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ABSTRACT

Metformin HCI, a drug from biguanide class, is the most commonly used first-line
antihyperglycemic agent in the treatment of NIDDM. The major problems associated
with the drug are high dose (1.5-2.0 g/day), frequent dosing due to its shorter
biological half-life (1.5-4.9 hr), and low bioavailability (60%). Low bioavailability of
metformin results from incomplete absorption of the drug as metformin is majorly
absorbed from stomach and lower part of GIT. The study was done for the purpose of
developing gastroretentive tablets of metformin HCI to prolong gastric residence time
and increase drug bioavailability based on polymer swelling and gas formation.
Combination of HPMC and polyethylene oxide was used as both matrix forming agent
and swelling agent, while sodium bicarbonate as gas forming agent. Drug-excipient
incompatibility was confirmed by DSC and FTIR study. 12 mm circular bi-convex
floating tablets were prepared by wet granulation method using a 10-station Rotary
tablet press machine. Fabricated tablets were optimized by response surface
methodology (RSM) utilizing Box Behnken experimental design. Seventeen (17) trial
formulations were investigated taking various compositions of polymer, NaHCO3 and
SSG each at three levels. Data analysis and modeling were performed by Design
expert® software (version 8.0.7.1, stat-Ease Inc., Minneapolis, MN). The optimized
tablets were evaluated for weight variation, hardness, thickness, friability, moisture
content, assay, in-vitro floating lag time, % swelling and surface morphology study.
Furthermore, optimized tablets were stored at accelerated stability condition (40 °C
and 75% RH) for 3 months. All preformulation parameters were found to be within
the acceptable range. Melting peaks of metformin was visible in DSC thermogram of
drug-excipients mixture, indicating that metformin was compatible with the rest of the
excipients of formulation. FTIR study also confirmed the same finding. Floating lag
time and duration of floating were found to be dependent on amount of gas
effervescent agent (NaHCO3), swelling of polymers (HPMC and PEO) and swelling
enhancer (SSG). It was found that formulation with of polymer concentration 250 mg,
NaHCO3; 60 mg, and SSG 50 mg fulfilled requistes of an optimum formulation. The
optimized formulation was found to provide average floating lag time less than 4
minutes with a floating duration of more than 24 hours. Swelling rate of the
combination of polymers was found to be rapid and linear for initial 2 hr, however it
decreased thereafter and maintained the linearity until 8 hours. Combination of HPMC
and PEO allowed efficient control of drug release for 12 hours. SEM figure showed
the non-porous nature of tablet outer surface and little bit porous structure of inner
surface before dissolution study. However, after dissolution of 2 hours and 8 hours,
both surfaces turned into porous structure which allows the drug to diffuse to the
surrounding medium. This also proved that the drug release occurs by diffusion.
Based on accelerated stability study; optimized formulation was found to be stable for
three months without any major changes in assay, dissolution profile, floating lag time
and other physical properties.
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CHAPTER ONE
INTRODUCTION

The past several years have witnessed great advances in the development of the novel
drug delivery system (NDDS) (Ajazuddin & Saraf, 2010). NDDS offers tremendous
commercial profit to the Pharmaceutical industries as an existing drug molecule can
get a new life in that improvised form. Along with its market value, the same old drug
enjoys competitiveness and its patent life is extended. The development of a new
chemical entity (NCE) requires an expenditure of approximately $800 million and
time period of around 10-12 years, whereas for a novel drug delivery system (NDDS)
the requirement is approximately $20-50 million and 3-4 years respectively (Zhang et
al., 2013). So in the near future, the approval of NDDS is expected to continue at a
considerable rate. When an existing medicine is incorporated into a new drug delivery
system, safety, efficacy and also patient compliance can be notably improved. In the
NDDS era, multiple platform technologies are being developed for controlled release,
delivery of large molecules, liposomes, technology for insoluble drugs. The same old
drugs are being tried to deliver through different routes to improve therapeutic
efficacy and patient compliance. A number of techniques such as osmotic pump
system, gastric retention system, and reduced irritation system have been exploited
commercially to achieve controlled release of drugs when administered orally (Verma
& Garg, 2001). Thus NDDS has opened a new avenue to formulation scientists, and

this trend is expected to continue in the near future as well.



1.1 RESEARCH BACKGROUND

Different conventional pharmaceutical dosage forms are used as drug carriers for
many decades to accomplish the treatment of chronic or an acute illness. These dosage
forms include tablets, pills, capsules, creams, suppositories, ointments, aerosols,
injectables and liquids (Yie, 1992; Chen et al., 2013). Drug may be administered by
variety of routes but oral administration is mostly preferred wherever possible because
it offers ease of administration, flexibility in formulation and also patient compliance
(Garg & Sharma, 2003). From immediate release to site specific drug delivery, oral
route of administration has by far received the most attention with respect to research
on design and testing of products in spite of physiological and drug constraints
(Chien, 1992; Leon et al., 1987). Once administered in the GIT, drug release from the
dosage forms follows various release kinetics depending on the design matrix.

