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CHAPTER 1 INTRODUCTION

INTRODUCTION

1.1. Challenges with conventional drug delivery systems

Drug delivery systems are created using design techniques for controlled or targeted release. of
medical treatments. The process of administering a pharmacological substance is known as
drug delivery to have a therapeutic impact on either people or animals. It demonstrates a
significant effect on the treatment for a range of diseases [1]. There are issues with
bioavailability, unusual distribution mechanisms for medications, and rational formulation

design for treatments with limited solubility. The delivery of pharmaceuticals containing

proteins as well as those intended for children and the elderly are important additional problems

with drug distribution. The best hoj:e of increasing the oral bioavailability of drugs that aren't

sii-emulsifying drug delivery systems [2].

very water-soluble lies in SEDROE, «

1.2. Definition of NDDS

This drug delivery system combines advanced methods with novel dosages techniques to
increase medication safety, manage drug release, and introduce better drug potency are among
them a medication to a desired tissue selectively [3].

To obtain the desired therapeutic result, a pharmacological or medical medication is
administered by a process known as drug delivery. The distribution technique plays a
significant role in a drug's efficacy. Examples of novel drug delivery systems include products
that mix drugs and devices or are medical equipment. Pharmaceutics, molecular biology, and
polymer science are all used in the development of novel drug delivery systems (NDDS). The
method of administration of a drug can have a substantial impact on its effectiveness. Some
medications have an ideal concentration range within which they function optimally; dosages
outside of this range may be harmful or have no therapeutic benefit [4].
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1,20 Advantage of NDDN |8]

Wiy retiaikY of NDDS

1,2.2 Disndvantages of NDEDS (6]

o Dowe dumping,
o Limited potentinl as carrier 10 non-phagocyte target tissue,

o Low solubility and permeability

o Poor bioavailability.

1.3 Microspheres in drug dellvery system

Microspheres are solid, frec-flowing particles with spherical shapes that range in size from 1
10 1000 m, Microparticles in alwo occasionally used as n synonym for microspheres (7). These
nre compomd of blodegraduble synthetic polymers or proteins that are utilised for the targeted
delivery of antibiotics, hormoncs, vaceines, and medicines, They also have s wide surface arca
and muke mass transfer behaviour and diffusion casier o assess [8], To improve drug
shworption, microspheres for oral usage have also entered the market, Basically, microspheres

nre of two types; -
1, Microcapsules- The enclosed materinl is clearly encompassed by a distinct capsule

will,
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CRAPTER1 INTRODUCTION

2. Micromatrices- The entrapped material is spreading throughout the matrix of the

microspheres [9-10].

1.3.1 Ideal characteristics of microspheres [11-12]

The ability to incorporate reasonably high concentrations of the drug.
Susceptibility to chemical modification.

Long shelf-life.

Controlled particle size and dispersibility in aqueous vehicles for injection.
Release of active reagent with a good control over a wide time scale.
Biocompatibility with good biodegradability.

1.3.2 Advantages of micrespheres [13-14]

Provide prolonged (arsapontic effect.
Protects GIT rom fmvmai elfects of the drug.
Reduces dose and toxiily,

Improves bioavailability of drug.

Provides better patient compliance.

Delivers the drug at specific site of action.

1.3.3 Disadvantages of microspheres [15]

Unknown toxicity of beads.
Difficulty of large-scale manufacturing.

Less reproducibility.
These type of dosage forms should not be chewed or cracked.

1.4 Types of microspheres
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CHAPTER1 INTRODUCTION

1g 22 Types of microspheres [16]

4.1 Floating microspheres— These microspheres are tiny and hollow having no center and are

free flowing cells which differ in range from 1-1000 pm. The bulk density in this type of
microsphere is less than gastric fluid so these stay buoyant in stomach without disturbing the
gastric emptying rate [16]. The drug is released deliberately at the desired rate, if the system
is floating on gastric content and therefore increase variation in plasma concentration and
gastric residence time [17]. It decreases the chances of dumping of dose and diminishes the
dosing frequencies and offers extended therapeutic effect [18-19].
Patel A et al. (2006) prepared and evaluated the floating microspheres of metformin
hydrochloride and optimized drug release pattern to match target release profile. By the use of
non-aqueous emulsification solvent evaporation method using ethyl cellulose floating
microspheres were formulated and which extended the release of drug for at least 8 hours in

stomach hence enhancing the patient compliance and bioavailability.

