CHAPTER 11

LITERATURE SURVEY



2.1 Malaria

2.1.1 Introduction (Tracy and Webster, 1996) |

‘Malaria remains the world’s mo'st devastating human infection \&ith 300 to

500 million clinical cases and nearly 3 million deaths each year. In India,

recent decades have seen an:alarming increase in the cases of malaria caused

by lethal parasites. |
Effective and safe drugs, insecticides and vaccines still are needed ‘to

cotnbat malaria, In the 1950s, attempts to eradicate this -scourge from most

parts of the world failed, primarily because of the development of resistance

to insecticides and antlmalanal drugs The chemotherapy of malana requlres

a thorough understandmg of the blology -of malarial mfectlon

2.1.2 Biology of Malanal Infectxon (Tracy And Webster, 1996)

Human malaria is caused by four. specxes of obligate mtracellular protozoa of
the genus Plasmodium vziz Plasmodzum falczparum Plasmodzum vivax,
. Plasmodium ovale and Plasmodzum malarzae Although maiana ‘can’ be
transmitted by transﬁlsxon of mfected blood, human bemgs are mfected
more commonly by sporozmtes mjected by the bxte of mfected female
mosquitoes (genus Anopheles) The para31tes rapldly leave the c1rculatxon
and localize in hepatocytes where they transform muitxply and develop mto
tissue schizonts. Thls pmnary asymptomatlc tlssue (pre-erythrocytlc to exo-
erythrocytlc) stage of mfectton lasts for 5 to 16 days dependmg on the
Plasmodium species. The tlssue schlzonts then rupture each releasmg
thousands of merozoxtes these enter the cucuiatlon mvade erythrocytes and
initiate the erythrocytlc stage or cycle of mfect1on Once the txssue schlzonts
burst in P. falczparum and ‘P malarzae mfectlons no forms of the parasxte
remain in the liver. But m Ptzzvax and P. Ovale mfectlons some tlssue

parasites persist - and are capable of producmg relapses of erythrocync



infection months to years after the primary attack. The origin of such latent
tissues forms is unclear. Once plasmodia enter the erythrocytic cycle, they
cannot invade other tissues; thus, there is no tissue'stage of infection for
human malaria contracted by transfusion. In erythrocytes, most parasites'
undergo asexual development from young ring forms to trophozoites and
finally to mature schizonts. Schizont containing ‘erythrocytes rupture, each
releasmg 6 to 24 merozoites, depending on the plasmodra species. It is this
process that produce the febnle clinical attack The released merozoites
invade- more erythrocytes to continue. the cycle which proceeds until death
of the host or modulatton by: drugs or acqmred nnmumty The periodicity of
parasrtemla and febnle clinical mamfestauons thus depend on the timing of
schrzogony ofa generatton of erythrocync paras1tes For P. falciparum, P.
Vivax and P. Ovale it takes about 48 hours to: complete the process of
erythrocytlc sclnzogony Synchronous rupture of 'mfected erythrocytes and
release’ of merozoxtes mto the cnculatlon leads to typical febrile pattern is
less regular in falcrparum malana due to a combmatron of asynchronous
release of parasrtes and segregatron of mfected parasxtes in the periphery. In
P.malariae mfectlon, schlzogony requlres about 72 hours resulting in
malanal attacks on day 1 &4or* quartan malana -

Some erythrocytlc parasrtes drfferentrate mto sexual forms known as
gametocytes After mfected human blood is mgested by a female mosquito, -
exﬂagellatron of the male gametocyte occurs and is" followed by male
gametocyt051s and fertllxzatxon of the fernale :garnetocyte in the gut of the
msect The resul’ung zygote whlch develops in the gut wall as an oocyst,
,eventually gtves raxse to the mfectlve sporozmtes whtch invades the salivary
gland of the mosqulto The msect then can: mfect another. human host by

takmg a blood meal 1 ' o
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Each Plasmodium species has distinguishing morphological features
in a blood smear. The illness caused by each parasite also is distinctive.

P. falciparum -causes malignant tertian malaria, the most dangerous
form of human malaria. By invading erythrocytes of any age, this species
can produce an overwhelming parasitemia and culminating infection in non-
immune persons that, if untreated, may rapidly - cause death. Delay in
treatment until after demonstration of parasitemia may lead to an irreversible
state of shock and death'may' ensue even after the peripheral blood is free of
parasites. If treated early, the mfectxon usually responds within 48 hours to
appropriate antimalarial dr,ugs. If treatment is inadequate, however,
recrudescence of infection‘-may?.result from multlphcatlon of parasites that
persist in the blood. A

P.vivax causes begin ‘tertian malaria and produces milder clinical
attacks than those of P. félcr]vgzru‘)m. P vivax infection has a low mortality rate
in untreated adults and 1s ‘char@%:‘,terized by relapses caused by latent tissue
forms. ' L : o

P.ovale causes a rare mérlair;al‘ infection with a periodicity and relapses
similar to those of P. vivd;c Eut it 1s milder arrd more readily cured.

P.malariae causes quartan malarla, an mfectxon that is common in
localized areas of the troplcs Chmcal attacks may occur years after infection
but are much rarer than agter mfectron with Pt Vivax..

i

i,

2.1.3 Immunity to Malana (Rang et al, 1999)

Immumry to malaria occurs and can protect many individuals living in
malarious areas. It mvolves mostly cell medrcated reactlons the details of
which are now gradually bemg eiucxdated The rmmumty is lost if the
individual is absent from the area for more than six months. There is hope

that it may be possxble to make vaccme for xmmumzatxon against malaria.



2.1.4 Classification of Antimalarial Agents ( Tracy And Webster, 1996)
Antimalarials can be classified by the stage of the parasite that they affect

and the corresponding clinical objective as follows:

2.1.4.1 Tissues schzonticides used for causal prophylaxis : These agents
act on primary tissue forms of plasmodia within the liver that are destined
within a month or less to initiate the erythrocytic stage of infection. Invasion
of erythrocytes and further transmission of infection are thereby prevented.
An example is chloroguanide (proguanil) which is used primarily fof causal

prophylaxis of falciparum malaria.

2.1.4.2 Tissue schizonticides ﬁsed to prevent re{apse: These compounds
act on latent tissue forms of P. Vivax & P. Ovale. They are used for terminal
prophylaxis and for radical cure of relapsing malarial infections. For
terminal prophylaxis, regimens with such a drug are initiated shortly before
or after a person leaves an endergxic area. To achieve radical cure, this type of
drug is taken either during the 16ﬁg-term latent period of infection or during
an acute attack. In the latter case, the agent is ;givén together with an
appropriate  blood schizontec;ide, usually chlgroquine, to eradicate
erythrocytic stages P. Vivax & P. Ovale. An eécample of this class is

primaquine.

2.1.4.3 Schizontocides (blood schizontocides) used for clinical and
suppressive cure: Blood schozéntocides act on asej;cual erythrocyteic stages
of malaria parasites to interrupt erythrocytic s@:hizogony and thereby
terminate clinical attacks -(c'linical cure). Such drugs also may produce

suppressive cure, which refers to complete elimination of parasites from the
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body by continued therapy. Inadequate therapy with blood schizontocides

may result in recrudescence of infection due to erythrocytic schizogony.

These agents can be divided into two groups:
(A) The rapid acting blood schizontocides: include classical antimalarial

alkaloids like chloroquine, quinine and their related derivatives,
quinidine, meﬁo'quine and halofantrine as well as the antimalarial

endoperoxides such as qmghaosu

~ (B) Slower_acting, less effectwe _blood _ schxzontocxdes such as the
antimalarial antlfolate compounds eg pyrunethamme and antibiotic
compounds e. g sulfonamldes and tetracyclmes These drugs are
commonly used m con_]unctlon thh thexr more rapldly acting

counterparts.

2.144 Gametocytocndes. These agents act agamst sexual erythrocytlc
forms of plasmodxa thereby preventing transmission of malaria to
mosquitoes. Chloroqume and quinine have gametocytomdal activity against
Pvivax, P ovale and P. malarzae whereas premaqume displays espemally
potent activity agalnst P falc:parum However, antunalanals are rarely used
clinically Just for thelr gametocytomdal action.’ |
2.145 Sporontocxdes Such drugs able to transmlssxon of malaria by -
preventing or mhxbxtmg formatxon of maiarlal oocysts & sporozoites in
infected mosqultoes Though chloroqume prevents normal plasmodial
development within the mosquito neither this nor other antimalarial agents
are used clinically for lthlS purpose

When WHO iaunched the Malarial Global Eradication campaign in

1957, there were several safe effective antimalarial drugs available. During
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the past 30 years, malarial parasites, especially P. falciparum have rapidly

developed resistance to some of these agents notably chloroquine.

2.1.5 Potential new antimalarial drugs

Some new synthetic drugs are Halofantrine, Pyronaridine, Antifolates,
Atohraquine, Benflumetol and new 8-aminoquinolines. Halofantrine is more
active in-vitro than mefloquine against multi drug resistant falciparum
malaria.

Some new Antimalarial agents from plant source include : Qinghaosu
(Artemisinin) other formulation of Artemisinin are Artemether(oral),
Artesunate(oral), Dihydroartemisinin(oral), Artemether(injectable), Sodium
Artesunate (injectable), Artemisinin (suppositories), Arteether (injectable).

Other approaches to the therapy of malaria include the devélopment of
new folate antagonists and the possibility of administering antimalarial drug

in biodegradable polymer matrices for slow release and thus long action.
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2.2 Microspheres

2.2.1 introduction

Microspheres can be defined as solid, approximately spherical particles

ranging in size from 0.5 pm to 1000 pm. (Burgess & Anthony , 1988).
Microspheres are defined as solid spherical particles containing

dispersed drug in either solution or microcrystalline form. They range from 1

to 100 pm in size. They are tnade of poly.merio wax or other protective

materials like biodegi"adable, biocompatible synthetic polymers and modified

natural products like stafeh gum proteins, fats & peptide. There are two

types of rmcrospheres (Chem 1982) .

Microcapsules:- Where the entrapped substance is completely surrounded by

a dlstmct capsule wall. . ‘
~ Micromatrices:- Where the entrapped substance is. dlspersed throughout the

polymer matrix. , : .

Microspheres of blodegradable & non—bxodegradable polymers have
been investigated for sustamed release dependmg on the final application. In
case of non—btodegradable drug carriers, when admnustered parenterally, the
carrier remaining in the body after the drug is completely released poses the
possibility of carrier tox1c1ty over a long penod of ume Blodegradable
biocompatible carners \’IVhICh degrade in the body . to non—toxxc degradation

products do not pose the probiem of ca‘ner LOXIClty & are more suited for -

parenteral apphcatlon (Jayknshnan 1997)

Microspheres as a drug camer

Microsphere based drug ehvery systems have recelved considerable

b

attention in recent years The most 1mportant charactenstlc of microspheres

is the microphase separatlon morpholo gy whxch endous'it with a controllable
Vanablhty in degradatlon rate & also drug release ’
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2.2.2

2.23.

Desirable characters of colloidal carriers

Biocompatible with enviroﬁment at the injection site.

Biodegradable with non-toxic-degradation products.

Injectable with good syringebility.

Able to sterilize. |

Pharmaceutically stable, with adequate shelf life.

Compatible with diluents.

Able to incorporate drug with good efficiency.

Colloidal drug carrier should maintain its integrity, with no loss of
drug until reached to target tissue.

The colloidal carrier must be able to penetrate any biological

membrane.

Advantages of microspheres :

Test and order masking e.g. Butobarbitone, citric acid, cod liver oil,
dicloxacillin, disulfiram, doxycycline HCL

Conversion of liquids to solids e.g. Castor oil, clofibrate, dimethicone
fluid.

Protection of drugs against environment e.g. Ferrous citrate, levodapa,
meclofenoxate HCL

Improves the flow property of the powders.

Have controlled release e.g. Chlorpheniramine maleate, codeine

phosphate.
Have targeting property e.g. 5-Fluorouracil.

As Microspheres is multiple unit product ready distribution over a

large surface area.

Delocalization of the total dose in the GI tract.
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2.2.4.

2.2.5

Reduce side effects.

The drug release rate will be less dependent on gastric transit time e.g.
Phenylbutazone, nitrofurantoin, theophylline, indomethacin.

The drug loaded Microspheres are more resistant to fracture.

Dis-advantages of microépheres :

Burst effect.

Inadequate shelf-life of sensitive pharmaceuticals.
Non-reproducible.

Costly.

Difficult to scale up.

