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Recent development of a new class of patented alkylsaccharide transmucosal
delivery enhancement agents, collectively designated as Intravail™ (Aegis
Therapeutics) absorption enhancers, has created opportunities for new thera-
peutic options across a broad spectrum of human diseases. Intravail absorp-
tion enhancers provide unsurpassed intranasal bioavailabilities, comparable to
those that are achieved by injection for protein, peptide and other macromo-
lecular therapeutics. These novel, highly effective and non-irritating excipients
circumvent the two primary limitations of intranasal drug delivery, namely
mucosal irritation and poor bioavailability, and offer the promise of more con-
venient, more effective and safer therapeutics for patients and physicians
alike. For pharmaceutical companies, Intravail provides a means to capitalise
on two important industry dynamics: rapidly growing industry interest in com-
mercialising peptide and protein drugs, and increasing interest in, and use of,
the intranasal route for systemic drug delivery.
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1. The growing importance of peptide and protein drugs

Peptide and protein drugs are among the most useful and effective drugs that have as
yet been discovered. In total, > 140 peptide and protein drugs are currently in use
today, and the chemical and biological diversity available through peptides is breath-
taking. Genomic efforts that are aimed at revealing the complete spectrum of
expressed proteins in innumerable species, from man to invertebrates to single cell
organisms, promise an unending supply of new investigational candidates. If that
should ever prove insufficient, the combinatorial possibilities for peptide structures
of molecular weight < 10,000 Da, employing the 20 natural amino acids, exceeds
the number of atoms in the universe (i.e., ~ 108° atoms). Many peptides demon-
strate high potency and high selectivity whilst exhibiting essentially no chemical tox-
icity. Because they are metabolised to naturally occurring amino acids, peptides and
proteins do not invoke xenobiotic metabolic processes, the source of small molecule
drug toxicity. Counterbalancing the inherent lack of chemical toxicity, high biologi-
cal potency can make some otherwise beneficial peptides lethal at excessive or
imprudent concentrations.

Many naturally occurring peptides have direct therapeutic applications (e.g.,
insulin, interferon, erythropoietin, growth hormone and parathyroid hormone
among others). Other peptides could provide the initial biological activity from
which new peptide and protein therapeutics may be designed. Important examples
include a growing number of glucagon-like-1-related peptides such as exendin-4 [1],
peptide YY-related peptides [2], or leptin-derived peptides such as OB-3 [3], which
promise to provide new classes of highly effective treatments for Type 2 diabetes
and diabetes-associated obesity.
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Table 1. Examples of current peptide and protein therapeutics now amenable to intranasal delivery.

Peptide or protein

Clinical indications

Peptide or protein

Clinical indications

Arginine vasopressin®
Bivalirudin
Buserelin (LH-RH analogue)

Calcitonin®
Cetrorelix

Enfuvirtide

Eptifibatide

Erythropoietin
Exendin-4/GLP-1-related peptides
FSH

Ganirelix acetate

GM-CSF

Primary nocturnal enuresis,

haemophilia A
Anticoagulant

Prostate cancer and
endometriosis

Osteoporosis
Premature ovulation

Antiviral (HIV-fusion
inhibitor)

Coronary thrombosis
Anaemia

Diabetes

Fertility

Infertility

Neutropenia

Insulin

IFN-a.

IFN-B

Leuprolide
LH-RH
Melatonin

Nafarelin acetate™
Nesiritide
Octreotide
Oxytocin
Pramlintide acetate
IL-11

Diabetes

Chronic hepatitis C, malignant
melanoma

Multiple sclerosis

Prostate and breast cancer
Control of ovulation

Sleep regulation

Endometriosis

Congestive heart failure
Growth hormone replacement
Labour induction, milk secretion
Diabetes

Anaemia (platelets)

Glial-derived neurotrophic factor ~ Parkinson’s disease
Glucagon Severe hypoglycaemia
Goserelin acetate Prostate cancer
Human growth hormone AIDS wasting, dwarfism

Human parathyroid hormone
(1-84)

Osteoporosis

Somatostatin
Teriparatide (1-34)
Triptorelin
Zafirlukast Asthma

Antisecretory in Gl disorders
Osteoporosis
Prostate cancer

*Currently available in intranasal formulation.

FSH: Follicle-stimulating hormone; Gl: Gastrointestinal; GLP: Glucagon-like peptide; LHRH: Luteinising-hormone-releasing hormone.

In spite of the many attractive aspects of peptides and pro-
teins as potential therapeutic agents, their susceptibility to
denaturation, hydrolysis and poor absorption in the gastro-
intestinal tract makes them unsuitable for oral administration,
typically requiring administration by injection. This remains a
major shortcoming. Compared with small-molecule drugs,
peptides are considerably less stable. Careful attention must be
paid to formulation and storage to avoid unwanted degrada-
tion. Small peptides often exhibit rapid clearance even when
administered parenterally, although this particular limitation
is increasingly being addressed by careful and intelligent mod-
ification of the peptide structure. Some proteins, particularly
proteins with substantially non-naturally occurring amino
acid sequences can be immunogenic. Other possible problems
that are associated with peptides as therapeutics include the
potentially high cost of synthesis and solubility challenges,
although both these limitations tend to be the result of idio-
syncratic properties of individual peptides. Therefore,
although the range of clinical indications for therapeutic pro-
teins and peptides is quite broad (see Table 1), the actual
number of such therapeutics in general use today is quite
small compared with the number of chemically synthesised
and orally active pharmaceuticals that are currently on the
market. Recent developments in intranasal and other forms of

transmucosal delivery for proteins and peptides are creating
new and expanded opportunities for practical clinical uses of
peptides, proteins and other macromolecular therapeutics.

