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Membrane Paracellular Optimal Largest Optimal log P
resistance transcellular MW commercial
(2 cm?) (Da) product
(MW in Da)
Ophthalmic 1012 <500 Cyclosporin 1.0-2.0
(cornea) (1202.6)
Ophthalmic (RPE) 2000 <400 Bevacizumab 0-5.0
(149 000)
Nasal 261 <1000 Salmon calcitonin 1.0-4.0
(3432)
Pulmonary 266 (bronchial) <500 Insulin (5808) -1to 4
<76 000
Buccal 1803 (buccal) <500 Buprenorphine 2-4
(467.6)
Small intestine 211-266 <500 Cyclosporin 1-5
(1202.6)
Rectal 406 <300 Ergotamine 0-5
2 cliYarall e - sles daala (581.6) 5

Table 8.9 The effect of salt formation on the log P of
some weakly basic drugs

Free base and hydrochloride sait |

Promazine

Diphenylhydramine

Chlorpromazine

Chlorpromazine HCI

Promazine HCI
Trifluopromazine

Trifluopromazine HCI
Trifluoperazine

Trifluoperazine HCI
Diphenylhydramine

’-th\!am‘n e - lea dadls

log P
5.35
1.51
4.49
0.91
5.19
1.78
5.01
1.69
3.30

-0.12

dlog P

3.84

3.58

4.28

3.34

3.42
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Liquid dosage forms
Monophasic liquid D.F Polyphasic
Solutions liquid D.F
Suspensions Colloids
Aqueous Non-aqueous
solutions solutions
Emulsions
2 claYauall ) jie et 7

Classification of solutions

(i) According to the route of administration

- Oral solutions through oral route

- Otic solutions instilled in the ears

- Ophthalmic solutions instilled in the eyes

- Topical solutions applied over skin surface

2 ¥ apall o - tles dnda 8
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Classification of solutions

(ii) According to the vehicle
- Aqueous solutions

Solutions that contain water as the solvent. For
example, sugar in water, carbon dioxide in water,

etc .

- Non-aqueous solutions

Solutions that contain a solvent other than water.
Ether, benzene, petrol, carbon tetrachloride etc., are
some common solvents. For example, sulphur in
carbon disulphide, naphthalene in benzene, etc .

2 ¥ apall o - tles dnda 9

Liquid dosage forms

m Solutions: solutions are clear liquid preparations
containing one or more active ingredients dissolved
in a suitable vehicle.

m Suspensions (Solid in liquid dispersion): liquid
preparations containing one or more active
ingredients suspended in a suitable vehicle.

m Emulsions (liquid in liquid dispersion):
emulsions are two phase system in which one liquid
is dispersed throughout another liquid in the form of
small particles.

2 ¥ apall o - tles dnda 10




Liquid dosage forms

which are approximately less than 1 pm in size, are

prevents them from being filtered easily or settled
rapidly.

2 cliVasall ) e - sles dads

m Colloids: A system in which finely divided particles,

dispersed within a continuous medium in a manner that

1

Liquid dosage forms

-Syrups aqueous solution containing sugar
- Elixir

and ethanol solution 10-20%)

- Spirit

solution of aromatic materials in alcohol.

water.

2 SliVasall ) e - dles dads

sweetened hydro-alcoholic (combination of water

Aromatic water solution of aromatic material in

12
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Saturated and unsaturated solutions

- Saturated Solution

A solution in which no more solute can be dissolved at a
given temperature is called a saturated solution

- Unsaturated solution

A solution in which more solute can be dissolved at a given
temperature is called an unsaturated solution.

A given solution that is saturated at a particular
temperature may become unsaturated when the

temperature is increased.

