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Abstract O The pH-solubility profile of papaverine hydrochloride (1) was
determined using the phasc-solubitity technique and equilibrium solubilities
in buffers. The release of 1 from sustained-release pellets consisting of a
shellac-based matrix was determined by the USP basket technique and was
found to exhibit zero-order kinetics. Release rates at various pH values of the
permeating solvent were compared with the pH-solubility profile and were
directly proportional to the solubility below, but not above, the apparent pHyax
(3.9). This lack of proportionality was also shown by the intrinsic dissolution
rates. The effect was attributed to the self-buffering action of 1 and the me-
tastability of the papaverine salt- base system in the vicinity of pHmax. It is
postulated that the outer layer of polymer and filler on the surface of the pellets
forms a barrier which detcrmines the rate of rclease. The inner matrix serves
as a drug reservoir in which the internal pH may not be the same as the bulk
pH.

Keyphrases O Papaverine hydrochloride—-pH-solubility profile, supersatu-
ration effect, common-ion effect, solubility-dissolution rate ratio, sclf-buf-
fering cffect O Shellac-based matrix—sustained-release dosage forms, sol-
ubility-dissolution rate ratios, internal self-buffering effect O Mechanism
of release—matrix model, effect of filler

The solubility of a hydrochloride salt and its base may vary
greatly in the GI pH range, depending on the solubilities of
ionized and un-ionized forms and the pK, of the compound (1).
Kramer and Flynn (2) have investigated the solubility inter-
relationships of hydrochloride salts and their bases. They ob-
served that instead of giving a smooth curve, the solubility
curves of a salt and its base intersect at a sharp angle at the pH
of maximum solubility (pHpax) of both forms. Chowhan (3)
has also noticed a similar relationship between organic acids
and their salts.

The release of papaverine hydrochloride (I) from com-
mercial sustained-release preparations has been reported to
be significantly affected by pH (1). A partial pH-solubility
profile showed that the drug solubility reached a maximum
at pH ~4.5, and a common-ion effect owing to the addition of
excess chloride ion was noticed at low pH.

In the present investigation, the pH-solubility profile of [
and the interrelationships betwen the solubility of its salt and
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base forms were studied. Experiments were then conducted
to study the dissolution of I from sustained-release pellets! in
relation to the pH-solubility profile.

EXPERIMENTAL SECTION

Materials—Papaverine hydrochioride? (I) was used as reccived. The
papaverine base (1) was prepared by increasing the pH of an aqueous solution
of [ to at lcast 12.0, washing the resultant precipitate four to five times with
water, and drying under reduced pressure over phosphorus pentoxide. The
identity of 11 was established by clemental analysis.

Commercial sustained-release papaverine hydrochloride capsules were used
as the dosage forms. Each capsule contained ~500 pellets. The diameter of
each individual pellet was 0.9 £ 0.1 mm. The diameter of sugar granules
around which 1 was embedded in a shellac-based matrix by a coating process
in a conventional rotating pan (4) was ~0.6 mm. The outermost layers of
pelicts were formed by the addition of drug-free shellac and filler.

The citric acid-phosphate buffers (pH 2.2- 7.8) were prepared by mixing
0.1 M citric acid and 0.2 M disodium phosphate. All other reagents used were
of analytical grade.

pH-Solubility Profile—The solubility profilc of 1 and its basc was deter-
mined by the phase-solubility technique of Dittert et al. (5). The pH of 1 in
saturated aqueous solution was 3.0. The solubilitics at ptH <3.0 werc deter-
mined by titrating dropwise with 1| M HCl, stirring with an overhead stirrer
for 1 h at 37°C in a water bath, recording the pH, and then collecting a suitable
aliquot. To attain a higher pH, I M NaOH was similarly added. Throughout
the titration, carc was taken to maintain an cxcess of solid in equilibrium with
the solution. The aliquots were filtered? immediately, diluted with 0.1 M HCI,
and analyzed spectrophotometrically* at 310 nm. The solubility was calculated
in terms of the hydrochloride salt. A preliminary study showed that the sol-
ubility did not change significantly if the equilibration of solution was con-
tinued for more than 1 h after cach addition of titrant.