2. Non-invasive peptide drug delivery:
opportunities and challenges

Most of the peptide therapeutics that are listed in Table 1 are
administered by injection (the few exceptions are footnoted).
Injection is an inconvenient and expensive mode of administra-
tion. For situations where the medical consequences may not be
immediate or life-threatening, and in cases where the adminis-
tration must be frequent and chronic, patient noncompliance
naturally becomes a serious health issue. Extended half-life
derivatives (i.e., via pegylation) and depot formulations of pep-
tide and protein therapeutics, both still requiring injection, are
partial but imperfect solutions, and bring with them their own
set of pharmacological problems and limitations.

Strong patient preference for intranasal drug delivery over
injection, both for peptides and non-peptides alike, has
spurred growing interest in researching and developing alter-
native administration routes. The opportunity for systemi-
cally acting peptide and protein drugs is potentially quite
large. In 2003, sales of approved peptide therapeutics in the
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Table 2. Some investigational peptide and protein therapeutics that are amenable to intranasal delivery.

Peptide or protein Putative indications

Peptide or protein Putative indications

N-Acetyl oxyntomodulin (30-37) Obesity, diabetes

Angiostatin Cancer
Bombesin Cancer
Bradykinin antagonists Pain, cancer

Corticotropin-releasing factor Brain swelling

Cyclic peptide cRGDfV Prostate cancer

CZEN 002 Anti-inflammatory/
anti-infective

Endostatin Cancer

Daptomycin Antibiotic

FGF-2 Parkinson’s disease

FGF-21 Diabetes

GAP486 Cardiac arrhythmia

Ghrelin Appetite enhancer

Glucose-dependent insulinotropic  Diabetes

polypeptide

Glial-derived neurotrophic factor Parkinson’s disease

GM-1 ganglioside Alzheimer’s disease

Hematide®* Anaemia

Insulin C-peptide analogue Diabetes complications
Insulin-like growth factor-1 Amyotropic lateral sclerosis
IL-6 antagonist Chronic lymphocytic leukaemia

Keratinocyte growth factor-2 Duodenal ulcer

(FGF-10)
Leptin Obesity, satiety
rNAPc2 Neonatal respiratory distress

Mammary-derived growth Breast cancer
inhibitor

Nerve growth factor Alzheimer’s disease

Neuropeptide pituitary Diabetes

adenylyl cyclase-activating

polypeptide
OB-3 peptide (7-mer) Obesity, diabetes
Obestatin Obesity

Oxyntomodulin Obesity, diabetes

Tissue factor pathway Anticoagulant

inhibitor
Urokinase receptor inhibitor ~ Cancer
VEGF antagonist peptide Cancer

*Registered trademark of Affymax Corp.

US alone totalled > $9 billion [4, and sales of therapeutic
proteins grew to $37 billion, with 2010 sales predicted to be
> $90 billion [5]. The current global market for nasally delivered
medications is valued to be > $6 billion [6]. Whereas the
growth rate for topically acting intranasal drugs such as
those used to treat allergic rhinitis is ~ 10%, the growth rate
for intranasal delivery of systemically acting drugs is 30% (7,
dramatically outpacing the growth of the overall worldwide
pharmaceutical market, which is projected to grow from 6 to
7% in 2006.

3. Development of new approaches

Although intranasal (more broadly transmucosal) drug deliv-
ery has proven satisfactory for many small molecules, intra-
nasal delivery of peptide and protein drugs has proven to be
much more difficult. Generally speaking, bioavailability
decreases with increasing molecular weight. For example,
intranasal butorphanol (molecular weight 478 Da) exhibits
essentially 100% bioavailability compared with subcutaneous
injection 8. More typically, other small molecules exhibit
somewhat poorer bioavailability. The slightly larger dihydro-
ergotamine mesilate molecule (molecular weight 680 Da),
for example, exhibits only 33% intranasal bioavailability
compared with subcutaneous injection 9. The much larger

peptide salmon calcitonin (~ 4000 Da) exhibits an average
bioavailability of only 3% [0]. A need clearly exists to
increase intranasal bioavailability for larger drugs.

The advantages of intranasal administration in terms of
greater patient comfort and convenience, as well as the elimi-
nation of needle-stick injuries, potential transmission of
blood-borne infections and syringe disposal concerns associ-
ated with daily injections, are substantial and well accepted.
This is clearly evidenced by the fact that sales of nasally deliv-
ered therapeutics have demonstrated 5- to 12-fold increases
over the corresponding original injectable formulations. Crea-
tion of intranasal formulations of existing injectable products
can provide patent-life extension and access to new and
expanded markets, and affords a means to maximise value
extraction from an existing protein therapeutics franchise
through the classic marketing strategies of ‘product prolifera-
tion and multilevel pricing’. Moreover, at a time when many
drug companies are facing expiration of key patents, intrana-
sal formulations of some of the estimated 700 peptide drugs
in preclinical and clinical development [11] can provide new
therapies across a broad spectrum of human diseases and pro-
vide new sources of revenue growth. Some examples of new
peptide therapeutics that are currently in preclinical develop-
ment, along with their associated putative clinical uses, are
listed in Table 2.
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Figure 1. Various metered nasal spray pump systems. Photo
provided courtesy of Ing. Erich Pfeiffer GmbH.

The principal limitations that are associated with intranasal
delivery of peptides and proteins have included poor bioavail-
ability and nasal irritation. The advent of highly effective and
non-irritating absorption enhancement agents, such as certain
alkyl saccharides [12], affords a practical opportunity to recon-
sider the broad use of peptides as commercially and clinically
viable human therapeutics. However, issues remain, and the
applicability of intranasal delivery must be assessed on a
case-by-case basis. Molecules as large as erythropoietin, at
~ 30,000 Da, have been successfully administered intranasally
in rats with a bioavailability of 14 — 28%, although in some
epithelial cells morphological changes were observed [13].
Clearly, transmucosal delivery of monoclonal antibodies, a
very important class of human therapeutics, is far beyond cur-
rent capabilities and is likely to remain so. Second, the drug
mass that can be administered intranasally is estimated to be
no more than ~ 25 mg [14]. Some therapeutic agents may be
susceptible to partial degradation in the nasal mucosa or may
cause irritation to the mucosa.

