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2.1 CONTRACEPTION

Throughout history, mankmd has tried o limit famuly size Untl the last-Century, (his
“wzgg largely achieved by behavioral modifications, mcluding abstinence, infrequent
comfs, the avoidance ol mitercourse during tl'm fertife petod of the cycle and cortus
- mterruptus (the withdrawal method) Modern barrier methods emerged durmg the
1800s, while mtrauterine devices (IUDs) and hormonal contraception are 20th century
developments Political and legal developments over the past century are closely tied
to advances m contracéptxon Despite "evidence of need and market demand, hittle
contraceptive development has taken place in the US for several decades. Concern
over pfoduct tiability and dwindling research support has stifled dev elopment. In spite
of reduced contraceptive research and development activity, several “new
contraceptives may reach the US market in the next several years These mclude new
implants and mjectabies. a transdermal contraceptive patch, a new 1UD, new cervical
caps, and a vaginal contraceptive ng New male methods of fertility control are étlll

many ye'm aws ’\y
,..l I INTRAUT ERINE DEV!CES

“The ntrautering devxce 1S one of the most commonly used methods of lertlhty .

regulation, especaally n deve!opmo country proorams It 15 a safe and effective

-method for women who are i ‘a monogamous sexual relationship and not at risk of

~sg:xually transnﬁtted Ain\fectlons A(PAT‘H/Out_look, 1992; FHI, ZOOO.lPPF, 2003.) WHO
estimates that more’ than 150 mullion women use iUDS,‘Wltll more than 74 ;nlilion
users m China alone A rev:éw of studies ,conﬁrméd that (1) lUDs- are not
- abortlf‘amehts..(2)“962\\'_&{' cqinprehénsxve IUDs are highly effective and long-iastnﬁg;
-(3) IUDs can be safél) used"-by laciatmo women; and (4) [UD use is not associated -
with an mcreased nsk of pelvic mﬂammatory disease (PID), of ectopic pregnancy, or-

Nof subsequent mfertility (Chu, 1993)

Intrauterine dewces (IUDs) are small ﬂ'cxiblé devices made of metal and/or plastic
that prevents prc;:gnancy when mserted into a woman's uterus through her vagina. The
most {\fldely used IUDs. are copper-bearing IUbs. Inert (unmedicated) and.progestin-
releasing [UDs (levonorgestrel or progesterone) are léss widely available. Drawbacks
“of IUDs "are therr tendency to cause heavy ﬁlenstrual bleeding and Pelvic

Inflammatory Disease
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New Gcncration of IUDs

The newest ocnudtmnz, 01 coppu 1UDs combme high wnunuamm tates wuh w,r§,

Tlow ~prcgnancy rates (IHU/CCP 1995)- Since hitle, can be done 1 mm,as«, (hc

_ethcacy of lhc,sc, devnces recent rcsearch has Ioumd on devulopmo dwwus o

- address side eﬁu,ts pamcu arly bleeding and pamn, wlmh account for a significant

- number -of removals The Icvonorgeslrei-.lcluxsmg IUD, a device - with tigh

effec’tiveness and acccphbshty, reduces menstrual .blood loss -compared o pre-

Amsmxon levels (Luukk’lxnen !99#) The levonorgestiel- [umsmo 1UD. Muum has

) been avatlable in Europe for 10 years : and has been used by 2 million women. i was

- approved for sale in the United States in Decémber 2000 Frameless 1UDs, such as the

- Gynefix_ (Kishen, 1998 Van Os, 1998 W:ldermeersh 1999) have been- specilically

designed to reduce cramping and pam This device COHS!StS of a surgical nylon lhlead

that holds copper sleeves and 1s anchored to the uterine fundus dufing msmnon -t

recently became available in Europe, and 1s licensed for five-year use Studies suggest

that the Gynefix 1s as effective as the Copper T380A, and expulsion rates arc less than

| perv 100 women years

2.1.2 ORAL CONTRACEPTIVES i

« Combined oral contraceptives - - I
o Prooestin-only oral contraccptives pills

2.1 21 Combined Oral Contraceptwes

- Modem combmed oral contraceptwes are “‘made trom very Tow doses of synthenc

estrogen. and prooestm These combmed oral comraceptwes (COCS}-ﬂ’ten ca lcd
combmed p;lls the Plll, and birth contm! pxlls-———ale very eﬁecuve in preventing

pregnancy when taken conslstently and correctly (at the same-time every day) Thexr

use does not interfere with mtercourse COCs are safe for most women; only some -

cardiovascular condmons severe chromc condmons and heavy smokmg in women
age 35 and over preclude use of the method Most conditions that restricted use of
high-dose COCs do not apply to low-dose formulatxons Some charactenstlcs of

COCs are htghlwhted in the table below.

Combined oral contraceptives (COCs) are among the most intensely investigated

family planning products in history A growing body of research confirms that, in

addition to being safe for most women, COCs provide significant noncontraceptive -
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health benefits (Blachburm, 2000, IPPF; 1998) By reducing menstrual h!ccdmg; COCs
help prevent 1ron deficiency anemia Recent studies have confirmed that long-icrm
COC use protects agamnst ovarian cancer and-endometrial cancer Results suggest that
proleétion 1s long-lasting; and may persist for 15 years or more after stoppmg COC
use Although many prewods studies 1 developed-countries mdicated a greater tisk of
liver cancer in women who used combined OCs for a fong period ol timie, new data
from several studies suggest the effect of OCs on liver cancer 1s neglsgxblc (MILTS,

1997; Blackburn. 2000)

Altliough OCs have been proven safe for most women. some health 1ssues remam
unrésol\fed_—w-pnmarﬂy the relationship between OC use and breast or cervical cancer
OC use does not mcrease lifetime risk of developing breast cancer (Blackburn, 2000).
For most woniénz espeAcxally‘those. m developing countries, the benefits of effective
i pregnanc& prevention outweigh the very slight. increased risk of breast cancer

_assocrated with COC use (FHI, 1996; [PPF, 1998, PATH/Outlook, 1997) After more
than 50 studies, most experts be!}eve that pills have little. if any, effect on the risk of
deve!dmng breast cancer (Hatcher, 2002)> Most studies n the past decade have found
that long-tcr'm OC use 1s associated with a slight increase 1n the risk of c‘e.rv'lcal cancer.
However, many. researchers bglieve that this observed association may be part of a
larger behavior pattern that mcreases risk of cervical cancer rather than a causél

relationship (PATH/Outlook, 1997; IPPF, 1998; Blackburn, 2000)

Another concern has been the risk of certain diseases of the cardiovascular S)Iételll
Although COC use does carry the risk of cardxovascularﬁdxsease, the nisk is very small,

except 1n older women (over age 35) who smoke or women with high blood-pressure
g g P !
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2.1.22 Progestin-only Oral Contraceptive Pills

Progestin-only otal contraceptive pills, often-called progestn-only pills (POPsy and

© minapills. —arc cstiogen-free oral cmilraceptivés made from very low dmeq of synthetic

2.1.3 INJECTABLES

proves{m POPs are appropnate for older wonu.n especially. gmoi\ers who want to use

an oral - hormonal -contraceptive method, women  for. whom estrogen-containing

“formulations arc not. recommended because” of side cffects and postpartum or

bredstteedmo women POPs are eﬁectlw n preventmo preonanc) whm taken

‘consistently and daily, at the same tume T heiwr eﬁeeuveneSQ 15 slwlul) !ess than that of

’ EOCS, especially younger “women, but effectiveness- is high m women over 335

years of age and when use compliance 1s good POPs are safe {01 most women, only a

few conditions—pregnancy,- unexplamed vaginal. bleeding, and breast -cancer—

preclude use of the method POPs protect agamst endon}e‘tna} cancer, decrease pelvic.

pain during menstruation, and may be protective against pelvic inflammatory disease

(Blacl\bum 2000. IPPF 1998; Blumenthal and Mcintosh. 1996).

Injectable contraceptwes contain synthetic hormones that are administered by deep -

ntramuscular- injection  Injectables- are safe and effective method of reversible

' contracepi"ion for: most wo%nen (IFFP i999) Two types of miectable contraceptives

are avat lable pro%stm-only injectable” contraceptives - and combmed m;ectable
contfaceptives that contam both a progestin and an estrogen hormone. Avaxlable
~ progestin- only lmectables clude DMPA (depot medm\yprogesterone aeetate) and
NET-EN (norethmdrone enanthate) Avallable combmed mnjectables are Cyciofem““ A

(also ca!led Lune le) and Meswyna ¥

DMPA (l\nown \\'lde!y under the brand name Depo Provem) has been the most wxdely
studied mjectable -contraceptive. Accordmg ta nine-year WHO >tudy, DMPA did
not increase women's overall risk of breast cancer, mvasive cervical cancef, liver -
cancer, or ovarian cancer, and it decreased the risk of endometnal cancer. Women
may face a slightly increased risk of breast cancer in the first five years after they start
DMPA perhaps due to accelerated growth of existing tumors (PATH/Outlook 1992,
Lande, 1995)

An interesting review of hormonal contraceptives and bone mass 1s presented in the

IPPF Medical B}ulleti‘n ((Meirik, 2000). In this article, Dr Olav Meirik concludes that

16



{he Tong-term effects of hormonal contraceptives on bone mass are dependent on age
and 1hc. life cycle. For women ll‘l the muddle years of their rcproductivc lives, bone-
mass changes resulting {from hormonal comracepu\'/cs are small and transient. In
- -adoléscents, however, DMPA n particular.does seem to slow the accurilation noi“

“bone mass. It 1s not yet known whether this s a transient eftect -

New injectables - - i

Two new, once-a-month, combmed mjectable Eo?maceptzves have been gls:\fclépcci by . '
the Special Programme of Resear;:h in Human Reproduction (HRP) of the Wor!dqﬁ
Health Oraamzatlon Both Cyclofem® (also ecalled CycloProvera or Lundlc) and
Mes:gyna@ have been tested in large multicenter chinical trxals and have bcm pmven
—effectxve with relatlvely low 1ncidence of side effects Recent studies on the efficacy,
catses of drscontnmatlon, and side effects of ti_lese two,m‘;ectablgz- contraceptives in

Egybt found they could be a positive add}tAlon to contracéplive choice (Hassan, 1999)
2.1.4 IMPLANTS

The first contraceptive implant system de\}eloped'was.the Norplant system, which
consists of six thin, flexible capsules made of silicone contains 36 mg of the procestin
levonorgestrel Norplant-z (also known -as Jade le) is a two-rod system that has been
approved in vartous countries for 5 years (Sivin, 2002). Several other implant systems -
are currently being tested Implants are a safe and effecttve method of reversxble.
_long-term contraccptlon for most women They do not-interfere thh mtercourse and

are effective Wlthm 24 hours aﬂer msemon (IPPF, 2000)

Data from a recent ﬁve;year, international, " posy-lxlarketlnmg sx{fvelliance s‘tuai' of
nearly 8,000 Norplant users corifirmed the safety and efﬁcacy of ‘!;I}ns method (Melrik,‘l_ )
et al., 2001). - * ’
New Implants - D : .
Norplant@, introduced mn the 1980s, was the first contraceptive implant that Becgime
available to family Blanmqg brograhxs._ Despite the changes in menstrual bleeding - _
patterns common to all progestin-only methods, Norplant proved highly acceptable to
many women Progestih imglén‘ts for fémale~ contraception;are now growing nto a
family of optioné. So far, four different progestins ahd two polymers have’beeﬁ used
to design six different implants (IPPF, 2000): "

17 .



A system of six Silastic capsules that release

Norplant
(Population Council) levonorgestrel

Duration of action 5 ycars

Registered i 60 countries - .

Used by nearly 6 muthion wonmen

Jadelle

A system of two Silastic rods that iclcase

ZPopulalmn Council) levonorgestrel

Duration of action 3 ycars

Ongoing registration m Europe

Implanon
(NV Organon)

A single implant system that releases etonogestrel

Duration of action” 3 years -

Registered in Australia, Indonesia; and 11 European

_ ) ) countries -

Y Introduced in the Netherlands and the United

-fK_mgdom in September 1999

Uniplant

A single-10d, one-year implant that delivers
nomegestrol acetate -

« . No commercialization plans at this time

© 2.1.5 BARRIER METHODS |
2.1.51 Male barrier methods . ‘ T

Condoms can -be very effective in preventing pregnancy when used correctly and

consistently with every aet of ntercourse (perfect use), however, they are- less = -

effective with typical use A meta-analysis of the male condom 1n preventing HIV
suggests that their effectiveness at preventing HIV 1s 87 percent (with a range from 60
to 95 percent dependmé on the mcidence a{uopg nonusers) (Davis, 1999) Condoms

do not affect breastfeeding or have hormonal _side effects, no medical condition

restricts a client's eligibility for use of the method except allergy to latex. Reviews of- . ™

Titerature confirm_that condoms can prevent both pregnancy and STls, including HIV

 (Lisken, 1990, FHI, 1998; PATH/Outlook, 1994; Gardner," 1999).. Male condoms .

may be less e'ffeqctx\_{e in protecting agamst those STIs that are transmitted by skin-to-
skin contact; since the infected areas may not be covered by the condom (WH(_)Z
2001; NIAID/NIH/DHHS, 2001) ’
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Condoms and ll({noxyu()l»‘) . EREEEE

Results of scveral receint studics on the effects oi tln spumludc nono\yno[ 9 hdw

>lt,d to a rcthmkmo ‘of the pohcy and I‘LL()mmLRddllOl“ﬁ about spcmuc;ddlly—co(m,d

.condoms in famuly-planning and HIV prcvenuon progmms (AGL. 2002) In-a recent

revision to the WHO List of Essential Medicmes, WHO stated that nonoxynol-9.
coated condoms are no ionge'r ’rccommended.(un!i:sis there s no allernative _i:ondom i
owfqilable) because nonoxynol-9 does ‘not prov{de additional “protection uslamql
pregnancy or 51 Is, and could perhaps be hat mfui by .causing Lplthehdl disruption on

frequent exposure, resultmo mn an mcrcasod risk of .STI-and HIV mfection In

_ particular, recent ’nndmgs suggesl that products contamning N-9 should not-be used

duf;ng rectal intercourse, - as they cause rectal epithelial cells to slough oﬁi'anc_i'

therefore ncrease susceptibility to infection with HIV (Phillips, 2000)
2.1.52 Female Barrier Mcthods

Research has continued to develop séveral new female barrier methods that ate

modified versions of diaphragms, cervical caps, and sponges These devices have

been designed to be easter (o insert and remove, and more difficult to dislodge during

mtercourse.' i - R

The Lea's Contraccptwc”‘ s a modlﬁed diaphragm- -like device m one size Itis

avaxlab[e as an over~the counter product in Germany, and was approved by the Umted -

ﬂ‘.States Food and Drug Admxmstratxon (U.S FDA) i March 2002 1t should remam in

place at least 8 hours after- intercourse, but bc worn no longer than 48 hours betore .

removing to wash A study carried out by CONRAD indicated that. the lZ—month

preonanc; rate of the Lea ContraceptweTM compared tavorably thh other barrier

methods. Pregnancy rates associated \\31_th the Lea Contraceptlve were 15 percent,

compared to the 10 to 21 percent for the standard diaphragm wit}i spermicide (FHI, i

2000, CONRAD, 2000) - e

The FemCap™ is a mod:ﬁed cervxca! cap W!th a strap to aid in removal of the device.

It1s ava:lable n some European countncs and was approved for use in the United

States in March 2003. In"a study by CONRAD and-Family Health International, the

FemCap™ used with spermicide was found to be somewhat less effective as a

contraceptive than a conventional diaphragm with spermicide. CONRAD estimates a

19



[2-month pregnancy rate (based on 6-month pregnancy rates) of about 23 percent for

the FemCap'™ (FHL 2000, CONRAD, 2000)

Two contraccptive sponges curremly arc avatlable, prlinarily m Canada and Europe
The Pharimatex sponge—avatlable in Europe—contains the spum:udc benzalkonium

chloride “The Pmtuchud'm Sponge contamns a combination of spumnudes
2‘.1.6 STERILIZAT!ON -
é — Female stcni:zat:p'q f
.« Male sterilization - o e o S
“2.1.61 Fexﬁalg stcrjlizgtion - -

Female sterilization, also called tubal occlusxdn or higation, 1§ :a permanent
_contraceptive method for women. The two most common _female sterilization
approziches are mintlaparotomy, which 1s usually performed under local anesthesia -
with hgl]t"sedatxon, and laparoscopy, ;\'h:ch requires” general anesthesia. Female
sterilization does -not affect breaéttkedmg or mterfere with mtercourse and it is free

fiom the side eﬁ”eéts associated with some temporary methods.

