which describes the solubility of phenobarbital in propylene glycol-
water.
When f, = 0 and f; is variable, Eq. 2 reduces to:

log S; = log S + aof2 (Eq. 5)

which describes the solubility of phenobarbital in glycerol-water binary
systems. Figure 3 shows the fitting of theoretical lines calculated on the
basis of Eq. 2 to experimental points determined in the present study.

The good fit suggests the possible use of such an equation for solubility -

predictions in ternary propylene glycol-glycerol-water systems.

Gorman and Hall (14) reported a linear relationship between the log-
arithm of secobarbital solubility and the dielectric constant of the binary
solvent systems which have similar bonding characteristics: ethanol-
water, glycerol-water, and propylene glycol-water. In the present in-
vestigation, the log solubility-dielectric constant (calculated) relationship
for phenobarbital in propylene glycol-water and glycerol-water was also
linear (Fig. 4). When this approach was extended to phenobarbital sol-
ubility in propylene glycol-glycerol-water, an essentially linear rela-
tionship was observed (Fig. 4). However, this linearity does not seem to
extend to solvent systems containing high proportions of water since the
line does not intersect with the other two lines at 100% water solvent
composition. This result does not allow for solubility predictions over
a wide range of solvent compositions as is possible when Eq. 2 is uti-
lized.

The effect of temperature on phenobarbital solubility in 12 selected
solvent systems was studied. Equilibrium solubilities were determined
at 23, 32, 40, and 45 £ 0.2°, and the log solubility-1/7 relationships were
plotted (Fig. 5). The heats of solution calculated from Fig. 5 varied in the
relatively narrow range of 6-8 kcal/mole for the different solvent systems.
The relatively nonpolar phenobarbital molecule is believed to dissolve
in the relatively polar solvent blends through hydrogen bonding of the
electronegative oxygen of the phenobarbital carbonyl groups to the hy-
drogen of hydroxyl groups in water, glycerol, or propylene glycol. The
close values of heats of solution suggest similar types of solution mech-
anism and bonding.

Results of the present investigation showed that phenobarbital solu-
bility can be effected through the use of mixed ethanol-free solvents to

COMMUNICATIONS

produce concentrations well above those required to formulate a phe-
nobarbital elixir. The correlation of solubility data to specific solvent
contributions enabled solubility predictions from a knowledge of solvent
composition. Evaluation of the stability and bioavailability of pheno-
barbital in these solvent systems will be reported later.
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Single-Point Maintenance Dose Prediction:
Role of Interindividual Differences in
Clearance and Volume of Distribution in
Choice of Sampling Time

Keyphrases D Pharmacokinetics—single-point maintenance dose
prediction, theoretical analysis [ Single-point maintenance dose pre-
diction—pharmacokinetics, theoretical analysis

To the Editor:
Experimental observations of very strong correlations
between a single determination of concentration after the

1174 / Journal of Pharmaceutical Sciences
Vol. 70, No. 10, October 1981

first dose of a drug and the eventual steady-state concen-
tration have been observed experimentally for lithium,
nortriptyline, imipramine, and desipramine (1-5). Such
a relationship also exists for drugs with short half-lives
based on simulations and clinical studies of chloram-
phenicol and theophylline (6-8).

If a single determination of concentration after the first
dose of drug correlates with the eventual steady-state
concentration, then, over the linear range, this correlation
provides the basis for the prediction of maintenance dose
necessary to achieve a desired steady-state concentration.
In an attempt to clarify this very powerful method of
maintenance dose prediction, a theoretical analysis of the
relationship was carried out to determine the: (@) source
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and magnitude of the error involved with the estimate, (b)
general applicability of the method to other drugs, and (c¢)
limits of the method’s application (9). It was observed that
the method yielded a good estimate of clearance in an in-
dividual which did not seem to be affected by interindi-
vidual variation in the volume of distribution (10).

The analysis described the inverse relationship between
the concentration (C*) observed at some time (¢ *) after the
first dose (D*) and the maintenance dose (D,,) required
to obtain a desired steady-state drug concentration

(Css):

1/Dp = WC* (Eq.1)
where:
ekt
V= m (Eq. 2)

where K is the elimination rate constant of the drug in an
individual patient and 7 is the dosing interval. It was
previously noted (9) that ¥ (the proportionality factor in
Eq. 1 as defined by Eq. 2) would vary among individuals
but in such a manner that, at a certain ¢*, the variability
would not allow estimates of D, that would yield Cg, val-
ues within 10-20% of the target value.

