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ABSTRACT: Drug delivery via the oral mucous membrane is
considered to be a promising alternative to the oral route. Sublingual
dosage form is to be placed under the tongue and produce immediate
systemic effect of enabling the drug absorbed directly through the
mucosal lining of the mouth beneath the tongue which is very rich to
vascular blood supply. Sublingual spray is useful when rapid onset of
action is desired with better patient compliance than orally ingested
tablets. In terms of permeability, the sublingual area is more
permeable than the vocal area, and hence also than the palatal area.
The sublingual spray is to be sprayed for faster onset of activity. The
absorption of drugs through sublingual route is 3-10 times larger than
that presented by oral route hence can be employed for emergency
weather. As per formulation aspects, dose uniformity of sublingual
film is a technical challenge. On the other hand, ease of administration
is more in the case of spray as compared to film. The primary
advantages of sublingual spray include elimination of first pass effect,
rapid drug absorption, high efficacy, large surface area and many
more. In this delivery scheme, drug directly goes to the arterial
circulation by sublingual vein and capillaries and then into the jugular
vein and then to the Superior vena cava.

INTRODUCTION: The oral mucosa is highly
vascularised, drugs that are ingested through the
oral mucosa directly reach to the systemic
circulation, bypassing the GI tract and first-pass
metabolism in the liver. This effect in rapid onset
of action via more comfortable and convenient
delivery route than the intravenous route for
selected drugs.
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Sublingual sprays are to be sprayed under the
tongue for faster effect of enabling the drug
absorbed directly through the mucosal lining
beneath the tongue * 2.

Advantages: >4 10

e Sublingual spray can give faster onset and
longer duration of action. It provides ease of
administration to patients who refuse to
swallow a tablet.

e There is no requirement of drug disintegration.

¢ In patients who experience dry mouth, the spray
can be a better alternative, since the dissolution
of the spray is not dependent upon patient’s
saliva.
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e Water does not require for swallowing the
dosage form; elimination of first pass
metabolism, good mouth feels property.

e Low dosage provides high efficacy as hepatic
first pass metabolism is avoided and also
reduces the risk of side effects.

e Some drugs absorb from the mouth, pharynx
and esophagus as the saliva passes down into
the stomach, in such cases bioavailability of the
drug increases.

e The large contact surface area of the oral cavity
contributes to rapid and extensive drug
absorption.

e |t can lead to improved patient compliance as
the elimination of associated pain with
injections reduces; administration of drugs in
unconscious or incapacitated patients can be
possible and convenience of administration
improves as compared to injections or oral
medications.

Disadvantages: > * *°

e Taste masking is a major problem associated
with sublingual spray formulation.

e |t is not applicable for drugs that require high
blood levels or large doses.

e Sublingual delivery is not well suited to
sustained-delivery systems as it interferes with
eating, drinking and talking.

Mechanism of Sublingual Absorption: The
absorption potential of the oral mucosa is affected
by the lipid solubility and hence the permeability of
the solution, ionization and molecular weight of
substances. When carrier pH is low (more acidic),
the absorption of some drugs through oral mucosa
increases and decrease with a higher pH (more
alkaline). The cells of the oral epithelium and
epidermis are also capable of absorbing by
endocytosis (the uptake of particles by a cell as if
by hollowly wrapping itself around it. These
engulfed particles are usually too large to diffuse
through its wall). It is unlikely that this mechanism
is used across the entire stratified epithelium.

It is also unlikely that active transport processes
operate within the oral mucosa. However, it is
believed that acidic stimulation of the salivary
glands, with the accompanying vasodilation,
facilitates the absorption and uptake into the
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circulatory system. The mouth is lined with a
mucous membrane which is covered with
squamous epithelium and contains mucous glands.
The sublingual mucosal tissue is similar to that of
the buccal mucosa. The salivary glands consist of
lobules of cells which secrete saliva through the
salivary ducts into the mouth. The three pairs of
salivary glands are the parotid, the sub-mandibular
and the sublingual which lies on the floor of the
mouth. The more acidic the taste, the greater the
stimulation of salivary output.

The sublingual artery travels forward to the
sublingual gland, it supplies the gland and branches
to the neighbouring muscles and to the mucous
membranes of the mouth, tongue and gums. Two
symmetrical branches travel behind the jawbone
under the tongue to meet and join at its tip. Another
branch meets and anastomoses with the sub mental
branches of the facial artery. The sublingual artery
stems from the lingual artery - the body's main
blood supply to the tongue and the floor of the
mouth - which arises from the external carotid
artery. The proximity with the internal carotid
artery allows fast access to its route supplying the
greater part of the cerebral hemisphere 2 *°.