Quinacrine sterilization = |

ﬁltfaumnm app_hcat‘xoh of qdinacrihe hydrocholon(_ié 15 a method of nonsurgical

_female stenhzgtxbn that has received considerable attention during the last (‘iecadeuand

_“hés generated sxonlﬁcénf éontroversy »A}tlxc;ugll recorded farlute rates aﬁd persistent
side effects related to qumacrme stenlxzanon have been 10\\ édntr'oversy has
developed around qumacrmes long -term safety efficacy, and lml\ to upper gemtal
tract infections - As a result, several countries and regulatory agencies, mcludmg the
U S FDA, have taken steps to ban both the manufacture arid use of quinacrine for
sterilizatron (PATH/Qutlook, 1999) '

2.1.62 Male sterilization

Malé sterilization, also called \-rasectomy, is.a permaneni' contr_éceptive‘ method for-
men. The method requires a simple surgii:al procedixre and.xs. pérfonﬁed under local
anesthesia. Male sterilization is not castration; it doés not affect the testes. The -
method does not. terfere with intercourse or affect a man's sexual ability. Male
stenlxzatlon 1s’ generally safer and less expensxve than female stenlization and it is a

good way for men to share in the responmbxhty of family planmng.

20 _



2.1.7 MALE (-’()N'I'R;\(‘El"l'l()N: RECENT DEVELOPMENTS

VRc:;ca'rch to develop :m('e, clfective, reversible and aceeptable methods of fertdity
regulﬁlxon for men has been supported by several International /\:gencws, many
National Rescarch Councils and some Pharmaceutical Companies Recently clinical.
and - biomedical- investigations have grown out of the basic p113smlogrcal"'ﬁtudics:
performed during the precedmg decades  Through mercased public- awareness,
research on male methods and the greater mvolvement of men n reproductive health )
have recerved support from several quarters, mcludmu International Women’s
Organisations ogcthu with strong support -from the oovermmnts ol some
developing countries with majox popu!auon growth e g the People’s Rupubhc of
China, Iﬁdonesm and India, these trends are cncouragmg. The clinical and scientific
bases for the rﬁsearch have been well reviewed in recent years (Wu 988 Bardmn et al ,

1991, Nieschlag et al ,1992, Springer et al , 1991, Wautes. 3993)

2.1.71 Hormon:il methods '

The suppressxon of sperm production by hormonal means has becn a general research
strategy for all agencies interested in male contraceptnon (Wu 1988, Swerdloff et al,
1989, Nieschlag et al, 1992): There are three mam aspects 1o this Astrategy. the
suppression of the secretion of'gonaao"trophms, either of both LH and FSH or of FSH
alone; the recovery of circulating androgen- to physiological levels without re-
stimulation of ‘spermatogenesis, and the assessment of the functional capacity of
residual sperm. should the treatment fail to achle\?e. azoospermia in all cases. To date,”
suppression of épérmat‘obenesxswby hormonal means has been shown to be fully
reversible m all clmlcal and non-human primate studxes (Wu, 1988 SwerdlofT et al,

1989, Nxeschlav et aI 1992) -
Testosteroneénanthate

The first ever. multicentre contraceptive efficacy study .of: normal_men rec'e‘i'vina a
prototype hormonal regimen, which was conducted during 1986-1990, provided
*_convincing evidence that, once the laboratory diagnosis. of a7oospcrm1a had been -
achieved, normal men were rendered infertile and able to sustain safe, effective and
reversible contraception for at least 12 months (WHO, 1990). There were variations in

the rate of achievement of azoospermia among men of the same genetic background.



1. (mg-admg androgcn pr cpat ations

< Studu,s on andiogen suppression 0( spunmtoocm,sls to ddu, havu buen conduclcd
with relaiwely short- -acting prepamﬂons (chrdloi{ et al., T989; Wu 1988 Nieschlag.
ct al, 1992) More physmloou,di means of androgm replacement with. prolonged
duration arc now becoming available, not only for “the treatment  of male
hypogonadism but also m the development of all types of hormonal mglhods for men.
fhesc are brodegradable iestostempc_;nicrocapsu:lcs {Bhasin cj al, 1992). testosterone

pellets (Handelsman et al , and testosterone buciclate, a estosterone ester .
Progestogen-androgen combinations

Studies 1n the 1970s established that progestogen-androgen combinations were safe
_and relatively effective suppressing sperm production in Caucasian men bui rarely
Ineved more than 50% ncidence of azoospermia (Swerdloff et al , 1989). Recently.

it was demonstrated that three mjections at momhl) mtcrvals of depot—
medroxy prooesterone acetate (DMPA, 200 m0 or 100.mg) and testosterone enanthate
(250 mg or 100 mg ) caused suppression of spermatogenesis.to azoospermia in-19 out
of 20 Indonesian men (Pangkahila, 1991). One advantage of such a regimen would be
that the dose of exogenous androgen reqmred would be much less than™ i an
androoen alone approach Long-acting formulations of progestogens developed for
' fema!e apphcations are being evaluated for therr potential for fertil ity suppressmn n

”men All would require long»actmg androgen supplementanon
-GnRH analqgue-andrpgen combmatmns T S C-

Climcal studies (Pa{?loﬁ et al.; 1991; 14989) -and‘ studAics, n ndn;fu}}n:an primates -
(Weinbauer et al. 1989 have show;i ;llat GnRH antagonsts are' more potent m the
suppressmn of gonadotrophin secretlon and of sperm productmn than are GnRH
'aoomsts When combined with androgens, a depot -release” form of GnRH agonist

even had a blunting effect on the suppression of pltuuary and. testxcular tunction
(Behre 1992). Research on these compounds is well justified for their apphcatlon for
the treatment of cancers but at present the cost of synthesis of peptxde hormenes such

as the GnRH antagonists is hkely to remain too-high for contraceptive use

- developmo countries
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2.1.72 Non-hormonal agents acting directly on spermatogenesis
= IA larg'é number of chemical agents have been described (Behre, 1992) but all tend to -
. lead to total spermatogenic arrest and, ulumately, to irreversible sterthity  Gossypol
was one of the more attractive drugs m ths categoty It was wdentilied as an
antifertihity ageni by Chinese scientists and clmiical studies on more than 8,000 men
* were conducted (Swerdloff et al, 1989 Because of the Iugh madence of
wrreversibility (L et al, !987) and potenud!ly serious  side effects such as
hypokalaemia (Lu; et al, 1987, Tang et al , 1988), ooss;}pol has not been widely used

outside-China.

Physical agents such- as irradiation, ultrasound and lugh"icmperaturej also lead to
_ spermatogenic arrest when apphed' at appropnate dose levels Their hinitatxbns lie in
the cqulpmenl needed and the carelul monitoring of the dosage rcqmred o avoid
- irreversible damage. One exceptmn 1s the local application of heat (Rock and
Robmson 1965) Kandeel and Swerdloff, 1988 Recent chmc*ll studies have shown
that lono-term mxld elevat;on (1-2°C) of temperalure by the s:mple expedrent of close
apposition 01‘ the testes to the abdominal ~cawty during waking hours can lead-to -
azoospermia Or severe ohg_ozoospermlei (Mieusset et al ., 1987 19912. The safe
reversibility, contraceptive efficacy and potential acceptability of this sumple and

inexpensive procedure need to be established
» ] 2.1.73 Drugs and plant products for inhibition of sperm maturation

A reversible, posi-testlcular drug action on the 'riormal function of sperm stored in the
eptdidymis would be rapid in onset and, on withdrawal of the drug, normal sperm
would return quickly i the ejaculate There would be no dxsruptlon of normal
endocrine function and the long latent penod requxrcd to suppress spermatooencms
would be avoided Since sperm spend only a relatively short time m the epldldymls '
(3-10 days in the human), any interference with their competence at this stage would
-be more likely to involve théir motility, capacitation and/or the acrosome reaction,

events specific to sperm. -

Many chemical- compounds with reversnble eﬁ’ects on sperm stored in the epididymis
have been dCSCI’led but all have been discarded for their texunty (Ray et al , 1991).
Alpha-chlorohydrin and the 6-chloro-6-deoxy sugars were amongst the best explored

(Ford and Waites, 1986) They at least established that the principle was attamnable -
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and, at antfertifity doses, demonstrated the ideal characteristics of a post-testicular
drug. Other compounds and thesr analogues_are currently under investigation by

various agencies € g suiphasalamnesj imidazoles, and pyrimethamme.

Chmese mvestlgatorsvsho’w‘ed that a multiglycoside extract of the plant Tripterygrum
Wilfordii, long used in Chmese traditional medicine for the treatment (_)l’ psonasfs,v .
- caused reductions in sperm mou'lily and ‘concentration it male patients (Quan, 1987} -
" A collaborative programme has been established to 1solate, wdentify and screen pure

compounds extracted from the plant for their antifertitlity action (Waites, 1993)

2.1.74 Contraceptive vaccines

Passive or active immunisation agamst FSH has resulted in sigmificant decrcascs i
sperm counts in macaque monkeys but nconsistent effects on fertility (Moudgal et al., -
1988, N:eschiaig,, -1986).‘ Classical immunologists would prefer to avoid immunisation -
agamnst a molecule so central in endocrine control, for fear of creating autoimmune
reactions This dogma may be changing and the Population Council has developed a
vaccine strategy based on GnRH Several agehci_c_s are supporting studies ‘t0. establish
if sperm surface protems, crucial for spénn-egg_ interactions  offer- Il(;pe as
“immunogens for the developmént of a-vaccme- (Wu, 1988, anakqff and Myles,

1990y . ‘
2.1.8 SCREENING OF ANTIFERTILITY AGENTS (Ghosh, 1984)

A screening programme should clearly demonstrate the potentiality of a compound to
produce temporary and fully reversible sterility n laboratory animals The initial
routine fertility tests may_be carried out m both sexes followed by special tests to
determme the mechanism of action. Rats are commonly used although mice rabbits
and monkeys are also employed for the purpose.

2.1.81.Test in the Female Rat

Antifertility action in the female may result from the following.

(1) Inlubition of ov(xlation,

(i) Prevention of fertilization;

(iii) Interference with the transport and/or implantation of the fertilized ovam; and

(iv) Destruction and }esorptlon of the early implanted embryos.
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Ocstrous Cycle in Rats

The cycle makes 1ts appearance at puberty at the age of two or thice months, and lhc
whole cycle lasts for ﬂbout four to five days berong divided nto four stages acwrdmo

to the cell typcq found 1n the vagmdl smear These are as follows (Hafez, 1970)

i. Oestrus (9 to !5 h) —1s characterized by seual receptivity when the female will -
allow copulation. During this period there are incredsed runnung activity quiverig
of the ears and lordosts i the-presence of another rat The vaginal smear Shows

100 percent conrnified epithehal cells

1. Metestrus (abodt 29 hr) - (ollows estrous and occurs shortly after ovulation

VaOinal smear 1s characterized by many lcucocytes with a few cornified cells

iti. Diestrous (60 -70 hr) - 1s the longest of lhe phases and the vaginal smears consist

mainly of leucocytes

iv Proestrus (about 12 hr) - which follows diestrous 1s a preparatory phase prchnan
to the next Sestrus phase The vaomai smears are characterized by nucleatnd

epithelial cells either singly or-in sheefs . - .

Vaginal smears may be takenin the following way to confirm the actual stage -
(= - 2z o y te)

Cotton hswétb made with tooth picks 1s moisten wlth the saline and gently inserted and
nghtly rotated with n the vagina The swab. 1S pressed m a drop of saline on a

‘microscope sl:de and examined under low power An alfernative and better miethod 1S

" to take the vagmal wash with the few dron ‘of the saline with the help of a capillary

pipette fitted with”a rubber teat The followmng tests are USL-!a”y carried out for -

screening of antifertdity drugs - S _ I

Cohabitation test:

Female -rats of established fertility (havmf; produced two consecutive litters) are
examined ‘on seven consecutive d‘lys by vaginal -smear tor the presence of normaL
oestrous cycle. After administration of the test compound or solvent, the females are -
paired with males of proven fertility The fcmz}ics are cxammcd for the following (a)
-sign of n\gting as indicated‘ by the presénce of sperm n vagina; prolongation of the
average time from pairing to the first insemination is indicative of antifertility effect;

(b) oestrous cycle changes by vaginal smear examinations, (c) inspection of uterus for



number of implants, (d) numhu of litters al buth, and (¢) tesorption of fetuses

revealed by the diflerenc en (¢) and (d)

Ovarian weight in_ unilateral ovaiectomized rat: The ovarian werght increases m’
" control anmal 7-14 days after removal of the other ovarny A decrease 0 the ovarian
weight in the treated animals compared 1o thu control will mdicate an mhibiton oi‘
ovulation thmmh suppresston ol follicular 5tmmkumu hotmone Ovarian hlxmloc:

may show corpus luteum, etc

Changes in the uterine weight: Any change i uterine weight will. mdicate

antioestrogentc action

- : ) ’ - .
Deciduomata: The development of deciduoma_in the éndometrium will. indicate

progestational action. : .
- 2.1.82 Tests in.the Male Rat o

In the male, there are two possible mechanisms by which an antifertiity agent may
act (1) suppression of spermatogenesis at any of the stages resulung m sterility
assoctated with oligospermia or aspermua, and (1) a qualitative change m spermatozoa -

rendering them nonfunctional. - - : e R

Routme testing of male fertilify 1s most conveniently carried out in rats, since tests
extending over 12 weeks after treatment cover possible effects on any stage of

spermatqg,enesfs normally of 9 weeks duration
Spcrm count and motility:

Sperm count s carried out to evaluate the effect of the antl-femhty acent on -

spermatogenesls.- -
Cohabitation test: - . - -

Treated males are mated each with two females of known fertility and examined for
the following. (a) sign of mating as indicated by the presence of sperm n vagina of )
females, calculation Qf fhe date of insemination from the date od birth (gestation

period approximate{y 21 days) permits an estimate of the duration ofv sterility; »
pseudopregnancy (presence of leucocytes in vaginal. smears for 10 to 14 days) is
“indicative of aspermic copulatlon (b) normal estrous cycle is an mdlcatwn of failure
to mate due to an effect on libido, and (c) moulity test of sperm from base of

epididymis in males.
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-2.2 NASAL DRUG DELIVERY -

The [intranasal admimstration provides a usclul way of tahing a range of syst¢nuc

drugs The rate of absorption, plasma_concentiation- and pharmacokinctics often -

compares well w0 that obtaned by mtravenous-medication becausc of rich vasculature

and high permeability. of -nasal mucosa The large number of fenestrated -capilfartes -

" just below the surface cpithelium may well contribute to-absorption- (tisher, l(}_(:?O)

- The cbmpliance of paﬁcms ‘who require lené»{crm medication has becn s‘hown 1o be

better due to the simplicity - and easc o{ admmlstmlmn when eompared to the

_parenteral route (Pontxroh etal,

1085; Hrraret al

1981)

Tablc 2.2,Advantages and L_imi“tatidns of Nasal Drug Delivery

Advantages

Limitations -—I‘

Avoiuds  degradation of

gastrointestinal tract resulting from actdic

or enzymatic degradation
Avoids degradation of drug resulting from

hepatic first pass metabolism

Results m fapxd absorption and onset of

effect =~ . - I

Results mn hxoher bloavallab( 1ty thus .
uses iower doses of’ druc .
Eam}y accessibl e, non-mvasive route
Self-m:edlcatxon 1S possxb‘le»tljrough this--

route .

Drrect -transport into S)'siefllic circulation

and CNS is possible Offers lower risk of
overdose ”

Does not have any complex formulation

requirement

drug -

cavity s restricted to 25-200 ul

“(mass cut off~1 kDa) o

Volume -that can be delivered nto nasal

High “molecular weight com. poundé,

cannot be -delivered- through -this route
Adversely

affected by pathological ||

conditions

Large mterspemes vanab:hty 1S observed -

n '[hlS route -

Normal- deience mechanisms  Tlike

_muébc;llary ciearance and‘ciha'ry. beating
affects the pe'rmeabxhty of drug

‘Enzymatic ~ barrier to permeability of

drugs Irritation of nasal mucosa by drugs -
Limited understandmg of mechamsms

and less developed models at this staoe




2.2.1 FACTORS INFLUENCING NASAL DRUG ABSORPTION

2.2.11 Physiological Factors

In desigming the nasal products, 1t 1s worth considering some basic nasal physiology.