Desirable criteria for preparation of microspheres

The preparation of microspheres should satisfy certain criteria.

1y
2)

3)
4)
5)

6)

2.2.6

>

The ability to incorporate reasonably high concentrations of the drug.
Stability of the preparation after synthesis with clinically acceptable
shelf life.

Controllable particle size & dispersability in aqueous vehicle for
injection.

Release of active agent with good control over a wide time scale.
Biocompatibility with a controllable biodegradability.

Susceptibility to chemical modification.

Microsphere preparation methods
Emulsion solvent evaporation (Atilla et al 2000)
Oil in water (o/w) emulsion solvent evaporation.
Water in oil (w/0) emulsion solvent evaporation.
c Water in oil in water (w/o/w) complex emulsion solvent

evaporation.
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B Emulsion solvent extraction (precipitation).

@]

Emulsion solvent diffusion.
D  Coaservation & Phase separation technique or cross-linking technique.
a Chemical cross-linking
b Physical cross-linking
E  Polymerization technique
a Vinyl Polymerization
b Normal Polymerization
c Interfacial Polymerization
F Spray drying & spray congealing
G  Freeze drying

H  Congealable disperse phase encapsulation technique

Jei

In all these inéthods drug is incorporated in either aqueous phase or organic

phase depending on the solubility of drug in that phase.

A In Emulsion Solvent Evaporation Technique, the polymer & drug
must be soluble in an organic solvent. The solution containing
polymer & the drug may be dispersed in the dispersed phase (aqueous
/ oil) to form a droplet. Continuous mixing & elevated temperature
may be employed to evaporate the more volatile organic solvent &
leave the polymer drug particles in aqueous medium & the particles
are finally filtered from the suspension.

O/w emulsion solvent evaporation is used for hydrophobic
polymers (e.g. PLGA, PLA, Ethyl Cellulose, Eduragit (RS, RL, SL)
W/o emulsion technique is used for hydrophilic polymers (e.g.

casein, albumin, chitosan, gelatin starch etc.)
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Emulsion Solvent Extraction or Precipitation Technique is same as
evaporation except that the emulsion consists of polar phase dispersed
in a non-polar medium. Solvent may be removed from the droplets by
the use of a co-solvent. The resulting increase in the polymer drug
concentration causes precipitation forming a suspension & particles

are recovered by filtration from the suspension. (Atilla et al 2000).

In Emulsion Solvent Diffusion Method, the otganic solution of drug &
polymer is dispersed into aqueous medinm with constant stirring.
During the process, the solvent first diffuses out & then evaporate
from the coaservate into the aquéoué mediurh-, this method is simple,

quicker & does not require heat or any other harmful solvents.

In Coaservation Phase Separation teéhnique, an aqueous solution of a
polymer is emulsified in an organic / oil phas?:. The polymer particles
are then crosslinked physically / chemically uéing suitable agents such -
as glutaraldehyde, formaldehyde, glyoxal, borax, epichlorhydrin, etc
or they are hardened by heat (thermally crosslihked).

In Polymerization Techniqué, Vinyl'monomers are polymerized. The
microspheres are formed using ;echniqué such as suspension,
emulsion, soapless emulsion, dispersion, p't?ecipitation, seeding or
support polymerization. Drug is to. be hicorpomfed within the

monomers in the initial stage.

In the Interfacial Poiyc(;ndensation metho&, two complementary
monomers are taken in a'two phase system & one of the phase is

dispersed as droplets in an another phase. The drug being incorporated
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in any one phase & microspheres are obtained when condensation of

monomers takes place at the interface.

In Spray Drying, the core substance is dispersed in a solution of the
coating material, which is then atomized & the solvent dried off using
heated air in a spray drier. Spray congealing is same as spray drying
except that no solvent is used for the coating material which has the
property of melting at elevated temperature when being atomized &

congealing when the droplets formed meet cool air in a spray drier.

In Freeze Drying Technique, the freezing points of continuous &
dispersed phases are important. The continuous phase solvent is
usually organic & is removed by sublimation at low temperature &
pressure. Finally, the dispersed phase solvent of the droplets is

removed by sublimation, leaving polymer drug particles.”
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2.2.7 Characterization

2.2.7.1 Polymer characterization

1. Molecular weight.

Gel permeation chromatography

Viscosity

Colligative properties (Vapour pressure, osmometry, boiling
point elevation, freezing point depression)

Refracfometry

Light scattering measurements

2. Purity

Gas chromatography (for residual monomer and solvent)
Karl fischer and thermo gravimetric analysis

Fourier transform Raman spectroscopy

Differential photoelectron spectroscopy

X-ray photoelectron spectroscopy

3. Miscellaneous

Density, crystallinity and film forming properties

2.2.7.2 Microspheres characterization

1. Particle size and size distribution

o

Sieving

Microscopy

Resistance blockage analysis (coulter analysis)
Light blockage techniques

Laser diffraction analysis

2. Surface characterization

L J

Electron microscopy

Scanning electron microscopy
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e Scanning tunneling microscopy
3. Surface charge analysis
e Micro electrophoresis
e Laser Droppler anemometry
4. Surface area ‘
5. Porosity
6. Hardness and Friability
7. Density
e Bulk density
e Tapped density
8. Hydrophobicity
e Contact angle measurements
9. Flow properties
e Angle of repose
e Hausner ratio
10. Drug content
11. Drug release profiles
e In-vitro

e In-vivo

2.2.8 Applications of microspheres

1. Microspheres are used for sustained and controlled release. e.g. Drugs
like riboflavin, indomethacin, aspirin and steroids like progesterone,
testosterone etc. can be incorporated in it, to control their release.

2. It is used in enteric release dosage form. e.g. Drugs like aspirin,
salbutamol sulphate which are irritant to the stomach and other side

effects can be incorporated in microspheres for their selective release

in intestine.
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10.

11.

12.

It is used for drug targeting. e.g. Casein and gelatin microspheres
containing adriamycin were magnetically delivered to the tumor site.
It is used as antigens carrier. e.g. Microspheres prepared from poly
(lactic acid) (PLA) and its copolymer with glycolic and (PLGA) of
varying composition have been used to improve the ability of the
antigens to provoke a mucosal immune respohse.

To alter the residence @e and to improve the bioavailability. e.g.
Albumin and gelatin microspheres containing pilocarpine nitrate
(ophthalmic drug delivery) for delivery to eye increase residence time
of drug in the eye and provide improved bioa&ailability.

It is used to protect reactive materials against environment. e.g.

Vitamins, aspirin.

- To separéte incompatible substances. e.g. ther stability of incompatible

drugs like aspirin and chlorpheniramine maleate mixture was
increased by microsphereé of individual com;jonents.

Administration in solid state and dry handling. e.g. Liquids such as
eprazine can be converted to a pseudo-solid by microspheres as an aid
to handling and storage. :

It is used to mask bitter of unpleasént taste of the drug. e.g. Quinidine,
clofibrate, paracetamol. |

It is used as an antidéte in the p()ise:minc‘!r of heavy metals. e.g.
Polymercaptal mxcrospheres as an antidote against mercury poisoning.
To facilitate handling of toxic materials. e.g. Microspheres has been
used to decrease pote ential danger in handlmg toxic substances like
pesticides, fertilizers and certaln pharmaceuucals

It is used as dlagnosac tool. e.g. mxcroencapsulated radiolabelled

molecules have been used for diagnostic jtesting of free drug or

_ hormone concentrations, such as thyroxin estimation.
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2.3 Implants
2.3.1 Introduction (Joseph - 1987)
Lafarge pioneered, in 1861, the concept of implantable therapeutic systems
for long term, continuous drug administration with the development of a
subcutaneously implantable 'drug pellet. The technique was then
rediscovered in 1936 by Deanesly and Parks, who administered crystalline
hormones in the form of solid steroid pellets to mimic the steady, continuous
secretion of hormones from an active gland fer hormone substitution
therapy. ' | '
Subcutaneous'dmg administration by pellet :implantation is known to
have several undesirable drawbacks. The prlmary one is that release profile
of drugs from the pellets is not constant & cannot be readily controlled, in
terms of prec:sxon of release rate & dura’aon of actlon The fact has triggered
the research & deveiopment of novel control!able & implantable therapeutic
systems to replace pellets for long term. ’
2.3.2 Adirantages
1.  Less ﬂuctuatloh in plasma drug levels during atherapy
2. Mmlmal harmful side effects of systemlc admlnlstratxon through local
(physwally targeted) therapy. ?j
Improved patlent compliance. d A
4. Possible reduction in therapy costs because of reduced patient care and
the potentlally lower drug dose requxrea (espemaliy in case of local
therapy). :
S. Admmlsu’atxon of drugs w1th short bxologlcai half-life may be greatly
' facxhtated (Bhagat and Langer 1988)
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2.3.3 Dis-advantages
1.  The primary difficulty is that the release profile of drugs from the
' pellets is not constant and cannot be controlled readily, in terms of the
precision of the rate of release and the duration of action.
2.  Possibilities of tissue and body reaction to implant.
Potential toxicity of by-pro,ducts'of biodegradable polymers.
4.  Surgical procedures necessary for implantation of some of the
© systems. - |
Cost of implant therapy.
Danger of toxic effects in e_ase of leakage or bl;rsf release of drug.

7.  Difficulty in terminating drug release, if so desired.

2.3.4 Injectable implants |
To avoid the surgical problems assocxated w1th large implants, nanopamcles
& microparticles which can be mjected present an attractlve dehvery
system. The colloidal partlcles of subrmcron size,. nanopartlcles
nanocapsules, nanopellets because of uluaﬁne size act as drug carrier for
parenteral purpose (V. enkatesan et al., 1995)
Microparticles  of monohthlc (mxcrospheres) capsular
(microcapsules) configuration, w1th the1r srnooth surface can be dlspersed
readily in vehicles for mjectlon (Steven et al,, 1997) Injectable .implant
| controlled delivery systems made of bxodegradable drug camer offer several
advantages to overcome the problems of convenuonal unplants Reoperation
is not required to remove waste skeleton of polymer has’ hxgher level of
patient and physician comphance The therapeutxc benef ts of subcutaneous
controlled drug admmlstratlon can be 111ustrated by comparmg the biological |

utility and curation resulted from the subcutaneous drug administration via a
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controlled release drug delivery system with those produced by conventional

drug administration through subcutaneous injection (Chien, 1982).

2.3.5 Intramuscular Implants

Intramuscular (i.m.) injection of pharmaceuticals is a well known and
frequently used route for drug delivery. Intramuscularly administered drugs
are released gradually, providing some degrec of sustainéd release. In order
to optimize further controlled release from i.m. injection sites, various drug
formulations and drug carrier systems among which liposomes have been
developed and are being used.

In a number of studies it has been shown that drug-containing
liposomes and liposomal lipids administered intramuscularly are retained at
the injection site for a considerable period of time and that drug-containing
liposomes release the active ingredient slowly from the site of injection.

Lm. or s.c. administered chloroquine-containing liposomes act as a

local depot with a slow release of the drug.

2.3.6 Desirable characters of injectable implants

An ideal implantable parentral system should possess following properties :

(1) Environmentally should not break down under the influence of heat,
light, air and moisture.

(2) Bio-stable should not undergo physico-chemical degradation when in
contact with bio-fluids (or drugs).

(3) Bio-compatible should neither stimulate immune responses (otherwise
the implant will be rejected) nor thrombosis and fibrosis formation.

(4) Non toxic and non-carcinogenic :- Its degradation products or leached

additives must be completely safe.
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®)

©

Should have a minimum surface area, smooth texture and structural
characteristics similar to the tissue in which it is to be implanted to
avoid irritation.

Should release the médicament at a constant predetermined rate for a

predetermined period of time.

2.3.7 Development of implantable therapeutic systems

Over the years, a number of approaches have been developed to achieve the

controlled administration of biologically active agents via implantation or

interaction in the tissue. These approaches are outlined as follows :

A. Controlled drug release by diffusion

1. Membrane permeation controlled drug delivery using.

2.

3.

a. Non porous membranes

b. Microporous membranes

¢. Semipermeable membranes

Matrix diffusion controlled drug delivery using.

a. Hydrophilic (swellable) polymers

b. Lipophilic polymers

c. Porous polymers

Micro-reservior dissolution controlled drug delivery using.
a. Hydrophilic reservior /lipophilic matrix

b. Lipophilic reservior / hydrophilic matrix

B. Controlled drug release by activation :

1.