Sublingual Glands: Sublingual gland is called as
salivary glands, which are present on the floor of
the mouth, beneath the tongue. Drugs having
infrequent dosing regimen and short delivery could
be delivered successfully through sublingual route
because of the rich blood supply and high
permeability. The sublingual route produces a rapid
onset of action. Sublingual glands are also known
for their lubricating and binding functions,
sublingual gland secretion makes the food slippery
and easily swallowable. Saliva secretion plays a
major role in shaping the principle physiological
environment of the oral cavity in terms of pH,
composition and fluid volume.

It is a protective fluid in all tissues of the oral
cavity, hydrates oral mucosal dosage forms,
continuous mineralization / demineralization of the
tooth enamel. The saliva secretion has been
promoted by 3 major salivary glands, which are
sublingual, parotid and sub- maxillary gland. Saliva
regulates oral microbial flora by maintaining the
oral enzyme activity and pH. Sublingual glands are
known for their viscous saliva with limited
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enzymatic activity, whereas sub-maxillary gland
and parotid produces a watery secretion. For
lubricating the oral cavity saliva is helpful; it
prevents demineralization of the teeth and
facilitates swallowing. Approximately 0.5-2.0L of
saliva secreted by salivary gland. However, around
1.1ml volume of saliva, which is available
constantly provide relatively low fluid volume,
which available for drug release from delivery
systems compared to Gl tract. If we compare the Gl
fluid and saliva, saliva is less viscous. The flow
rate of saliva, which in turn depends on 3 factors;
time of day, the degree of stimulation and the type
of stimulus. The mechanism of absorption any
sublingual dosage form through mucosa is shown
in below Fig. 1.
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FIG. 1: MECHANISM OF ABSORPTION THROUGH
SUBLINGUAL MUCOSA

Factors Affecting the Sublingual Absorption:

e Lipophilicity of Drug: For a drug to be
absorbed completely through sublingual route,
the drug must take in slightly higher lipid
solubility than that needed for GI absorption is
necessary for passive permeation.

e Solubility in Salivary Secretion: In addition to
high lipid solubility, the drug should be soluble
in aqueous buccal fluids i.e. biphasic solubility
of the drug is necessary for absorption.

e pH and pKa of the Saliva: As the mean pH of
the saliva is 6.0, this pH favors the absorption
of drugs which remain unionized. Besides, the
concentration of the drugs through the oral
mucosa occurs if the height is greater than 2 for
an acid and less than 10 for a base.
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e Binding to Oral Mucosa: Systemic
availability of drugs that bind to oral mucosa is
poor.

e Thickness of Oral Epithelium: As the
thickness of sublingual epithelium is 100-200
um which is less as compared to buccal
thickness. So the absorption of drugs is faster
due to thinner epithelium and also the
immersion of drug in a smaller volume of
saliva.

e Oil to Water Partition Coefficient:
Compounds with favorable oil to water
partition coefficients are readily absorbed
through the oral mucosa. An oil-water partition
coefficient range of 40-2000 is considered
optimal for the drugs to be absorbed
sublingually 2 °.

Ideal Properties of Drug in Sublingual Drug
Delivery System:

e Drug should not bitter in taste.

e Dose should be lower than 20 mg, e.g.
Nifedipine.

e Small to moderate molecular weight.

e Good stability in water and saliva.

e Undergoing first pass effect e.g. ketotifen
fumarate.

e Drug should not ionize at the pH of oral
cavities.

e Many drug properties that potentially affect the
performance of sublingual tablets like
solubility, crystal morphology, particle size,
hygroscopicity, bulk density, and
compressibility of drug.

e Some drugs undergo extensive first pass
metabolism,  which  results in  poor
bioavailability in its oral dosage forms, that
kind of drug is suitable for sublingual dosage
form.

e Parenterally unstable preparations of the drug
are suitable for sublingual dosage form.

Aerosol: The term aerosol is used to denote various
systems ranging from those of colloidal nature to
systems consisting of pressurize packages. The
aerosol has been defined as a colloidal system
consisting of very finely subdivided liquid or solid
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particles dispersed in and surrounded by a gas.
Metered valves are important for medicinal
aerosols. These valves make it possible to dispense
quantities of aerosol ranging from 25 to 100ul per
actuation *°.

