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Application of Quality by Design Approach in Development of Cefixime
Trihydrate Loaded Gastro-retentive Mucoadhesive Microspheres

Abstract

Cefixime is an antibiotic that belongs to the 3™ generation cephalosporin antibacterial and acts by
interrupting the cell wall synthesis of bacteria. It is a weakly acidic drug primarily absorbed through the
stomach and upper intestine as a unionized drug. The drug is incompletely absorbed from GIT, leading
to poor bioavailability. The current research focuses on developing gastro-retentive mucoadhesive
microspheres loaded with cefixime trihydrate. The drug remains in the unionized form in acidic pH,
showing enhanced absorption through the stomach. Mucoadhesive microspheres of cefixime trihydrate
were prepared using HPMC K15M and Carbopol 971P as carrier polymer and mucoadhesive polymer,
respectively. The formulation was prepared by using the spray drying technique.

Further, the in-vitro evaluation of the mucoadhesive property of cefixime microspheres was done on the
goat stomach mucosa. The study showed a strong mucoadhesion of 82% for an extended period of
gastroprotection up to 6 hours. The in-vitro drug release study of microspheres was performed using 0.1
N HCI. The prepared formulation exhibited extended release for up to 8 hours. It is concluded from the
above studies that the current formulation has been elicited prolonged gastric residence time as well as
extended-release and provided an opportunity for better and enhanced absorption of the drug. Thus,
the formulation may be projected for better therapeutic value, probably by improving the bioavailability
of the experimental drugs.
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Introduction

Gastroretentive systems can limit extension and localize the drug in the stomach. The proximal small
intestines form a few hours to enhance the gastric residence time of the desired drug. These gastro-
retentive systems increase the drug residence time in the stomach, providing an opportunity for
improved absorption followed by enhanced bioavailability and minimizing the wastage of the drug.
The mucoadhesive polymers are widely used to enhance drug retention, which holds the drug by
entrapment and resists the movement of drugs, helping to adhere to the drug formulation to the
stomach and GIT mucosa. Finally, this improves the oral bioavailability of drugs by bringing the drug to
proximity with the gastric mucus layer. This interaction of the bio-adhesive polymer with a mucus
layer of a mucus membrane is known as mucoadhesion '-®. Cefixime, used as a drug molecule, is a
broad-spectrum antibiotic, which prevents bacterial cell wall synthesis 7. The drug has inadequate oral
bioavailability (40-50 %) 8. The drug suffers from a reduced half-life of 3-4 hr. and is quickly eliminated
from blood circulation °. Cefixime is very slightly soluble in water as well as acidic media. The acidic
drug. The hydrated form of the drug is unionized in the stomach’s acidic environment. The unionized
form of the drug has a narrow absorption window, which is mainly absorbed through the stomach °.

The present work was intended to develop gastro-retentive mucoadhesive microspheres loaded with
cefixime trihydrate. These microspheres are prepared using a spray drying process. These
microspheres were optimized through the Design of Experiment (DoE) approach "'2, The statistical
analyses were done to test and validate the independent factors and dependent response variables
using response surface methodology. The response variables such as drug entrapment efficiency,
particle size, and in-vitro drug release were evaluated for optimization, and studies on isolated goat
stomach mucosa were also performed for the better understanding of mucoadhesive properties.



2.0 Materials and methods

Gift samples of cefixime trihydrate and Hydroxypropyl methylcellulose (HPMC K15M) were received
from Schon Pharmaceuticals Ltd., Indore, and Colorcon Asia Pvt. Ltd. Verna, India, respectively.
Carbopol 971P, dichloromethane, and methanol were used as purchased from SD-fine chem, India. All
the ingredients used in the experimental protocol were of standardized analytical grade.

2.1 Preparation of mucoadhesive microspheres of Cefixime trihydrate

The mucoadhesive microspheres of cefixime trihydrate were prepared using the spray drying
technique ™. The carbopol 971P and HPMC K15M were chosen as mucoadhesive polymer and release
controlling excipients. A weighed amount of Carbopol 971P (1000 mg) and HPMC K15M (300 mg) was
dissolved in 60 ml of methanol and 40 ml of dichloromethane, respectively, and stirred separately on
a magnetic field stirrer for 1 hr. and mixed till the clear solution achieved. A weighed amount of
cefixime trihydrate was dissolved in the above polymeric solution in the drug-polymer ratio (1:4). The
resultant solution was spray-dried using the lab spray dryer (Spray mate, Jay Instruments & Systems
Pvt. Ltd., Mumbai, India) to achieve drug-loaded microspheres . The solution was sprayed at a 15
ml/min flow rate using a peristaltic pump at an inlet temperature of 120°C and an outlet temperature
of 60°C ™.