4. Nasal physiology, formulation and
absorption enhancement

Nasal physiology has been described in detail in a number of
excellent reviews [14-16]. For the purposes of this review, a
more concise description will suffice. Briefly, the human
nose is divided into two nasal cavities, each with a volume of
~ 7.5 ml. The surface area of each cavity is ~ 75 cm?2 [1s).
The dimensions and geometry of the nasal cavity restrict the
estimated upper limit of practical intranasal drug absorption
to ~ 25 mg and a spray volume of no more than 150 pl [17].
Metered spray devices such as those manufactured by
Pfeiffer and Valois (Figure 1) provide a convenient, effective

Breath-actuated
drug release
into airflow

Soft palate
closes automatically

Blow into the
device

Figure 2. Breath-actuated metered spray device closes the
soft palate when the user blows into the device resulting in
substantially increased surface area exposure within the
nasal cavity. Courtesy of Optinose A/S.

and relatively inexpensive means of administering intranasal
drug formulations. Such devices deliver drugs to the anterior
portion of the nasal cavity comprising about one-third of
the mucosal surface area.

Recently, a number of delivery devices have been devel-
oped that permit the administration of drugs to larger por-
tions of the nasal cavity. For example, a device being
manufactured and tested by Optinose A/S (Figure 2), pro-
vides a means of administering drugs to an expanded portion
of the nasal cavity and prevents pulmonary deposition [1g].
Kurve Technology, Inc. has developed a device that applies
drug formulations to the entire nasal mucosa and also deliv-
ers drugs into the paranasal sinuses. The technology has the
potential to offer deeper penetration of topical drugs and
greater drug absorption of systemic drugs (Figure 3) [19].
Although these devices are more expensive to manufacture
than simple multiuse metered spray pumps, they provide a
means of maximising systemic drug delivery through intrana-
sal administration. They will not only find clinically impor-
tant niche applications where they excel, but will
undoubtedly greatly extend the range of practical applica-
tions of intranasally administered protein and peptide drugs
across many disease categories.

The respiratory epithelium consists of basal, mucus-con-
taining goblet, ciliated columnar, and non-columnar cell types
[16,20]. The cilia move in a wavelike beating fashion, transport-
ing foreign material from the nose to the pharynx for inges-
tion [16]. The nasal epithelium is covered by a mucus layer that
is renewed every 10 — 15 min 21). The pH of mucosal secre-
tion ranges from 5.5 to 6.5 in adults and from 5.0 to 6.5 in
children [221. The mucus layer entraps particles and other for-
eign material, which is then cleared from the nasal cavity by
cilial movement. This process, called mucociliary clearance, is
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Figure 3. Kurve Technology, Inc.’s ViaNase™ device applies
drug formulations to the entire nasal mucosa and the
paranasal sinuses. Courtesy of Kurve Technology, Inc.

a normal mechanism for the entrapment and removal of
inhaled unwanted noxious materials [23]. The rate of mucus
flow through the nose is ~ 5 — 6 mm/min, resulting in a
clearance half-life of ~ 15 — 20 min [15,24].

Human nasal secretions are comprised substantially of lyso-
zyme and albumin as their main protein components [25]. Lys-
ozyme is an antimicrobial enzyme, produced by nasal serous
cells, that hydrolyses peptidoglycan bonds in bacterial cell walls
and has specific activity against Gram-positive bacteria [26].
Lysozyme serves as an important antibacterial defence. Because
it is active at the slightly acidic pH values found in nasal secre-
tions (i.e., pH 5 - 6.5), it is desirable that nasal drug formula-
tions be in this pH range. Albumin is obtained primarily
from increased nasal vasculature permeability. The nasal
cavity also contains numerous other enzymes [24,27,28]. In
humans, CYP enzyme isoforms that have been identified are
CYP1A, CYP2A and CYP2E [29]. Other enzymes detected in
the human nose include carboxylesterases, glutathione
S-transferases [30-32] and endo- and exo-peptidases [33].

Typically, nasally administered drugs are removed via
mucociliary clearance. The average clearance half-life of
~ 15 — 20 min in humans can vary from person to person.
Absorption can be increased to a certain extent by the addi-
tion of mucoadhesive agents to the formulation [34-39). Cer-
tain preservatives, such as benzalkonium chloride (BAC) or
chlorobutanol, shut down ciliary beating, thus extending a

Maggio

Box 1. Approaches to transmucosal absorption
enhancement.

< Aggregation-inhibitory agents

« Charge-modifying agents

* pH-control agents

= Degradative enzyme inhibitors

* Mucolytic or mucus-clearing agent
« Ciliostatic agents

 Membrane penetration-enhancing agents
» Vasodilators

= Vasoconstrictors

= Selective transport-enhancing agent
= Stabilising delivery vehicles

« Protein complex-forming species

drug’s residence time in the nasal cavity, which results in
somewhat increased systemic absorption.

The physiological and biological properties of the nasal
cavity, such as intrinsic pH, enzymatic activity, mucociliary
clearance and the variety of cell types of greatly differing func-
tion, provide, in aggregate, a formidable natural barrier to the
absorption of exogenous substances. At the same time, they
create a significant challenge to achieving effective intranasal
delivery of peptides by imposing a complicated set of restric-
tions on the allowable formulation compositions. Therefore,
in spite of the many attractive aspects of peptides and proteins
as potential therapeutics, the actual number of such therapeu-
tics in general use today is quite small compared with the
number of chemically synthesised and orally active pharma-
ceuticals that are currently on the market. Within the range of
options defined by these practical restrictions, many
approaches for enhancing drug absorption, and particularly
peptide and protein drug absorption, have been researched
(see Box 1).

