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Oral mucosal drug delivery is an alternative method of systemic drug delivery that offers several advantages
over both injectable and enteral methods and also enhances drug bioavailability because the mucosal
surfaces are usually rich in blood supply, providing the means for rapid drug transport to the systemic
circulation and avoiding, in most cases, degradation by first-pass hepatic metabolism. The systems contact
with the absorption surface resulting in a better absorption, and also prolong residence time at the site
of application to permit once or twice daily dosing. For some drugs, this results in rapid onset of action via
a more comfortable and convenient delivery route than the intravenous route. Not all drugs, however, can
be administered through the oral mucosa because of the characteristics of the oral mucosa and the
physicochemical properties of the drug. Although many drugs have been evaluated for oral transmucosal
delivery, few are commercially available. The clinical need for oral transmucosal delivery of a drug must be
high enough to offset the high costs associated with developing this type of product. Transmucosal products
are a relatively new drug delivery strategy. Transmucosal drug delivery promises four times the absorption
rate of skin. Drugs considered for oral transmucosal delivery are limited to existing products, and until there
is a change in the selection and development process for new drugs, candidates for oral transmucosal
delivery will be limited. The present papers intend to overview a wide range of orotransmucosal routes being
potentially useful for transmucosal drug delivery and remind us of the success achieved with these systems
and the latest advancement in the field.

© 2009 Elsevier B.V. All rights reserved.

Contents

1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2. Overview of the oral mucosa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

2.1. Structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2.2. Permeability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2.3. Environment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

3. Mucus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
3.1. Structure, function and composition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

4. Transmucosal drug absorption . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
4.1. Principles of drug absorption via the oral transmucosa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
4.2. Transmucosal drug absorption mechanisms (Fig. 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
4.3. Enhancement of transmucosal agent transport . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

5. Oral transmucosal routes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
5.1. Oral transmucosal (sublingual, buccal, soft palatal) administration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

6. Transmucosal drug delivery system . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
6.1. Pharmaceutical consideration and formulation design for successful transmucosal drug delivery system . . . . . . . . . . . . . . . . 7
6.2. Oral transmucosal dosage forms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

6.2.1. Solid forms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
6.2.2. Gum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

Journal of Controlled Release 140 (2009) 2–11

⁎ Corresponding author. Tel.: +91 9453604762.
E-mail address: pragatimpharm@yahoo.co.in (P. Shakya).

0168-3659/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
doi:10.1016/j.jconrel.2009.07.016

Contents lists available at ScienceDirect

Journal of Controlled Release

j ourna l homepage: www.e lsev ie r.com/ locate / jconre l

Teva Pharm. v. Indivior, IPR2016-00280 
INDIVIOR EX. 2016 - 4/13

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

mailto:pragatimpharm@yahoo.co.in
http://dx.doi.org/10.1016/j.jconrel.2009.07.016
http://www.sciencedirect.com/science/journal/01683659
wts
copyright

https://www.docketalarm.com/


6.2.3. Patches . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
6.2.4. Solution, suspension, and gel-forming liquids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
6.2.5. Multiparticulates, microparticles, and nanoparticles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

7. Current and future development of transmucosal drug delivery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
7.1. Clinical application of oral transmucosal drug delivery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

7.1.1. Recent advances in transmucosal drug delivery systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
8. Advantages and limitations of oral transmucosal drug delivery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
9. Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

1. Introduction

Oral administration of pharmaceutical compositions has some
drawbacks. For instance, it is difficult to keep the medicament at the
desired location so that it can be absorbed, distributed and metabolized
easily. Accordingly, there has been much interest in the use of the
mucosal liningof body cavities. Regions in theoral cavitywhere effective
drugdelivery canbeachievedarebuccal, sublingual, palatal andgingival.
Buccal and sublingual sectors are the most commonly used routes for
drugdelivery and theymaybeused for the treatmentof local or systemic
diseases. The permeability of the oral mucosa is probably related to the
physical characteristics of the tissues. The sublingual mucosa is more
permeable and thinner than the buccal mucosa and because of the
considerable surface area andhigh blood flow; it is a feasible sitewhen a
rapid onset is desired. The sublingual route is generally used for drug
delivery in the treatment of acute disorders, but it is not always useful. It
is because its surface is constantly washed by saliva and tongue activity
which makes it difficult to keep the dosage form in contact with the
mucosa. Unlike the sublingual mucosa, the buccal mucosa offers many
advantages because of its smooth and relatively immobile surface and
its suitability for the placement of controlled-release system which is
well accepted by patients. The buccal mucosa is a useful route for the
treatment of either local or systemic therapies overcoming the draw-
backs of conventional administration routes. The buccal mucosa is
relatively permeable, robust in comparison to the other mucosal tissues
and is more tolerant to potential allergens which have a reduced
tendency to irreversible irritation or damage. So, it has been largely
investigated as a potential site for controlled drug delivery in various
chronic systemic therapies. However, salivary production and compo-
sition may contribute to chemical modification of certain drugs [1].
Moreover; involuntary swallowingcan result indrug loss fromthe site of
absorption. Furthermore, constant salivary scavenging within the oral
cavity makes it very difficult for dosage forms to be retained for an
extended period of time in order to facilitate absorption in this site. The
relatively small absorption area and the barrier property of the buccal
mucosa contribute to the inherent limitations of this delivery route. Both
the buccal and sublingual membranes offer advantages over other
routes for administration. For example, drugs administered through the
buccal and sublingual routes have a rapid onset of action and improved
bioavailability of certain drugs. These routes can bypass the first-pass
effect and exposure of the drugs to the gastrointestinal fluids. Additional
advantages include easy access to the membrane sites so that the
delivery system can be applied, localized, and removed easily. Further,
there is good potential for prolonged delivery through the mucosal
membrane within the oral mucosal cavity [2]. The palatal mucosa is
intermediate in thickness and keratinized thus lessening its permeabil-
ity. All of these epithelia are coated with a layer of mucus. Bioadhesive
polymer can significantly improve the performance of many drugs, as
they are having prolonged contact timewith these tissues. These patient
compliance controlled drug delivery products have improved drug
bioavailability at suitable cost.