2.2 Systematic optimization by Design of Experiment (DoE)

The response surface methodology was employed in optimizing the Box-Behnken design to investigate
the effect of independent and dependent variables systematically. The 3-factors at 3-level design
were used in the experiments for preparing microspheres. The independent variables were selected
for the design of an experiment, such as cefixime concentration (X1), carbopol 971P (X2), and HPMC
K15M concentration (X3) at three different levels (-1, 0, +1), as mentioned in table 1. The prescribed
process variables were determined from the studies performed earlier, such as the solubility of the
drug, polymer ratio with solvent ratio (DCM: Methanol), the viscosity of the feed, and speed of the
peristaltic pump. The three independent variables (factors) considered in the preparation of cefixime
trihydrate microspheres were the quantity of carbopol 971P, HPMC K15M, and cefixime trihydrate. At
the same time, the particle size and cumulative % drug release till 8 hours were used as dependent
variables (response variables), as shown in table 1.



Table 1: Variables and their levels in Box-Behnken Design

Levels

Independent Variables Unit

P Low Medium High
X1 = Carbopol 971P Mg 100 300 500
X2 = HPMC K15M Mg 500 750 1000
X3 = Cefixime trihydrate Mg 200 300 400
Response Variables Unit
R1 = Particle size (um) Maximum
R2 = Cumulative % drug release at 15min Minimum
R3 = Cumulative % drug release at 30min Minimum
R4 = Cumulative % drug release at 60min Minimum
R5 = Cumulative % drug release at 120min Minimum
R6 = Cumulative % drug release at 240min Minimum
R7 = Cumulative % drug release at 360min Minimum

R8 = Cumulative % drug release at 480min Minimum




Table 2: Box-Behnken experimental design with measured responses

Independent variable (Factors) Dependent variables (Response)
R1: R2: R3: R4: R5: R6: R6: R7: R8:
S. | X1: B X2: X3: Particle Entrapment Cumulative | Cumulative | Cumulative | Cumulative | Cumulative | Cumulative | Cumulative
No (C.efmme (Carbopol | (HPMC size Efficiency % drug % drug % drug % drug % drug % drug % drug
trihydrate) | 971P) mg | K4M) mg (um) (%) relea'se at relea.se at relea.se at releast_e at releast_e at releast_e at releast_e at
15 min 30 min 60 min 120 min 240 min 360 min 480 min
1 300 100 500 4.6 76.63 39.11 49.65 59.67 66.77 73.69 76.38 80.01
2 300 500 500 5.4 90.95 36.60 47.65 56.93 61.56 68.61 71.91 79.24
3 300 100 1000 5.1 91.86 37.06 48.77 57.3 65.9 72.14 78.74 78.65
4 300 500 1000 5.3 86.61 32.63 42.32 55.87 60.96 67.3 73.23 79.1
5 200 100 750 4.6 72.89 33.94 40.39 50.89 55.32 61.92 69.14 74.96
6 200 500 750 53 85.40 34.57 39.20 52.81 59.42 65.97 68.78 73.73
7 400 100 750 4.5 96.75 47.12 60.43 70.39 81.05 82.88 85.35 89.37
8 400 500 750 5.2 88.83 49.13 58.33 69.59 79.95 73.25 78.90 87.01
9 200 300 500 4.8 85.75 32.27 41.62 53.43 59.27 62.03 67.53 74.71
10 | 200 300 1000 49 96.46 30.01 39.29 50.47 58.94 61.92 65.95 69.97
11 | 400 300 500 4.8 78.60 46.97 57.33 68.99 78.78 75.75 80.17 88.29
12 | 400 300 1000 4.8 93.92 43.11 56.65 67.67 77.79 75.69 80.38 89.63
13 | 300 300 750 4.9 83.63 36.63 42.88 54.27 60.85 67.06 73.29 78.97
14 | 300 300 750 4.9 89.36 38.36 44.82 53.87 62.96 67.3 73.25 79.10
15 | 300 300 750 5.0 85.54 35.77 43.54 52.57 61.57 68.13 73.33 78.61