LoswN

Osmotic pressure — activated drug delivery
Vapour pressure — activated drug delivery
Magnetism — activated drug delivery -

Ultra sound — activated drug delivery

. Hydrolysis — activated drug delivery
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23.8 Medicél aspects of implantation

(A) The environment of living tissues.

Animal tissue contains approximately 70% body fluid. This fluid consisted ‘
of two major compartments :- intra-cellular fluid and extracellular fluid.
bathing all tissues is further subdivided into interstitial and intravascular
(which includes plasma and lymph) fluid The interstitial fluid, which the
implant mostly encounter on the site of implan;tation, has the chemical

composition shown as the table below.

Chemical composition of interstitial fluid (pH 7.4)

Cations Anions

Species Meglutic Species .Meqlutic

Na* 140 Cr 1. 105

K" 4 HCOy .30

Ca” 5 HPO,> | 5

Mg 3 - 804* 3

Organicacid|. 6

Protein © 3

152 ' 1 152

Oxygen is freely available and readily replaced i)y complex biochemical
processes and haemostatic controls. COZ‘ also exists. However, in certain
tissues which have necrosed or are in various types of bécterial infection an
anaerobic condition may result. At celluia;‘ ievel, th%e pH value may be lower
the pH 7.4 measured in extracellular fluid. - |

Many enzymes, which are capéﬁle of oxidation, reduction or
hydrolysis are present in the enviroﬁxnént of Iiving tissues. Since many
enzymatic reactions are characterized by various trace metals, thorough
investigation is needed to search for ,early or long-term effects of chemicals
or additives that could leach out or result from the degradation of implanted

polymeric materials.
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2.4  Profile of Chlordquine phosphate
2.4.1 Introduction (CIMS Drug Profiles, 1996) :

Chloroquine is primarily an antimalarial that is still used as a drug of choice

for the treatment of malaria in areas where there is no chloroquine resistance.

It is also used for prophylaxis again making allowance for resistance. It also

finds its use in treating extra intestinal amoebiasis & rheumatoid arthritis.

2.4.2 Description (Hong, 1976)

2.4.2.1

2.4.22
(8)
(B)

(©)

2.4.2.3

Systematic name :
7-chloro—{4-(4-diethylamino-1-methylbutylamino)] quinoliné
diphosphate.

Formula :

Empirical : C;sH6CIN3.2H3PO4

Structural :

Molecular weight : 515.87

Appearance, colour and odour :
Chloroquine phosphate is a white, odorless, crystalline powder

having a bitter taste, it discolors gradually on exposure to light.



2.4.3 Physicochemical properties :

Hong (Hong, 1976) has presented a detailed account of the physical
properties of chloroquine phospﬁate, the important properties are described
below :

2.4.3.1 Solubility :

Chloroquine phosphate is freely soluble in water, practically insoluble in
alcohol, in chloroform and in ether.

2.4.3.2 Ieonization constant :

The pKa’s for chloroquine phosphate by the titrametric method were found
to be 8.10 and 9.94.

2.4.3.3 Melting characteristics :

Chloroquine phosphate exists in two polymorphic forms giving rise to two
melting ranges. USP XIX reports one melting between 193°C and 195°C and
 other between 210°C and 215°C. Mixtures of the forms melt between 193°C
and 215°C. It is possible to obtain one form selectively by regulating the rate

of crystallization.

2.4.4 Clinical Pharmacology (Therapeutic drugs, 1999, Martindale,

1999 ; Physician’s Desk Reference, 2001) :

The exact mechanism of action of chloroquine against malaria
parasites is not fully understood. Parasitised red cells accumulate
approximately 100-600 times as much chloroquine as plasma whereas
uninfected red cells only accumulate 14 times as much chloroquine. The
concentration of chloroquine in malan’é parasites requires energy and is
thought to require a membrane carrier or permeable to transport the drug
across the pélrasite cell membrane. There are three theories on the way in

which chloroquine might act once it is inside the parasites :

(PR
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l. The lysosomal theory states that chloroquine, being a basic compound,
is protonated in the lysosomes thus raising lysosomal pH. This rise in
intralysosomal pH above a critical level results in loss of lysosomal
function. This would reduce the parasite’s digestion of hemoglobin
and thus prevent its growth.

2. The intercalation theory suggests that chloroquine intercalates into
double stranded DNA acrd inhibits both DNA & RNA synthesis.
Chloroquine may be bound with increased affinity by certain parts of
the genome and be toxic to the malaria parasite by selective
accumulation in specific genes, inhibiting their expression.

3. The ferriprotoporphyrin IX (FP) interaction hypothesis states that
chloroquine may form a complex with FP which inhibits sequestration
of FP into malaria pigment. T

This could impair hemoglobin degradation and permit damage
to the food vacuole sufficient to discharge its pH gradient.

Chloroquine is primarily used as a suppressive prophylactic for
malaria infections but is also effective in the treatment of acute attacks of
malaria caused by chloroquine — sensitive strains. It has been found to the
highly active against the erythrocytic forms of Plasmodium vivax and
Plasmodium malariae and most strains of drug sensitive Plasmodium
Jalciparum.

Chloroquine may be used as a second-line agent for the treatment of
amoebic liver abscess. In rheumatoid arthritis as well, chloroquine is
reserved as a second-line agent where it is thought to have disease
modifying effect. In this case, dosage duration is long and thus therapy calls
tor close monitoring to avert retinopathy.

Chloroquine has a depressant effect on cardiac muscle. When given by

intravenous bolus injection (which is absolutely contraindicated as opposed

34



to infusion) or following chloroquine overdose, decreased cardiac outpﬁt and
hypotension have occurred. Chloroquine, like quinidine, reduces excitability
and conductivity of cardiac muscle. At toxic concentrations, profound
bradycardia with ventricular escape rhythms may develop. Relaxation of
smooth muscle in the gut and ciliéry body may also occur. Chloroquine may

cause pruritis as a side effect and the cause for this is unexplained.

2.4.5 Pharmacokinetics (Therapeutic Drugs, 1999 ; Martindale, 1999 ;

Physician’s Desk Reference, 2001) : ’

Chloroquine is rapldly and almost completely absorbed from the
| gastrointestinal tract and only a small proportion of the administered dose is
found in the stools. Approxunately 55% of the drug in plasma is bound to
non-diffusible plasma constltuents Chloroquine is deposited in the tissues
containing melanin e.g. retina. In animal studies, from 200 to 700 times the
plasma concentration may be folnid in the liver, spleen, kidney and lung;
leucocytes also concentrate the drug. The brain and *kspinal cord, in contrast,
contain only 10 to 30 times the amount present in plasma. |

Chloroquine undergoeé_apfj)reciable d.egradatio"n in the body. The main
metabolite is desethyl chloroquirle which accounts f(i)t one fourth of the total
material appearing in the tlri'ne. ;Bisdesethyl chloroéuine, a carboxylic acid
derivative & other metabolites ;as yet uncharacterized are found in small -
amounts in the urine. Slxghtly more than half of the urinary drug products
can be accounted for as unchanged chloroquine. Ellmmatlon of chloroquine
is slow, with a multi exponentlal -decline in plasma concentration and
elimination pattern as equlhbnum is reached between the small, central and
the large, peripheral compartment. The initial elimination phase has a half-

life of 2-6 days while that of terminal elimination is 30-60 days.
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2.4.6 Indications (Therapeutic Drugs, 1999; Martindale, 1999 ;
Physicians’ Desk Reference, 2001) :
Chloroquine is used for :-
a. Malaria : Treatment and prophylaxis
b. Hepatic amoebiasis
c. Rheumatoid arthritis
d. Systemic lupus erythematosus (SLE)
e. Porphyria cutanea tarda. ‘

2.4.7 Dosage & Administration (Therapeutic Drugs, 1999; Martindale,
- 1999 ; Physicians’ Desk Reference, 2001) :

The dosage of chloroquine salt is often expressed or calculated as the
base. In infants & children, the dosage is preferably calculated on the body
weight.
2.4.7.1 Malaria:

(A) For the treatment of acute attack

Adults : An initial dose of 600mg base followed by 300mg base after

6-8 hours and a single dose of 300mg on each of the two consecutive

days. This represents a total dose of 1.5g base in three days.

Children : An initial dose of 10mg base / kg (but not exceeding

600mg base) is followed by 5 mg base / kg (but not exceeding 30mg

base) after 6 hours and a single dose of 5mg base / kg on each of the
two consecutive days. This represents a total dose of 25mg base / kg
body weight in three days.

For radial cure of P.vivax and P.malariae malaria, concomitant
therapy with primaquine is necessary.

Parenteral therapy may be required in patients with falciparum

malaria who are seriously ill. Treatment with parenteral chloroquine
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must be undertaken with caution, especially with children because of

the risk of cardiovascular collapse. The intravenous dose of

chloroquine should be 10mg / kg base as a continuous infusion in

isotonic fluid over 8 hours followed by 15mg / kg over 24 hours. The

‘intramuscular dose regimen may be 3.5mg base / kg 6 hourly to a total

of 25mg base / kg changing to oral route if the patient becomes alright

to swallow oral tablets.

For suppressive prophylaxis :
Adults : 300mg base weekly. ,
Children : Smg base / kg (not exceeding adult dose regardless of the
weight)

~ If circumstances permit, suppressive therapy should begin two
weeks prior to exposure. However, failing this in adults, an initial
double dose of 600mg base or in children 10mg base / kg may be
taken in two divided doses, 6 hours apart. The suppressive therapy

should be continued for 8 weeks after leaving the endemic area.

24.7.2 Hepatic amoebiasis :

Adults : 600mg base daily for two days followed by 300mg base daily for

atleast 2-3 weeks. Treatment is usually combined with an effective intestinai

amoebicide.

2.4.7.3 Rheumétoid arthritis :

Adults : 150mg base daily for 3-6 months
Children : 3mg / kg base for 3-6 months

24.74 SLE:

Adults : 150mg base daily until maximum improvement is
obtained following which a smaller maintenance dosage may be

used.
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2.4.7.5

Porphyria cutanea tarda :

75mg base 2-3 times per week for 6-18 months.

2.4.8 Contraindications (Therapeutic Drugs, 1999; Martindale, 1999;
Physicians’ Desk Reference, 2001) :

Chloroquine is contraindicated in

(a) Known or suspected chloroquine resistance in P. falciparum

(b) Porphyria, apart from porphyria cutanea tarda

(c) Retinal damage or visual field changes.

(d) Concurrent therapy with hepatotoxic drugs

(e) Previous hypersensitivity to chloroquine.

2.4.9 Adverse drug reactions (Therapeutic Drugs, 1999; Martindale,
1999; Physicians’ Desk Reference, 2001) :

2.4.9.1

2.4.9.2

2,493

2.494

Ocular reactions :

Irreversible retinal damage in patients receiving long-term or high-
dosage 4-aminoquinoline therapy; nyctalopia; scotomatous vision
with field defects of paracentral, pericentral ring types and
typically temperal scotomas e.g. difficulty in reading with words
tending to disappear, seeing half an object, misty vision and fog
before the eyes.

Neuromuscular reactions :

Convulsive seizures

Auditory reactions :

Nerve type of deafness, tinnitus, reduced hearing in patients with
pre-existing auditory damage.

Gastrointestinal reactions :

Anorexia, nausea, vomiting, diarrhoea, abdominal cramps.
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2.495

2.4.9.6

2.4.9.7

Dermatologic reactions :

Pleomorphic skin eruptions, skin and mucosal pigmentary changes:
lichen planus-like eruptions, pruritis and hair loss.

CNS reactions :

Mild and transient headache, psychic stimulation.

Cardiovascular reactions :

Rarely, hypotension, electrocardiograph change.

2.4.10 Warnings & Precautions(Therapeutic Drugs, 1999; Martindale,

2.4.10.1

2.4.10.2

2.4.10.3

1999 ; Physicians’ Desk Reference, 2001):

In recent years, it has been found that certain strains of
P.falciparum have become resistant to 4-aminoquinoline
compounds (including chloroquine and hydroxychloroquine) as
shown by the fact that normally adequate doses have failed to
prevent or cure clinical malaria or parasitemia. Treatment with
quinine or other specific forms of therapy is therefore advised for
patients infected with a resistant strain of parasites.

[rreversible retinal damage has been observed in some patients who
had received long-term or high-dosage 4-aminoquinoline therapy.
Retinopathy has been reported to be dose related.

