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Abstract

An oral sustained release dosage form of a combination of Ciprofloxacin HCl and
Metronidazole based on gastric floating matrix tablets was studied. The release of Ciprofloxacin
HCI and metronidazole was dependent on the matrix forming polymers HPMC K100M and
HPMC E10M and the swelling agent guar gum used in the formulation. The release data of
Ciprofloxacin HCI as well as Metronidazole from the matrix tablets were analysed kinetically
using zero order, first order, Higuchi model and Krosmeyer Peppas models. The floating lag
time, floating duration and drug release data for ciprofloxacin and metronidazole was studied.
The overall release mechanism can be explained as a result of rapid hydration of polymer on the
surface of the floating tablet and formation of a gel layer surrounding the matrix that controls
water penetration into its core matrix. On the basis of /nn vitro release data, the optimised batch
F14 comprising of polymers HPMCK100 and HPMC E10M at a ratio of 2:1 and guar gum at a
concentration of 3.3 % was subjected to 7n-vitro buoyancy studies in 0.1 N hydrochloric acid
and in-vivo floating behaviour in dogs. It was concluded that the formulated combination tablet
resulted into floating duration of more than 20 hours, which would increase the bioavailability

with minimum dosage regimen.

Introduction

Hydrophilic matrices containing swellable polymers are
referred to as hydrogel matrices, swellable controlled-
release systems or hydrophilic matrix tablets. A number
of polymers have been investigated to develop in situ gel-
forming systems, due to the ability of these hydrogels to
release an entrapped drug in aqueous medium and to
regulate the release of drug by control of swelling and
cross-linking [1-3].

Oral controlled-release dosage forms have been
developed and studied to restrict these systems to specific
regions of the gastrointestinal tract as well as to improve
the pharmacological activity and to reduce toxic effects
[4]. One method of fabricating controlled-release
formulations is by the incorporation of the drug in a
matrix containing a hydrophilic, rate-controlling polymer
[5, 6]. Hydroxypropyl methyl cellulose (HPMC) is the
polymer most widely used as the gel-forming agent in the
formulation of solid, liquid, semisolid and even
controlled-release dosage forms. Water penetration,
polymer swelling, drug dissolution, drug diffusion and

matrix erosion from these dosage forms are controlled by
the hydration of HPMC, which forms a gel barrier
through which the drug diffuses [7,8]. The importance of
the diffusion layer for a swollen HPMC matrix was
illustrated in a mathematical model [9]. Water-soluble
drugs are released primarily by diffusion of dissolved
drugs molecules across the gel layer, while poorly soluble
drugs are released predominantly by erosion mechanism.
The contribution of each mechanism in the overall drug
release process is influenced by both, the drug solubility,
and also by the physical and mechanical properties of the
gel barrier formed [10]. A tablet composed of a polymeric
matrix on contact with water builds a gel layer around the
tablet, which governs the drug release. In order to
establish the mechanism of drug release and swelling
kinetics, the experimental data were fitted to zero-order,
first order, Higuchi, and Korsmeyer—Peppas [11]. Further,
it can be added that the physicochemical properties of the
drug as well as polymer and the drug to polymer ratio
govern the release of drug from the formulation and thus,
modify the release kinetics accordingly [12].
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Ciprofloxacin is most widely used in UTI's with a good
localized action on the infected sites. Ciprofloxacin
produces high urine concentrations because about 50% is
excreted in urine in unchanged form [13]. It belongs to
quinolones, which have broad spectrum activity against
many types of gram-positive as well as gram-negative
bacteria to control various diseases [14].

Metronidazole is rapidly and completely absorbed after
oral administration of conventional tablet dosage forms
[15]. However, antibiotic resistance particularly with
metronidazole (MIC > 8 mg/l) frequently causes failure
of eradication of H. pylori, [16, 17] which may be due to
poor drug concentration at the site of action as after
absorption to blood circulation results in distribution of
drugs throughout the body[18].

The objective of the research is to study the in-vitro
release kinetically using zero order, first order, Higuchi
model and Korsmeyer Peppas models of the optimized
fixed dose combination of Ciprofloxacin and
metronidazole gastro-retentive tablets. Further research
aimed to analyse the in-vitro buoyancy of the optimized
tablets in 0.IN HCI and in-vivo floating ability of the
optimized batch using barium sulfate radiology method in
dogs.

