The variability of the amount delivered per actuation could be due to in-
adequate shaking of the aerosol container. The method of collection of the
labeled microspheres could also cause the valve stem to be blocked, thus de-
trimentally affecting the results.

The cascade impactor, which was used to delineate the particle size distri-
bution profile, showed that the majority of microspheres had sizes ranging
from 2 to 8 um. The size profile seen in Table I11 lists microspheres with sizes
greater than the reported prepared size of 3 to 8 um, indicating aggregation
of the smaller particles into heavier larger clusters. These aggregates were
deposited onto the glass slides of the first two stages of the impactor, as dictated
by the aerodynamic parameters of this particle-size analyzer. Again, the ra-
diotracer method proved superior to the classical weighing-by-difference
procedure for quantitation of the amount of particulate matter present on each
slide after only one actuation of the aerosol.

The deposition of the microspheres onto the components of the valve con-
stituted the final portion of this study. Untreated valves permitted the release
of ~5-10% of the total radioactivity. By pretreating the valves with albumin
solutions, the adherence of the iodinated albumin microspheres to the plastic
parts of the valve and the metal spring was significantly decreased. The de-
livery of the activity from the treated canister, however, was found not to ex-
ceed 50% of the total dose. These results indicate that much more work must
be done before microspheres utilized as a drug delivery system can be released
effectively from present aerosol canisters.

CONCLUSIONS

The advantages of radiotracer methodology described in the study of
acrosols are multifold: (a) single doses of an aerosol delivered from a canister
can be analyzed, rather than multiple doses as required in previous studies,
(b) short-lived isotopes can be disposed of easily after the passing of an ap-
propriate decay period, and (¢) by proper choice of the radionuclide label, rapid
and accurate data may be obtained both in in vivo and in vitro studies. Since
acrosols are designed to deliver a metered amount of drug to the patient, the
clucidation of the size of the dose and its deposition in the patient is an im-

portant consideration. The technique outlined here should prove to be useful
in answering these problems.
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Abstract O Solubility data of nine derivatives of the structure p-X;
—CsH4—X3 in ethanol-water at 25°C are reported. The correlation of such
sets of data by log S, = Py,-log Sx + C yields the medium effect parameter
Py for a variety of functional groups possessing cither oxygen or nitrogen. P,
accounts for the hydrophilic-lipophilic character exhibited by cach group.

Keyphrases O Solubility—effects of solvent medium, hydrophilic -lipophilic
character, ethanol-water O Solvent medium—effects on solubility, hydro-
philic-lipophilic character, ethanol-water O Hydrophilic-lipophilic char-
acter—effects of solvent medium, solubility, ethanol-water

The existence of linear relationships between the logarithms
of the solubility equilibria of structurally related crystalline
compounds, as they vary with changes in solvent or solvent
composition has been shown previously (1, 2). Such linear free
energy relationships (LFER) are conveniently expressed by:

logS, =P,-logSx+C (Eq. 1)
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where S, and S, are sets of solubility data of compounds A4,
and A,, respectively. By taking a proper solvent condition as
reference, Eq. 1 becomes:

log Sy — log S9 = P,(log Sx — log S%)  (Eq.2)

or
Alog Sy = Py - Alog S, (Eq. 3)

The medium effect parameter P, depends on the structural
difference between A4, and A4, on the one side and on the ef-
fects of the solvent change on the solubility of the substrate
series (i.e., on the sign of Alog S) on the other. To illustrate this
point, Fig. 1 shows a typical LFER plot of a pair of p-amino-
benzoic esters which pass through a solubility maximum when
they move from the first to the last solvent condition. There,
as the solvent system increases in lipophilicity, the solubility
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Table [—Derivatives of p-X; —CsH4—X2 Used in the Solubility Determinations

mp, °C

Compound Xy X2 Experimental? Literature
I H,N— —COOCH; 113-114.5 114 (8)
I1 HoN— —CONHCH; 181-181.5 180 (9)
I CH;CONH— —H 112-113 113-115(10)
v CH;CONH— —OH 169-171 169-170.5 (10)
A4 CH;CONH— —COOCH; 128.5-129.5 130 (6)
Vi (CH;);:N— —COOCH; 100-101 102 (6)
VIl HO— —COOCH; 131 131 (10)
Vill CH3;CO0— —COOCH; 80-80.5 —
IX CH;0— —COOCH; 47.5-48.5 48-48.5(11)

2 Uncorrected.

of the propyl ester 4, increases at a faster rate (part B, etha-
nol-water) and decreases more slowly (part A, ethanol-cy-
clohexane) than that of the methyl ester Ay, as a result of its
greater lipophilic portion.

