mediated efflux in the intestine. The sustain release 
floating pellets was prepared using hydrophobic lipid carrier 
gelucire 43/01 as release retardant, sodium bicarbonate (NaHCO3) 
and hydroxylpropyl methyl cellulose K4M (HPMC K4M) as gas 
former and matrix polymer, respectively. The combined effect 
of amount of gelucire 43/01 and NaHCO3 is to HPMC K4M on 
the floating behavior and drug release from floating pellets were 
studied and optimized using , a 3-level, 2-factor, factorial design.

MATERIALS AND METHODS

Materials
Berberine Hydrochloride was purchased from Yucca 

Enterprises, Mumbai, India. Gelucire 43/01, Gelucire 44/14, 
Gelucire 50/13 and Compritol 888 were provided as gift sample 
by Gattefosse India Pvt. Ltd., Mumbai, India. NaHCO3, HPMC 
K4M and Microcrystalline cellulose obtained from Himedia 
Laboratories, Mumbai, India. All the other reagents used in the 
study were of analytical grade.

Preparation of solid dispersion by fusion method
Solid dispersion of BERH with gelucire 44/14 and gelucire 

50/13 in different weight ratios of 1:1, 1:1.5, 1:2, 1:3 and 1:4 were 
prepared by fusion method (Shaker, 2018) (Table 1). Accurately 
weighed amount of gelucire was heated 10° C above the melting point 

in porcelain dish followed by addition of BERH with continuous 
stirring. The prepared mass was cooled at room temperature for 
24 hours. The obtained dried solid dispersions were grinded in a 
mortar and pestle and sieved through 60 mesh. The samples were 
subsequently stored in desiccators until the next experiments.

Solubility screening studies
To determine the improvement in solubility of BERH 

solid dispersion prepared with gelucire (44/14 and 50/13), saturated 
solubility studies were performed. An excess amount of BERH 
solid dispersion was added into conical flask containing 10 ml of 
distilled water. The conical flask was shaken for 48 hours on water 
bath shaker at room temperature (Neolab, Mumbai) (Daravath et al., 
2015; Khayam et al., 2018). Subsequently the content of flask was 
filtered through Whatman filter paper and the filtrate was analyzed 
spectrophotometrically at 263 nm (Shimadzu, 1700, Japan).

Preparation of sustain release floating pellets
From the results of solubility screening studies (Table 1), 

the BERH solid dispersion batch—B 8 (BERH: Gelucire 50/13; in 
ratio 1:2) was selected for preparation of sustain release floating 
pellets. The BERH floating pellets were prepared by extrusion 
and spheronization technique. Compritol 888 and gelucire 43/01 
screened as release-retarding polymer. Microcrystalline cellulose, 
NaHCO3 and HPMC K4M used as spheronizing aid, gas former and 
matrix agent, respectively. Compritol 888 and gelucire 43/01 were 
melted in porcelain dish at their melting points. The BERH solid 
dispersion equivalent to 100 mg of BERH (batch—B8), NaHCO3, 
HPMC K4M and microcrystalline cellulose were added into the 
molten mass of release-retarding polymer, mixed well and passed 
through sieve no.16 to get the extrudates. Extrudates were then 
transferred to spheronizer (Shakti Pharmatech, Ahmedabad, India) 
and spheronized at 700rpm for about 05min to obtain the pellets. The 
obtained floating pellets were dried for 24 hours at room temperature.

Experimental design
A 3-level, 2-factor, 09 run experiment factorial design 

was adopted for optimization procedure. Amount of gelucire 43/01 
(X1) and NaHCO3: HPMC K4M in the ratio of 1:0.5 (X2) selected 
as independent variables (Table 2). The dependent variables were 

Table 1. Solubility studies of Berberine Hydrochloride solid dispersion.

Batch code
Berberine 

hydrochloride 
(mg)

Gelucire 
44/14 (mg)

Gelucire 
50/13 (mg)

Solubility  
(mg/ml)

Pure BERH 100 – – 0.718 ± 0.02

B 1 100 100 – 1.203 ± 0.19

B 2 100 150 – 1.791 ± 0.23

B 3 100 200 – 2.661 ± 0.16

B 4 100 300 – 2.673 ± 0.08

B 5 100 400 – 2.689 ± 0.15

B 6 100 – 100 1.243 ± 0.07

B 7 100 – 150 1.816 ± 0.11

B 8 100 – 200 2.841 ± 0.15

B 9 100 – 300 2.848 ± 0.04

B 10 100 – 400 2.859 ± 0.13

Mean ± S.D.; n = 3.
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percent drug release in 1 hour (Y1), 8 hours (Y2) and total floating 
time (Y3). The formulation compositions were shown in (Table 3). 
Design-expert® software (Version10, Stat-Ease) used to carry out 
Response surface modelling, analysis of variance (ANOVA) and 
model graphs studies.

