Bioavailability of 11 Quinidine Formulations and

Pharmacokinetic Variation in Humans

I. J. McGILVERAY *, K. K. MIDHA *, M. ROWE,
N. BEAUDOIN, and C. CHARETTE

Received July 3, 1980, from the Drug Research Laboratories, Health Protection Branch, Health and Welfare Canada, Tunney’s Pasture,

Ottawa, Ontario, Canada K1A OL2.
Saskatchewan, Saskatoon, Saskatchewan, Canada S7TN 0WO.

Abstract O The bioavailabilities of eight quinidine sulfate, two gluco-
nate, and one polygalacturonate formulations were compared, with one
of the sulfate formulations as a reference (R) in a panel of 24 volunteers,
according to a design comprising duplicate 6 X 6 Latin squares in two
subject groups. Only one gluconate formulation (H) gave a significantly
lower (p < 0.05) area under the curve from 0 to 30 hr (AUC?%), 90% of R,
which was not as significant as AUC= (94% of R). Formulation H also
gave a significantly lower peak concentration (Cpmax) and a longer time
to peak concentration {¢ax) and generally exhibited some characteristics
of a sustained-release product. In addition, one product (F) gave a sig-
nificantly higher Cpax while another formulation (D) gave a longer tmay.
The wide range of dissolution times obtained with these products with
three test conditions was not reflected in the AUC, Cppax, OF t max values
obtained, except that Formulation H was consistently the slowest to
dissolve. The terminal rate constants, expressed as t; /o, of the 24 subjects
gave an overall mean of 7.49 £ 0.77 hr and ranged from 6.24  0.28 to 9.49
+ 0.90 hr in individuals. The estimated total body clearance, with the
assumption that the oral bioavailability was 70%, gave an overall mean
of 4.22 + 1.05 and ranged from 2.49 + 0.28 to 6.42 £ 0.70 ml/min/kg in
individuals, demonstrating the wide range of quinidine disposition even
in healthy subjects; this finding is in agreement with recently published
results.

Keyphrases O Quinidine—bioavailability and pharmacokinetic vari-
ations of various quinidine formulations studied in humans 0 Bio-
availability—quinidine formulations evaluated for variations in drug
content, dissolution, absorption, and clearance characteristics in
humans O Pharmacokinetics—quinidine formulations, evaluation for
variations in bioavailability, humans

The cinchona alkaloid, quinidine, is an important
antiarrhythmic agent, which has been limited in use for
maintenance therapy because of difficulties in defining the
appropriate dosage schedule for the individual patient (1).
Erratic patient response and marked variations in serum
quinidine concentrations, in subjects to whom equivalent
doses were administered, were observed by many investi-
gators (2). While some variations are attributable to the
disease (3-5), some contribution from bioavailability dif-
ferences was suspected (2). However, few studies have
tested this supposition. Other criteria suggesting that
quinidine is a prime candidate for bioavailability studies
were also reported (2).

One crossover study (6) noted that, while there was no
significant difference in bioavailability between solution,
capsule, and tablet formulations of quinidine sulfate, their
bioavailabilities were all significantly lower than the bio-
availability of an intramuscular injection of quinidine
gluconate.

An oral solution of quinidine gluconate gave ~70% of the
area under the curve (AUC) of an intravenous solution,
with the loss attributed to a first-pass effect (7). Another
study (8) compared an intramuscular lactate salt formu-
lation and oral sulfate and gluconate formulations with an
intravenous dose of lactate. The intramuscular route gave
~87%, the oral sulfate gave ~80%, and the oral gluconate
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gave 66% of the AUC obtained for the intravenous lactate.
Guentert et al. (9) also compared intravenous quinidine
gluconate and an oral quinidine sulfate solution and found
a mean oral bioavailability of 70%.

The bioavailability of chemically equivalent brands of
quinidine sulfate tablets was compared; while no signifi-
cant bioavailability differences were found, there were
significant differences among brands in some rate pa-
rameters (10). These rate parameters were correlated with
disintegration and dissolution (11) parameters.

The present study compares the bioavailabilities of
available Canadian oral dose forms of quinidine having
similar dosage recommendations and relates the in vivo
results with dissolution properties.

