CHAPTER II
LITERATURES REVIEW

1. Nasal Route of Drug Delivery

Conventionally, the nasal route is used for delivery of drugs to treat local diseases
such as nasal allergy, nasal congestion and nasal infections. However, this route can also
be exploited for systemic delivery of many drugs including peptides and proteins that are

not easily administered by the oral route, or where a rapid onset of action is required. The

_ in the crisis treatments such as pain
and migraine, and for centrally ac 4 drugs putative pathway from the nose to
the brain might provide a faster aid o@spe@lmc effect (Illum, 2003). The

possibilities for the use " ity ffor
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The bioavailability of a drug and its therapeutic effectiveness are often influenced
by the route selected for administration. For a medication to achieve its maximal
efficacy, a drug should be able to be administered easily such that better patient
compliance can be achieved. It should also be able to get absorbed efficiently to
accomplish greater bioavailability. The nasal route appears to be an ideal alternative to
the parenteral route for administering drugs intended for systemic effect in view of the
rich vasculature of the nasal membranes and the ease of intranasal administration
(Hussain, 1998). ‘

Several advantages can be achieved. ';’;6 livering drugs intranasally. First,
there is an avoidance of hepatic “first pass’ elmuﬂﬂijn as well as gut wall metabolism
and destruction in the gas@;étjna! lu ‘{an. Second, tﬁg rate and extent of absorption

and the plasma conceW

comparable to that obtained.

iSus’ time profile, in _many cases, are relatively

venous medication. Third, the nasal mucosa is rich in
vasculature and highly pe eby ffa(;ilitating systemic drug absorption. These
advantages have made
delivery (Behl et al., 1998 oy |

1.1 Anatomy of th e ”?‘ 4

cosa a?asxble and desirable site for systemic drug

In studymg drug bsoxpﬁon from‘éﬂuﬁ nasql cavity, it is essential to have a

recommendations of mt{:anasal medication. —

The apparem external nose surrounds the nostrifs and one-third of the nasal
cavity, which in its entirety €onsists of a 5-cmi high and 10-cm long dual chamber. The
total surface area of both nasal chambers is about 150/cm? and thetotal volume about 15
mL. Approximat€ly 1.5 cm from the pares is the narrowest portion of the entire airway,
the internal ‘ostium (of nasal valve), with'a cross-sectional area of about 30 mm? on each
side. The nasal valve accounts for approximately 50% of the total resistance to
respiratory airflow from the nostril to the alveoli. Each of the two nasal cavities is limited
by the septal wall and the lateral wall, and is also dominated by the inferior, middle and
superior turbinates (Figure. 1 and 2).

The turbinates are important for maintaining the slit-like cavity, thus
facilitating humidification and temperature regulation of the inspired air. Under and

lateral to each of the turbinates are passages called the inferior, middle and superior
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meatuses. The inferior and middle meatuses receive the openings of the nasolacrimal
duct and the paranasal sinuses. The middle meatus is an important anatomical area in the
pathophysiology of sinus disease. It has a complex anatomy of bones and mucosal folds,

referred to as the ostiomeatal complex (Mygind and Dahl, 1998).

NV, nasal vestib ; ¥ _- tu 4 é;{.fia of the nasolacrimal duct;
MT, middle turbinate di'o i o4 ; si us,'-.\ant:erior ethmoidal sinuses and

maxillary sinus; Si X

The upfle
nasal modifications o j"\e inspired air by fi nmidification and warming are
I B
considered to be prime-functions of the nose in man (Proc&'al, 1985). To carry out these

functions, the e ﬂﬁr | thgmo ow, remove any noxious agents, and
introduce largeéjaﬂ f i%t r stre E]p] ﬁ ﬁ
'I‘helq"I nasal passage, which'runs from the.nasal vestibule &ithe nasopharynx,

o 8 T |25 ] A 0 6 B e
close contact with the mucus, which protects the mucosa from the inspired air. There are
three functional zones in the nasal cavities; namely, vestibular, respiratory, and olfactory

areas, which are arranged anteroposteriorly in this sequence of order (Chien, 1989).



from t mldlme (A) and section through the main
folds of turbinates, and airway (B).

L, 'f'f 1

regions just inside the nostrils th area of_ibdht 0.6 cm? interspersed with long hairs
which help to filter out airborne’ partleles ltssﬁrﬁte is. covered with a common stratified
squamous epnthehu;ln-l' which_ J ” ely into a pseudostratified
columnar epithelium that covers the respiratory epithelium. -

The resp'rrgtory epithelial cells are covered b"y-microvilli and the major part
of these cells is also coveréd with cilia, These cilia, which are long (4-6 pm) and thin
projections, are¢ mobileland b‘eth with a frequcndy off 1,000 strokes per min. The beat of
each cilium consists of a rapid forward movement, where the cilium,is stretched and the
tip of the cilium reaches into the mucus layer and (carries this forward followed by a slow
return beat, where the cilium is bent émd moves in the sol layer that lies beneath the
mucus layer. In this way the mucus layer is propelled in a direction from the anterior
towards the posterior part of the nasal cavity. The mucus flow rate is in the order of 5
mm per min and hence the mucus layer is renewed every 15 — 20 min.

The olfactory region, a small patch of tissue containing the smell receptors,
is located at the very top of the nasal cavity near the inner end of the upper throat. In man

it covers about 10% of the total nasal area as opposed to, for example, in the dog where
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the area constitutes 77% of the total nasal cavity. The olfactory area of about 10 cm? lies
above the middle turbinate between the nasal septum and the lateral wall of the main
nasal passage. The olfactory epithelium is pseudostratified columnar in type, and consists
of specialized olfactory cells, as well as supporting cells and both the serous and mucous
glands. The olfactory region consists of several million tiny ending of the olfactory
nerves, whose bundles pass through the cabriform plate and enter the farthest forward
extension of the brain. The olfactory cells are bipolar neurons and act as peripheral

receptors and first order ganglion cells sghematic diagram of the olfactory epithelium
is shown in Figure 3. /

Om = surface of t'_ho-oEEn—eboz;y Ov = olfactory vesicle,
Ci = oltactory ciﬁi dﬁr’ = ‘1 = supporting cell,

.- &‘to:? receptor cell, Ic-l.‘!