Tablets and capsules represent the preferred class of dosage forms that are
administered orally. However, between these two, the tablets have number of
advantages like flexibility in formulation, ease of administration, patient compliance,
low cost and speed of manufacturing (Aulton, 2007; Leon et al., 1991; Rawlins,
2010).

The aim of any drug delivery system is to draw out desired pharmacological
action by providing a therapeutic amount of drug to the appropriate site of the body, to
attain therapeutic action quickly and then continue the same for a certain period
according to the need of the therapy. Another important strategy of ideal drug delivery
system is to design a dosage form with single dose or less frequent dosing interval.
Instead of conventional immediate release dosage forms, a suitably designed
controlled and sustained release dosage form can be a major advance in this direction

(Borase, 2012). Figure 1.1 shows the differences of drug release profile from



immediate release, sustained release and controlled release medication. In the
controlled release drug delivery system, drug is released at a predetermined,
predictable and controlled rate. Different benefits can be achieved through this
delivery system like (Chien, 1992);

1. Optimum therapeutic drug concentration in blood for the prolonged

period.
2. Prolonged duration of activity for short half-life drugs.
3. Minimum side effects.

4. Reduced dosing frequency
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Figure 1.1. Differences among various drug release profile (Narang, 2011)

To achieve improved and expected bioavailability is the primary aim in
designing an oral controlled drug delivery system (Kumar & Philip, 2007). However,
the real challenge lies in sustaining the drug release as well as extending the residence
of dosage form in the stomach or small intestine until the drug is entirely released in
desired period of time (Patil et al., 2006). In order to address those issues, a number of
different oral controlled drug delivery systems have been developed based on

different modes of operation, for example, dissolution controlled system, diffusion



controlled system, ion-exchange resins, osmotically controlled system, erodible matrix
system, pH-independent formulation and swelling controlled system (Sen et al.,
2005). But most of the systems encounter a wide range of highly inconsistent
conditions, like pH, agitation intensity, and composition of gastrointestinal fluid as
they pass down the GIT. They also experience several physiological difficulties like
extremely variable nature of gastric emptying process and incapability to localize and
retain the drug delivery system within desired regions of GIT (Shah & Pandya, 2010).
The residence time in stomach is one of the significant determinants of Gl transit
(Timmermans et al., 1989). It has been reported by various researchers that Gl transit
time adversely affects the performance of an oral controlled drug delivery system
(Singh & Kim, 2000; Streubel et al., 2003). It has been established that Gl transit time
depends on the physical properties of the object ingested and the physiological
condition of gut, both of which vary extensively between individuals. This variability
may lead to unpredictable bioavailability and time to attain peak plasma levels.

So in order to achieve an expected and extended drug release profile in GIT,
control of the gastric residence time (GRT) is one of the most realistic approaches.
Similarly, for local action in the upper part of the small intestine, for example
treatment of peptic ulcer disease, longer residence time in the stomach could be
beneficial. In addition to this, for drugs that are absorbed readily upon release in GIT,
enhanced bioavailability could be possible (Gutierrez-Rocca et al., 2003).

Recently huge interest has grown among formulation scientists to design
NDDS that are retained in the stomach for a extended and predictable period of time
and release the drug in a controlled manner (Dixit et al., 2009; Streubel et al., 2003).
Gastro retentive drug delivery system (GRDDS) thus is one of the novel approaches

embraced by the formulation scientists to overcome important challenges associated



with oral drug delivery (Aterman, 2007). Like all other sustained release preparations,
GRDDS also continuously releases the drug for a prolonged period, but limited to
stomach and lower part of intestine and thus ensures optimal bioavailability (Tayade,
2003). So, they not only avoid frequent dosing intervals, but also enhance patient
compliance beyond the level of existing controlled release dosage forms (Kumar et al.,
2012). Figure 1.2 shows the differences in drug absorption between conventional

dosage forms and GRDDS.
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Figure 1.2. Drug absorption in: (A) conventional dosage form and (B) the
gastroretentive drug delivery system (Kumar & Philip, 2007)

The present research work was an attempt to design a formulation of gastro
retentive drug delivery system of Metformin HCI (MTH) with the aim of improving
its oral bioavailability. This anti diabetic drug is the most widely used one and it
works by improving peripheral glucose uptake as well as by reducing hepatic glucose
in patients with non insulin dependent diabetes mellitus (NIDDM) or type Il diabetes

(Grisouard et al., 2010).