First, when a simple nasal formulation s placed n the nasal cavity weather as a

solution or a powder it will normally be cleared quite 1apidly to the throat by a

process of mucocihiary clearance, the average hall’ ime for the clearance n man 1s

approximately 15 munutes as measured by. scintigraphic methods (Soane, 1999) In

order to achieve high absorption with only minmimal effects on the mucocihary

mechanism, the absorption process must be rapid, preferably within the first 15

munutes after admunistration (Gizurarson. 1991) Moreover, 1t should be remembered

that at any tinie we predominantly use only one side of the -nose for brééthmg,

essentially one nostril 1s open (patent) while the other side 1s obstructed A nasal cycle

mechamsm operates m switching the nostril from patency to obstructed, over a period

of 8 hours or so (Lund, 1996)

Table 2.3 ‘Physicochemical, anatomical,” physiqlogical and formulation factors

affecting the nasal absorption of dru‘g§

Physicochemical factors

Anatomical and -

physiological factors

Formulation factors

Charge

Mol Wt

Lipophilicity -

Irritation

Membrane transport. .
Deposition

Enzymatic degradation

Micociliary clearance

PH

Osn{()lanty

Viscosity

Concentration

Volume

Dosage form

As discussed above, some drugs can be well absorbed from the nasal cavity without

the need for specific delivery system. The main question with these drugs is often one
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of the pessibihities of local uritation  [f-drugs necd to be-given at large dose, such as
50mg or more, the nasal route will probability VIS’UIISLIHZIMC Some drugs by their very
nature or the concentration ilSGd_{h)fpﬁf omnoué solution) can cause trritation in.‘thc
~nasal éaw(y. The measurements onf irritation itsel!” in non-human tests can present
experimental challenges However, Soinc:cbmpmznd§ may be totally non-damégmg
but have trritant effect. Tolemnc;: may be an unportant factor. Nicotine is a go{)d
example of this problem, where irritation occurs but the effect 1s transient and -
“tolerance 1s soon obtamed The measurement ol non—damagmg irritation can be .
achieved i animal mbdejs usrﬁg techniques hike measurement of evoked potential or
the measurement of immunocytochemical markers such as C-FOS protemn (Anton,
1991) -Such studies can be performed as prelude to the best test for rrntation, dose

escalation studies in panels of human subjects

2.2.12 Disease fact_ors

. Muceci»liary clearance isiﬁe most significant physiological factor that aéfects naéal
drug absorption, because 1t determines the tume a drug rén;a_ms at the absorption site

) ‘So‘n)le pathophysiological conditions, such as rhmitis, the common coid, hay “fever,_
_sinusitis, asthma, and nasal polybosns, may atfect the retention of drugs in the nasal
tcavxty Environmental factors. such as’hum:dlty, temperature, air borne toxins and’

/'éhemléals, and many pharméce’utical embients may also affect the ~cleax:ahce:
(Hermexis, 1987). The common cold or any pathological cc_mditions involving
mucoctliary  dysfunction can greatly affect the rate of nasal clearance and
_subsequently the therapeutic efficacy of drug admunistered ntranasally Nasal
obstruction as a result of:ext§z1sive nasal-polyposis would reduce the capacity of nasal
absorption (Proctor, ]98~5) In addition, étropiiic rhimtis or severe vasomotor rhinitis
could also reduce 'the’uséfulness of the nose to absorb the drug. In some people, an
extensive response of the secretary system io some _irntants could dramn away
whatever is mtroduced prior to absorption. Such tendency_may_ exist in bersons with -
severe nasal anergies./Neverth_eless, it has been shown that the common cold and
thinitis do not decrease the bioavaflability ‘of buserelin (Larsen, 1987) and

desmopressin (Olanoff et al, 1987). . -
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2.2.13 Formulation factors

The formulation plays an mmportant role m the nasal absorption of drugs as 1t does in

casc of other route of admimistration.
Dosage forms

Various dosage forms a\{zulab!c for nasal dclrwycry are solution, suspenston, cmulsion
and dry powders The hquid formulations are usually water based but may also
- contam alcohol, oa‘is ot other organic solvents Liquid spray and drops are the most
widely used preparations for intranasal delivery The nasal spray deposits antertorly m
the nasal atrium while the -drops are dispersed throughout the length of the nasal
cavity Nasal sprays deposit more anteriorly, resulting n slower clearance of sprays
than of drops (Hardy 19835) The solution deposited from nasal drops cleared more
rapidly than from the nasal spray. Also, the particles with an aerodynamic size above
10-20 pm are all deposited n the nasal cavity, whereas particles smaller than | pm
— passA with inspired air into the lungs  The nasal"bi(‘)avanlabllity of desmopressin was
sxomhcantly increased following spray administration as compared to nasal drops

' (Hams 1986) Powder Vs hqmd dosage forms _ » -

Liquid prcpjglra‘uons are common dosage forms_for nasal delivery Because the nasal
epithelium s essentxdlly a fipophilic transport barrier, trans-nasal transport is related
" to the nasal mdcosa tissue-water- partition coefficient, suggesting. also an iqolphortant
-r:olé of the stereo-chemical conformation during membrane transport (Corbo 1990).
‘Tllerefogé, aspects such as formula pH, ionic strength, surface active agents, nvrscoé:ty,ﬁ
and drug concontratlon have to_be considered m order to facilitate the transport
(Hussain 1998): However, from a technological point of view, the liquid prepardtions
* present problems linked to formula stability, low drug concentation at the absogptlon

site, and short residence time in nasal cavity.

These drawbacks accelerated the development of nasal powders as alternative nasal
-dosage forms with improved chemico-physical and mxcrob:olbgnoal stability. Further
“more, drug dissolution on nasal mucosa pro_vides elevatod drug concentration at thé‘
depositioo -site, giving rise to a >highv flux of active ingredient In many cases the -
supertority of oasai powder compared with nasal liquid -was demonstrétcd
partxcular with peptldc drugs For mstancc the bloavaxlab:hty of elcatonin (ECT) via

the nasal route was investigated (lshxkawa 2001) with a powder dosage form utlhzmg
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watct-msoluble calcium carbonate (CaCOs) 1n compartson with the hiquid dosage
form lotal radioactvity and the radioactivity of mtact [3H] ECT were measured o -
evaluate the nasal absorption n vivo and the nasal mucosal transpoit 1 vitro- The
systemic bioavailability “of both total radioactivity and mtact [3H] ECT followmg.
intranasal administration of: the powder formulation m rats was sigmficantly greater
- than m the case of the liquid formulation In contrast, simular permeability of ECT
across excised rabbit nasal mucosa was seen for both formulations, and was closc to
" that of {14C] inulin, suggesting that the ECT transport 1s»prc£iommanl!3 para-cellular
in each case owever, tl\je powder formulation significantly prolonged the residence
tume of [3H] ECT 1n the ral nasal cavity, compared with the hiquid formulation In
“another study, Insulin powder formulations with Dimethyl p-cyclodextrin’ as an-
absorption enhancer was found to be much more effective. than liquid 'fbmmklauons
(Schipper 1993) -A chinical study compared the adnumstration of powders- arid "
solutions " of glucagoﬁs and hiln}én_ Calcttonin with dihydrofusidate s enhancer-
’ (i?ontiroli 1989). 1t showed that the. powder formulations were as effective as ihé ;

spray solutions
2.2.14 Physical and Chemical Factors
Molecular size

- The absorption rate of particles has been shown to fall off sharp[y~ when molecular
weight exceeds 1000 daltons (Chren et al., 1989) Absorption can be enhanced by
. surfactants, which modify the peﬁneabihty of tﬁe nasal mucosa at a molecular level to
alter 1its ;ihysiochemxcal properties or else by poﬁversatxén of the drug mnto seﬂ_g or

esters.

Nasal pH

Nasa! absorption is also pH dependent. The absorption rate of peptide based -drugs
“such as insulin has. been shown to be affected by pH.(Hirai et al., 1978) When the

rate was assessed by the mntranasal administration of insulin in dogs, low pH resulted

in a bigger reduction in the glucose-levels.
Drug Lipophilicity -
The trasnasal permeation behaviour cannot in general be predicted by lipophilicity. A

fourfold change 1n nasal absorption was noted between pentobarbital (which has a
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sulphur fnk which cohances lipophilicity) and a barbital i a study of the effect of
lipophithicity on nasal absorption
Nasal Enzymes

Several enzymes-are presenl i nasal secretions which may affcet the tmtdbohsm of

drugs Cytochrome P-450 dependent mono-oxygenase “has been reporlcd lo -

- metabolize drug shl\e cocaine, decongestants, nicoting and progesterone

2.2.2 MECHANISM FOR ABSORP] lON

It was discovered empirically that drugs such as lignocaine (lones et al , 1986),
proparanol (Hussain et al, 1979), progesterone (David et al, 1981, Hussam et al.,

1981), enkephalins (Su KSE, 1985) and nicardipine (Visor et al . 1986) were readity. -

absorbed by the  nasal mucosa with bloavailablixly similar to  intravenous

v

admzmstratnon Several mechamsms have been descnbcd In one study 1n rats, a tast

hpoplnllc ~dependent mechamsm and a slower one n ﬂuenced by molecular size were

;dxstmgmshed Abel’pilOll of water-soluble compounds 1S depmdcnt upon diffuston-

through aqueous chanels Insulin, Mannitol and proparanolol has transport
mech%nisms which are dependént'on passive diffusion but phospholipids have been
shown to act as an absorption cnhanceEr (Drejer et- al . 1992) as have non-tonic
surfactants (Paquot et al., 1988).VAmmqa01ds like tyrosine and phenylalanme were
absorb,ed‘by an active transport process in rat mucosa and this transport appears to be
an active Na+-dependent process. Higher molecular weight polypeptides are poorly
absorbed without an enhancer. The olfactory aréa'ma_\' be the site of absorption for
certain compounds -Hormones such as ;irogesterone and oestradiol are absorbed via
olfactory neurons into jtﬁe CSF. Herpes viruses enter the CNS via cranial nerves in the

olfactory mucosa (Chien et al., 1989)
2.2.3 STRATEGIES TO IMPROVE NASAL ABSORPTION

Though the nasal absorption of small non-peptide drugs 1s constderabl); good, the
nasal bioavailability of peptides and protein drugs 1s low To- xmprove the
bxoavaxiabxhty of peptides and protem drugs several strategies have been tried.
1. Synthesis of more lipophilic analogues
2 Peptidase and protease inhibitors

3 Absorption enhancers
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4 Colloidal o1 carrter based diug dehivery systems

5 Bioadhestve drug delivery systems

2.2.31 Synthesis of more lipophilic analogues: . - .

Prodrugs have been used {o overcome poor solubility, msuf’ﬁcncn{ stability,
incomplete absorption acn;ss bvlologlcaﬂl membrancs and prematuré metabolism o
active species This 1eview examines thé»nmpormncc of various physicochemical
factors affecting nasal absorption of drugs Novel trends m nasal prodrug
“development 1 the areas of targeted delivery to the ONS and selective targeting of the

nutrient transporter system of the nasal mucosa have recerved considerable atterition

Many poteﬁt pepirde analogues Have been synthesized” which posseés hlgh-
lipophilicity énd increased stability to enzyme de;wradallon This approach has lead to
the development of many nasa!!y aclive peptldes for example, metkephamid (Su et al .
1985), antidiuretic drug dqsmopressm (Hams et al , 1986; Christolin, 1991), LHRH
agonist buserelin (Sandow and Petri, 1983), leuprolide (Yamazaki, 1984; Adjer et al . N
1992) and nafarelin (;_‘\mk et al, 1984, ngken; et al ,--1985) The effect of thése
nasally admmistered LHRH analogues on the induction of ovulation 1s increase to 50-
200 times m comparison to the parent compound LHRH. but therr nasal
‘ bioavailability remamed‘ very low (2-3%) (Sandow éngi -Petr1, l9é5) ) The
discrepancy found between nasal Eloavallablixt)f and mduced biological activities can
probably be attributed to high afﬁm{}; of the pituitary recéptoys for these LHRH

agonists oo -
2.2.32 Peptidase and protease inhibitors:

The nasal epithelial tissue contains substantial amounts of peptidases and proteases.
These enzymes-are able to degrade peptides and protems like enkephalins, insulin and

~ pro-insulin. The predommant enzyme present 1s amino-peptidase

The amino-peptidase inhibitors such as bacitracin, bestatin and amastatin have been
found to promote the nasal absorptzon of LHRH peptides (Raehs et al, 1988) salmon -
. Calcitonin (Hanson et al 1986) leucine enkcphalm (Hussam etal, 1989) and human
‘ growth hormone (O’ Haoan et-al, 1990) In rats. A new amino-peptidase mhxbxtor
boroleucine and phosphinic acid dipeptide analogue Appeared to be highly potent
amino-peptidase inhibitors, resuviting in remarkably enhanced nasal absorption of

leucine-enkephalin (Hussain et al., 1989, Hussain et al 1990; Hussain et al., 1992)

. f
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- These compounds were found to featly mhibit the degradation feucine cnkcphahn mn
the nasal_ periusau, l‘ﬂ/)’ﬂ’lb mhlbltlon was greater with boroaldmm dmvatlvcx lhe

boroleucine der ivatives were more than 1000 times more effective 1hdn puromycin

2233 Absorpiion..Enhanccrs: -

) Absqrptldn enhancers have most frequently been used to improve the bioavarlabihity
-of :jltrauasally aﬁxnmxstprcd peptides and protems {1.ce e a-l , 1991) Fmi:xa‘_nmlc, bile
salts and STDHF can largely enhance the nasal absorption of msuln and growth
‘hor_m_one in rats, rabbis, and sheep (Moses et al . 1983, Gordon ct_al" l985, Deutloo
etzal , 1989}"“16 absorption promoﬁng effect of 1hc-cnhancers_ls due to 111§1r ability to
achieve any of the following, like mcrease m membrane {luidily by extracting
proteins trom nasal membrane and creating 1ransxem h\ drophilic pores, altering the
properties (c g. Decreasing the v1scosxt)) of-the mucus layer, facilitating the leakmg
of lipids, and opening of tight- junctions between _epithelial cells - For mstance, bile
salts and STDHF have been assumed to mcrease nasal tnsuln transport by

mterference of different mechanisms, such as ciecreasxllg the viscosity of mucus layer, -

solubilization of the msulin molecules i mixed micelles with these enhancers and -~

subsequent formation of reversed micelles in the nasal ep:thelu;m_ and by mhibiting
enzymatic degr;idatnon (Moses et al., l§83; Gordon et al , 1985, Longenecker e% al.,
1987) EDTA and fatty actd salts (e g U»S’odmm caprate and sodwum laurate) increase -
the para—ccllular transport by removal of fumenal calcrum with a subsequent increase
in pemleabx lty of tight Juncnons Non xomc deteroents hke Laureth-9 change,

membrane structure and permeablhty -

* Studies in rat sh(med that DM- -+ CD n concentrauons of 2 5% 15 a very potent’, :
enhancer tor the msal absorptlon of msuhn resultmcr in abso!ute bxoavaxiabxhty of -
apprommatel) 100% (Merkus et al., -1991) Microcry stalline cellulose,” whlcipls :

“commonly used m commercial preparations for allergic thinitis was used as an
absorption enhancer Nasal glucagon delivery using mibroprystallme cellulose in .
healthy volunteers ,wercstudiedy(Teshlma_et al., 2002). The intranasal powder form

“with some spray. solutions--of ,~glucagon weré ‘compared with rega;d to glucaooﬁ -
absorption, concentration -of blood - 0lucose Stablllt) and nasal -irritation. The
absorption of o*lucavon from the spray solution including 1. 5% sodum glycol-cholate
or 1% sodium caprate was 1.3 and 2.6 fold higher than that from the powder form

mixed with nucrocrystallme cellulose at a ratio of 1 .69, respectively. The C,q, values

4



of piaSina glucose were 2 18,3 39 and 156 mmol/l m the spray soluations mdudm"
“sodum glycol- cholate and sodium caprate and 1 the: powdor form, 1espectively l OF
" drugs with molecular weights below 10,000 Da, the use of Chitosan can lead to an
improvement n bso"wa-dabxmy of from 5-10 folds Mcd{um' molccular wetght
Chitosan are abk to enhance the nasal abso:ptlon im antmals and human volunteers of
”polypepudw and other ‘polar dmgs such as msuhn salmon (,diulomn ({lum et al,
-1994).The dbsorpmn-cnhanun" effect of aminated g gelatin was mvm[lgdlcd (W ng et
al, é002) in mis using wsulin zmd fluotescemn’ lsothtocyanalc—dcw'zm with a
molecular wuum of 44K Dc} (F D—4) as ‘m‘odd drugs The absorptxon ol msulin was _
estimated by measuring the ohdngos m plasma - glucose levels 1ollowmu intranasal
admimstration, and that of 'F D-4 -was delermme(i by measuring s phsmfl
concentration @ﬂer wdosmg The hypoglycaemlc effect after intranasal admmxslratton
of insulii with ammated gelatin significantly increased compared with that »after
intranasal admumistration of msulin in pl}osphatchbufferedﬂ saline, in&ncatmg that
anunated Oelaﬁn effectively enhanced the nasal absorptioh of msuln In contrast, ]
neither kind of native gelatin (1soelectric pomt =5.0 and 9 0) showed any abso: puon*
enhancm0 effect The pH of the Ionnulatlons and"thé concentration of ammated
gelatin were found t0 affect the hypoglycaemic effect In addition, am_mated gelatin at
a concentration of 0"2% oic}z’uﬁcant'ly enhanced the absorption and the efflux of FD4
through the rat nasal mucosa The possnble perturbatzon of ammated gclatm to-nasal
mucosa was evaluated by measurm0 the leachmg of lactate dehydrogenase (LDH)
_using an in-situ pertusmn rat” model Ammated gelatm presented a concentxation-
_ dependent (0 1-0 4%) but rg:lzﬁuﬂwcly»small effect on the LDH Ieachmg:irom the‘ rat g

nasal epithelial membrane .~ ) -

2.2.34 Bioadhesive and colloidal drug delivery systems
" Prolonging the contact of -the drug with the absorptive surfaces by means of an
appropriate delivery system _can increase the biodvailability of intranasally _

administered drug This system atilizes bioadhesive gels or microspheres.