Evaluation of floating pellets

Calibration curve of Berberine Hydrochloride in 0.1 N HCl
10 mg of BERH accurately weighed and was dissolved 

in 100 ml 0.1 N HCl to get stock solution of 100 μg/ml. The stock 
solution was further diluted with 0.1 N HCl to obtain solutions 
in concentration range of 1 to 20 μg/ml. Absorbance of these 
solutions were determined spectrophotometrically (Shimadzu 
1700, Japan) at 263 nm.

Fourier Transfsorm Infra-Red (FTIR) spectrum
The FTIR scans of BERH, gelucire 50/13, gelucire 

43/01 and physical mixture of BERH with gelucire (50/13 and 
43/01) were obtained using FTIR (Shimadzu, 8400S, Japan) 
(Khayam et al., 2018). The dry samples were separately mixed 
and triturated thoroughly with potassium bromide. The infrared 
spectrums were recorded and the spectral analysis was done 
between 400 to 4,000 cm−1.

Physical characterization and drug content
To evaluate the micromeritic properties of floating pellets 

Carr’s index, Hausner’s ratio and angle of repose were determined. 
The hardness of the pellets was determined using digital hardness 
tester (Veego, India). Friability of the pellet formulations was 
determined using friabilator (Veggo Friability Tester, India). 10 g 
of pellets were kept into friabilator and the percentage weight loss 

after 200 revolutions was determined (Kim et al., 2007; Parmar  
et al., 2016). The drug content in each formulation was determined 
by taking floating pellets equivalent to about 100 mg of BERH, 
grounded and transferred into a volumetric flask containing 0.1 
N HCl. The mixture was sonicated for 30 minutes to ensure 
complete extraction of drug in 0.1 N HCl. The solution was further 
filtered, diluted with appropriate amount of 0.1 N HCl and assayed 
spectrophotometrically at 263 nm (Shimadzu, 1700, Japan)  
(n = 3). 

Floating studies
Hundred unit pellets were placed in 900 ml of 0.1 N HCl 

maintained at 37ºC ± 0.5º C in USP Type -II dissolution apparatus 
(Veego DA-8D, India). The medium was agitated by paddle at 50 
rpm. The time taken by the pellets to rise over the surface of medium 
(floating lag time) and total floating time was measured visually 
(Kim et al., 2007; Parmar et al., 2016; Rajinikanth et al. 2008). 

In vitro drug release study
The release of BERH from the floating pellet 

formulations were determined in triplicates using USP Type –II 
dissolution apparatus (Veego DA-8D, India). Pellets equivalent to 
100 mg of drug were accurately weighed and transferred into 900 
ml of 0.1 N HCl kept at 37ºC ± 0.5º C on 50 rpm (Elsamaligy 
et al., 2015; Pagariya et al., 2013). At predetermined time 
intervals (i.e., 1, 2, 3, 4, 5, 6, and 8 hours), 5 ml of aliquots was 
withdrawn and immediately replaced by the same volume of fresh 
dissolution medium to maintain the sink condition. To calculate 
the drug release, aliquots were filtered and analyzed by UV 
spectrophotometer at 263 nm. 

To understand the mechanism of drug release kinetics, 
the obtained drug release data of optimized floating pellets 
formulation was analyzed according to the mathematical models 
like zero order model, first order model, Korsmeyer–Peppas 
model and Higuchi model (Costa and Lobo, 2001; Higuchi, 1963; 
Korsmeyer et al., 1983; Lopes et al., 2006; Ritger and Peppas, 
1987).