Characterization and cefixime microspheres
Determination of particle size of cefixime microspheres formulation

The particle size analysis of cefixime microspheres was performed by dispersing the microspheres in a
small amount of water and analyzing them under a scanning microscope (Leica microsystems) at the
magnification of 100x. The particle size of 100 microspheres was observed and analyzed for each batch.
The average particle size was determined using a calibrated micrometer scale on an optical microscope.

Scanning electron microscopy.

The analyses of surface morphology of optimized microspheres were done using scanning electron
microscopy (Supra 55 Zeiss). The samples were placed on aluminum stubs and stuck by carbon
conductive double-faced adhesive tape (Oxon, Oxford Instruments, U.K.). A thin layer of gold coating
was done using a sputtering unit before analysis at an acceleration voltage of 20 kV at different
magnifications.

Differential scanning calorimetric analysis

A study of physical properties was performed by differential scanning calorimetry (Perkin EImer 6000)
analysis. Approximately weighed amount of 3 mg sample (drug- cefixime trihydrate, Polymers- HPMC
K15M, carbopol 971P0, and Microsphere formulation) was placed in an aluminum pan crimped for
DSC analysis. The samples were heated from 50°C to 150°C and scanned at a 20°C/min rate under
nitrogen flow (20ml/min) .

3.4 Determination of entrapment efficiency

The entrapment efficiency of microspheres was determined by dispersing the weighed quantity of the
microspheres loaded with the drug in 5 ml of methanol, sonicated the dispersion for 2 min, and the
volume was made up to 100 ml with 0.1 N HCI. The solution was appropriately diluted with 0.1 N HCI
concentration ranging from 0 to 100 ug/ml, and each concentration was analyzed on a UV-visible
spectrophotometer (model No- 1700, Shimadzu) at 283 nm.

The entrapment efficiency of microspheres was determined using the following formula "7 in
Table 2.
Amount of cefixime trihydrate present in microsphere

0 - _
% Entrapment Efficiency The initial amount of cefixime trihydrate taken X 100

In-vitro drug release study

In-vitro drug release study of prepared microspheres was performed using 0.1N HCl as drug-releasing
media. The required amounts of drug-loaded microsphere were added to a beaker containing 200 ml
of 0.1N HCI of the drug release media and stirred at 100 RPM. At a predetermined time point (5 ml
aliquot of drug samples were withdrawn, centrifuged for 5 min at 11000 rpm (Eppendorf cooling
centrifuge) filtered by 0.2-micron membrane filter analyzed by UV-visible spectrophotometer at 283



nm. The sample withdrawn was replaced by the same amount of fresh drug media. The experiments
were carried out in triplicates, and average values obtained were recorded .

3.6 In-vitro mucoadhesion study

The mucoadhesive property of experimentally optimized and prepared microspheres in batch-wise
was evaluated on a strip of goat stomach mucous membranes (3x1cm) procured from the local
slaughterhouse in Indore. Stomach mucous membranes were removed and cleaned using normal
saline solution. The membrane was attached to a glass slide, and an accurately weighed amount of
microspheres (50 mg) were spread uniformly over the surface of the intestinal mucosa . The mucosal
surface was rinsed with phosphate buffer (6.8) using the syringe pump at a 1 ml/minute flow rate.
Washings were collected, centrifuged (Eppendorf company, minispin) for 7000 RPM for 15 minutes,
and dried. The membrane was attached to a glass slide, and accurately weighed microspheres (50 mg)
were spread uniformly on the intestinal mucosa surface 3 2°,

Wa — WL

(%) Mucoadhesion = ———— x 100
Wa

Where,
Wa = weight of microspheres applied

WL = weight of microspheres leached out
Results and Discussion

Formulation and optimization of cefixime microspheres by response surface methodology

The results obtained from the optimized formulation were statistically analyzed for response variables
by using Design Expert 7.1.6 (trial version) software (Stat-Ease Inc., Minneapolis, USA). The software
proposed a total of 15 experiments according to box banking design. Models were selected based on
sequential comparison and lack of fit test. The significance of the models was further confirmed by
statistical analysis. The design was evaluated using statistical analysis by the sum of squares, R-
squared, and p-value. The above tool inferred that in-vitro release followed the quadratic and mean
model, and drug content followed the 2FI model. The statistical summary of response variables is
shown in Tables 3 and 4. The following polynomial equations in terms of essential factors were
generated to demonstrate the relationship between the formulation variable.



