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By the end of this section, you will:

1.Understand concepts of solubility, solution and concentration.
2.Relate this basic understanding to solution formulation.
3.Be familiar with the principles underlying the formation of solutions.

4.Be familiar with the pharmaceutical excipients commonly used in solution
formulation and their role.

5.Be familiar with the common limitation faced in in solution formulation.
6.Will be able to overcome solution formulation problems.



Important definitions |

generally defined as a mixture of two or more components that form a single
phase which is homogeneous down to the molecular level.

are “liquid preparations that contain one or more chemical
substances dissolved in a suitable solvent or mixture of mutually miscible solvents”

the component that determines the phase of the solution; it usually (but not
necessarily) constitutes the largest proportion of the system.

the molecules or ions that are dispersed throughout the solvent, i.e. they are said to
be dissolved in the solvent.

*This definition is general one, it may be applied to all types of solution involving any of the
three states of matter (gas, liquid, solid) dissolved in any of the three states of matter, i.e.
solid in liquid, liquid in solid, liquid in liquid, solid in vapour, etc.



Solubility

e If you continue adding table salt to a glass of water you will reach a stage whereby no
more can dissolve. By doing this you have produced a saturated solution.

e Solubility is the concentration of a saturated solution.

e So solubility is a concentration value, BUT a concentration value isn't necessarily the
solubility.

e When you add solid above the solubility you end up with a suspension
(which will be the focus of the next section of this course).
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Solubility

Solubilities may be expressed by any of the variety of concentration terms

(explained in section two of this course) . In general, solubility is expressed in
terms of the maximum mass or volume of_solute that will dissolve in a given mass

or volume of solvent at a particular femperature and pressure at equilibrium.

Quantity per quantity""""a 3{3 or %/W‘L of mL/ML

Parts ~3> Part Pz(Mt“lO?“’%’me
Molarity w3 n/\’(&\) |
Molality —3 y / m of Soluent (Kq)

Mole fraction |
n / total n

U1 W=



e The solubility of a material depends onJdbe.salvent.and the.salute

e Nonetheless, be aware of another phenomenon called
supersaturation.

e Supersaturation is the stage where the concentration of a material

in solution is higher than the solubilityconccnf (Q_HCW\ [ X L JS. Soiubi\i!” y
e Such systems are ypsiable and eventually the excess material will :’
precipitate to form a saturated solution (and a suspension). This

point is veryimportant and needs to be considered during

pharmaceutical solutions formulation and when assigning.the
storage conditions.




Important definitions |l

1. Dissolution: The transfer of molecules (or ions) from a solid state into solution

2. Solubility: Is the extent to which dissolution of solute in the solvent proceeds under a prescribed
set of experimental conditions. OR to

Amount of a substance that passes into solution after equilibrium is established between the
solution and undissolved solute.

e Saturation:

e Solution ilibri containing excess (undissolved) solute

3. Concentration: is means by which amount of a material in a given quantity of solution is
expressed.




So why does solubility matter?

In the body, a pharmaceutical active ingredient must be “in solution” before it can
be absorbed by the blood and ultimately carried to the receptor site to render a
therapeutic effect.

Critical to solution formulation — you MUST choose a solvent whereby you are at a
reasonable distance from the solubility.

The drug will be present in biological fluids at some stage — you need to

understand solubility to understand biogvai@bili;y;._a H‘\( Q ﬂ\aﬁﬂb OS' d("{&%

thot enterS bloodstieam

*—An injected drug must NOT precipitate out on injection.j

S mast be Fully dissol ved
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Solubility of solids in liquids

e Most drugs are crystalline solids, a solrd when mixed with a liquid, will dissolve until

saturation is reached after.that that the dissolution process will stop..
,;(o At saturation stage the concentration in the liquid is the solubility. *

The solubility is important for two main reasons

l

ha;of/

\

Formulation of liquid medicines Understandlng the fate of drugs in the body

—Hydrophilic |

to a\%o\\/e, w bOAj F,W A drug must.be in solution hefgre.it can cross abiQlogicalmembrane, however, the
drug must be able to.drssolve in the lipid of the membrane in order to pass through it

~ HLjd(DPhO pre e T probably the sinale.biggest.problem.informulation.science,
(L Fo/’hih&) Lo Cross
biologjical membfane
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Where are solutions used medically?

Solutions can be formulated for dlffez.t routes of administration:

B Tyres
1. Oral dosing

m Especially for children and the elderly patients
m |ssues with palatability?!! —> accepPlable Foste —> We add

m Usuallyghon-sterile.# C!avefinj agent
® Wide pH range is acceptable
|

Syrup and elixirs are examples.