2 ¥ apall o - tles dnda 13

Pharmaceutical solutions may contain a range of

excipients, each with a defined pharmaceutical
purpose. Examples of these include:

= | the vehicle| usually purified water

= | co-solvents} e.g. propylene glycol, 10 Agents
glycerin, alcohol

| agents specifically to enhance the solubility pof the therapeutic

agent in the vehicle, e.g. surface-active agents
a Ipreservatives, >.g. parahydroxybenzoate esters (methylhydroxy-
benzoate and propylhydroxybenzoate), boric acid and borate
salts, sorbic acid and sorbate salts, phenolics
sweeteners, e.p. glucose, saccharin, aspartame
rheology (viscosity) modifiers, e.g. hydrophilic polymers
(cellulose derivatives, alginic acid, polyvinylpyrrolidone)
I antioxidants, |e.g. sodium formaldehyde sulphoxylate,
butvlated hvdroxyanisole, butylated hydroxytoluene
colours
flavours

buffers to regulatcllllc pH of the formulation, e.g. citrate
bulier 2 ShiVasall ) e - sles dads
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m The vehicle, usually purified water

m Co-solvents, e.g. Propylene glycol, glycerin,
alcohol

m Agents specifically to enhance the solubility of
the therapeutic agent in the vehicle, e.g. Surface-
active agents

m Preservatives, e.g. Parahydroxybenzoate esters
(methylhydroxybenzoate and
propylhydroxybenzoate), boric acid and borate
salts, sorbic acid and sorbate salts, phenolics

15 2 Sa¥apall ) jia - dles Gadls

m Sweeteners, e.g. glucose, saccharin, aspartame
m Rheology (viscosity) modifiers, e.g. hydrophilic
polymers (cellulose derivatives, alginic acid,
polyvinylpyrrolidone)

m Antioxidants, e.g. sodium formaldehyde
sulphoxylate, butylated hydroxyanisole, butylated
hydroxytoluene

m Colours

m Flavours

m Buffers to regulate the pH of the formulation,
e.g. Citrate buffer.

16 2 S¥apeall ) jia - dles Gadls
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1- The vehicle

The preferred and most commonly used vehicle in
solutions for oral administration is Purified Water USP

The main features of Purified Water USP are as
follows:

m It is prepared by distillation, ion exchange
methods or by reverse osmosis.

m The solid residue (obtained after evaporation) is
less than 1 mg per 100 ml of evaporated sample.

m It must not be used for the preparation of parenteral
formulations.

17 2 Sa¥apall ) jia - dles Gadls

2- Co-solvents

Alcohol USP (CH,CH,0H) | %5-2

Glycerol %30-10 Propylene Glycol USP|
%15-10

Poly(ethylene glycol)

(PEG 200, PEG 400)

18 2 S¥apeall ) jia - dles Gadls




3- Surface-active agents

v' Surface-active agents are chemicals that possess both
hydrophilic (water-liking) and hydrophobic (water-
disliking) regions.

v" This orientation is referred to as a micelle and the
concentration of surface-active agent at this occurs is
termed the critical micelle concentration (CMC).

v" In so doing the drug is solubilised within the colloidal
micelles; due to their small size, the resulting solution

appears homogeneoys to the naked eye.

4- Buffers

Employed to control the pH of the formulated
product and optimize the physicochemical
performance of the product. Typically pH
control is performed:

v to maintain the solubility of the therapeutic
agent in the formulated product.

v to enhance the stability of products in which
the chemical stability of the active agent is
pH-dependent.

20 2 S¥apeall ) jia - dles Gadls
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Examples of buffer salts used in pharmaceutical
solutions include:
m acetates (acetic acid and sodium acetate): circa 1-2%
m citrates (citric acid and sodium citrate): circa 1-5%
m phosphates (sodium phosphate and disodium

phosphate): circa 0.8—2%.

21 2 Sa¥apall ) jia - dles Gadls

5- Sweetening agents

Employed to increase the palatability of

the therapeutic agent e,g: sucrose, liquid
glucose, glycerol (0.6 times sucrose), sorbitol,
saccharin sodium and aspartame.

Note; The use of sugars in oral formulations for
children and patients with diabetes mellitus is to be
avoided.
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6- Viscosity-enhancing agents

The viscosity of the formulation must be
sufficiently controlled in order to:

v' ensure the accurate measurement of the
volume to be dispensed.

v" Furthermore, increasing the viscosity of
some formulations may increase the
palatability.

