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Background and methods: A dual (immediate/sustained-release) oral amoxicillin suspension 

was developed as a new dosage form to eradicate Helicobacter pylori. Carbopol®-loaded amoxi-

cillin nanospheres could bind with the mucosa after delivery to the stomach and could increase 

the efficiency of the drug, providing both an immediate and a sustained action.

Results: The objective of this research was to develop amoxicillin nanospheres using a spray-

drying technique and to investigate such features as their particle size, drug content, percentage 

yield, surface morphology, in vitro release, and stability. The nanospheres had a particle size 

range of 280–320 nm after optimizing the preparation method using a central composite design. 

The drug content and percentage yield was 85.3% ± 0.7% and 92.8% ± 0.9%, respectively. The 

in vitro release profile of the amoxicillin nanospheres was consistent with a Korsmeyer-Peppas 

pattern, and the release after one hour was 19%, while for the original drug, amoxicillin, under 

the same conditions, 90% was released in the first 30 minutes.

Conclusion: The nanospheres used in this study enabled controlled release of amoxicillin over 

an extended period of time for up to 12 hours and the formulation was stable for 12 months.
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Introduction
Helicobacter pylori is a bacterium commonly found in the stomach.1 Infection with 

H. pylori is universally accepted as the main threat for chronic gastritis and gastric carcino-

genesis at present, and was classified as a carcinogen by the World Health Organization in 

1994.2 H. pylori resides primarily in the gastrointestinal mucosa or at the interface between 

the mucus layer and the epithelial cells of the pyloric antrum region of the stomach.3

Amoxicillin, a semisynthetic penicillin, is an effective antibiotic for H. pylori 

infection.4 It is stable in acid, inhibits synthesis of the bacterial cell wall, and has good 

sensitivity to H. pylori in vitro.5 These triple attributes contribute to the efficacy of 

amoxicillin in medical applications. Nevertheless, there are some reports indicating 

that treatment with amoxicillin cannot completely eliminate H. pylori, suggesting that 

additional research is needed to improve its therapeutic effects.6,7

One of the reasons for only partial elimination of H. pylori using amoxicillin may 

be degradation of the drug in gastric acid and also a short drug residence time in the 

stomach, such that an effective drug concentration cannot be achieved in the gastric 

mucosal layer or epithelial cell surface where H. pylori resides.8–10
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Hence, administration of large doses of amoxicillin on a 

daily basis is necessary for eradication of H. pylori, and poor 

patient compliance due to adverse effects such as diarrhea, 

nausea, and vomiting is not unusual. Consequently, it is 

expected that if local delivery of antimicrobial agents from 

the gastric lumen into the mucus layer can be achieved, the 

H. pylori eradication rate would be increased.11

Several formulations have been suggested to help 

retain amoxicillin in the stomach, including gellan 

beads,12 nanocapsules,13 hydrogel nanoparticles,14 floating 

microballoons,15 and mucoadhesive microspheres,16 

which are able to remain in the gastrointestinal tract for a 

longer time, and therefore be more effective in H. pylori 

eradication.

Various methods can be used to prepare polymer nano-

spheres, such as micro-emulsion, solvent evaporation, super-

critical fluid technology, salting-out, dialysis, surfactant-free 

emulsion, mini-emulsion, and interfacial polymerization.17 

Spraydrying is a well recognized, rapid, one-step process 

frequently used in pharmaceutical engineering to produce a 

dry powder from a liquid phase.18

In light of the above issues, there is a pressing need to 

develop a new formulation that delivers amoxicillin into 

the stomach to bind with the gastric mucosa, increase the 

efficiency of the drug, and provide a sustained action.

To date, no research has been published on the prepara-

tion of a suspension containing a dual-release formulation 

of amoxicillin. The purpose of this study was to design 

Carbopol®-loaded amoxicillin nanospheres as a new dual-

release suspension containing pure amoxicillin as well as 

a granular nanosphere form of amoxicillin using a Buchi 

Nanosprayer B-90 (Buchi Labortechnik AG, Flawil, 

Switzerland) for H. pylori eradication therapy.

Materials and methods
Amoxicillin trihydrate was kindly gifted for this research by 

Karnataka Antibiotics and Pharmaceuticals Ltd, Bangalore, 

India. Carbopol-934P was purchased from Sigma-Aldrich 

(St Louis, MO). All other reagents and chemicals used were 

of analytical grade.