2.Mouthwashes / gargles and throat sprays
= Usuallyfhon:sterile ¥

® Wide pH range is acceptable



3. Topical lotions / paints
= usuallyfon-steriléfie "microbiologically clean'

B can be non-aqueous

4. Nasal drops
" Ideally should bé&isotonic# ; -5 y.,

= Should bebuffered™s nam\n)g:lrffga.of_pﬂ is acceptable to_avoide irritation of

m Usuallfnon-sterile™
pH >

5.Ear drops

m Usuallyon-sterile %

6. Eye drops

m Aré%.l.ﬂlij.l.ﬁ.ﬁ.ﬁ?lL‘l.’Li.Q.E‘LE.-aé &

@ |sotonic and buffered 7+




\V~—=> InFravenous )<
7. Parenteral solutions Un))[ ‘SJ\)" \ M—>Intta W\USCU(‘Q(&M\\:_’

= IV.IM.and SC.injections are examples.  SC —> SubeuFaneous o
m Must bq%__’_c_gl;lng_._*

m large volumes need to b&isotonic+#

B needtob - especially large volumes.

8. Irrigation ’j ol
m need to bdfsterile ¥
= narrow range of pH acceptable




Medical Solutions Comparison Table

Route / Type  Sterility Isotonic pH Control

Oral Non-sterile Not+egured Wide range Children & elderly, palatability
Mouth/Throat | Non-sterile Noisaemrec Wide range Loca-achen

Topical Non-sterile Nomsoauired: Fexibie Aqueous or non-aqueous
Nasal Usually non-sterile | Yes Narrow (buffered) | Avoid irritation

Ear Usually non-sterile |-Metregured: Net-eritteal Less sensitive

Eye Sterile Yes Buffered Very sensitive

Parenteral Sterile Yes (large volumes) | Controlled uligpimeioli

Irrigation Sterile GHen Narrow Washing tissues




Advantages of Formulating API as a
Solution Active ?ha{macem\"icaf, 'mﬂﬂ(‘eé'leﬂf

1. Liquids are easier to swallow than solids, therefore are
more acceptable for pediatric and geriatric use. children om& dyﬂ

2.Drug administered in the form of solution is immediately
available for absorption.

3.The drug is uniformly distributed within the dose since the

solution i$% homogenous system % L fm '
4. Suitable for the administration of drugs that cause L [
stomach irritation if the APl . was localised in.one area as

often Oiffrs after ingestion of solid dosage forms - I

and for instar\ice.
Jsbs

Solutio AN {Gd nee Locq hze() %A‘Sl’ﬁc iv¢i bakion



Components of
Pharmaceutical
solutions

Solvent

Solute
(API)

Solute
(Additives)




rlidiliigaecutivdl oVUIULIVIo altt aloU Lidoollicu allLulunly w
solvent composition:

1. Aqueous solutions: atey = sowent
e Syrups

e Aromatic waters

2. Hydroalcohglic solutions: wa"&f - Q‘CQkOL
e Elixirs ~» O(ﬁL Solubion - ‘H g—; -—- . :
» Spitts —> high alcohol concentvation )
e Tinctures S g(...af /
e Fluid Extracts _
e Collodions —> s\t P

e Liniments 5 )U‘ U&[:-\J’;

3. Non-aqueous solutions: JO ng{’ Con toain WC("'ef
I




Solubility of solids in liquids

e Many drugs have a poor solubility in water, typically drugs with as solubility = 100
Hg /ml consider as poorly soluble

e For example, ibuprofen

has a solubility of 0.021mg/ml and it's considered to be

insoluble according to bioclassification system

e Up to 90% of the drugs in the pipelines have a solubility of <1ug/ml which results
to both formulation and absorption prablems. Hence, these drugs might be
abandoned despite despite considerable pharmacological potential at the site of

action.

e The solubility of many drug substances can be found in the United States
Pharmacopeia— National Formulary (USP—=NF) in addition to other reference

books and websites such as PubChem. Solubility values might be stated also in

MSDS.

Mafe V| A | Ca Fe,fj (Jo\fo\ S ‘\ecL‘



According to the British

and the US

Pharmacopoeias, drug Descriptive term Part of solvent required per part of solute

substances are classified

according to their Very soluble Less than 1

solubility in a quantitative Freely soluble From 1 to 10

way (Table beside) under

defined criteria from “very Soluble From 10 to 30

soluble” to “practically

insoluble” regardless of Sparingly soluble From 30 to 100

the salvent type used. :

However, solubility can be Slightly soluble From 100 to 1000

expressed ' r@;(s of Very slightly soluble From 1000 to 10,000

concentration,#nole

fracthn, ole ratio, Practically insoluble 10,000 and over
@holarity, or any other

units



Solutes are classified to non-electrolytes and electrolytes.

1. Non-electrolytes:

m Will not dissociate (ionise) in solvents.
m Hence their solutions will not conduct electricity.

m Dexirose, sucrose, glycerin, ethanol, urea are
examples.

2.Electrolytes:
m Will dissociate or ionise when dissolved in a solvent.
B Hence, their solutions will conduct electricity.

e Strong electrolytes: almost completely dissociate in a

solvent (e.g. sodium hydroxide, sodium chloride,
potassium chloride, sulfuric.acid).

<o Weak electrolytes: dissociate in solvents to a lesser
(e.g. acetic acid, ammonia, and



Weak electrolytes are subdivided into weak acids and weak bases.

Nat K-G- Ca -+
1.If the salt form of the drug has a sodium, potassium, or_calcium ions,

then the drugs is an acid (e.g. sodium phenytoin, sodium
pphenabarbital, [buprofen|sodium, Diclofenac sodium, Diclofenac

potassium).