25 2 Sa¥apall ) jia - dles Gadls

Examples of netural polymer used in
pharmaceutical solutions include:

m Non-ionic (neutral) polymers
— cellulose derivatives, e.g.:
e methylcellulose
e hydroxyethylcellulose
e hydroxypropylcellulose
— polyvinylpyrrolidone
m lonic polymers

— sodium carboxymethylcellulose (anionic)
— sodium alginate (anionic).

26 2 S¥apeall ) jia - dles Gadls




7- Antioxidants

Antioxidants are included P.S. to enhance the
stability of therapeutic agents that are susceptible
to chemical degradation by oxidation:

v' water-soluble: sodium sulphite, sodium
metabisulphite, sodium formaldehyde
sulphoxylate and ascorbic acid

v' water-insoluble: butylated hydroxytoluene
(BHT), butylated hydroxyanisole (BHA) and
propyl gallate.

Low concentrations (< 0.2% w/w)

27 2 Sa¥apall ) jia - dles Gadls

Antioxidants may also be employed in conjunction
with chelating agents, e.g. ethylenediamine
tetraacetic acid (EDTA), citric acid.

28 2 S¥apeall ) jia - dles Gadls
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8- Preservatives

Preservatives are included in P.S. to control the
microbial bioburden of the formulation. Ideally,
preservatives should exhibit the following properties:

m Possess a broad spectrum of antimicrobial
activity encompassing Gram-positive and Gram-
negative bacteria and fungi

m Be chemically and physically stable over the
shelf-life of the product

m Have low toxicity.

a. The determination of the bioburden
(microbiological contamination) of the product

before sterilization,

Preservatives is available for use e.g.:

m Benzoic acid and salts (0.1-0.3%)

m Sorbic acid and its salts (0.05-0.2%)

m Alkyl esters of parahydroxybenzoic acid
(0.001-0.2%).

Usually a combination of two members of this
series is employed in pharmaceutical solutions,
typically methyl and propyl parahydroxybenzoates
(in a ratio of 9:1).

30 2 S¥apeall ) jia - dles Gadls
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Figure 1.4 Structural formula
of (a) benzoic acid and 0
(b) sorbic acid.
HC OH
Vav
(a) (b)
Figure 1.5 Structural formula
0 OR for the parahydroxybenzoate
esters (parabens, where R
refers to an alkyl group).
- in a ratio of 9:1)
0.1-0.2% wiv.
2 GliVapall e - sles dadls 31

10-Flavours and colourants

The addition of flavours is often required to mask the
taste of the drug substance

Table 21.1 Suitable masking flavours for various

product tastes
Taste of Suitable masking flavour
product

Salty Apricol, butterscotch, liquorice, peach, vanilla
Bitter Anise, chocolate, mint, passion fruit, wild cherry
Sweet  Vanilla, fruits, berries

Sour Citrus fruits, liquorice, raspberry
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In the USA, the maximum quantity of
alcohol included in OTC medicines;
> is 10% v/v for products labeled for
use by people of 12 years of age and
older,
»5% vlv for products intended for use
by children aged 6-12 years of age,

» and 0.5% v/v for products for use by
children under 6 years of age.
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Preservation of Syrups

Syrups can be preserved b)l () storage at low temperature“b) adding preservatives such as glycerin,l
benzoic acid, sodium benzoate, methyl paraben, or alcohol in the formulation, of (¢) by the maintenance
of a high concentration of sucrose as a part of the formulation. High sucrose concentrations will usually
protect an oral liquid dosage form from growth of most microorganisms. A problem arises, however,
when pharmacists must add other ingredients to syrups that can result in a decrease in the sucrose con-

centration. This may cause a loss of the preservative effectiveness of the sucrose. This can be overcome,
however, by calculating the quantity of a preservative (such as alcohol) to add to the formula to maintain
the preservative effectiveness of the final product.

EXAMPLE
Rx Active drug SmL volume occupied
Other drug solids 3mL volume occupied
Glycerin 15SmL
Sucrose 25¢
Ethanol 95% q.s.
Purified water q.s. 100mL

How much alcohol would be required to greserve this prescription? We will use the free-water method to
. 2 l¥auall ) jia - slea Aadda
calculate the quantity of alcohol required?