Statistical optimization
The obtained data of dependent variables i.e. total floating 

time, percent drug release in 1 hour and 8 hours for all formulations 
were analyzed by Design-expert® software. Polynomial models for 
all the responses were generated. The suggested model based upon 
the values of standard deviation, multiple correlation coefficient 
(R2) and adjusted multiple correlation coefficient (adjusted R2) was 
selected and further analyzed by ANOVA to determine significant 
model terms (Venkata et al., 2012). The P value, regression 
equation of the responses and response surface plots were also 

Table 2. Independent variables levels in experimental design.

Factors
Coded value Actual value

Low Medium High Low Medium High

Gelucire 43/01—X1 
(% w/w of BERH solid dispersion)

−1 0 +1 20 25 30

NaHCO3 : HPMC K4M - X2 
(% w/w of BERH solid dispersion)

−1 0 +1 10 15 20

Table 3. Formulation compositions.

Batch no. Gelucire 43/01 (% w/w) NaHCO3 : HPMC K4M (% w/w)

B 11 20 10

B 12 25 10

B 13 30 10

B 14 20 15

B 15 25 15

B 16 30 15

B 17 20 20

B 18 25 20

B 19 30 20

B 20* 27.5 20

*Formulation prepared using numerical optimization function based upon desirability 
approach in Design-expert® software.
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studied. To determine the optimum level of independent variables 
for the formulation numerical optimization function based upon 
desirability approach was used.

Stability studies
As per ICH guidelines the optimized BERH floating 

pellet formulation was subjected to accelerated stability studies. 
The sample was stored in 10 ml open glass vials at 40º C/ 75% 
relative humidity for three months. Pellet sample were observed 
for drug content, total floating time and drug release at 8 h after 
first, second and third month (Maurya et al., 2012).

In vivo pharmacokinetics-study design
Institutional Animal Ethical Committee (DYPIPSR/

IAEC/18-19/P-10) approval was obtained to conduct In-vivo 
pharmacokinetics studies in male Wistar rats. The study was 
designed to compare the formulated BERH floating pellets with 
marketed preparation. Twelve Wistar rats weighing 180–200 g 
were separated randomly into two groups, and fasted overnight 
with free access to water. BERH floating pellets and marketed 
preparation (25 mg/kg) was administered orally into respective 
groups (Zhu et al., 2013). At predetermined time intervals (0.25, 
0.5, 1, 2, 4, 8, 12, and 24 hours) post oral dose, 0.5 ml of blood 
samples were collected. Plasma was immediately separated by 
centrifuging at 4,000 rpm for 15 minutes and stored at –20°C until 
analysis. 

HPLC analysis of berberine hydrochloride in plasma
HPLC method was employed to determine plasma 

concentrations of BERH. The mobile phase consisted of 
acetonitrile and phosphate buffer pH 3.0 (40:60). The flow rate kept 
was 1 ml/minute and the UV detector was set at wavelength of 263 
nm (Guo et al., 2017). Stock solution of BERH (100 μg/ml) was 
prepared using mobile phase and further diluted with mobile phase 
to obtain working standard solutions in concentration range of 5 
to 70 μg/ml. The calibration curve of working standard solutions 
was obtained and used for estimation of BERH in plasma. A linear 
relationship was observed between the BERH concentration and 
the peak areas of BERH with a high correlation coefficient (r2 = 
0.995). For the estimation of BERH content in rat plasma, a 0.1 
ml of plasma sample was added into 0.9 ml of acetonitrile and 
centrifuged for 15 minutes at 10,000 rpm. The supernatant liquid 
obtained was filtered through 0.2 μ filter and 20 μl was injected 
into the HPLC column. Palmatine was used as an internal standard 
at a concentration of 1 μg/ml. The analysis was carried out on 
Shimadzu HPLC LC20 AD (Shimadzu Corporation, Japan) using 
reversed-phase HPLC column (Kromasil, 4.6 × 250 mm, 5 μm, 
Shreetech Associates; Mumbai, India).

Pharmacokinetic analysis
The pharmacokinetic parameters such as peak plasma 

concentration (Cmax), time to reach peak plasma levels (Tmax), area 
under the curve (AUC), mean residence time (MRT), elimination 
rate constant (Ke) and relative bioavailability were estimated using 
PK solver software (version 2.0). The evaluated pharmacokinetic 
parameters were statistically analyzed using ANOVA and the 
difference less than the probability level 0.05 was considered 
statistically significant.

