CHAPTER 1

INTRODUCTION



[t 15 well known that contraceptive needs change during a couple™s reproductive life,
because of changmg cultural, religious_and reproductive needs  In addition, -man“y
couples do not use modern methods for the fear of side ¢ffects Fo meet the unmet -
needs of the couples a wider range of fertility regulation methods. sl)ouid be made
available. Rescarch is going on worldwide for the development ol improved versions

of existing technologtes as well as the development of neww methods -

Oral contrhccptwes»(()(‘s)‘ allow effective and convenient fanily plannmg for women
andéouples worldwide, ané have revolutionized the reproductive hves of mulhons of
women smnce lhétr_intmdqct:on in the 1960s However, all oral contraceptive dn-:g;s
'interferencé_ with thfg production-and action of endogenously synthesized steroid

hormones (Kent et al ,2002) .

Als:o,mduct.lpn of hepatic enzymes by oral contract;piwes may mnterference with
potency and duration of other medications such as ant:édagQulanls (Elhson et al , 2000),
éxxtnblotiés, or anticonvulsant drugs In addition, orally (\d'mm;stered steroids nterfere
- to dtfferént degrees wmx'tl hepatic protein synthesw of procoaﬂufatory and- hbrmolync ‘
-protemns (Rosmg et al , 1999) and fatty liver as a consequence of long-term treatment
It s "dso likely that” factors originating from or dﬁe to hébattc metabolism of
_exogenous steroids piay a role in hypertensxon and dyshpxdaemxa sadc eftects .
frequemly observed with oral contraceptxve treatmenl Therefore there 1S a need of
d@\feiopment of\ female . co_ntraceptlveg other thani presently available - oral

_ contraception without compromise of"safety and user compliance

ThrOUC'hOut lnstory ’ramily planmn0 has been a shared raspons:blhly thh ‘most _
- methods rf:qumn0 male mvolvement (Handelsmam 2001). During the last century,’
_corivenient and Iughly rehable contraceptive methods were developed for women, yet
not a single new ‘male cbni:raceptwe method was mtroduced (Anderson and Baird,
2002) The slutted burden of c’ontracepﬁve responsibility can 6nly be rebalanced by
the- ava:labxht\ ot comparably attractive methods for men, allowing them to-share
more. equitably the burdens and_benefits of effective tamt!} planmng There are
. currently no.systemic methods of contraception for use by men, the development ()_f a
male-use equivalent of oral, injectab[e- and im;ilantablé female steroid hormone -
mcth'OdS. of contraception has been the subject of rescarch for the past 30 years or

more A number of studies in animals and men have shown that the administration of



andiogens alone, androgen and progestin combmations. and  combmations  of

androgens with gonadotrophin-releasing hoimone receptor higands can suppress

gonadotrophin sceretion and thereby reduce spermatogenests to render men ml'crule.

New materials and new technologtes have stmulated phaimaceutical researchers o
identify and usc alternatives to the classical oral and mjectable routes One dl‘ the
routes currenth being studied lS the nasal way The intranasal administt dUOll provides

a useful way of taking a range of systumc drugs The comphamc of patients who

require long-terin _medlcatson has been shown to be better due to the stmplicity and

ease of admmustration when compared to the parenteral toute (Pontiroli et al., 1985,

Hirar et al., 1981) Also, the rate of absorption.  plasma concentration and

_.pharmacokinetics following nasai_roule of administration is often compares well to

" that obtamed by- mtravenous medication. because of rich vasculature -and high

permeabxllty of nasal mucosa In selected-drugs the phai macokinetics relating to drug

absorption and nictabolism via the nose are more favorable (Chien et al, 1989
Wuthrich and Buri. 1987. Pontirolt et al |, 1989). It has recently been shown™ that the
bioavarlability of the - sterordal drugs progesterone, 17- B-oestradiol,- 17a-

ethinyloestradiol when given via nasal route n rats 1s greatly superior to that via the

oral route (Bawarshl-Nassér et-al;, 1989) Also 'sthdy.llmvolvxllg nasal adm_imstr,atxon

 the surface epithelum may well contribute to absorpti(;n (Fisher, 1990) However, for’