5. ldentification of transmucosal enhancement
agents for peptide and protein drugs

A large number of molecules have been screened for the abil-
ity to enhance transmucosal delivery of peptides with limited
success. Some of these are listed in Box 2. For the most part,
these agents provide only a small percentage bioavailability for
peptide or protein drugs. Some agents have multiple modes of
action and the effects seem to be peptide specific. By system-
atically optimising combinations of a few such enhancement
agents on a therapeutic-specific basis, the bioavailability can
be increased somewhat; however, the percentage bioavailabil-
ity compared with injection typically remains in the single
digit or low double digit percentages. Of greater concern is
the fact that many of these agents are irritating and toxic to
the nasal mucosa.

In recent years, development of a large class of alkylsaccha-
ride delivery enhancement agents (molecules that provide

Expert Opin. Drug Deliv. (2006) 3(4) 533

RIGHTES

L



Expert Opin. Drug Deliv. Downloaded from informahealthcare.com by Hacettepe Univ. on 12/02/12
For personal use only.

Intravail™: highly effective intranasal delivery of peptide and protein drugs

Box 2. Examples of molecules studied as intranasal absorption enhancers.

« Benzalkonium chloride

* Capric acid, sodium salt

« Ceramides

« Cetylpyridinium chloride

* Chitosan

* Chitosan-4-thiobutylamidine

« Cyclodextrins

* Deoxycholic acid, sodium salt
= Dextran sulfate

« Dodecyl azacycloheptyl-2-ketone
= EDTA

* Glycerol

* Glycocholic acid, sodium salt

* Glycodeoxycholic acid, sodium salt
* Glycofurol

= Glycosylated sphingosines

« Glycyrrhetinic acid

* Hyaluronic acid, sodium salt

« 2-Hydroxypropyl-B-cyclodextrin
* Laureth-9

= Lauric acid

= Lauroyl carnitine

« Lauryl sulfate, sodium salt

* Lysophosphatidylcholine

* Menthol

Methoxysalicylate

Methyloleate

Oleic acid

Palmitoylcarnitine
1-Palmitoyl-2-glutaroyl-sn-glycero-3-phosphocholine
Phosphatidyl choline
Plasmologens

Poloxamer 407

Polyacrylic acid

Polycarbophil cysteine
Poly-L-arginine

Polyoxyethylene
Polyoxyethylene-9-lauryl ether
Polyoxyethylene-23-lauryl ether
Polysorbate 80

Propylene glycol

Quillaja saponin

Salicylic acid, sodium salt

Saponin

j-Sitosterol-B-p-glucoside
Soybean derived sterylglucoside
Taurocholic acid, sodium salt
Taurodeoxycholic acid, sodium salt
Taurodihydrofusidic acid, sodium salt

unsurpassed intranasal bioavailabilities, comparable to those
achieved by injection) was pioneered by E Meezan and D Pil-
lion at the University of Alabama at Birmingham p4o0,41). At
present, these agents are in preclinical and early-stage clinical
development for a growing number of protein and peptide
drugs. The resulting families of molecules are now patented
and collectively designated as Intravail™ (Aegis Therapeu-
tics) absorption enhancement agents. There are a large
number of molecules that are included in this structural class.
The most studied, in terms of scientific publications, is tetra-
decyl maltoside; however, the scope and properties of
molecules in the broad class are quite diverse. Intravail agents
allow intranasal delivery or, more broadly, transmucosal deliv-
ery [4243] of peptide, protein and non-protein macro-
molecular therapeutics [44] having molecular weights of up to
and in excess of 20,000 Da, with bioavailabilities > 50%,
compared with subcutaneous injection. They are chemically
synthesised molecules that are metabolised to CO, and
H,O 5] that provide controlled transient permeation of the
nasal mucosal barrier. The permeation effectiveness is largely
a function of molecular weight of the drug and works with
molecules as diverse as small-molecule drugs, peptides,
proteins, polynucleotides and other charged polymers, such
as heparin [44].

Very importantly, lack of toxicity or irritation of mucosal
tissues has been demonstrated for a number of these mol-
ecules. For example, Intravail agents, typically employed at
0.1 - 0.2% in intranasal formulations, have been shown to be

non-irritating when tested at 25% in the rabbit eye model.
The oral ‘no observable effect level’ for this compound is
~ 20,000 - 30,000 mg/kg of body weight, which extrapolates
to roughly 1.2 — 1.8 kg for a 60-kg person. The WHO-speci-
fied oral allowable daily intake is ~ 15,000 times the amount
that would be administered intranasally on a daily basis. No
similar intranasal data has yet been reported, and although it
is not possible to equate oral safety with nasal safety, the essen-
tial lack of oral toxicity of these agents in relatively high
amounts is certainly very encouraging.

Figure 4 shows the intranasal bioavailability of protein and
peptide therapeutics having molecular weights in the range of
~ 4 — 30 kDa [13]. For peptides and proteins up to ~ 20 kDa,
intranasal bioavailabilities > 50%, compared with subcutane-
ous injection, can be attained. For smaller peptides, such as
calcitonin, bioavailabilities > 95% are observed. A number of
clinically and commercially interesting peptide therapeutics in
addition to calcitonin, such as exendin-4 and similar gluca-
gon-like-1-related peptides, peptide YY, teriparitide-para-
thyroid hormone 1-34 and leuprolide, among others, fall into
this category. The Intravail agents are inherently nondenatur-
ing and are pharmaceutically compatible with virtually any
peptide or drug and in some cases, such as insulin, offer
dramatically extended protein stability [46].

Figure 5 shows the effectiveness of Intravail in the intranasal
administration of insulin in a primate model of diabetes [13]. In
the absence of Intravail, essentially no insulin is observed to be
absorbed systemically. After 60 min, a second administration
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Figure 4. Intranasal bioavailability compared with injection
(intravenous for calcitonin, all others subcutaneous) of
equal amounts of protein and peptide therapeutics of
different molecular weights of up to 30 kDa as a function of
Intravail™ enhancement agent concentration [13,47].