Table 3: Summary of results of (a) Sum of squares, (b) lack of fit, and (c) R-square analysis for measured responses

Particle size %Cumulative Drug Release at 15  [%Cumulative Drug Release at 30 [%Cumulative Drug Release at 60 min
min
Sum of squares  [F value p-value Sum of F value p-value Sum of  |F value p-value Sum of  |F value p-value
squares squares squares
a) Sum of squares
Mean vs. total 366.05 - - 21916.88 | - 33879.48 | - 51009.01 | -
Linear vs mean 0.76 9.53 0.0022 404.80 20.77 0.0001 680.30 29.93 0.0001 201.47 18.36 0.0001
2 Fl vs linear 0.093 1.23 0.3614 2.11 0.081 0.9684 5.83 0.20 0.8931 0.98 0.067 0.9760
Quadratic vs 2 Fl 60.16 6.89 0.0317 54.39 6.06 0.0404 66.32 9.88 0.0153 37.02 27.56 0.0015
Cubic vs quadratic ~ [0.032 3.25 0.2441 11.47 2.20 0.3279 9325 3.17 0.2491 1.71 2.17 0.3312
Residual 6.667E-003 - - 3.48 - - 1.95 - - 10.79 - -
Total 367.11 - - 22393 - - 34643.13 |- - 344894 | -
b) R-squared
IAdjusted R Predicted R [PRESS Adjusted R |Predicted R|PRESS IAdjusted [Predicted R |PRESS /Adjusted |Predicted R|PRESS
squared squared squared squared R squared [squared R squared [squared
Linear 0.6463 0.4112 0.62 0.8091 0.6966 144.49 0.8611 0.8245 134.01 0.7881 0.7382 189.87
2 Fl 0.6669 0.0133 1.04 0.7452 0.3000 333.39 0.8224 0.7044 225.76 0.7158 0.5332 338.47
Quadratic 0.8961 -0.4934 0.53 0.9121 0.5981 191.39 0.9590 0.8006 152.31 0.9741 0.8817 85.75
Cubic 0.99558 - + 0.9488 - + 0.9822 - + 0.9847 - +




Table 4: Summary of results of (a) Sum of squares, (b) lack of fit, and (c) R-square analysis for measured responses

%Cumulative Drug Release at 120 min

%Cumulative Drug Release at 240

%Cumulative Drug Release at 360

%Cumulative Drug Release at

480min
Sum of squares  [F value p-value Sum of F value p-value Sum of  |F value p-value Sum of  |F value p-value
squares squares squares
a) Sum of squares
Mean vs. total 65483.96 - - 72612.30 | - 83079.51 |- - 96156.86 | -
Linear vs mean 902.43 18.96 0.0001 419.41 19.98 0.0001 392.35 50.08 0.0001 468.97 56.21 0.0001
2 Fl vs linear 6.89 0.11 0.9521 46.80 4.14 0.0481 10.34 1.50 0.2867 9.93 1.28 0.3448
Quadratic vs 2 Fl 135.92 7.14 0.0295 54.3926.21 |11.03 0.0121 613.87 5.12 0.0553 14.84 4.25 0.0766
Cubic vs quadratic ~ [29.42 8.52 0.1068 3.33 3.52 0.2291 4.51 940.08 0.0011 5.64 20.72 0.0464
3.200E-
Residual 2.30 - - 0.63 - - 003 - - 0.18 - -
Total 66560.92 - - 73108.68 | - 83500.59 |- - 6449.75 | -
b) R-squared
IAdjusted R Predicted R |PRESS Adjusted R [Predicted R|PRESS IAdjusted |Predicted R|PRESS /Adjusted [Predicted R [PRESS
squared squared squared squared R squared [squared R squared [squared
Linear 0.7937 0.7058 316.89 0.8026 0.6951 151.33 0.9132 0.8630 57.69 0.9221 0.8892 60.34
2 Fl 0.7276 0.3931 653.65 0.8936 0.7908 103.87 0.9236 0.8057 81.81 0.9276 0.8234 88.24
Quadratic 0.9175 -0.5581 475.89 0.9777 0.88898 54.69 0.9700 0.8285 72.21 0.9674 0.8186 90.62
Cubic 0.9850 - + 0.9911 - + 0.9999 - + 0.9975 - +
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Fig.1:Three dimensional response surface plot showing (A) the effect of cefixime trihydrate and
carbopol 971 P concentration on particle size, (B) the effect of HPMC K15M and carbopol 971P