1.4.2 Bioadhesive microspheres- Adhesion can be defined as sticking of drug to the

membrane by using the sticking property of the water-soluble polymers [20]. Adhesion of drug

delivery device to the mucosal membrane such as buccal, ocular, rectal, nasal etc can be termed

as bio adhesion. These kinds of microspheres exhibit a prolonged residence time at the site of
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application and causes intimate contact with the absorption site and produces better therapeutic
action [21-23).

Ye Zhang etal formulated chitosan coated alginate/ gelatin microspheres loaded with
Berberine hydrochloride and evaluated them for their pharmaceutical characteristics and
pharmacokinctics. These bio adhesive microspheres were prepared by emulsification method.
Three batches were prepared and then evaluated for stability and are used for sustained delivery

to treat duodenal and benign gastric ulcers [24].

1.43 Polymeric microspheres— These microspheres are of two types and are classified as

follows:[25]
1. Biodegradable polymeric microspheres
2. Synthetic polymeric microspheres

Fajun Zhaoetal., in2 tow-permenbility reservoir by using polymeric microspheres to improve
in-depth profile cosizs . Diviiiation oresipitation was utilised to create polymeric microspheres
with a nanometer-:¢" ~wiuie sive. {nfrared spectroscopy, scanning electron microscopy,
thermogravimetry, =" st and  high-temperature rheometry, and dynamic light

4 3, t=ot sl analyse the structure, apparent pattern, thermal endurance,

scattering were empiovid
particle size, hydration, and swelling capability of the microspheres. With a centred size

distribution, the synthesized polymeric microspheres were all uniformly round.

— These microspheres generally have clinical applications

Synthetic Polymeric Microspheres
and bulking agents. These can also be used as drug

and also used as fillers, embolic particles,
delivery vehicles. Thesc are safe and biocompatible. But their major drawback is that they have

a habit of migrating away from the site of injection and leads to potential risk which results in

organ damage [26].

Biodegradable Polymeric Microspheres - Starch which is a natural polymer is used with the
perception as they are biocompatible, biodegradable, and bioadhesive. These biodegradable
polymers extend the residence time when they interact with the mucous membrane as it has
great swelling properties with the aqueous media which further results in the development of

gel. By the concentration of polymer, the extent and rate of drug is controlled in sustained way.

The drug loading cfficiency of biodegradable microspheres in clinical use is very complicated

and is problematic to control the drug release and this is the major disadvantage of these

microspheres [27-28).
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|4 Magnetic microspheres— These are molecular particles which localizes the drug to the target
site and are very short enough to cross the capillaries without creating an esophageal
obstruction [29]. In this system freely circulating drug present in huge amount can be
substituted by a small volume of magnetically targeted drug. Magnetic responses to a
magnetic field are received from magnetic carriers from the incorporated substances which
are used in magnetic microspheres are dextran, chitosan and many more [30-31]. There are
two types of magnetic microspheres which are: - 1. Diagnostic microspheres 2. Therapeutic

magnetic microspheres

Fengxia Li et al., formulated magnetic polylactic acid microspheres loaded with curcumin

by O/W emulsion solvent evaporation method to obtaina targeted drug delivery system. FTIR
sed to check

was used to characterize functional groups. Scanning electron microscopy was U
while dynamic light spectroscopy for size distribution of
sre found spherical with smooth surface with a diameter

ced release effect on in vitro drug release.

morphology of microspheres
microspheres. The micr:; :
0f 0.55-0.75 pm ganed v

1.5 Methods of fornzutation of raivsospheres: ~

ration of solid, liquid or gases into one or more polymeric coatings can be done by

Incorpo!
microencapsulation technique. The different methods used for various microspheres
¢ and these

ion depends on particle size, route of administration, duration of drug releas

preparat
£ cross linking, drug of cross linking, evaporation

above characters related to rpm, method 0
time, co precipitation etc [32].