EXPERIMENTAL

Drugs—Commercial production lots consisting of eight tablet for-
mulations of quinidine sulfate, two of quinidine gluconate, and one of
quinidine polygalacturonate were obtained directly from the manufac-
turers. The label claim of the sulfate was 200 mg (equivalent to 165 mg
of anhydrous base), that of the gluconate was 325 mg (equivalent to 203
mg of base), and that of the polygalacturonate was 275 mg (equivalent
to 166 mg of base).

In Vitro Tests—Samples were tested for identity and drug content
by the USP procedure (12). Dissolution characteristics were determined
by the USP procedure (13), by a modification of that procedure in which
distilled water was used as the dissolution fluid, and by the paddle flask
procedure of Poole (14) with 900 ml of glycine buffer, pH 4.0, stirred at
50 rpm. i

Human Study Protocol—Twenty-four healthy volunteers (24-60
years old, 50.8-88.5 kg) were admitted to the study. The pretrial medical
assessment included a full history and attention to cardiovascular, renal,
hepatic, and GI conditions. Complete blood counts, urinalysis, and liver
function tests were assessed before and hetween administrations. ECGs
were assessed before and for 4 hr following a 100-mg test dose of quinidine
sulfate before admission to the trial.

Volunteers with a history of sensitivity to any drug or who had suffered
from allergy or allergic response were excluded.

The subjects were required to avoid all drugs for 3 weeks preceding and
until 4 days after the study, to inform the physician of any emergency
drug use required, and to report any adverse effects. Subjects were also
asked to abstain from any alcoholic beverage from 24 hr before to 3 days
after study completion and to fast from 10 hr before (overnight) to 4 hr
after each administration. Written informed consent was obtained.

The subjects were randomly assigned into two groups (Table I). In the
first study, the 12 subjects were administered six quinidine sulfate for-
mulations (A-E and the innovator reference R-1) according to two rep-
licate balanced 6 X 6 Latin squares. The second study was similar, with
the treatments being three quinidine sulfate formulations (F, G, and the
innovator R-2), two quinidine gluconate formulations (H and K), and
a polygalacturonate (J). The innovator reference tablets (R-1 and R-2)
were taken from the same bottle.

Each overnight-fasted volunteer received a single dose of a different
quinidine formulation (165-203 mg of equivalent base) given with 50 ml
of water early on each investigational day. No food or drink was taken
for 4 hr postadministration with the exception of 150 ml of carbonated
noncaffeine-containing beverage 1.5 hr after dosing. There was a 2-week
interval between treatments. Blood samples (10 ml) were drawn by
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Table I—Mean of the Terminal Half-Lives# and Mean Apparent Total Body Clearance ? Values for All Subjects

Group I
Subject 1 2 3 4 5
Weight, kg 79.5 7.7 71.2 73.5 84.0
Age, years 24 27 25 37 36
t1/2%, hr 7.50 7.34 6.66 7.57 7.08
RSD, % 14.77 1.30 3.72 11.59 2.70
Cl4, ml/min 392.7 331.3 366.7 350.6 679.6
Clyt?, ml/min/kg 4.94 4.62 4,75 4.77 8.09
, % 11.59 16.04 12.49 11.80 9.44
Cleore®, ml/min/kg 3.46 3.23 3.33 3.40 5.66
Group II7
Subject 13 14 15 16 17
Weight, kg 79.5 77.2 84.0 81.7 77.2
Age, years 32 34 29 25 28
ty/0%, hr 7.11 6.76 8.60 8.66 7.79
SD, % 5.79 10.25 9.91 5.30 10.32
Ci9, ml/min 442.8 433.9 572.0 344.0 549.7
Clyot®, ml/min/kg 5.57 5.62 6.81 4.21 712
, % 10.02 19,58 9.82 8.24 9.26
Cleorr, ml/min/kg 3.90 3.93 4.77 2.95 4.98

