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Introduction

 When a solvent passes through a semi-
permeable membrane from a dilute solution
into a more concentrated one, the
concentrations become equalized and the
phenomenon is known as osmosis.

* The pressure responsible for this phenomenon
is termed osmotic pressure and varies with
the nature of the solute.




If the solute is a nonelectrolyte, its solution contains
only molecules and the osmotic pressure varies with
the concentration of the solute.

If the solute is an electrolyte, its solution contains ions
and the osmotic pressure varies with both the
concentration of the solute and its degree of
dissociation.

Thus, solutes that dissociate present a greater number
of particles in solution and exert a greater osmotic
pressure than undissociated molecules.

Like osmotic pressure, the other colligative properties
of solutions, vapor pressure, boiling point, and freezing
point, depend on the number of particles in solution.
Therefore, these properties are interrelated and a
change in any one of them will resultin a
corresponding change in the others.




Two solutions that have the same osmotic pressure are
termed isosmotic.

Many solutions intended to be mixed with body fluids are
designed to have the same osmotic pressure for greater
patient comfort, efficacy, and safety.

A solution having the same osmotic pressure as a specific
body fluid is termed isotonic (meaning of equal tone) with
that specific body fluid.

Solutions of lower osmotic pressure than that of a body
fluid are termed hypotonic, whereas those having a higher
osmotic pressure are termed hypertonic.

Pharmaceutical dosage forms intended to be added directly
to the blood or mixed with biological fluids of the eye,

nose, and bowel are of principal concern to the pharmacist
in their preparation and clinical application.



Definitions

e [sotonic Solution: is a solution having the same
osmotic pressure as a body fluid. Ophthalmic (eye),
nasal(nose), and parenteral (injection) solutions
should be isotonic.

» Hypotonic solution: is a solution of lower osmotic
pressure than that of a body fluid.

» Hypertonic solution: is a solution having a higher
osmotic pressure than that of a body fluid.
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Special Clinical Considerations of
Tonicity

* |tis generally accepted that for ophthalmic and
parenteral administration, isotonic solutions are better
tolerated by the patient than those at the extremes of
hypo- and hypertonicity.

 With the administration of an isotonic solution, there
is @ homeostasis with the body’s intracellular fluids.
Thus, in most instances, preparations that are isotonic,
or nearly so, are preferred.

* However, there are exceptions, as in instances in which
hypertonic solutions are used to “draw’ fluids out of
edematous tissues and into the administered solution.




Most ophthalmic preparations are formulated to be isotonic, or
approximately isotonic, to duplicate ophthalmic tears for the
comfort of the patient.

These solutions are also prepared and buffered at an appropriate
pH, both to reduce the likelihood of irritation to the eye’s tissues
and to maintain the stability of the preparations.

Injections that are not isotonic should be administered slowly and
in small quantities to minimize tissue irritation, pain, and cell fluid
imbalance.

The tonicity of small-volume injections is generally inconsequential
when added to large-volume parenteral infusions

because of the presence of tonic substances, such as sodium
chloride or dextrose in the large-volume infusion, which serve to
adjust the tonicity of the smaller added volume.



Intravenous infusions, which are hypotonic or
hypertonic, can have profound adverse effects because
they generally are administered in large volumes.

Large volumes of hypertonic infusions containing
dextrose, for example, can result in hyperglycemia,
osmotic diuresis, and excessive loss of electrolytes.

Excess infusions of hypotonic fluids can result in the
osmotic hemolysis of red blood cells and surpass the
upper limits of the body’s capacity to safely absorb
excessive fluids.

Even isotonic fluids, when infused intravenously in
excessive volumes or at excessive rates, can be
deleterious due to an overload of fluids placed into the
body’s circulatory system.



Schematic presentation shows effects of different
solution types on red blood cells
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Physical/chemical considerations in
the preparation of isotonic solutions

* The calculations involved in preparing isotonic
solutions may be made in terms of data relating
to the colligative properties of solutions.

* Theoretically, any one of these properties may be
used as a basis for determining tonicity.
Practically and most conveniently, a comparison
of freezing points is used for this purpose. It is
generally accepted that - 0.52°C is the freezing
point of both blood serum and lacrimal fluid.