-2
Soy Hcl CquO

2.If the salt.form of the drug has sulfaie, hydrachlaride, or tartarate *
ions, the drugs is a base (e.g. morphine-sulfate, chlorpheniramine

maleate, metoprolol tartarate, atropine sulfate).




Solvent

m A widely used rule of thumb is ‘like dissolves like'.

® This refers to the idea that a solute and solvent with similar polarity are likely to
allow dissolution.

®m Non-polar and dissolves well in_ail. / h ., _ .
, ansm &gﬁ S
® Polar and dissolves well in.water. M@C— /QJ

= Th&Yorm-a solution (dissolving of solute):cmsléamne.has to break to free a
molecule, Jvent has to farm.a.hole and thefthe freed molecule has to go
into the hole. Which means molecule-molecule bonds need to break and malecule-.

salvent bonds needs.ta.form.




Solubility

As mentioned previously the formulator needs to
determine the maximum nossible concentration to which

the solution can be prepared to guarantee he quality and
the stability of the formed solution.

| Which varies depending on

1. Chemical constitution of the solute.

2.Chemical constitution of solvent, |

3.Type of solvent —=» wJa el /alcohol. /OEL

4.pH of the solution —> a [fect ioni2qien

5.Presence of cosolvents or solubilising agents —= &.slp Lolg=

6. Temperature < A5 Ll
T 5 D Solubility "g@am



To summarise
what to
consider

during
solution
formulation:

The information on the_solubility and
stability of each material (solutes) in the
system with regard to the solvent or

solvent system must be collected and

. Aslpo slyo
Com‘[ﬁnahons of medicinal o NACtiye
pharmaceutical at might

interact chemically and/or_physically and

affect the therapeutic quality or
pharmaceutical stability of the product

must be ayoided. .
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*Main solvent in most pharmaceutical
solutions is water:

e Purified Water \fv |
e Water for Lrigati g
il e Water for Injection * 5
Solubility of Sther ouide d = S
er liquids do appear in formulations
the drug but often mixed with water:

e Ethanol

e Industrial methylated spirits
e Glycerin (glycerol)

e Rropylene glycol

e Polyethylene glycol
e (PEG 300 to 600)

?o!ﬁe{rhy‘cvm 9{36:1-




Solutions can be of Non-aqueous nature,
see examples below:

e Non-aqueous oral formulations:
e Used to make solutions for oil-soluble vitamins or very non-polar drug

e Fixed oils eg: soybean oil, arachis oil,sesame oil
o¢Volume of oil importanty%
o,f:raste IS Important ¢
e Non-aqueous Intra-muscular depot injections:
e Longacting »*
e Fixed oils eg soybean.ail, arachis oil, sesame oil
e Volume2to5mL “g:,, oo R/ ey Oy

Cived 0il¢ >lvents gomd WV o 9/



Ho“m
Mani%ﬁlatir?g solubility

e When you formulate a drug as a solution you de-net.want to formulate close to the solubility
value, and as many drugs have poor solubility, this presents a problem for preparing

solutions. .
, av;lable Choice _ . .
e Suspensions are a possibility but are not always suitable due to the reasons we will mention
in the next chapter of this course.

e How can we change the solubility of a drug material?)q 8 C D

emperature E
Not particularly useful — for a product you typically have only two storage options (room
temperature, fridge)

e However, elevated temperatures cannot be maintained for pharmaceuticals, and the net
effect of heat is simply an increase in therate.of solution rather than.an increase.in.solubility.

e Pharmacists should be careful nat.to exceed the minimally required temperature to avoid
drug deterioration




5 Sl
Cosolvents WU

®m One approach that can be used is to include.cosolvents

m Which means’%dlng miscible solvents of different polarltlg‘s:'to form a solyent system of
Gv& &-optimum polarity to dissolve the solute.

Example : a commercially available non- Drowsy Coughs syrup contains the fowling
inactive ingredients : Sucrose, Liquid Glucose, Ethanol, Glycerol, Sodium Citrate, Saccharin
Sodium, Citric Acid Monohydrate, Sodium Benzoate (E211), Ponceau 4R (E124), Caramel
(E150), Carbomer, Raspberry Essence, Natural Sweeteners Enhancer and Water.




C) Manipulation of pH.to increase aqueous solubility

m If drug is ignisable, its solubility may vary with pH, as the solubility of a weak base

can be increased by decreasing pH while increasing pH increases the solubility.of
weak acids.

m Use Henderson-Hasselbalch equation to predict pH of maximum solubility.
® Essentially adding / subtracting H+ to / from drug .

m pH is also extremely important for understanding how drugs behave in the body.

T pH 3\\/ S W Base ,T C\W.0cig

Kodin& ionissble [~ Smoare wateY Juble



oS GE
1.Narrow range of pH acceptable for acular, nasal and some injection
formulations. :

2. Wider range of pH for oral Ereparations.

3.May need a buffer to maintain pH:
e Citrate, phosphate, acetate, bicarbO@te, gluconate, lactate, tartrate.
e The effect of bufferf,o%solubility and’stability of drug must be studied.

e The effect of buffer must be taken in consideration.

e Remember
> Absorption occurs @in the unionised le:Ligf hence in some cases,

the bioavailability of drug might be affected by pH of their solutions.
e Varying pH may affect stability of drug as the stability of drug is table

at a pH value that different from the pH value that increases the
solubility.




