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ABSTRACT

The drugs that belong to class Il of Biopharmaceutical Classification System face
several challenges in their dissolution and bioavailability due to their poor water
solubility. Solid dispersion is an effective method to enhance the solubility of poorly
water-soluble drug. Telmisartan is an antihypertensive drug with poor dissolution and
poor bioavailability because of its low aqueous solubility. To enhance the solubility of
telmisartan solid dispersion using freeze-drying method was carried out to formulate
telmisartan with PVP K30 as carrier and NaCOsz as alkalinizer, and complete
characterization using in vitro dissolution in different pH dissolution medium, FTIR,
DSC, XRD and SEM was performed. Short term stability study in accelerated and
ambient conditions on solid-dispersed telmisartan powders was carried out for two
months. In vivo study in a rat model was performed to determine the bioavailability of
solid-dispersed formulations compared to raw drug and marketed telmisartan tablet.
From the results, it was found that the solid dispersion formulations presented higher in
vitro drug release rate in different pH media (pH 1.2, 6.8 & 7.5) compared to raw and
marketed telmisartan tablet. Solid-dispersed formulations containing drug: PVP K30:
Na,COs3 at a weight ratio of 1:1:2, 1:2:2 and 1:3:2 were selected as the most suitable
formulations based on the higher dissolution and low amount of excipients. Based on
the results of FTIR, there was no physical incompatibility between telmisartan and
excipients in the dry state. The DSC and SEM results described the absence or reduction
of telmisartan crystallinity. The XRD results confirmed that the crystallinity of
telmisartan was significantly reduced and it was changed to amorphous form after solid
dispersion. There was no change in in vitro drug release rate and physical nature of dry
powder of the selected solid-dispersed formulations after two months of stability study.
The pharmacokinetic studies in the rat model were performed after oral administration
of selected solid-dispersed formulations (drug: PVP K30: Na,COs at a weight ratio of
1:1:2 and 1:2:2), raw drug and marketed telmisartan tablet. The highest Cmax and AUCo.
inf recorded for the two tested solid-dispersed formulations (drug: PVP K30: Na;COs at
a weight ratio of 1:1:2, 1:2:2) were 0.611 + 0.303, 1.363 + 0.229 pg/ml and 4.876 +
0.556, 5.564 + 0.63 pg h/ml respectively. In addition, Ke and T1/2 of two solid-dispersed
formulations 1:1:2, 1:2:2 were 0.198 + 0.11, 0.241 + 0.031 h'* and 4.802 + 3.619, 2.91 +
0.39 h respectively, and there was no significant difference (p > 0.05) in Ke and Ty
between two solid-dispersed formulations and marketed telmisartan tablet. Moreover,
the relative bioavailability of the above mentioned solid dispersion formulations were
246.15 £ 28.04 and 280.88 + 31.80%, respectively with respect to marketed telmisartan
tablet. The overall results indicate that reduction of telmisartan crystallinity and the
presence of alkalinizer promote higher in vitro dissolution in all mediums in case of
solid dispersion formulations of telmisartan. The in vivo relative bioavailability study
also indicates better systemic absorption of telmisartan from freeze-dried solid
dispersion formulations. It can be concluded that freeze-dried solid dispersion
formulations of telmisartan containing PVP K30 as carrier and Na,COs as alkalinizer
have the potential of overcoming poor solubility and bioavailability issues of
telmisartan.
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CHAPTER ONE
INTRODUCTION

1.1 BACKGROUND OF THE STUDY

Poor bioavailability of drug is the major challenge while designing the oral dosage
form. Lipophilic molecules having poor aqueous solubility and poor dissolution
profile, poses a great challenge to the formulation of oral drug. According to
Biopharmaceutical Classification System, BCS class Il drugs exhibit low solubility
and high permeability. The dissolution is the rate limiting step in this class for its oral
absorption, which results in poor oral biocavailability (Kawabata et al., 2011).
Therefore, the rate and extent of absorption of these compounds are highly dependent
on the performance of the formulation.