RESULTS AND DISCUSSION

Result of preliminary screening
The determined aqueous solubility of BERH at 

room temperature was found to be 0.71 mg/ml. To improve 
the solubility of drug, hydrophilic carrier gelucire 50/13 and 
gelucire 44/14 was screened. Solid dispersion in different weight 
ratios (1:1, 1:1.5, 1:2, 1:3, and 1:4) was prepared by fusion 
method. The solubility studies of prepared solid dispersions were 
conducted in distilled water at 25°C. The results of solubility 
studies for prepared solid dispersion using different hydrophilic 
carriers indicated greater solubility of drug with gelucire 50/13 
compared to gelucire 44/14 (Table 1). As the amount of carrier 
increases, the solubility increased proportionally but after 1:2 
ratio (drug:carrier) no significant increase in solubility was 
observed by increasing the carrier concentration. The solubility 
of BERH solid dispersion increased up to 4-folds compared to 
pure BERH.

Further from the results of solubility screening studies, 
the BERH solid dispersion (BERH: Gelucire 50/13; in ratio 1:2) 
was chosen for preparation of sustain release floating pellets. 
Compritol 888 and gelucire 43/01 (20, 25 and 30% w/w of solid 
dispersion) were screened as release-retarding polymer. The 
obtained results for in vitro drug release indicated that compritol 
888 was unable to retard the drug release after 4 hours (data not 
shown). The floating pellets prepared with gelucire 43/01 in 
various amount were found to float for up to 3 to 4 hours with 
initial burst release and retarded the drug release as a function of 
the amount of gelucire 43/01. In preliminary screening studies 
of release-retarding polymer, considering the results of in vitro 
drug release studies gelucire 43/01 was preferred over compritol 
888 as release retardant for the further studies. To strengthen the 
floating ability additionally, NaHCO3 and HPMC K4M in the ratio 
of 1:0.5 (10, 15, and 20 % w/w of solid dispersion) is incorporated 
as gas former agent and swellable polymer, respectively, in the 
preparation of BERH floating pellets. 

Subsequently, to evaluate the combined effect of 
percentage of gelucire 43/01 and NaHCO3 is to HPMC K4M on the 
floating behavior and drug release from floating pellets, a 3-level, 
2-factor, factorial design was used. The dependent variables taken 
as response were total floating time, percent drug release in 1 and 
8 hours.

Evaluation of gastroretentive floating pellets

Spectroscopic studies
The λmax of BERH in 0.1 N HCl was found to be 263 nm. 

The calibration curve of BERH obtained in 0.1 N HCl was found 
to be linear in the studied range and equation of the regression 
analysis was also generated as indicated in (Fig. 1). 

Fourier Transform Infra-Red (FTIR) spectrum
The IR spectrum of BERH, gelucire 50/13, gelucire 

43/01 and physical mixture of BERH with gelucire (50/13 and 
43/01) was obtained by using FTIR (Fig. 2). The FTIR spectra of 
BERH showed characteristic peaks at 700–1,300 cm−1 (skeletal 
C-C vibrations), 1,033.88 cm−1 (C-O), 1,251.84 cm−1 (C-O-C 
stretching), 1,332.86 to 1,033.88 cm−1 (in plane = C-H bending) 
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1,452.45 and 1,618.33 cm−1 (aromatic C=C stretching), 2,852.81 
cm−1 (C-H stretch). The characteristic peaks for gelucire (50/13 and 
43/01) are 3,699.59–3,180.72 cm−1 (OH stretching), 3,001.34 and 
2,899.11 cm−1 (C-H stretching), 1,708.99 cm−1 (C=C stretching), 

1,444.73 to 1,076.32 cm−1 (C-H bending), 1,323.21, 1,213.27 cm−1 
(C-O-C stretching), 1,145.75, 1,174.69 cm−1 (C-O stretching), 
848.71 cm−1 (C-C stretching) and 705.97 cm−1 (C=C bending). 
The FTIR spectra of physical mixture showed the characteristic 

Figure 1. Calibration curve of Berberine Hydrochloride in 0.1N HCl at 263 nm.

Figure 2. FTIR scans of A. Berberine Hydrochloride, B. Gelucire 50/13, C. Gelucire 43/01, D. Physical mixture (BERH & Gelucire).
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peaks of drug and gelucire (50/13 and 43/01) with negligible shift 
in wave numbers indicated compatibility of BERH with gelucire.