1 Flractory gland.

—

| ' f
Fgure 3 Schematic diagram of olfacjtéry epithelium.
[

= o
The anterior one-third of the nasal cavity is covered bysa squamous and

e b L {38 e

whereas ‘the remaining portion is covered by a typical airway epithelium, which is

ciliated, pseudostratified and columnar in shape. The latter epithelium consists of the
following major cell types as shown in Figure 4 (Mygind and Dahl, 1998).
Basal cells
Basal cells, which are progenitors of the other cell types, lie on the
basement membrane and do not reach the airway lumen. They have an electron-dense

cytoplasm and bundles of tonofilaments. Among their morphological specializations are
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desmosomes, which mediate adhesion between adjacent cells, hemidesmosomes, which
help anchor the cells to the basement membrane. Currently, basal cells are believed to
help in the adhesion of columnar cells to the basement membrane. This is supported by
the fact that the columnar cells do not have hemidesmosomes and that they are attached to
the basement membrane only by cell-adhesion molecules.
Columnar cells

Columnar cells (ciliated and non-ciliated) are related to neighboring
cells by tight junctions apically and in qth pcrmost part, by interdigitations of cell
membrane. Each columnar cell is covered b O microvilli, which are uniformly
distributed over the entire aplcalsurface These dﬁnd slender fingerlike cytoplasmic
expansions increase the sw of the epxthehal cells, thus promoting the exchange

processes across the epw

cells corresponds well wit of nagxﬁalrﬂow, mdlcatmg that the density of the

¢ ml rovilli also prevent drying of the surface by

ary function. The distribution pattern of ciliated

ciliated cells is invers gl o th—'li;}ear velocity of the inspiratory air in the
nasal cavity. Consequen rg'are less éii_a in the upper part of the nasal cavity than
along the floor. _'“ . "%1" 4 .

Goblet cells xi:" ‘.ff‘ ‘

Another cell typembaracte%‘i% of an airway epithelium, is the goblet
cell. There are slight tcipographlcal d:ffcre.nces" ‘wiﬂi a la:ger f,umbcr in the posterior than
3 e incaii < n of goblet cells (4,000—

in the anterior part of the-nasal-caviiy.—Hie-ineai- :
7,000 cells per mm ):s ;Zmlar to that in the trachea and the-mam bronchi. The goblet cell

contribution to the volurhe of nasal secretion is probably srﬂall, compared to that of the
submucosal glands,, Goblet cells probably ._re§p§pd to physical and chemical irritants in
the microenvirdﬁmeltts | | ‘ |
Basement membrane
| Thé aplthehum reSts upon @ 1aycr of ccﬂlagen ﬁbrﬂs, which in the light
microscope is referred to as the “basement membrane”. In the bronchi this membrane is
thickened in chronic asthma, while in the nose it is thickened both in rhinitis and in

symptom-free individuals.
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f the majM | types in the nasal airway
1k ith xmcrovnlh B. goblet cell, C. Basal cell and

:.-J"‘]

epithelium: A. non-ciliat

D. ciliated columnar cell.

“of the human nasal cavity are
” ‘ idered mainly to take place in the

respiratory region comprising the tum:eltes
As is thﬁ case for alf ‘blolt'ig

of the nasal septum.

drugs can cross the nasal

: mﬁs ..

: sported transcellularly by an

efficient concentratlon-de endent passive diffusion process, by receptor or carrier

mediation and mﬁ. ﬁﬁﬁﬁm are believed to pass
through the epithe ﬁﬂ VI (the tight junctions).
Althou ’S‘ the ti nctlons are dyndmic structurescthat can open and/close to a certain

Nk Bl d W 1o b B 90, T

paracelhﬂar route will be less efficient for large molecules and is dependent upon the

extent,

molecular weight of the drug with a general molecular size cut-off of ~1,000 Da.

The transport of polar drugs across the nasal mucosa can be associated with
three major factors: (1) low membrane permeability, especially for the larger molecular
weight drugs; (2) rapid clearance of the drug formulation from the nasal cavity as a result

of the mucociliary clearance mechanism; and (3) a possible enzymatic degradation of the
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drug in the nasal cavity. These factors could be important for the peptide and protein
drugs (Illum, 2003).

Lipophilic drugs, such as propanolol, progesterone, pentazocine and
fentanyl, generally demonstrate rapid and efficient absorption when given nasally. For
such drugs, it is possible to obtain pharmacokinetic profiles similar to those obtained after
an intravenous injection with bioavailabilities for some drugs approaching 100% (Illum,
2003). The nasal absorption of more polar compounds is poor, with bioavailabilities not

exceeding 10% for small molecular we ht drugs (e.g.morphine, sumatriptan) and less
than 1% for peptides such as msulm, calcito

/u rolide.
1.5 The Site of Drug-inas:tlon J“ t {&Cavﬂy

Nasal depos icles is relwe individual subject’s nasal
resistance to airflow. T, car/vel

ocity and the bend in the air stream in the
anterior nares results in i proportlon of pa.rtlcles that are small enough

fsal -breh&)mg, nearly all the particles with an
e 50 d pogugd (Kublik and Vidgren, 1998). A
11 pamcleé‘.ls alsc\deposited in the nose, though many

particles which are smalleg'th 2 p_m‘ pass%h thﬁmﬂmed air into the lungs. The
retaining capacity of the upper

to enter the nasal airway
aerodynamic size of 1

significant fraction of the

re;apnqtory tri%:) for particles with size larger than
10 um, and approximately 80 % for icle It drops progressively with further
pm pp y 80 0 Job ey s ps progr y

"J-"-..-, "-f"-l .

reduction in size and approaches zero for partlcles of 1-2 s of 1-2 pm Q(ubhk and Vidgren, 1998).

Insoluble particles,

in | e, are likely to be carried
"
back by the ciliary movspent and dispatched to tl omach | If the drug is introduced as

a vapor or a soluble part' le, it may readily pass into the lining secretion and then be
5“ &

absorbed from ? W EJ "] j‘
posmon 0 erosols in the respiratory tract is a function of particle

ol 1B N 1

also deposned in spots of the middle and posterior portions of the turbinate region and
this non-uniform deposition pattern may be correlated with the flow pattern (Cheng et al.,
2001). The density, shape, and hygroscopicity of the particles and pathological
conditions in the nasal passage will influence the deposition of particles, whereas the
particle size distribution will determine the site of deposition and affect the subsequent

biological response in experimental animal and man. A uniform distribution of particles



13

throughout the nasal mucosa could be achieved by delivering the particles in a form of
fine spray using a pressurized gas propellant.
1.6 Factors Affecting Absorption of Drugs from the Nasal Mucosa
The factors affecting absorption of drug through the nasal mucosa can

broadly be classified into three categories as shown in Table 2.