Experimental

Optimization and evaluation of gastro-retentive tablets using
combination of ciprofloxacin and metronidazole [19] was
carried out. The powder blends obtained were studied for
micromeritic properties and the formulated tablets were
evaluated for hardness, friability, weight variation, assay,
floating lag time, floating duration and drug release profile
for ciprofloxacin and metronidazole. The in-vitro dissolution
of the tablets was carried out using 0.1 N HCI at 37 +0.5°C
(900 ml using USP apparatus II at 50 rpm).

In-vitro drug release kinetics

The in vitrodrug release mechanism of gastro retentive
tablets of ciprofloxacin HCl and Metronidazole from
polymeric tablets in 0.1 N HCI can be described by fitting
the dissolution data in four different kinetic models as given
below [20, 21].

Zero-order equation
Qi=Qo+Koteoeoeviiiiiiiiien, (equation 1)
Where, Q; is the amount of drug dissolved in time t, Qo is the

initial amount of drug in the solution (most times, Qo = 0)
and K is the zero order release constant.

First-order equation

Log (Qy) = log (Qo) + Kt /2.303...(equation ii)

Where, Q; is the amount of drug dissolved in time t, Qo is the
initial amount of drug in the solution and K is the first order
release rate constant.

Higuchi’s equation
QEKHVE e, (equation iii)
Where, Ky is the Higuchi’s release constant

Korsmeyer peppas Model
MM = Kipth. .o (equation iv)

Where M, / My is fraction of drug released at time t, Kgp is
the rate constant and ‘n’ is the release exponent.

The zero-order rate describes systems where drug release
rate is independent of drug concentration [22]. The
dissolution data were also fitted according to the well-
known exponential equation of Peppas et al [23]. The
diffusional exponent, n, is dependent on the geometry of the
device as well as the physical mechanism for release. The
values of n for a cylindrical shaped device are < 0.43 or 0.43
for Fickian release and 0.85 for case II or zero-order release
in this model. For systems exhibiting case II transport, the
dominant mechanism for drug transport is due to polymer
matrix relaxation. The value of n > 0.43 but < 0.85 is
considered as anomalous transport (non-Fickian) and refers
to the coupling of Fickian diffusion and polymer matrix
relaxation. The value of n > 0.85 is considered as super case
II transport [24]. The range for exponent (n) responsible for
Fickian diffusion, anomalous transport and case-II transport
for thin film, cylinder and sphere is described in table 1
depending on the In Korsmeyer-Peppas kinetic model an ()
value which is a diffusional exponent represents the
mechanism of drug release from matrix tablets.

In —vitro buoyancy studies

The buoyancy lag time and total floating time [25]: The
optimized batch tablets were kept in 0.1N HCI solution at
37+0.5°C and the time taken for tablet to float was noted
down as buoyancy lag time and the total time tablet floated
was noted down as total floating time. This test was carried
out based on visual observations.

In-vivo floating studies

Unlike other formulations, determination of GRT is very
important factor for floating drug delivery systems (FDDS).
In most cases, it requires an imaging technique that can
locate the FDDS in stomach. The following method has
been utilized to assess gastroretentivity. Even though there
are number of studies reported, the present work makes use
of the Radiology study (X-Ray) for the determination of
anatomical location and behaviour of floating tablets in the
gastrointestinal tract [26].
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Table 1. Drug released mechanism and n values for thin film, cylinder and sphere

Exponent (n) Drug release mechanism
Thin Film Cylinder Sphere
0.5 0.45 0.43 Fickian diffusion
0.5<n<1.0 0.45<n<0.89 0.43<n<0.85 Anomalous transport
1.0 0.89 0.85 Case-II transport

Preparation of placebo barium sulfate (high density)
tablets

The radio-opaque tablets of optimized formulation batch
were prepared by the earlier mentioned method, replacing
ciprofloxacin and metronidazole with sufficient quantity (10
mg) of barium sulfate and diluent. The other parameters of
tablets were kept constant. The in-vivo gastro-retention
study was carried out by administering a placebo floating
tablet using a gastric feed tube to the overnight fasted
healthy dogs (n=3) weighing approximately 15 kg. The
animals were fasted for 12h and the first X-ray
photographed to ensure absence of radio opaque material in
the stomach. The dogs were made to swallow one tablet
with 100ml of water and monitoring was performed by
radiological method (2nd, 12th, and 20th hours) [27]. After
ingestion of floating tablets containing barium sulphate, the
animal was exposed to X-ray photography in the abdominal
region.