Example

e For instance, the weak bases, including many of the alkaloids
(atropine, codeine, and morphine), antihistamine (diphenhydramine
and promethazin€), focal anesthetics (cocaine, procaine, and
tetracaine), and other important drugs, are not very water soluble, but

they are soluble in d.IEI.e_S.Q.I.UlLQ.[JS_Qf_a.C.ldS. « |
>become aMochcJ Qorm - N .So{ubikfy

e For instance, the weak bases, including many of the alkaloids
(atropine, codeine, and morphine), antihistamine (diphenhydramine
and promethazine), local anesthetics (cocaine, procaine, and
tetracaine), and other important drugs, are not very water soluble, but
they are soluble in dilute solutions of acids |




D) Salt formation to increase aqueous solubility

St '/cnz o
e If drug is a weak acid react with a base-and evaporate off the water to

give a solid salt.

R-COOH + NaOH — R-COO"Na*+ H,0 — R-COO'&\Ia’r

Yo |
e If the drug is a weak base react with ar% id and evaporate off the water

to give a solid salt.

R, N+HCI—>R -NH*ClI"+ H,O — R, NH’{CI

+ @C*J U”)- o9l (bage )t Ol o (ofa ZL"
o Acceptablealts: Na+, K+, Ca+
° Acceptablelts: Cl-, HCO+, SO, HSO.-, PO.*, HPO.*, H:PO.-,

maleate, tartrate, citrate, lactate, succinate, mesylate.




Salt formation to
Increase agueous
solubility

TABLE 13.2 WATER AND ALCOHOL
SOLUBILITIES OF SOME WEAK ACIDS,
WEAK BASES, AND THEIR SALTS

MILLILITERS OF SOLVENT
TO DISSOLVE 1; OF DRUG

\beUG WATER  ALCOHOL
VV\O\{é go\ U Atropine 455.0 2
Artropine sulfate 0.5 5
Codeine 120.0 2
e About 50% of drugg’in solid dosage Codeine sulfate 30.0 1280
forms given asgalt9— can also use Eﬂid;';::] Ehogphm s mg'g 3‘33
To_r SQ|U'[IOI’] formulatlpns. emauy Morphine sulfate 16.0 565
injections for reconstitution. Phenobarbital 1000.0 8
;:9}\ \skL Phenobarbital sodium 1.0 10
0 \}é, \N Procaine 200.0 Soluble
== . Procaine hydrochloride 1.0 15
. 4\ \69 Sulfadiazine 13000.0 Sparingly soluble
Comdinsenn moalfn dimn—iema N Clhabhil: caladkla



ockive Suf face Pactor's »,

E) Use of surfactants to increase aqueous solubility:

30\909}1 lic

m A surfactant (surface-active agent) géamphlphn:gl e,ithasa yd[ophgblg tg

group and a hydrophilic head group 9\)3:U sl (ol s e

m |n water, surfactants at low concentrations will form a layer on the surface of the
water, i.e., at the air-water interface. QoA 23 &

® |n water, surfactants at high concentrations will also form micelles.in the bulk of
the water.

m Above the "Critical Micelle Concentration" (CMC) micelles are formed. ,.__,,B-P

P

B Excess amount may cause toxic effects, product aeration during manufacturing
andi'educim_m_bmaiaﬂamluy due to strong adsorption to the micelle.
/\\ OWMPount o 17,

m |nsufficient amount may lead tO..QLeQLQLLaILQ.n.QLLsLQ..a.g_e.OF dilution of product.
b anou o aslssE




F) Use of complexing agents to increase aqueous solubility

u xclodexmng\Nhich are cyclic glucose polymers are example of complexing

agent. Solio~ by
m Cyclodextrins arranged in agqueous solution as a truncated cone.

®m Hydrophaobic core provides a reservoir for poorly water-soluble drugs, i.e.
increases water solubility.

hydrophobic core ) qfl

N r N
V.
0
0
I
0
0
I
0




T Example on (Complexation):

o]iodine granulesiare soluble in water to the extent of 1 g in about
3,000 mL. Using only.th 'S, the maximum concentration
possible would be approximately 0.03% of iodine.

e However, through the use of an_aqug_q,u_s_soj_uno_n_gip_gias,swm
iodide or’gﬁ%um lodide aqg the solvent, much larger amounts of jodine
may be dissolved as the result of the formation of a water-soluble

complex with thediodide salt. M neréale g,g\\j{ b &"j

e This reaction is taken advantage of, for example, in lodine Topical
Solution, USP, prepared to contain about 2% iodine and 2.4% sodium
lodide.




e Complexation formation: occurs when an insoluble solute
reacts with a soluble substance to form a soluble complex (e.g.

the complexation of the soluble patassium iodide (K1) to the
insoluble iodine molecules (Iz) to form a soluble triiodide

complex (Kls)).