When prolonged therapy with any antimalarial compound is
contemplated, initial (base line) and periodic ophthalmologic
examinations (including visual acuity, expert slit-lamp,
funduscopic and visual field tests) should be performed. If there is
any indication (past or present) of abnormality in the visual acuity,
visual field or retinal macular areas (such as pigmentary changes,
loss of foveal reflex) or any visual symptoms (such as light flashes
and streaks) which are not fully explainable by difficulties of

accommodation or comeal opacities, the drugs should be



24.104

2.4.10.5

discontinued irnmediately and the patient closely observed for
possible progression. Retinal changes (and visual disturbances)
may progress even after cessation of therapy. ’

All patients on long-term therapy with this preparation should be
questioned and examined periodically, including testing knee and

ankle reflexes, to detect any evidence of muscular weakness. If

weakness occurs, the drug should be dlscontlnued
A number of fat_ahtres have been reported followmg the-accidental

ingestion of chléroquine sometlines in relatiVely small'does (0.75g

g or 1g chloroqume phosphate m one 3 year—old Chlld) Patients

2.4.10.6

2.4.10.7

2.4.10.8

' H

2.4.10.9

should be strongly warned to keep thls drug out of the reach of

chrldren because they are especrally sensmve to the i 4-
ammoqumolme compounds Lo

Use of chloroqume phosphate tablets iny pauents with psorlas1s
may preclpltate a severe attack of psona515 When used in patients
with porphyna, the condltlon may be exacerbated The drug should
not be used mithese condmons unless, m the Judgment of the
physmlan the beneﬁt to the patlent outwerghs the possible hazard
If any severe blood dlsorder: appears whxch 1s ot attributable to the
drsease under treatment, ‘dlscontmuance of the drug - .should - be
consxdered Smce this drug IS known to concentrate in the hver 1t‘
should be used \with cautlon m patlents w1th hepatlc dlsease or
alcohohsm or mlconjunctlon w1th known hepatotox ic drugs

The drug should be admxnlietered w1ﬂ1 caunon o patxents havmg G-
6 -PD (glucose~6—phosphate dehydrogenase) deﬁc1ency

Complete blood cell count should be made penodlcally 1f patlents

are ngen prolonged therapy
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2.4.10.10 Because of the potential for serious adverse reactions in nursing
infants from chloroquine, a decision should be made whether to
discontinue nursing or to discontinue the drug takmg into account

the importance of the drug to the mother
24. 10 11 Chloroquine has not been found to have any harmful effects on the
fems when used in the recomrnendedl doses for = malaria
prophylaxis. However, the -siteation is very different “when
chloroquine is used in the dos;a'g'esziifor treatment of rtheumatic
diseases.‘--I.n' this situation, the drughas been feported to.‘bcaose fetal
abnormalities like defects in heanng& vision. Given this,
pregnancy is not generally a. oontramdlcatxon 0 malana
’ vprophylams with chloroquine whereas for chloroqume reglmen in
rheumatxc dlseases, the physmzan has to pay due consxderatxon to

risk beneﬁt ratio.

2 4.11 ])rug Interaction (Therapeutlc Dmgs, 1999 Martmdale, 1999,
‘ Physicians Desk Reference, 2001) ‘

In-v1tro and in-vivo data show that antacxds reduce the systemic |

| avaxlablhty of oral chloroquine. It has been suggested that the administration

of chloroqume & antamd preparatlons shouldabe separated by about 4 hours.

Cimetidire mhlblts the ‘metabolism. of chloroqume resultmg in increased -

N

plasma concentratlon

_2 4 12 Qualltatlve analytical profile of chloroqume phosphate

Chloroqume phosphate was the result of concerted efforts to develop an
‘ antlmalanal drug necessitated by World War 1T (Hong, 1976). Since its.
syothesxs,; a great deal of work has been done as x;egards its analytx_cal proﬁle. |

-A comprehensive review, therefore is not possible -and this review, instead,
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focuses on the main analytical developments in the past 15 years. Excellent

reviews of earlier works are available (Hong, 1976; Tariq and Al. Badr,
1984).

24.12.1 High performance liquid chromatography (HPCL):
Enantiomers of chloroquine have been separated vy high performance liquid
chromatography (Stalcup et al., 1996). HPCL has also been used for photo
degradation studies of chloroquine phosphate (Karim et al., 1994).

24.12.2 Thin layer chromatography (TLC):

TLC was used to detect chloroquine in human saliva (Ogubona et al., 1986).
A low-cost portable TLC method was developed for determining
chloroquine quantitatively and semi-quantitatively (Flinn et al., 1992). On-
site determination of chloroquine using TLC has been described (Betschart
et. al., 1991).

2.4.12.3 Capillary zone electrophoresis (CZE) :

Enantiomeric separation of chloroquine has been achieved using heparin and
dextran sulphate (Agyei et al., 1995). Cyclodextrins have also been utilized
for the same purpose (Jin and Li, 1998; Dong et al., 1998).

24.12.4 Miscellaneous methods

Fluorimetry in conjunction with filter papers has been used to detect
chloroquine (Fidanza and Aaron, 1986). High performance thin layer
~hromatographic field-adapted methods have been developed for detection
of chloroquine in urine (Mount et al., 1987) and in finger-stick blood (Mount
et al., 1988). Gas chromatography-mass spectrometry has been suggested for
quantifying chloroquine in bio.ogical fluids (Tapanes et al., 1990).
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2.4.13 Quantitative analytical profile of chloroquine phosphate
2.4.13.1 High performance liquid ch romatography:

A summary of some of the HPLC methods developed in the

past 15 year is presented in Table 2.5
2.4.13.2 Table 2.6 contains the summary of the spectrometric methods

developed for analyzing chloroquine phosphate.
24.13.3 Miscellaneous methods:

High performance thin layer chromatography (HPTLC)
methods have been used to determine chloroquine in biological fluids
(Betschart and Steiger, 1986). Non aqueous titration using notromethane-
acetic anhydride (Ajiboye and Bark, 1989) and acetals and cyclic ethers as
end-point indicators (Greenhow and Kashnipour, 1985) have been used for
estimating chloroquine Membrane electrodes have been used for chloroquine
determination (Cosofret and Buck, 1985; Saad et. al,, 1991; Hassan and
Ahmed, 1991). Flourimetry has been investigated for analysis of chlc®oquine
(Rombo et al., 1985; Fidanza and Aaron, 1987; Idowu et al., 1988; Ibrahim
et al, 1989). Radio immunoassays for chloroquine have been demonstrated
(Escande et al, 1990). Polarography has been used for estimating
chloroquine phosphate (Zhan and Mao, 1992). As has gas chromatography
(Keller et al., 1998). Capillary zone electrophoresis has been investigated for
analysis of chloroquine (Taylor and Reid, 1995).
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Table 2.1

SUMMARY OF HPLC METHODS FOR ANALYSIS OF

CHLOROQUINE PHOSPHATE

Sr. Column | Mobile phase (flowrate) | Detection | Sample from | Reference

No.- : ,

i | Spherisorb | Aqueous 70% methanol | Flourescence | Human liver | Ducharm
Cl1(5yp) | containing 7mM- | 380 nm | microsome | e and

triethylamine (1 ml/min) | (excitation at Farinotti,
250 nm) 1997
ii. | Bondapak |0.2M NatL,PQ, | 254nm Plasma Walker
aow) .methanol/acetonitrile o and
‘ 1(136:1) of - pH 3. Ademow
containing 1ml of | 0, 1996
| perchloric acid/100 ml :
-(1 ml/min) : : -

iii. |Nova Pak|S58mM NaHLPO, buffer | Diode array | Serum 1 Volin,
C18 (4p) - |‘containing 6mM sodium | 245 and 343 . 1995
N " {heptane . sulphopate | nm. ’

‘adjustedtopH31mﬂ1. ‘
H;POs and - methanol;
acetonitrile . (3:17)
- | gradient elution |
o {(1mlmin) ' ’

iv. | Spherisorb. | 4.705g of NH;CI04/500 Flounmemc Serum whole | Croes et
SSSCX (Sp)'| ml of 98.5% aqueous | detection * ;. | blood, filter | al,, 1994
.. | methanol (1.5 mYmin) '°| (excitation:at | paper .

o 1215nm, | no absorbed dry
3 : emission) | I | blood

v. Sphensorb 0.IM' phosphate buffer| 254nm : | | Ampoules, | Abdel-

SS ODS 1 |of pH3/acetonitrile (32)| ° ' .- tablets "| rehman et
-(51) containing 0.1M KCIO; | 1 al., 1994
c . | (jon pairing reagent) .

1m]/m1n) -

vi. |[C8. . - Water/acetommle/metha 254m ; ;. | Blood Chaulet et
‘ Lichrospher | nol (18:7: 1) conmmmg Lo erthro-cytes | al., 1994
60RP: ' |.0.5M ammonium i o

Select ° formate and 75 mM- -
B (5'um) - . | perchloric acid and -
L <;ad3ustedtopH4usmg
 |'1.1% H3PO4 (0.5mY/min)

vii: | Ultrasphere | 0.02M-Na heptane-1- 343nm : . | Plasma, | Houze et

- LIP C18 (5p) | sulphonate (pH 3-4) . © | whole blood, | al., 1992
: .+ | containing diethylamine urine

(700pllhtre) acéionitrile :
{18: 4) (1. Smllmm)
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Sr. Column Mobile phase (flowrate) | Detection | Sample from | Reference
No.
viii. | Inertsil (S5y) | Acetonitrile / methanol/ | Flourimetry | Plasma Chaulet
: agueous ammonia at 380nm haemoly-sed | et. al,
(57:4033) (0.9 m/min) | (excitation at | erythrocy- 1991
325nm) tes, urine
ix. | Enantiopak | Phosphate buffer 254nm - Tbrahim
containing | solution-propan-2-ol | and Fell,
al-acid (26:1) 1990
glycoprotein | (0.3 ml.min)
immobilized
on
diethylamin
o ethylsilica
gel (10p)
X. Novapak 0.06M KH,PO, buffer / | Fluorescence | Plasma, Augustiji
C18 column | methanol / acetonitrile / | at 380nm blood and ns and
60% HCIO, (excitation at | blood spots | Verbeke,
(60:22:13:0:6) 325nm) 1990
(1.2ml/min) \
Xi. |ODS(5p) | Methanol /water/ 340nm Pharma- Sanghi et.
anhydrous acetic acid ceuticals al,, 1990
(800:200:5) containing
0.5mM sodium dodecyl
sulphate (1ml/min)
xii. | Bondapak | Acetonitrile and aqueous | 232nm - Williams
C18 70% heptanesulphonic et. al.,
acid (1.5ml/min) 1990
xiii. | Bondapak 12.5mM KH,PO4 343nm Blood Poset. al,,
C18 (10p) | (containing 0.1% of IN 1988
H;PQ,) : acetonitrile
(13:7) (1mV/min)
xiv. | Bondapak | Acetonitrile : 12.5mM 343nm Blood Estadieu
C18 (10p) | KHPO4 containing et.al,
0.1% of IN H3PO, 1989
(7:13) (1ml/min)
xv. | Bondapak | Methanol - 0.02M 257nm Tablets Dasgupta,
Phenyl KH,PO4 (13:37) 1986
adjusted to pH 4.3 with
anhydrous acetic acid
(2.0 ml/min)
xvi. | Micropak Methanol-0.2M 254nm Plasma, Ogubona
MCH-10 NaH,PO, (1:1) saliva, urine | etal,,
containing 75mM 1986a
HCIO4 at pH 3.8
(1ml/min)
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Sr. Column | Mobile phase (flowrate) | Detection | Sample from | Reference
No.
xvii. | Bondapak | Methanol - water - 254nm | Tablets Raoetal.,
NH2 acetonitrile-acetic acid : 1986
(700:250:49:1)
(1ml/min) :
xviii | Lichrosorb | Acetonitrile - methanol - | Fluorescence | Blood on Lindstro
' Si60(Sp) | diethylamine (160:39:1) | detectionat | filter paper | metal,,
380nm 1985
(excitation at
335nm)
xix. | Novapak 45mM KH,PO4 (pH3) | 340nm Erythrocytes, | Pussard et
C18 (5p) containing 12% of whole blood, | al., 1986
acetonitrile as mobile urine
phase (0.6ml/min)
xx. | Inertsil (a) Acetonitrile Fluorimetric | Plasma, Chaulet et
(5um) (b) Methanol /aqueous | detectionat | haemolysed | al., 1993
25% ammonia (0.85 — 375nm erthyrocytes,
0.95ml/min) (excitationat | urine
325nm)
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Table2.2 Summary of spectrophotometric methods for analysis of

chloroquine phosphate.