4

of drug wi}h the bioadhestve compound such as carbopol and chitosan was increased -

of norethlstemne shows supenoruy of thxs route (Anand Kumar et al, 1991) The-

bioavailability of Testosterone was tound similar to that of v route when owen,

nasally (Hussam et al., 1984) The large number of tenestrated capillaries just betow

the drugs of very short biological half life, the rapid absorption 15 unfavourable to
sustain the drug level in the systenuic circulation, and the large mucociliary clearance
of the nasal mucosa (Schipper et al |, 1991 ) may causé poor absorption of certain drugs. -

The mucociliary clearance under normal conditions rapidly clears the applled matenaL >

since there is a little time of contact between’ the ‘drug and the mucosa Therefore

) employmﬁ -nasal dehvery for prolonaed relcase required the development of pamcular‘

strafcvfxes i order ‘to- keep "the substance on the mucosa for a long tlme wnthout

altering the functionality of the nose. Prolonging the contact of the drug with the

absorptive surfaces by means “of an appropriate delivery ‘system can increase the

bioavailability of ntranasally admin{ste?cd drug. It was reported that bioavailab;lify



“by liix:abxhl; ol the drug concentiation i plasma by broadhestvity of polymer to the - -

mucus -

Weakly cross«hnllcd {mlyac‘ryiales as cat bomcxs; (wl;ach are FDA appxoved) by Ca2+
Conﬁalcwfion arc able-to trigger the R..VLFSINL opmmﬂ 0[ the iwht mmtton bct\\eun .
fthe cells and 10 allow the paraccliular lmmporl ol pupudu (Lucssen et al, 1996

~ Junginger and Vethoef, 1998) Chitosans have’ bu,n shown to havé snmlax properucs
to rwers;bly open the tight ;umuons This mechanism 15 thought to_oceur by 1oni¢
-charge transfer between the positive. char o of d_mosan-nm!ecuh, and the negative.

charges (sulfate and sialine groups) of the glycocalix-(Thanou et al , 2000)

The pulmonary r_outé ts also being used for the‘eﬂbcuve delivery of drugs into the

systemic circulation. For a long time, the lung has tgéen used for (hé admu_uslratiox} of

cirtivs for the treatment of local conditions However, more recentt.y spurred-on by the

; advent of novel dehvery devices, there 1S a orowmg mteresl in the use of the lung_for

~ the systemic delwery of challenomg moleculcs such as peptides and -proteins, as weil
as analgesic agents and even vaccines (Vyas and Khar, 2002). The {arger surface area

‘:of the lung 1s well known; although, mterestingly, the permeability of the lung llssue,
m 1tself 1s not (l{at diffefent from. other mucosal surfaceg_, lf‘txs‘the- large area that

_ provides f(-)r the rzipid.ﬁabsorpti_()_x}. The challenging aspecﬁ still remans qn’a‘ﬁSwéred are
the: mode oj' dychver)} for Ilpdsoma‘l}y éncaﬁé}ﬁialed drug tc; lungs "Metered dose
nhalers (M‘DI) are currently bemng rf:fbmlulatéd as~a result of _the b,aﬁ ‘being
implemented thréuﬂiout the world by-the- Umted Nations on the use of éhl(sro fluoro
carbons (CFC s) To meet this challenge, one such altemahve 15 the development of
new and improved ~"Dry Povvder Inhaler (DPI)" systeni that will allow mhalants ]

adminsstration of all drugs presently delivered with MDls.. T -

Lipoéomes are ;;llésplloiipid- vesicles composed of hipid i)ilayers enclosing” one o}
more agueous compértments. L%iposonies are att;actlxlg coh‘élaerablc interest 1n the )
- area-of drug delivery because of their biocompatible, biodegradable and. relatively
. nontoxic nature (Shek and_ Barber, 1986). Liposomes are also known_to sustain the -
release of the entrapped drug(s) (Knepp et al.,-1988, Arrowsmith, 1983;'Akﬁtar and
Juhano, 1992) and to decrease the mucociliary clearance of the drug(s) due to their
* surface viscosity (Harris, 1988). T herefore, more effective and sustained systemi(;