The solubility in a citric acid-phosphate buffer was determined by adding
an excess of 1 to ~15 mL of the buffer in a 50-mL volumetric flask, shaking
overnight with a wrist-action shaker? in a water bath at 37°C, and analyzing
the aliquot as described above. The saturation solubility in 0.01 and 0.1 M
HCI was determined in the same manner,

! Cerespan, (lot no. 56370;'150 mg); USV Pharmaceutical Corp.. Tuckahoe, N.Y.
2 USVP no. 29745; USV Pharmaceutical Corp., Tuckahoe, N.Y.

3 Millipore filter, Type HA; Millipore Corp., Bedford, Mass.

4 Model 25; Beckman Instruments, Fullerton, Calif.

5 Burrell Corp., Pittsburgh, Pa.
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Figure 1—Solubility of I in water at 37°C as a function of pH determined
by adjusting the pH with | M HCl at pH <3.0 or with | M NaOH at pH >3.0.
Each point represents one experimental value. All data were calculated in
terms of hydrochloride salt equivalent. The broken line shows the theoretical
solubility profile according to Eq. 3.

The pH of the buffers with initial values >4 shifted to lower values on ad-
dition of I; consequently, the solubilities at these pH values were determined
by using II, which gave no significant change in pH. The pH values of 0.01
and 0.1 M HCI media remained practically unchanged in the presence of
L

Analysis of Chloride lon—During the determination of the solubility of 1
by the addition of 1| M HCl or 1 M NaOH, the analysis of chloride ion was
made with selected aliquots. For the determination of chloride concentration,
the aliquots were diluted 50 or 100 times with water, and 2 mL of 5 M NaNO;
for each 100 mL of the diluted solution was added. The clectrode potential
in millivolts was measured with a pH meter® fitted with a chloride-sensitive
electrode’. The standard calibration curve of log [Cl~] versus millivolts was
obtained with sodium chloride solutions containing 2 mL of S M NaNO;/100
mL.

Determination of pK,—Thc apparent pK, values of papaverine reported
in the literature are 5.95 (6), 6.95 (7), and 6.40 (8). Since variations were
noticed, the pK,; was determined in this study by recording the UV spectra
of 0.015-mg/mL solutions of [ in citric acid--phosphate buffer under various
pH conditions. The average pK, value obtained from the absorbances at 310
nm, using the following equation, was 6.5:

Aobs — Asu*]
A — Aobs
where A+ and Ag are the absorbances of the ionized and un-ionized species,
respectively, and Aqps is the observed absorbance at the particular pH.

Dissolution from Papaverine Sustained-Release Pellets—A method using
the USP dissolution apparatus® was developed for measuring the dissolution
rates of papaverine hydrochloride-containing pellets. The contents of one
capsule were placed in a dissolution basket, and the basket was immersed in
900 mL of dissolution medium previously warmed to 37°C. The basket was
rotated at 100 rpm, and aliquots werc taken from a point near the upper end
of the basket and midway between the cylindrical edge of the basket and the
wall of the vessel. The aliquots were analyzed spectrophotometrically at 310
nm, and the concentrations of the drug were determined from the extinction
coefficients at the particular pH.

Intrinsic Dissolution of I--The intrinsic dissolution ratcs of I were deter-
mined using the dissolution apparatus described by Wood et al. (9). About
700 mg of the sample was compressed in a die with a hydraulic press® at a

pKa = pH — log (Eq. 1)

o I 1 1 1 J

0 { 2 3 4 5
pH

Figure 2—The concentrations of chloride ion in the saturated solutions of
I plotted as a function of pH (pH < apparent pH ay).

pressure of 4540 kg. The assembly was immersed in 300 mL of the medium
at 37°C and stirred at 220 rpm. The surface of the pellet exposed to buffer
had an area of 0.95 cm?. The drug was assayed by removing suitable aliquots,
diluting with 0.1 M HCl, and reading the absorbance spectrophotometrically
at 310 nm.