HGH: Human growth hormone.

of insulin in the presence of Intravail results in elevated
systemic insulin levels and a reduction in blood glucose to
euglycaemic levels. These agents have been shown to dramati-
cally increase transmucosal delivery, and applications extend
well beyond the intranasal route to also include the ocular,
oral, oral cavity, pulmonary, rectal, transdermal and vaginal
routes of administration.

The essentially complete lack of intranasal absorption of
insulin in the absence of Intravail has been confirmed in fluo-
rescence microscopy studies. Figure 6, for example, shows the
absorption of fluorescein isothiocyanate (FITC)-labelled
insulin following intranasal administration to the rat in the
presence and absence of an Intravail absorption enhancer on
subsequently sectioned rat nasal mucosa. Without the Intra-
vail absorption enhancer, virtually no green colour arising
from the FITC-labelled insulin could be seen (Figure 6A),
whereas substantial absorption occurs when the Intravail
enhancer is present (Figure 6B). Paracellular interstices do not
seem to be labelled in this experiment; however, this may be
an artifact of the wash procedure. This, and other data [13],
suggest that absorption enhancement may proceed in part by
transcellular means (i.e., increased endocytosis). A study of
reduction of transepithelial electrical resistance following the
treatment of normal human tracheal/bronchial epithelial
cell-derived mucociliary tissue following extended exposure to a
number of alkyl saccharides indicates that absorption enhance-
ment may also proceed in part by a paracellular route [48]. Both
routes seem to be rapidly reversible as the rapid reversibility
and transient nature of the absorption enhancement effect of
Intravail in the rat model has been demonstrated and studied
in detail by Pillion, Meezan and colleagues [13,44]. Reversibil-
ity is key to lack of irritation and patient tolerance. The
intranasal absorption enhancement window for the 4-kDa

Maggio

peptide calcitonin is nearly completely closed beyond
120 min after administration of Intravail enhancer. For larger
proteins such as somatropin at 22 kDa, the rapid reversibility
is even more clearly evident in that virtually no somatropin
enters systemic circulation if administered 60 min after
administration of the Intravail enhancement agent (J Arnold,
D Pillion and E Meezan, unpublished observations).

6. New directions and challenges

Much confusion and misinformation concerning the relative
tolerability or toxicity of intranasal excipients exists. This is
largely the result of the currently unwarranted and uncritical
reliance following in vitro testing methods. Recent studies
directly comparing invitro and invivo results have clearly
demonstrated a lack of correlation between in vitro and in vivo
tests in predicting nasal irritation or toxicity. The best studied
example is BAC. This drug has been used in nasal and oph-
thalmic products since 1935 at concentrations of up to 0.1%.
However, over the past few years there have been conflicting
reports of damage to human epithelia and exacerbation of
rhinitis associated with products incorporating BAC.

In an extensive review and thorough analysis of the scientific
publications on this subject, Marple et al. concluded that the
current data indicate that any concerns raised were limited to
results from in vitro experiments [49). In direct contrast, analy-
sis of the in vivo data suggested that even prolonged use of top-
ical formulations containing BAC caused no significant
damage to the nasal mucosa. The data analysed were taken
from 14 in vivo studies in which changes in the function and
ultrastructure of nasal cilia were determined by various types of
microscopy, including light, transmission electron, scanning
electron and inverted phase microscopy [s0-56]. Direct mucocil-
iary clearance was evaluated via measurement of indigo car-
mine saccharine transport time or saccharine clearance time,
and exacerbation of rhinitis was determined by changes in
nasal epithelia thickness.

In a well-controlled, double-blind, nasal biopsy study,
22 patients with perennial allergic rhinitis receiving flutica-
sone propionate aqueous nasal spray containing either BAC,
BAC plus placebo, or BAC alone for a 6-week period were
studied [54]. There were no statistical differences between
indigocarmine saccharine transport time and the number of
ciliated cells present for each group, and scanning and trans-
mission electron microscopy examination of the biopsied
tissues showed no effects of BAC.

In another recent study examining nasal irritation caused
by BAC at 0.02%, saccharine transport time, anterior rhino-
manometry, determination of nasal secretions, orienting
smell test and anterior rhinoscopy showed no discernible
negative effects whatsoever [57).

In a similar study by McMahon etal., conducted with
65 normal volunteers over a 2-week period, no significant dif-
ference was found between subjects receiving nasal spray with
or without BAC at 0.02% b.i.d. on a double-blind basis [53].
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Figure 5. Intranasal administration of insulin to a diabetic green monkey. Administration of insulin in the absence of Intravail™ at
0 min provides an internal control. In the presence of Intravail™, systemic insulin levels rise and blood glucose levels fall into the normal

range [47].

Without Intravail™ enhancer

With Intravail™ enhancer

Rat nasal epithelium Magnification x 40

Figure 6. Effect of an Intravail™ enhancer on insulin permeation (fluorescence light microscopy). The virtually complete lack of
insulin absorption upon intranasal administration in the diabetic primate model as described in Section 5 is confirmed by the lack of
absorption of FITC-labelled insulin in the absence of Intravail™, as seen in these fluorescence light micrographs of vertical cross-sections

of nasal septa excised from rats treated with FITC-insulin [13].
FITC: Fluorescein isothiocyanate.

Symptoms scored included acoustic rhinometry, saccharine
clearance time and ciliary beat frequency. BAC caused a slight
prolongation of mucosal ciliary clearance after application but
had no detectable effect on the nasal mucosal function after
2 weeks of continual regular use.

And finally, in yet another study that highlights the lack of
correlation of in vitro testing with in vivo experience in humans
[58], and one that also offers a simple and plausible explanation
of the lack of correlation, the effect of the BAC on isolated
nasal cilia taken from 15 human donors was examined. In
in vitro testing, BAC was seen to be ciliotoxic. However, once
again, in invivo tests BAC did not alter saccharine transport

time or indicators of pro-inflammatory effects, namely mye-
loperoxidase, and secretion of IL-6 and substance P. The
authors conclude that as no BAC-related pro-inflammatory
effects are observed, any ciliotoxic effect of BAC is probably
neutralised by components of secretions. This should not be
too surprising as this is essentially the function of the nasal
secretions in the mucociliary clearance process.