“Table 2 Variable factors affecting the absorption of drugs through the nasal mucosa

Physiological Factors
e Blood supply and ne
e Nasal secretions
e Nasal cycle
e pH of the nasa
e Mucociliary cle

Physicochemical Factors

Physicochemical properties

Molecular weight
Size

Physicochemical prope
e pH and mucosal firritancy

- omiaa) 819 1N TN

e Viscosity/Density

AW TARN AN TN T

Dosage Form and Device-related Factors

e Particle size of the droplet/powder

e Site and pattern of disposition

\
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1.6.1 Physiological Factors

There are several factors, which have an effect on nasal absorption.
Some of the anatomical factors, such as nasal length, the bend from the nostrils into the
cavity and structure of the turbinates, can directly be related to deposition in the nasal
cavity. Nasal deposition depends on the size and shape of the nose (Kublik and Vidgren,
1998). It can also be correlated to body length and weight and increases with decreasing
age for a given particle size and flow rate. Absorption by the nasal route is facilitated by
a highly vascularized epithelial layer wqth r fOOd blood flow, the presence of venous
sinusoids and arteriovenous anastomosis giv | mucosa being a high permeable
site. The nasal cycle of gongestlon (more!_sﬁ_ blood supply resulting from
parasympathetic stlmulatlgg),.and relaxa on (decreased blood supply resulting from

sympathetic stlmulatlonyegﬁ(

the rise and fall in amounts of drug permeated,
respectively (Revington, 1 /,

serﬁmu_’gus s glands are responsible for the production

of nasal secretions. Appsoximat: ,y l 5 21 uﬂ, of mucus is produced da|ly The mucus

which the cilia beat and a su rﬁ}cjﬁﬁﬁ!ank gel is moved forwards by the tip of the
cilia. The absorption of drug through_{he namgélﬁcosa is affected by viscosity of nasal
secretion. If the sol laier of miiicus i 0o thmﬁhé Viscous szu'facc layer will inhibit the
ciliary’s beating, andw Fthe-s0k-dayei-is-100-thick, imucocitiary-is impaired because contact
with cilia is loss (Mart‘f{m etal, 1998) Drug needs to be soﬁlblllzed before it permeates,
in addition to almost Of nasal secretion contain water. Aqueous solubility of drug is
always a limitation, for_nasal"drug deliyery in '§olut‘i‘on.: Thus,.a drug needs to have
appropriate physiochemical chdract’eﬁstics of dissolution in nasal sedretions.
pH of nasal cavity -

1 "ThepH of the human ndsal cavity vaics between 5:5-6.5 in adults and
5.0-7.0 in infants (Washmgton,2000). Greater drug permeation is usually achieved at a
nasal pH that is lower than the drug's pK, because under such conditions the penetrated
molecules exist as unionized species (Huang et al., 1985). A change in the pH of mucus
can affect the ionization and thus increase or decrease the permeation of drug, depending
on the nature of the drug. Because the pH of the nasal cavity can alter the pH of the
formulation or vice-versa, the ideal pH of a formulation should be within 4.5-6.5 and if

possible the formulation should also have buffering capacity.



15

Nasal mucous and mucociliary clearance

Airway mucous is composed of water (95%), mucous glycoproteins
(2%), other proteins including albumin, immumoglobulins, lysozyme and lactoferin (1%)
and lipid (<1%) (Kaliner et al., 1984). The submucosal glands are the main source of
mucous glycoproteins that provide mucous with its characteristic viscoelastic properties.
The mucus glycoproteins consist of a protein core (20%) with oligosaccharide side chains
) (80%), cross-linked by disulphide and hydrogen bonds. Mucous can cross-link and
produce a vil%coelastic gel and can form a mechanical coupling with cilia and be
transported by them. Nasal secretion’s ! )9 ;onsidcrably lower viscosity than

tracheobronchial secretions, but a comparable ¢ and elasticity is more important

than viscosity for mucus trinjggg,i
Clearance is one of the most important physiological

Nasal mw

material inhaled. The nasal mucecilliary cleare'nce system transports the mucus layer that
covers the nasal epithelitim gowards the: zpharynx by cilliary beating (Marttin et al.,
I

y tract to proteet the body against any noxious

]998). There are approx' at vé cifiated cells for each mucus cell, with the average

towards the nasopharynx, where* thg%are swﬂfﬁVed mto the stomach. The cilia also

transport some matenals anterlorly;fwhlch arbr,subﬂequently removed by nose blowing or

possible effects on the"‘r{asal mucocmary functlons =

Whenevé:r a substance is nasally administered, it is cleared from the
nasal cavity in ~21 min (Marttm et al, 1998) by mucocnhary clearance. Reduced
mucociliary clcarance increases the fime | of \contact betwéen a drug and the mucus
membrane and subsequently enhanceg drug permeation; whereas, increased mucociliary
clearange decreases drug pefme‘atioh. ‘Some| drugs,| hormonal changes of the body,
pathological conditions, environmental conditions and formulation factors are reported to
affect the mucociliary clearance and in turn exert significant influence on drug
permeability (Schipper, 1991).

Pathological conditions

Diseases such as the common cold, rhinitis, atropic rhinitis and nasal
polyposis are usually associated with mucociliary dysfuctioning, hypo or hypersecretions,

and irritation of the nasal mucosa, which can influence drug absorption. In people
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suffering from severe nasal allergies, an excessive nasal secretion can wash away the
formulation before the drug has a chance to absorb through the mucosa or before acting
locally (Proctor, 1985).
1.6.2 Physicochemical Factors

Specific types of dosage forms which are used to deliver
formulations into the nose are important in determining the nasal absorption profiles of
drugs. Choice of a certain dosage form generglly depends on the physicochemical
properties of the drug, the therapeutli ‘L';r the basic compliance of the patients and
marketing issues, the most suitable deli nd formulation strategy have to be
chosen. The basic formulan&ic solutl ion, emulsion and dry powder

systems must be conmde@ble <:§vcry Wlen and Chang, 1987).