Determination of the Effect of I on the pH of Buffers—The change in buffer
pH in contact with I was determined in two ways. First, the citric acid-
phosphate buffer, with pH 5, 6, or 7, was added to | g of I and stirred with a
magpnetic stirrer. The pH was recorded when stabilized, after the addition of
4 mL of the bulfer and after 2-mL additions. Alternatively, the solid form of
I was added in 0.1-g aliquots to 50 mL of a pH 6 buffer. The stabilized pH was
recorded after each addition of solid.

Photomicroscopy of the Cross Sections of Pellets—The pellets were em-
bedded in paraffin, and sections at a thickness of 10 um were cut with a rotary
microtome!® using a diamond knife. The midsections of pellets were affixed
to glass slides with egg albumin, and photomicrographs'! were taken under
UV light.

Determination of Density and Porosity—The densities of I and the sus-
tained-release pellets were measured with a null pycnometer'2 using helium
gas. Helium was purged through the samples for 12-15 min at the rate of 2-3
bubbles/s prior to the density measurement. The porosity of the pellets was
determined by a mercury intrusion porosimeter'3,

RESULTS AND DISCUSSION

Solubility of I—The solubility of I at 37°C as a function of pH determined
with the salt is shown in Fig. 1. It is observed from this figure that super-
saturated solutions with a pH between 3.9 and 4.5 were formed; the pH of the
supersaturated solution rose to 4.5 with the addition of | M NaOH before the
precipitation of papaverine base (11) ensued; the pH finally stabilized at 3.9
(apparent pHyax). Elemental analysis of the solid phase precipitating at pH

6 Digital 110; Corning Instruments, Medfield, Mass.
7 Model 96-17; Orion Research, Cambridge, Mass.

8 Model! 72-RL; Hanson Research, Northridge, Calif.
9 Fred S. Carver; Inc., Monomonee Falls, Wis.

1204 / Journal of Pharmaceutical Sciences
Vol. 73, No. 9, September 1984

10 Model 820; American Optical Corp., Buffalo, N.Y.

't Series 10 microscope; American Optical Corp.

12 Model PY-5; Quantachrome Corp., Syosset, N.Y,

13 Model J5-7125D; American Instrument Co., Silver Spring, Md.



Table I—Dissolution Rates from Sustained-Release Pellets, Intrinsic Dissolution Rates, and Ratios of Rates to Solubilities of Papaverine Hydrochloride at

Various pH Values

Ratio of
Ratio of Intrinsic Intrinsic
Solubility Dissolution Rate Dissolution Rate Dissolution Dissolution
of I at from Pellets, from Pellets Rate of I, Rate to
Medium pHouix pHpui at 37°C mg/min 1o Solubility mg-cm~2 - min~! Solubility
0.1 M HCI 1.1 19.9 0.6 0.030 2.6 0.131
0.01 M HCI 2.0 42.1 1.6 0.038 6.3 0.150
Citric Acid- 22 62.0 23 0.037 10.2 0.163
Phosphate Buffer
3.0 60.5 2.5 0.04] — —
4.0 62.5 2.5 0.040 9.8 0.157
5.0 0.41 22 5.4 9.0 220
5.4 0.16 1.1 6.9 — —
6.0 0.047 0.24 5.1 4.1¢@ 87.2
7.0 0.016 0.1 6.9 — —

@ Rate may have been affected by the deposition of a porous film on the dissolving surface.