7. Conclusions

It has long been recognised that peptide and protein drugs
are among the most useful and effective therapeutics yet
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discovered. However, the practical use of peptide drugs has
been confined to the treatment of diseases having severe or
life-threatening consequences as a direct result of the
requirement for administration by injection. The recent
advent of highly efficient and non-irritating Intravail trans-
mucosal absorption enhancement agents for protein and
peptide therapeutics that circumvent the two primary limi-
tations of intranasal drug delivery in the past, namely
mucosal irritation and poor bioavailability, offers the prom-
ise of more convenient, more effective and safer therapeutics
for patients and physicians alike. It also promises access to
new and expanded markets for pharmaceutical companies
that are interested in capitalising on two important industry
dynamics: rapidly growing industry interest in peptide and
protein drugs and increasing interest in, and use of, intrana-
sal delivery for systemically acting drugs.

Finally, as clinical data generated in creating an injectable
therapeutic can be directly applied in seeking regulatory
approval of a new (i.e., intranasal) route of administration, the
creation of intranasal formulations provides a rapid path to
regulatory approval and near term increased revenues with
minimal risk of technical or clinical failure.

8. Expert opinion

Peptide and protein drugs are among the most useful and
effective drugs yet discovered, exhibiting potent biological
activity, high binding specificity for specific biological targets
and low toxicity with few or no drug interactions. There are
> 140 peptide and protein drugs that are in current use and

Maggio

their number and importance are rapidly increasing. Advances
in intranasal delivery of peptides and small proteins are creat-
ing new therapeutic options across an entire spectrum of
human disease. In particular, the recent advent of highly effi-
cient transmucosal delivery enhancement agents, which cir-
cumvent the two primary limitations of intranasal drug
delivery in the past, namely mucosal irritation and poor bio-
availability, offers many practical opportunities for drug com-
panies to begin to embrace the broad use of peptides as
commercially and clinically viable human therapeutics.

From a commercial standpoint, companies with existing
franchises in injectable protein or peptide therapeutics can real-
ise a rapid path to regulatory approval and near-term increased
revenues through the creation of corresponding intranasal for-
mulations of existing government-approved injectables and
through the introduction of new peptide therapeutics. Accord-
ing to IMS data, revenues for intranasal forms of previously
injectable-only therapeutics have expanded by 5- to 12-fold
over the corresponding injectable products, presumably as a
result of increased patient convenience and acceptance, as well
as expansion of the range of practical clinical use. As key pat-
ents expire in the next few years, and as companies experience
the simultaneously increasing costs of drug development, regu-
latory approval and product liability lawsuits, novel intranasal
formulations of existing and new therapeutics can provide an
attractive and low-risk path that can benefit all of the affected
stakeholders, patients, physicians, company employees and
shareholders, and should be an integral part of planned stra-
tegic revenue growth and product life cycle management in the
pharmaceutical industry.

Expert Opin. Drug Deliv. Downloaded from informahealthcare.com by Hacettepe Univ. on 12/02/12

1

Bibliography

Papers of special note have been highlighted as
either of interest () or of considerable interest
() to readers.

DEFRONZO RA, RATNER RE, HAN J
et al.; Effects of exenatide (exendin-4) on
glycemic control and weight over 30 weeks
in metformin-treated patients with Type 2
diabetes. Diabetes Care (2005)
28(5):1092-1100.

BATTERHAM RL, COWLEY MA,
SMALL CJ et al.: Gut hormone PYY(3-36)
physiologically inhibits food intake. Nature
(2002) 418(6898):650-654.

GRASSO P ROZHAVSKAYA-ARENA M,
LEINUNG MC, LEE DW:
[D-LEU-4]-OB3, a synthetic leptin agonist,
improves hyperglycemic control in
C57BL/6J ob/ob mice. Regul. Pept. (2001)
101(1-3):123-129.

PATTON JS, BOSSARD MJ: Drug
delivery strategies for proteins & peptides
from discovery & development to life cycle
management. Drug Delivery Technology
(2004) 4(8):44.

SEHGAL A: Peptides: markets and trends.
In: Peptide Therapeutics — Applications in the
Treatment of Human Disease.

D&MD Publications, Westborough, MA,
USA (2004):Chapter 2.

DEVILLERS G: Exploring a
pharmaceutical market niche & trends:
nasal spray drug delivery. Drug Delivery
Technology (2003) 3(3):48.

BOMMER R: Drug delivery — nasal route.
In: Encyclopedia of Pharmaceutical
Technology. J Swarbrick, JC Boylan (Eds),
Dekker Encyclopedias, New York, NY, USA
(2002):854-862.

Provides a broad and representative
introduction to intranasal delivery from
the a theoretical as well as a practical
perspective.

10.

11.

12.

HUSSAIN AA: Intranasal drug delivery.
Adv. Drug Del. Rev. (1998) 29:39-49.

LOGEMANN CD, RANKIN LM: Newer
intranasal migraine medications.
Am. Fam. Physician (2000) 61(1):180-186.

AHSAN F, ARNOLD J, MEEZAN E,
PILLION DJ: Enhanced bioavailability of
calcitonin formulated with alkylglycosides
following nasal and ocular administration in
rats. Pharm. Res. (2001) 18:1742-1746.

PARMAR H: Strategic Analysis of the
Therapeutic Peptides Market in Europe.
Frost & Sullivan, San Antonio, TX, USA
(2004) Chapter 2, Section 4.

PILLION DJ, HOSMER S, MEEZAN E:
Dodecylmaltoside-mediated nasal and
ocular absorption of lyspro-insulin:
independence of surfactant action from
peptide multimer dissociation. Pharm. Res.
(1998) 15:1641.