In this study, the purpose has been to use this methodology
to get information about the hydrophilic-lipophilic properties
of a variety of functional groups possessing either oxygen or
nitrogen. These were selected because the information avail-
able, mainly obtained from partition coefficient (PC) mea-
surements, regards the high sensitivity of the properties of these
atoms to the structural environment (3, 4). Hence, a set of
oxygen and nitrogen analogues was obtained by the appro-
priate variation of the basic structure p-X; —C¢H4—X; as
indicated in Table I, and their solubility equilibria were

0.2 F
-0.6
23
L. ¢
(/2]
o
(o]
-
-1.4
-2.2 b
L 1
-20 -1.2 -0.4
Log S
AX

Figure 1—LFER plot of propyl ester (Ay) and methy! ester (A} of p-hy-
droxybenzoic acid in ethanol-water (B) and ethanol-cyclohexane (A); data
taken from Ref. 2.

measured in hydroxylic mixtures. In such systems, the specific
solute-solvent interactions through hydrogen bridges are
recognized to play a major role among the factors that deter-
mine the solubility behavior of the substrates.

EXPERIMENTAL SECTION

Substrates—The calculated and literature melting points (mp) of all de-
rivatives are reported in Table 1. The following compounds were commercial
products, purified by recrystallization: I', 1112, IV2, and VII2. Compounds
11, V, VI, VII1, and IX were prepared by adequate structural variation of the
available derivatives through known techniques (5-7). All products were
characterized by their melting points. In addition, for II and VIII, it was
considered appropriate to report 'H-NMR3 and MS* data.

Solvents—Mixtures were prepared by mixing exactly measured volumes
of absolute ethanol and water, i.e., ethanol-water (40:60).

Solubility Determination and Correlation Procedure—The method em-
ployed for the solubility measurements was reported previously (1, 2). For
all compounds, a spectrophotometric determination of substrate concentration
at Amax was performed. From the values of Table II, the corresponding
molalities were calculated, and their logarithms were used in the correlations.
The linear regression parameters reported in Table 111 were calculated by the
least-squares method.

RESULTS AND DISCUSSION

Table 11 reports the solubility of I1-1X in ethanol-water mixtures at 25°C.
At low solubility conditions, small changes in solvent composition produce
significant solubility variations; on the other hand, the lower the substrate

20
10 L ]
(3
0.0
-1.0 }
1 1 1
0.0 os H 16
(R =1)

Figure 2— Plot of the lipophilic constant w (octanol-water) against the me-
dium effect parameter (P! — 1) in ethanol-water for different functional
groups.

' R, Hellman.

2 Aldrich,

3 Varian T 60.

4 Finnigan 3300F-100.
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Table I1—Solubility in Ethanol-Water at 25°C

Solvent Solubili o/
Composition olubility, mg/gsol
Ethanol Water I I [f]a v Vv Az Vil Vill IX
00.0 100 1.45 8.64 6.38 15.1 1.35 0.112 2.89 0.621 0.753
10.0 90.0 2.05 13.2 9.64 25.6 2.39 0.168 3.81 0.889 1.19
20.0 80.0 3.70 17.9 144 35.7 4.63 0.338 6.73 1.25 2.19
30.0 70.0 6.94 26.1 36.3 62.8 12.0 0.866 20.5 2.73 5.82
40.0 60.0 18.3 39.4 52.6 113 19.9 2.85 493 6.63 17.6
50.0 50.0 38.0 55.3 76.5 160 40.0 8.79 123 15.7 —
60.0 40.0 63.5 72.4 141 203 116 17.0 196 28.0 —
70.0 30.0 89.6 80.5 206 247 158 29.8 265 459 —
4 Solubility of 111 in ethanol -water has been reported early (12). Present results arc in good agreesnent with those.
Table IHI—Correlation of Solubility Data According to Eq. 1 #
Compounds
Correlated Range n Slope Intercept r by ds)
Vi/1 0-70 8 1.334 -0.542 0.999 0.029 0.016
v/l 0-70 8 0.851 0.188 0.992 0.066 0.043
V/1v 0-70 8 1.559 -0.681 0.989 0.125 0.095
Vil vil 0-70 8 0.870 -1.014 0.997 0.062 0.028
V/1 0-70 8 1.107 0.138 0.992 0.108 0.058
v/ 0-70 8 1.347 -0.377 0.997 0.066 0.043
11/1 0-70 8 0.520 -0.104 0.994 0.043 0.023
V/Vill 0-70 8 1.079 0.647 0.991 0.111 0.058
VI{IX 0-40 5 1.024 —0.815 0.999 0.017 0.0i6
VIII/IX 0-40 5 0.746 -0.758 0.999 0.025 0.023
IX/VI 0-40 5 1.050 —~0.497 0.997 0.049 0.047
1/vil 0-70 8 0.855 -0.520 0.998 0.044 0.018
4 r is the regression cocfficient, &y is the standard deviation of the slope, and 0, is the standard deviation of the points from the regression line in the y direction.
concentration, the lower the probability of particular solute--solute interac- then
tions. Therefore, to correlate solubility data by Eq. 1, those values corre- "o _
sponding to lower solubilities are preferred to the ones obtained under con- P} =Py - Px = Alog Sar—v/Alog Sar~# (Eq. 6)