Chitosan delivery systenaszunvéstigated (Soane et al, 2001) m. solution and
microsphere system had sxgﬁiﬁcax{tly reduced rateo of cleararicé from the sheep nasal -
cavity, as compared to the control The data show that the control was cleared rapidly
from the sheep nasal cavity wuh a half ume of clearance (time taken- for 50%

 cleararice: t (50%) of about I5 min. The bioadhesive chitosan dehvery systems were
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clearcd at a slower rate, with half times of clearance of 43 mm and 115 mun, for

solution and microsphere formulations respectively

The effects of starch microspheres on the absorpuo;l enhancing cfficiency of vartous
enhancer systems i formulations with wnsulin afler application in the nasal cavity of
sheep were evaluated (Ilum et al, 1996) The, cnhzmcc:Q studried ™ were .
"Iysophosphat1dyiéholme. glycol-deoxycholate-and sodium tauro-dihydroayfusidate, a
bile salt dernative The bioadhesive starch microspheres were shown to mcrease
- synergistically the effect of the absorption enhancers on the transport of the msulin
across lhc}lasal membrane Dependent on the potency of the enhancer system the
merement in absorption enhancement was shown (o be from-1 4 times to 5 times that
obtained for the absorption enhancer in solution. Starch mlélolspheres were also
shown to_increase the nasal absorption of human growth hormone and salmon
caicitomnn constderably n shecb (lum, 1992) - Enhancement of msulin-absorption
was observed when insulin was incorporated mto the contnuous aqueous phase of an -
0‘/\-\’ emulsion (Mitra et al , 2000). The brescﬁce of a small fraction of oil droplets
along with msulin in the aqueous phase appeared to favour insulin absorption' When -
‘the o1l phase constitutes the external pilase, as 11 w/o emulsion, no nsulin abso\rption
"was noted Inhibition of insulin absorption nught arise from a fate limiting: barrier

effect of the membrane completely covered by a stagnant oil layer

- The surtabthity of g;clatm mucrospheres for nasal delivery of~saimon calcitonin (sCT)
was exariuned (Mornimoto et al, 2001) Negatx-ve‘iy.and postttvely charged gelatin
mucrospheres were prepared both types of gelatin microspheres were capable of
adhering to the nasal mucosa. The mucoadﬁésnon of positively charged gelatin
mlcro:,phcres was significantly hxgher than that of ther neoatlvel) charged
counterpf{rts The absorptlon of sCT after intranasal admunsstration was evaluated by
calculating the area above the hypocalcemic time curve (AAC) i rats The AAC
values after nasal admustratien-of sCT in positively ahd negatively-charged gelatin

nncrospheres were significantly greatcr than that in pH 70PBS. . -

In another study (Chen and Mao; 2000) after intranasal admmx;tratmn n rabbxts the
bioavail abmt\ of melatonin-gelatin microspheres (MT-GMS) was_evaluated MT—
GMS were 87 47% as compared to vein injection, while the bioavailability of MT

- solution was 69.72% showed increase the bioavatlability of MT in microspheres.
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2.2.4 ANIMAL MODELS-FOR NASAL ABSORPTION STUDIES

- The_animal models employed for nasal absorption studics can be of two types, vz,
whole anmmal or mn vivo mopdcl and an 1solated or oan purtusnon OF X VIVO model

These models arc discussed m detait befow = - _ -

- 2.2.41 I vive Niisal Absorption Models ‘
Rat Model - .
The surgical preparation of rat for (n_vivo nasal absorption Sludy carried out as
V {ollows- fhe rélt~1s anaesiheuzed by mtrapenitoneal mjection of sodium Phenobarbital
_An mcision 1s n%ade n thve neck and the trachca 1s canulated -with a polyethylene tube
Another tube .15 mseried through the ca:,ophagous towards the posterior region oi‘;
“nasal cavity. The passage of the nasop ahtme tract 1s sealed-so thal the drug solution is
not drained from the nasal cavuy through the mouth The-drug solutlon is delivered to
the nasal cavnty'f through 11)6 nostril or through the canulation tui)niig -The blood
samples ére collected fronr thé femoral vein (Chlen et al, 1_989) As all the probable~
outlets of drainage are blocked, the dru0 can be only absorbed and transported into the -

* systemic cxrcu!allon by penetratlon and/or dm‘usxon throuch nasa! mucosa.

Using the _r;xt mcdel, the nasal absorptlon and permeability of .the fbllowing
dmos/cdmpoﬁnds“have been'studied proparanol, prcgésterone' testostérone naloxone
" and bupernorphine, erootamme tartarate, sulbenicillin; cefazolm cephacetnie phenol
-red sahcyhc acid, ammopyrm “and bucolome, msuhn enl\ephaims enviroxime,
dobu@amme, clofilium ;Losylale glucaognt,cyclo—(-Pro-phe-D-T-rp-Ly_s—Thr—Phe) and

. horseradish  peroxidase;” sodlum om_aquche—ii-sulfbﬁate, calcitonin;  secretin, .

mcardxpme substance P, etc.
" Rabbit Model - . - - : o S
‘The in vivo rabbit model for nasal drug delivery i1s outled as follows™ Rabbits F
weighing approximately 3 kg are éitheranacsthetlze"d or maintained in the conscious _

state depending on the purpose of-the expenment

~The rabbit 1s anaesthetized b) an mtramuscular mjectlon of a combmatlon of -
ketamine and xylazme.: The drug-solution is “delivered by nasal spray into each nostril,
while the rahbit"‘s head is he@d in an upnight position. During the stud&*, the rabbit
breaths normally through the nostrils and body temperature is maintained ‘at 37°C
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with the ‘use of heating pad- The blood samples are collected via an mdwelling

= catheter=m-the margmal ear vein or artery according to the experumental protocol

As an ammal model for nasal absorption studies. the tabbit combines- several

advantages

I 1t 1s relatively cheap. readily available and easily mamtained i laboratory settings
"2 1t permuts pharmacokinetic studies as with large animals (monkey) ’

3.The blood volume 1s large enough (300 ml appion) to allow frequent blood

samplig (1-2 ml)

Thus 1t permuts full characterization of the absorption and determmation of

pharmacokinetic profile of a drug.

"The rabbut model described here has been used 1 stud\mo the nasal absorpuon and

nasal controllud dehvery of progesterone and 1ts hydm\\i dervatnes -

Dog Model

The in vino doé modél for nasal absorption studies is briefly outhnes as. tbll(;ws The
dog is either anacst_hehied or maintamed i the ;:oﬁsc_lous state depending on the
purpose of the experiment In the anaesthetized model, the doé is anaesthetized by 1.v.
mjection of sodium thiopental and maintamed with sodium Phenobarbital A positive
pressure pump provxdes ‘ventilation through a cuffed endotracheal tube, and a heating
pad keeps the body temperature at 373 8°C The blood samples are collected from the-

jugular ven according to the experimental protocol -

The dog model has been used m studymng the nasal absorption of proparanol, nsulin,

and other drugs
Sheep NModel -

The in vivo sheep model for nasal drug delivery 1s ‘bastcally similar-to that described

for the dog model. Male 1ri-housé bred sheep are selected for their lack of nasal -

. infectious diseases.

The sheep model -has been used in studying the nasal absorption of insulin,

“-metkephamid, and other drugs.



_ Monkey Model = : V e )

The i vivo monkey model for nasal absorption studees-is briefly duthr_«cs as follows-
Monkeys (approx 8 kgs) are anaesthetized, tranquilized of mamtamned 1’ the
consctous state as per the 'expenmemai purposc The money is lmnduiltzcd‘ by
intramuscular myection ol ketamine hydrochloride or anacsthetized by mtravenous
m_;éctlon of sodium Phenobarbital The head ol the monhey 1s held in upright posttion
and a drug soluuon 1s admunistered mto each nostril Folldwing administration, money
ts placed m a supine posttion in a metabolism chair for 5-10 minutes Throughout the
course of study money breaths -normally tluough the nostrils The blood samples are
collected via an mdwelling catheter in the vemn accordmé fo the experimental

protocol.

The monkey model "has been used m studying the nasal absorption of msulin.

lutenizing hormone releasing hormone, nicardipine, and other compounds
2.2.42 Ex Vivo Nasal Perfusion Models

Surgical preparation 1s the same as thz_it is for m vivo rat model. During the perfuston
- studies, a funnel 1s placed between the nose and reservorr to mlmmizc; the loss of drug
solution The drug solution” to be evéluéted 1s placed in the reservorr, which 1s
mamtamed at 37°C, and-1s c1rculated throughthe nasal cavity of the rat by means ofa
peristaltic pump The perfusnon solut;on passes out from the nostrils, through the
funnel, and flows 1nto the reservomagam. The drug solution lq the reservoir 1s stirred

" constantly and the amount of drug absorbed s then détermined by measuring the drug
concentration remaining n the perfusion solution. Because of the experimental
condition, the pbssibie loss of drug activity due to stability, such as the loss of
_ peptides and protems by proteolysis, ag gregation, and other factors must be

consxdered

The ex vivo nasal perfusion mode! descnbed has been performed in studymg the nasal -
4 absorption of sahcyhc acid, ammopyrm and phénol red, !eucm enl\ephalm sodium
benzoate, sodium barbital, sodium Pher_lol?arbitai. sodium secobarbital, L—tyrosine and
propranolol hydrochloride; -hydralazine,vins;ﬁim and polyethylene glycol 4000 and

other drugs.

. Using rabbit as the animal médel, the ex vivo nasal perfusion model can also be used

for studying the phammacokinetiés of drugs following nasal absorption. -
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2.3 CH[TQSAN

Over recent years, the nasal dehivery of challengmg drugs; such as peptides and
proteins and polar molecules such as morphine and mtgrame compounds has been
greatly improved using an approach that is not based upon “classical’ sutfactant
enhancers, but upon a .cationic polysaccharide called chitosan Chutosan s
deacelyiated Chliil—l\ and chitm s the s‘econ‘d most abundant polysacchartde i the
~world Below a pH value of approximately 7 0. chitosan 1s water-soluble and, because
of its catlomc nature, can bind with mucosal surfaces and with mucm, the latter

occurs through an interaction between the positively charged amine groups on the

chitosan moleculé and the negatively charoed siahic-acid” groups on mucimn  This

mteractxon leads to bloadhesmn and a redueed mucoc:hary clearance

The apphcatlon of chltosan as a nasal drug delivery system to facnhtate the absorption
_of peptide and protein drugS‘_was first mtrqgiuced by HMlum (1992) . In a later
. pubheat_i_oﬁ it was reported timticﬁitosan promoted the passage of msulin and salmon
calextomn»aeross the nasal mqeosa ;11 rat and sheep models (Illurﬁ‘ ét al 1994) The
mechanism of actien of _E:lntosan can be attnibuted to 1ts bioadhesive properties and 1ts
ability to transiently open tight junctions m the membrane (Artursson et al , 1994,
_ Schipper et al., 1997, Dodane et al;,. 1999) Chitosan has been shown by several

research groups to be a mucoadhesive material This characteristic 15 most likely due

* to an tonic interaction of the positively charged amino groups of the D-glucosamine -

* units of chitosan with the negative sialic acid groups of mucin or other negétwel)

charged groups of the mucosal membrane (Lehr et al., 1992) . The latter -group

!

showed that the interactions between chitosan—mucin were highfy pH dependent with
the strongest interaction at pH values where boﬁ1 the sialic acid units and the chitosan
amino groups were we]l ionised It was albo shown recently, in a rat intestmal loop
study by He et al. (. 1998) that chltosan m!crospheres were lnghly mucoadheswe

compared to a control m:cmsphere- preparation, in terms of binding to the intestinal

wall. Aspden et al. (1995, 1997) evaluated the effect of chitosan on ‘mucociliary .

clearance, ex vivo, using the frog palate m”odel ‘and human.nasal turbinate tissue. In
both studies chitosan was found to transiently .decrease mucociliary clearance,

clearance rates returned to normal after removal of the chitosan. The effect of ohltosan .
_on the clearance of a saccharine fablet from the nasal cavity was investigated in

human volunteers -1 hr after chitosan administration and after 7 days repeated
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administration  There was no significant difference between the sacchanne clearance
times i the chitosan treated humans and the control (Aspden ct.al, 1997),

demonstrating that any effect of chitosan on the mucocihary function 1s transient

Recently, :Soane el al. (!999) evaluated the nasal clearance characteristics of a range
~ of formulations, ncluding chitosan ‘solution and chitosan muctospheres, i homan
volunteers It was found that thc half- Ume ot cleatance of chitosan solution w: as
almost doubled; 41 min compared with the solution control half~time of 21 mun The
chitosan muctosphefes were i'ound to be cleared even more slownly from the nasal

cavity, with a clearance half-time of 84 min

However, mterestingly, chitosan. has another and more dr_en_xauc effect mn terms of
providing improved nasal -drug absorption. Chitosan can alter the paracellular
transport of drugs by direct effect on the tight yuncuons between cells It has been
shown that the presence of chitosan at -a mucosal surface can lead to a transient
opening of the tight junctions, and this has been demonstrated 1n CaCO—'Z studies,

where. measurements of transeplthellal res:smnee mannitol transport and histological
- measurements have been made (Kotze et al . 999) The opening of the ught junctions -
— occurs f_or a penod of approxunately 15 _mmutes and could allow molecules as large
as -growth homlonev(ZO’ 000 Da) to bassffom the nasal lumen nto the cxrculatxoo For
druas w1th molecular weights below appm\nmately 10,000 Da, the use- ot chitosan can
* lead to an improvement. in bxoavallabxhty of from 5— 10-fold It has been demonstrated
that this chitosan effect with various polypeptides, that include desmopressin, insulin,
leuprohde, calcitonin, PTH, CCK-8, as well as with polar _compounds for the
treatment of migraine,-such as aln_lditaxl;eod ‘anolg’esw agents such as morpﬁme These
studies have been performed in an ovine. ‘model- and in man (Roon et al.,, 1998)
Chitosan is, by its very ‘nature, ‘a hloh molecular weight material that 1s not 1itself
absorbed. Chitosan is non-toxu: ‘and has a reversible effect on cihary function.
Therefore chitosan represents a, new approach to improving the transmueosal delvery

of challenom0 molecules. . L

- 24CARBOPOL

The polyacrylic acid polymers -(carbomers ~and polycarbophll) are widely used n attempts -
to formulate mucoadhesive drug delivery systems for application to various mucosal

sites While reports of in vitro mueoadhesive performance of these polymers abound
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(l.uchen cl>ai ., 1994; Park and Robm;:on, 1983, Ponchel-ct al |, 1987, thgfcn ¢t al,
+.19923-Mortazavi and Smart, 1993), there have been {ew wporté that cvaluated therr in
vivo nasal mucozl(!heSIon performance (Vldgren et al, [991) A polyacrylic acid gel
bioadhesive system improved the absorption of msuhn and calcitonn n rats
(Morimoto et al , 1985) In another slody (Callens and Remon, 2000) . Insulin was
administered ;tasaliy to rabbits with drum-dried waxy maize starch (DDWM) or i
maltodextrins with different DE-values and Carbopol 974 P In freeze-dried powder
form, bioavailabilitics ’ obtamed with  the powder ('omml\atmns containing
DDWM/Carbopol 974 P (5 and 10%) wete significantly hugher (p<0 03) than those
containing maltodextrins-Carbopol §74 P nuxtures The bioavailability of the powder
formulation containing D_DWM @md‘ 10% Carbopol 974 P was stgmificantly higher
(14 4%) than glie bioavailability of the same muxture contamning 5% Carbopol 974 P
(9<9%) The bioavailability, (max) and C(max) vo!ues of the formulation with 5% .
Carbopol 974 P were significantly higher n oompanson with the formulation without :
C arbopol 974 P IO% The sludy oonciuded that C"nbopol 974 P was reqmred when -
1naltode~<tr1ns were used n order 1o obtam a sxvmmantly hwher bloavatlablht)
Compared wnth the formulatlons without Carbopol 974 P Also; Freeze-drymg seemed
a prercquxsxte for a good bloavaxlabxlxt)r from the powder tormulatlox_l as well <as_ the

ratio of insulin versus bioadhésive po{\'der (LU and 2 1U/mg of bioadhesive powder)
2.5 PULMONARY DRUG DELIVERY -