* When one gram molecular weight of any
nonelectrolyte, that is, a substance with negligible
dissociation, such as boric acid, is dissolved in
1000 g of water, the freezing point of the solution
is about 1.86 °C below the freezing point of pure
water.

* By simple proportion, therefore, we can calculate
the weight of any nonelectrolyte that should be
dissolved in each 1000 g of water if the solution is
to be isotonic with body fluids.

* Boric acid, for example, has a molecular weight of
61.8; thus (in theory), 61.8 g in 1000 g of water
should produce a freezing point of - 1.86°C.
Therefore:



1.86(°C) 61.8(g)
052(°C)  x(g

x=173g

In short, 17.3 g of boric acid in 1000 g of water, having a weight-in-volume
strength of approximately 1.73%, should make a solution isotonic with
lacrimal fluid.

With electrolytes, the problem is not so simple. Because osmotic pressure
depends more on the number than on the kind of particles, substances
that dissociate have a tonic effect that increases with the degree of
dissociation; the greater the dissociation, the smaller the quantity
required to produce any given osmotic pressure.



* |f we assume that sodium chloride in weak
solutions is about 80% dissociated, then each 100
molecules yields 180 particles, or 1.8 times as
many particles as are yielded by 100 molecules of
a nonelectrolyte.

* This dissociation factor, commonly symbolized by
the letter i, must be included in the proportion
when we seek to determine the strength of an
isotonic solution of sodium chloride (m.w. 58.5):

1.86(°C) X 1.8 58.5(g)
052(°c) = x(g)

x=9.09g




* Hence, 9.09 g of sodium chloride in 1000 g of
water should make a solution isotonic with
blood or lacrimal fluid. In practice, a 0.90%
w/v sodium chloride solution is considered
isotonic with body fluids. Simple isotonic
solutions may then be calculated by using this

formula:

0.52 x molecular weight

= g of solut 1000 g of wat
1.86 x dissociation (1)  ° o B B ol water




 The value of i for many medicinal salt has not
been experimentally determined. Some salts
(such as zinc sulfate, with only some 40%
dissociation and an i value therefore of 1.4) are
exceptional, but most medicinal salts

approximate the dissociation of sodium chloride
in weak solutions.

* If the number of ions is known, we may use the
following values, lacking better information:



Nonelectrolytes and substances of slight
dissociation: 1.0

Su
Su
Su
Su
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nat C
nat C
nat C

nat C

Issociate into 2 ions: 1.8
Issociate into 3 ions: 2.6
Issociate into 4 ions: 3.4
Issociate into 5 ions: 4.2



* A special problem arises when a prescription directs us
to make a solution isotonic by adding the proper
amount of some substance other than the active
ingredient or ingredients. Given a 0.5% w/v solution of
sodium chloride, we may easily calculate that

* 0.9g-0.5g=0.4gof additional sodium chloride that
should be contained in each 100 mL if the solution is to
be made isotonic with a body fluid.

 But how much sodium chloride should be used in
preparing 100 mL of a 1% w/v solution of atropine
sulfate, which is to be made isotonic with lacrimal
fluid? The answer depends on how much sodium
chloride is in effect represented by the atropine
sulfate.



* The relative tonic effect of two substances—
that is, the quantity of one that is the
equivalent in tonic effects to a given quantity
of the other—may be calculated if the
guantity of one having a certain effect in a
specified quantity of solvent is divided by the
quantity of the other having the same effect in
the same quantity of solvent.



* For example, we calculated that 17.3 g of boric
acid per 1000 g of water and 9.09 g of sodium
chloride per 1000 g of water are both
instrumental in making an aqueous solution
isotonic with lacrimal fluid.

* If, however, 17.3 g of boric acid are equivalent in
tonicity to 9.09 g of sodium chloride, then 1 g of
boric acid must be the equivalent of 9.09 g+ 17.3
g or 0.52 g of sodium chloride.

e Similarly, 1 g of sodium chloride must be the
“tonicic equivalent” of 17.3g+9.09g0or 1.90 g
of boric acid.