Formulation of nanospheres  
by spraydrying
Carbopol-loaded amoxicillin nanospheres were prepared 

using a spraydrying method.19–21 The experiments were 

designed to develop an efficient spraydrying technique. 

Response surface methodology (specifically, a random-

ized rotatable central composite design) was used because 

it allows clarification of the relationship between cause 

and effect of variables used in the procedure and output. 

Nanospheres were prepared by varying parameters such as 

the concentration of Carbopol-934P (0.5–2.0 g), inlet tem-

perature (80°C–120°C), and flow rate (120–180 mL/hour). 

A solution of Carbopol-934P (Carbopol-934P soaked for 

one hour in 100 mL of water) containing a predetermined 

quantity of amoxicillin was sprayed using a spray nozzle 

through a 5.5 µm diameter. All samples were filtered prior to 

the spraydrying process to avoid blockage of the nozzle. Flow 

of heated air aspirated by a pump rapidly removed the solvent 

from the solution, leading to formation of solid nanospheres. 

The dried powder was removed from the particle collector 

using a particle scraper and stored in a desiccator at 25°C 

for further characterization.

Surface morphology
The surface morphology of the nanospheres was observed 

using scanning electron microscopy (FEI Quanta 200, 

Eindhoven, The Netherlands). The nanospheres were 

placed in graphite casing and coated with gold using an 

ion sputter machine (JEOL, Tokyo, Japan) and detected 

at 12 kV.22,23

Particle size
Analysis of amoxicillin nanosphere particle size was done 

using laser light diffraction and ultrasonic techniques. The 

nanospheres were diluted 10-fold with deionized water 

using a Malvern Zetasizer Nano Series Nano-ZS (Malvern 

Instruments Inc, Westborough, MA).24

Drug content
A known quantity of amoxicillin nanosphere particles 

was dissolved in 0.1 M HCl. The amoxicillin content was 

assayed using spectrometry at 272  nm by constructing a 

calibration curve (UV-1601 spectrophotometer, Shimadzu, 

Tokyo, Japan). The best fitting straight line equation on the 

calibration curve was found to be A = 0.294x + 0.0071.25,26 

The experiments were performed in triplicate. The drug 

content was calculated as the ratio between the actual and 

theoretical amount of amoxicillin loaded for an optimized 

formulation.

Product recovery
The efficiency of nanosphere recovery was determined as 

the percentage weight of the nanospheres obtained compared 

with the entire amount of drug and polymer initially used in 

the preparation process.26
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In vitro release and kinetics
Amoxicillin release studies were carried out for both the 

nanospheres and dry powder suspensions using the paddle 

method specified in United State Pharmacopeia (USP) 

XXVII. The in vitro release studies were carried out using 

the USP I basket method (50 rpm, 500 mL, and 37°C ± 1°C). 

Amoxicillin-loaded nanosphere suspensions equivalent to 

250 mg of drug were placed in a dialysis cellulose membrane 

bag (D9402-100FT, Sigma-Aldrich) with a molecular weight 

cutoff of 12,400, tangled, placed into the baskets, and trans-

ferred to 500 mL of 0.05 M phosphate buffer. Aliquots were 

withdrawn at prespecified time intervals and an equal volume 

of dissolution medium was replaced into the flask to maintain 

a constant volume. The aliquots drawn were analyzed at 

272 nm, and the data were used to determine a cumulative 

drug release profile for the nanospheres. Sink conditions were 

retained throughout. Analysis of the suspension containing 

only amoxicillin was carried out in a similar manner.27

Formulation of dry mixtures  
for reconstitution
Xanthan gum was used as the suspending agent in the 

suspensions. D-sorbitol was used to impart a sweet taste. 

Sodium citrate and citric acid were used to vary the pH of the 

study formulations. To produce a dry mixture for reconstitu-

tion, the powder components were shrunk to approximately 

the same particle size. Ingredients present in small quanti-

ties (buffer components, sodium benzoate 0.2% and sodium 

lauryl sulfate 0.05%) were mixed homogeneously. The 

same procedure was followed for xanthan gum (0.6%) and 

amoxicillin-loaded nanospheres (containing the equivalent 

to amoxicillin 250 mg). The constituents were mixed with 

a portion of D-sorbitol (20%) according to the geometric 

dilution principle. To formulate the reconstituted suspension, 

10 mL of water was added to the dry suspension powder in 

two stages and stirred with a spoon until a uniform product 

was attained.28

Stability
The powdered nanospheres were put into a bottle and 

stored for 12 months at 3°C–5°C, 15°C–25°C, and 37°C. 