3.9 revealed that the solid consisted of 11 only. The applicable equations (2)
to express the tota! solubility (ST) of salt and base at any pH are:

Ka
ST(H < pHmen) = [BH*]s + [B] = [BH*]; (l * [—H;_O"_]) (a-2)

H,;0t
ST(pH > pHime0) = [BH*] + [B]; = [B]; (1 + '[——[3(——]) (Eq. 3)
a
where [BH*] and [B] are the concentrations of the ionized and un-ionized
species, respectively. The subscripts pH < pHmax and pH > pHyax indicate
that the equations are applicable for pH values less than and greater than

70

e

A
o~
B
50 }—
-
E
€ a0 |-
>
-
=
D 30 TC
-
o)
(73]
|
20 - !
|
|
|
To) = |
\
\
N
\\.
2 3 4 5 6 7
pH

Figure 3—The solubility of I in citric acid-phosphate buffers. A, B, and C
were obtained when an excess of I was added to buffers of pH 4.0, 5.0, and
5.4, respectively. The solubility at pH 25 was determined with I1. Each point
represents one experimental value. All data were calculated in terms of hy-
drochloride salt equivalent.

PHmax. respectively. The subscripts indicates a saturated species, and K, is
the apparent dissociation constant. Each of these equations describes an in-
dependent curve limited by the solubility of one of the two species, and pHmax
is the juncture of the two curves. The solid phases in equilibrium with the so-
lutions at a pH lower or higher than the pHmax are salt and base, respectively.
By using the apparent pK, of 6.5 and a solubility of 0.015 mg/mL for the base,
the theoretical curve corresponding to Eq. 3 is also drawn in Fig. 1. The ex-
perimental values agree with Eq. 3 only at a pH >4.6. Below this pH, the
experimental points are higher than the theoretical line, and the calculated
PHumax (3.0) is lower than the apparent value (3.9).

The supersaturation at pH values of 3.9-4.5 in Fig. | is released by nucle-
ation when the pH shifts to either side of the apparent pHpax. This was proven
by the rapid precipitation observed when a supersaturated solution of salt was
nucleated with solid base or vice versa.

According to Eq. 2, the total solubility below pHpax should remain constant,

6 —

SOLUBILITY, mg/mL

0 1
4

pH

Figure 4—The solubility of 1 and 11 at pH higher than pH max shown with an
expanded scale. The solubility was determined by increasing the pH of a
solution of I with | M NaOH (@), by decreasing the pH of a solution of 11
with | M HCl (A), and by adding I1 10 citric acid-phosphate buffer (Q). The
solid line was generated theoretically according 10 Eq. 3.
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Figure 5 —Dissolution of I from papaverine sustained-release pellets in citric
acid-phosphate buffers. Key: (O) pH 2.2; (a)pH 3;(Q) pH 4:(0) pH 5; (@)
pH 5.4, (A)pH 6, (B)pH 7. Each point represents mean £ SD of three ex-
perimental values, except for pH 6, for which the mean of duplicate deter-
minations was plotied.

i.e., equal to the solubility of the salt. The solubility of I, however, dropped
gradually on lowering the pH below 2 with the addition of 1 M HCI. The
chloride concentrations of solutions with pH values lower than pHp,ax are
plotted in Fig. 2. Between pH 2 and 4, the chloride concentration remained
constant, along with the constant solubility exhibited over this range (Fig. 1).
A sharp increase in chloride ion concentration below pH 2 showed that the
decline in solubility in Fig. 1 was due to a common-ion effect.

Solubility in Buffers— The pH-solubility of profile I in citric acid- phosphate
buffers is presented in Fig. 3. Asin Fig. 1, the apparent pH ., was 3.9 (higher
than the theoretical pHpy,x), but the solubility of the salt at pH values between
2.2 and 3.9 was higher than that in the unbuffered solutions. Equilibrium
solubility determinations in buffer showed no supersaturation effect around
the apparent pHyax. The increase in solubility, however, over that obtained
by the addition of acid or base between pH 3.3 and 3.9 may be due to salt
formation with the buffer components. When an excess of 1 was added to the
buffers with an initial pH higher than the apparent pHpmax, the pH dropped
to the latter value. The data points A, B, and C (Fig. 3) were obtained by
adding an cxcess of [ to buffers of pH 4, 5, and 5.4, respectively. Since the
profile could not be cxtended below pH 2.2 in the citric acid- phosphate buffer
system, no common-ion effect was noticed.