Simple syrup contains 85 g sucrose per 100 mL of solution, which weighs 131.3 g (specific grav-
ity, 1.313). It takes 46.3 mL of water to prepare the solution (131.3 — 85 = 46.3), and the sucrose
occupies a volume of (100 — 46.3 = 53.7) 53.7 mL.

1. Because this solution is preserved, 85 g of sucrose preserves 46.3 mL of warer, and 1 g of sucrose pre-
serves 0.54 mL of water. With 25 g of sucrose present, the amount of water preserved is

25x0.54=13.5mL

2. Because 85 g of sucrose occupies a volume of 53.7 mL, 1 g of sucrose will occupy a volume of 0.63 mL.
The volume occupied by the sucrose in this prescription is

25x0.63=15.75mL

3. The active drug and other solids occupy 8 mL (5 + 3) volume.

4. Each mL of glycerin can preserve an equivalent quantity of volume (2 X 15 = 30), so 30 mL would be
preserved.

5. The volume taken care of so far is 13.5 + 15.75 + 8 + 30 = 67.25mL. The quantity of free water
remaining is

100 -67.25=32.75mL

6. Because it requireslabout 18% alcohol to preserve the water, I

0.18 X 32.75 = 5.9 mL of alcohol (100%)

would be required.
7. 1F95% ethanol is used, 5.9/0.95 = 6.21 mL would be required.

To prepare the prescription, about 6.21 mL of 95% ethanol can be added with sufficient purified water to
make 100 mL of the final solution. 2 cls¥asall ) jie - slea daala 46
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2- Elixirs

= Elixirs are clear, sweetened
hydroalcoholic solutions intended
for oral use and are usually flavored
to enhance their palatability.

= Nonmedicated elixirs are employed
as vehicles;

=m Medicated elixirs are used for the
therapeutic effect of the medicinal
substances they contain.
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= Compared with syrups, elixirs are
usually less sweet and less viscous.

= Elixirs are better able than aqueous
syrups to maintain both water-
soluble and alcohol-soluble
components in solution.

= Each elixir requires a specific blend
of alcohol and water to maintain all
of the components in solution.
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= In addition to alcohol and water,
other solvents, such as glycerin and
propylene glycol, are frequently
employed in elixirs as adjunctive
solvents.

= Although many elixirs are
sweetened with sucrose or with a
sucrose syrup, some use sorbitol,
glycerin, and/or artificial
sweeteners.
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= All elixirs contain flavorings to
increase their palatability, and most
elixirs have coloring agents to
enhance their appearance.

= Elixirs containing more than 10 to
20% of alcohol are usually self-
preserving and do not require the
addition of an antimicrobial agent.
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= One advantage of elixirs over their
counterpart drugs in solid dosage
forms is the flexibility and ease of
dosage administration to patients who
have difficulty swallowing solid forms.

= A disadvantage of elixirs for children
and for adults who choose to avoid
alcohol is their alcoholic content.

= Elixirs should be stored in tight, light-
resistant containers and protected
from excessive heat.
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(2-1) Preparation of Elixirs

= Elixirs are usually prepared by simple

solution with agitation and/or by
admixture of two or more liquid
ingredients.

= Alcohol-soluble and water-soluble
components are generally dissolved
separately in alcohol and in purified
water, respectively.
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= Then the aqueous solution is added to
the alcoholic solution to maintain the

highest possible alcoholic strength at
all times so that minimal separation of
the alcohol-soluble components occurs.

= When the two solutions are completely
mixed, the mixture is made to volume
with the specified solvent or vehicle.
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Frequently the final mixture will be
cloudy because of separation of some
of the flavoring oils by the reduced
alcoholic concentration.

Talc
Filter
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(2-2) Nonmedicated Elixirs

Nonmedicated elixirs may be useful
to the pharmacist in the
extemporaneous filling of
prescriptions involving

(a) the addition of a therapeutic agent to
a pleasant-tasting vehicle,

) dilution of an existing medicated
elixir.
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= In selecting a liquid vehicle for a
drug substance, the pharmacist
should be concerned with the
solubility and stability of the drug
substance in water and alcohol.