Results and Discussion

The micromeritic properties results, tablet evaluation
parameters are described in table II and III. The drug release
profile of the formulation batches and the target profile of
Cifran OD and Flagyl ER for Ciprofloxacin and
metronidazole are represented in Figures 1 and 2
respectively.

In-vitro drug release kinetics

To know the mechanism of drug release from the
prepared formulations, the data of the optimised batch
F14 was treated according to first-order (Log Cumulative
Percentage of Drug Remaining Versus Time), Higuchi’s
(Cumulative Percentage of Drug Released Versus Square
Root of Time), korsmeyers peppas Model (log of % drug
release versus log of time in hours) and zero order

(Cumulative % Of Drug Released Versus Time) pattern.
Table IV represents the model Comparison for ciprofloxacin
and metronidazole drug release kinetics and various
measured parameters like intercept, slope and R2 for the
optimized batch. Graph of zero order release, Cumulative %
Drug Release Versus Time resulted in straight line with R?2
of 0.9912 and 0.9097 for Ciprofloxacin and metronidazole
respectively. Graph for first order release (log % Drug
Remaining Versus Time) resulted in straight line with R2 of
0.8223 and 0.9966 for Ciprofloxacin and metronidazole
respectively.

Drug release profile of F1-F8 and Cifran OD
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Figure 1. Drug release profile of Ciprofloxacin for batches
F1-F8 and Cifran OD
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Figure 2. Drug release profile of Metronidazole for batches
F1-F8 and Flagyl ER

Table 2. Micromeritic properties of powder blends of batches F1 to F8

Loose Bulk

Powder Angle of Density Tapped Carr's Hausner’s
Blend repose (°) (g/ml) Density (g/ml) Index (%) ratio
F1 28.37 0.679 0.729 16.27 1.25
F2 27.64 0.634 0.714 16.59 1.22
F3 27.29 0.654 0.753 19.51 1.27
F4 25.83 0.613 0.737 17.93 1.21
F5 26.71 0.668 0.768 17.44 1.23
Fé6 25.68 0.654 0.726 16.28 1.21
F7 27.59 0.689 0.741 17.21 1.18
F8 26.21 0.613 0.792 17.63 1.26
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Table 3. Hardness, friability, weight variation, assay, floating lag time and floating time of batches F1 to F8

Batch Hardness Friability = Weight variation (mg) Assay (90- Floatinglag  Floating
number (Kg/cm?) (n=10) (%) (n=10) (avgx%SD) (n=20) 110%) (n=3) Time (S) Time (h)
F1 4.5£0.19 0.39+0.58 99.7+1.57 97.6+1.8 62 >20
F2 4.7+0.53 0.41£0.91 100.1+0.89 97.1£2.7 75 >20
F3 4.8+0.81 0.48+0.53 99.8+1.15 101.7+0.9 69 >20
F4 4.8+0.46 0.51£0.15 99.8+1.07 98.2+1.3 60 >20
F5 5.0+0.27 0.45+0.47 100.2+2.34 99.3£1.1 79 >20
Fo6 4.6+0.89 0.51£0.12 100.1£2.5 97.1£2.3 81 >20
F7 4.74£0.29 0.45+0.19 99.9+1.2 98.7£1.4 83 >20
F8 4.8+0.31 0.43+0.21 99.8+1.6 101.5+2.8 69 >20

Table 4. Results of statistical data model fitting for optimized formulation batch number F14

Metronidazole Intercept Slope R2
zero order 25.816 3913 0.9097
first order -0.0646 2.021 0.9966
Higuchi -2.59 22.86 0.9839
Korsmeyer-pappas 1.2071 0.63 0.9611
Ciprofloxacin Intercept Slope R2
zero order 18.19 4.23 0.9912
first order -0.0784 2.13 0.8223
Higuchi -5.35 22.16 0.985
Korsmeyer-pappas 1.24 0.56 0.9838
Zeroorder pattern for ciprofloxacin drug release First order release of metronidazole
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Figure 3. Zero order release graph for Ciprofloxacin Figure 4. First order release graph for metronidazol
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Figure 5. In-vitro Buoyancy test of F14 at various time intervals
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After 2 hours

After 12 hours

After 20 hours

Figure 6. X-ray images of optimized formulation placebo at various intervals of administration