Methods of preparation-

Jonic gelatin technique

Spray drying method

Emulsion cross linking method
Emulsion solvent diffusion technique
Multiple emulsion method

Emulsion solvent evaporation technique

R N
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1.5.1 lonic-gelatin method- Alginate/chitosan particulate system for diclofenac sodium
release was prepared using this technique. 25%(w/v) of diclofenac sodium was added to
1.2%(w/v) aqueous solution of sodium alginate. In order to get the complete solution stirring
is continued and after that it was added drop wise 1o a solution containing Ca2+ /AI3+ and
chitosan solution in acetic acid. Microspheres which were created were held in reserve in
original solution for 24 hr for intemal gellification followed by filtration for partition. The
complete discharge was obtained at pH 6.4-7.2 but the drug did not liberate in acidic pH [33].

1.5.2 Spray- drying method- This technique which involves separating the core material in
liquefied covering material, was utilised to develop polymeric mixed microspheres loaded with
the medication ketoprofen. The combination is then sprayed into the surroundings to solidify
the coating, and the solvent quickly evaporates after that. Ketoprofen was added to an organic
solution of poly (epsilon-caprolactone) and cellulose acetate butyrate (CAB) in different weight
ratios, which was then producad and sprayed under various experimental conditions to produce
~: Thveto the principle of rapid drying, this method is speedy but may

drug-loaded miciny
lack crystaltinit:.

hot
air
inlet

Concentrated
product

n_m.w

——

warm
air

Fig. 3: Spray drying method
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1.5.3 Emulsion cross-linking method- In this method drug was dissolved in aqueous gelatine
solution which was previously heated for 1hr at 40°C. The solution was added drop wise to
liquid paraffin while stirring the mixture at 1500rpm for 10 min at 35°C results in w/o emulsion
then further stirring is done for 10 min at 15°C.Thus the produced microspheres were washed
respectively three times with acetone and Isopropyl alcohol which then air dried and dispersed
in SmL of aqueous glutaraldehyde saturated toluene solution at room temperature for 3 hrs for
cross linking and then was treated with 100mL of 10 mm glycine solution containing 0.1%w/v
of tween 80 at 37° for 10min to block un reacted glutaraldehyde. Examples for this technique

is Gelatin a microsphere [34].

1.5.4 Emulsion solvent diffusion technique- By using this technique the floating microparticles

of ketoprofen were formulated to enhance the colon residence time. The mixture of drug and

polymer was dissolved in 2 mixture of dichloromethane and ethanol in 1:1 and this mixture was
further added to seliztisn of sodium lauryl sulphate drop wisely. At room temperature, with the

help of propeller tyj:: ayraie the solution wes stirred for 1 hour at 150 rpm. The formulated

microspheres were sl S

st room temperature were dried in desiccator and later were
sieved and collected (33}

1.5 Multiple emulsicn method- This technique is used for preparation of oral controlled

release medication delivery for a variety of pharmaceuticals. The powder medication was

first disseminated in methyl cellulose solution, then emulsified in ethyl cellulose solution

in ethyl acetate. In an aqueous medium, the first emulsion was then reemulsified. under

optimal conditions [35].
1.6 Emulsion solvent evaporation method-
which was previously dissolved in chloroform and the resulting solu
9 sodium PVP as emulsifying agent. The above mixture was agitated
e transformed into fine droplet which

In this technique the drug is dissolved in polymer
tion is added to aqueous

phase containing 0.2

at 500 rpm then the drug and polymer (eudragit) wer

solidified into rigid microspheres by solvent evaporation and then collected by filtration and

washed with demineralised water and desiccated at room temperature for 24hrs [36].

1.6 Particle shape and size- Traditional light microscopy (LM) and scanning electron
microscopy (SEM) are the two most used methods for visualising microparticles
(SEM). Microparticles' shape and exterior structure can be determined using both
methods. In the case of double-walled microspheres, LM allows you to modify the
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