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This technique is mostly uscd for t)) 'encapsulati liguids)rather than solids
beea Nelration of monomer i

Dpolymerization zane jc n1nr~h_‘cns_)g_l'1:o_u1__w_c
. liquid-state rather.than the solie] size. - - 3
; GIENERAL METHOD @F PREPARATI®ON:
: B
e ? . e, . SE o i
* The process consists of bringing iwo reactants together at the interface of the s
dispersed phiasc and the continuqus phases in emulsjon system,
. - :- e ——-_-T—-——-._'-{,.._.._...._......- E |
! *  Thisis usually accomplished by emulsiiving (he liquid.containing first reaclant
(cdispersed phasc) into continuous phase. whichjs initially devoid ofsecond reactnng.
L]

Additional continuous phast containing the second reactant is then adeled, The
interfacial polymerization reaction produces i eontinuous il of the
the dray. : :
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*  Therecovery of microcapsules from (e continuous phase can be accemplished by
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‘ PROBLEMS:

Associated with this technique includes:
“Reaction of active drug with the reagents (monoimer) used o form the w Al

LIMITATIONS: .

] ,
1. Toxicily w hich occur duc o unreacied monomcrsv‘ I .
i 2. Dcgradalion ofdrug causcd by mononicr reaction % !
i J 3. High permeability of coating¥ (because ol'mcrmsc pcrmcnb:l:l) \\I'holc_ drug lnm I
& relcased unmcdmtcfy and whole system pel Lnl-.cl ). :
4. Friability of microcapsules. _ _ '
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- ; PROPERTIES OF MICROCAPS ULLES PREPAI\ED LY
INTERTACIAL POLYMERIZATION: .

A.SURTACE T\'IORPI'IOLO('\" _ '
I\IICI'OC:'II'HlﬂLH prepared by interfacial polymerization method

hive spherical pecometry, The interior surface. ofll_1__ca_cﬂr_133c:0cng ules’is generally irrepular
and exterior surfacc 15 umform and smoolh ' :

- 4 * ’
!

B. SIZE AND SIZE DISTRIBUTION

i . Mosily by imerlaciat polymérization, larps microcapsules are
i produced, S '

. H
Various l‘ncl'orswvhich_ effcet size of microcapsules are; - .

~  Presence of salt jn aqueous phase ~_ increascs microcapsule sizc

; (Bccnusc salts have ability lo ﬁcmnh. the cmlcscz_ncc ofclroplcts )i
I

# dr-crz.nsc N temperature and monomer concenlration

. » -increases mlcrqcapsul
: T 2K suc !
s Addition of thickening aLent =" - jnerenses microcapsule sjze’

(Beeause thickening agent increases viscasity ol"svslcm, decreases stircing speed)

RS

~ Inerease agitation speed ——n . verease paiticle size

C.MEMBRANE PROPERTIES e o
It includes: Sk : ' 6 }
i) Membrane thickness .- R
. i} Membrane pc:mc.lbslll) . -z
: 111} Iucmb'nnc s..:b:l;:.
: &2'5-:;:3' r.-r "@)k-)/
i . . _ 23 :l';;..f"}---
!

- : . Mub :0360. .’900294
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i} b thickness: _ e
The membran, Wickness nl'micfocnpsul’cs depends on (he method o
i v preparacion, Micracapsities prepared by inerfyeial relymerization Possess a thickness in the
| manomerer ranne because (he Membrane tiickness, s restrictod by limjred solubiliy of the
3 reaclings jn the rhase 1o be encapsulatey, . - - |
o 1} Membrang Permeability: S "
) Membrane Permeatnliiy: defines the rate ol mass transjer from the
; surrounding solution into microcnpsulcs & it depends upon; . ;
J . * Membrang thickness = g
tEN * Poresize AND
e *  Chemien) composition of the palvier I
A i _ :
The permenbiligy characteristics o!'micrncnpsufcs zive ug informaiion aboun thye
.\u::l:uincd.’cnnIro.'h.'d release propertics ol ;e encapsulaleel drugs. T
g . ~ When membrane thickness ;s incrcnscd, permeability js dcc'rc:lsc:r.l and viee
versa, | A e
* When pore size s increascel. permeability s incr.cnscd_; ;
~ Different chemical CoOMposition Produces differcny membrane thickness ang
ulrfmmcfy different membrape rermeability, =
i )Membrane Stability: ' .
. Membrane st::bil:’!;.'o!‘micmc;upsules Membraies ) [ -

depends upon: R
Total poivmer ratio
* Ralio ol amines (o acid chlorides And :