Higuchi model was plotted for optimized batch based on
Cumulative % Drug Release versus Square Root of Time,
which resulted in a straight line with R2 of 0.985 and 0.9839
for ciprofloxacin and Metronidazole respectively.
Korsmeyer peppas model was analysed by plotting graph
between Log % drug releases versus Log of time in hours.
The R? values obtained were 0.9838 and  0.9611 for
Ciprofloxacin and metronidazole respectively. The
Correlation coefficients obtained for zero order plot was
found to be highest out of all the data models, therefore it is
concluded that the release of ciprofloxacin hydrochloride
follows zero order. While the correlation coefficient of first
order release is found to be highest for metronidazole thus
indicating that metronidazole follows first order release. The
plots are depicted in Figure 3 and 4 for ciprofloxacin and
metronidazole respectively. For tablets of a known geometry
(in this case a caplet) n= 0.5 means Fickian diffusion, 0 .5
< n < 1.0 non-Fickian diffusion, and n = 1 .0 Case II
diffusion. The value on n lies between 0.5 and 1 thus
indicating that the optimized formulation shows a non-
Fickian mechanism which means that the process of
diffusion and relaxation run at comparable rates i.e., drug
release is by coupling of Fickian diffusion and polymer
matrix relaxation - so-called anomalous diffusion - and may
indicate that drug release is controlled by more than one
process.

In-vitro buoyancy studies

On visual inspection of the in-vifro buoyancy test, the
optimized batch tablet stays at bottom of the beaker
containing 0.1N HCI solution at 0 s. At 75 s, the tablet was
found to rise at the surface of the fluid in the beaker. The
tablet maintained its buoyancy and kept floating on the
surface till 20 hours. The images of the buoyancy test at
various time intervals is presented in Figure 5.

In-vivo floating studies
The X-ray images of the optimized placebo batch are
represented in Figure 6. The images of the in-vivo studies of

the test formulation depict the floating nature of the
formulation at various intervals of the study.

Conclusion

A combination of ciprofloxacin with an antimicrobial agent
active against anaerobes, such as metronidazole, could prove
an efficient way of treating mixed aerobic/ anaerobic
infections.

Development of gastro retentive dosage form can be
advantageous, that can provide prolong gastric retention and
increase efficacy of the dosage form. The research aimed at
achieving a floating lag time of 75 seconds and the floating
duration of more than 20 hours with not less than 90 % of
drug release by 20 hours for the developed floating tablets.
The drug release kinetics was studied for the optimized
batch F14, to determine the type of drug release. For
ciprofloxacin drug release, the correlation coefficient for
zero order was found to be highest of all with R2 of 0.9912,
slope of 4.23 and a positive intercept of 18.19 making it the
best fitting release model for ciprofloxacin. The intercept for
first order and Higuchi model was found to be negative with
a lower R2 value as compared to zero order release.
Korsmeyer-peppas equation showed a slightly lower
correlation coefficient of 0.9838 with a slope of 0.56 and a
positive intercept of 1.24.

The study of metronidazole drug release, showed that the
correlation coefficient for first order was found to be highest
of all with R2 of 0.9966, slope of 2.021 and a negative
intercept of -0.0646 making it the best fitting release model
for metronidazole. The optimized formulation batch shows a
non-Fickian diffusion mechanism as calculated by
Korsmeyer-peppas equation which means that the process of
diffusion and relaxation run at comparable rates. Further, in-
vitro buoyancy studies were undertaken for the optimized
batch. The in-vitro buoyancy studies depicted that the tablet
rises on the surface of the floating medium by 75 seconds
and maintains the floating behaviour till 20 hours. These
floating studies were further carried out 7m-vivo in dogs
where it was found that the tablets of the optimized polymer
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ratio remained floating as observed in the X-ray images at 2,
12 and 20 hours thus confirming the floating duration of the
formulation.

References

11.

12.

13.

Krowczynsky L: Extended-Release Dosage Forms. CRC Press, Boca
Raton, FL, 1987.

Chien, YW: Novel Drug Delivery Systems, 2nd ed., Marcel Dekker, New
York, 1992.

Ravi Kumar, MNV, Kumar N: Polymeric Controlled Drug-Delivery
Systems: Perspectives Issues and Opportunities. Drug Dev. Ind. Pharm
2001;27:1-30

Roseman TJ, Cardinelli NF: in Controlled-release Technologies, Vol. 1
(A. F. Kydonieus, ed), CRC Press, Boca Raton, FL, 1980.

Veiga F, Salsa T, Pina E: Oral Controlled-release Dosage Forms. II.
Glassy Polymers in Hydrophilic Matrices. Drug Dev Ind Pharm1988;
24:1-9.

Colombo P: Swelling-Controlled-release in Hydrogel Matrices for Oral
Route. Adv Drug Del Rev1993; 11:37-57.