Surface morphology and amoxicillin content were examined 

periodically.26

Results and discussion
Appearance of nanospheres
The amoxicillin nanospheres formed under most of the 

experimental conditions selected were smooth, almost 

spherical, and free flowing (Figure 1). Other investigators 

have reported that spraydried particles become shriveled, 

which may be the case if the polymer concentration is not 

optimal, and the shriveling may be due to rapid drying in 

the spraying funnel.29–31 A logical assumption is that when 

the solution is sprayed at the most favorable temperature 

and concentration in a spraying funnel, the smaller par-

ticles would dry out more rapidly and the critical point of 

crust formation would be reached soon after atomization. 

Figure 1 Scanning electron micrograph of spraydried nanospheres.

Table 1 Design summary for DOE runs of amoxicillin microsphere construction with variable and response constraints

Study type Response surface Experiments 20

Initial design Central composite Blocks No blocks

Design model Quadratic

Response Name Units Runs Minimum Maximum Trans Model
Y1 % yield % 20 64 92 None Quadratic
Factor Name Units Type Low actual High actual Low coded High coded
A Carbopol concentration % Numeric 0.5 1 -1 1
B Inlet temperature °C Numeric 80 120 -1 1
C Feed flow rate % Numeric 15 25 -1 1

Abbreviation: DOE, Design of Experiments.
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However, for larger particles, it takes longer to shape a 

shell, resulting in shriveled nanospheres, and spherical 

particles would release the drug in a controlled fashion at 

the target site.

Optimization of pharmaceutical preparations with respect 

to one or more features is important in formulation studies. In 

a typical pharmaceutical formulation experiment, the focus 

is on determining which process variables have the greatest 

effect on the results. In pharmaceutical manufacturing, there 

may be numerous potentially significant parameters due to 

the large number of ingredients typically used in a pharma-

ceutical formulation. If all these variables were included in 

the experimental design, an excessive number of experiments 

would need to be performed. The formulation scientist must 

first identify the parameters most likely to be important 

in the formulation process in order to limit the number of 

experiments needed to a reasonable extent. A delicate equi-

librium is established between what is worth investigating 

and what is not worth investigating. The formulator’s skill, 

knowledge, and experience play a crucial role in selecting 

the appropriate variables.

Response surface methodology is the most appropriate 

method for modeling and analysis of trials in which the 

response of interest is nonlinear and influenced by numerous 

variables. In this experiment, a full central composite design 

was used to develop the particle size model. Analysis using 

this mathematical model were carried out with Design-expert 

6.0.5© Statease Inc (Minneapolis, MN). The fit and summary 

experimental specifies that the quadratic central composite 

design model was more significant than the linear model and 

that the linear model had a significant lack of fit. Therefore, 

the quadratic model was preferred in order to develop the 

central composite design.

A central composite design was generated to study 

the key effects and interactions of three factors, ie, 

Carbopol (g), inlet temperature (°C), and feed flow rate 

(mL/hour) on particle size (Table 1). Twenty preparations 

of nanospheres were formulated as per Table 2 to interpret 

the effect of these three independent variables. Experiments 

were conducted in accordance with our earlier study24 in 

random sequence in a face-centered manner in order to 

evaluate the interaction. The particle size data are shown 

in Table 2. The experimental results show that the particle 

Table 2 Investigational design by central composite design of amoxicillin nanospheres

Run Factor 1 Factor 2 Factor 3 Response 1

A Carbopol concentration (%) B inlet temperature (°C) C feed flow rate (%) Particle size (nm)

1 0.75 100 20 250
2 0.75 100 20 250
3 0.75 100 20 250
4 1 100 20 404
5 0.75 100 25 280
6 1 80 25 310
7 0.75 120 20 210
8 0.75 100 20 250
9 0.75 100 15 270
10 1 120 25 350
11 0.75 100 20 250
12 0.5 100 20 225
13 1 80 15 290
14 0.5 80 25 270
15 1 120 15 330
16 0.5 120 25 220
17 0.5 80 15 250
18 0.75 100 20 250
19 0.5 120 15 200
20 0.75 80 20 388

Table 3 Numerical optimization solutions for amoxicillin 
nanospheres

Number Carbopol  
concentration

Inlet  
temperature

Feed flow  
rate

Particle  
size

1 1.86 101.48 17.77 309
2 1.12 80.24 21.49 287
3 1.78 99.71 24.28 300
4 1.85 106.42 19.68 314
5 1.24 81.10 21.29 284
6 1.88 104.05 19.58 318
7 1.71 96.10 18.16 289
8 1.82 93.80 20.66 312
9 1.79 105.78 22.18 303
10 1.83 106.59 16.93 299
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size was between 200 nm and 404 nm, and was not affected 

by transformations, and this trailed a quadratic arrange-

ment indicating that the response measured clenches good 

over a range of other factors, ie, Carbopol concentration, 

inlet temperature, and feed flow rate. This information 

would, in turn, help in setting the optimal particle size. 

