CHAPTER II

REVIEW OF LITERATURE
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drugs arel estimated in binary solvents in attempt to design of

improved dosage forms and drug delivery systems.

Generally, water is always the solvent of choice in pharma-
ceutical preparations. However, when it is not possible for physical
and chemical reasons (such as limited solubility and hydrolytic

reactions) to use a wholly aqueous system, techniques of solubilization



become important. In general, the aqueous solubility of a drug can
be increased by a variety of techniques. The choice of a method »
however, depends upon the nature of the drug, and degree of solubi-

lization required. Some of these techniques are :

1. Complexation 'Ris method utilizes complexing agents

( .g. EDTA, ei ) caffeine, etc.) to
associate with a drug - ipplie ﬁis technique is quite
limited with some pﬁ N c xation is rapid and total

presence of the liganc ifce the \1iga X normally be present
in molar ratios equiva ‘0. .and of ten wch greater than the drug.
This may cause some undegirab b : '- e final iimiting factor

is the fact that, the appar ® 9ilily increased by this technique

is an order of maghi - f ss.” When ity increased of 102

or 10> are requireds cher ar "1" best consideration.

= Mlcellgr solubilizati n By adding of a surfactant,

the solwllltﬂ)uﬁ (g %sﬂ:%‘ﬁ %m‘; increased by

the presence o surfactant-micelles. Non pionic surfacgants are
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dependlng on the role they play in this form (4). It is generally

accepted that a drug solubilized in micelles is not available for

absorption. This is because the drug absorption process from micellar
solutions is usually explained on the basis of a pseudo-phase-separation
model in which two phases are considered; 1‘:he dispersed micellar phase

and the continuous aqueous phase. The drug is partitioned between



these two phases with a constant partition ratio. Therefore, micellar
solubilization would have a negative effect on drug absorption.
Moreover, the possible short'oriong term adverse effect of the
surfactant on the body, the concomitant solubilization of other

coloring agents, flavoring agents

ingredients such as preservativ
which may result in alter lity and effectiveness of
drug product make this v , 1 ‘ed. However, this method

is better than the pll'!g_-—r'_ -aue higher degree of

increased solubili

3. Usinggix@dfsblvents, (cosolvents The solubility of
a drug can be increased aCting some }\;gueous solvents to form

a binary or ternary miged sﬁf@gg} The solubility of many

rLallels
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:is of polarity differences

between solutes and solveﬂgggﬁj§ :.m'>=:”principally from interactions
between solute a'-- ent can provide
proper polarity of gz “o of aqueous and
nonagqueous solvents.

solvents can ﬂsﬁﬁ?%% 5 ﬂ mﬂﬁm the formulation

and minimize potentlal for prec1p1tatlon which may result from
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solutlonq Consequently, this may ensure minimal tissue irritation at

Addltlonally, the select1on of appropriate mixed

the site of administration. However, the selection of nonaqueous
solvent for a drug vehicle is a compromise among influencing factors,
such as its chemical and physical properties, its pharmacological and
physiological properties in the body. Today, mixed solvents are
commonly used for solubilizing drugs in many preparations including

injections for intravenous and intramuscular administration. The most



Mixed Solvents

Table I : Some Parenteral Products Containing Mixed St
Tradename Manufacturer General "name
Dramamine Searle Dimenhydrin )
Apresoline Ciba Hydralazine
MVI usv Multivitamin
Nembutal Abbott Phenobarbital
Luminal Winthrop
Dilantin Parke-Davis Phenytoin so
DHE 45 Sandoz Dihydroergotam
Cedilanid Sandoz Deslanoside
Robaxin Robbins Methocarbamol
Serpasil Ciba Reserpine
Ativan Wyeth Lorazepam 5 7%
Librium Roche Chlord1azepox¥9e
Valium Roche
Lanoxin Burroughs Digox

Wellcome

Propylene glycol

0% Propylene glycbl

% Propylene glycol

Ethanol, 40% propylene glycol
Pentobarbi i ; p ‘ . 67.8% Propylene glycol

) ‘ 10% Ethanol, 40% propylene glycol
6;1% Ethanol, 15% glycerine

9.8% Ethanol, 15% glycerine

50% Polyethylene glycol

10% Dimethylacetamide, 5% polyethylene
ycol

i

ropylene glycol, 20% polyethylene

: ' @wcol

20% Propylene glycol

szeﬂ u EJ fJ qn EJ ﬂ j w EJ dtnjanol , 40% propylene glycol

nol, 40% propylene glycol
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*
Yalkowsky, S.H., Techniques of Solﬂbillzat1on of Drugs, p. 131, Marcel Dekker Inc., New York, 1981.
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frequently used mixed solvents are propylene glycol, ethanol,

glycerine and polyethylene glycol in water. The major pharmaceutical and
pharmacological properties of these and other water-miseible cosolvents
have been reviewed by Speigel and Noseworthy (17).‘ Some marketed

formulations utilizing mixed solvents are listed in Table I.