concentration on particle size.
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Fig.2: Three-dimensional response surface plot showing (A) the effect of HPMC K15M and
concentration on % release in 15 minutes, (B) the effect of cefixime trihydrate and carbopol 971P

concentration on % release in 15 minutes.
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Fig.3: Three-dimensional response surface plot showing (A) the effect of Carbopol 971P and
HPMCK15M concentration on % release in 30 minutes, (B) the effect of cefixime trihydrate and
Carbopol 971P concentration on % release in 30 minutes.
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Fig.4: Three-dimensional response surface plot showing (A) the effect of Carbopol 971P and
HPMCK15M concentration on % release in 60 minutes, (B) the effect of cefixime trihydrate and
Carbopol 971P concentration on % release in 60 minutes.
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Fig.5: Three-dimensional response surface plot showing (A) The effect of Carbopol 971P and
HPMCK15M concentration on % release in 480 minutes, (B) The effect of cefixime trihydrate and
carbopol 971P concentration on % release in 480 minutes.
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Fig.6: Cumulative % drug release v/s time plot of cefixime trihydrate mucoadhesive microspheres

optimization batches




Prediction of optimized cefixime trihydrate mucoadhesive microspheres formulation

Statistical analysis of the data was obtained using design expert software, keeping the
constraints and criteria on the desired characteristics of the final formulation of optimization batches,’
i.e., minimum particle size and required sustained release drug release pattern as shown in table 1. The
software predicted the formulations with desirability close to 1. The formulation with maximum
desirability of 0.902 was selected as the best predictor variable for designing and preparing an optimized
formulation. The desirability contour and response surface plots predicted the formulation with
maximum desirability and cumulative % drug release of optimized batch.
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Fig.7: Three dimension plot showing the microsphere formulation of maximum desirability
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Fig.8: Contour plot showing the microsphere formulation of maximum desirability



Table 5: Predicted and optimized variables of cefixime trihydrate mucoadhesive microsphere

formulation

Independent Variable Dependent Variables

Carbopo HPMC Cefixime

1971P K15M trihydrat Responses Predicte Observe Relative

(mg) (mg) e P d d Error (%)

(mg)

392 1000 200 Particle size (micron) 4,72 5.1 7.45
Cum.ulative % drug release at 59.73 30.8 3.47
15min

lative ¢ I
Cum}J ative % drug release at 37.49 36.36 311
30min
1 [v)
Cumylatlve % drug release at 50.92 4518 12.70
60min
1 [v)
Cumu‘Iatlve % drug release at 58.39 5726 1.97
120min
H 0,
Cumu‘Iatlve % drug release at 62.75 64.44 262
240min
C lative % d I t
umu'a ive % drug release a 66.69 79.99 8.63
360 min
1 o)
Cumu'latlve % drug release at 71.04 74.87 512
480min
80
70
b
60
g
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E
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Fig. 9: Release profile of predicted and observed formulation of cefixime trihydrate mucoadhesive
microspheres
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Fig. 10: Linear plots between observed and predicted values of % cumulative drug release
In-vitro characterization

During the optimization process of microspheres, the entrapment efficiency does not change much
more in the spray drying process. The maximum entrapment efficiency was found to be 92%. The mean
particle size of spray-dried microspheres was determined by optical microscopy; their size ranges from
4.5 -5.3 um. The scanning electron micrograph of cefixime trihydrate mucoadhesive microspheres is
shown in fig.11. Microspheres obtained from the observation were of uniform size with a smooth
surface.