paratlons mmg solutions or SUSpCl‘lSlOﬂS

are delivered by meter- ‘ rays, which are more sophisticated drug delivery

device than those in the eatly day ; _gvg, ﬂq\ud preparatlons are the most widely used

together to determine iijlg absorption. A large ber ﬁ therapeutic agents, peptides

and proteins in particular,have shown that for ¢ mpounds >1 kDa, bioavailability can be
24 v

directly predlcﬁ unE(J\J\ge% EJ]\W ‘ﬁg mﬁgllablhty of these large
uang,

molecules rangesfrom 0.5% to 5% (Donovan an the case of lipophilic

;zzt:q:m:rm:mw&:jﬁmmﬁf e

et al. and McMartin et al. it can be concluded that the permeation of drugs less than 300
Da is not significantly influenced by the physicochemical properties of the drug, which
will mostly permeate through aqueous channels of the membrane. By contrast, the rate of

permeation is highly sensitive to molecular size for compounds with MW >300 Da.
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Solubility
Drug solubility is a major factor in determining
absorption of drug through biological membranes. It not only limits the drug absorption
rate, it can also limit a formulator’s ability to formulate a product if the drug is not
sufficiently soluble in the desired vehicles (Behl, 1998). As nasal secretions are more
watery in nature, a drug should have appropriate aqueous solubility for increased
dissolution.
Ltpophtlzcuy
On mcreasnfgécf) hilicity, the permeation of the
compound normally increases through nassl mucosaf__/ln.a study conducted to characterize

the barrier properties of mﬁ:_g;al;membr ies, it was found that the nasal mucosa had the

highest in vitro transport,both/ the model hydrophilic compound, mannitol, and the

ne. Although the nasal mucosa was found to have

systemic bioavailability of nian drugs ‘(Corbé,"‘19§9) \

artitétid coe/ﬁ@}md pK,

As ~the pH tE-'tlﬁon theory, unionized species are
absorbed better compared with" jonized spectds"hnd‘the same_holds true in the case of
nasal absorption. The. e» ption-of weak electiolytes stich as salicylic acid and
aminopyrine was foun{-to be highly dependent on their degee of ionization. Although
for aminopyrine, the absérptlon rate increased with the mcrease in pH and was found to
fit well to the theoretical profile, substantial deviations, were observed with salicylic acid.
The authors concluded that perhaps 4 differenttransport pathway, @long with the lipoidal
pathway, existed for salicylic acid (Hirai, 1981). .Similarly, whenythe absorption of
benzoiceatid \vas studied af pH 7.19 (99.9% of the drug existed in fonized form) it was
found that >10% of drug was absorbed indicating that the ionized species also permeates

through nasal mucosa (Huang, 1985). Based on all of the observations, partition

coefficients were discounted as a major factor effecting nasal absorption.
1.6.2.2 Physicochemical properties of the formulation

pPH ‘and mucosal irritancy
The pH of the formulation, as well as that of nasal

surface, can affect a drug's permeation. To avoid nasal irritation, the pH of the nasal
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formulation should be adjusted to 4.5-6.5 (Behl, 1998). In addition to avoid the irritation,
it results in obtaining efficient drug permeation and prevents the growth of bacteria.
Osmolarity
Ohwaki et al. (1985) studied the effect of osmolarity on
the absorption of secretin in rats and found that absorption reached a maximum at a
sodium chloride concentration of 0.462 Osmol, because shrinkage of the nasal epithelial

mucosa was observed at this salt concentration. Generally, an isotonic formulation is

preferred (Behl, 1998). ,
Vtscosu‘y //

xgher VlSCO formulation increases contact

time between the drug an@ muc a thwgng the time for permeation.

At the same time, highly mulations mterferegviv‘lfh the normal functions like

ciliary beating or mucociliz ¢ an: us alter the permeability of drugs.

clear positive relationship ¢/absor o’?{ﬁnﬂ drug %)ncentratnon However, it may
not necessarily mean that nas abs@jt;on d&séhot oceur via passive mechanism. There
are many other confounding fach&chJ;@ﬁuenw the nasal membrane transport
mechanism. Several studies have rcaorted ihé@fkcl of dru dose on nasal absorption,
e.g. calcitonin (Tha ' g < )-and.sccretin {Ohwakiet al., 1985). In general,
higher nasal absorption-or therapeutic effect was
volume that can be delivered to the nasal cévity is restriét(r‘.‘d to 0.05-0.15 mL with an
upper limit of ee lored to use this volume
effectively inclﬁuﬂﬁ %uﬂfﬁﬂ %ﬂ j ﬁ ancing agents.
& 6 3 Dosage Form and Device-related Factors

Q W ’] a Yﬁbﬂm IM%@’% d'ﬂrﬁ s’y}tﬁs E«}lch have long

been used for the delivery of drugs to the nasal cavity, such as nasal spray, nose drops,

/ed With increasing dose. The

saturated cotton pledget, aerosol spray, and insufflator (Proctor, 1985). Nasal drops are
the simplest and most convenient dosage form but the exact amount that can be delivered
cannot be easily quantified and often results in overdose. Moreover, rapid nasal drainage
is a problem with drops. Solution and suspension sprays are preferred over powder

sprays because powder results in mucosal irritation (Behl, 1998).
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Recently, metered-dose devices have been developed that
accurately deliver drug and used as the nasal delivery system for several topical drugs,
such as corticosteroid, nasal decongestant and systemic delivery. They allow the
application of a defined dose with a high dosing accuracy and a typical spray pattern.
Dose volumes between 25 and 200 pL are available as standard. Spray characteristics
vary according to the pre-compression mechanism, the type of selected pump and valve
and the physical properties of the product (Kublik and Vidgren, 1998). Viscosity,
thixotropic behavior, elastic‘;ity and surfacéi. tension of the liquid determine the spray
pattern, the particle size of the drops, the dds! égdft e dosing accuracy. The form of the
actuator has to be adapted to the required use.‘- ’olj-dﬁgct dosing the tip should avoid the
collection of residual drop's_.:__’l:ﬁe,l'ength of the actuatorTléf an influence on deposition of
the application into the M ial adaptors for children are available on the market.

For safety reasons a capti ! i ffitted into the actuator in order to avoid risks of

liquid ejection without actuétion, to decrease the dead volume in the actuator and to
reduce contamination. b Y 3" ;

Particle size of the &rqi;let /7
rtigle size of the’ éi-di)let produced depends on the shape and
o ‘f '
ga:x;?‘qje size"ﬂ{_h;duced is <10 H#m, then particles will be
deposited in the upper respiratorgf'@, whe "i)article size is <0.5 Fm then it will be
exhaled. Particles or droplets with size between 1050 H#m will be retained in the nasal
A

cavity and subsequently permeated (Donovan and Huang, 1998). Numerous methods for

ol

sizing particles have Bee:r} developed in the past. The most COMMOnN ones are Microscopy,
light scattering, laser hotography, and the cascade impactor"method.
Site and pattern of deposition

The site and| pattern of depgsition is| affected by formulation
composition, the physical form of thesformulation (liquid, viscous, semisolid, solid), the
device msed, the desigh of actuators and adapters, and administration technique (Kublik
and Vidgren, 1998). The permeability of the site at which the formulation is deposited
and the area of nasal cavity exposed affects the absorption of drugs. Dependent on the
product delivered with respect to its rheological behavior, surface tension and required
spray characteristics, the geometry and dimensions of the pump mechanism can be
adapted to fulfill these demands. Special geometries of the orifice determine the spray

pattern and distribution. The cone angle varies between 35° and 90°. A small cone angle
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results in a more posterior deposition, while the wider angle shows a broad distribution in

the anterior part of the nasal cavity (Newman et al., 1987).