The Aﬂ{erapeutic benefits of drug inhhlz%tion have been apprecxated‘for several decades
for the treatment of respratory diseases, such as asthma, chronic oo:stmcnve p'ulmonar/y :
" - disease (COPD), cystic ﬁbro;xs, and po!monﬁr_\ mfect_loos, as well as for the sys:temic
_ delivery of anesthetic agents (Anonymous, 1946, Brewis et al.,- 1995; Camps, 1929:
Dale et al, 1987; Graeser et al , 1935) ‘By'dlrect targeting of locally acting drugs to the
lungs, a high local concentration of the drug‘s at the target site, rapid onset of drug
" action, lower systomic exposure, and consequf:ntiy~ reduced side-effects can be achieved - -

~ (Lipworth, 1996; van den Bosch e{a 1993)

» The use of the inhaled route outside the resplrgtory_thérapeotic area is todaif' uncor;lmon.
However, the advéntageous drug absorption-characteristics of the lung, e g..the highly
- vascularized respiiatory mucosa, laroe ébsorptive surface area, thin air-blood barrier,
and the relatively low enzymatxc activity in the lung, have attracted attention fo -

pulmonary delwery as a potent:al alternative’ for systemic admlmstrataon of drugs with
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poor oral absorption (Anttta et al | 1997, Patton, 1996, Wall ¢t al, 1993) For instance.
seve:ral mvestigations “regarding nhalation  of therapeutic peptides,  proteins,
Aoli'gonuclebtndes, and vacc:mes, which are subjected o poor énzymaltc stabtlity and low
permcation écrosé biological membranes, have been rcpor_téd (LiCalst et al , 1999,
.chﬁ, 1995 Russelt ¢t al 2001, Skyler et al, 2001) In addiion. pulmonary drug .
dehvery 1s currently cvaluated for the delivery of aualge:hc drugs, 5ucl‘) as morphine, for
which a rapid onsct of drug action s of sigmificant therapeutic importance (Dcrslx\\;atz el

al . 2000)

The cfﬁca@ (;I‘ an mhalc,dﬂrug 1s determuned by its zibsorpllon across the lung barrier
and on the location of the pharmacological site of action For locél%y acting drugs, the
absorption !;l)i’O‘ the systemic circulation may imply the removal and corlsequel{tly the
ternunation of action of the drug n the lung On the other hand; for systemically acting
— drugs, the absorption prpﬁ!c of the drug from the lung may d¢term:ﬁe the ouséL

intensity; and -duration of action of the drug (Taylor‘G- , 199—6)_. Althbugh inhalation 1s a .
“well cstébﬁllshed means for drug admunistration, drug abébrpﬁdn kinetics i the lung has ‘
not been subjected- to extensive research ';x’et, investigations of the absorption rate and

bioavatlability of pulmonary delivered drugs n relat{on to the drugs’ molecular
. prepemés“ are important to aid the design of new inhaled drugs for local and systemic

action ) - -

2.5.1 MAJOR COMP_E)NE}NTS OF THE LUNG - BARRIERS TO DRUG -
ABSORPTION ' ' - ’

As one of the pnmars interfaces between the drgzimsm and the environment, the
respirator ’syste_m 15 constantly exposed to arrbome particles, potential pathogens, and
toxic gases in the inspired air (Plopper, 1996) As a result a soph(stxéatcd respuratory
host defenhs“e system, present:_from the nostrils to the alveoli; has evolved to c{éar
offending agents; (Twigg, 1998) The system comprises mechanical (1e air ﬁlgratxonv,
cough, sneezing, and mucociliary clearance), chemical (antioxidants, ant:pfbteaseS' and
surfactant lipids), and immunological defense mechanisms and 1s tightly regulated to
minimize mﬂammat(;r'y reagtxbnsm that could mmpair the vital gas-exchange (Nicod, 1999
Twigg, 1998) .~ o ' '



From a diug delivery perspective, the components of the host defense system comprise
barriers that must be overcome to ensure cfficient drug deposttion and absorption {rom

- the respiratory tract
2.5.11 Epithl‘liimx -

The an:\\:ay epithelial cells provides a tight cthated bartici that clczn:\\t]‘xc ainways rom
‘debris lr%ipped m.thc a-xrway mixcus pxcv;:nls indiscrimmant leahage of water and
solutes mto the anways. secretes wmpoumts tor the amway fining fluid and mucus
layer; repairs mjuries to the epithelium, and moduiatus the response of m!hmmdmn
cells, vesscls, and smo_oth muscle (Rennard et al, '1991) ”lhe epithelium lmm" the
trac!}eobmn_ciixa!~ai1:wa.):s 18 cemposed of seven different cell types, te. -basal cells.
- goHlet cells,”dxﬁated cells, brush ce!ls,‘sermis cells, Clara cc_’;ﬂs,: and neuroendoc“nne cells
(Pjopper. 1996) A .vanety of migratory ce!js such as lymphocytes, Iéukocytes, and mast
cells are also present-in the epithelium (Plopper, 1996) The epithelivm lnii;lg the.
termmal byénchxoles 18 co!mﬁnar or cuboidal and 1s éomposed of cihated cells and Clara
~cells (Plopper, 1996) In the« alveolar. region, four cell types are present the epithelial
type | al}d Il cells, alveolar brush cells (type IIt) and alveolar >m_acrophéges {Ma et al
-1996', Plopper.- 1996) - The ”squamous type I‘cell:covers~approx1mately 96% of the
alveolar surface area and has an average cell_thickness of 0 26 um "Characteristically

- the alveolar type 1 cell has a .Iarge cytoplasmic volume and displays only sparse cellular
'h‘organells—most of which are ldpated in the perriuclear régtoh of-the cells.(Crapo et al.,’
©1982) These morphometric features are favorable for drug transport About 3%. of the -
alveolar surface 1s covered by the much sma ler cuboxdal type Il ceHs whxch synthesxze

and secrete surtace actrv e materials (Mason R l et al , 1998)..

~ The apical membranes of the epxthehal cells are jomed by tight 'unct:o‘nshﬂiat dividethe
*cell meémbranes into the tuncttonally distinct apical and basolateral domains - (Summers
1991) The twht Junctions -are hughly dy namic structures that act as barriers to fluid_ flow
and control the transport of ions and solutes through the mtercellu{ar space (Summers,
199 1) The heterogenous composition of the lung eplthehum results in a 1aroe vanatxon of

tight junctional forms with varjlable tlghtness (Godfrey, 1997. Schneeberger. 1980).

2.5.12 Endothe!ium‘ N

The lung 1s umque among tlssues in"that about 40% of its total cellufar composition is -

capdlar; endothehum which 1s the laroest capxllar\ endothielial surface in the body
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(Simtoneseu, 1991) The alveolar-capiflary endothelium has specialized orgml{:ll-t‘rcc
domams to provide a particularly thin (from 200 nm down (0 30-35 nm) bariter. for gas
cxchangé (&lunibncscu, 1991) Furthermore, the endothelial cells have a relatively large
number of endbc&tdﬁc vesicles (Schutzer, 2001). The endothelial (;cl_ls are jomed by
tight junction with few parallel arrays -of contacts, winch renders them leal\y when the’

hydrostatic pressute mcrease (Plopper, 1996. Sumioriescu. 1991)

2.5.13 Alveolar IlldClOphd"C

“The alveolar mactophages are found on the alveolar surlace 'I’hesc phagocytic cells -
play important roles mn the defg ense mechanisms agamst mhaled bacterra and particles
that have reached the- alveoli. (Haley et al 99[) Particles depostted in the lung
parenchyma of rabbits and rats-have been demonstrated to be phagocytized by alveolar
macrophages within a few hours (Bramn et al., 1984, Takenaka et al., 2001). The
macrophages are cleared from the alveolt o the bronchioles by the lining fluid, and then’

from the axm;diys by the mucocihary escalator (Jeffery, 19935)
2.5.14 Interstitium and basement membrane -

The nterstitium of the lung. the e\ctracellular and e\lravzlscular épace l;etween cells in
the.tissue. contamns a vanet) of cells (fibroblasts, myofibroblasts, pericytes, monocytes.
_ l\mphocwes plasma cells), collacen elastic hbers and mtersutial fluid (Plopper,
1996) Its main role s to separate and bind together the specnﬁc cell layers 1n the tissue
The mamn “dranage pathway for thc mterstmal ﬂurd 1s the lymphatic vessels. The outer
border of the interstittum 1s defined by the eplthellal and eqdothelxal basernent
membranes (Weibel-et al | wl 991). The basement membrane modulates the-movement of
fluid, molecules, barticles, and cells from the alr"_s'pace and blood mto the-interstitium .
{(Weibel ¢t al , 1991) However, plésma pfotems and most solutes are thought to diffuse

relatively unhindered through 1t.(Patton, 1996)
2.5.15 Lymphatic system o

The pulmonary lymphatic syslem contributesto the clearance of fluid and protein which
- has filtered-from the vascular compartmelxl into the limg fissue interstitium and ll?élps to-
prevent: fluid accumulation in the lungs (Puchqlle et al, 1995). Thcrlymphatic vessels -
are present in the inlerstitit_xm near the small airways airld blood vessels, but not in the '
alveolar walls (Lcak et al.. 1983). The leaky lymphatic endothelia allow mieron-sized

particles (e.g. lipoproteins, plasma proteins, bacteria, and immune cells) to passfreely



“Into the lymph —ﬂuld—(l)21l1()ll,:“l(596) The llu{(ralc dl“ the lymplmlr'c Quid 15 normall)

very slow (1/300 relative the blood llow) bul I muedsed at high- pulmondly venous

- ressure (Patton, 996) "llu, lymplr 15 ltllued throrwh 1egional lym yh nodes xlﬂd.

feturnéd toihc '_venous blood cxreulatron at thie right jugular dnd subclavian veins

Sl( prthelmllmmgﬂuul T

Solid druos pameles delivered-to the 'prlldmf) tract need t0be w etted.and dissolved
belore lhe) can exert therr lhempeutre aelrvm Allhmwh thc humldr(\ n the lung s
near 100%, the volume of the-epitlielial” liing flurd 15 small (Wiu_lmann et'al, 2000).

The thickness of the linmg fliid m the airways 1s estimated to 5-10 “m and 1s gradually

- decreased along the airway tree until the alveoli, where the thickness 1s estimated o be

about 0 Oi-O 08 um (Patton, 1996) The volume and‘compos:tron of the epithelial Immg

" fluid is determmed by active ton transport and passive water permeability of lhe

— respiratory eplthellum (Puc helle et al, 1995) However, due to the maccessrbrhly and '

_small volume available, the composition of the eprthelral linng flud 1s.not fully l\nown
~ Like the gastric mucosa. the arrway mucosa is coated w xth a layer of phosp 1olrp:ds

which m assocratlon with mucins lubricate and protect the eprthel:um from oﬁendmo -

. agents (Girod et al., 1992;- Puchelle et al, 1993) Phosphqlxprds and protems in

‘bronchtal secretions mhibit the adhesxon of crlra to the mucus gel and accelerate ciliary

beat l’requency (Morcenroth et al, 1983) Bacteriostatic and bactencrdal protems'
present m the lmmo flud, e g IgA, “lactoferrin, and lysozyme are S}nthesrzed and‘
secreted by submucosal 0land cells and partrcrpate n -the airway antrbacterlal defense:
(Puchelle et al 1995). ln the alﬂ\{eolar reomn thé surface fluid consists of>a thin ‘

biphasic hyer of plasma filtrates overlard by a monola\'er of pulmonary surlactant -

(Patton 1996) - N ’ ) -

2.5.17 Surfactant

‘The airway and alveolar liming fluids are thus covered by at least a monolayer of lung-

surfactant projecting the fatfry acid tails into the air space (Patton,Al 996). Consequently,

- interactions between the plmspholxpxds in the lung surfactant and inhaled drugs have

~ been reported. For mstance, lung surfactant was shown to enhance the solubxlrty of
glucocorticosteroids, which may affect the residence time of the steroid in the lung -

(Wiedmann et al . 2000) Furthermore. strong interaction of the polypeptides ditirelix

“and cyclosporin A with phospholipids have been demonstratéd and has been suggested



to limut the absorption fm.m the lung, thus leading to a prolonged 1etention of the drugs
in the lungs (McAlster et al., 1996) The use of c&ogenous surfactant as a vehicle for
. pulmonary drug dehivery has been S[iggcslcd‘as_ a means_(o enhance the spreading of the
drug within the lungs (Van'  Veen et al, 1999) However. n a- study with
il\t;atraci1eall)f mstilled Te-99m-tobramycmn i rats it was concluded that the exogenous
- surfactant mereased the lung clearance rate of Fe-99m-tobramycn (Van'l Veen ¢t al
1999) In another study. ‘a decrease m bactericidal activity “of tobramycin and gentamicin

- through-binding to lung surfactant was demonstrated m vitro (-Valfl Veen-et al., 1995).

These results reflect a complex mteraction between drugs and tung surfactant, which -

~ should be constdered i drug development -

2.5.18 Mucociliary clearance

The residence tume of an mhjcﬂed drug'in'—the Vlungs depends on the site of depos:t;on. A
- significant proportion of the drug réachmg the lungs from an inhaled aerosol 1s
entrapped in the mucus n tlie éonductmg arways The ability. of the drug to pénetrate
the mucus barrer depend on paréncie ché(ge,‘éolubnlityl Iipopluhbxty. and size (Bhat et -
al . 1995: Rubin, 1996) For nstance, reduced transports across réspiratory mucus
fayers have been @mongtrat_ed in vitro-for co&icoster01ds:(Hashml‘et al.. | 999) and ‘

antibrotics (Lethem. 1993). - o ) s

2.5.19 Pa’thoph);siological changes

-Inﬂaﬁml“atofly lling diseases or repeated mucosal injury, may result n chronic struc;turalﬂ -
changes to {}{e iaxmfa{s (Rednjngtqn, 2001) The sequestratton of. drugs (e g. amines) in
* the lung tissue has been reported to be altered with fung injury and disease, such as

“inflammation, due to t_!}_e' changes in lung tissué‘compos‘mony_(Audx et al., 1999; Pang et

al.. 1982).