The solubilities above the apparent pHyax determined by (a) increasing
the pH of a solution of 1, (b) decreasing the pH of a solution of [1, and (¢)
adding 11 to citric acid phosphate buffer are shown with an expanded scale
in Fig. 4. The line drawn is a theoretical value based on Eq. 3. As noted earlier,
the solubility below pH 4.6 lics higher than the theoretical line.

Equilibrium solubility values determined by overnight shaking were plotted
in Fig. 3, whereas Fig. | was gencrated by titration. An apparent pHpax of
3.9 in both cases, which is higher than the value of 3.0 derived theoretically,
suggests that the positive deviation in solubility profile observed in Fig. | was
not due to nonequilibrium conditions. Bogardus and Blackwood (10) have
also observed similar nonideal behavior in the pH -solubility profile of doxy-
cycline hydrochloride and have suggested that this might be due to self-as-
sociation of the solute.
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Figure 6—Dissolution of I from papaverine sustained-release pellets in 0.01
M HCl (@) and 0.1 M HCI (A)}. Each point represents mean + SD of the three
experimental values.

Dissolution from Papaverine Sustained-Release Pellets- - - The dissolution
of 1 from sustained-relcase pellets of I in citric acid-phosphate buffers at pH
values of 2.2, 3.0, 4.0, 5.0, 5.4, 6.0, and 7.0 is shown in Fig. 5. The graphs in
the pH region between 2.2 and 5.0 showed lincarity after certain initial lag
periods. This implies that the relcase rates were zero order for the periods
corresponding to the linearitv. At pH 2.2, 3.0, and 4.0, 100% of the drug was

T

> | ] 1 ] _J
0 0] 20 30 40 50
VOLUME OF BUFFERS, mL

Figure 7— Changes of pH of citric acid-phosphate buffers added 10 1 g of
[. Key:(a)pH 5:10) pH 6,({O)pH 7.
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Figure 8—-Dissolution profiles of I from a constant surface area of 0.95 cm?
at 37°C in various buffers. Each point represents mean x SD of three ex-
perimental values. Key: 'A)pH 1.1;(®)pH 2.0;,(0)pH 2.2:(0) pH 4.0; (W)
pH 5.0;(a) pH 6.0. Deposition of a porous film of papaverine base was 0b-
served on the surface of I at pH 6.0.

relcased from the pellets, whereas at pH 2 5.0, the dissolution profiles leveled
off before complete release.

The zero-order rates in the pH range between 2.2 and 5.0 were calculated
from the straight-line portions of the graphs. The release rates at pH 5.4, 6.0,
and 7.0 were calculated from the initial portions of the graphs (<60 min) since
sink conditions were not fulfilled. The rate constants, the solubilities, and their
ratios at various pH are shown in Table I. According to Fig. 3, the saturation
solubility between pH 2.2 and 3.9 was almost constant. This agrees with a
similar constancy in dissolution rates at pH 2.2, 3.0, and 4.0. The dissolution
of the pellets was also measured in 0.01 and 0.1 M HCl 1o study the effect of
solubility on release rates (Fig. 6, Table 1). In thesc two media, the saturation
solubilities were 42 and 20 mg/ml., and the zero-order dissolution rates were
1.6 and 0.6 mg/min, respectively. Thus, at the apparent pHpyax and lower, the
dissolution rates were approximately proportional to the solubilitics.

Similar proportional relationships between the solubility and the dissolution
rate did not exist at higher pH. For example, although the solubilities at pH
5.0 and 5.4 were 152 and 390 times lower, respectively, than the solubility in
the pH range of 2.2-3.9, the dissolution rates decrcased only by factors of 1.1

and 2.3. This effect is further illustrated in Table ! by the ratios of dissolution
rate from pellets to solubility. At pH <4, the ratios were very small and almost
constant, whereas at higher pH, the ratios were much larger. The discontinuity
between the two sets of ratios occurred at the apparent pHmax.