ditions of higher solubility-—near the maximum solubility. A composition
variation covering 0-70% of cthanolic content was considered appropriate.

Going from water to ethanol through a series of ethanol-water mixtures,
the increase of the ethanolic content increases the lipophilic character of the
mixture and raises the solubility of all the substrates studiced [(+)Alog S].
For a given correlation, a medium effect parameter Py, higher or lower than
the unity means that A4, is respectively more lipophilic or hydrophilic than
Ax.

Table 11 reports the results obtained by the correlation according to Eq.
! when adequately selected pairs of compounds were matched together. As
can be seen, good linear correlations were obtained in all cases affording the
corresponding P, paramcters.

To get a uniform set of P, values, the hydrogen atom attached to the aro-
matic ring was taken as the reference functional group (Pyy = 1). When direct
calculation was not possible, the following procedure was used:

P, = Alog Sar—v/Alog Sar-x (Eq. 4)
and

P, = Alog Sar—x/Alog Sar—u (Eq. 5)

Table 1V —Hydrophilic-Lipophilic Character of Different Functional
Groups Attached to the Benzene Ring

Functional Group (PH—1) T
—CONHCH; -0.33

—NH; —0.28 ~0.49¢
CH;CO0— —-0.26 ~0.58%
CH;CONH— -0.20 -0.56%
—OH -0.15 -0.164
CH;3;0— -0.09 —0.03%
(CH3)sN— ~0.05 -0.08°
—H 0.00 0.00
—CQOOCH; 0.33 0.49¢
—CH,—CH,—4 0.53 1.08
—COO(CH;),CH; 1.04 1.57¢

4 Calculated from log PC (octanol-water) of 1 (1.63) and Vil (1.96), respectively,
using as reference log PC of benzoic acid methyl ester (2.12); all data from Ref. 3.
® Values from Ref. 13. ¢ Calculated respectively from log PC of VH or log PC of p-
hydroxybenzoic acid propy! ester using as reference log PC of phenol; all data from Ref.
3.4 Concerned with the extension of the alkyi chain. The random value of P, arises from
propy! and methy! esters of both p-hydroxy- and p-aminobenzoic acids (Zy), while 7 is
the difference between T —COO(CH2)2CH3 and T—COOCH)-
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Table 1V contains the calculated hydrophilic-lipophilic character of each
functional group, which is expressed as (P! = 1). There, a negative value
means higher hydrophilic character, while a positive value indicates higher
lipophilic character than hydrogen.

Therefore, the inspection of the figures in Table 1V reveals the higher hy-
drophilicity of the aromatic primary amino group with respect to the phenolic
hydroxy group, while the respective acetyl derivatives exhibit a reverse order.
However, the comparison of the aryl carboxy derivatives (i.e., I and II) again
shows a remarkably higher hydrophilic character of the nitrogenated deriv-
ative. On the other hand, the methoxy group appears to be more hydrophilic
than the fully methylated tertiary amino.

The usc of (P} — 1) is a convenient way to express the hydrophilic-lipophilic
properties of the functional groups since, as it has been previously stated (1),
it is directly refated to the expected PC parameter 7, by:

- Alog S, — Alog S« _ ,
Alog Sy Alog S,

7r'y has also been regarded as a lipophilic variable (1) whose meaning extends
the concept of the lipophilic constant 7 (3) and hydrophobic constant (14)
which arise from partition coefficient measurements.

In addition, Table IV also contains literature values of 7 for the octanol-
water partitioning system, which also consists of two hydroxylic solvents.
Because inspection of the columns suggests a parallel variation of both sets
of figures, it was considercd of interest to match them together in a plot.
Therefore, Fig. 2 shows the agreement between the results obtained from
medium cffects on solubility in ethanol-water mixtures and those obtained
from octanol-water partition coefficients.