2. Calcitonin
2.1 Biochemistry of Calcitonin
Calcitonin (CT) is a polypeptide hormone comprised of 32 amino acids. It is

synthesized and secreted by the parafollicular cells (C cell) in the thyroid gland of
Lin other vertebrates like salmons and eels
1 e basic structure of the CTs is

characterized by a disulfide b@éen the& residues at position 1 and 7 and a

mammals and by the ultimobranchial €

(Deftos, 1981; Stevenson and ‘Pva}lgs

4 .
Figuggjﬁs Amiino acid sequi almoﬂcalcitonin

Theﬂ\iwﬁ %%gjﬂiﬁdﬁﬂ many species. Figure

5 shows the amino acid sequence tonin (salmon CT), one of the most

potent 0 fi F Ts. eﬁ, es. 0 ave identical
swciﬁﬂmiﬁﬁdm.qﬁzmﬁ\jdﬁmt ﬁsﬂlmﬁiml for their
biological activity rather than the species from which they are naturally produced
(Stevenson and Evans, 1981; Singer et al., 1972; and Fischer et al., 1983).

CTs derived from the ultimobranchial bodies of salmons and eels are more
potent than mammalian thyroidal CTs both in vitro and in vivo, and they differ from the
human hormone by 13 and 16 amino acid residues, respectively (Figure 6).

Therapeutically, salmon calcitonin appears to be more potent than other CTs, in part

because it is cleared more slowly from the circulation (Stevenson and Evan, 1981).
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1 2 3 4 56 7.8 9 )01 12 1314151617 181920 2122232425 2627 2829 30 31 32 (o}

Human  CysGly Asn Leu Ser Thr CysMet LeuGly Th Tyr Thr GlnAspPhe Asn Lys Phe His The Phe ProGln Thr Ala lle Gly Val Gly Ala Pro-Cy,”
Rat Leu Ser !
Salmon Ser val Lysleu Ser  GhuleuHis  LeuGln Tyr  Ag  AaThr Ser  The
Eel Ser Val Lys leu Ser  GluleuHis  LeuGin Tyt A AspVal Ala  The
Porcine Ser Val  SerAla TpAgAsnley Asn . Ag  SerGlyMctGlyPhe  ProGluThe
Bovine Ser Val  SerAll.  Tplys lew AsTyr A SerGlyMetGlyPhe  ProGluThr
Ovine Ser val SerAla - Tiplys leu AnTyr  Arg Tyr Ser GlyMetGlyPhe  Pro Glu The

Figure 6 Compa&nmsy s/ salmon and other CTs

2.2 Biosynthesis ‘

In vitro studie ind- chi \SQ;‘onchial bodies suggested that
CT was synthesized SIECUrcor Wi “of ~15000. In mammals,
information about the bi of ealcitoni ived from studies of CT mRNA
isolated from rat thyroid ti h S 8 it plex gene structure. The gene
is composed of six exons ar > s evidence that different tissues

) et

which express this gene, there 1s dﬁ g of the transcribed gene to produce
different peptide (Flg:fe i N ln the thyréld, I duct of the CT gene is CT
where as in the brain the major product is the C1 gene rela f peptide (CGRP). CT is

f 17,500 Da in man, and it

contains a classical leaderdsequence The 32 amino acid secreted peptide has a proline-
amide group biological active CT
extremely dlﬂ@wqhﬂﬂ lezﬁfemﬂmteminal end of the
molecules, cids 1 and 7, Both the digulfide bridge and-the proline-amide
e BV e o e | £ 161

secreted as a larger precursor calle:
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e B

Thyrod Mature mRNA Brain
cnan 7
v/ B|C|]D Y BjC|E 7

f Transiation

Common region Calcitonin’CTPJ' Common region |CGRP| CTP-2

A, B, C, D, E and_F t/exons. Exons which are non-coding are hatched.

NTP = N-terminal pepti ,l? = /C terminal peptide
4 ' F

ture ofthe Calcitonin gene.

: | ¥
. 5 "‘

(Austin, 1979). The secretion of CT is regulmd by th& concentration of calcium in

plasma. When plasma €alcium is high, CT secretion mcrea'ses, when plasma calcium is
low, CT secretion low or, undetectable. . Normal, circulating CT concentrations in human
beings extremely low las 5 & 50 pg/mL (Heath and.Sizemore,1977; Pathermore and
Deftos, 1978). Mean concentrations of CT in woman,(25 -73pg/mL)are lower than those
in me\(25-3 1pg/miL)s, | The citcalating half-life of CT/is about 10\ minutes (Body and
Heath, 1983). CT secretion can be stimulated by a number of agents, including
catecholamines, glucagons, gastrin, and cholecystokinin, but there is little evidence about
the physiological role of such secretion in response to these stimuli.
2.4 Metabolism and Excretion

The half-life of human and porcine CT has been determined to be less than 15

min. The Metabolic clearance of human CT in normal subjects is approximately 8 mL/kg

per min, and is less in renal insufficiency. Following injection of a labeled hormone, the
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two organs which concentrate to hormone to the greater extent are the liver and kidney. In
the human, dog and rat, the kidney appears to be the principal site of binding and
degradation of CT (Beaulieu and Kelly, 1990).
2.5 Mechanism of Action

CT acts by inhibiting bone resorption. A direct action of CT on bone was also
demonstrated by perfusion studies in rats, in which there was a marked reduction in
urinary hydroxyproline (Martin et al., 1966). These results indicated that CT acts by
inhibiting bone resorption, thereby W e circulation levels of the products of

resorption, i.e., calcium, p% me-contalmng peptide. It was
subsequently established tha bmo 0 rptlon was brought about by an
inhibitory effect of CT rm, a reduction in osteoclast

numbers. ' \ |
Specific rece ave B ' eqtl.ﬁe lasma membrane of kidney

be responsible for differ
cAMP levels (Figure 8).