Physical characterization and drug content
The results of micromeritic analysis indicated good flow 

behavior of pellet formulations. Carr’s index and Hausner’s ratio 
ranged from 14.89 ± 1.1 % to 18.43 ± 0.8 % and 1.19 ± 0.2 to 
1.22± 0.4, respectively. The values obtained for angle of repose 
were in the range of 23.38±1.6° to 25.12±1.9°. Hardness of the 
prepared pellets was in the range of 0.47 ± 0.04 to 0.92 ± 0.01 kg/
cm2. The obtained friability values of the pellets formulation ranged 
from 0.33 ± 0.2% to 0.49±0.1%. This may be attributed to the 
waxy nature of gelucires. The drug content in all the floating pellet 
formulation was determined by UV spectroscopy method. It was 
found to be between 96.45 ± 1.5% to 97.85 ± 1.2% which indicated 
good content uniformity of BERH in prepared floating pellets.

Floating studies
The gastro-floating studies of prepared BERH pellets 

were conducted in 0.1 N HCl. Floating lag time and total floating 
time of pellets was measured visually. In the preliminary screening 
studies, it was observed that pellets prepared alone with gelucire 
43/01 in various ratios (20, 25, and 30% w/w) were floated for 
up to 3 to 4 hours with zero floating lag time. As gelucire 43/01 
is a hydrophobic lipid which imparts hydrophobicity to the pellet 
surface and could be a probable reason behind zero floating lag 
time behavior (Shimpi et al., 2004). Moreover to increase the 
total floating time additionally NaHCO3 which generates carbon 
dioxide (CO2) in the presence of acidic media and swellable 
polymer HPMC K4M to entrap the generated CO2 inside the 
dosage form was incorporated in the preparation of BERH floating 
pellets. In the present study, the ratio of NaHCO3: HPMC K4M 
was kept constant (1:0.5) and amount was varied (10, 15, and 20% 
w/w). However, the addition of gas former agent (NaHCO3) and 
swellable polymer (HPMC K4M) doesn’t affected the floating lag 
time, all prepared pellet formulation batches rise over the surface 
of medium with zero floating lag time. The total floating time of 
the BERH pellets was increased significantly and 80%–90% of 
pellets remained floating for a period of 5.2 to 8.6 hours shown in 
(Table 4). The 10% w/w and 15% w/w amount of NaHCO3:HPMC 
K4M was unable to ensure the buoyancy for longer period of time. 

This could be attributed due to reduced amount of NaHCO3:HPMC 
K4M, the medium penetration was rapid but unable to generate 
sufficient CO2 to provide buoyancy for longer duration. On the 
other side as the amount of NaHCO3:HPMC K4M increases above 
15% w/w the total floating time of pellets observed were ≥ 8 
hours. This could be explained as higher level of NaHCO3:HPMC 
K4M used in the current study was able to generate sufficient 
CO2, swelling and hydration characteristics of HPMC K4M 
facilitated entrapment of generated CO2 inside the hydrating gel 
network, thus strengthen the floating ability of the pellets. Hence 
hydrophobicity provided by gelucire 43/01 and gas generating 
mechanism (NaHCO3:HPMC K4M) collectively improved the 
floating behavior of prepared BERH pellets.

In vitro drug release study
The in vitro release profile of unprocessed BERH and 

prepared BERH solid dispersion formulation (batch—B 8) were 
studied in 0.1 N HCl indicated in Figure 3. The unprocessed BERH 
and BERH solid dispersion showed about 24.39% and 98.59% 
drug release in 2 hours, respectively. The pure drug exhibited a 
low dissolution rate due to its poor intrinsic solubility. However, 
dissolution of the drug is enhanced significantly from the prepared 
solid dispersion (batch—B 8). The improvement in dissolution rate 
could be attributed to the solubilization action of the used hydrophilic 
carrier gelucire 50/13 (Kawakami et al., 2004; Mehuys et al., 2004; 
Svensson et al., 2004). The BERH solid dispersion (batch – B 8) 
was chosen further for preparation of sustain release floating pellets 
(batch—B11 to B 19). Gelucire 43/01 (20, 25, and 30% w/w of 
solid dispersion) was used as release-retarding polymer. The in-
vitro dissolution studies of prepared sustain release floating pellets 
were also performed shown in Figure 4. As the amount of gelucire 
43/01 increased significant retardation in drug release was observed. 
The sustain release floating pellets prepared with 20% w/w and 25% 
w/w of gelucire 43/01 showed initial burst release (Q1 ranging from 
40.01% to 37.68% and 30.89% to 25.17%, respectively) followed 
by sustained release with above 90% drug release in 8h (Table 4). 
However, the pellets prepared with 30% w/w of gelucire showed 
initial 1 hour release in the range of 18.73% to 14.80% and 76.78% 
to 70.35% in 8 hours. The result of dissolution studies suggested that 
as the amount of gelucire 43/01 increases it minimizes burst release 
and sustained the drug release. This could be attributed due to the 