chem1cal reactions such

as making the drug in.&k y solid dispersion

solution is directly
proportional to the concer _ ; n-—of ut ‘(a2a xz). When the

), the activity is expressed

(Bg. 1)

in which Y, ﬁlﬁlg?wgﬂﬁwgﬂMSWScrlpt 2

refers to solu Converting to 1ogar1thms, we have
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In an ideal solution Yo 1, since an ideal solution is one in which
the presence of the solute molecules has no effect on the forces
existing between the solvent molecules, and vice versa. Consequently,
upon mixing there is no change in properties of the components other
than dilution. When two liquids dissolve to give an ideal solution,

there is no heat effect, and other properties, e.g., density, volume,



refractive index, viscosity and vapor pressure, can be directly
calculated by averaging the properties of the components of the
solution (26). The solubility of a solid in an ideal solution
depends on temperature, melting point of the solid and molar heat of

fusion. 1Ideal solubility is not affected by the nature of the

| W)ermodynamlc cons::.deratlons is:
ﬁ:ﬂ:::;me =
z (Eq. 3)

in which x; is the i | ity of \\ te expressed in mole

solvent and the equation deriv

fraction, Tm is the gl poi 7 absolute degree, T

is the absolute tempepat Hf is the molar heat of

fusion of solute and R he ‘molariga ,; Stant.

From Eq = 0 so in an ideal

solution the relationship-e&

_log o NN
‘9
But most solu ﬂj %ﬂ ly, and solute
mole fractiorﬂ u ?]:ﬂ:?tin dif BTﬁy from their
activiti ai anﬁal solutions.
The solu sﬁ aaqolu;ﬁc a nonideal solution, expressed in log

form, becomes

] (Eq. 4)

AHf [ Tm -
2.303 RT Tm

-log X, = 1+ log Yy (Eq. 5)

Nonideal solutions are devided into two types; regular

and irregular solutions. The properties of regular solution are
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similar to those of ideal solutions. The molecules exhibit complete
freedom of motion and randomness of distribution in the solution as
found in ideal solutions. There is no change in entropy but

heat is absorbed when the components of a reguiar solution are mixed.

Scatchard and Hildebrand studi e solubility of crystalline solids

in regular solutions and i he ctivity coefficient term of
the solubility equati \ deper ﬁue of solution, volume

of the solute, the

solvent and the work
that must be done
depositing it in te . Thy V R, T ained by summation
total energy requii ' 1b ‘_ j ' 'S ; hich may be considered
in three steps. i | step ; Volves \ > ‘removal of a molecule

from the solute phas efinit mperat The gain in

potential energy for isEstep 3 i 1 which subscript 22 refers

to the interaction be 7 The second step involves
the creation of enough to accept

the solute molecul ] ed for tﬁs step is W,q0 in

which the subscrlptg sxefers to theyenergy of interaction between

solvent moleﬂlg }mﬂnﬁ mﬂ']tﬂ iecule is placed

in the hole 1n the solvent, and the tota&nerillr%ed in this
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of the solute with the solvent.

In summary, the activity coefficient term of solubility
equation reported by Scatchard and Hildebrand is
2
Vo

1997 = 733 R Moo * Vg - 29y (Eg 00

-
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in which V2 is the molar volume of solute as a hypothetical supercooled
liquid and ¢1 is volume fraction of solvent. Since van der Waals
force between molecules follow a geometric mean, thus, the interaction
between different molecules is equal to the square root of'the

11ar molecules or w = Jw w

product of the attractions amor 12 TH%:222

then Eq. 6 can be rewrit .

2

- (w )5} (Eq. 7)

log vy 22

The (w);5 terms are ters and designated by

the symbols 61 and & espectively. Hence,

Eq. 7 is written as
(Eq. 8)

J.s5, the mole fraction

-
5 e is obtained as

solubility of a

AN m‘wmﬁ‘f A
This equation ‘ils the Scatchard-Hlldebrand equatlon. 1s used to

i T AP i

solventsqaccordlng to regular solution theory.

The solubility parameter is the square root of cohesive
energy density which is the energy required to break all intermolecular
contacts within the mixture (10,18). It has been shown that the

solubility parameter is connected to other physical properties such

as HLB values and dielectric constants (19,20).
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The solubility parameter of solvent, 61 » is obtained

as suggested by Hildebrand and Scott (10). Using the relationship

8w AN pREv - RT b (Eq. 10)
1 v v
1 1
where AEv is the molar energy of ization, AHv is the molar heat

of vaporization, and V., is th e of the solvent.