The polynomial equation giving the final equation in terms 

of actual factors is:

Particle size = +182.15 + 207.6 * Carbopol concentration  
  −0.99 * Inlet temperature + 1.8 * Feed flow rate

Process optimization
The objective of this study was to ensure a narrow particle 

size range of 280–320  nm, so results obtained between 

200 nm and 404 nm were considered to be unacceptable. 

Another goal was to identify any constraints on design 

space and the vulnerability of the investigational model. 

This is important because it indicates the factors, responses, 

and the goal for each variable with respect to the measured 

response. In this study, 10 optimum solutions were created 

in quantitative terms (Table  3), ie, the probable behavior 

of the measured response in terms of analyzed factors in 

a random manner within the design space. The optimized 

methods were selected based on the numerical optimization 

data (Table 4) for which the predicted results were closest 

to the observed results.

From the numerical optimization solutions, three formu-

lations (ACN-2, ACN-5, ACN-8) were randomly selected 

and further evaluated for particle size (Table  4), and the 

observed result was very similar to the response predicted 

by the expert design software.

As shown in Table 5, P # 0.05 for any factor in analysis of 

variance indicates an important effect of a variable on particle 

size. From the F ratios given in analysis of variance, it can be 

concluded that inlet temperature and Carbopol concentration 

had a significant effect on particle size.

Analysis of variance for the response surface model 

revealed that the concentration of the polymer is the most 

important parameter for particle size (Figure  2). In gen-

eral, a higher concentration of the polymer led to larger 

particle size, which is in agreement with earlier reports.32 The 

relationship between the dependent and independent variables 

was further elucidated using response surface plots. However, 

the three-dimensional plot (Figure 3) shows that increasing 

the inlet temperature led to a decreased particle size. The cor-

relation coefficient observed in the current investigation was 

found to be low (15.11). From Figures 3 and 4 it can be seen 

that lower and higher levels of feed flow rate did not vary to 

a noticeable extent. The drug content and percentage yield of 

the optimized formulations were found to be 85.3% ± 0.7% 

and 92.8% ± 0.9%, respectively. It seems logical that loss of 

product occurred mainly because of deposition of residual 

nanoparticles in the spraying compartment or by loss during 

manual removal from the collecting electrode.

Size distribution of nanoparticles
The size distribution of nanoparticles prepared by the 

spraydrying method showed a narrow distribution pat-

tern with a size range of 200–404 nm (Figure 5). Particle 

size uniformity is very important because the target area 

of the nanoparticle containing the drug depends on the 

size of the particle, and bioavailability and plasma drug 

levels will fluctuate if the size deviation is wide. It has 

been reported elsewhere that nanoparticles prepared by 

spraydrying have advantages over those prepared by 

mechanical stirring or ultrasonification procedures. Also, 

the particle size distribution range is broad when nanopar-

ticles are prepared by methods other than spraydrying.33 

Table 4 Optimized formulae and formulation codes for amoxicillin nanospheres

Formulation  
code

Carbopol  
concentration

Inlet  
temperature

Feed flow  
rate

Predicted particle  
size nm

Experimental particle  
size nm

ACN-2 1.12 80 21 287 292
ACN-5 1.24 81 21 284 280
ACN-8 1.82 94 21 312 318

Table 5 Summary of analysis of variance results for quadratic 
model of particle size for amoxicillin nanospheres

Source Sum of squares DF Mean square F value Prob . F

Model 905.9 9 100.7 6.2 0.0044
A 421.9 1 421.9 25.9 0.0005
B 336.7 1 336.7 20.7 0.0011
C 3.5 1 3.5 0.2 0.6523
A2 0.4 1 0.4 0.0 0.8725
B2 10.1 1 10.1 0.6 0.4485
C2 71.5 1 71.5 4.4 0.0627
AB 44.9 1 44.9 2.8 0.128
AC 1.2 1 1.2 0.1 0.7948
BC 14.9 1 14.9 0.9 0.3611
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Figure 3 Three-dimensional plot showing the effect of feed flow rate and inlet temperature, and their mutual interaction on particle size.
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Figure 2 Three-dimensional plot showing the effect of inlet temperature and Carbopol concentration, and their mutual interaction on particle size.
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Figure 4 Three-dimensional plot showing the effect of Carbopol concentration and feed flow rate, and their mutual interaction on particle size.