hese two organs CT increases

membrane receptor, activates

QRIANNS

endoplasmic reticulum i

Figure 8. Mechanism of the cellular action of calcitonin.
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2.6 Physiological Effects of CT
Effect on Bone
The calcium lowering effect of CT is not seen in normal adults because in
this situation the rate of bone turnover is relatively slow. Even pharmacological doses of
calcitonin cause only transient fall in serum calcium in normal adults. However, when
bone turnover is high, such as Paget’s disease of bone, CT administration is followed by
sharp decrease in circulating calcium levels (Stevenson and Evans, 1981).
Effect on Gut and Kidney, | |
CT also has effects on the gut kidney. It leads to the extraction of
calcium and phosphate both in:'“é:ﬁdrie and in th s. It is unlikely that the effects on

gut and kidney are of majossimportance| in the maiatenance of calcium homeostasis.
However, it is possible th initia _‘f" c m,lj'loweriﬁg‘etIQt of CT administration could

be due to inhibition of rendl ay caleium reabsorption, working in combination with
r _I a -:- & ““ "
inhibition of bone resorption (} 19903 |
4 A 4

J vl

& 4 \ . :
metabolism, principally owing to its 4_ghil; ‘effect on osteoclastic bone resorption.

" Al
Plasma calcium is reduced, 2 dgz.}gfs gchd
plasma PTH (Burckhardt, 1973). “CTadmi i d intravenously, particularly synthetic

-y

= A :_-'.Kiv i P
salmon or human CT;\jan be used in the t’reaﬁ{\‘énf of hyperc

- R

to be useful in the treatmentof hyperthyroidism

an equally transient increase in

emia. It has been shown
- Paget’s diseass (Gonzalez, 1987).

s
ed“ tates FDA for treatment of

Salmon CT | s been approved by t
Paget’s diseases of bonekhypocalcemia and post-menopausal osteoporotic syndromes.
Since the disc of thi i y used to effectively reverse
the bone loss E@Mﬁﬁ:ﬂﬂ m‘iﬂﬁgnj as in patients treated
with glucocorticoid medications and “in malignant diseases such asumultiple myeloma
wio 3 | VNI IEUHNVIVIE TR

9 Salmon CT Therapy in Osteoporosis

CT has been evaluated in therapeutic trials in osteoporosis women in both the
United States and abroad for more than 20 years. Reports of therapeutic responses vary
from those demonstrating simple suppression of annual bone loss rates, as observed in the
past with estrogen treatment, to' others which reveal striking dose-related increments in

bone mass of the vertebral and long bones (Maclntyre et al., 1988; Overgaard et al.,
1989).
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Several prospective, controlled trials have reported that calcitonin stabilizes
and in some cases produces modest short-term increases in mineral density in trabecular
bone, but not in cortical bone, even in osteoporotic patients treated for 5 years or less
(Gruber, 1984; Mazzuoli, 1986; and Overgaard, 1995). Similar results were obtained
with the use of salmon calcitonin to prevent menopausal trabecular bone loss (Reginster,
1993 and McDermott, 1987) as well as a relief of bone pain syndrome (Lyritis et al.,
1991). Other reports of CT trials claim a decrease in vertebral fracture rates (Overgaard et
al., 1992). 11 /

The skeletal response to CT ﬂlera,péﬁ/pelated to the rate of bone turnover.
There are at least two hlstqloglcal varlagts 6k p(stmenopausal osteoporosis, i.e., high

bone turnover and low/normak-turfiover forms, which are_also known as the active and

inactive forms, respectiM i

igh turnover or active osteoporosis, a bone biopsy

specimen will demonstr: nce of bone cells; i.e. osteoblasts and osteoclasts
(Whyte et al.,, 1982). Pati

"

this ﬁ;r‘m of postmenopausal osteoporosis respond
t (Overgaard et al., 1989 and 1994).

Osteoporotic patients eatenf wnth.CT give a variable response similar to those

rapidly and very well t

treated with either calcium or rogehs or. bqﬁ\ Some osteoporotic patients on daily CT

treatment regimens respond within nne yearvgﬁn} substantial increase in bone mass and

4, [
no progressive deteriorating anatomxz;al ven@ﬁ:hanges (Mazzuoli et al., 1986; Alvioli,
1996 e

) A £)
Although“t skeietal-responses-to-either-injeciable or nasal spray form of

salmon CT treatment lsrpose related (Overgaard and Chrtstlansen 1991; Thamsborg et

:a“.l

1., 1993), osteoporotic patlents with skeletal pain should bé' treated with 50-100 units of
salmon CT subeutaneous daily., The, greatest-effect of nasal spray. form is observed at a
dose of 200 [U' dailyth ' women more-than five years post-menopausal (Overgaard, 1994).
Beneficial effects have also been obtained usmg 50 units of nasal spray on alternate days
for two weeks oflevéry'manth (Szucs et al,, 1992) or.100 units of spray consecutive days
of each 'month (Rico et al., 1990). Nasal spray doses of 200-400 IU in early
postmenopausal period can decrease vertebral bone loss during the first year treatment, in
addition to decreasing the bone turnover rate (Overgaard, 1994, 1995).

As a potent anti-osteoclastic drug, CT appears relatively innocuous as
compared to the potential hazards of pharmacological doses of bisphosphanates,
estrogens, androgens, sodium fluoride or non-steroid anti-inflammatory agents, especially

in elderly postmenopausal osteoporotic women (Wimalawansa, 1993). Nasal spray forms
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are also more appropriate for the elderly who, because of multi-drug regimens, are often
unable to follow their prescribed dosages in rigid fashion, which is essential in some
therapies, e.g., bisphosphanate and alendronate.
2.8 Permeation of CT Across Nasal Mucosa

In general, the permeability of the nasal mucosa to peptides falls off sharply
with increasing molecular weight. For peptide with more than 10 amino acids
bioavailabilities are in 1-3% range. Despite its 32 amino acid size, the bioavailability of
intranasal salmon CT has been reportlﬁ be 40% relative to intramuscular
administration. Other study by Lee et al. (19 lg@gested that the average bioavailability
of intranasal salmon CT wagsj;ﬁ‘j/o.

Lang et al. (1998)studi ‘the n vitro permeation of human CT in comparison

with salmon CT and o ough excised bovine nasal mucosa applying confocal

laser scanning microsc orte the relatively high permeability of human CT
and salmon CT, which %t%o-’ﬂfeir high molecular weight, and the apparent
permeability coefficients (Per) © both C'5$ were found to be similar. The endocytic

pathway is suggested to.€on e to the traﬁ'sport of CT through the nasal epithelium.