The purpose of this communication is to extend this
analysis into areas not completely dealt with previously:

1. Since K is a function of clearance (Cl) and volume of
distribution (V), how does ¥ vary as a function of inter-
individual variability in these independent parameters?

2. Why is V¥ relatively constant throughout a popula-
tion?

3. What factors determine the optimum value of ¢*?

To answer these questions, it is first necessary to recast
V¥ as a function of clearance and volume of distribution
through the relationship:

K=Cl/v (Eq. 3)
Therefore:
Ve (Cl/Vi*
" CIC,,7D* (Eq- 4)

The portion of ¥ that varies among the population is
(V/Cl)e€UV)t* Tdeally, ¥ would not vary from one indi-
vidual to another, but since Cl and V vary throughout the
population, ¥ will vary among individuals. However, ¥ is
minimally affected by interindividual differences in Cl and
V when its partial first derivatives with respect to these
independent variables are simultaneously close to zero.
The partial first derivatives are equal to zero when:

Cl/V)t* =1 (Eq. 5)

or:

t*=V/Cl=1/K (Eq. 8)

Thus, V¥ is insensitive to interindividual differences in Cl
and V when (CI/V)t* is in the neighborhood of 1.

It is important to remember that ¥ does not vary simply
as a function of Cl or V among individuals but actually
varies as a function of their ratio, K. Therefore, it is ap-
propriate to consider the intersubject variability of ¥ as
a function of K and to consider the influence of interin-
dividual variability in K on the value of V¥ as defined by
Eq. 2.

Since K varies among individuals, the true value of ¥
also varies throughout the popultion. However, under

Table I—Effect of Varying the Value of x about 1 on the Value
of the Function e*/x

x e* ex/x Ratio®
0.50 1.65 3.30 1.01
1.25 2.79 2.79 0.86
2.00 7.39 3.69 1.13
Mean 3.26

@ Ratio of e*/x for each value of x to the mean value.

certain conditions, ¥ varies much less than K. The vari-
ability in K causes minimum fluctuations in ¥ if K and
eKt* vary in proportion to one another (Eq. 2). When the
exponent (x) of e* is in the neighborhood of 1, the value
of e* varies in rough proportion to x. As seen in Table I, a
fourfold variation in x centered around 1 produces less
than a 15% variation in the function e*/x about its mean
value.

Equation 2 is of the form e*/(x/t*) where x = (Cl/V)t*
= Kt*. When the value of t* in Eq. 6 is substituted into Eq.
2, the value of the exponent is 1. When x increases, e* in-
creases in rough proportion, and the value of the ratio in
Eq. 2 does not change greatly. Therefore, ¥ does not vary
greatly with K as long as Kt* remains in the neighborhood
of 1.

In addition, from the steps leading to Eq. 6, it is seen that
the value of ¥ is insensitive to interindividual changes in
Cl and V when (Cl/V)t* (i.e., Kt*) is in the neighborhood
of 1. Since £* is chosen and fixed in the single-point method
of maintenance dose prediction and since K varies among
individuals, changes in Cl and V increasingly affect ¥ as
Kt* moves away from 1. If the influence of interindividual
differences in Cl and V are to be kept at a minimum for the
majority of the population and if the mathematical prop-
erties of Eq. 2 are to be taken advantage of, t* should be
chosen as the mean (or mode) value of 1/K.

When t* is chosen in this manner, ¥ varies minimally
with changes in K and the method gives estimates of
maintenance doses based on a population average value
of ¥ that are minimally affected by interindividual vari-
ability in Cl and V. These considerations can be extended
to any one-compartment drug for which a clinically ac-
ceptable value of t* (perhaps not >24 hr) can be chosen
such that Kt* can be kept in the neighborhood of 1
throughout the population. This approach is presently
being extended to multicompartment drugs and the pre-
diction of steady-state concentrations of metabolites of
therapeutic interest.
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Correlation of Water Solubility with
Octanol-Water Partition Coefficient

Keyphrases O Solubility—water, correlation with octanol-water par-
tition coefficient [0 Partition coefficient—octanol-water, correlation with
water solubility O Melting-point effect—correlation between water
solubility and octanol-water partition coefficient

To the Editor:

Yalkowsky and Valvani (1) made a valuable analysis of
the melting-point effect on the solubility of solid com-
pounds and discussed the correlation between water sol-
ubility (S) and the octanol-water partition coefficient (P).
Regression equations between log S and log P were con-
structed using log P values calculated primarily from
molecular fragment constants developed by Nys and
Rekker (2).