8mL REF 6064 NDC 59365-6064-0

\ﬂg@‘&u ¢ &\ il s,
. V\/"[PC( \1 DOSE: SINGLE USE g, _

(N Kﬂ-‘- K
DO NOT REUSE. DISCARD AFTER USE. KEEP
L5, eREbEmies  qmoNGioRiNESOuiiNsH — Ig
% P eATURE 1930
0
>0 (5986 p g |
©opersurgica +vi Vo0 de

Manufactured for CooperSurgical

LS‘ Olw b/g ‘ n W dpév Trumbull, CT 06611  Rev. 02/2002 CAUTION: Federal law prohibits dispensing without prescription.
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The physiological actions of many selvents limit their use_j

W
-

anh]

Most organic solvents in addition to a few exceptions, are irrlﬁ‘énts é'nd/or toxic which limit_.
the_number of solvents that can be used in pharmaceutical solutions.

We lift with anly.a.few solvents (such as glycerin, alcohol, propylene glycol, and fixed oils)

that can be employed for the*ﬁreparations of solutions for internal us@.eOther solvents, such

as acetone, ethyl oxide, and isopropyl alcohol, are to be permitted in
pharmaceutical preparations to be taken internally, but they are useful as reagent solvents in

organic chemistry and in the preparatory stages of drug development, as in the extraction or
removal of active constituents from medicinal plants.




|. Water
iy

e In most instances, especially for solutions to be taken orally, used ophthalmically, or
injected, water is the preferred solvent because it comes closer to meeting the criteria
we mentioned than other solvents.

e Naturally occurring water contains vanous_amgums_o_f_dlssglie@nmganm_sajls

(@organic matter anEmicroorganisms.

e Ordinary drinking water (tap water) obtained from the tap is not accepted for the

manufacture of aqueous pharmaceutical preparations or for the exlemp_oia_pep_us
compounding of prescriptions. 2 4y OV 9
dose Ol

e Purified water, USP is obtained by%istillation. lon-exchange treatment, §verse'
osmosis or other suitable process.

e Purified water, USP is intended for use in the preparation of aqueous dosage forms
those intended for parenteral administration (Injections).

e Water for Injection, USP?‘Ba teriostatic water for Injection, USP; o?gsmﬂlgﬂalerj‘or
Injection, USP, is used for i 'ectio,nséd
. _jﬂ‘l )
@ SSA




ll. Alcohol, USP: Ethyl alcohol, Ethanol,

C2HsOH

m Next to water, alcohol is the most useful solvent in pharmacy.

B When mixed with water, it forms a.hydroalcoholic solution that can dissolve both

alcohol-soluble and water-soluble materials (drugs).

Con -
rAlcohol, USPis 94.9% to 96.0% C-HsOH by volume (i.e., v/v) when determined at

15.56°C*.

c\b| U"’db o0

m When a water-free alcohol is reqwred,[ Dehydrated Alcohol, USPlis the alcohal of

choice. Dehydrated alcohol contains not less than 99.5%v/v C,HsOH.

e Diluted Alcohol, NF is

Purified Water, USP.

prepared by mixing equal volumes of Alcohol, USP, and

M/ 9L v



They can dissolve oil soluble drugs (or the free acid or
free base form) that cannot be dissolve in agueous
solutions.
Advantages of Ethanol at specific content acts as preservative
hydro-alcoholic abo> o o &
solutions:

They can be used to dissolve either alcohol soluble or
water-soluble drugs.

The concentration of ethanol used is not always
physiologically inert.
Disadvantages of \PIZ
hydro-alcoholic

solutions: XV —KElixirs are less sweet and less viscous than syrups 3 s

hence, less effective in taste masking compared to
SYyrups.

Sab) | (3@ Mol Cliny




9 - - .
ras) Qﬁ‘)}MjU9 »
The U.S. Food and Drug Administration (FDA) restrict the use of alcohol in over-the-

counter (OTC) oral drug products and include appropriate warnings in the labeling:

1. For OTC oral products intended for children under 6 years of age, the
recommended alcohol content limit is 0.5%.

2. For products intended for children 6 to 12 years of age, the recommended limit is
5%.

3.and for products recommended for children over 12 years of age and for adults, the
recommended limit.is 10%.




Rubbing alcohol: =¥~ o=
B Rubbing alcohol contains about 70%’ethvl alcohol gethanollby volume, the remainder

consisting of water, denaturants with or without color additives and perfume oils, and
stabilisers. 5y S

m Each 100 mL must contain not less than 355 mqg of sucrose octaacetate or 1.4 mg of
denatonium benzoate (substances that discourage accidental or abusive oral

m According to the Internal Revenue Service, U.S. Treasury Department, the denaturant
employed in rubbing alcohol is formula 23-H, which is composed of 8 parts by volume of
acetone, 1.5 parts by volume of methyl isobutyl ketone, and 100 parts by volume of ethyl

alcohol. The use of this denaturant mixture makes the separation of ethyl alcohol from

the'denaturants virtually impossible with ordinary distillation apparatus. This discourages
he illegalkkemoval fa e as.a beverage of the alcoholic content of rubbing alcohol.