I was found that stalie capale m'cmlbrnnc Was abrined by .
incrcn::ing the ratip ol amines (o acid ehloriles and with jow coenzentration ol tota) plc-I_\'mcr.
VDO ZETA I"OTEI\'TU\L:

: :\-In]crocnpsulcs Prepazed by inderiaeial polymerization technique hive
a micrachpyule membranc (hag doqs not bear any electrie tharze, HO\I\'C.\'CF wher, su.spcnc'lccl
i an aquoous medinm, they migraie cither 1o anode o c:ﬂhodc.'dcpcnchn;: on ihe sirn of
clectric charpe oy, the encapsulaied polyelectrnlyge _ :
Foltowiae Facton: will alTect ihe 2o potenttal of microcapsuge: - , '

* Tanic strengl; oFf medium
- Dil ol mediom

- *  Caacentratior nl’pnl}'efccu'ol.\'lc
* Tnnie sirpnari, afmedivm, ., Decrease i michiliy ol microcapsules when joniz
FOLS TS increasee! _
o T meriiam, creecnnn dovemen ol microzapsubes oceur cither towards ) /
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Emulsion system. !
|
i

¢ of drugs to be encapsulated, three proccdures can be adoptedd

| : Depending upon the natur
facial polymerization wehnique. .
: S R4

| ; ander the heading ol inter

:i These includs: . _ -
oAl ROCENDURE FORWATIER 1IMMISCIRLE LIOUID CORLE \"M M&'}"

|

| | BPROCEDURE FORWATER SCIBLL LIQUID CORE W™
'\ PROCCOURE FORSOLIDCORE . o

5 ' ‘ : , Loy \

it ; PR
. A/PROCEDUREFOR WATER] AMIMISCIBLE L1IQUID CORE:

N 1
omer is dissolved in the ligquid care.

L;s___lé_[ oEl:Lilic Heaid, the nion i
] r. Then tjis solution is dispersed

hlopdcls usad as monome

When the core maieria
E /-—""-—-.._, e
Usuallydisocyangic QL a

aqueous phasc (containing
Cmenomers at ihe interface and results in fon
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CLioep Hydroxy phenyd
g e k

l”) TDURE

veus selarion of watep solubie dimug

E FORWATER NMISCIILE LIQUID CORE.

(chinpersed phase) containing monomer is disn.

i tn A areanic phase (conlinugns pln wh which contain the emulsificr to form w r

coaaltion, When additional oil conta; Ning 2
momibrane is formed. Then mn.mc.np-mh. Wit i

Adquenns solution + Mopomer
G hydrophilic drug
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MICROCAPSUH

COPROCEDUR LTFOR SOLID CORE:
mu(i cores are Cnc.'lp‘illlﬂlt.d by \t_n\J__Unnnm- wehthan
DHTFERENT SOLVENTS USED:

- CCLy (tarkon Gliochdgricy)

* ChicroformJf€udyg)

» . Mcthano! (CH'.;Q\'\)

= i.-O clc

. ’

DI i"RI‘T NT MO’\'O\ RS USED:

4/ . | |

QrI. i

R

polymerize by free radical reac

Oil containina manome:

monomer is added o w/o cmulsion, pnl e
eparited by different lccnnlqucs

et

O

 Water soluble monomer’

Qil- soluble menomer.

Polymer formed

| e

l. olvammc
e Hexamethylene
! ([ .mn e

Stbacer] cliloite

Polvbasic acid halide

Palyamide
palyamide

|
.
)

2 Polypheno

Scbacori chlarids
4 prnpine

Pelybasic acid halide

Polyphenyl ester
Polyphenly ester

ACG
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Coancentration of polyclectrolyte. . .o, Diceronse seta poientiad duc lo increasc

cone, ("'-ou-\!cr ~on.~. liberated from the cncapsulaled polyclectrolyte molecules.
[}

” I

) IFL.ONY PROTPE RTY: : .
Microcapsules swhich-are spherical e shape have Iree ltow properlies;

swever inicrecapsules which are irrceular in shape do not have free ﬁowmn propcruu;

-

1

PPLICATIONS OT INTT“RTACTAL POLYwERr ATION-

Interfacial polymerization isa technique which is widely used in the ficld ol'l-
sriculture, medicine, pharmacy, and biotechnology. !
sme of the important applications are as follows: : : I

) ENZYMES:
~ Microcapsules containing-aqucous soluuons oi cnzymes are nruﬁcml nnalogs of'
biological cells

"% Microcncapsulation can greatly increase the :mbslu) and duration oF action of
enzymes, For example, microcapsules containing ASPARAGINASE prepared by
interfacinl polymcrization posscss membrane that is Tis resistant to mechanical shock or
attack of CIIYMOTRIPSIN, . '