= All components should be chemically
and physically compatible.
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., (2-3) Medicated Elixirs
= Antihistamines elixirs are useful
primarily in the symptomatic relief of
certain allergic disorders.

= The most common untoward effect is
sedation.

s Other common adverse effects
include dryness of the nose, throat,
and mouth; dizziness; and disturbed
concentration.
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Barbiturate sedative/hypnotic elixirs

= Barbiturates are administered in
small doses in the daytime hours as
sedatives to reduce restlessness and
emotional tension.

= Greater doses may be given before
bedtime as hypnotics to release
insomnia.

phenobarbital
long-acting amobarbital
intermediate-acting pentobarbitol
short-acting secobarbitol
ultrashort-acting thiopental
20l ) - Sen 64




Phenobarbital Elixir

Phenobarbital elixir is formulated to
contain phenobarbital 0.4%0,which
provides about 20 mg of drug per
teaspoonful (5ml)of elixir.

Orange oil
Colored red

Syrup
Glycerin
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Digoxin Elixir

Digoxin is poisonous, and its dose
must be carefully determined and
administered to each individual

patient.
The official elixir contains about 10% of
alcohol.

100 ml elixir Cardiotonic agent

1.5 mg initial therapy

4.5 mg to 5.25 m
8 8 0.5 mg maintenance therapy

0.25 mg/5mL teaspoonful
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FIGURE 13.2 Serum digoxin concentrations following admin-
istration of digoxin 0.5 mg by oral tablet and elixir-like oral
solution. (Adapted with permission from Huffman DH,
Azarnoff DL. Absorption of orally given digoxin prepara-
tions. JAMA 1972;222:95?\_}5 C]Opyl‘j&_ihL © 2010 American
Medical Association. All rlzghhy:; rt‘)'?é;':./eé'r‘l? 67

3- Tinctures

= Tinctures are alcoholic or
hydroalcoholic solutions prepared
from vegetable materials or from
chemical substances.

= They vary in method of preparation,
strength of the active ingredient,
alcoholic content, and intended use
in medicine or pharmacy.
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= Depending on the preparation,
tinctures contain alcohol in amounts
ranging from approximately 15 to
80%b.

= The alcohol content protects against
microbial growth and keeps the
alcohol-soluble extractives in
solution.

= In addition to alcohol, other solvents,
such as glycerin, may be employed.
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= Tinctures must be tightly stoppered
and not exposed to excessive
temperatures.

= Many tinctures must be stored in
light-resistant containers and
protected from sunlight.

Paregoric (4588l ¢ 58 diua):
camphorated tincture of opium
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4- Gargles

* Gargles are aqueous solutions frequently containing
antiseptics, antibiotics and/or anesthetics used for
treating the pharynx (throat) and nasopharynx by forcing
air from the lungs through the gargle, which is held in the
throat; subsequently, the gargle is expectorated.

* Many gargles must be diluted with water prior to use.
Although mouthwashes are considered as a separate
class of pharmaceuticals many are used as gargles, either
as is, or diluted with water.

* The product should be labeled so that it cannot be

mistaken for preparations intended for internal
administration. 0O O Phanm

7

4- Gargles

The use of alcohol as a co-solvent may act to
enhance the antimicrobial properties of the
therapeutic agent.

Other formulation components are frequently
required to enhance the palatability and
acceptability of the preparation.

These include preservatives, colours,
flavouring agents and non-cariogenic
sweetening agents.
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5. Proper Administration and Use
of Liquid Peroral Dosage Forms

= The liquid dosage forms should be
measured out in calibrated devices
for administration.

=» Even though these are liquids, it is
recommended that the patient follow
the administration of the liquid

dosage form with a glassful of water.
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= The pharmacist must be careful in
the selection of liquid products given
the patient’s history and other
concurrent medicines.

Diabetic patient
Antabuse-like activity
Another drug-drowsiness
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