Rubbing alcohol is used as: ) N

1. Rubefacient externally. J\&;\ VEERST ’/ - o
2. Smihing_tub_fm;bedﬂddﬁn_paiiﬁnis.o/_@( P jad) u&w\ﬁ e\\L\ (oo
3. Germicide for instruments. < \s» uJ/%M

4. Skin cleanser before injection. - = J| G AN oo%o
5. Vehicle for topical preparations. | |

5205 ) el Y A e

Storage conditions: |
red in a tight container away from fire as it wc nd
flammable liquid:




lll. GLYCERIN, USP (GLYCEROL)

Glycerin :
e |s a clear syrupy liquid with a_ sweet taste.
e Miscible with both water and alcohol.
- Has preservative gualities.

- Is often used as a.stahiliser — Js=—YS-
(GV 550 Jpol Fe)

- Glycerin also used as an auxiliary solvent in conjunction with
water or alcohol. )U u_{}"




V. Isopropyl rubbing alcohol:

e Isopropyl rubbing alcohol is about Z0%_by volumek_s_o_p_m_p,;d_a,l,cghg_l the

remainder consisting of water with or without color additives, stabilisers,
and perfume oils.

V. Propyl |, USP: J\
e Propylene glycol, is a viscous liquid, that is miscible with water and
alcohol. It is a useful solvent with a wide range of applications.

e It is sometimes substituted for glycerin in some pharmaceutical
formulations. o

e Although orally administered propylene glycol has a low toxicity in
animals, it may exhibit a weak central nervous system depressant activity.

eI Tl 2 bAo




VI. Fixed oils (vegetable oils)

e A number of fixed oils, such as carn.qil, cattonseed oil, peanut oil, and
sesame oil, are useful solvents, particularly in the preparation of

09:70leagmaus.m+e.cims and are recognised in the official compendia for

this purpose.

~ - o These are. non-volatile oils that consist mainly of fatty acid esters of
glyceral.
e As we mentioned previously it's used orally, IM depot and tapical

solutions. Inkla puSc lay”

VII. Liquid paraffin
e.It is often used as a solvent for the topical application of drugs.

e Liquid paraffin or mineral.oil is a tran‘ﬁa%“?ent, colourless, odourless, or
almost odourless, oily liguid composed of saturated-hydrocarbons




)\%gExcipients commonly used in
“»s0lutions

°>7 -

S>1. Preservatives

Buffer » pH contvel

Chemical stability enhancers ( ex: antioxidants)
Viscosity enhancﬁﬁé agents
Isotonicity regulating agents— /\/ ac/
Sweeteners

Flavors

Colors

N O U W N



Anti-microbial preservatives

m Preservatives are for "in use” protection against microbial growth.

Wi
m "Single use" sterile solutions n@ require preservatives @th?f‘ guld be produced ina

‘clean” or "sterile" room. Small v6lume injections, single use eye drops, n r.solutio
are gxamples. G Lauow Ml €

® "Multiple use” solutions require preservatives: eye drops, nasal solutions, oral solutions,
otions etc.

m Oral solutions can support growth especially if sucrose is present.
e © Micvo bial 9rowh

1./Add a known preservative in the_carrect concentration that is soluble in the formulation.
2.1f absolute alcoholic co tgnt is high alcohol can act as preservatlve a minimum of 1 5%

absolute alcohol is adeguate to preserve products W|th.p.|:L5, and ly
alkaline preparations (tinctures, spirits, and some elixirs re jves)
D




e Preservative examples: Benzoic acid, sodium_benzoate,

mﬂhx\pa.r_ahms propvlbarabens and bm;dpatahens

e When choosing a suitable preservative, the following points should be
considered:

DSl o Gl ) o .
1. No%dsmplm? of the preservative into the container occurs

Sl e
2. The preservative is not ir‘rymaired by the pH of the solution or by

interaction with other ingredients.



Buffers

e Buffers are compounds that resist.changes.in pH upon the addition of limited

amounts of acids or bases.
e Buffer systems are usually composed of a weak acid or base and its canjugate salt.

e The components act in such a way that addition of an acid or base results in the
formulation of a salt causing @ a small change in pH.

e Buffer capacitylis a measure of the efficiency of a bjffer in resisting

changes in pH. Conventionally, the buffer capacity{(})}s expressed as the
4% amount of strong acid or base, in gram-equivalents;-tiat must be_ added to 1

liter of the solution to change its pH by one unity&

e Buffer capacities ranging fron70.01 - 0.1 )are usually adeguate for most
pharmaceutical solutions.




e Once the optimal solution pH for the drug has been determined, buffers
are needed to maintain that pH for the expected shelf life of the product.

e The huffer ity m enough to-maintain the product pH for

a reasonably long shelf life.

e Change in product pH may@ from the interaction gf,compc&ggnts
with one another or with the package (glass, plastic, ruBS"er, cfosure).

e On the other hand, the buffer capacity must benough to allow rapid
-, adjustment of the formulation’s pH to the physiological pH upon

df administration. o\ Y (’QD\/U@'\Q =




- “*
2y
e Buffer should have low toxicity and campatible with other
ingredients.

products such as

.;? injections, eye__dLQp_s and nasal drops should , ideally, be
buffered at this value. T

©.D 24 |
e Formulating a product at this.pH is not.always possible because
of the drug'’s solubility, chemical stability, or therapeutic activity.
Therefore, some campromise. in the formulation pH may be
necessary NPILT




2
e However, many body fluids have a buffering capaci ?}fand when

formulating low volume intravenous injections or eye drops a
wider range of pH can be tolerated. \&.ég@

e When a formulation is administered to the eye, it stimulates the
?(ﬂow of tears that is capable of quickly diluting and buffering
small volumes of formulations.

e Usually, a compromise between a pH which is physiologically
acceptable and a pH of optimum stability and solubility.