----- SEAD 4
2.9 Side Effects ofiSalmon (:T --;r} y
FY ey e Jff

Nausea and mild astne _dascomi;?ﬁa}aracknstlcally manifest at the initiation
of subcutaneous therapy and elthT—ﬁecreasczjn seventy or disappear completely during
the therapeutic mtervgl (Gennan 1983) Facnal ﬂushmg, germatologlc hypersensitivity
and local pruritic reagmﬁﬁmm j‘hey also tend to disappear
with continued admmljratlon of the drug. Since salmon CT is a potent inhibitor for free
acid production, gastrointestinal side effects such as bloating or mild epigastric fullness
can be minimizeddif the drug is administered-4¢5 hours following the evening meal, i.e.,
preferably at bedtime (Banga and Chien, 1988). Only rarely'are urinary frequency and
diarrhea encountered with the injectable forms of satmon CT.

\As expected the side effects of therapy aré more severe when salmon CT is
administered intramuscularly and minimized when given subcutaneously because of
higher peak blood levels achieved following intramuscular injections. The side effects
usually observed with the injectable forms of salmon CT are allayed considerably when it
is administered in the nasal spray form (Overgaard et al., 1989; Wimalawansa, 1993).
Considerable experience has also been accumulated for at least 20 years in treating
patients with Paget’s disease, which characteristically occurs in the elderly or

osteoporotic disorders. Many of these patients are on multiple drug regimens for
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cardiovascular diseases, gout, diabetes, rheumatoid arthritis and osteoarthritis. The
absence of any documented adverse drug interactions reported for this relatively older
population when treated with CT is also gratifying.
2.10 Physicochemical Characteristics of Salmon CT

The potency of salmon CT based on the hypocalcemic effect in rats, is
expressed in International Unit (IU), as defined by the International Standard for Salmon
CT established by the World Health Or n (WHO) in 1974 (Rafferty, Corran and
Bristow, 2001). By conventhE, E TI& acopoeia (2002) and British
pharmacopoeia (2002) state tha&mgf sal no 1valent to 6000 IU of biological

activity. A polypeptide with uence as salmon CT has been

synthesized and is commereia Availd 1(%» a st;ﬂmd lyophilized form. Some
physicochemical characteristiCs of the comm ré' 1 syntheﬁc salmon CT are as follows:

1s’-Lys -Leu-Gln-thr-Tyr-
Thr-Gly_Ser-Gly-Thr-Pro-

Description hilized

Molecular formula  : Cigs ,H;@Nu OqgSa

Molecular weightd< : 3431.9 g/mol

Solubility v : very soluble i inw L); slightly soluble in

=1

alcohol | and insoluble in chlAthorm ether.

ﬁo W gﬂ)ﬁ’of 10.4, so that it would exist
as a cation at ]owﬁ gﬁ' e a nasal formulation

inorder to sufﬁcnen tly apart from the Pl

2l S i Y T s

L:keqmany proteins and peptides, the therapeutic use of calcitonin is hampered by
its physical instability (Cholewinski, Luckel and Horns, 1996). Extensive research has
been performed on stabilization of calcitonin in aqueous solutions (Chien, 1991, Lee et
al.. 1992. and Windisch et al., 1997 ). The stability of salmon calcitonin in solution was
evaluated by using HPLC (Lee et al.. 1992). It is well-known that calcitonin is unstable
upon incubation in aqueous solution. Cholewinsky (1996) have described several
degradation pathways of calcitonin in aqueous solutions, the proteolytic degradation

pathways as shown in Table 3.
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The degradation rate profile for sCT in aqueous solution has previously been
determined, and it was shown that sCT exhibits a first-order overall degradation in the pH
range from 2 to 8 (Chien, 1991, Lee et al,, 1992, Windisch et al., 1997). sCT shows
greatest stability between pH 3 and 3.5. The main degradation products of sCT in the pH
range from 2—6 has been identified (Lee et al., 1992, Windisch et al., 1997). At higher pH,
degradation pathways mainly involve dimers and polymerisation (Cholewinski, 1996,
Windisch et al., 1997).Possible degradation reactions are as follows:

- Fragmentation. At the C-terminal thc ule contains no crucial sequence such as
Arg-Pro-NH;, Asp-Pro-NH,, Asp-Ser-NHz 0 /e

fragmentation especially atM T_beref agmentation is observed if the
molecule is stored at pH..J.-m!"'T m emperatﬁre-(&hplewinski, Luckel and Horns,

-NH,, which are known to undergo

- Dimerization, polymeri _ I1on *As already mentloned CT contains a (S-S)
disulfide bridge. At high , fhere-;s h B—ehmmat\on even at room temperature,
—
causing the resulting free thi ] toxa mph?.h intermolecular arrangement at a fast

reaction. As a consequ e eptlde fofﬁ; dlmgrs and polymers. Disulfides can be

‘ the };0 cy@‘dae reﬁlqs Concerning CTs this means

b

that there is a linear moleculg in v\&ﬁch the @ tei

According to an investigation camEa:Tut undmiﬁ!ss condition (pH 2.2 for 3 hours at 70

°C) this reduced G’E degradatlon prdfduc‘t'r detected by[HPLC was observed in

residues are bearing free thiols.

- Deamidation. Both almon and human CTs ¢ twb‘r Asn and two Gln residues,

which can be deaminated v1a a cycllc mtenncdlatc Both peptldes contain Asn in position
3 as well as in sidue in position 3 is
sterically prote%uﬁse?ijﬂlﬂm ‘ﬁ mfjﬁjhsulﬁde bridge of the
two cy. tions 1 and 7. Should deamidation take place, which is unlikely, it
v Uy S e ¥ St o By BF bl 5%

Windich 3t al., 1996).

- Aggregation. Wide range of proteins and peptides form fibrils in aqueous solutions, e.g.,
insulin, glucagons. The same phenomenon was observed for CTs. Salmon CT has a
stronger tendency than human CT to aggregate in aqueous solution to form long, thin,
fibrillar aggregates resulting in viscous and turbid dispersion (Cholewinski, Luckel and
Horns, 1996).
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Table 3 Degradation mechanisms for peptides and proteins in general and their relevance
for CT (Cholewinski, Luckel and Horns, 1996).