Table 4. Response data of batches B 11–B 20.

Batch no. Average drug release in 1 hour (%) 
Y1

Average drug release in 8 hours (%) 
Y2

Total floating time (h) 
Y3

11 40.01 ± 0.17 99.24± 0.35 5.2 ± 0.02

12 30.89 ± 0.22 96.62 ± 0.30 5.25 ± 0.04

13 18.73 ± 0.27 76.78 ± 0.12 5.55 ± 0.07

14 39.47 ± 0.38 99.19 ± 0.19 6.15 ± 0.01

15 29.81 ± 0.44 96.61 ± 0.23 6.5 ± 0.04

16 16.94 ± 0.19 73.66 ± 0.39 6.95 ± 0.09

17 37.68 ± 0.25 98.57 ± 0.32 7.7 ± 0.02

18 25.17 ± 0.31 90.31 ± 0.39 8.1 ± 0.01

19 14.80 ± 0.26 70.35 ± 0.42 8.6 ±0.06

20 19.27 ± 0.41 88.46 ± 0.78 8.25 ± 0.04

Mean ± S.D.; n = 3.
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high hydrophobicity of gelucire 43/01 which leads to increased lipid 
matrix density and diffusion path length for the drug particles to 
diffuse. On the surface of the lipid matrix due to the dissolution 
of the drug particles, formation of channels occurs from which the 
drug is slowly released (Jain and Gupta, 2009; Sankar and Mishra, 
2003). However, no significant effect on drug release was observed 
by varying the amount of NaHCO3:HPMC K4M.

The optimized sustain release floating pellets formulation 
of BERH (batch B 20) was analyzed according to various 
mathematical models to understand the drug release kinetics. The 
best fit with higher correlation was found with Higuchi model or 
zero order shown in Table 5. The initial slight fast release was due 
to both dissolution and diffusion from the surface of pellets. The 
Korsmeyer–Peppas value of release exponent (n) was 0.73 indicating 
that the release was governed by non-Fickian diffusion, i.e., coupled 
diffusion and polymer matrix relaxation (Abdelkader et al., 2008). 

Statistical optimization
The responses, i.e., total floating time, drug release in 1 

hour, and 8 hours for 09 batches (B-11 to B-19) were fitted into 

various models using design expert software. A quadratic model 
is suggested for all the responses, accordingly ANOVA results for 
response surface model was generated indicated in Table 6. The 
obtained p values (<0.05) for all the responses indicated that the 
model terms are significant. The statistical parameters analyses 
for all the responses are shown in Table 7. For all the responses, 
the predicted R2 value is in reasonable agreement with adjusted 
R2 value. Adequate precision measures signal-to-noise ratio (>4 
desirable). In all responses, the adequate precision was greater 
than 4 indicating an adequate signal and the model can be used to 
navigate the design space.

The obtained response surface plot for the total floating 
time and drug release in 1 and 8 hours were indicated in Figure 5. 
Response plot of drug release in 1 and 8 hours indicated significant 
effect of amount of gelucire 43/01 on drug release. The drug 
release decrease with increasing level of release retardant gelucire 
43/01. The sustain release floating pellets prepared with 20% w/w, 
25% w/w, and 30% w/w of gelucire 43/01 showed up to 40.01%, 
30.89%, and 18.73% drug release, respectively, in 1 hour followed 
by sustained drug release in 8 hours. The drug release obtained in 

Figure 3. In vitro dissolution study of pure drug and solid dispersion batch (B 8), Mean ± S.D.; n = 3.