Self-Buffering Action of I--The larger dissolution rate to solubility ratio
at pH values higher than the apparent pHpax may be related to the effect of
an excess of | on the pH of the buffer solutions. When buffers of pH 5.0, 6.0,
and 7.0 were added 1o solid drug, the pH always dropped to a level between
4.0and 4.5 and remained at this level until a considerable excess of buffer was
added to raise the pH (Fig. 7). The same effect was also observed when an
excess of 1in solid form was added to pH 6 buffer, causing the pH to drop to
3.9. As long as an excess of | in solid form was present, the pH of the solution
remained between 3.9 and 4.5, although the initial pH values of the buffers
were higher. This pH range corresponds to the apparent pHpmax and the su-
persaturation range of I (Fig. 1). The sclf-buffering action of I inside the pellets
may increase the effective drug solubility, thus giving higher relcase rates at
external pH values greater than the apparent pHmax. The increase in solubility
due to the self-buffering action of [ may not be identical when buffers of dif-
ferent pH values are used as the dissolution media. This is apparent from Fig.
3, in which points B and C represent the saturation solubilities of | in citric
acid-phosphate buffers of pH 5.0 and 5.4, respectively.

The dissolution profiles of 1 from constant surfaces in selected media are
shown in Fig. 8, and the results are tabulated in Table I along with those from
sustained-release pellets. The profiles showed apparent linearity, although
sink conditions should not exist at pH 5.0 and 6.0. According to the Noyes-
Whitney equation (11), the dissolution rate (J) of a compound is proportional
to the saturation solubility (Cs), and J/Cs is constant if the surface area,
diffusion layer thickness, and diffusion coefficient are assumed to be constant.
However, due to the self-buffering action in the diffusion layer (12, 13), the
intrinsic dissolution rates of 1 at pH > pHmax were not proportional to the
solubilities. This similarity with the dissolution from pellets confirms that the
self-buffering action of 1 was involved in the dissolution from sustained-release
pellets.

Mechanism of Release from Sustained-Release Pellets—The linearity of
the drug release with time and the extended duration indicate zero-order ki-
netics for the dissolution rate. The structure of the pellets, consisting of [
dispersed in a matrix of shellac with added filler, suggests a mechanism in-
volving the leaching of the drug from the matrix (14). The equation describing
the heterogeneous diffusion-controlled matrix model is:

DeC,
T

Q= [ (24 — e(,'s)t]‘/2 (Eq. 4)
where @ is the amount of drug released per unit arca from a matrix of porosity
€, tortuosity 7, and initial drug concentration A at the time ¢. D and Cs are
the diffusion cocfficient and solubility of the drug in the permeating solvent,
respectively. Figure 9a and b show photomicrographs of the cross sections of
pellets. The diameter of the core is ~0.6 mm, as compared with the diameter
of 0.9 mm for the pellet. The outermost layer produced by the addition of
shellac and filler cannot be clearly identified in Fig. 9a, because slight mi-
gration of 1 to this layer during spraying of the shellac solution obscures the
distinction under UV light. However, the outermost barrier layer is distin-
guishable and remains intact after total leaching of I (Fig. 9b); the thickness
of this layer is estimated to be 20-30 um. From the core volume and papav-
erine hydrochloride charge, A was estimated at 700 mg/ml., and the condition
A » C, was satisfied. Porosimetry measurements of pellets allowed compu-
tation of the average porosity of the penetrated portion of the matrix, which