6¢ 7 8 9 10 11 12
L7 88.5 70.4 88.5 69.0 68.1 70.4
60 34 35 27 28. 28 37

8.08 8.54 7.46 7.19 7.10 6.69 7.60

8.44 10.78 11.66 5.69 5.08 9.52 10.46

455.3 566.4 249.9 449.6 440.2 5714  433.7

6.35 6.40 3.55 5.08 6.38 8.39 6.16
12.12 14.89 11.24 6.54 10.34 7.70 8.82

4.45 4.48 2.49 3.56 4.47 5.87 4.31
18¢ 19 20 21 22 23¢ 24
50.8 77.2 68.1 68.1 86.3 57.7 77.2
30 29 39 31 39 41 44

7.06 9.49 7.14 6.67 8.27 6.24 7.23

9.12 9.46 15.43 7.78 11.29 4.49 2.7

308.9 426.9 597.9 468.5 441.0 526.8  321.2

6.08 5.563 8.78 6.88 5.11 9.13 4.16
21.71 7.82 7.21 8.73 14.18 11.00 3.34

4.26 3.87 6.15 4.82 3.58 6.39 291

4 Calculated from 0.693/8, where 8 = slope of 7-30 hr. ¥ Apparent total body clearance = Cl/body weight. < Female subject. 9 Apparent clearance, which is dose/AUC?0,
¢ Corrected apparent total body clearance = 0.7 X Cly, where 0.7 is a correction factor for oral to intravenous (see Ref. 19). / Formulation H data were omitted.

venipuncture at 0, 0.5, 1, 2, 3, 5, 7, 24, 26, 28, and 30 hr following each
administration. Plasma, separated within 2 hr, was stored at —18° until
it was assayed.

Plasma Assay—Aliquots (1 ml) of plasma were assayed in duplicate
for each time point by the double-extraction fluorescence technique of
Armand and Badinand (15} using a suitable spectrofluorometer!. Selected
samples were also assayed by a GLC procedure (16) and a novel high-
performance liquid chromatographic (HPLC) procedure (17).

Data Analyses—For the statistical treatment, six variables were ex-
amined: (a) the area under the plasma concentration curve from 0 to 30
hr (AUC?%), in which values for each individual treatment were deter-
mined using the linear trapezoidal method; (b) the area under the plasma
concentration curve extrapolated from zero to infinity (AUC =) calculated
for each individual treatment using:

Te—"8

AUC= = j: Cpdt + (Eq. 1)
where Cp is the observed plasma concentration, {§ Cp dt is determined
using the trapezoidal rule, I is the Cp intercept using the linear least-
squares regression of In Cp versus time over 7-30 hr, and 8 is the negative
slope of the same regression line; (¢) 8 as defined in (b); (d) the maximum
observed concentration (Cmayx) for each individual profile; (¢) the time
10 Crax (¢max); and (f) the apparent total body clearance (Cly.), which
was calculated by:

Cl. = apparent clearance _ dose
tot body weight AUC?3® X body weight

In each study, the analysis of variance was conducted on the loga-
rithmic transform of the raw data for the variables AUC3, AUC=, and
C max and on the raw data for the remaining variables. The subject effect,
period effect, and formulation effect were taken into account in each
analysis. Comparisons between the means of the tested and reference
formulations for each variable were also made with the least-significant
difference test, which is basically a Student ¢ test using the pooled error
variance of the analysis of variance. For comparison of 8 and Cli be-
tween subjects, however, paired ¢t tests were applied.

Absorption rate estimates were obtained by the Wagner-Nelson (18)
treatment of the mean plasma concentration values for the formulations.
Corrected apparent total body clearance estimates (Cl.) were adjusted
by multiplying by a factor of 0.7 from Cly, for the difference between oral
and intravenous doses (19).

(Eq.2)

RESULTS AND DISCUSSION

The in vitro results are presented in Table II. The drug content ranged
from 97.7 to 104.9% and was within limits. The gluconate products pre-
sented a 20% larger dose. An assay (20) also was applied to determine the
amounts of dihydroquinidine in each formulation; a maximum of 6% was
found, well below the 20% USP limit. Only one sulfate formulation (R,
the innovator) failed the USP dissolution test, which requires that 90%

1 Spectrophotofluorometer model SPF 125 (American Instrument Co., Silver
Spring, MD 20910). The excitation and emission wavelengths were 361 and 448 nm,
respectively, with a slit width of 2 mm for both.

be dissolved in 30 min (introduced shortly after the study was initiated).
One gluconate formulation (H) was outside this limit, which is not official
for this salt. Results with the other dissolution tests gave variable results
for the different formulations. However, only the gluconate Formulation
H gave consistently long dissolution times.