Figure 4. In-vitro dissolution study of sustain release floating pellets (batch B 11–B 20), Mean ± S.D.; n = 3.
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8 hours with 20% w/w, 25% w/w, and 30% w/w of gelucire 43/01 
was up to 99.24%, 96.62%, and 76.78 %, respectively. The results 
of dissolution studies indicated the effect of gelucire 43/01 that 
as the amount increases it minimizes the initial burst release with 
sustained drug release in 8 hours. This behavior could be attributed 
due to the high hydrophobicity of gelucire 43/01 which provides 
sustain drug release. On the other side, no significant effect of 
amount of NaHCO3:HPMC K4M on drug release was observed. 
However, NaHCO3: HPMC K4M and gelucire 43/01 significantly 
affects total floating time as shown by response plot of total floating 
time. As the amount of NaHCO3:HPMC K4M and gelucire 43/01 
increases total floating time also increases. The total floating time 
observed with varying amount of NaHCO3:HPMC K4M was in 
the range of 5.2 to 5.55 hours (10% w/w), 6.15 to 6.95 hours (15% 
w/w) and 7.7 to 8.6 hours (20% w/w). This could be explained 
as higher amount of NaHCO3:HPMC K4M was able to generate 
sufficient CO2 and ensured entrapment of generated CO2 inside the 
hydrating gel network. The floating study reveals the combined 
effect of independent variables, i.e., hydrophobicity provided by 
gelucire 43/01 with gas generating mechanism due to NaHCO3: 
HPMC K4M which collectively provided buoyancy to the pellets 
for up to 8 hours. 

The results can be correlated with the generated 
regression equations (A: gelucire 43/01; B: NaHCO3: HPMC 
K4M). The regression equation (Y1 and Y2) coefficients indicated 
that (A: gelucire 43/01) had more pronounced negative effect 
on drug release in 1 and 8 hours. The regression equation (Y3) 
coefficients indicated positive effect of (B: NaHCO3: HPMC 
K4M) and (A: gelucire 43/01) on total floating time.

Regression equations of the employed quadratic model:
Y1—Avg. drug release (1 hour) = �29.64 − 11.12A − 2.00B − 

0.95A2 − 1.13B2 − 0.40AB 
Y2—Avg. drug release (8 hours) = �96.25 − 12.70A − 2.24B − 

8.79A2 − 1.75B2 − 1.44AB 
Y3—Total floating time (hour) = �6.49 + 0.34A + 1.40B + 0.0680 

A2 + 0.19 B2 + 0.14AB
To identify optimum formulation, desirability approach 

under numerical optimization function was used. The optimum 
formulation was obtained by applying constraints to independent 

and dependent variables. Independent variables were kept in the 
range whereas drug release in 1 and 8 hours set to minimum and 
maximum, respectively, while total floating time set to maximum. 
The solution provided by the design expert software with highest 
desirability was selected indicated in Table 8. An optimized 
formulation (batch B 20) indicated in Table 3 was prepared and 
evaluated for the responses. The obtained results of drug release 
in 1, 8, and total floating time of batch B 20 shown in Table 4. 
The obtained experimental results of batch B 20 were in near 
proximity to the theoretical values of drug release in 1, 8 hours, 
and total floating time as suggested by numerical optimization 
function shown in Table 8.

Stability studies
The analysis of the drug content, drug release at 8 hours 

and total floating time at 40ºC/ 75% relative humidity for 3 months, 
shown in Table 9. No significant changes in drug content and drug 
release were observed during the storage. The total floating time 
of pellets were also found to be near to 8 hours after 3 months. The 
stability studies results indicated that the developed sustain release 
floating pellet system of BERH were stable.

In vivo Pharmacokinetics in Wistar rats
The plasma concentration–time profiles of BERH floating 

pellets (B-20) and BERH marketed tablet were determined and 
compared shown in Figure 6. The calculated mean pharmacokinetic 
parameters are shown in Table 10. The drug from floating pellets 
was released slowly compared to the marketed tablets. The change 
in Cmax and increase in Tmax values indicated sustained drug release 
of prepared BERH floating pellets. The obtained value of MRT 
and lower elimination rate constant values indicated long resident 
time of BERH floating pellets. By considering AUC0-∞ of BERH 
Pellets and BERH marketed tablet, a 2.32-fold increase in relative 
bioavailability was observed. One of the probable reason behind 

Table 7. Summary of statistical parameters for the responses.