The differential scanning colorimetric patterns of the microspheres are shown in Fig. 12. The DSC
thermograph shows the endothermic peak of cefixime trihydrate at 117°C. No endothermic peaks were
observed in DSC graphs of excipients, specially Carbopol 971 and HPMC K15M. The absence of any
specific peak at 117°C in microsphere formulation confirmed the conversion of the physical form of
cefixime trihydrate from the crystalline peak into an amorphous form. Observations of the DSC studies
confirmed the formation of a solid dispersion of cefixime trihydrate in microspheres.



Fig.11. Scanning electron microphotographs of optimized microspheres
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Fig.12. Overlay graph of DSC analysis

In-vitro drug release study by direct addition of microsphere in to release media

In-vitro drug release study by direct addition of microsphere into release media In-vitro drug release
study of optimized microspheres by direct addition of microsphere was performed by adding
microsphere to release media held in a beaker and stirred with the help of a magnetic stirrer. The
required amounts of drug-loaded microspheres were added to a beaker containing 200 ml of



dissolution media and were kept in a magnetic stirrer at 100 RPM. At a predetermined time point, a 5
ml aliquot of drug sample was withdrawn, centrifuged for 5 min at 11000 rpm (Eppendorf cooling
centrifuge) filtered by 0.45-micron membrane filter, and drug entrapped in a microscope was
guantified by U.V.- visible spectrophotometer at 283 nm. The withdrawn samples were replaced by
the same amount of fresh medium a predetermined period performed in triplicates 2'.

About 30% of cefixime trihydrate was released in the initial 15 minutes, showing a burst effect. The
drug adsorbed on the surface of microspheres may be attributed to burst release. This initial burst
effect was beneficial to achieve effective plasma concentration after administering cefixime trihydrate
mucoadhesive microsphere. The remaining drug was entrapped within the microspheres released
consistently throughout 6 hrs. The results for in-vitro release studies are reported in table 2 and
graphically represented in Fig. 6 and Fig.9.

Optimization of the developed formulation was done by Box-Behnken design using Design Expert
7.1.6 (trial version) version software (Stat-Ease Inc., Minneapolis, USA). The cefixime trihydrate-
loaded gastro retentive microspheres were prepared using a spray dryer. The concentration of
cefixime trihydrate, carbopol 971P, and HPMC K15M was selected as independent variables, particle
size distribution, and percent cumulative drug release at 15, 30, 60, 120, 240 360, and 480 minutes
were selected as response variables for optimization studies. The results obtained from the
experiments were statistically analyzed for response variables. Response surface graphs, contour
plots, and 3D contour plots were generated and analyzed for each response variable. The in-vitro
percentage drug release and in-vitro mucoadhesive studies indicated that the prepared formulation
possesses both release and mucoadhesion properties. The mucoadhesive microspheres of Cefixime
trihydrate using the predicted optimized formulas were prepared and experimentally validated. The
in-vitro drug release study of the optimized batch showed a consistent drug release of the drug up to
8 hr with mucoadhesion of 82% up to 6 hr.

Evaluation of mucoadhesion of microspheres

The in-vitro mucoadhesive properties of the optimized batches of microspheres were found to be 82%
after six hours of microsphere application. The percentage of mucoadhesion was notably increased
with the incorporation of carbopol 971P in the microspheres, which indicated that carbopol 971P has
a strong ability to interact with mucus. The more carbopol 971P was incorporated, the better the
retention effect.



Conclusion

The oral administration of cefixime trihydrate has poor absorption, reduced bioavailability, and a
short half-life. In order to overcome these drawbacks, the controlled release gastro-retentive
microspheres were developed. The prepared gastro retentive microspheres are likely to be retained in
the gastric area by adhering to the mucosal membrane for a more extended period, as supported by in
vitro studies after developing the current drug into microspheres. Hence, from the above results and
findings, it is concluded that the developed gastro retentive mucoadhesive microsphere can be used
as a potential drug delivery system after preclinical and clinical trials, which are expected to provide
antibacterial activity with longer residence time in the gastric region by adhering into gastric mucosa.
Further, it needs in vivo gastro retentive and clinical studies to evaluate its applicability at the actual
performance of the developed cefixime trihydrate microsphere formulation at clinical practice.
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