H,S04

| Sr. Method Reference
{ No.
i Ion pair complex with ammonium Ahmed and Elbeshlawy,
reineckate 1995
ii. | lon pair extraction with Rose Bengal | Abdel Gawad, 1994
iii. | Using charge transfer complexes El-Brashy, 1993
iv. | 0.1M hydrochloric acid Raghuveer et al., 1991
V. Bromothymol Blue, Haskins and Bergqvist et al,, 1990. :
Saker-Solomons
vi. Treatment with tannic acid Sastry et al., 1989
vii. | Conventional and derivative Eboka and Adesanya,
spectroscopy using different reagenté 11989
{ viii. | Mixing with tetracyanoethylene in Ibrahim et al., 1989a
acetonitrile
ix. . | Complex with iodine Abdel Salem et al., 1986
X. Using quinines Sastry et al., 1986a
xi. | Using Fast Green FCF and Orange II | Sastry et al., 1986b
xil. | Complex with ammonium molybdate | Sastry et al., 1986
xiii. | Treatment with chloranil | Sulaiman and Amin, 1985
xiv. | Derivative spectroscopy in-¢.05SM Singh et al., 1990
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2.5 Profile of mefloquine hydrochloride
2.5.1 Introduction (Current Index of Medical Specialities)

Mefloquine, a relatively new blood schizonticide, is a 4-quinolinemethanol

derivative related to quinine. The antimalarial is effective against all forms

of malaria including chloroquine or multidrug resistant strains of P.

Jfalciparum.

2.5.2 Description (Lim, 1985)

25.2.1

2.5.2.2
A)
®)

©

D)
2523

Systematic Name
(tErythro-«-(2-piperidyl)-2,8-bis(trifluoromethyl)-4-quinoline
methariol hydrochloride.

Formula

E p_irical C17H16F5N20HC1
Structural formula:

Absolute stereochemistry : Erythro racemate (-) 118,2°R and (+)
11R, 2°S
Molecular weight : 414.8

Appearance, color & odor :

Mefloquine is an odorless, white powder

~ 2.5.3 Physicochemical properties

Lim (Lim, 1985) has presented a detailed account of the physicochemical

properties of mefloquine hydrochloride, the salient portions of which are

reproduced below :
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2.53.1  Solubility :

Based on the USP definitions of solubility, mefloquine has been reported to
be slightly soluble in water and 0.1M hydrochloric acid, sparingly soluble in
methylene chloride and soluble in ethyl acetate.

2532 Partition Coefficient (Kp)

‘The values of Kp for some organic phases is given below. Kp is expressed as

the ratio of concentration in the upper phase to that in the lower phase

Organic Phase _Kp
n-butanol . 1300 .
Chloroform - - 0.1

" Ethyl acetate 48
) Hexane ) 3.

2 533 Iomzatlon Constant (pKa) :

. As meﬂoqume is only shghtly soluble in aqueous medla, pKa determmatlons
- are camed out in aqueous ethanol The expenmentally found pKa values
- were 8. 54 8 50 and 8 42 in 30, 50 & 70% aqueous ethanol the extrapoiated
~value for yyater was 8, 6

253 4 Meltmg Charactensttcs . r
,Meﬂoqulne melts w1th decomposmon between 2S3°C and 255°C

' 2 5 4 Chmcal Pharmacology (Palmer A al. 1993 Tracy and
. Webster, Jr 1996 Martmdale, 1999 Physnclans Desk Reference,
2001) : . ‘ '

‘ Meﬂoqume acts as a blood schxzontrcxde It has hlgh afﬁmty for
: erythrocyte membranes“where it preferentlally bmds thh phosphohplds It
has been proposed that uptake of meﬂoqume by mfected erythrocytes is
‘eiectrogemc with both the ‘proton gradlent and" the eiectrlc potentlal
contnbutmg xto the dnvmg force The  concentration: attamed m infected

: erythrocytes lS usually htgher than that attamed in non—mfected erythrocytes

1 .
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This could be due, in part, to the presence of phospholipids in the parasites;
also, due to the drug binding with ferriprotoporphyrin IX (heme) which is
formed in the course -of hemogiobin degradation by plasmodia. It appears
that the formation of a toxic mefloquine-ferriprotoporphyrin IX complex is
crucial for the antimalarial activity. This toxic Complex is believed to
interfere with protease and peptidase activity in the acidic parasite food
vacuoles.

Mefloquine is a non-competitive inhibitor of cholinesterases, this may
be responsible for unwanted efforts like nausea and vomiting and CNS
effects like disorientation and hallucinations (observed at high doses).

Emergence of resistance to mefloquine has been reported in areas
where mefloquine is routinely used for treating imajority of falciparum
infections (e.g. Thailand); nevertheless, meﬂaqiﬁne is still a wviable
antimalarial in most countries where controlled usage is systematically

advocated.

2.5.5 Pharmacokinetics (Palmer et. al., 1993; Tracy and Webster Jr.,

1996; Martindale, 1999; Physician’s Desk Reference, 2001)

After oral dosing of mefloquine, about 75-80% is absorbed from the
gastrointestinal tract; time to reach maximal plasma concentration ranges
between 2 and 12 hours. Absorption half life has been reported to be 0.36 to
2 hours. The plasma half life varies between 15 arid 33 days, with a mean
~ value of about 21 dayé. The drug is widely and rapidly distributed because of
its high lipid solubility. The apparent volume of distribution, about 20 L/Kg, -
indicates extensive distribution. Mefloquine is highiy plasma protein bound
(98%), it gets concentrated in erythrocytes, the target cells in malaria, at a
relatively constant eryﬂlrocy;ce-to—plasma concentration ratio of about 2. A

~ substantial proportion of mefloquine is metabolized in the liver. Excretion is
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chiefly via the bile' into the feces, but around 9% of a dose is excreted in
breast milk in small amounts.

The phamacokinetics -of mefloquine is reported to be altered by
malaria infection, the main effects being reductions in both its volume of

distribution and its overall cleardnce.

2.5.6 Indications (Palmer'et. al., 1993;- Tracy and Webster Jr., 1996;
"~ Martindale, 1999; Physician’s Desk Reference, 2001)

Mefloquine is indicated for :
2.5.6.1 Treatment of acute falciparum malaria : Mefloquine is not a
first line drug. Presently, mefloquine is recommended for the treatment of
acute attacks of falciparum malaria and mixed infections of P. falciparum.
Infections with P. Vivax, P. Ovale and P. malaria do not require treatment
with mefloquine since they respé_nd well to ch}oroquiine.

2.5.6.2 Chemoprophylaxis against chloroquine-resistant falciparum
malaria : i

Prophylactic use is réstricted to visitors to high risk areas of
chloroquine resistant plasmodia while prophylac;ic use by residents of
endemic areas is generally discouraged. At present, this is not an approved
indication in India. Meﬂoquinef_ is available in India for hospital use only,
this is necessarily required to promote controlled usage and delay the

emergence of resistance to mefloquine.

2.5.7 Dosage (Current Index of Medical Speciaﬁiﬁes)

2.5.7.1 Treatment of acute faicipammjmalaria :

Upto60Kg - Over 60 Kg

Semi-immune :

Loading dose i 750 mg 750 mg
After 6-8 hours ; 250 mg
‘Non-immune ' ,,

Loading dose 750 mg 1 750 mg
After 6-8 hours : 500mg 500 mg
Afier further 6-8 bours ' 250 mg
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The drug should not be taken on empty stomach and should be administered
with atleast 8 0z (240 ml) of water. Children under 45 kg irrespective of
immunity status, shouid receive a does of 25 mg/kg body weight.

2.5.7.2 Chemoprophylaxis against falciparum malaria :

Prophylaxis should start 1 week prior to exposure to endemic area and
continue weekly until 2 weeks after return from the endemic area. If the stay
AlS the malarious area exceeds 3 weeks, the weekly dose should be halved |

from the fourth week or the dose interval extended to two weeks mamtanung

the ongmal dose level.
Adults >45ks | 250 mg weekly
Children | 15— 19A‘kgE | -.62.5 mg weekly

- 20-30kg. | 125 mg weekly .
- 30 —-40; kg 1875mg weekly

2.5.8 Contramdlcatwns (Palmer et. al. 1993° Tracy and . Webster Jr.,
' 1996' Martmdale, 1999; Physnclan s Desk Reference, 2001)

,Meﬂoqume 1s contramdlcated m :

1) Patlents hypersensmve to qulmne and related oompounds

2) Chlldren under 15 kg body welght or less than 2 years old

3) Prophylax1s in patlents thh a hlstory of psychlamc dlsorders |
selzure severe renal msufﬁc:ency, ,:mpaxred Tliver ﬁmctxon or

7 | cardlac conductlon dxsturbances . '

4) Epl!eptlc patlents o .

5) Patlents who ‘have been treatea w thf Quinine durmg .the
precedmg 12 hours. "

2 5.9 Adverse reh‘ctlons (Palmer et. al. 1993 Tracy and Webster Jr.,
1996' Martmdale, 1999 Physrcxan’s Desk Reference, 2001)

‘Side : effects such as nausea, vomlttmg, abdomma] pam diarrhoea,
dysphona and dlzzmess are encountered frequently, these however, tend to

be dose related and self limiting. Bradycarala, headache ataxxa, alteratlons -
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in motor function or the level of consciousness and visual or auditory
disturbances are usually mild and self limiting. Severe neuropsychiatric
reactions like disorientation, seizures, encephalopathy and a range of
neurotic and psychotic manifestations can occur rarely which may require
intervention and symptomatic Eeamma Other effects lless frequently seen
include  pruritis, nrﬁcaria, anorexia, asthenia, insomnia, COnstipation, pulse
hregtﬂaﬁties, arthralgia, auditory disturbances and sialorrhea. |

2.5.10 Wafnings and preacutions (Palmef et. al, 1993; Tracy and

Webster Jr., 1996; Martindale, 1999; Physician’s Desk. Reference,
2001)

Concomltant administration of meﬂoqume and qumme qulmdme or-
bem-antagomsts may produce ECG changes or cardiac arrest Further
admmxctratmn of- meﬂoqume and qumme or chloroqmne together may
mcrease the nsk of convulsions. Meﬂoqmne admmlstratxon should thus be
delayed 'atleast 12 hours after the last dose of qumme / qumme related drugs;
add;txonally, momtormg of cardiac and neurologlcal funcnons is warranted.
Smce dxzzmess associated with meﬂoqume may mterfere thh spatial
percepnon and ﬁne coordmatlon patlents should be warned agamst dnvmg,

" pllotmg an'planes and operatmg machmes durmg and upto 3 weeks after the
use of meﬂoqume | ' : ‘ \ -

Though meﬂoqume prophylaxxs is not an, approved mdlcatxon in Indla
-currently, lt s adv1sed that penodlc evaluatlon of hepatlc functxon be
performed durmg prolonged prophylaxzs | (

Meﬂoqume prophylams is contradlcted dunng the ﬁrst tnmester of
pregnancy and should be avoided : dunng the second and- thlrd mmester
whde therapeunc u>e in pregnancy (parucularly the first tnmester) should be
conmdered only if expected beneﬁts outwexgh potentlal risk to the fetus
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Nursing mothers should not feed their babies during treatment with

mefloquine.