Advantages of Aerosol System: *°

Circumvention of first pass effect.
Rapid onset of action.

TABLE 1: DIFFERENT TYPES OF AEROSOL SYSTEMS

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Avoidance of degradation in the on Gl tract.
Lower dosage that minimizes adverse reactions.
Container and valve closure are tamper proof.
Alternate route when the therapeutic agent may
interact chemically or physically with other
medicines.

The following Table 1 shows the different types of
Aerosol systems can be possible 1°.

Different Types of Aerosol Systems

Solution System

Two-phase system: Vapour and liquid phase. When the active ingredients are soluble in the

propellant, no other solvent is required.

Water-Based System

Three-phase system: Propellant, water and vapour. Large amount of water can be used to

replace all or a part of the non-aqueous solvents.

Suspension or Dispersion
System

Foam System

Dispersion of active ingredients in the propellant or a mixture of propellants.
Decrease the rate of settling of the dispersed particles, various surfactants or suspending agents

have been added.

Consists of active ingredients, aqueous or non-aqueous vehicles, surfactant, and propellant and

are dispensed as stable or quick breaking foam. The liquefied propellant is emulsified and is
generally found in the Internal phase.

In aerosol system, there are many types of Hydrocarbons used as propellant. Some of them are listed in

below Table 2 *°,

TABLE 2: COMPOSITION (%)

Composition (%)

Designation Pressure (psig at 70 °F) N-Butane Propane Isobutane
A-108 108+ 4 Traces 99 1
A-31 31+2 3 1 96
A-17 17+2 98 Traces 2
A-24 24 +2 49.2 0.6 50
A-40 402 2 12 86
A-46 46 £ 2 2 20 78
A-52 52 +2 2 28 70
A-70 702 1 51 48

The following Fig. 2 shows the cross-section of an
aerosol container.

Container
>

FIG. 2: CROSS SECTION OF AEROSOL CONTAINER
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Composition of Sublingual Spray: A spray
formulation consists of two essential components: *

> Product concentrate and
> Propellant.

Product Concentrate: The product concentrate
consists of dynamic constituents, or a mixing of
dynamic constituents and other necessary agents

such as Penetration enhancers, solvents,
antioxidants,  flavoring  agents,  sweeteners,
hydrophilic polymers, preservatives, acidifying

agents, Co solvent.

Penetration Enhancers: Enhancers have been
employed to increase the permeation of drugs
through the membrane, and hence increase the
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subsequent bioavailability. Some instances of
penetration enhancers and their mechanisms are
bile salts (micellization and solubilization of
epithelial lipids), fatty acids such as oleic acid
(perturbation of intracellular lipids), a zone (1-
dodecylazacycloheptan- 2-one) (increasing fluidity
of intracellular lipids), and surfactants such as
sodium lauryl sulfate (expansion of intracellular
spaces).

Propellants: The propellant provides the force that
kicks out the product concentrate from the
container and additionally is responsible for the
rescue of the formulation in the proper course (i.e.,
spray, foam, and semisolid). When the propellant is
a liquefied gas or a mixture of liquefied gases, it
can likewise function as the solvent or vehicle for
the product concentrate.

Paragon properties of propellants;

«¢ It should be non-toxic.

< It must be pure.

% It should be free from irritation effect.

« It should have good solvent action on numbers
of therapeutic active ingredients.

«¢ It should be chemically inert.

% It should be non-reactive.

Evaluation Parameters:

Qualitative Tests:

Spray Patterns: Deliver the spray through the
aerosol container onto a Whatmann filter paper
(use color for better vision - Sudan red or brilliant
blue) and observed the patterns formed and
calculate the diameter and Ovality ratio. The
Ovality ratio is calculated using formula:

Ovality ratio= Dmax/ Dmin
Where, Dmax and Dpmin are the maximum and
minimum  diameters of the spray pattern
respectively.

pH: pH meter is calibrated according to the
manufacturer’s directions using two buffers for
calibration. The tip of the probe is dipped after
rinsing with water into samples. The meter is
allowed to equilibrate. The pH is noted on attaining
equilibrium state.