Drug selection for oral transmucosal delivery is limited by the
physicochemical properties of the drugs themselves. To be delivered
transmucosally, drugs must have unique physicochemical properties,

i.e. a proper balance between solubility and lipophilicity. Generally
only a few milligrams of drug can cross the oral mucosa, even if
the drug has a favorable profile for oral mucosal delivery. Presently,
new classes of drugs are typically not developed specifically for
oral transmucosal delivery. Therefore, drugs considered for oral
transmucosal delivery are limited to the existing products. Until
there is a drastic change in the selection and development process of
new drugs, candidates for oral transmucosal delivery will continue to
be limited. Many products on the market, however, have shown
unique properties and advantages of this delivery route. The key in the
future will be to involve drug delivery and formulation scientists early
in the drug selection process, so that more drugs that are suitable
for delivery routes other than oral and parental can be developed [3].

2. Overview of the oral mucosa

2.1. Structure

The oral mucosa is composed of an outermost layer of stratified
squamous epithelium below this lies a basement membrane, a lamina
propria followed by the submucosa as the innermost layer. The
epithelium is similar to stratified squamous epithelia found in the rest
of the body in that it has a mitotically active basal cell layer, advancing
through a number of differentiating intermediate layers to the super-
ficial layers, where cells are shed from the surface of the epithelium
[4]. The epithelium of the buccal mucosa is about 40–50 cell layers
thick, while that of the sublingual epithelium contains somewhat
fewer. The epithelial cells increase in size and become flatter as they
travel from the basal layers to the superficial layers.

2.2. Permeability

The oralmucosa in general is somewhat leaky epithelia intermediate
between that of the epidermis and intestinalmucosa. It is estimated that
the permeability of the buccalmucosa is 4–4000 times greater than that
of the skin [5]. As indicative by the wide range in this reported value,
there are considerable differences in permeability between different
regions of the oral cavity because of the diverse structures and functions
of the different oral mucosae. In general, the permeability of the oral
mucosae decrease in the order of, sublingual greater than buccal,
and buccal greater than palatal [6]. This ranking is based on the relative
thickness and degree of keratinization of these tissues, with the
sublingual mucosa being relatively thin and non-keratinized, the buccal
thicker and non-keratinized, and the palatal intermediate in thickness
but keratinized. Intercellular spaces at the upper one-third of the
epithelium. This barrier exists in the outermost 200µmof the superficial
layer. Permeation studies have been performed using a number of very
large molecular weight tracers, such as horseradish peroxidase and
lanthanumnitrate.When applied to the outer surface of the epithelium,
these tracers can only penetrate through outermost layer or two of cells.
When applied to the submucosal surface, they permeate up to, but not
into, the outermost cell layers of the epithelium. According to these
results, it seems apparent that flattened surface cell layers present are
the main barrier to permeation, while the more isodiametric cell layers

3N.V.S. Madhav et al. / Journal of Controlled Release 140 (2009) 2–11

Teva Pharm. v. Indivior, IPR2016-00280 
INDIVIOR EX. 2016 - 5/13

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


Real-Time Litigation Alerts
  Keep your litigation team up-to-date with real-time  

alerts and advanced team management tools built for  
the enterprise, all while greatly reducing PACER spend.

  Our comprehensive service means we can handle Federal, 
State, and Administrative courts across the country.

Advanced Docket Research
  With over 230 million records, Docket Alarm’s cloud-native 

docket research platform finds what other services can’t. 
Coverage includes Federal, State, plus PTAB, TTAB, ITC  
and NLRB decisions, all in one place.

  Identify arguments that have been successful in the past 
with full text, pinpoint searching. Link to case law cited  
within any court document via Fastcase.

Analytics At Your Fingertips
  Learn what happened the last time a particular judge,  

opposing counsel or company faced cases similar to yours.

  Advanced out-of-the-box PTAB and TTAB analytics are  
always at your fingertips.

Docket Alarm provides insights to develop a more  

informed litigation strategy and the peace of mind of 

knowing you’re on top of things.

Explore Litigation 
Insights

®

WHAT WILL YOU BUILD?  |  sales@docketalarm.com  |  1-866-77-FASTCASE

API
Docket Alarm offers a powerful API 
(application programming inter-
face) to developers that want to 
integrate case filings into their apps.

LAW FIRMS
Build custom dashboards for your 
attorneys and clients with live data 
direct from the court.

Automate many repetitive legal  
tasks like conflict checks, document 
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks 
for companies and debtors.

E-DISCOVERY AND  
LEGAL VENDORS
Sync your system to PACER to  
automate legal marketing.