Spectrofluorometric procedures for quinidine analysis in plasma re-
cently were criticized for lack of specificity (19, 21). However, in single-
dose studies, the major interfering 3-hydroxy metabolite present with
chronic dosing was not detected in the plasma (21). Although the Ar-
mand-Badinand (15) procedure may also extract a portion of the recently
described N-oxide metabolite present in single-dose samples (19), pre-
viously reported comparisons (17) of values from the Armand-Badinand
procedure with those obtained with a specific HPLC procedure indicated
general agreement. While there was some divergence (up to 15%) in the
later 24-30-hr samples, with HPLC values being lower, the area under
the curve values were not affected markedly, although some phar-
macokinetic estimates could be (9, 19). The previously reported com-
parison of results from the Armand-Badinand determination with those
from a GLC procedure (22) tended to support this lack of interference
in single-dose bioavailability studies. In that study, some steady-state
samples from patients had up to 30% greater values by fluorometric
analysis than by GLC analysis, while single-dose data were in excellent
agreement.

Agreement was obtained between GLC and spectrofluorometric pro-
cedures in a limited comparison with plasma samples from patients
maintained on quinidine (23). A reasonable correlation (r2 = 0.92) was
obtained in a similar comparison using more samples, although the data
indicated that the fluorescent procedure gave higher values for most
samples (24). Comparisons of HPLC and fluorescent procedures were
described for samples from patients maintained on quinidine (25-27),
with reasonable agreement being reported. However, some of these
chromatographic procedures, as with fluorescent procedures, may not
separate quinidine metabolites (19, 21). The spectrofluorometric method
does not differentiate quinidine from the cardioactive congener dihy-
droquinidine. However, since this impurity was present in amounts av-
eraging <5% in formulations and the difference of randomly selected
AUC values generated by the fluorometric and specific HPLC procedures
was of that order (17), the bioavailability assessment was not affected.

The mean plasma level results, by formulation, are given in Table 111
with no correction for the actual dose administered. The peak levels of
~0.5 ug/ml occurred at 2-3 hr with all formulations except the gluconate
(H). The dose correction was applied in Table IV, which lists the average
AUC?3% and AUC= values by formulation, and in Table V, in which the
average peak concentration and time to peak are presented with estimates
of the mean absorption rate parameters. In Group I, there were no sig-
nificant differences between formulations in either the AUC? compar-
ison (ranging from 98.1 to 107.2% of R) or Cyax. Formulation D had a
significantly longer ¢ax than R (Table V). The overall relative standard
deviation of 11.2% for AUC?30 was reasonable for this size of experiment
and could detect a difference of 10%. In this group, the AUC = results were
equivalent to those of AUCS0,

In Group II, Formulation H had a significantly lower AUC3 (Table
1V, 90%), a lower Cax (Table V, 72.2%), and a longer ¢,y (Table V, 2.5
hr) than R. The AUC= at 94% was not significantly lower, The only other
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Table II—Drug Content and Dissolution Data of Quinidine Formulations

- Dissolution
Dose as USP XIX?
Label Assay, Quinidine Percent at tgo min _ USPIe, Paddle Flask4,
Formulation Salte Strength, mg % Base,mg 30 min £ RSD + RSD teomin £ RSD  tgo min £ RSD
R(1+2) Sulfate 200 101.0 166.9 87 £ 10 15+ 16 38+ 19 1415
A Sulfate 200 100.7 166.4 95+ 3 13412 89+9 42 £ 41
B Sulfate 200 99.3 164.0 101 £ 4 12417 63 + 32 55 & 28
C Sulfate 200 99.1 163.7 106 + 4 3+4 8+ 129 3.6 +13
D Sulfate 200 104.9 173.3 101 + 4 7.3+ 33 19+5 24 & 37
E Sulfate 200 97.7 161.4 103 + 4 3.6 + 34 4.3+ 16 42+8
F Sulfate 200 99.7 164.7 103 +£3 10+6 16+6 19+ 24
G Sulfate 200 101.1 167.0 103+ 4 3+6 4.8 + 28 10 + 82
H Gluconate 325 100.0 202.5 2841 127+ 3 47¢ + 4 28¢ + 4
J Polygalacturonate 275 104.8 168.0 — — 8.5/ + 10 16 £+ 61
K Gluconate 325 101.1 204.7 98 +1 10 + 22 14+7 18+ 15