absorption- of a drug would be attaned by admunistering the drug containing



liposomes tespiratory fract As o diug delivery system, hiposomes can «;tgniﬁczmtly
alter the 3hammwkmouos and phdnmwdynamtcs of entrapped drugs, for example,
by enlmnung.dmg uptdl\o, dolzlymg rapid drug clealance. and reducing drug toxicity
“(Kimelberg and Mayho\v !078, Szoka and Papahadmpoulm 1981, Poznanshy and

luhano 1984)-

There have been many fewer btudlés on the safety of long-term usc of the progestogen
OnEiy pill (P’O;P) Ath-zm{ of thewoombined oral contraception (C()C). but the eaisting data )
are »iargel-y reassuring (McCann and Potter. 1994) Lévonoigcslrcl (LN) has been used :
for mény_yeitrs both alone (in low doses) i the POP and in combmation with estrogen

1 COC preparations

Unlike steroid hormones, gooadotropm reloasmg hormones ‘exerts spectfic action on
the prtuitary gonadotrophs and the human rcprodu’ctwe tract "l‘h;s*speciﬁcity reduces
the likelihood of secondary '1d'verse effects such as gynccomaslia thromboembolism,
- edema. hver and gallbladder mvolvement Although chinical dpphcatton of these
peptldes is hwh!) promxsmo their potentlal may be restmted by difficulties mvolved T

" self-medication

The aim of the present study was to develop a carrier based nasal md pulmonary drug
dellvery for contraceptlon both mn male and female using two- dlﬁerent approach te,
steroxdal contmceptlon using a second gencrat:on progesterone denvatwe
Levonorgestrel and peptide contraceptron using a potent Gonadotropm releasing
- hormone agonist, Leuprohde acetate It'was an objectne to enhanoo and mantain
effective théraﬁeunc concent%at:oné of the drug’ for prolonged period of‘ time n -
s developme:nt of phérmaceuﬁcafly’r-ﬁrational drug-delivery systems using Iipoéomes
and/or mucoadhesives for xﬁzix_imxzmg the thcrépeut:c .index, reducmg the dose/

trequcnq of dosing, and systemic side-effects aod, thereby, reducing the cost of.

therapy _ -

RESEARCH ENVISAGED - : o

'I;l}e. project focuses on the preparation and characterization of formulations for nasal-
~ - and pulmonary delivery based on liposomes and/or mucoadhesives and the evaluation
of the selected fo}olu!ations for n vitro diffusion studies‘and n vivo studies in

animals. . T

wn



I'he proposed plan of work include
l Literature revicws covering - various aspects of contraception, nasal and
pulmonary dehvery especially with _mucoadhesives, hiposomes, dry powder

- . mhaler and profiles of selected drugs

g To find an ideal -Iiposomél form as far as encapsulation efficiency 1s concern
Llposd]acs containing drugs-will be prepared by reverse phase -evapotation
~and thin film hydration-method The prepared liposomes will be characterized

_ with respect to, encapsulation efficiency, size. and size distribution and -

lamellarity T ,

[Ii.  To prepare nasal ‘formulations with and/or without liposomes and /or
“ mucoadhesive agents and characterize the developed formulations with respect
o pH, viscosity and humoadheswdpropert;es‘ Comparative evaluation of the
: formulations will be conducted for ./n vitro diffusion studies and /n vivo
studies mncluding pham’xacoki'n_c_:tiés/pharmaéodynamlcs Llposohlal

formulations will also be subjected to drug retention studies

v To Q}é‘pareidry powde; inhaler formulﬁﬁons by-l‘_vophmzanon and optimized
i_\nh regard to _bercent drug entrapment by ppropér‘selecnon of cryoprotectant - .
and diluent Characterization of the prepared szosomai DPI will be carried
out for qncapsulatio—n efficiency, size and size distribution, lamellarity, and
drug retention at diffe}ent storage conditions Flow and dispersion propertiés
will also evaluated including, anglcr of repose, bulk density, moisture content, -
compressibility, dlSpC{'SiBilit}’ and fine particle fraction. Comparative
evaluation of the formulations \viil be conducted t’or- In vitro diﬁ'gsion studies;

and In vivo drug bioavailability studies. -
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