The results quoted show how LFER applied to solubility equilibria mea-
surements yields reliable information about the hydrophilic-lipophilic prop-
erties of different functional groups. It appears that this simple methodology
would be a uscful and versatile tool to extend our present knowledge of solu-
bility behavior to a wide variety of solvent systems. In addition, the use of Eqgs.
2--7 as a means of predicting medium effects on solubility appears to be at-
tractive for the pharmaceutical sciences.

P~ 1

(Eq.7)
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Abstract O The acute intravenous toxicity of disodium dihydrogen (1-hy-
droxyethylidenc)diphosphonate (etidronate disodium; I) and the mechanism
of this toxic response have been investigated in 40 beagle dogs. The intravenous
toxicity of I is dependent on the total dose administered and the length of the
infusion interval. The toxicity of I is directly related to the ability of the drug
to bind or complex with the circulating calcium in the blood. Maximum de-
pressions in ionized calcium coincide in time with peak blood levels of 1, and
at lethal doses electrocardiographic changes indicative of hypocalcemia are
observed. For a 2-min infusion of 2 mg of 1/kg, no effect is observed on ionized
calcium levels, and the electrocardiogram remains normal. At doses of 16 and
32 mg/kg, coincident with an immediate fall in ionized calcium levels, there
is a transient rise in total calcium and a fall in phosphorus levels. The ionized
calcium level rises, and total calcium level falls and stabilizes at baseline levels
within 30 min after the infusion. However, the phosphorus level rises and
exceeds the bascline value, reaching 3-4 times normal by 72 h after the
infusion, With proven lethal doses of 1 (60 mg/kg infused over 2 min) and the
simultaneous infusion of an ionized calcium salt such as calcium gluconate
(20 mg of CaZ*/kg), electrocardiograms remain normal and death is pre-
vented. Thus, an effective antidote in the event of an overdose or too rapid an
infusion of I can be employed to prevent acute toxic effects.

Keyphrases O Etidronate disodium—hypercalcemia, intravenous toxicity,
dogs O Hypercalcemia —treatment with ctidronate disodium and calcium
gluconate, toxicity, dogs O Calcium gluconate—hypercalcemia, use with
etidronate disodium, dogs

Disodium dihydrogen (1-hydroxyethylidenc)diphosphonate
(etidronate disodium; I) is a substance which has both thera-
peutic (1-4) and diagnostic (5, 6) uses in metabolic bone dis-
ease. Clinically, the ability of orally administered drug! to
reduce elevated bone turnover prompted speculation that the
drug might be used intravenously to control other disease
processes such as hypercalcemia secondary to malignancy or
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hyperparathyroidism. Studies to examine physiological and
pharmacological responses to varying intravenous doses of
diphosphonates were therefore undertaken.

The mechanism of intravenous toxicity of I might be ex-
pected to be similar to that of ethylenediaminetetraacetic acid
(11) and polyphosphate compounds (I11I) because of the che-
lating properties (7-10) of each of these compounds. However,
I differs from II and III in several respects, which could
markedly alter its effect on calcium homeostasis.

At physiological pH, 1 is a less-effective simple chelator of
calcium than II and, unlike 11, forms polynuclear complexes
(11) which can reach molecular weights of >220,000. There
is some evidence for this formation in vivo, but their biological
activity is unknown. In addition, I is cleared from the blood
both by adsorption on the hydroxyapatite of bone (12) and by
renal clearance, whereas 11 is cleared only by renal excretion,
There are also differences in the pK values of I, I1, and IIL
Furthermore, although IH are adsorbed on hydroxyapatite
like I, 11 are rapidly hydrolyzed in vivo to the natural ortho-
phosphate metabolites (HPO4%~, H,PO,4™), while I is not
metabolized (13). Based on the above differences, the present
study was undertaken to establish a broader safety profile for
I by clearly defining the acute intravenous toxicity of 1 and
demonstrating the relationship between acute intravenous
toxicity, serum ionized and total calcium levels, and diphos-
phonate blood levels. Subsequent to these studies, intrave-
nously administered I and another diphosphonate (dichloro-
methylenediphosphonate) have been shown to effectively re-
duce hypercalcemia associated with malignant disease and
hyperparathyroidism in humans (14-18).

EXPERIMENTAL SECTION

Purebred adult male and female beagie dogs weighing 5.7-13.9 kg were
used in four experiments. It was necessary to conduct the initial studies in
unanesthetized animals to ensure that no signs or symptoms of toxicity were
masked by the anesthetic. However, in subsequent experiments, animals re-
ceiving toxic doses of I were anesthetized with sodium pentobarbital unless
its use was contraindicated.
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