Spraydrying technology is very attractive due to the 

one-step procedure involved in preparation of drug-

loaded nanoparticles and achieving a uniform particle 

size.34,35 A narrow particle size range could be useful 

for amoxicillin nanospheres, which would adhere when 

given orally to the mucosal membrane, providing a high 

concentration gradient of the drug towards the absorption 

membrane for H. pylori eradication.

In vitro drug release pattern
Figure 6  shows in vitro drug release from the amoxicillin 

nanospheres and from amoxicillin suspension. Approximately 

18% of the total amount of amoxicillin in the nanospheres was 

released in the first hour, reflecting the significant amount of 

amoxicillin adsorbed onto or incorporated near the surface 

of the nanospheres. In clinical practice, this would lead to a 

“burst effect”, enabling the preparation to have a rapid onset 
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Figure 5 Particle size distribution for amoxicillin nanospheres.
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of action in patients. However, complete drug release from the 

amoxicillin nanospheres in this study occurred in 12 hours. 

During this time, the amount released was 97.3%. In compari-

son with amoxicillin nanospheres, the amoxicillin suspension 

released amoxicillin very rapidly, with 90% of the amoxicillin 

released in 30 minutes. The results indicate that amoxicillin 

nanospheres had well controlled release efficacy.

The data obtained from our in vitro release studies were 

fitted to various kinetic equations (ie, first-order, Baker 

and Lonsdale, Hixson and Crowell, Korsmeyer-Peppas, 

and Higuchi)21 to determine the mechanism of drug release 

and the release rate, using a macro written for SigmaPlot 

version 9.01 (Figure 7). The correlation coefficient value, 

R2, was taken into account to decide upon the relevance of 

the model/curve fit which best described the extent of fit. 

According to the R2 values given by the different data fits for 

amoxicillin nanospheres, the Korsmeyer-Peppas model was 

identified as having the ideal fit (R2 = 0.9968). According to 

the Korsmeyer-Peppas fit, drug release is determined by dif-

fusion of the polymeric matrix and is governed by Fick’s law. 

The release pattern showed classical Fickian diffusion, aided 

by initial swelling of the nanospheres and release of drug par-

ticles adsorbed on the surface, leading to a “burst” release.25 

Later on, the release pattern was more controlled and was 

sustained for a longer period of time due to diffusion.

Reconstitutable amoxicillin nanosphere 
suspension
Because of the risk of medication flooding to the suspend-

ing medium during storage, the suspension formulations 

were stored as dry suspensions for reconstitution before 

use. Xantham gum was chosen as the suspending agent and 

stabilizer in the dispersing medium due to its safety and 

unobjectionable toxicological properties for food and phar-

maceutical applications. It is water-soluble and imparts 

high viscosity at a small concentration with thixotropic 

flow characteristics. Amoxicillin showed no notable 

0 2 4 6 8 10

Amoxicillin

ACN

12
0

20

10

40

60

50

30

80

70

100

90

Figure 6 In vitro drug release from amoxicillin alone and from amoxicillin 
nanospheres.
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Figure 7 In vitro release profile for amoxicillin nanospheres (Kosmeyer-Peppas release pattern).
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changes in external morphology or drug content during 

storage at 3°C–5°C or at room temperature (15°C–25°C) for 

12 months26 (Figure 8). However, characteristic clumping 

was observed at 37°C and a relative humidity of 75%.

Conclusion
The major conclusion of this work is that the dual-release 

suspension is a useful means of targeting drugs to the stomach 

and can be used for delivery of effective antibiotic therapy. Our 

findings can also be used to develop an effective blueprint for 

targeted stomach-specific drug delivery, and can be investigated 

further in vivo with other drugs, using a slight modification in 

the techniques used here for preparation of the nanospheres.

The amoxicillin nanosphere suspension developed for 

this study was found to have suitable physicochemical 

properties and to have a favorable particle size range. The 

nanospheres were found to release the drug to a maximum 

extent in vitro. This novel dual-release formulation adds 

to the already important domain of targeted drug delivery 

systems, and holds promise as an alternative to conventional 

drug delivery, enabling bacteria such as H. pylori which are 

notoriously difficult to treat to be managed effectively.
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