 We have seen that one quantity of any substance
should in theory have a constant tonic effect if
dissolved in 1000 g of water: 1 g molecular weight of
the substance divided by its i or dissociation value.

 Hence, the relative quantity of sodium chloride that is
the tonicic equivalent of a quantity of boric acid may
be calculated by these ratios:

585 +1.8 585 x 1.0
618 - 1.0 @ 618 x 18

and we can formulate a convenient rule: quantities of
two substances that are tonicic equivalents are
proportional to the molecular weights of each
multiplied by the i value of the other.



To return to the problem involving 1 g of atropine sulfate
in 100 mL of solution:

Molecular weight of sodium chloride =58.5;i=1.8
Molecular weight of atropine sulfate = 695; i = 2.6

695 x 1.8 1(g)
585 %26 x(g)

X =0.12 g of sodium chloride
represented by 1 g of atropine sulfate

Because a solution isotonic with lacrimal fluid should
contain the equivalent of 0.90 g of sodium chloride in
each 100 mL of solution, the difference to be added must
be 0.90g-0.12 g =0.78 g of sodium chloride.
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TABLE 11.1 SODIUM CHLORIDE EQUIVALENTS (E WVALWES)

S DNLIRE
rmoLECULAR S TABLE 11.1 continued
SUBSTANMCE WEIGHT EDRHES [ {E WALLWE }
Artazoline phosphats 363 z 1.8 o6 SODILIM
Antipyrine 188 1 1.0 oT
Atropine sulfate-HaO 695 3 2.6 012 (HLORIDE
Benoxinate hydrochlorid ETL F 1.8 oT
Benzabonhmn Conge 60 F 1.8 R TS MOLECULAR EQUNALENT
B atcanol 108 1 1.0 030
Benzyl os ! 1o o0 SUBSTANCE WEGHT  IOMS | e vaLUE)
chi ool a3 1 1.0 R
mlmﬁ; 177 1 1.0 o2a Sodium carbonate 106 1 b 040
Chioretracyding hyanochloride c4 [ z 1.8 o Sodium carbonate H;0 1M 1 26 (68
CromoNm Sodmin 12 2 18 011 Sodlum chride g T 100
Cyclopantolate hydrochiond EEL] F 1.8 [T
Demacarium bromide - 7 3 26 012 E:“m mfu‘:‘%[’ T: ; ﬁ &::
Demirgss {anhydrous) 180 1 1.0 L8 F. 5 m
Deoinose: Ha O 19 1 1.0 w16
Dipivetrin hydrachionde ETe 2 1.8 wis Sodium lactate 112 ! 13 ¥
Ephaarireg hyino hiardea 20 x 1.8 25
Epihedrine sulfate e 3 28 023 Sadlum phasphate, difask, anfydrols 142 1 L 53
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Acwcuiriciiene I54 3 10 o9 Tetracycline hydrochioide 1 18 01
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 Table 11.1 gives the sodium chloride equivalents
(E values) of each of the substances listed. These
values were calculated according to the rule
stated previously. If the number of grams of a
substance included in a prescription is
multiplied by its sodium chloride equivalent, the
amount of sodium chloride represented by that
substance is determined.

* The procedure for the calculation of isotonic
solutions with sodium chloride equivalents may
be outlined as follows:



Step 1. Calculate the amount (in grams) of sodium chloride
represented by the ingredients in the prescription. Multiply the
amount (in grams) of each substance by its sodium chloride
equivalent.

Step 2. Calculate the amount (in grams) of sodium chloride, alone,
that would be contained in an isotonic solution of the volume
specified in the prescription, namely, the amount of sodium
chloride in a 0.9% solution of the specified volume. (Such a solution
would contain 0.009 g/mL.)

Step 3.Subtract the amount of sodium chloride represented by the
ingredients in the prescription (Step 1) from the amount of sodium
chloride, alone, that would be represented in the specific volume of
an isotonic solution (Step 2). The answer represents the amount (in
grams) of sodium chloride to be added to make the solution
isotonic.

Step 4. If an agent other than sodium chloride, such as boric acid,
dextrose, or potassium nitrate, is to be used to make a solution
isotonic, divide the amount of sodium chloride (Step 3) by the
sodium chloride equivalent of the other substance.