2.5.11 Drug interaction (Palmer et al., 1993; "I“racy and Webster Jr.,
1996; Martindale, 1999; Physician’s Desk Referénce, 2001)

Quinine, quinidine and mefloquine are similar in.both chemical
structure and their cardiovascular' system and- central mervous system
toxicity.'ii'fllese should not be used concurrently. If necessary, :meﬂdquine
admhlisti";ation' should be delayed -atleast 12 hours after the last dose of ‘ /
quinine or quxmdme | | |

’I‘he cardxovascular adverse eﬁ‘ecm of meﬂoqume suggest the
'hkehhood of mteractlons thh cardlac drugs hke beta blockers In such a
cn‘cumstance, as also in cardlac patlents meﬂoqmne should be used w1ﬂ1
great cautlon - '

Meﬂoqume is. reported to mcrease the rxsk of selzures in epxleptxcs
controlled by valproate as 1t lowers blood valproate levels

It may compromlse adequate nnmumzatlon by hve typhmd vaccme

l
"

25.12 Quahtatxve analytlcal proﬁle of meﬂoqume hydrochlonde (le,
1985) ' .

2.5.12.1 | Spectral o S .
-Meﬂoqmne | 1s most readlly 1dent1ﬁed by its spectral charactenstxcs Its
: mfrared spectrun shows an aoundance of fine. strucmres and offers an
excellent means of overall 1dent1ty l |

| The proton spectrum of meﬂoqume easnly dlstmgulshed the erythro
racemate‘ fro the threo and delmeates the substltutlon pattem on the

l
‘ qumolme system Its Electron Impact mass spectrum estabhshes a molecular

weight and a: characterlstlc plpendyl 1on Addltlonal evxdence of identity can

: be found in 1ts 13C and l9F— NMR spectra Its' UV spectral data, when
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recorded as solutions in N/10 HCI, show Amax near 317, 303, 283 and 222

nm. The calculated absorptivities are listed below :

Wavelength Absorptivity
317 nm 3400
303nm 4430
283 nm 5740
222 nm , 41800

| Although ;ﬁless definitive than the aforementioned spectral‘characteristics, the
UV data is nevertheless supportive of the quinoline system. | |
25 122 Chromatography ‘
. A Thm layer chromatographv

Dlﬁ'erent mobile phases and methods of detecnon have been described

~ and; the Rf values of meﬂoqume and threo racemate have been reported
(le 1985)

(B) Gas Chromatographv

Bemg a’ conjugate acid of a dibasic amine, meﬂoqume has limited

vapor pressure To enhance ! xts volatility, meﬂoqume 1s usually
trunethylsﬂylated prior to bemg gas chromatographed However a
. satzsfactory gas chromatographxc proﬁle of meﬂoqume has not been
obtamed because of multiple specxes (Lim, 1985). The O TMS denvatwe

has been| employed in -a gas chromatographlc proced’ure to measure

.....

denvatnves has not been reported (N akagawa et. al., 1979) l

(C) ngh performance liquid chromatoggphy

A sxhca column and methanol hexane : concentrated ammomum
hydrox1de (80 19 1) has been found to be a useful quahtatlve system A
uHamdton PRP 1 column with tetrahydroﬁxran 0.8% aqueous concentrated
ammomum hydroxnde (48: 52) and a ‘pBondapak CN column w1th 0 05 M _



potassium dihydrogen phosphate containing 0.1% acetic acid: acetonitrile :
tetrahydrofuran (67:24:9) are the other systems which have also been
employed (Lim, 1985). .

2513 Quantitative analytical pmﬁle ‘of mefloquine hydrochloride
(Lim, 1985)

2.5.13.1 High pressure liquid chromatography ’

The most widely used method for analysis. of meﬂoquine is high preesure
liquid -chromatography. A suolmary of the various methods is given in Table
23, | B

2.5.13.2 Gas chromatography :

A summary of the methods used for analyzmg mefloquine by gas
chromatography is given in Table 2.4. | "

2.5.13.3 Thin lIayer chromatography :

A portable apparatus has been described:‘ for on-line determination of
antimalarial drugs like meﬂoqume and chloroqume in urine. Semi
quantitative evaluation is enabled by companson wﬁh standards (Betschart
et. al., 1991). " ‘ '

2.5.13.4 Miscellaneous methods :

Mendenhall and coworkers (Mendenhall et al 1979) have reported the use
of a plastic ion sensitive electrode for debennmauon of mefloquine from
blood. Vanadate oxidation of" meﬂoqume has also been used for detennmmg
mefloquine {Assamoi et. al., 1987). Floumnetxy thh excitation at 340 nm
- and emission at 380 nm has been mvesugated for detennmmg mefloquine
from tablets (Fidanza and Aaron, 1989). Supercntlcal ﬂuxd chromatography
of mefloquine from blood, on a Zorbax-B P (7 pm) column at 210°C with
pentane -containing 0. 15% of butylamme as moblle phase (2100 kPa) and
electron capture detectlon has been attempted (Mount et. al 1990).

Capillary zone electrophoresns‘ has been used _;o determine the enantiomers of
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erythro and threo-mefloquine (Fanali and Camera, 1996). Ultraviolet
spectroscopy has been used (Lim, 1985). However, in the last case, no
specific conditions of analysis have been reported.

2.5.13.5 Pharmacopoeial methods :

The European Pharmacopoeia gives nonaqueous titrimetry as the official

method for determination of mefloquine.
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Table 2.3

Summary of high pressure liquid chromatographic
methods for anzalysis of mefloquine hydrochloride

Column

Sr. Mobile phase Detection | Sample | Reference
1 No. (flow rate)
i pBondapakCN | 0.5% acetic acid 280 nm Whole | Grindel et.
| solutionin - " | blood, |al, 1977
1isopropylether- | plasma
dioxin
(3:2) 2mV/min)
‘il | yBondapakCis | Methanol:0.1IM 280 nm Urine | Grindel et.
' Na2HP04 : . l ' : al., 1977
‘ (G2) (Zml/x’nin).
iii. | pBondapakCiz | Aqueous 70% .4 222pm : | Plasma, | Kapetano-
, P { Methanol thatis . | . ¢+ 1 blood. | vicet. al.,
L . |5mMinlowUV R < 11983
o |pICB8 . : :
- - | Association) B
" | imlmin) © | |
{iv. | Nucleosil st - {Aqueous SOmM . [ 220nm | Plasma | Armold and.
' €] p;p) | NaxSO; (adjusted. - E o+ | Stetten,
Si. . |topH284 with | | | 1986
e o I-BPO4)contammg : ¥
33% acetomtnle A’; ; :
i ” (0 5 ml/mm) : )
V.. Splmnsorb " [Acetonitrile -0, IM 222nm | Plasma, | Berggvist.
' ODS-I 'S p.m) phosphate buﬂ'er of |- | 'whole |et.al., 1988
| pH 2.5(21:29) " "] blood /
S ‘ contammg40mM . N
g 2y chlorateando l%gi : .
n s of N, N—dunethyl e o
SR 1 ctylammeopr )
: ‘23t027(1t015‘;7ﬁ ’; ’
I ml) o v o
VL, pBondapakC;s . Acetomlnle—O lM‘ :1 + 222nm: | Plasma | Guenzi et.
(10 pm) .+ . | phosphate buffer i) A PR al., (1989)
- L pH 3.0 (7:13) ' L ‘
" (1.5 mV/min) . :
vii, (a) Adsorbo-e Hexane-propan—z— +  285nm Plasma | Gimenez
's‘;ihere : ol- methanol v . whole | et.al,
'cycano | (41:2:7) containing : ,blo,od (1990)
(10 um) 1 0:005% of : | .
trimethylamine =
(2 ml/min)
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Sr. | Column Mobile phase Detection Sample | Reference
| No. (flow rate) _
(b) Supelco Same as (a) Same Same
LC(S)- as (@) as (a)
naphthylure
a (5 pm)

viii; | Spherisorb S3- | 0.1M phosphate 229 nm Plasma | Bergqvist
ODS-1 buffer (pH 3.5) et.al, 1991
(3 um) acetonitrile (13:12)

(0.5 ml/min)

ix. |Cis Aqueous 72% Flourescen | Whole | Mountet.
(5 pm) acetonitrile 475 nm blood al, 1991
at S0°C (0.8 ml/min) (Excitation | urine

at 260 nm)
X. | Partisil 10 Aqueous 65% 222 nm Plasma | Edsteinet.
ODS-3 (10 ym) | methanol contain- (for al., 1991
ing 5.25 mM meflo-
sodium octane- quine)
sulphonate
(pH 3.4)
(2 ml/min)

xi. | (a) Nucleosil Hexane-methanol- 285 nm Plasma | Gimenez
cyano- propan-2-ol at.al., 1993
propyl (41:7:2) containing
(5 ym) 125 plof

triethylamine
diluted 1:40 in
methano!
(2 ml/min)

(b) (s) naphthyl- | Hexane-methanol- 285 nm

urea (5 um) | propan-2-ol

(10:9:1) modified
as above with
triethylamine
(1.5 ml/min) .

xii. | Ultrasphere IP | 0.1M phosphate 227 nm Blood | Bergqvist

Cis (5 pm) buffer/acetonitrile / et.al., 1993
1M sodium
perchlorate
(173:137:15) at
pH 4 (1.4 ml/min)
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Sr.

| No.

Column

| Mobile phase

(flow rate)

Detection

Sample

Reference

xiii.

Porous carbon
Hypercarb-S
(7 um)

Acetonitrile
methanol : 60 mM
acetate buffer of
pH 4.6 (12:5:8)
and 5SmM N-
benzyloxycarbonyl
glycyl-L-proline
(0.8 ml/min)

278 nm

1 Plasma

Bergqvist
et.al,
1993a

Xiv.

oDS
(5 um)

Acetonttrile-water-
acetic acid
(8200:1800:7)

(1 mi/min)

263 nm(UV)
475 nm

(fluorimetric’

, excitation

at 263 nm)

Blood

Bergqvist
et.al, 1994

Chiral AGP -

Propan-1-0l/6.05M
Sodium phosphate
buffer of pH 4.85
(1:10)

(0.9 mi/min)

222 nm.

Plasma,
Urine

Wallen et.

{ al., 1994

Chirapak AD,

(10 ym)

Hexane : ethanol :
diethylamine

1 (960:40:1)

(1 ml/min)

285 nm

Tablets

Qiuet. al,
1992
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Table 2.4

mefloquine hydrochloride

Summary of gas chromatographic methods for analysis of

Sr. | Column Carrier gas | Tempera- | Detection | Sample | Reference

No. (flowrate) | ture from

i 3% of OV-17 - 160°Cto | Electron | Whole | Nakagawa,
on . 250°Cat | capture .| blood |et.al., 1979
Chromosorb 1°C/min | detection
w

ii. | Glass column He 270°C Mass Whole | Schwartz
with 3% of (30 mV/min) spectrome | blood, | and
SE-30 on try plasma, | Ranalder,
Gas-chrom Q urine 1981
(80-100
mesh)

iii. | 3% of SP- Argon- 205°C Electron | Plasma | Heizmann
2250 on methane capture and
Supelcoport | (50 ml/min) Geschke,

{ (8010 100 1984
mesh)

iv. | Glasscolumn | Nitrogen | 180°C for | Electron | Plasma | Dadgaret.
of 3% of SE- | (40 ml/min) 9 min capture al., 1985
30 on Gas-~ 280°C for

| Chrom Q 7 min
(100 to 200
mesh)

v. | Fused silica Nitrogen | 100°C for | Flame - Gyllenhaal
column (60 cm/s) 1 minto | ionization and
coated with 280°C at & mass Vessman,
CP-Sil8 20°C per | spectro- 1987

min metry

vi. | Fused silica Helium 140°C CH;, Plasma | Neal et. al.,
column (3 mi/min) | (held for | negative 1994
coated with 1min)to | ion CIMS
DB-5 290°C at | detection
(0.25 pm) 30°C/min
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2.6 Profile of Ethyl Cellulose

2.6.1 Chemistry of Ethyl Cellulose

Non-proprietary names:

BP: ethyl cellulose

Ph. Eur: ethyl cellulose

USP: Ethyl cellulose

Synonyms:

Aquacoat, E462, Ethocel, Surelease.

Chemical name and CAS Registry number:

Cellulose ethyl ether [9004-57-3]

Empirical formula:

Ethyl cellulose with complete ethoxyl substitution (DS = 3) is
C12H2306(C12H205),C12H2305, where n may vary to provide a variety of
molecular weights. The cellulose molecule is a chain of f-anhydro-glucose
units joined together by acetal linkages. |

Structural formula:

cHpG,

oy

2.6.2 Description

Ethylcellulose is a tasteless, free- flowing white to light tan colored powder.
2.6.3 Properties

Density (bulk):  0.4gm/cm’

Glass transition temperature: 129-133°C

Hygroscopicity: Ethylcellulose absorbs very little water from humid air or

during immersion that small amount evaporates readily at 80% RH-2%
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Solubility: Ethylcellulose is practically insoluble in glycerin (propylene
glycol), and water. Ethylcellulose that contains less than 46.5% of ethoxyl
groups is freely soluble in chlorofonn,' methyl acetate, tetrahydrofuran & in
mixtures of aromatic hydrocarbons with ethanbl (95%). Ethylcellulose that
contains not less than 46.5% of ethoxyl -grodps, is freely- soluble in
chloroform, ethanol (95%), ethy! acetate, methanol and toluene. The addition
of 10-20% of a lower aliphatic alcohol to solvents such as ketone, ester &
hydrocarbons can improve the solubllxty | |
Specific gravity: 1.12-1.15 gm/cm

Vlscos:ty The v:scosxty of ethyl cellulose IS measured typically at 250c
using 5% ethyl cellulose dlssolved in a solvent blend 80% toluene 120%
ethanol (W/W), vanous v1scosxty grades of ethyl cellulose are commonly
avaxlable Each type based on ethoxyl content there exist low to lugh
viscosity types based on degree of polymenzatlon ‘? . ,

264 Uses S

Coating - agent, ﬂavcnng ﬁxatwe tablet bmder tablet ﬁller v1sc051ty
increasing agent o : '

‘ Application in pharmaceuncal foxmulatxon or technology

Sr. No L L Use Concentratlon
S chroencapsulatlon DL ~ ol 10.0-200
2. - |Sustained release tablet coatxn'g" S 3.0-200
3. iaTablet coating . . L T}1° 1.0-30
:-4. ' ,‘Tablet granulatlon ' 1.0-3.0

2.6.5 Stablhty | . ,

It is a stable: shghtly hygroscoptc matenal It is: chemxcally re51stant to
alkalis, both dllute and concentrated & to salt solutlons It is subject -to
| ox1dat1ve degradatxon m the presence of sunhght or UV hght at elevated _
temperature “This’ may be prevented by thel,use of’ an antxoxxdant and

chemical addmves whxch absorb hght in the 230-240 nm range.