~ Enzyme like Catalases can be encapsulated to provide proteelion against I-.::nlnnc and
immunological reaction -

s i e e L 3

) PROTEINS:

- :\nc:loc:np.,u'::t of Human serum_albumin anc bovine fbrinogen. and ovalbumin
u c%upan,_d by. interfacial pol) merizations Then they ard treated With alkalinc |
1"dr0\yhmmcq which resultin nlhcl@gm.nun.d‘o\mmdc croup Lo the membrang,

Wﬂmcmc.\pbulus capable afiron binding—~Lower dmounts of iron were ©

Inm-d te be complexed by human serimratbeiin as compared with I'brmo"cn nnrl
ovalbumin microcapsiles

~  Microsapsules conlaining hemoglobin solutias can be used as substituie of BC or
Lartifieinl RBCs. i
F Bovire s&F m"ﬁﬂhumtn can also be encapsulzied by inh:rf:tcinl polymgrization.

] AI\J II KCl/\L CLL.LS

, , | - P#
> Mlicrocapsulcs prcp’urcd by interacial pol\'mu' malion arc uscd as "H‘lerI'I| cells -
beeause of their 4emi pcrmc‘\bl__,m'_cp-'rlw\ o

> tMembrancs of artificial cells ¢ -Citkes or :.u'-pcn:uon:, but
they are cxlremely ﬁ'umnahlu.a_.;nlmos-pnsumumm BiC Thus they are

uned in the treatment'of ¢hranic renal filure, liver Milure & neuteftovicity.
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Formulation Consideralions and Microencapsulation Techniques | 4

Microsphe Microspheres In solution
(solvent e {solvent extraction)

Figure 6.7.2 Preparation of Microspheres by Double Emulsio ' eclnique
g
Polymerization Techniques .

There are two polymerization techniques that can be uvsed for the prepmlatlon of the microspheres.
They are normal polymerization and interfacial polymerization.

Normal polymerization: It is carried out using different technlques such as bulk, suspension, pre-
cipitation, emulsion and micellar polymerization processes.

I Inbulk polymerization, a monomer or a mixture of monomers along with the initiator or catalyst
is heated to initiate polymerization. The initiator or catalyst is added to accelerate the rate of the
reaction. The polymer so obtained may be molded as microspheresj Drug entrapment may be
done during the process of polymerization (refer Fig. 6.7.3). | L

The advantage of this technique is the formation of pure polymers. The disadvantage is that
it is very difficult to release the heat of the reaction, which can adve+ely affect the thermolabile
active ingredients.



% | Novel Orug Delivery Systems

[ Monomer + Drug + Initiator ]

Heating | Polymerizalion

k.

[ Polymer block J

Molding

{ Microspheres J

Flgure 6.7.3 Bulk Polymerization Process

Mechanical fragmentation

2. Suspension polymerization is also known as bead or pearl polyterization. It is carried out by

heating the monomer or mixture of monomer with drug as a droplet dispersion in a continuous
agueous phase. Initiator and other additives may also be added (Fig. 6.7:4). _
The advantages of this method are that it can be carried out at a lower temperature, since
the continuous external phase is water through which heat can easily be released. The process
also results in the formation of high molecular weight polymers at a relatively fast rate. The
disadvantage is that the polymers formed may react with the unreacted monomers and other

additives.

[ Monomer + Drug + Initiator J

A

[ " Dispersion in aqueous phase ]

Heating and agitation | Polymerization

A

[ Microspheres: ]

Figure 674 Suspension Polymerization Progess

3. Emulsion polymerlzation is a method in which the initiator is present in the aqueous phase,

which later on diffuses to the surface of micelles or the emulsion globules. This method can be
carried out at a lower temperature, since the continuous external phase is water through which
heat can easily be released (Fig. 6.7.3).

Similar fo suspension polymerization, this method can be carried out at a lower temperature,
since the conti}'mo{xs external phase is water through which heat tan easily be lost. The process
also results in the formation of high molecular weight polymers at a fast rate. The disadvantage
is that the polymerg formed may react with the unreacted monomers and other additives.
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Formutation Considerations and Microencapsulation Techniques | I

] [Aqueous sofution of NaOH wit}1 Iniliator,]

[ Manomer + Drug surfactant, and stabilizer

Dispersion with vigorous stirring

Micellar solution of polymer in aqueous
medium

Polymerization

r

{ Microspheres ] '

Figure 6.7.5 Emulsion Polymerizalion Process

Interfacial polymerization: It involves the reaction of various monomers at the interface of two
immiscible liquid phases to form a polymer film that encapsulates t1+e dispe’rsecl phase. Two immisci-
ble solvents are used, with the monomer in one solvent reacting with the ondmer in the other sol-
vent. The continuous phase is aqueous in nature throughout which the second monomer is emuisified.
The monomers present in both the phases diffuse rapidly and polymerize at the finterface.