Expert Opin. Drug Deliv. (2006) 3(4)

537
RIGHTES

L



Expert Opin. Drug Deliv. Downloaded from informahealthcare.com by Hacettepe Univ. on 12/02/12
For personal use only.

Intravail™: highly effective intranasal delivery of peptide and protein drugs

13. ARNOLD JJ, AHSAN F MEEZAN E, 22. HEHAR SS, MASON JD, STEPHEN AB, 35. DONDETIP ZIA H, NEEDHAM TE:
PILLION DJ: Correlation of WASHINGTON N, JONES NS, Bioadhesive and formulation parameters
tetradecylmaltoside induced increases in JACKSON SJ et al.: Twenty four hour affecting nasal absorption.
nasal peptide drug delivery with ambulatory nasal pH monitoring. Int. J. Pharmaceut. (1996) 27:115.
morphological changes in nasal epithelial Clin. Otolaryngol. (1999) 24:24-25. 36. SCHIPPER NG, VARUM KM,
cells. J. Pharm. Sci. (2004) 93:2205-2213. 23, CHIEN YW: Biopharmaceutics basis for STENBERG P, OCKLIND G,

=+ This paper describes the comparative transmucosal delivery. STP Pharma. Sci LENNERNAS H, ARTURSSON P:
performance? of a number of (1995) 5:718. Chitosans as absorption enhancers of poorly
ol AT G s, S0 © i
light on the likely mechanism of action. YW Chien, KS Su, $ Chang (Eds), EIiE ). Pharm anceme_” . :

Marcel Dekker, New York, NY, USA ur. J. Pharmaceut. Sci. (1999) 8:335.

14. WERMELING DR, MILLER JL, (1989):1-38. 37. LIM ST, MARTIN GP, BERRY DJ,
SeLljl\erjSo:z/::i?:r:E ;zgﬁ:aatsizlnd;ug 25 NOBLE RE: Effect of environmental . Bi;)WN !\t/IBijPreparlation and e\:filuatign
Drug Delivery Technolagy (2002) contaminants on nasal lysozyme secretions. orthe '(;‘h‘” o r]‘jg re eiase.prop:' fes ar;
2(1):56.61. Sci.. Total Environ. (2002) :‘ufoa .e5|or1do Zova_tm'crmp eres o

< Provides a broad and representative 284(1-3):263-266. gt osan..

J. Control. Release (2000) 66:281.
introduction to intranasal delivery from 26. BROWNING S, HOUSLEY D,
the theoretical as well as the practical RICHARDS R, ECCLES R: The effects of 3. UGWOKE M, VERBEKEN,
perspective. oxymetazoline on lysozyme secretion from KINGET R: The bliopharmacel{tlcal aspects

15, MYGIND N, ANGGARD A: Anatomy the human nasal mucosa. Acta Otolaryngol. j)f;;sal mucoadhesive drug dellyery.

= N i (1997) 117(6):851-855. . Pharm. Pharmacol. (2001) 53:3.
and physiology of the nose-pathophysiology
alterations in allergic rhinnitis. 27.  REED CJ: Drug metabolism in the nasal 39. EDSMAN K, HAGERSTROM H:
Clin. Rev. Allergy (1984) 2:173-188. cavity: relevance to toxicology. Pharmasatial applications of

16. ILLUM L: Transport of drugs from the Drug Metab. Rev. (1993) 25:173-205. TL;;O&thSIOﬂ for the hon-ore! .routes.
) . Pharm. Pharmacol. (2005) 57:3.
nasal cavity to the central nervous system. 28.  DAHL AR, LEWIS JL: Respiratory tract
Eur. J. Pharm. Sci. (2000) 11:1-18. uptake of inhalants and metabolism of 40. PILLION DJ, ATCHISON JA,
xenobiotics. Ann. Rev Pharmacol. Toxicol. GARGIULO C, WANG RX, WANG P,

17. BEHL CR, PIMPLASKAR HK, 293, MEEZAN E: Insulin delivery in nosedrops:
SILENO AR DEMEIRELES J, (1993) 32:383-407. new formulations containing
ROMEO VD: Effects of physiochemical 29. THORNTON'MANNIN_G_ IR, alkylglycosides. Endocrinology (1994)
properties and other factors on systemic DAHL AR: Metabolic capicity of nasal 135:1386-1391.
nasal drug delivery. Adv. Drug Delivery Rev. tissue interspecies comparisons of
(1998) 29:89-116. xenobiotic- metabolizing enzymes. 41 PILLION DJ, WANG P, YORKS J’_

+  This paper also provides a broad and Mutat. Res. (1997) 380:43-59. MCCANN R, MEEZAN E: Systemic
representative introduction to intranasal 30. LEWISJL, NIKULA KJ, NOVAK R, abst?rpt|on of insulin and glucagor-1 applled
delivery from the theoretical as well as the DAHL AR: Comparative localization of ;c;r;w?llézzltf;ehzyr:n(:;;f tzlagns;js;i gr;ggt-lg%
practical perspective. carboxylesterase in F344 rat, beagle dog and T ' ) '

18. DJUPESLAND PG, SKRETTING A, human nasal tissue. Anat. Rec. (1994) 42. AHSANF, ARNOLD JJ, YANG T,
WINDEREN M. HOLAND T 9305564, MEEZAN E, SCHWIEBERT EM,
Bi-directional nasal delivery of aerosols can 31. ACETOA, LLIO CD, ANGELUCCI S, PILLION DJ: Effects of thg permezbility
prevent lung deposition. J. Aerosol Med. LONGO V, GERVASI PG, FEDERICI G: er_1hancers, tetradecylmaltg&de a.nd .
(2004) 17(3):249-259. Glutathione transferases in human nasal ﬂglztr:ilr;fe—;:ozzcr:S(rjr?:;nt)nr'o:c]r:ir;slmm