Iilﬂ?lmmamry lung' diseases, such as asthma and chronic b}onclmltis, are asvgoéiated 'with‘
an impawed mucocthary clearance and 'hyperplz;sia' of subgﬁubosal glands'and~gob1:et-
cells leading to a hypersectetion of mucus and obstruction of the airways (Lethe:m,

1993; Samet et al., 1994). As a consequence of the éirway_ obstruction; a proxiﬁal shiftin

- the ~aiz{way depos:tnox{ patten{ of inhaled therapeutic_aerosols is obserjved (Rubin;-wl4996). "

There are conflicting results in the literature on the effect of inflammation and allergic
reactions on the airway permeability. Some investigations state that the permeability

from the air-space into the systemic circulation is increased during lung iflammation
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(Folkesson et al, 1991, Hogg. 1981, flowite ct al  1989). whercas other nvestigators
h'avc demonstrated an unchanged o1 even decreased atnway aﬁsorpugn explained by an
mstantancous epithehal resluugnon'in response (o epithelial myury (GredY et al . 2002,
O’Bymc~ et al, 1984, Persson ct al, 1997) An mcrcased epithehal permeabihity of
" hydrophilic compounds te tetbutaline (Mw 225 Da), “"Tc-labeled diethylenc (manune )
’penta:acc{ale (‘)‘)""l‘c—i):!'lif\, My 492 Da), and '™In-fabeled botmylated DIPA (M~\\ {215
Da) has been demonstrated m smokers as compércd (o non-smokers (Jones ct al | 1980,

Mason G.R. et al , 2001 .-Schmekel ct al | 1991)
2.5.2 PARTICLE DEPOSITION

The respiratory tiact ‘can be considered as a filter that removes particles from the -
mspired air (Heyder et al , 2002) The effectiveness of the filter depends on particle
properties (e g size, shape. density, and charge), respiratory tract morphology, and
the breathing pattern (eg alrﬂovx;'rate*andltdal. volume) (Hevder et al., 2002)
' These parameters determine not only the quantity of particles-that are deposifed but
also in what regloh of the respiratory tract the I;a}tncles are deposited. As the cross-
sect_iox{a! area of the airways increases. the airflow rate -rélpxdly decreases: and
iconsequenﬂy the residence tume of the particles in the lung increases from the large
conducting airways towards the lung :"{)ér’iphegy (Schulz et al, 2000) The most
important ﬁléchanisms of: particle 'dcposﬁion i the respiratory tract are . inertial
E ,mep_acktipn, sedimentation, and dlf‘t’hsmf}‘ (Figure 5) Inertial impaction occurs
) predommaﬁtly n the extrathoracic arrways and_m the tracheobronchial tree, where
the airflow velocity 1shugh and rapid changes n arrflow direction occirs (Schulz et
al . 2000). Generally, particles wEith a diarmeter larger than 10 “m are most likely _ 4
deposited in the extrathoracic region, whereas 2- to 10-um par;cgclés are deposited in
_the tracheobronchial tree by inertlal_}nﬁ;_)_a‘ctiohw(Schulz'et_al., 2000). A long residence
_time of theimspire.d air favors particle deposition by sedimentation and diffusion’
(Heyder et al., 2002) Sedimentation 1s of greatest importance in the'sn{all airways
and alveoli and. is. most pronounced for Jpart_icles.with é diameter of 0.5-2 um -
(Schulz et al., 2000). Ultrafine particles (<0.5 -in diameter) are deposited mainly by )
diﬁ‘usioﬁal transport in the small airways and lung parenchyrha where there 1s a2 maximal
residence time of the in_s'pired air (Heyder et al., 2002). The relationship between particle .
size and total respiratory tract debositioﬁ has been demonstrated to be';simﬂar among

species (Schlesihger; 1985).
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Figure 2.1. Mechanisms of particle deposition in the airways

Table 2.4: Factors that may affect the pulmonary absorption rate and bioavailability

Device and

Formulation

particle properties

(size, density. shape,

charge)

deposttion pattemn
excipients
concentration
osmolarity
ViSCosIty
pH

dose size/volume

Drug

Physiology

dissolution rate
solubility
hipophulicity
molecular weight
charge
hydrogen bonding
potential
aggregation/complex
binding
conformation
chemical stability

enzymatic stability
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breathing pattern
blood flow
airway morphology
surface area
mucocihiary clearance
lung surfactant
alveolar macrophages
epithelial permeability
endothehal permeability
transporter proteins
enzymatic/metabolic activity
disease
tissue composition (drug

sequestration)




- 2.5.3 DELIVERY DEVICES

Inhaled therapeutic acrosols arc genciated by»dtl"ﬂ:rcnt devices that aim to deliver an
aerosol to the lower airways Inhalation devices-can be classified mto 3 categories
pMDils, DPIs, and nebulizer inhalers (Dolovich, 1999, f-hckey, 19}69). Aerosol
generators arc chai actenied (Gonda, 1988) usmg (1) the-output (mass of drug

_ delivered per unit time), (2)the dlS{l’lbuhDﬂ of the agent in different aerodynamic size

fractions, and (3) intradevice and mlur~d<,v1u, rcproduublllty of operation
2.5.31 Pmpeﬂant—l)nven Metcn cd Dosc Inhalers

pMDIs are the most frequently prescribed aerosol dehvery system because they are
" effective and convenient for a large proportion of patients The fungamental h
components of pMDIs are an actuator, a metering vélve, and a pressurized contamer
that holds the microfiized drug suspension or solution, propellant, and 'surfactati)i_--Th_e -
high vapor pressure propellant supplies the energy for dispersion in these—déhv‘eiy: ‘
systems. The limitations of these devices are (1) poor coordination ‘b;:tween actuation
“and inhalation by some patients, (Epstein et-al . 1979) and (2) the release of ae;'ésoi
particles as large particles at a very high velgmt__\f (100 km/h). This-results ina‘high
oropharyngeal impaction of partic}es, with approximately 80%.of the dose depogtmg
n the 6ropharynx and only 10% in the pulmonary -airways (Dolovich et al., 1981) To
‘overcohxvne the necessity for patient coordination usually required with these devices, '
bréatﬁ-actuatedpMDIs have been desxonéd These aré essentially similar to }
conventional pMDIs with the- exceptron that the dose dehvery 1s triggered by the ] -
patient’s inspiratory flow (Gupta et al . 1991). The need.of spacer and auvhary ‘ -
devices for optimizing drug delivery from pMDIs has been rcported (Smarea etal,
1978; Dolovich, 1997). Attaching a spacer to the pMDI mouthpiece ensures that the
emitted droplets beponle smaller and have reduced velocity before they are mhaleq_
. The spacer acts as P holding chamber mn which the largé particles are filtered off, ’
resulting in a reductton of the dose to the patient and_nmpaction losses on the poé(enor
- wall of the oropharynx. Consequently, the dose erosited in the oropharynx by such )
devices is smaller, but the dose delivered to the pulmonary region is the same as or

higher than that of a pMDI without a spacer (Newman et al., 1981).
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2.5.32 Dry Powder-Inhalers

,.7 '.ﬁ 7
devices are hwath-actlvaled inhalers 1hdl tely on the patient’s ispiratory low 10\’\8‘&;_;9\%‘%/'

: deaggregate and deliver the drug for inhalation, lhucby climinating the requirement
of ihalation coordination inherent 1n pMDI use 1‘1()\\’0\’.(:(" with DPIs there 1s the

need (o generate af least moderate inspiratory (low i order to accomplish effective
drug delivery The drug in a DPl1s in the form of a fincly nulled powder in large
aggregates,-cither alone or in combination with some carrier substance, commonly
lactose (B)fron et al, 1990) Most of the parﬁcles are mma}ly too large to be carried
into the lower airways, but the turbulent arr stream created in the mhaler during
inhalation causes the aggregates to break up into primary particles sufficiently small

to be parg'leii into the lower arrways Therefore, the depos&t:oﬁ. pattern depends on the
-msptratory {low generated by the patjém.kA very low msprratory flow s likely to.
move the dose from the inﬁa!cr into the patient’s miouth, with very low deposttion .
“ (he pulmonary airways Shear, turbulence, and mechamca] intervention nilay be used. -
to aid n the dispersion of aerosols from dry powders (Malem etal. 1981 ) Dry
powder generation is often hindered by aggregation of the small particles, (Brown,
1987) which 15 1 turn exacerbated by the hygroscopic nature of the drug (Ferron,
1977) and tts electrostatic charge. The reduction of powder hygroscopicity and

electronic charge may enhance the future prospects of aerosol powder formulation
2.5.33 Nebulizers - . L

Nebulization 1s oﬁf increasing interest because 1t offers opportunities for novel

techniques as well as rov_iding a potential means of admmnstrétion for aqueous

formulations of biomolecules (Atkipé et al., 1994). The most frequently used methods

of nebulization are the air jet and ultrasonic devices {Mercer, 1973). The air jet

nebulizér produces a stream of high air velocity that causes liquid to spray as a mist.

Ultrasomc nebulizers utilize high frequenmes to convert liquid mto -a fme mist. (Gupta . T
199 } A wide range of droplet s:ze distributions are produced by both types- of L .
generators, cdepcrmlm0 on-the brand the opcratmo condstmns and the composition of-

the liquid being nebulized (Mercer, 1973 Phlpps 1987, Lcwns 1984). Nebulizers

a produce smaller droplets than do pMDIs, and these smal{er droplets penetrate more -

easdy to the small airways (Gupta 1991)



254 BIOL()GI( AL MODLLb FOR ASSE ssmm OF PULMONARY DRUG
ABSOR!’I!ON R ' .

“Several modelg aré available for p'recl:_mcai mvestigations of pi}lmonaty drugfabnorpﬂon
‘and deposition  The complexity” of tlm-—modcls‘{mngc from benneahxlny screening, -
experiments in cell culture models to M vivo phzmnacokm(:tw analyses m ammals The
désﬂnon of the .e\pcnmcms compns:.cs both selection of the most refevant bmlbu;cal

. modcl for {he specific issue, and the sdecuon of a-diug dehver\ system that 1s -~

appropt mtc Tor the amount” of. test- matmdl available and that can selectively duposn a
* defined dose of _1hc drug to the mu,ndod_ lung region Combimations of i vitro and in vivo
~models are nceded to clucidate the mechanisms, rate, and extent of absorption, as well

as the dxsmbutlon, nletabohsm and elimination of a drug after pulmonary administration

2.5.41 In vivo animal modcls

In vivo phannacokmet:c expenments in animals provide data on the fate of a drug and

its metabolites n the body by assessment of the drug concentration n plasma or tissues

_In the absence of a significant amount of human absorption data, accurate in \?1\;0
pharmacokmnetic mvest:éatnons n animmals are mmportant to establish i vitro-m vivo
Iatlonslnp's‘ “For cietenmnatbn of the pixlnionary absorpttén rate and bioavanablhty -
plasma 1s sampled at predetermmed ttme pom{s after puimonary drug admmxstratmn
“and “analyzed for drug content (Ad;el et al, | 992, Krondahl et_ al, 2002 Tal anskn etal,
G997, . L
An mntrav en’oué dose Amay be admxntstered as referencé For‘ln;/estigatléns of the relentxon
of the druo m -the._ Iunt7 tlssue or - first-pass pulmonary uptal\e or both, - drug
* ¢oncentrations m hmo nssue are assessed (Brown et aI 1983, Drew et al, 1981 ’
i Jendbro et al, 2001) The apphed pulmonar} adnunistration procedure should. be
*~c'1refullv selected to dehver the dose with high precision regarding both dose quantity
and deposmon pattern. A dlsadvnntaoe of the m vivo models is that the ammals often
need to be anesthcnzed dunng dmg admmlstranon to the lungs and at biood samplmg
The effect .of anesthesia on physiological functions sho_uld:thus be constdered n the
design of the .experiments For instance,z:lhe: use of volaule anesthetics has-been
demonstrated to increase the alveolar epithelial permeability (Chathai et al, 1999,
Wollmer et al., 1990) and to destabilize surfactant (E\ ander et al., 1987: \_-Vo!lmer etal,

!990) Anesthesla may also impair the mucociliary clearance (Patrick et al., 1977).



2.5.42 Isolated and perfused lungs

. By the use of isolaied and perfused l‘(mgmodcls, fung-specrtic plm:‘macokihcﬂc events -
can be mvestigated without the comriliuupn of systemic distribution, metabolism, and
) cl{mmalmn In these mo‘dﬁcii‘.,‘ the Sh"t}ctura! and éci!ular_ mntegrity of the lung tissuc, the
permeability barricrs, mteraction between different cell types, and bmchc:ﬁxcai activity
are mantained :(M'chcndalc et al, 1981y Pmcudurm for Tang pertusion hd\/C been
‘ descrlbed for rats, guinea pms (R) rfeldt Lt al !97(%) and rabbits (/\nderson et al,
1974) C ompdred 1 m vivo models, the 1soldted “and pu’luscd fung models prowdus
certam advantaoes such as careful control of 1hc \rumlauon and perfusion of the lung, -
facilitated admmstration of drugs to the airway Iumm or vascular circulation, easy
sampling of perfusate and, lavage fluid, as well as casy deger;mnaubn of 111ass-bélancei
_Hence, the design of the experiments can be adapted to specifically address 1ssues
regarding absoxpuoz; tissue sequestration; and metabolism The main drawback of the -
lung models s that the linited viability of the preparat:on (about 5 hours) (Basselt et al
" 1992, Fisher et al. 1980) prevents mvestigations of slow pharmacokinetic processes
- lsolated and perfubed lung models have. succmsfully been applied to mvestngaie drug
dlssolutlon and absorption (Niven et al . 198&, Tronde et al, 200_2), mechar_nsms of
absorptxon (Sakagami et al., 2QO2a),”d15positxon (Aud et al , 1998, Ryrfeldt ¢t al.,
1989), and metabolism (Dcil:eryy'ét_ al, 1976, Gillespie et al;* 1983, Longmore, 1982,
Tronde et al , 2002) o '

‘2.5.43 Cell culture models =~ o oY

.. Tiheﬂinaécéssxlslhty and h:eterogepe'(')il; pq:%mposxtxoni of the ai:rway eplthéhum makes it
* difficult to mechaistically évaluate pulmonary ce]itllar wmtegr—l’t) ;ind phﬁlologicél
- functions. For inves,ﬁgatmné of drug irénspor"t gﬁechanisni’s,"prern'se dosing and

s—amphng. as well as d{:i}xled local drug §o£19§11tratiox}» and surfacé:~ area-of éxposure, are
impértant parameters that need to be controllable and reproducible Thereque, a variety

of airway and alveolar epithelial cell culture models of amimal and hu!nan origin have .
been e—stabhsh{:d as in vitro absorption mddéls (Elbert et al., 1999; Foster et al., 2000;_-
Morimoto et al . 1993; Winton et al , 1992%; Yamashita et al., 1996) The t(nodeishinclude w
both cell lines (airway) and ;Srimary cell _culfures (airivay and alveolar). The primary ce!l
cultures more closely fesemble the native epithelia, ‘buht'are less reproducibie and more
time-consuming t work with combarcd to m-e,_cell linés, whiéh make them less spitab!e’

for permeability screening purposes. Two immortalized human bronchial cpitheﬁé! cell



Tings, the Calu-3 and 16HBE4o-, ha'vc been suggested as sutable models to mvestigate
the au;\'ay epithelial barriet function (¢, tight junction propertics) (Wan et al |, 2000.-
.Wmton ctal, i‘)‘)S)"!‘hc Calu-3. adenocarcimoma epithchal cells &!‘s‘cmus oﬁgm from )
the bronchial -ainways, comprise a mixed phenotype of cihated and secretory cells
(-Malh‘mx ct al, 2002) and form ught, polarized and well da!i:cxcnumcd cell monolayers
with apreal mucrovilh m an-hquid terface caltie (Foster et al [ 2000, Mathias ¢t al |
2002) the ceil hine has recently been apphied m.some e\periments mvestigating amrway
drug uansport mechamsms (Borchawd et al |, 2002, Florea et al . 2001; Hamilton et al |

2001a, Hamilton et all 2001b, Mathias ¢t al . 2002, Pesron ¢t al, 2002). At present

theie 1s. to our knowledge, no characterized ¢pithclial cell line available for

xn\;csuguuons of the alveolar barr};;r l‘uﬁctxon_s Inslcéd. alveolar type Il cells, 1solated
fiorh normal human lungs, rats and rabbts, in primary cultures have been gi313101151r§ted to
dzi‘l'_circnu;ate_mto type-I-like cells and o form-tight epithelial barriers morphologically
s:ﬁnlar to the 1 vivo a'lveolar epxthéhum (Elbéx:t et al, 1999, Matsukawa et al; 1997,
Shen et al, 1997§:-Tlmeée models have"been used for seyeral ;nvéshgattons of alveolar -
transport (Dodoo AN et al, 2000a, Elberi et z;l, 1999, Matsukawa et al., 1996;
Mornmoto et al .1993: Sahaetal , 1994, Shen et al . 1997) ' ’

) 2.6 DRY POWDER INHALERS

DPI technology is rapidly expanding to address a t;roadéinng therapeutic need as well -
as market opportunity Characteristics of the ideal DPI sy stem will include most or all

‘of the followmng attributes

. A,ngprk:- and c;omfortéble to use, ‘
Ce Com;jact and economical to ’proﬁu_ce,
. Highly reproducible ﬁne—b-é&;glé dosing.
L. Reproducible emitted dose, ) ‘ ‘
T e -Physically and chemically stable p‘owdqr:
“- “ Minir:l}al extrapulnnlonary loss of drug, with fow or(;pharynge:ai

deposition, low dévjcc retention, and low exhaled foss;

. Multidose systen{;

84



. . Powder protected {rom external envionment and can be uscd i all

chmz}fes and protected from moist exhaled arr,
. : O;/crdc)sc {)mtectior;,'anq - \
. _Indicate number of doses delivered and/br remaining
2.6.1 FACTORS INFLUENCING DPI FOR%\’!ULA’I‘!ON DESIGN
2.6.11 Physical propertics of powders: . A - .