Degradation route Region of concern Factors affecting the degradation
Deamination Asn, Gln pH, buffer species, ionic strength,
temperature :
Disulfide-scrambling/ Cys \ ‘ l ,// pH (base), buffer species, metal
oligomerization 1/ ;@ns, temperature, thiol scavengers

ii (base), buffer  species,

.me;‘ature, oxidizing agents

pH, buffer species, ionic strength,

B-elimination

Physical instability

temperature, cations, shaking,

‘( ‘shear, hydrophobic surfaces

-,ld'-'ﬁu

intramuscular admmlstraﬂon The I'étfef o the na spray form is more convenient to use
but is also more costly. :-z:--»----'-‘—=-~'~*—---::=-:-—--:—::;, --------- 'f200 IU nasal spray costs
about 3,400 baht whereas OSts ﬂout 250 baht per vial. The
exceedingly high cost of lmgprted salmon CT nasal sprays resulted in a limited use of this

product in many t teoporosis, despite its
AU NSNS

many therapeutic and ease of use It is thus very important to encourage the local

O WIS L LRI B WIPN (b 3
nation’s 1::% iﬁ th tre articularly for

patients under the 30 baht treatment program.

e injection (50 IU/

Consequently, the possibility of developing a salmon CT nasal spray for local
manufacture has been explored in this thesis, with the objectives to evaluate the product’s
in vitro stability, both short and long terms, as well as its bioequivalence with respect to
the innovator’s product. The ultimate goal of the project is thus to develop a more
economical, generic version of salmon CT nasal spray, which has acceptable stability and

bioequivalence in order to promote its clinical use in Thai patients.
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4. Assessment of Salmon CT Absorption after Nasal Administration
In order to evaluate the bioequivalence of the generic nasal spray of salmon CT, a
sensitive technique to measure its concentration in plasma must be available. The early
technique of assessing salmon CT systemic absorption relies on the hypocalcemic effect
produced. Serum calcium was determined by atomic absorption spectroscopy and
colorimetry, e.g. by forming a colored complex with O-phenolphthalein complexone.
Newer techniques involve biological assays, which can directly measure the concentration
of peptide in question with greater sensitivity '71d accuracy.
4.1 Radioimmunoassay /, 4/
Radioimmunoassay (RIA) hasjro gh/ advance for the bioassay of CT
with respect to ease, precision-and sensitivity. The avallablllty of synthetic salmon CT
permitted the develop

everal homologous CT radioimmunoassay with high
specificity and sensitivi { ik thod has greatly advanced the knowledge of CT
e “newér‘assays can detect CT in unextracted plasma
at concentrations as low as pgsper—' L, and clearly can measure the hormone in
the blood of normal per:

4.2 Principles of R

.uJ

(RI.A) A4S an m&}ely sensitive and quantitative, capable

A
-

Radioimmunoass

of measuring pictogram quantmes BFIESS deﬁdmg on the substance being assay. As a
e

result, it is often used- &o measure the quantmes ‘of hormone ?r drugs resent in a patient’s

allow as an assay for the
concentration of msulm m plasma. It represented the first mhe that hormone levels in the
blood could be detected by an in vitro assay (Richard and Robert, 1987). This assay is
based upon thefability oflintited gquentity=of) antibody, tobind a fixed amount of
radiolabeled e.g« lodine™125 ("®1). "1t is assumed that both the“labeled and unlabeled
antigen haye the same affinity for the antibody resulting in competitiveé binding between
the two species. ’Iherefore, the extent of the bihding of radiolabeled antigen to antibody
will depend on the amount of both label and unlabeled antigens. As the quantity of
unlabeled antigen (standard or unknown sample) in reaction is increased, the amount of
labeled antigen ('ZI-peptide) able to bind to the antibody is decreased. The radioactivity
is detected by a gamma counter.

Separation of the bound and free radiolabeled antigen is necessary in order to
determine the quantity of the unlabeled antigen. This can be achieved by precipitating the

antigen-antibody complexes by adding a second antibody directed toward the
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immunoglobulin present in the original antiserum (Figure 9). The quantity of unlabeled
antigen in an unknown sample is determined by comparing the radioactivity of
precipitate, after centrifugation, with the value established using known standards in the
same system (Ralph, 1988).

II

A

ioimmunoassay. The Ab- Ligand

liggnﬂ by specific precipitation in

1. Radioactivity is the-p:opci

_rr",_'_’_

27N
energetic particles anqlrays from its nudleus Xt)f radioactive material is
is called the activity and is
: curﬁ is equal to 1,000, 000™ of a

Ci. The I'® used as a ragjoactwe labeled antigen in this laboratory emits gamma rays

(photons). Themﬂnegsvrﬂm o N)BﬂlTﬂcaged counts per minute
(CPM).

To ubes ‘are tubes thdts represent thel.fotal amount of
i) P AR atcly gk v

They represent the total amount of tracer aliquoted per tube. When the assay is counted,

-

measured by how m\ﬁ ecay eacl —"-“'J;?-'

measured in units of curi JS abbreviated Ci.

o

these tubes will have the highest CPM. These counts are not used as part of the dose
estimate calculation for unknowns, but rather as a quality control comparison to the
counts in the 100 % tubes.

3. Non-specific binding tubes (NSB) or backgrounds are tubes that contain
labeled antigen, zero standard or 2" antibody, but they never have any 1* antibody.

When the assay is counted, these tubes will have the lowest CPM in a radioimmunoassay
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system. These counts are considered to be error or background counts and during
calculation should be subtracted from all other tubes to obtain a more accurate estimate of
counts in the bound fraction.

4. B, tubes (100% or maximum binding tubes) are tubes that contain
labeled antigen and 1* antibody. It may contain assay buffer and 2" antibody, but do not
have any unlabeled antigen such as unknown samples or standards. After separating the
free from the bound fraction, these tubes will have the highest CPM, other than the total
count tubes.

5. The bound fra
labeled and unlabeled antig

e is an assay tube that part of the
antlbody This is the fraction
that could count in gamma - aft Thc free fraction is that part
of labeled and unlabeled antigcat ' : * antibody. After incubation,

will bind to the compo ind the labeled antigen and
the standards

it end of a double antibody type
radioimmunoassay which is' dirgeted -globulin contained in the 1%
antibody. It binds to the 1% ;T;M complex (bound fraction) and after
centrifugation, is prﬂpltated be. After the free liquid
fraction, or supernata :-‘—:--,—»::rt--—-~-,--: ---------------- OV away, the assay tube and

ﬂ‘iJEJ’WIEJ‘ﬂ’ﬁWEJ'Iﬂ'ﬁ
QW’]Mﬂ‘ﬁWﬂJW}’mmaﬂ
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