77



2.6.6 Storage:

It should be stored at a temperature not exceeding 90°f (32°C) in a dry area
away from all source of heat. Do not store near to peroxide or other
~ oxidizing agents

2.6.7 Incompatibilities

Incompatible with paraffin wax & microcrystalline wax.

2.6.8 Precautions |

Ethylcellulose is not metabolized and therefore is not recommended for
parenteral products. It is a nontoxic, non allergenic and nonirritating
material. Ethylcellulose powder may be an irritant to the eyes and therefore

eye protection should be worn.
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2.6.9 Review of work done

Phillip et al (1979) — Reported micro encapsulation of bilateral for
controlled release & its effect on bronchodilator.and heart rate activities in
dog. Spheronized core produced by extrusion to produce beads exhibiting
controlled release characteristics. In-vitro dissolution studied indicated that
drug released was proportronal to the amount of film on the bead. The total
increase in heart rate over a 6 hrs period was less than that associated with
-plain drug powaer.

Benita et al (1982) — Studted the eﬁ'ect of: polylsobutylene on EC walled
microcapsules wall structure and tluckness of sahcylarmde and theophylline
microcapsules. Mlcrocapsules were prepared by the EC coacervation process
which is based on the dlfferentxal thermal solubrhty in cyclohexane In the
presence of a protective: collord concentratron on the apparent loss of wall
polymer as empty droplets closely parallel 1ts effect on the size of stablhzed
coacervate droplets when core matenal was absent It is: proposed that
stabilized droplet formatxon rs a sxde reactron When core matenal is present,
causing changes in wall thlckness : - |

Fumio et al. (1983) Reported effect of excnplents on the tablet propemes
and dissolution behavror of theophyllme tableted mxcrocapsules under
different compression . forces Tablet thlckness decreased w1th an increase in
particle size. The dlssolutlon of the theophyllme from tableted mlcrocapsules
without excipient was almost mdependent of the apphed compressmn force
but showed sustained release behav1or . S

Chowdhary et al- (1985) Studted on a new technique of
microencapsulating by EC A method based on emulsification of the EC
solution containing the drug m an unmxscrble liquid medta followed by
coacervation by the addmon of non—solvent to produce sphertcal‘

microcapsules. They were reported sulphamethoxazole release from those -
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microcapsuleé which was sp;ead over a period of 5 to 6 hrs. linear
relationship was observed between percent coat materiél (EC) & ts values.
Chowdhary et al (1985) — Were reported controlled felease through
microencapsulation. Nitrofurantion was microencapsulated with EC and
gelatin and controlled release was observed with former and found that the
release rate of gelatin microcapsules was very fast. '

Chowdhary et al (1988) — Were reported comparative evaluatior: of EC,
Gelatin and Ca-alginate microcapsules prepared by complex emulsion
method. Diazepam was microencapsulated with EC; Gelatin and ca-alginate
by complex emulsion method and the microcapsules was studied controlled
drug release with depended % coat material and tso values was observed with
EC and Gelatin and also found no such controlled release was observed with
Ca-alginate. j

Pandey et al (1988) — Were studied buccal mucoadhesive films and
mucoadhesive gels of ﬂxeophyiline was prepared using HPMC, EC and
carbopol and the drug release paﬁem and stability of these formulations. The
in-vitro drug release was higher with formulations céntaining carbopol.

Gay et al (1990) — Were reported formulation parameters affecting the
preparation of microencapsulated ion-exchange resins containing
theophylline. They were foux}d that a method of microencapsulating
theophylline ion exchange resins with EC was developed to -producés smooth
and uniform coats. It was also ‘,fc'.)und that the releasé rate from coated resins
with low cross linking followed a logarithmic plot indicating membrane
controlled release. Where as coated resins high -croés linking fitted t;,, plot,
suggesting particle division control. 5

Bhalla et al (1991) — Were studied that controlled release matrices for
ketoprofen. They reported expeﬁmentations with various release retardants

to design suitable matrices for controlled release tablet of the drug. Ethyl
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cellulose, Guar gum & methocel combination could provide tablets with
suitable characteristics & appropriate drug release profile. |

Jani et al (1992) — Micro encapsulation of indomethecin by complex
emulsification. Micro spheres are prepared by emulsion-solvent evaporation
technique. Indomethecm was released at relatrvely faster rate from small
sized micro sphere than the larger micro sphere with core:coat ratio of 1:1,
2:1,3:1,4:1 & 9:1. | o
Alexander et al (1993) - were reported preparatron of bio-dvailability
studies of aspirin EC mxcrocapsules EC walled aspirin mlcrocapsules were
compressed into tablet. Showed that the constant plasma ooncentratlon of the
drug was sustamed for about 8-10 hrs & phannacokmetxc of
mlcroencapsulated aspmn can be described by one compartment open model
comparison of in-vitro drug avallabxhty showed ‘that ; ithere is a strong
correlation between dlSSOluthIl & absoxptlon for the 196 hours '

Jaiswal et al (1995) - Were reported preparatmn and evaluatxon of captopril
" microsphere by spherxcal crystalhzatron techmque usmg acryhc polymer and
EC as the matrix. The mlcro spheres were sphencal with diameter 150-230
micrometer and mcorporauon efﬁcxency 1s 40-65% were obtamed and also
found increase m the concentratron of the polymer decrease the drug release
rate. o o
Shreenivasan et «al'(1l99,6');‘,—— Were reported prepa:fy'raixt'-ion{E and evaluation of
florbiprofen ruicrocapsules by eruulsiﬂca'tioh solvent evaporation technique.
This techmque was used for preparatlon for. ﬂorblprofen mlcrocapsules for
controlled release mechamsm of ﬂorbrprofen in pH 72 phosphate ‘buffer
solution.and compared with commercxal product ,‘

Biswanath et al (1996) Were reported release kmetrcs of drug. from EC
microcapsules release of sodxum henzoate, salbutamol sulphate and caffeine.

Microcapsules were  prepared; by emulsification solvent evaporation
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technique. The drug release rate dependehce on the different parameters

involved in higuchi equation was verified. |

Weiss et al (1998) — Were reported micro encapsulation of the rennin

inhibitor FK906 ( tripeptide) by phase separation of EC in cyclohexane was

performed to obtained sustained release of the drug for | once a day

application. By dissolution tests as a function of the better capacity and the

osmolality of the dissolution'medium The buffer capacity was found to be
the parameter with greater influence on the release rate.

f Chan et al (1998) — were reported effect of polyvinyl pyrrolidone and EC on
alginate mlcrosphere prepared by emulSIf cation. Micro sphere prepared with
or wrthout polyvmyl pyrrohdone exhlbrted a better flow property but the
drug content was lower and the drug release rate higher. The addmon of
tnethyl c1trate thch is water-soluble plasﬁcxzer was found to mcrease the
rate of drug release whrle the use of h1gher vrscosrty grade of EC produced
the opposite eﬁ‘ect EC nnproved the ﬂow ablllty of micro sphere to a greater
extent than poly vmyl pyrrohdone '

Lin et al (1999) were reported modrﬁcatron of the initial release of a
highly water—soluble drug from EC mrcro _sphere. To develop the micro
spherical dosage for a highily water—soluble drug, fenoterol HBR by using the
water msoluble,{ non»b:odegradable polymer EC. Three factors, initial
amount of drug, the volume of non-solvent (petroleum ‘benzene) and the

stirring speed of homogemzer ‘were varled durlng the preparatlon A
significant mcrease in the encapsulatron efficiency of fenoterol was

- observed. When the drug polymer ratio was decreased from 15-5%, particle

~ size range 10-25 lmrcrometer The initial drug loadlng and addition of non-

- solvent ;-mgmﬁcaptly effec:red the initial :;release of fenoterol from the EC

microsphere.
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Bhalla et al (1999) — Were studied development and evaluation of
controlled release tablets of carbamazepine ‘were prepared usiug HPMC &
EC as release retardants several formulations were tried to achieve the
required in-vitro release profile. An accelerated stabiliry study indicated that |
both, the drug content and in-vitro Telease profile of the selected EC tablets
were satisfactorily maintained. | ‘

Handa et al (2000) — Were studied development and eveluation of EC and
coated controlled .-releas'e pellete;, pellets of isosorbide, sorbide mononitrate
and carbamazepine were prepared byfsusbensiou of layering and powder
 layering techniques, rescecti‘vely"- The dmé loaded pellets were coated using
EC as release retardant. leferent coats welghts were applied & pellets were
subjected to in-vitro release studles formulatron showmg similar in-vitro
release profile to the innovators product under dxfferent condition of pH and
agitation were selected for accelerated stabxllty studies and found to be stable
under different condmon of storage for’ a penod of 6 month

Yang et al (2000) — were reported an eulranced process. for encapsulating
aspirin in EC microcapsules ;l_;y solivedt evaporation technique (o/w
emulsion) dichloromethane usedas the diépersed medium and water as the
dispersing medium. The récoveréd weight particle Size distribution aspirin
loading efﬁcrency, the’ aspirin release rate of mxcrocapsules was analyzed.
The addition of appropnate amount of non-solvent (n-hexane) pnor to the
emulsification increases rhe recovered welght, but decreases the size of the
formed micro spheres. The addmon of non«solvent also changes the
microcapsules charactenstxcs resultmg in a coarser surface & an increased
release rate. An i mcreasmg the: polymer (EC) concemranon in the dlspersed
phase increase in the size of mlcro spheres the recovered weight & loading

efficiency, but decrease release ,rat_e.
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‘Fernandez et al (2000) — Were reported controlled release formulations of
alachlor (pesticide) in EC micro sphere were prepared using EC according to
the solvent evaporation method.

Manavi et al (2001) — Were studied development and evaluation of
ketorolac tromethamine occular films. Microsphere was prepared by solvent
casting method usmg EC and cellulose acetate polymer in various
proportions. The occular insetts were evaluated for their uniformly, in-vitro
drug release and occular tox1c1ty

Shivanand et al (2001) — Were studled EC mlcrocapsules of dlclofenac
potassium. Diclofenac potassxmn rmcrosphere were prepared by
coacervation phase separatxon mduced by temperature change and non-
solvent addition method, using’, EC as coatmg matenal in varying coat: core
ratio of 1:1, 1:2, 1.3, 1 4 and 1 9. The mtcrocapsules were evaluated for the
drug content umfomuty partlcle sxze dxstnbutlon, in-vitro drug release
characteristics, drug coatmg polymer mteractlon '

Anilkumar et al: (2001) - Were mvestlgated atomxc force mxcroscopy a
novel tool to categones bloadheswe polymer contact mode AFM was used &
polymer films were prepared at 2% w/w concentratton of polymer alone and

in combination w:th mucm at 1 I ratlo by solvent casting technique. Five

polymers HPMC, CMC sodlum algmate' polyvmyl alcohol and EC.
d‘.and surface roughness of

or- ucm,mteractlon. PVP and EC

Aqueous dlsperslon were studted usmg thxs me

were categorized as non« bxoadheswe '7{‘

Subrata et al (2001) Were reported mechamsm of in-vitro release kinetics
of flurbiprofen to: loaded EC mlcropellets Micropellets prepared by quasi-

emulsion solvent d1ffusnon techmque usmgg E lS a matrix-forming polymer.