Leak Test: Leak test was done for checking the
crimping of valve. Crimping must be available to
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prevent defective container. This was accomplished
by measuring the crimps dimensions and ensuring
that they meet the specifications. Leak testing of
valve closure was done by passing the filled
containers through water bath.

Quantitative Tests:

Vapor Pressure: The pressure is measured simply
with a pressure gauge. It can be accessed through
the role of a water bath, test gauges, and limited
equipment.

Density: Empty Pyknometer is weighed and then
filled with 25ml of the product and reweighed.
Difference of filled Pyknometer to empty
Pyknometer is divided by the volume filled to get
the density of the product.

Prime Test: Test for priming is done by actuation
of the container till the formulation is released from
the container. Numbers of actuations are counted
for container to release the formulation.

Flame Projection: This test indicates the effect of
an aerosol formulation on the extension at an open
flame. The project is sprayed for about 4 sec into a
flame. Depending on the nature of the formulation,
the flame is extended, the exact length being
measured with a ruler.

Aerosol Valve Discharge Rate: This is determined
by taking an aerosol product of known weight and
discharging the contents for a given period of time
using standard apparatus. By reweighing the
container after the time limit has expired, the
discharge rate, which can then be expressed as
grams per second.

Net Content: Empty containers are weighed before
filling and then reweighed after filling and sealing
of the containers and the difference obtained is Net
content.

Drug Content: One ml of spray solution is taken
and its absorbance is determined using UV
spectrophotometer  after  adequate  dilution.
Concentration is determined from the standard plot
and the drug content is calculated as a % of the
theoretical value.

Drug Content = Actual Drug content / Theoretical
Drug Content X 100
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Drug Content per Spray: The content per spray is
determined by firing two sprays in a beaker
containing diffusion media. This solution is shaken
for a few minutes and drug content is analyzed by
analytical technique.

Spray Angle: The method of impingement of
spray on a bit of paper is employed for the work.
Sudan red (10mg) is dissolved in formulation to
facilitate visualization. The sprays are actuated in
horizontal direction onto a whole paper mounted at
a specific distance from the nozzle. The radius of
the circle, formed on the paper, is recorded in
triplicate from different directions. Spray angle (0)
is calculated by equation.

Spray angle (0) =tan™ L/R
Where L= Distance of paper from the nozzle,
R=Average radius of the circle.

Spray Profiling (Delivered Dose Uniformity):
Reproducibility of dosage is determined using this
test as per USP. The median quantity of active
ingredient delivered through the actuator per spray
is assayed. The unity of content is validated by
performing the test at the three different points, i.e.
starting, intermediate and ending  point
approximately.

Flash Point: This is defined by use of the standard
Tag Open Cup apparatus. The aerosol product is
cooled to a temperature of about -250 °F and
transferred to the test apparatus. The test liquid is
permitted to increase slowly in temperature, and the
temperature at which the vapors ignite is taken as
the flash point obtained is usually the flash point of
the most flammable component.

Ex-vivo Drug Diffusion Studies: The Ex-vivo drug
diffusion study of optimized formulation is
performed using Franz diffusion. The study is
performed on sublingual goat mucosa in buffer
suitable to membrane between 6 and 7. At the
particular time interval, the aliquot is withdrawn
and analyze in UV spectrophotometer. The drug
diffusion study is carried out for a certain period of
time.

Flux and Apparent Permeability Determination:
Flux and apparent permeability can be calculated
using the following formulae.
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Jss (Flux) =AQt/At*S
Where, AQt / S is the cumulative drug permeation
per unit of mucosal surface area (ug/ cm®) t is time
expressed in hour.

Papp (Apparent permeability) = Jss / Cd
Where, Jss is the flux and Cd is the concentrate of
drug in donor compartment.

Stability Studies: There are Il types of stability
testing: Electrochemical testing and long term static
testing. Electrochemical testing provides a limited
amount of information, but is an efficient screening
instrument. Long term static testing provides the
most important data such as: weight loss,
concentrate / propellant saturation changes (vapor
pressure measurement), maintaining original spray
characteristic, corrosion, and concentrate stability
(separation, coagulation, chemical change, gloss,
and odor change). Long term static testing is
usually performed at a temperature of 120 °F, over
a point of three months to a year.

CONCLUSION: Sublingual drug delivery system
has several advantages like rapid onset of action,
liver is bypassed, low dose give high efficacy,
provides fast dissolution and disintegration, hence
it can be used for emergency conditions.
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