Chemical stability enhancers

e To enhance the chemical stability of a drug, the
% degradation. To do so look at chemical structure of
degradation.

n IS to determine the routes of its
dfug and predict its route of

Degradation routs:

1. oxidation
2.reduction _
3. hydrolysis é L"&S = Jelss / ISl o<
Tis to consider the potential catalysts for this degradation:
4. pH

5. Oxygen*

6. Water e

7. Trace elements*—>

/ o)jpjo
8. Heat* =

9. Light* Oa"J’ Vb B




oxlo o
Vo o s AR (8 ?
Theis to_choose §tabili1y enhancer to match the

degradation route.

VH &=Acid / base catalysis: use @ to mamtam@)f maximum

stability.
m Oxidation: 1) use an anti-oxidant, 2) redus_e_p__mﬂaimn into the

package e.g., glass not HDPE. 3) Replace air with nﬂm%[lor CO2in

package headspace.
B Trace elements: use a che%tor to absarb them e.qg., EDTA.

m Temperature: Refrigerate?

m Light: use amber glass. F W

(A R ET
Qe O




Antioxidants used in solutions includes but not limited to:
1. Ascorbic acid.

2. Citric acid.

3. Sodium metabisulfite.

4. Sodium sulfite.

s TR o . .
an cause allergic-type reactions in certain people and so patients
should be questioned about this potential reaction before the antioxidant

is included in the formulation.




navease

Viscosity enhancing agents

m_Qral and parenteral solutions should be of low.viscasity to be easily
poured / injected
B |ncreasing.viscosity is egeded fm{i
% Eyedropsto pmrf?ﬁfes retetlﬁion on surface of eye.
. =~ : o
s¢e Oral solutions foFiifants to reduces chances of erbbT'eJ.

m |ncrease viscosity can be achieved by by addinglpolymeric material:
1LQ_eJ1ng§g!g_e_[jy_ajmg§ such as Methylcellulose and

Hydroxypropylmethylcellulose (HPMC, Hypromellose)
2. Palyyiny '

3.{Increasing sugg&mn.c.e.niraﬁan.
4. Adding glycerin




Isotonicity modifiers

m Solution focinjection, for application to mucous membranes and large
se must be made isa-osmotic with

volume solutions for ophthalmic u
tissue fluid to avoid pain and irritation.

m Other additives should be considered when adjusting tonicity because
of their effect on the osmotic pressure of solution.




U /D) Lo Uk,
Additives added for Aesthetic CWHS

<
g\,\;qe\’e‘(\@/
Does the solution look, smell and taste good ? O \/\ ?
1. Colour: CD ldV M(
cloc)
u e of imparting color to promote

patients’ acceptance of a formulation via visual appeal OyJ

_*-Colours are QQDIE&IDaiEEIﬂd é;;éterlle solutlons*

D M@uamalau.tanlsmay have some biological effect.
<\ T &
57, ﬁeguLa];lQns regardlng colours are complex, variable and changeable.
® Hence, if possible.

B Pleasant fruity colors are generally preferred.and should be coordinated.with
flavors and scents (yellow.with-lemon, red.with cherry).

Smel




must_be idered when choosing a colorant. For example,

raa_n_x_g,_[grs are.af.sulf.o.nm.a.m.ds and may be
incompatible with Ia,ng_QaJ‘.%ug_compounds such ag alkaloids
EIN Y

e The pharmacists should also considermm:l_%ngas or ISQEL

alters)the color or stability of the product.




m Coleurs-used-in-pharmaceutical preparations are either

\ o | A H_
colors or gynthetic dyes|
®m Natural colors include red ferric oxide and titanium oxide.

_
e The synthetic dyes are certified by FDA and are:
FD&C dyes: used in food, drug, and cosmetics.
D&C dyes: used in drugs and cosmetics.

External D&C dyes: Used in externally applied drugs and

cosmetics.

w b=




2.Flavour
e Drugs tend to taste bitter which will not encourage patient compliance.
e Children prefer sweet, fruity, and candy-like tastes.

Apol>
e Adults tend to tolerate a reasonable level of bitterness or less sweet, tart, fl‘lii’[y flavors.

e For infants under 3-6 months of age flavoring agents are unnecessary and g_rg_@
recommended..

In addition tae.the active doig formulation components may produce characteristics

. ,\y—
tastes or odors: . AL \/Séo\j’f v

1. Alcohol: biting taste.

2. Glycerin: sweet taste. vy
/¥y
3. Methylparaben: ffé”f%l like aroma. _
/ N
4. Propylparaben: produces a numﬁﬁq feel in the mouth.