We have found several points relevant to the Yalkow-
sky-Valvani analysis (1). First, part of their conclusions
for a particular class of compounds was based on a linear
regression between the values of log Sobs and 1og Pestim
obtained from the correlation equation for that class of
compounds. Regression of this kind must, in principle,
yield log Sgps = 1.0 log Segtim With an intercept equal to 0.0.
The correlation coefficient will then be a measure of how

for the compounds in Table VI, i.e.,log S = —0.9874 log P
— 0.0095(MP) + 0.7178, the estimated S values then de-
viate appreciably from the experimental data.

It is understood that log P values calculated by various

fragment approaches are only as accurate as the values

used to define each fragment. At this time, the rules to
calculate log P values are empirically derived. This ap-
proach has led to numerous correction factors for such
things as branching, flexibility, chain length, bond un-
saturation, and substituent polarity. In general, the frag-
ment approach works reasonably well for simple low mo-
lecular weight molecules. It tends to be less accurate for
more complex molecules.

Third, Yalkowsky and Valvani assumed that the effect
of octanol-water mutual saturation on the partition
coefficient was small and thus ignored it in their treatment.
Banerjee et al. (3) also reported no observable effect of
octanol-water mutual saturation. Although this effect is
expected to be small for compounds with relatively high
solubilities in both octanol and water, it becomes signifi-
cant for solutes with limited solubilities. Consequently, it
would be a factor in the correlation of log S versus log P at
the low S (high P) region.

The significance of octanol-water mutual saturation
may be evaluated by comparing experimental P values
with those calculated from solute solubilties in octanol and
water for some high melting solid compounds. Because of
the high melting-point effect, solids have limited solubil-
ities in both solvents and their partition coefficients can
be determined directly from the ratios of solute solubilties
in the two solvents. Note that at low (mole fraction) con-
centrations, solute activity coefficients are essentially
constant and the log P of a solute would be practically
constant at all concentrations.

We selected p,p’-dichlorodiphenyltrichloroethane (I)!,
hexachlorobenzene (II)2, and anthracene (III) for illus-
tration. The experimental and estimated octanol-water
partition coefficients and the determined solubilities in
water, octanol, and water-saturated octanol for these

Table I—Solubilities and Octanol-Water Partition Coefficients of I, II, and IIT

Compound Melting Point Sw (ug/liter)e S, (g/liter) Somw (g/liter) log S,/S,, log Pexp log Pegt?
1 108.5° 5.5 §25°;‘ 41.5 (24°) 31.9 (24°) 6.88 6.36 —
5.0 (20°
11 230° 5.0 (25°)¢ 3.53 (23°) 2.65 (23°) 5.85 5.50 6.53
I 216° 45 (25°)d 2.44 (23°) 2.22 (23°) 4.73 4.45¢ 4.63

a Key: S, solubility in water; S, solubility in octanol; So/, solubility in water-saturated octanol; and Pyp, experimental octanol-water partition coefficient. b Estimated
values from fragment constants given in Ref. 1. ¢ Reference 7. ¢ Reference 8. ¢ Reference 6.

well log Sobs fits log Sestim. For reasons unspecified, this
condition was not met in their Eqs. 32-36.

Second, the calculated values of log P for some low sol-
ubility compounds are highly imprecise. For instance, the
values of log P, 5.05, 5.79, and 6.53, estimated for
1,2,3,5-tetra-, penta-, and hexachlorobenzene, respectively,
in their Table VI, are considerably greater than the cor-
responding experimental values of 4.46 (3), 4.94 (3), and
5.50 (4). It is surprising that the molar solubilities (log S)
predicted from these calculated log P values and the solute
melting points (MP) fall into close agreement with the
experimental log S. If experimental log P values are en-
tered into the correlation derived by Yalkowsky et al. (5)
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compounds are given in Table L. If it is assumed that mu-
tual saturation has no effect on solute partitioning, the
partition coefficients should be equal to the ratios of solute
solubilties in pure octanol and water (S,/Sy); i.e.,log P =
6.88 for I, 5.85 for 11, and 4.73 for III. These calculated P
values are larger than the experimental values by factors
of 3.3, 2.2, and 1.9 for I, 11, and III, respectively. The dif-
ference between experimental and calculated P values
results presumably from an alteration of the solute solu-
bilities in the two solvents due to their mutual saturation.

1 Commonly referred to as DDT.
2 Commonly referred to as HCB.