Optimization and control of tlow and dispersion (dedwrcoatlon} c!mmctcnsmb of the -
formulation 1s of critical importance n development of DPIs These properties are
governed by adhesive forces between particles, including Van der Waals forces,

-electrostatic forces and the surface tension of absorbed liquid la&crs (Hinds, l'982).

The forces are «inﬂucnced_ by several fundamental physicochemical properties
~inchiding._{ particle density and size distribution, particle morphology (shape, habut,
surface texture) and surface compésitioﬁ (including absorbed monéture) (Hickey ci al,
- 199;0) ix1ter -particle forces that influence flow and dispersion proi)emes of mhalation
powders are - partlcularly dommant in the mlcromzed or mlcrocrystal[me powders

- (particles smaller than -3 pm). chl\ey et al. (1994) reviewed the. factors influencing
the dispersion of dry powders as aerosols. Several cohesive and adhestve forces are -
exerted on -particle characteristics such as size, shape, rugosity and crystalline form-f
and powder characteristics such as packing density and equilibrium motsture content.
Buckton, 1997 has reviewed particle surface characteristics and several studies have
measured the adhesion forces in inhalation powders (Podczek, 11996) Peart and é_0~
workers (19965.111easured electrostatic charge interactions- from Turbuhalers and drug -
powders ‘alid the results suggest that the inhaler itself and the deaggregation”
mechanisms influenced the charging pheﬁomené. Electrostatic effects in DPIs have
“been exiensively studies by Mazumder et al (1998) and powder flow properties have -

also been studied (Dawson et al, 1998).

Further’ particlé ‘characteristics havé been.studied such as the crystallization and _
amorphous content of mhalation powders (Phillips et al, 1996§ Buckton, 19_98) and the
measurement of their surface properties by invcrsé gas chromatography (Thielmann et

al, 2002) and computiter aided image analysisto plot a Facet Signature (Kaye, 1996). -



2.6.12 Drug carrier:

Optimization and control of patt:c!c-pﬁzt:olc and patticle-mhaler mteractions 1s of
critical mmpodtance m the development of cfficient DPIs A paradoxical situation
exists m powder formulations — drug particles should be 'lcss than § pm aerodynamic
drameter to ensure efficient lung deposttion, b}tl‘shquki also exlubit acceptable flow
propertics required for accurate dose metering Thus, micronized powders are often
blended with “coarse™ mert cartiers ¢ ¢ lactose, glucose or alternatively palletized as
loose agglomerates to improve powder (low - Bléndmg the drug with a camel.* has a
number of potential advantages, such as mcreasing thic bulk of the formulation An
additional benefit that may be gamed by the use ol a carrier such as lactose 1s the
taste/sensation on mhahné, which can assure the paticnt.that a dose has been dehivered
Many studies have examined the properties of lactoéc particles and their interaction .
with drug particles as parl of the process to obtmuzé DP1 performance (Patel, 2000)
Lactose and other sugars have been studied and used an_d« modification bl‘ these
materials may allow. further formulation optlxnlzaoilon Modxﬁéau_ons to the lactose
gurfacc have been propdsed that would improve the suiface characteristics (reduce the
rugosity) of the materal ;G‘andcrtop (1992) clamms that nthé reducing rugosity increases
the percentage of respirable particles i the conventional pbwder inhalers. Zeng and
coworkers (1999} has fo.und that the-addition of fine lactose particles (mass median
diameter 6 96 pm) increased the fine particle fractioni of Salbutamol sulphate from a
powder formulation deh_véred By a Rotahaler. They suggested ihat this may be
~ because of the fine particles occilby possible dr:ug binding sites on the larger lactose
particles. Lucas et al. (1998) "delxionstfated a similar performance modxfyn-lg effec?-
with a model protein, albumin and a high-dose. agglomerated preparation of
Nedocroriil Sodwum. Other. studies have_looked at smular effects of lactose size
fractions and agglomerates (Boerefin et al, 1958) The properties of lactqse such as ”
pamcfe size and surface morphology (Giark et al, 2000) had a profound effect on the
fine particle fraction of the generated aerosol .Other»exmplénts, like sugars, have also
been studies to establish-their preformulation charac{eristugs quun et al. (1996) used
two ‘grades each of a-lactose monohydrate and dextrose xnpnohfdraté with Disodium
: _Cromogl&qate and géne}ated acrospls"using a uritt-dose ‘dev'ice,f the Microhaler _
(Pearce, 1989). - “ -



2.6.13 Particle engincering:

The most commonly used method  for iproving the ﬂmvah:ht).'miab:h{), and
dispersibility -of small cohesive particles 1s blénding the drug with excipient particies,
most commonly lactose, of Eons:dcraiﬂy larger particle size T'he objective of the
mixing process 1s to produce an ordered powder m which (he small particles attach |
theniselves to the surface of larger “carrier”™ particles The challenge 1s to ensure that
- the forcé of adhesion bétween “the drug and czur;cr 18 sttong enough o withstand
segregation during blending and product storage and weah enough to allow separation
of the drug patticles from the carrier sutface on qcrésohzatmn (Moren, 1990, Zanen et
al; 1992) The final product performance of a powder blend 1n a DPI s u‘lpmalci)
dependent on the mdividual. dr.ug and carrier properties as well on the process by
which they are blended (Kassem et al., 1989, Ganderton et al , 1992) Small changes
In carrier m'orphoiogy can result m significant variations n the. dose recerved by a
patient (Kassem. 1990) Micronization has been used for lheApast 50 years to produce
small particles for- mhalation therapy However, only m recent years have bvzitch-lo—‘
‘batch reproducibility and -stability problems-been associated with _the lc;chmqué
Stability 1ssues typically derive from cﬁahges to the varying quantities of amorphdus
niatenal that are prodnuced;by the 131|cr6111;ing probess on the surtace of the resulting
particles (Ward et al , 1995). In addition, mucronization can cause decomposition of

some materials (Rogerson, 1996)

Thie 1ssues assocnate(i with micronization are forcing fnany companies o mvcséx'gate

- alternative methods of producing small particles. Spray dr)’/n;g, a_process typically
used in the production of coarser (up to 500 pm) food, phan;mceutlcal. and mdustrial
powders. can also be used to prepare m:croparti-culate powders for DPIs (Venthoye,
1997 Vidgyexm et al’, 1987, Chawla, 1993; Cha\yla, 1994)

In one sf;xdy. (Chawla et al, 1994), spray-dried Salbutamol Sulfate was seen to
perform as well as'mxcronizg:d material Vidgren ei éL (1988} have shown -thal' épray»
dried particles-of Disoduim Cromoglycate have better (at least nt vitro) aérodynanuc
' properties (a higher fraction of dose in a smaller size range) than mgcronizé;d material
Other tcchmq‘ues such as pelletization (Bell, 1975, .Wetterlm, 1987), Lyophilization

and supercritical fluid technology (York and co wori\:ers, 1996) {\fere also employed.
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2.622 FILLING AND PACKAGING

The gt:catcsl challenge faced i developing packaging systems for dry powders relate
to maintaiiung dispersibihit n packaging. which can be affected by compression and -
electrical charge- Compression of the drug powder, which can be:a consequence of -
excesstve-handling, can result man unmtended merease n drug concentration The
sn_l-z‘\l! drug particles arce also vulnerable to alteration m clectrical clmr"g wluch can
ru;ult from the motion of particles, against both themiselves and the pad\‘wmo x
cquipment, and from the unintended absorption of water by ﬂlt drug powdcr D! ug

powdcrs can be packaged-erther in uml dose ot i 1eservous systems; each of which

_has certan ﬂdVdnld"GS ( able 2 3) T ) ) L

2.6.3 RELEASE &ND ST L\BILI ry TESTING- l"\RL\MLThRS

Vanous dry powder a_tl_nbules are assessed at releasc and on stability These include
_phys{ca! characteristics such as powder appeargmcc,_conteni u{uformtty, delivered
dose uniformity. "and particle -size distribution  Chenucal almbutes that may be,_.
assessed mclude drug content, purity, and ndumt) as well as the water content of a
powder ‘Dry powders may also undgroo MICrOSCOpIC evaluatlon for- foreign
particulate matter “Unusual agglomeration. and particle size chroblal fimits also
should be e\ammed mcludmo the total aeroblc ycast and mold- counts The presence
of specific palllo%ns should be ruled out The dry powders also may be_dissolved to
test for_pH level In,addltton, certain compcndlal requirements for contgnt and.

] deIxvere_d-dose‘tiﬂiforsllity‘silcfd!d gilsb be measured

_The USP and European"Pharniacopoexd(EP) propose that the total aerobis count not
‘ exceed 100 CFU/.\, that thc total yeast count and mold count not exceed 10 CFU/g
and that no specific pathoocns be detectable Specmcanons for the other attrxbutes
- should be based on the mtendcd use and the hlstoncal performance of the product As
~with other dosage forms, specifications must be met throughout the intended shelf hfe

of the product



Table 2.5: Primary packaging for DPI drug formulation

DOSING
SYSTEM

ADVANTAGES

DISADVANTAGES

UNIT-DOSE

Simpler, cheaper
device, less prone
tomalfunction Protects
powder up to the time
when 1t wilibe
delivered to the patient

as an aerosol

Patient must handle and load individual
unit-dosc pachages mto the device belore
dosmgDose tittation s limited to dose-
quantity available from drug suppher

(stmufar to pills)

MULTIDOSE

More convenient for

the patient

The device becomes more complex because I
means to load multiple doses are
requiredAlso, means for displaymg number
of doses left arerequiredDevice may be
more prone to malfunction owing

tojamming or improper indexing

RESERVOIR

Multidose and dose
titration easy to
mplement,

Convenient

Powder not generally well protected afler
reservolr 1s opened, physical and/or
chemical characteristics may deteriorate
with time, Biological contamination may be
an 1ssue, Metering of the dose 1s cariied out
by the device. which mcreases the device
complexity, metering often is not
adequately controlled because the physical
characteristics of the powder are often

unknown at the time of dosing
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Fhe  Intermational Conference on Harmonization (I1CH) “has !dcnuﬁed Slabllll)

:equnemen(s -for toom mmpemuue storage and testing ntervals It recommends that

e dry powdets’| be @lmed at 25°C and 60"0 RH for real-ime LOHdlllOﬂb at 40°C and 75%

RH for accelerated. condltrom, and 3()°L dﬂd 60% !\H |! smmhednt chanoe 1S

observed at deu.[t.r'ued eondttmns Ihe ICH rewmmen(h testing samples every 3

monlhs for the first yedr every G-months im the second year, and yearly thereafter In

addttion to these queranlb -the l DA \Ugbb.\lb a storage condition at 23°C and 73%

= RH f significant elmnge 15 observed at the accelerated condition Six-month data

'_.i\ ould be required at the time:ol the New Drug Application (NDA) subnusston. and

the study must cover | year

- 2.7 LIPOSOMES

" Liposomes ate nucroscopic vesicles composed of phospholipids bilayers surrounding

aqueous compartments- as dCSC:rleCd by Banghany et al (1965) -Presently. liposomes

arc one of the most extenstvely mvestigated systems for controlied delivery of drug to

the respitatory tract Liposomes offer-various benefits for drug admmustration to the

 Lespiratory tract like

- »

However. their use also encodnters certain hmitatioris such as-

>

Have relatively . low to‘uerty as _they are prepared wrth phospholipids
endooenous to-the lung as surfactants

Can be prepared with wide range of size, ranging from 20 nm to l mm

Can mcorporate both hydrophlhc and hpophrllc drugs ~~ - -

Their abxmy to solubilize poorh water so!uble substances facrhtate the:r

nebulization - -

They serve- as brodeoradable pulmonary reservorr “with prolonoed pulmonar\ )

} resrdenee tunes They decrease mucocrhary clearance due to’ therr surface.

viscosity. - - . . s -

Can be exploited as a targeting dévnee to mdividual cell population with in the -

lung, speciﬁcaily to the -infected or immunologically impaired - alveolar

‘macrophages and the lung epithelium.

O Iy potent drugs can be used since a patient can endure only a modest

" - amount of pamculate and l:prd burden in the lung per dose. .

" Poor storage stability of the hposomes, but this can be overcome to a large

extent by lyophilization.
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Y ] umwmu p:qmmlmm are dzl!;cult to admmster L\(A.pl by mbuh/dlmn bhut

stabiiy upon ncbulization 1s a concern .

> The cost _iactor 15 @ serious constramnt - .- N
2.7.1 COMPOSITION OF LIPOSOMES
-2.7.11 Phospholipids -

Llpgsonies cim_” be formed fiom 'many diffeient phospholipids (Fyirell et al; 1976)

Phosphatidy! cfm};nc (PC).. phosphatidylserie (f’S),_ ph()z’;phaird) lelveerol (PG~

phosphmld‘)flclhunolamxn(: (PE), and phosphatidylmositol (P1) are widely used natural

4phosphbhpld%~ Other :,ynlhcllc phospholipids which are used to prepare liposomes

wclude,” dipalmitoy! phospimudyl cholme (DPPC ),_dunvnsloy! phmphdud\,flcho!zm -

{DMPCQ), dxoluoﬂ phosplnudylchohne {DOPC), dlsteax)l phosphdnd\l LhOhnL ’

(DSPC) etc (New 1990 and Lastc 1998)

2.7.12 Steroids - ; o

Cholesterol does not, by itself, form bilayers structures, but it'can be 111.co<rpomlcd nto -

phospholipid mémbranes in high concentrations. Bemg an amph:palhu nmolecule,

chalesterol mnserts mto the membrane with its hydm\cyl group orsented towards the

aqueous sqrfa__c,e, and ahphatw chain aligned parallel to the acyl (;hams-m the (,enter of

bilayers (Betageﬁ 1993) » ) A

2.7.13 Autioxidant - S L

All ‘the liposomes undergo auto-oxidation even n the.presencé of tiace amounts of

- ‘oxygen and this process s accelerated by elevated ~tenipérature Iwht‘ méfal‘:ons and

some squtes Incorporation of a-tocophero! mto I:posomes has becn rf:ported {Hunt

_and Tsang, 1981) to prolon° the characterstic induction plnse of auto oxidation - .

Addition of 0 | mole% of o.—tocopherol roughly doubles the mductlon time relatwc to

liposomes contammv no a-tocopherol. it was established that a-tocopherol suppresses -

the oxxdfmcm of PC liposomes by scavencmo both, the aqueous radicals dltackmo'

from outside of the membrane and lipophilic’ radlcals within the membranes (Etsuo, -

1989) ' \ : _, -

2.7.14 Other Non-structural Components -

Charge inducers such as Diacyl glycerol, Stearylamine and dicetyl ﬁlmsphate have

- been incorporated nto liposomes so as to impart either a negative or a positive surface
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charge (o these stiuctures Many single cham sutlactants of number of- single and
double cham hpids having fluorocarbon chams and also compounds hke quatetnary
ammonium salts and dialkyl phosphates (Ringdot! ¢t al | 1988) can also be used o

form liposomes”
2.7.2 TYPE OF LIPOSOMES - » .