Several approaches are applied to enhance the drug solubility such as
modification of the crystal habit, reduction of the particle size, solid dispersions, solid
solutions, salt formation, and miscellaneous methods, namely, supercritical fluid
process and use of adjuvant like surfactant, solubilizers, cosolvency, hydrotrophy, and
novel excipients (Savjani et al., 2012). Solid dispersion technique is one of the
strategies that is used to improve the solubility of poor water-soluble drug. Solid
dispersion technique have many advantages in enhancing the solubility and
dissolution rate of the poorly water-soluble drug by reducing the particles size,
improved wettability & porosity and changing the drug crystalline state into a more
preferable amorphous state (Vasconcelos et al., 2007). The choice of polymer has a
remarkable impact on the success of this solid dispersion formulation. The polymer
should be inert (safe) and stable, remain chemically and physically stable upon storage

and preparation method (Baghel et al., 2016). Solid dispersion is mainly prepared by



two methods: heat based method, such as hot-melt extrusion, melt granulation and
melt mixing and solvent based method, such as spray-drying and lyophilization. Each
method has its own advantages and limitations, for instance: the thermal instability of
drugs and selection of suitable carriers in the melting method, the use of organic
solvent in the solvent evaporation method. These problems must be kept in mind
while selecting the proper manufacturing method. Current advances in formulation,
preparation and characterization of solid dispersions can overcome some of the
limitation of solid dispersion products. Moreover, the careful selection of the solid
dispersion formulation, such as polymer excipients and polymer/drug ratio, as well as
processing parameter, is of critical importance in order to achieve the stable solid
dispersion products at storage temperature and to create the favourable dissolution
profile (Huang & Dai, 2014).

In the present study, the drug of interest is Telmisartan (TEL), which is an
angiotensin 11 type | receptor blocker (ARB), useful in the treatment of hypertension
(Kumar et al., 2010). TEL belongs to class Il in Biopharmaceutical Classification
System. The solubility of TEL is strongly pH-dependent, with maximum solubility
observed only at high or low pH and it is poorly soluble in the pH range of 3-9
(Wienen et al., 2000). The poor solubility of TEL in intestinal medium obstructs its
oral bioavailability. In this study, TEL was solid-dispersed in a suitable water-soluble
polymer with the presence of alkalinizer to enhance solubility and bioavailability.
Both in vitro and in vivo studies had been carried out to evaluate the dissolution and

bioavailability improvement.



1.2 STATEMENT OF THE PROBLEM

Bioavailability of orally administered TEL is reported to be low (approximately 40%).
One of the main reasons is low aqueous solubility of TEL, followed by poor
dissolution in intestinal medium. TEL belongs to BCS class Il which means it
possesses low solubility but high permeability.

TEL has pH-dependent solubility, it is soluble in high acidic and basic pH and
it is practically insoluble in water and pH range 3-9. In spite of the solubility of TEL is
high in gastric medium, its absorption in gastric medium is very low. In contrast, the
solubility of TEL in intestine is very low which is considered the main site for TEL
absorption. Also, the fraction of TEL which is soluble in gastric medium, is
precipitated when reaches to intestinal medium like all BCS class Il as reported by
some researchers (Carlert et al., 2012; Tsume et al., 2013).

Enose et al. (2016) and Marasini et al. (2013) have formulated TEL as solid
dispersion by melt extrusion involving heat and low melting point polymer and spray-
drying involving organic solvents or complicated process. Tran et al. (2008) and
Phuong et al. (2011) also have developed the solid-dispersed TEL using melt and
solvent evaporation methods involving organic solvent. However, freeze-drying to
prepare TEL solid dispersion has not been adopted yet. This simple technique offers
use of completely aqueous solvent instead of organic.

In addition to that, the amorphous solid dispersion has issue with stability during
storage. If amorphous material recrystallizes, then the advantages of improved
solubility and dissolution would be compromised. To maintain the amorphous
structure of the drug, high amount of polymer is required to incorporate into the SD
system, which reduces its acceptability in downstream processing. Use of pH modifier

can reduce the required polymer amount.