Phase Separation Coacervation Technique

The method is designed for preparing reservoir-type systems such as enca;';sulgtio‘n of water-soluble
drugs. The solubility of the polymer in organic phase is decreased tg effect he formation of polymer-
rich phase called the coacervates.

The drug particles are dispersed in a polymer solution and an incompatible polymer is added to
the system, which makes the first polymer to separate out and engulf the drug particles. Addition of
nonsolvent results in the solidification of the polymer (refer Fig. 6.7.6). Pol'ylacfic acid (PLA) micro-
spheres have been prepared by this method by using butadiene as the incompatible polymer.

Equeous or organic solution of polyrrier-]

Drug is added j F’ |

Drug is dispersed or dissolved
in the polymer sofution

\, J

| Phase separation is carried out|

r R
Polymer-rich globules
Hardening
(e N
Microspheres in aquaous ' . .
or organic phase '

Separation, washing and drying

(= My

Microspheres. . : ;

. ”

Figure 6.7.6 Phase Separation Coacervation Method
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Spray Drying and Spray Congealing

These methods involve the drying of a mist of polymer and drug in the air. The polymer is dissolved in
a volatile organic solvent such as dichloromethane and acetone. The solid drug is then dispersed in the
polymer solution under high-speed homogenization. This dispersion is then atomized into a stream of
hot air. The atomization leads to the formation of the small droplets or the fine mist, from which the sol-
vent evaporates instantaneously leading to the formation of the microspheres in a size range 1-100 pm.
Microparticles are separated from the hot air by means of a cyclone separator while the traces of sol-
vent are removed by vacuum drying.

The main difference between spray drying and spray congealing is the process of solidification of
the coating. In spray drying, the coating is solidified by rapid evaporation of a solvent in which the
coating material is dissolved, whereas in spray congealing method, the coating is solidified by heat or
by introducing the coated core mixture into a nonsolvent, The nonsolvent can be removed from the
coated product by sorption, evaporation or extraction techniques.

Advantages: One of the major advantages of the spray drying process is that the operation can be
carried out under aseptic conditions. The spray drying process is used to encapsulate various penicil-
fins. Porous microparticles are formed due to rapid solvent evaporation.

Solvent Extraction

In this process, the coating polymer is dissolved in a volatile solvent that is immiscible with the vehicle.
The core material to be microencapsulated is dispersed in the coating polymer solution. The core and coat-
ing material mixture is dispersed in the vehicle phase with stirring to obtain microcapsules of appropriate
size. Stirring is continued until the solvent partitions into the aqueous phase and the solvent is removed
by extraction with water. This process decreases the time required for hardening of the microspheres.

CHARACTERIZATION OF MICROSPHERES

Learning Objective

» Evaluation of microspheres

L. Particle size and shape: The most widely used methods to visualize microparticles are conven-
tional light microscopy (LM) and scanning electron microscopy (SEM). LM provides a means
of visualizing the microsphere structure before and after coating. SEM provides a higher reso-
lution than LM. SEM allows investigations of microsphere surfaces. Confocal laser scanning
microscopy (CLSM) can also be used as a nondestructive technique for studying microparticles.
It allows investigation of not only the surface but also the interior of the particles, provided the
material i¢ sufficiently transparent and can be fluorescently labeled.

2. Electron Spectroscopy for Chemical Analysis (ESCA): The surface chemistry of the micro-
spheres can be determined by ESCA, which provides a means of determining the atomic com-
position of the surface. The surface degradation of the biodegradable microspheres can then be
determined from the spectra obtained.

3. Attenuated Total Reflectance Fourier Transform-Infrared Spectroscopy (ATR-FTIR): The
ATR-FTIR provides information about the surface composition of the microspheres.

4. Density determination: The density of the microspheres can be measured with a multivolume
pychnometer. Weighed amount of the sample is taken'into the cup and loaded into the chamber.
Helium is introduced at a constant pressure in the chamber and-allowed to expand. There will
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be a decrease in pressure within the chamber due to the expansion of helium. Two consecutive
readings of reduction in pressure at different initial pressures are noted, From the pressure read-
ings, the volume and the density of the microspheres can be determined.