The id is difficult to

obtain, and few v erature (21,22),

‘:', ‘_ \\
S€E \\.. eir melting points

ne s-- of group contributions

since many organi
(11,21,22). Fedo
for estimating the otal ?l\)g* | for compound such as

drug molecules that dre /di (‘ iocult ac leve. The atoms and chemical

4 ‘
groups contribution to AE“amn: ovided by Fedors, are summed

to yield. it v

(Eqs- B1)
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to positive v@lues (or zero), that mean the heat must be absorbed
when th WﬁﬁQﬂﬁmtﬁ Wﬁ-ﬂtﬁﬁq ag'EF.r solution.
When thé| solubility parameter of the solute is equal to that of the
solvent, then 61 - 62 = 0 and the last term of the equation becomes
zero. The solubility of the solute t.hep depends solely on the ideal

solubility term of equation.

Several investigators, including Hildebrand, (11,22,

24) have recommended that expression in the form of Eq. 9 is not
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a good representation of nonideality in solutions of polymers and
various polar' and semipolar compounds in polar and semipolar solvents.
Since these solutions are quite irregular', often involving self-
association or solvation. For irregular solutions » the Scatchard-

and is refered to as the

Hildebrand equation must be modi
Extended Hildebrand Soli (EHS). The extended method

allows one to calcul : L ii ' ‘ lar and nonpolar solutes

in solvents rangin( a; s to highly polar

NN
solvents such as . (e \\\,\ " A total activity
ng of the term

Pspresenking: phy : 1 der ?\ \\\\ log 'Yv and an additional
term, log v,, représentigg :.- ‘ ’\

coefficient, log 22

presumably stronger forces
(Eq. 12)
The total activi ient sugges ildgbrand is

(Eg. %3)

where W is ﬁ ﬁﬂm W!gh and solvent in
an 1rregularqa ution an ds for V /2.303 RT. From Egq. 9
S RTRNT TN ﬁmﬁ'ﬂ“ﬂﬂﬂ £y s

forces qnd can be written as

log ¥, = U8 (61 - 62)2 (Eg. 14)

Employing Egs. 12,13,14, one obtains for the residual term.

log Yo = 2A (6162 - W) (Eg. 15)
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Hence, the logarithm of the total activity coefficient may be

written for irregular solution as :

2
= 6 - 6 (865 = .
log 72 A( 1 2) + 2A 195 W) (Eq. 16)

and the modified Hildebrand solubility equation becomes :

-log x (63 + 62 - 2W) (Eq. 17)

2
e ———

This equation is ua( , ug ~, ty in pure or mixed

solvent liquid so

The xtended Hildebrand
Solubility Approach; inte é<- .571_ ; will be calculated
using Eq. 17 from kno . l experimentally. The
qbserved W, are regrés 7-1 expression in the

solubility parameter of mi 0,15,24,25) using an equation

Y——— ———a 7T ) (Eq. 18)

in which a, b and yare coeff1c1ents. Then, back-calculating W and
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fraction soluBility of the drﬁ? in the m1xed solvents.
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a, b, is calculated using an equation.

86 + 46

a a b b
¢a+¢

(Eq. 19)

where ¢a and ¢b are volume fractions of pure solvent a, b used to
form mixed solvents, Ga and 6b are solubility parameters of pure

solvent a, b, respectively.
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The total volume fraction of mixed solvent (¢1) is
calculated using an equation

(1-x2)v1

1 (1--x2)v1 + x2v2

(Eq. 20)

in which V1is the mean molar volume of mixed solvents, obtained

using the relationship

v, (BEq=«.21)
where X, and M, are fraction and cular weight of the
individual solvent (a fid ",;J v%[< espectively and p, is
the density of mixed sg E\a temperature
determined using a pycng

The abilify 40 predict dbug Solubility in a solvent
is of great value in the deisig “*_f oved dosage forms and drug

delivery systems.. 3rand Solubility

Approach is accepﬁ-#ﬁ? - ned are satisfactory (10-16).

The mof%l;heat of fusibh s the energy that must

vo spprsea Ll dodl IV F 0T e M
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molar heat of fusions are determined experimentally (11,27). The
accurate and precise values are obtained using a differential
scanning calorimeter (DSC) and caluculated employing an equation.

Sensitivity for sample x AHf (std) x Std wt.
Sensitivity for std x sample wt. x Std Mw

AHf (sample) = o

sample peak area x sample MW
Std peak area

009071

1
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when the equipment is not available, the values of AHf are simply
determined in a laboratory (27). The method starts at an equation
for the solubility of solute in an ideal solution

i AufE Tm - T
2 = 3303wT L ] (Eq. 4)

-log x

Rearranging, Eq. 4 can be writ

(Eq. 4.1)

+ constant (Eq. 4.2)

Eq. 4.2 is a linear :’L-'.‘-; , When log x; is
plotted against recip  1:¢ abe te ature, °K, a slope

of the graph is E the solution is ideal,

A
2.303"R
the AHf value of the drug. cé c lated from slope of the line.

AULINENINYINS
PRI IUNN NN Y



	Chapter II Review of Literature