Figure 9— Photomicrographs of (a) cross-
sections of gross pellets (magnification,
30X) showing internal sugar beads and
[fluorescence of the papaverine hydrochlo-
ride annulus and (b} microtomed cross sec-
tions of leached-out pellets (magnification,
100X;. Key: (A} sugar core; (B) leached-out
annulus filled with paraffin; (C) outer
shellac-filled layer.
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was ~0.6'4. The tortuosity term must be high, particularly since additional
shellac and filler were added in the final stages of pellet preparation. From
the dissolution rate of pellets without added fillcr, a value of 30 was estimated
for 7 by Eq. 4. By assuming from the pellet core dimensions a matrix thickness
of 150 um and a boundary layer thickness of 100 um, the ratio of resistances
of matrix to unstirred layer is of the order of ~75, so matrix-controlled release
proportional to 77/ would be predicted. The zero-order relcase rates that were
observed, however, imply a constant activity of drug in a reservoir, duc possibly
to a barrier layer on the surface of the peliet where a constant concentration
is maintained. Diffusion at constant concentrations through such a barrier
layer may be the rate-determining step which results in release being linear
with time. This mechanism was confirmed by dissolution from thick films of
I dispersed in a shellac-based matrix in the same proportion as in the pellets
but without the final drug-free layer. The release was found to be linear with
11/2 and agreed with the heterogeneous matrix model. Moreover, the release
from pellets made without the outer layer of shellac and filler aiso adhered
1o the 1'/2 relationship.

The sensitivity of the release rates to pH of the external solvent at pH <
pHmax confirms that the leaching process takes place within a granular matrix.
However, the expected decrease of release rate based on the decreased solu-
bility at higher pH was not observed. These results were explained by the
self-buffering action of the drug and the tendency to revert toward the ap-
parent pHpay in the media of low buffer capacity.

The results of the present investigation indicate that the variability in the
dissolution rate of a drug within the GI pH range due to differences in solu-
bility may be reduced by designing controlled-release dosage forms. The
importance of internal pH within the polymer matrices in controlling the
solubility of drug and hence the dissolution rate has also been noted by Jam-
bhekar and Cobby (15).

14 The maximum porosity when all of the active drug is dissolved is given by € + A4 (1
— ¢}, where ¢ is the porosity of the pellet equal to 0.07, and A is the concentration of drug
in the matrix.
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Serum and Myocardial Kinetics of Amiodarone and
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Abstract O The serum kinetics of amicdarone and its major metabolite the
deethyl analogue were studied in rabbits after intravenous administration.
The elimination of the drug and the metabolite from serum occurred as a
biexponential function. Both compounds exhibited a rapid distribution phase
(6.5 and 4.4 min, respectively) and had elimination half-lives of 136 and 235
min, respectively. There was a rapid uptake of both drugs by the myocardium,
with maximal concentrations at 5 and 15 min. The myocardial concentrations
were higher than the respective serum concentrations and declined with time.
There was a wide scatter in myocardium-serum ratios, which ranged from
1to 11 for amiodarone and 12 to 29 for the metabolite. Neither the drug nor
the metabolite produced significant changes in the surface electrocardiogram
after intravenous administration. These data suggest that accumulation of
the metabolite does not account for the slow onset of action of amiodarone.

Keyphrases [J Kinetics—serum and myocardial, amiodarone and its me-
tabolite, rabbits @ Amiodarone—serum and myocardial kinetics, rabbits O
Deethyl metabolite—-amiodarone, serum and myocardial kinetics, rabbits

Plasma drug levels are commonly used to monitor the effi-
cacy and toxicity of antiarrhythmic compounds. Such an ap-
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proach is based on the assumption that the drug level in the
myocardium, the presumed site of action of cardioactive
agents, is in equilibrium with that in plasma. However, this
assumption may not necessarily be valid under conditions of
rapidly changing plasma levels of drugs (1). The significance
of the myocardium-plasma drug ratios in the interpretation
of the pharmacological responses of antidysrhythmic agents
such as lidocaine (2), quinidine (3), verapamil (4), disopy-
ramide (5), and n-acetylprocainamide (6) has been empha-
sized. Such studies are particularly relevant in the case of
amiodarone, a potent class III antiarrhythmic drug (7), in light
of our recent finding which demonstrates a lack of correlation
between serum drug concentrations and suppression of pre-
mature ventricular contractions in paticnts with cardiac ar-
rhythmias (8). Chronic amiodarone therapy results in the
accumulation of a metabolite, the decthyl analogue, in serum
(9). However, neither the pharmacokinetics nor the pharma-
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