1.3 RESEARCH HYPOTHESES
1. Solid dispersion of TEL can be prepared by freeze-drying, which will

enhance its in vitro dissolution.

2. Solid dispersion of TEL prepared by freeze-drying containing polymer-

alkalinizer mixture will enhance its in vivo absorption.

1.4 OBJECTIVES OF THE RESEARCH

The main aim of this research entitled ‘‘Development, Characterization and
Pharmacokinetic Study of Solid Dispersion Formulation of Telmisartan®’ is to develop
and characterize a solid-dispersed TEL formulation with enhanced dissolution and
oral bioavailability. The following specific objectives would be met in order to

achieve the goal.

i. To develop and formulate TEL solid dispersion formulations by freeze-

drying.

ii. To characterize the solid dispersion by solid state characterization
techniques and in vitro dissolution with reference to raw TEL and

marketed TEL tablet.

iii. To evaluate the stability of developed formulations in accelerated and

ambient storage condition studies.

iv. To determine the pharmacokinetic parameters and oral bioavailability of
TEL in SD formulations by in vivo pharmacokinetic study in rat model

with reference to raw TEL and marketed TEL tablet.



CHAPTER TWO
LITERATURE REVIEW

2.1 PROBLEM WITH POORLY SOLUBLE DRUGS

The advent of new techniques in drug discovery has led to the discovery of many drug
candidates (Robertson et al., 2015) but more than 40% of these drug candidates are
poorly water-soluble (Takagi et al., 2006). The poorly soluble drug candidates face
formulation problems, as they cannot be produced using conventional methods and
also have numerous performance issues associated with formulation. Additionally, the
poor aqueous solubility of the drugs result in poor dissolution rate in body and
eventually, low bioavailability. In orally administered drugs, compounds with less
than 100 pg/ml aqueous solubility exhibit restricted absorption due to poor dissolution
(Horter & Dressman, 2001). One way to address the problem regarding the
improvement of the drug bioavailability in poorly soluble drugs, would be dose
escalation to achieve therapeutic drug concentration range. However, this is
undesirable especially in orally administered drugs, as it may cause topical toxicity in
the gastrointestinal tract, which may lead to poor patient compliance such as
nonsteroidal anti-inflammatory drugs (diclofenac, flurbiprofen & aceclofenac)
(Varshney & Chatterjee, 2012). In addition, the use of large amounts of the active
pharmaceutical ingredient would be needed in developing and manufacturing the drug
product to achieve the desired therapeutic effect, that leads to increasing the costs of
manufacturing (Kawabata et al.,, 2011). In summary, poorly water-soluble drugs
present several issues from patient compliance and safety to cost effectiveness. The
biopharmaceutical classification system (BCS) is a useful tool for decision-making

regarding the development of drug formulation based on their solubility and intestinal



permeability (Amidon et al., 1995). Drugs can be categorized into four classes
according to United State Food and Drug Administration (FDA, 2000) as illustrated in
Figure 2.1. Class | and 11l drugs with high solubility but variable permeability are
formulated following simple methods, whereas class Il and IV drugs with low
solubility and variable permeability require more complicated formulation strategies
to achieve desirable bioavailability following oral administration (Kawabata et al.,

2011).
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High Permeability High Permeability
High Solubility Low Solubility
§ Class III Class IV
=
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//// 1
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N

Figure 2.1 BCS Classification System of Pharmaceutical Drugs

2.2 THE DRUG OF INTEREST: TELMISARTAN (TEL)
TEL is a Class Il drug with poor solubility and high permeability; thus it is a potential

candidate for solubility improvement strategy.

2.2.1 Chemical Name and Physicochemical Properties of TEL
TEL is chemically described as [1,1-biphenyl]-2-carboxylic acid, 4-[(1,4-dimethyl-2-
propyl[2,6-bi-1H-benzimidazol]-1-yl)methyl], the chemical structure of TEL is shown

in Figure 2.2. It is a white crystalline powder with a molecular weight of 514.6 and a