Sung KC, Nixon PR, Skoug JW, Ju TR, Gao P, Topp EM, Patel MV:
Effect of Formulation Variables on Drug and Polymer Release from
HPMC-Base Matrix Tablets. Int ] Pharm1996; 142:53-60.

Siepmann J, Kranz H, Bodmeier R: HPMC-Matrices for Controlled Drug
Delivery: A New Model Combining Diffusion, Swelling, and Dissolution
Mechanisms and Predicting the Release Kinetics. Pharm Res 1999;
16:1748-1756.

Ford JL, Mitchell K, Rowe P, Armstrong DJ, Elliot PNC, Rostron C,
Hogan JE: Mathematical Modeling of Drug Release from Hydroxy propyl
Methylcellulose Matrices: Effect of the Temperature. Int J Pharm 1991;
71:95-104.

Alderman DA: A review of cellulose ethers in hydrophilic matrices for
oral controlled-release dosage forms. Int J Pharm 1984; 5:1-9.

Costa C, Lobo CIM: Modeling and comparison of dissolution profiles.
Eur J Pharm Sci. 2001; 13:123-33.

Singhvi G, Singh M: Review: In-vitro drug release characterization
models, International Journal of Pharmaceutical Studies and Research
2011;2(1):77-84.

Navalon A, Ballesteros O, Blanc R, Vilchez JL: Determination of
ciprofloxacin in human urine and serum samples by solid-phase
spectrofluorimetry. Talanta. 2000; 52(5):845-852.

14.

15.

16.

20.

21.

22.

23.

24.

25.

26.

217.

Shah KU, Khan GM: Regulating Drug Release Behavior and Kinetics
from Matrix Tablets Based on Fine Particle-Sized Ethyl Cellulose Ether
Derivatives: AnlIn Vitro and In Vivo Evaluation. The Scientific World
Journal 2012; 2012:842348.

Nasra MA, EL-Massik MA, Naggar VE: Development of metronidazole
colon-specific delivery systems. Asian J Pharm Sci 2007; 2:18-28.

Sun WH, Ou XL, Cao DZ, Yu Q, Yu T, Hu JM, et al: Efficacy of
omeprazole and amoxicillin with either clarithromycin or metronidazole
on eradication of Helicobacter pylori in Chinese peptic ulcer patients.
World J Gastroenterol 2005; 11:2477-81.

Glupczynski Y, Megraud F, Lopez-Brea M, Andersen LP: European
multicentre survey of in vitro antimicrobial resistance in Helicobacter
pylori. Eur J Clin Microbiol Infect Dis 2001; 20:820-3.

Arora S, Budhiraja RD: Effect of polymers and excipients on the release
kinetics, bioadhesion, and floatability of metronidazole tablet. Asian J
Pharm 2011; 5:215-24.

Rohit Lowalekar, Lalit Singh Chauhan Design and evaluation of floating
gastro retentive tablets of fixed dose combination of ciprofloxacin and
metronidazole. IPP 2016; 4(2):202-211.

Xu G, Sunada H: Influence of formulation change on drug release kinetics
from hydroxypropylmethylcellulose matrix tablets. Chemical and
Pharmaceutical Bulletin 1995; 43(3):483-487.

Ritger PL, Peppas NA: A simple equation for description of solute release
II. Fickian and anomalous release from swellable devices. Journal of
Controlled Release 1987; 5(1):37-42.

Hadjiioannou TP, Christian GD, Koupparis MA, Macheras PE:
Quantitative Calculations in Pharmaceutical Practice and Research, New
York, VCH Publishers Inc. 1993: 345-348.

Ritger PL, Peppas NA: A simple equation for description of solute release
II. Fickian and anomalous release from swellable devices. J Control Rel
1987; 5:37-42.

Donglu S: Biomedical Devices and Their Applications. Beijing, China,
Springer, 2004; 1-31.

Aulton ME: Pharmaceutics; The Science of Dosage Form Design.
Churchill Livingstone, London, Second Edition 2002.

Jain SK, Agrawal GP, Jain NK: Evaluation of Porous Carrier-based
Floating  Orlistat Microspheres for Gastric Delivery. AAPS
PharmSciTech. 2006; 7(4):90

Baumgartner S, Kristel J, Vreer F, Vodopivec P, Zorko B: Optimization
of floating matrix tablets and evaluation of their gastric residence time. Int
J Pharm 2000; 195:125-35.

72