Encapsulation parameters of micro pellets such as: actual drug loading. Drug

encapsulation efﬁcxency and loss of coatmg polymer were determined.



Saravanan et al (2001)- were studied formulations and characterization of
EC floating micro sphere loaded with ranitidine hydrochloride. The floating
" microsphere was prepared by -solvent evaporetion [ polymer diffusion
technique. The prepared microsphere were characterized by percentage of
loeding, SEM, particle size distribution and in-vitro release studies.
Smita et al (2001) — Were reported prolonged release pentoxifylline
- formulation. To prepare prolonged release pent'oxifylline tablet using EC as
a matrix former. The effeet of various formulat’iOns‘and processing variable
such as amount of polymer type and concemratlon of filter and eompressmn
force on pentoxxfyllme release rate was studled

Dashevsky et al (2001) - Were studled the effect of EC molecular welght on
the properties of theophyllme rmcro sphere Mlcro : sphere of theophyllme
with both EC of high and low molecular werght and also their mlxtures asa
coating material were prepared usmg the solvent evaporatlon techmque In-
vitro dissolution stud1es exhlblted the square root of time (nguchl model)

release charactenstlcs The s1ze  distribution: of mlcrosphere was dependent

on the ratxo of EC rmxtures thh hxgh and 10\v molecular welght

Liao et al (2001) were reported release charactenstxcs of mxcro sphere
prepared by co-spray drymg actmobaelllus pleuropneoumomae antlgens and
aqueous . EC drspersmn Usmg formahn m actlvated actinobaccillus
pleuropneoumomae anugens and aqueous EC dlspersmn Mrcrosphere of
oral vaccines were developed by a co-spray drymg process. To determme
whether the dosage formulatxon of mlcrosphere could from enteric mamces
Yang et al (2001) — Were studled encapsulatmg aspmn into a surfactant free
EC microsphere using nolltoxu: solvents by emulsmn solvent evaporanon
technique. w/o ethanol used as “dispersed phase and soyabean 01l as the

continuous phase. The addmon -of small amount of non—solvent ( water)
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prior to the emulsification was found to have a signiﬁcanf impact on the
microencapsulation process.
Talele et al (2001) - were reported formulation and evaluation of sustained
released dosage form of flurbiprofen using a combined pectin and EC
matrix. Combination of pectin and EC Were investigated as a sustained
release matrix. Flur_biprofenwas used as a model drug for evaluating matrix
system. Pectin and EC were used in different proportion i.e. 1:1, 2:1, & 3: 1
along with usual tablet additives, starch and. talc. Two matrix component of
20% and 30% w/w of total tablet weight were prepared. The granules and
tablets were evaluated for physrcal propemes |
The m~v1tro release data showed that 30% w/w of total tablet weight
matrix component gave extended release of ﬂurblprofen for 10 hours
selected fonnulatlons were. found to be stable at 37 .C and 45°C fora penod
of one month. A e,
Tsai et al (2001) - Were studied preparathn l'o'f double encapsulated
microcapsules for mmgatmg drug loss and extendmg release. The double
encapsulated mlcrocapsules Were prepared by the non-solvent addition phase
separation method to form core matenal and encapsulated with regulate drug
' release rate. The drug used: was: theophyllme whlch is water—soluble DCM
n-hexane were used as the solvent and non solvent respectively. Thrs study
investigated how various core material and mrcrocapsules EC/TH ratios
affect the drug loss of the double encapsulated mlcrocapsules was 12.8% less
then that of the rmcrocapsules prepared by the olw emulsxon non-solvent
addition' method. The paxt1cle size of th | double encapsulated micro
capsules decreased as the concentratlon of EC polymers was mcreased in the
second encapsulatxon process The roughness* of thelr surface was also in
propomon to the concentratxon of polymers The dnssolunon study showed

that the ty of the double encapsulated micro capsules range from 2 - 2.54
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hours. While that of the o/w emulsion non solvent addition method micro
capsules was from 2.7 - 7.7 hours. The greater the level of EC in the polymer

solution the slower the release rate of the drug from the microcapsules.
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2.7  Profile of Chitosan

2.7.1 Chemistry of Chitosan

Chitosan [a (1—4) 2-amino 2-deoxy B-D glucan], the deacetylated form of
chitin, is a muco-polysaccharide having structural characteristics similar to
glycosamines with a chemical formula (C¢H;;ON) ,. Chitosan is a
biodegradable and biocompatible homo-polysaccharides(i.e. contain single
type of monomeric unit) comprising of GLUCOSAMINE and N-
ACETYLGLUCOSAMINE and can be derived by partial deacetylation of
chitin. It is marketed under a variety of forms with different molecular
weights and degrees of deacetylation, or as chitosan base or salt.

Structural formula :

2.7.2 Description

Chitosan is a tasteless, free flowing, light brown coloured, low density
powder. ‘

2.7.3 Properties

Important characteristic of chitosan are its ‘molecular weight, viscosity,
degree of deacetylation, crystallinity index, number of monomeric units(n),

water retention value, pKa and energy of hydration. Chitosan has a high
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charge density, adheres to negatively charged sulfates and chelatee metal
ions.

| Chitosan is insoluble at an alkaline and neutral pH, but forms salts
with inorganic and organic acids such as -glutamic acid, hydrochloric acid,
lactic acid and acetic acid. Upon dissolution, the amine groups of the
polymer become protonated with a resultant nos'itively charged soluble
polysacchandes (RNH3+) However chitosan salts are soluble in water, the
solubility bemg dependent on the degree of deacetylatlon Chxtosan with a
low degree of deacetylanon(40%) has been found to be soluble upto pH 9.0,
where as chitosan with a;,deéree of deacetylation of about 85% 1s soloble
only up to pH 6.5. Solubility s also greatly influenced by the addition of
salts to the solution. Due to. hlgh molecular weight and a linear unbranched

structure, chltosan is an excellent v1scosnty~enhancmg agent in an acidic
" enviropment. '

2.7.4 Uses: : o
1 Asa FLOCULANT in a punﬁcatxon of waste water.

2 Asa CHELAT]NG AGENT for harmful metals for detoxification
of hazardous waste |

3 In addxtxon chltosan also has been exploxted in the COSMETIC
INDUSTRlES THE DENTAL INDUSTRY FOR HAIR CARE
PRODUCTS anleOR OPTHALMIC APPLICATION such as for
contact iens coatmg or as the contact lens matenal itself.

4 In recent yearé as a material in the NUTRITIGNAL
SUPPLEMENT market especxally as a WEIGHT LOSS AID and
CHOLESTROL LOWERING AGENT.

5 Co encapsulatlon of other bioactive agents for multxple plasmids.

6 Improvement of bltoavallab 1hty of DNA due to the protection from

serum nuclease degradatlon by the polymer matnx

93



2.7.5 Storage

It is stored in form of dried chitin, so that it can be stored as a stable
intermediate for deacetylation to chitosan at a later stage.

2.7.6 Ixicompatibilities

The pH of chitosan solution must be kept below 6.0 to prevent precipitation
‘of gelatin. Chitosan may best be formulated to the pH 2-3 region. The acid
solution of chitosan is compatible with nonionic polymers but is

incompatible with sulfates and most anionic water-soluble polymers.
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2.7.7 Review of work done

Fwu-Long et al (1997) reported that chitosan microspheres containing
oxytetracycline (OTC), an antibiotic agent, were prepared by spray
hardening and interfacial acylation methods. The object of this study was to
" prepare oxytetracycline containing microspheres for oral administration and
injection using different molecular weight (Mw 70000 ~ 2000000) of
chitosan. The result indicated that the releasing of oxytetracycline from
various acylated chitosan microspheres was decreased with increasing the
molecular weight of chitosan and would show well sustained-release
property.

Wang et al (1996) studied an orthogonal experimental design to optimize
the formulation of cisplatin (CDDP)-loaded chitosan microspheres (namely,
CDDP-DAC-MS) which were produced by an emulsion-chemical cross-
linking technique. Seven factors and three levels for each factor that might
affect the formulation of microspheres were selected and arranged in an Ly,
(3™) orthogonal experimental table. The in vitro release of cisplatin from
chitosan microspheres in saline was retarded compared with that from saline
solution; the release of CDDP from chitosan microspheres was suggested to
be controlled by the dissolution and diffusion of the drug from the chitosan
matrix.

Lim and Wan (1998) prepared chitosan microspheres using an
emulsification-coacervation technique. The DSC analysis data suggested that
the magnesium stearate was converted to stearic acid during the preparation
process. The release of propranolol hydrochloride from the microspheres
was fast, irrespective- of the content and magnesium stearate. Drug
encapsulation efficiency was enhanced when a greater amount of magnesium

stearate was used.
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He et al (1999) studied ‘modified spray drying methods, especially a novel
w/o/w emulsion-spray drying methdd, were developed to prepare chitosan
‘microspheres with a sustained drug release pattern. Release of the model
drugs cimetidine and famotidine, from the microspheres prepared by the
emulsion-spray drying methods, was greatly retarded with release lasting for
several hours, compared with drug loaded microspheres prepared by
conventional-spray drying or emulsion methods where drug release was
almost instant. The slow release of drug was partly due to the poor wetting
ability of the microspheres which fioated on the surface of the dissolution
medium. The addition of a wetting agent increased the release rate
signiﬁcanﬁy. The coating of the microspheres with gelatin decreased the rate
of release of drug in the presence of wetting agents.

Kumbar et al (2002) investigated that microspheres of chitosan crosslinked
with three different crosslinking agents viz. Glutaraldehyde, sulphuric acid
and heat treatment have been prépéred to encapsulate diclofenac sodium
(DS). Chitosan microspheres are produced in a w/o emulsion followed by
crosslinking in the water phase by one of the crosslinking methods. The
crosslinking of chitosan takes place at the free amino group in all the cases,
as evidenced by FTIR. This leads to the formulation of amine groups or ionic
bonds. Polymer crystallinity increases after crosslinking, as determined by x-
RD. The method adopted for drug loading into the microspheres is
satisfactory, and up to 28-30% w/w loading is observed for the sulphuric
acid-crosslinked microspheres, whereas 23-29 and 15-23% of loadings are
obtained for the Glutaraldehyde (GA) and heat-crosslinked microspheres,
respectively. Amoﬁg all the systems studied, the 32% GA crosslinked
mic‘rospheres have shown the siowest release i.e. 41% at 420 min. and a
fastest release of 81% at 500 min is shown by heat crosslinking for 3 h. Drug

release from the matrices deviates slightly from the Fickian process.



Aiedeh et al (1997) analysed: the use the chitosan for the production of
surface crosslinked microparticalate systems containing insulin. The
microcapsules were prepared by anlnnOvative-technique based on interfacial
crosslinkage of different amounts of chitosan solubilized in the inner phase
of a water/oil emulsion by means of abscorbyl palmitate. The correlation
between the main formulation parameters and the functional properties of the
microcapsulés were analysed. Insulin is mcorporated with high efficiency.
The peptide release is constant for-appreciable periods of time. The content
of chitosan modulates the main physico-chemical properties of the matrix.

. Helw et al (1998) studied “that chitosan mlcrospheres containing
phenobarbitone were suc_cessﬁ_zllj% prepared by Glutafaldehyde cross-linking
of an aqueous acetic acid ’i;s.pé:;rsion of chitosan in light liquid parafﬁn
containing sorbita_h moho«@leate as a Stabilizing agent. Uniform and
spherical microspheres, with ia loading efficiency up to 57.2% could be
prepared depending on the pfeparation conditions The main parameters
affecting the preparation and the’ performance of the prepared mxcrospheres
were the molecular weight and ‘concentration of chitosan as well as the
concentration of the used stablhzmg agent. The mcorporatxon of citric acid
into the microspheres was fougq ;o increase the formation of a water soluble
gel when the microspheres. cenae in contact with the dissolution medium
-increasing the rate of drug release The parucle size was shifted towards
. smaller diameters w:th mcreased concentratlon of sorbitan mono-oleate, up
to 4.0% v/v, by use of a lower concentratlon of chitosan (1.0% w/v) and
chitosan with low molecular welght Rap:d mmal drug release (20-30%) of
the incorporated drug was exhlblted in all the prepared mxcrospheres
followed by slow release of the remammg amount of the drug. The release
rate of the drug from the mxcrospheres prepared from high molecular weight

chitosan was slow in comparxson ‘with that prepared_from medium and low
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molecular weight chitosan. High concentrations of sorbitan mono-oleate

increased the rate of drug release.
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