5. Isoelectric point: Microelectrophoresis is used to measure the electrophoretic mobility of the
microspheres from which isoelectric point can be determined. The time of particle movement
over a distance of | mm is measured and the mean velocity at different pH values ranging from
3 to 10 is calculated. Using this data electrophoretic mobility can be obtained.

6. Surface carboxylic acid residue: It is measured by using radioactive glycine, which is prepared
by reaction of “C-glycine ethyl ester hydrochloride with the microspheres. The glycine residue
is linked using a water-soluble condensing agent 1-ethyl-3(3-dimethyleamino propyl) carbi-
diimide (EDAC). The radioactivity of the conjugate is then measured in a liquid scintillation
counter. Thus, the carboxylic acid residue can be compared and correlated.

7. Surface amino acid residue: It is determined by using radioactive "{C-acetic acid conjugate.
EDAC is used to condense the amino group and "“C-acetic acid carboxylic acid residue. The free
amino acid residues can be determined by indirect estimation of radioactivity of the "'C having
the glycine conjugate. The accuracy of the method depends on the time allowed for conjugation
of the radioactive moiety and the reactivity of the free functional group. T

8. Drug entrapment efficiency: The drug entrapment efficiency of the microspheres can be deter-
mined by lysing the washed microspheres. The lysate is then analyzed for its drug content. The
equation is given by

Actual content

Theoretical content

9, In Vitro Release Studies: The release of drug from microspheres can be carried out in phos-
phate saline buffer of pH 7.4 by using rotating paddle apparatus or dialysis method.

Percentage entrapment =

In case of the paddle apparatus, the sample is agitated at 100 rpm. Samples are withdrawn at prede-
termined time intervals: The drug content in the sample withdrawn is analyzed and release profile is
determined by plotting the amount of drug released versus time.

Dialysis is the other method, in which the microspheres are kept in a dialysis bag or tube with a
membrane. The dialyzing media is continuously stirred and samples of dialysaﬂ: are taken at prede-
termined time intervals. The withdrawn sample is replaced each time with fresh, buffer solution. The
samples are estimated for drug content (refer Fig. 6.7.7).
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Figure 6.7.7 Dialysis Membrane Method
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APPLICATIONS

]!

Microspheres in vaccine delivery: Antigens such as staphylococcus enterotoxin B, diphthe-
ria toxoid, hepatitis surface antigen and tetanus toxoid are formulated into microspheres by
using thermoplastic polyesters of PLA and (glycolic acid) and their copolymers poly(lactides
coglycolides).

Microspheres in ocular drug delivery: The eye and the cornea are easily accessible targets.
However, the retention of microparticulate drug carriers in the corneal sac is difficult due to the
washout effect. However, novel in situ drug delivery systems have been formulated, which can
increase the retention of the microparticulate system by changing them to the gel form in the
cul-de-sac of the eye.

Microspheres in intranasal drug delivery: The intranasal route is exploited for the delivery
of peptides and proteins. The conventional dosage forms are rapidly cleared from the nasal
mucosa. Bioadhesive microspheres are used as alternative dosage formulations having greater
control over the surface character and release pattern,

Microspheres in oral drug delivery: Many drug substances are characterized by poor solu-
bility in aqueous media and thus such drugs encounter pore problems. The incorporation of
anti-infective agents of poor aqueous solubility into pH-sensitive microparticulates provides an
efficient means for oral drug delivery.

Magnetic microspheres: Magnetic monitoring has the advantage of being efficient in
allowing high local concentration of therapeutic agents. For example, amphotericin B mag-
netic microspheres are used in the treatment of pulmonary aspergillosis. Interleukin-2
magnetic microspheres are used to target the antiulcer tumor response of the macrophages.
Imaging: Various cells, cell lines, tissues and organs can be imaged using radiolabeled micro-
spheres. Labeled human serum albumin microspheres can be used for the scintographic imaging
of the tumor masses in Jungs.

Topical porous microspheres: The microsponges act as topical carriers for a variety of func-
tional substances such as antiacne, anti-inflammatory, antipyretic, antifungal and rubefacients.

REVIEW QUESTIONS
Answer in Detail

1.
2.
3

Discuss the various methods of manufacture of microspheres.
Write a note on the different types of microspheres.
Write in detail about characterization of microspheres.

Answer in Brief

n
2.
3}
4.
5.

Write a note on phase separation coacervation technique.

Discuss the therapeutic applications of microspheres.

Describe double emulsion technique of preparation of microspheres.
Discuss the formulation consideration in the synthesis of microspheres.
Write a note on the polymeric microspheres.

Answer in On

1. Define mag
2. Differentiat
3. Name the d
4, Discuss the
5. Differentiat