19. GIROUX M, HWANG P, PRASAD A: mucosa. Arch. Toxicol. (1989) 63:427-431. epithelial cells 16HBE140(-).

Controlled particle dispersion: applying 32. KRISHNA NS, GETCHELL TV, Eur. J. Pharm. Sci. (2003) 20:27-34.
vortical flow to optimize nasal drug AWASTHI YC, GATECHELL ML,

deposition. Drug Delivery Technology (2005) DHOOPER N: Age and gender-related 4. ;(AING T '\ZUI_STAFAHF’ BAI f A:—|SAN E:
5(3):44-49. trends in the expression of glutathione h:p;?:jrjl ;ralgga?geg\:\vgn(ﬂlgozc; arweight

20. SCHIPPER NG, VERHOEF IC, S-transferases in human nasal mucosa. 13:29_35_ '

MERKUS FW: The nasal mucocilliary Ann. Otol. Rhinol. Laryngol. (1995)

clearance: relevance to nasal drug delivery. 104:812-822. 4. ARNOLD 1l AHSAN F, MEEZAN E,
PILLION DJ: Nasal administration of low

Pharm. Res. (1991) 8:807-814. 33.  SARKAR MA: Drug metabolism in the molecular weight heparin. J. Pharm. Sc

21.  CHIEN YW, CHANG SF: Intranasal drug nasal mucosa. Pharm. Res. (1992) 9(1):1-9. (2002) 91:1707-1714. o o
delivery for systemic medication. 8. ILLUM LE: Bioadhesive starch 45. WEBER N, BENNING H: Metabolism of
Crit. Rev. Ther. Drug Carrier Syst. (1987) microspheres and absorption enhancing orally administered alky glycosides, J. Nutr
4:67-194. agents act synergistically to enhance the (1984) 114:246-254, R

nasal absorption of polypeptides.
Int. J. Pharmaceut. (2001) 109:222.
538 Expert Opin. Drug Deliv. (2006) 3(4)

RIGHTES

L



Expert Opin. Drug Deliv. Downloaded from informahealthcare.com by Hacettepe Univ. on 12/02/12
For personal use only.

46.

47.

48.

49.

HOVGAARD L, JACOBS H,

MAZER NA, KIM SW: Stabilization of
insulin by alkylmaltosides. A. Spectroscopic
evaluation. Int. J. Pharm. (1996)
132:107-113.

MAGGIO ET: Recent developments in
intranasal drug delivery technology are
creating new vistas for peptide and protein
therapeutics. In: Drug Delivery Companies
Report (2005):29-33.

CHEN S-C, EITING KT, LI AA,
LAMHARZI N, QUAY SC: Peptide drug
permeation enhancement by select classes of
lipids. 45th American Society for Cell Biology
Meeting, San Francisco, CA, USA (2005).
Abstract.

MARPLE B, ROLAND P,
BENNINGER M: Safety review of
benzalkonium chloride used as a
preservative in intranasal solutions: an
overview of conflicting data and opinions.
Otolaryngol. Head Neck Surg. (2004)
130(1):131-141.

This paper provides an excellent review of
in vitro versus in vivo prediction of nasal
toxicity. It presents the remarkable, but
well-documented, findings highlighting
the nearly complete lack of correlation of
in vitro and in vivo assessment of nasal
toxicity — a very important and relevant
issue facing scientists in this field.

50.

51

52.

53.

54.

KLOSSEK JM, LALIBERTE F,
LALIBERTE MF et al.: Local safety of
intranasal triamcinolone acetonide: clinical
and histological aspects of nasal mucosa in
the long term treatment of perennial allergic
rhinitis. Rhinology (2001) 39:17-22.

AINGE G, BOWLES JA,

MCCORMICK SG et al.: Lack of
deleterious effects of corticosteroid sprays
containing benzalkonium chloride on nasal
ciliated epithelium. Drug Invest. (1994)
8:127-133.

HOLM AF, FOKKENS W/,
GODTHELP Tetal.: A 1-year
placebo-controlled study of intranasal
fluticasone propionate aqueous nasal spray
in patients with perennial allergic rhinitis:
a safety and biopsy study. Clin. Otolaryngol.
(1998) 23:69-73.

MCMAHON C, DARBY Y, RYAN R

et al.: Immediate and short-term effects of
benzalkonium chloride on the human nasal
mucosa in vivo. Clin. Otolaryngol. (1997)
22:318-322.

BRAAT JP, AINGE G, BOWLES JA et al.:
The lack of effect of benzalkonium chloride
on the cilia of the nasal mucosa in patients

with perennial allergic rhinitis: a combined
functional, light, scanning and transmission
electron microscopy study.

Clin. Exp. Allergy (1995) 25:957-965.

55.

56.

57.

58.

Maggio

GRAF P, ENERDAL J, HALLEN H:
Ten days’ use of oxymetazoline nasal spray
with or without benzalkonium chloride in
patients with vasomotor rhinitis.

Arch. Otolaryngol. Head Neck Surg. (1999)
125:1128-1132.

BERG OH, HENRIKSEN RN,
STEINSVAG SK: The effect of a
benzalkonium chloride-containing nasal
spray on human respiratory mucosa in vitro
as a function of concentration and time of
action. Pharmacol. Toxicol. (1995)
76:245-249.

LANGE B, LUKAT KF, BACHERT C:
Local tolerability of a benzalkonium
chloride-containing homeopathic nasal
spray. Allergologie (2004) 27(3):102.
RIECHELMANN H, DEUTSCHLE T,
STUHLMILLER A, GRONAU S,
BURNER H: Nasal toxicity of
benzalkonium chloride. Am. J. Rhinol.
(2004) 18(5):291-299.

Affiliation

Edward T Maggio PhD

President and Chief Executive Officer,
Aegis Therapeutics LLC,

16870 West Bernardo Drive, Suite 390,
San Diego, CA 92127, USA

Tel: +1 858 618 1400;

Fax: +1 858 618 1441,

E-mail: emaggio@aegisthera.com

Expert Opin. Drug Deliv. (2006) 3(4)

539
RIGHTES

Ay