A

5. Menthol and mannitol: impart a cooling sensation.



Flavoring techniques:

Fonc
e Bfending: the use of a flavor that blend with drug tastes. Drugs with acidic taste can be

blended with Titrus fruit flavors.

sl | : : : :
—w» Overshadowing (masking, overpowering): involves using a flavor with a stronger intensity
and longer residence time in the mouth (e.g. wintergreen oil)

e Physical methods:
e Use insoluble form of drug.

e Make an Q%( 9{P%Js|'gn of an oily.drug and flavor.the external aqueous phase.
o}, acl
e Chemical methods: by adsorbing, complexing or making a pro-drug of the drug that eliminate the

undesirable taste.

e Physiological techniques:
e Use additives that cause a cooling sensation (e.g. mannitol, menthal). Go N apks )3T
e Menthal, peppermint oil and chloroform mask the taste-also by acting as desensitising agents.




3.Sweeteners

e Low molecular weight carbohydrates and partlcularl
are traditionally the most widely used sweetening agentsin oral

solutions.

C/P_Q_Mh;(dﬂ_c_ajg_qh_ols such as glycerol, sorbitol, mannitol and

N OQ\ xylitol possess sweetening properties and can be used for
diabetic patients.

e Artificial sweeteners (saccharin, aspartame and cyclamates)
can be used. Saccharin and cyclamates are suspected to be

carcinogenic and so aspartame is the most accepted one.
>°

ons™




The main advantages of using sucrose as a sweetener:

e Colorless.
e Very soluble in water.
e Stable over a pH range of about 4 — 8.

e It increases the viscosity of solutions which will give them a pleasant
texture in the mouth.

e It masks the taste of both salty and bitter drugs.
e It has a soothing effect on the throat which makes it suitable for

- op antitussive preparations.

The main disadvantages of sucrose is that it initiates
dental caries and is not suitable for diabetic patients.




Appendix |
Methods for preparing Purified water



1) Distillation method
e Distillation is a process of separating the component

substances from a liquid mixture by selective evaporation.and S

Condenslng chamber
. coil g
= L4 e
)
— C =
]

T
Untreated '

—
water inlet ————
-)p )
€ Condensation
f - chamber --"/ I
S
’ 'h"‘\._\ Rising

Distilled
water =

L
Distilled
water tap | J8




Methods for preparing Purified
water:

2) lon- exchange method

e Advantages over distillation method:
»¢ No heatis required%

e Ease of operation . .|«
e Minimal mamtenanceé?iaauo

e More mobile facility g=,a:c!

e The ion exchange eqmpment involves the passage of water

through a column of ca én and anio | onsisting of
water insoluble, synthetic, polymerized resins of high molecular

weight




Methods for preparing Purified water:

SUad| 930 slo
e Water purified using this method is referred to as demineralized or
deionized water
e These resins are mainly of two types: \
e A)The cation or %&:@exchanger which permit the exchange of cations in

solutions W|th y rogerlﬁon from the resin

e B) The anion or exchan ers which permit the rémoval bf anions
ation exchange

%ﬁvﬁ + X + H20> M-Resin + H™ +X +H:0 (pure)

Anion exchange

e Resin NH. m H20—=Resin-NH..HX + H.0 (pure)

50
B
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Methods for preparing Purified water:

3) Reverse osmosis
e Formally, reverse osmosis is the process of fQ.Lc:in.gaom a region of
solute concentration through a semipermeable membrane to a region of

solute concentration by applying a pressure i 253 Of ye osmotic pressure. B
e This is one of the processes referred to in indus’crg'a‘ii cross-flow (or tangential> WZ_CVJ j

flow ) membrane filtration y _ . i  VSwp Cloo RPAL S
/Y - —
e In this process a pre ' ris passed parallel to the inner side of
a filter membrane core. SPo Jsloo

e A portion of the feed water permeates the

In the normal osmasis process, the solvent naturally moves from an area of low
solute concentration (high water potential), through a membrane, to an area of
\ high solute concentration (low water potential).

e Whereas the flow in this crossflow system is from a more concentrated to less
concentrated and therefore it is termed.reverse osmasis.




Pressure

e | S
_ =
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flow L\ flow LDV\}
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Methods for preparing Purified water:

e Reverse osmosis can remove many types of molecules and jons from
solutions, including-bacteria

e The result is that the soluie is retained on the pressurized side of the
membrane and the_pure solvent is allowed to pass to the other side

D_epﬂndmg_an_thﬂr_pgr_e_&ze, cross flow membranes can remove

particles defined in the range of:
G-=>>e Micro filtration (0.1 — 2 microns)
“o'\o e Ulirafiltration (0.01 to 0.7 microns)
e Nanofiltration (0.001 to 0.01 microns)
e Reverse osmosis (Less than 0.001 microns) : Reverse osmosis removes

virtually all viruses, bacteria, pyrogens, and organic molecules and 90% to

99% of ions







RO Membrane

e https://www.youtube.com/watch?v=rK7UVY_7K8w