Parameter
Average drug release

Total floating time
1 hour 8 hours

Mean 28.68 91.39 6.62

SD 0.72 1.12 0.043

CV 2.52 1.23 0.65

R2 0.995 0.993 0.999

Adjusted R2 0.991 0.988 0.998

Predicted R2 0.958 0.947 0.989

Adequate precision 53.32 40.42 118.73

SD: Standard deviation; CV: Coefficient of variation.

Table 5. In vitro drug release kinetics of optimized formulation.

Batch No.
Zero order First order Higuchi release Korsmeyer–Peppas 

(n)Correlation coefficients (r2)

B 20 0.981 0.974 0.996 0.73

Table 6. Summary of ANOVA results for response surface model.

Parameter Sum of squares Degrees of 
freedom

Mean 
square F value p value Prob > F Remark

Average drug release (1 hour)

Quadratic Model 775.48 5 155.10 295.99 <0.0001 significant

Average drug release (8 hours)

Quadratic Model 1303.40 5 260.88 206.91 <0.0001 significant

Total floating time (hour)

Quadratic Model 12.70 5 2.54 1362.54 <0.0001 significant



Mishra and Dhole / Journal of Applied Pharmaceutical Science 9 (11); 2019: 036-047 044

Table 8. Summary of numerical optimization.

Parameters Goal Solution Desirability Remark

Independent variables

0.87 Selected

Gelucire 43/01 In range +0.5 (27.5%)

NaHCO3 : HPMC K4M In range +1 (20%)

Dependent Variables

Percent drug release in 1 hour Minimum 21.77 %

Percent drug release in 8 hours Maximum 85.88 %

Total floating time Maximum 8.28 h

Table 9. Accelerated stability study results for formulation (B 20).

Month Drug content  
(%)

Drug release at 8 hours 
(%)

Total floating time 
(hour)

0 97.85 ± 1.21 88.46 ± 0.78 8.25 ± 0.04

1 97.44 ± 1.05 88.94 ± 0.49 8.20 ± 0.04

2 96.25 ± 0.88 87.37± 0.66 7.95 ± 0.07

3 96.04 ± 0.92 86.46 ± 1.14 7.9 ± 0.01

Mean ± S.D.; n = 3.

Figure 5. Response surface plots of drug release in 1, 8 hours and total floating time.

Figure 6. Time versus mean plasma concentration profiles of BERH floating pellets and BERH 
marketed tablet, mean ± SD; n = 6.
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this could be as BERH is an P-gp substrate which is responsible 
for its active efflux from the intestine. The P-gp expression 
increases progressively from the proximal to distal small intestine. 
The gastroretentive floating pellets possibly prevented the efflux 
of BERH through intestine by keeping the drug in upper GIT, and 
allowed its continuous absorption through proximal part of the 
GIT which probably leads to significant improvement in relative 
bioavailability compared to the marketed tablet. The statistical 
analysis revealed significant difference in the Cmax, Tmax, AUC, and 
MRT values.

CONCLUSION
In the current study, solid dispersion of BERH prepared 

using hydrophilic carrier gelucire 50/13 in the ratio of 1:2 (batch 
B-8) compared to pure BERH showed significant improvement 
in aqueous solubility (2.841 ± 0.15 mg/ml vs. 0.718 ± 0.02 mg/
ml) and dissolution behavior (98.59% vs. 24.39% drug release 
in 2 hours). The solid dispersion of BERH (batch B-8) further 
formulated into sustain release floating pellets using hydrophobic 
lipid carrier gelucire 43/01 as release retardant, NaHCO3, and 
HPMC K4M as gas former and matrix polymer, respectively. An 
optimized formulation (batch B-20) comprising of gelucire 43/01 
(27.5% w/w of solid dispersion) NaHCO3:HPMC K4M (1:0.5; 
20% w/w of solid dispersion) was identified using numerical 
optimization function by Design expert software. It showed total 
floating time for more than 8 hours and 88.46% drug release in 
8 hours. The pharmacokinetic study conducted in male Wistar 
rats showed increased Cmax, prolonged Tmax, and MRT collectively 
demonstrated sustained drug release. The relative bioavailability of 
optimized formulation was improved by 2.32-fold in comparison 
to marketed BERH tablet. The floating pellets of BERH with 
improved bioavailability were obtained and could be an applicable 
choice for enhancing the systemic delivery so as to optimize its 
clinical use.
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