Different types -of liposomes can-be prepared and are classified by the s;/cv and
-structure A mulu&!amcllhaz vesiele (MLVS) consists of numerous concentrie brlavers
séparalcd by aqucous spaces and range up to 15 p[m in_diameter Vesicles consisting
of a-single bilayci cnéomp‘assmg a cential aqueous compartment are referied o as

small unidameliar vesicles (SUVs), which range upto 100 nm mn diameter and large

unilamellar vesicles (LUVs) ranging from 100 to 500 nm 1n diameter
2.7.3 METHODS OF LIPOSOMES PREPARATION

There:arc? at least fourteen Major published methods for making liposomes (Ostro MJ
a;ld Cullss, i98£)_. Martm, 1990) The ;e\m most commonly employed methods are,
Lipid film hydration method (Bangham et al , 1965) E_lhanol mgection method (Batzn
and Korn. 1973y, Ether rﬁfus:on method (Deamer e;ud Bangham. 1976) , Detergent
dralysts method (Kagawa and Racker) , French press method (Barenholz et al , 1976),
Reh;/drat‘ton—dehﬂ*dratxon.‘ techniques (Slxe;\ and Deamer, - 1985) °, 'Reverse phase

evaporation method (Szoka and Papahadjopoules. [978)
2.7.4 LIPOSOMES AS A NASAL DELIVERY SYSTEM - -

The relationship between the ngidity of liposomal membrane and the absorption of
insulin after nasal adminsstration of liposomes modified with i]le enhancer coptzﬂmng
Insulin was studies in rabbits (Muramatsu et al, 1999) ) The rigid hposoxﬁ;ﬂ“
membranes _render liposomes stable and thus prélect the Insulin from enzymatic
degradation Soyabean derived sterol (SS) or its stearyl glucoside (SG) was employed
as an enha;xcer. Dipalmitody! phosphatidylcholine (DPPC) hposomes moditied with
SG had .increased the fluidity of the hydrophobic group of the liposome bilayer-
compared with the liposomes modified with Chol (CH) or SS, however, the fluidity of -
the polar group of the liposome bilayer was decreased at 37°C. This indicates that tﬁé
ﬂuxd1't3' of the- hydrophobic g}oup of the liposomal bilayér is responsible f;Jr_ the
" increasé of liposomal leakage and the stability of the liposomes. When insulin was

admunistered nasally as solution in rabbits. no hypoglycaemic effect was evident The
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’ ,charged nasal mucosa. =

admuustration of msulin contamed i -DPPC/SG liposomes with high fluidity fead o a

high glucose reduction over a period of 8 lmurylunycvcf, DPPC/SS and DPPC/CH
llposmms wnlh low llmdlly cdused fow gluco reductions  These resultsindicate that

llposomcs modmcd wnlh SG can bc a promlsuw cartter for nasal delivery of drugs

Thc Toading and lca‘kaﬂechamclcnshcs of lhc«le‘:,moplcwwcoméumnﬂ liposomces and

- the effect of liposomes on the nasal micosa permeation and anti-diuresis ol
dcsmoprcsmn were mvcsugatcd (Law ct al, 2001) Ihgher loading -cfficiency of
desmopressin for posttively charged liposomes than negatively charged hiposomes

was obtamcd; and neutral hiposomes resulted mn a similar loading cfficiency as that of

positively .charged hposomes :Greater leakage of dcsoloprcssm from ncgatwcl) '
charged liposomcs lhan from positively charﬂcd and ncutralvl:posomes‘ was shown

The mcrease of pcrmcabnhty of desmopressm through the nasal mucosa indicated
posm\'el} clmrm.d lxposomes>neoatwe!y charged -liposomes>solution It was
sugge:,tcd that the .enhanced contact txmc of posmuly clmroed liposomes with

negatively. charged nasal mucosa led to a high local d;mnoprcssm concentration on_

the penetration site to promote an eﬁccuve penetration of desmopressimn lhrouuh the

nasal mucosa. The dcsmo;)rcssm anti-diuresis result after intranasal administration

‘was in good agreement with the pcrmcabxltty result in the order of positively charged

~l1posomés>rlegam ely charged liposomes>solution One of the mechanisms for the -

explanation of .the best result on the enhancement of anti-diuresis for positively

charoed—hposomes may be the bioadhesive effect of llle.’llposbrfl'es on ‘the negatrvely

The na:nl adnumstratlon of large protem molecules quch as "‘-CSF -and

erythropoxetm ~can also be achieved Vla lhe nasal routes llowc\ er, not surprisingly.
the quantities delwcred will be. less than those aclucved for- moleculcs ol lower )

molecular weight, such as calcntomn and sulin R _—

2.7.5 LIPOSOMES AS PULMONARY DRUG DELIVERY SYSTEM _ .

One of the percclved benefits of liposomes as a drug carrier 1s based on their albxlity to

alter fei;'orabl)' the pharmacokinetic [_;roﬁle:’ of the encapsulated ‘species and thus .

provide selective and prolonged pllgmxacblogrcal effects at the site of-admunistration

- Administration of llposomcs to the respiratory tract 1s particularly attractive because -

of the acceésibllny of the lung as a-target organ, the compatibility of hposomes and



lung suilactant components, and the need for sustamed local therapy followmng

inhalation  Conscquently, numerous studies have explored- the cflect of frposomal

éncapsulation on_the distribution and fate of compounds adminssiered dueetly to the

lung by cither intratracheal mstllation ot mhalation

The range of drugs that has been investigated for pulmonary delivery via liposomes

parallels the general interest m liposomes as drug carriers for anticancer and antibiotic

agents, peptides and enzymes (Table 5 6)

Table 2.6: Potential Therapeutic Applications of Liposomes Based Systems in

Lung Delivery

DRUG CLASS -

DRUG

REFERENCES

Anticancer agents

Cytosine arabinoside

Juliano and McCullough, 198(j

Antibiotics |

Pentanudine

Enviroxime

Benzylpenicillin

Gupta axiq Hri;key. 1991 .
Jobe and thegamt, 1987, Garcon et al .-1989)
Mihalko et al , 1988 )

Qxygetl scavengers

Superoxide dismutase

Padmanabhan et al., 1985

- Glutathione Jurima-Romet and Shek, 1991
Bronchodxlaiors Metaproterenol McCalden. 1990
- Bitolterol mesylate McGurk et al , 1987
~ | Salbutamol Jurima-Romet et al , 1990 -

Sterods Hydrocortisone-21- Jurima-Romet et al., 1990

octanoate » . -

Stanozolol McGurk et al , 1986 . :
Antiallergics -| Sodium cromoglycate | Abraetal . 1984

Oxytocin

2.7.51 Formulation factors Influencing Drug Release

Mithalko et al., 1988

The rate of drug release from liposomes is a critical factor m determuning the duration

of activity The pulmonary absorption of liposomal carboxyfluorescein has been -

demonstrated to be lipid dose dependent with higher amount of phospholipid showing
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higher 1ate of absorption (Woolficy ct al, 1988) Swmilarly negatnely charged
\gpéxcles were absorbed twice as fast i comparston (o neutral vesicles Composttion
and size of lipesomes -also alleet the absoiption profile (Abia ¢t al, 1990) The
presence of cholesterol and  phospholipids  with  saturated Iudmcarbon -chams
increased the drug residence time within the lung Amphipathic compounds like «-
tocopherol improve the tetention of hiposomally éntrappcd diug wr the rat Iung'
following intatrachcal mstillation (Suatres and Shek, 1994)  The spreadmg of
liposomes at he alveolar surface mereases by the nclusion of phosphatdsy ! glycerol,
potentially dcdwusmg‘\:csw!c stability and acceletated drug ielease (Oyarzun ¢t al |

1980).

2.7.52 Performaunce.of Liposomes during Acrosolization:

If liposomes are mtended (o act as multiumt slow release reservorrs i the fung or as
target-selective pulmonary drug carriers, they must retamn thew mtegrity during
aerosolization 1t has l)éell i1§poihelrzéd that shear-forces during the aerosolization
process may transiently disrupt phospholipid bilayérs leading to loss ot‘eﬁcapsulated .
drug (Gilbert et al. 1988) During aerosolization of hiposomes the drug loss may
occur along with the change_ n average vesicle size (vTaylor et al . 1990) The leakage
of drug from the hposomes reaches maxtmum as the aveiage fiposonie size

- approaches the;drbplet-_mze (Nﬁ/en et al . 1991) The loss in encapsulated drug can

also be attributed to thé physical shearing of ljpici'((_}:lbert etal, 1988)



2.8 DRUG PROFILES

2.8.1 LEVONORGESTREL (BAN, USAN, rINN):

Levonorgesticlum, D-Norgestrel, Wy-5104 (-) 13{&4{{{\_\"!-17[5-h_ydm,\y_-lS,l‘)-dmdl-:

7u-pt cg11l4-9n -2 ()-—}'11-3 -one

_Levonorgestrel

2.8.11 Physical Properties .
Ph Eur A w hite-or almost white crystalline powder Practically msoluble 1n water.

slightly soluble in alcohol; sparmgly soluble 1 dichloromethane Protect from light

USP 25 A white or practically white, odourless powder, practically insoluble m

water, shgﬁtly soluble in alcohol; soluble 1n chloroforni Protect from light.
2.8.12 Mechanism of action .

Like other I?rogesteronés, LN inserts its contraceptive effect by thickening cervical -

mucus and also mhibiting ovulation
2:8.13 Pharmacokinetics

Levonorgestrel 1s rapidly and almiost completely absorbed afier administration by
mouth, and undergoes little first pass hepatic metabolism [t ts highly bound to plasma
proteins: 42-62% to sex hormone binding globulin and 30-36% to albumin. The
proportion bound to sex hormone binding globulin 1s higher when 1t 1s given with an

-estrogen LN and Norgestrel are metabolized n the liver to sulfate and glucuronide

" conjugates, which aré excreted in the urine and to a lesser extent in the facces.-
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2.8.14 Side effects

liregular bleeding, mastalgia, headaches, amenotthoca, breast cancer,  cervical

neoplasta, and rarcly hepatocellular catcinoma Pregnancy,  unexplamed vaginal
bleeding, and breast cancei—preclude use of the method

2.8.15 Use

e

Levomnﬂeslréi (LN) has been used for many yeats both alone (in low doses) i the

prouesmoeu only pill (POP) and in combination with estrogen m COC preparations

- for contiaception m females lmpl‘mls arc also available

i

- Polarographic Analysis:

2.8.16 Méth(}ds of Estimation

UV Spectrophotometry .~ ‘ L

Levonorﬂeatml can be analyzed in pharmacwllcals at absor bdnCL maxima ol 740 nm

i 85% ethanol/methanol n water Convers:on to active gly ovalyl dervative, \\hu,h

praduces absorption maxima at about 244 nm and 318 nm was described Other_

methods are also been described . - . ) .

Colorimetric analysis:

Reaction with INH reagent leads to development of coloured species with absorption

‘maxima at about 380 nm This method 15 also stability indicating

‘Other reagents used are Dlmtrophenylhydraime; Blue Tetrazolium, 2,6-Di-tert-butyl-

p-cresol

Fluorometric Analysis * - ]

Sulfuric acid-induced fluorescence- with an enussion imax of 520nm with an

excitation Amax of 460 nm was used. In other method sodwuin hydroxide and

potassium tert-butoxide were used to produce fluorogens These methods were

suitable for measurement up to nanogram levels
Titrimetric Analysis: -~~~ SRR

LN can be titrated in silver nitrate in tetrahydrofuran with sodium hydroxide

LN can be estimated by polarography in alkaline isopropanoi



Chromatographic \nalysis:

Various chromatographic techmques mcluding  Hun-Layer Chromatography, Gas

" . chromatography, Column Chromatogiaphy have been used for estimation of N

282 LEUPRQLiﬂl)_E ACETATE

- “Leuprohde acetate 1s a synthetic nonapeptide analog of naturally ,uccurrmg‘ i

“gonadotropin-reicasmg hormone (GnRit or LH-RH) The analog possesses greater -

potency than the natural hormone  [he chemical name 1s 3-ono-L-proly -L-histidyl-L-

1ryptophyl—'L-Scryl--L’—()TOS)’I-D—I@&C_\'ILL-leucy!—L-arglnyl~N—-cthyl~L~pr0~hnamxde o

- acetate (salt) with the followmng structural formula .~

) .- e _ : .
Hoo¢ OH- ‘ weoew [T Tey
??x~i’l G- g gw gl [ lz;!
‘:-en,~c»r:~cl-n~c W u-f;wz*—w?fnc AR I Aedeorget e , CHE00M

i i oo
u CHy % CH, - OH: t[A 2 (I:g«“\ )
: -
- . + UH o, DHy GH CHCH - [N - I - -
| j ‘ i .
M ] Oy ‘;‘3&, ?(i;. A
$ - tH :
w‘g\\. "’\g\\ “ t
T } - . ":-’sxn - -
M -
- 1 . -

2.8.21 Physical' Properties )

A white or almost white, crystaihne powder practically mnsofuble m water freely

g

- >oluble mn met1131u1c chlotide, sparingly soluble alcohol

2.8.22 Mechamsm OfActmn - LT

Leu()rqhdq is a synthetic analoyg of gonadotropin releasing hormone (GnRH) acting

mamly on the- pituitary gland iAn)humans. Cc}nxt111110Lxs treatment produces initial
stimulation (3-4 days), then suppréssxon of hormones to castrate or post-menopausal
" levels (2-4 months) In'males, the hei.effect 1S ’a reduction of testosterone to castration
levels within two to” four weeks In females, both ovanan estrogen and androgen-

synthesis are mhxb;ted

;.8.23 Pliatmacokinetics

LEU is not active when giveri orally but is well absorbed following subcutaneo_ds-or

_ intramuscular wjection. In vitro binding to human plasma proteins ranged from 43%
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to 49% In healthy male volunteers, a | mg bolus of leuprolide admumustered
inttavenously tevealed that the mean systemic cleatance was 7 6 L/h. w uh a tumuml

elinuntion hal F [tfe of approximatcly 3 hours hascd on a twn-comparhm.nl modd

2:8.24 Side Effeets - . - o - .-
Adults LEU mzi_x cause nausca, vonuting, hot flashes. mghlrm\'czus* bone pam,
5\\;cllixlg of feet and ankles, headache. or difficulty uninating the first few days as you
body adjusts to the mcdic&ipoh LEU-may cause reduced seual desire: Sometimes 1t
may also cause raptd heartbeat, chest pam, breathing dufficultics, fever. chills, pamful
ut mation, testicular or prostate pam (men), peisistent ititation at the injection sile
Children - LEU may cause general pain, acne. irntation at 111_|ect;01\ site. vagu;al '
inflammation or discharge (females) The niedxcét:on may rarely cause swelling of
hands or feet., weight gam, headache, nervousness, drowsiness, nausea, \omiting,

“gmgnitis, or trouble swallowing

2.8.25 Uses

LLEU is a synthetic hormone When it 1s used. the body stops producing testosterone - -

“ hofmones n males and estrogen hormones in females When the medication 1s
stopped, hormom. levels return to normal Leuprollde 1s used-1n the treatment of”
prostate cancer iy men, early puberty n children, and anemia (due o uterme hbmld

tumors) 1n women LEU may also be used for ovanan or breast cancer in women
2.8.26 Methods for Estimation (Akwete and Hsu, 1993) R
Ultranolet Spectroscopy - s -

UV spectra of Leuprolide acetate ;avé' absorption maxmma at 240, 580 and 289 nn{
with molar absorptivities 14,360, 6662 ‘and 6536, 1n 0 1 N NaOH, respectlvel) The -

absorption maxuma in 0 1% HCI were at 278 and ?88 nm with motar abscrpnwtets of

6347 and 4713. respectwely R -

Bioanalysis

The methods are based on receptor binding techniques (Marshéill and Qdel!, l975')."
- LH release (Vale and Grant, 1974) \ - ' I



Chromatographic Analysis:

HPLC

Chromatographic purity method usmg BroSil ODS-585 column and Nucleosit 10
column was 1cported  The methods are sensttive for detection of mmpurities at 0 -
0 2% especially Tor those cluting prior to an immediately followmg LU

TLC

lhe TLC procedure was carried out using a solvent system consisting of chloroform
methanol  32% acctic acid (60:45 20) and sprayed with 1% potassium 1odide/1%

soluble starch solution on Silica gel GFysy plates
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