¢ Quinidine sulfate, gluconate, and polygalacturonate contain the e

uivalent of 82.6, 62.3, and 60.4% an|

drous quinidine, respectively. ® The USP XIX 4th Supplement

h
procedure requires apparatus I with 0.1 N HCl as the medium. The(limit is >90% in 30 min. The time, l{o, for 60% is also given. ¢ USP apparatus I rotated at 100 rpm
with distilled water. ¢ Not USP apparatus (see text); pH 4.0 glycine buffer used as dissolution medium. ¢ Percent dissolved in 120 min. / Percent dissolved in 60 min.

significant difference was a Cpax of 117.6% for the sulfate formulation
(F) (Table V). Again, the overall variation (RSD = 12.5%) for AUC?® was
reasonable for the size of the experiment. The range of mean profiles is
illustrated in Fig. 1. ‘

The different methods of calculation of AUC3C (linear trapezoidal)
and AUC= (linear, 0-7 hr; exponential, 7 hr to infinity) do not contribute
to large differences in the estimate of the means (Table IV). The potential
for differences between the “linear” and “exponential” trapezoidal cal-
culation was discussed previously (28), and Guentert et al. (9) applied
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Figure 1—Mean plasma quinidine concentrations for Formulations
F (0) and H (®) corrected for dose.
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an appropriate correction to quinidine data. The mean AUC?; adjusted
for 330 mg of base for comparison with that of Guentert et al. (9), was
13.00 (ug hr)/ml for Group I and 12.44 (ug hr)/ml for Group II. These
values were less than these of Greenblatt et al. (8) and other studies which’
used less specific procedures and were similar to the means [12.7 (ug
hr)/ml] of those single-dose studies considered by Guentert et al. (19, 21)
to have used specific procedures for measurement of plasma quinidine.
The different methods in the AUC calculation resulted in different
findings for the AUC comparison of Formulations H and R. Product H
had a late peak (Tables III and V and Fig. 1), which contributed to slight
differences in the estimates with the two methods. Thus, the AUC30 ratio
estimate for H to R had a significantly (p < 0.05) lower value of 30%,
whereas the AUC= ratio estimate was 94% and was not significant.
From these comparisons (Tables IV and V), the quinidine sulfate
formulations, A-G and R, were acceptable and interchangeable with the
polygalacturonate (J) and gluconate (K) formulations.
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Figure 2—Mean plasma quinidine concentrations for formulations (n
= 6) taken by Subject 5, showing a high clearance (@), and Subject 8,
showing a low clearance (0). The insert is a log plasma profile illus-
trating the similarity of half-lives.



Table III—Average Plasma Quinidine Concentrations by Formulation, Uncorrected for Quinidine Content

Sample Time, hr

Formulation 0.5 1.0 2.0 3.0 5.0 7.0 24 26 28 30
Group I
R-1 0.19¢ 0.51 0.56 0.51 0.43 0.34 0.07 0.06 0.05 0.04
(104.0)% (51.8) (26.9) (25.3) (33.8) (36.0) (36.7) (37.8) 37.2) (44.9)
A 0.16 0.46 0.59 0.60 0.47 0.35 0.06 0.06 0.05 0.04
(56.6) (33.9) (34.4) (47.4) 317 (37.2) (31.8) (32.5) (32.8) (33.7).
B 0.19 0.49 0.61 0.53 0.45 0.36 0.07 0.06 0.05 0.04
(68.1) (25.5) (38.0) (25.9) (35.8) (34.1) (32.3) (32.3) (29.5) (30.0)
C 0.17 0.45 0.52 0.52 0.45 0.34 0.06 0.05 0.04 0.04
(73.8) (41.0) (31.8) (35.0) (31.9) (34.7) (39.1) (32.7) (33.2) 32.2)
D 0.07 0.36 0.52 0.58 0.45 0.37 0.07 0.06 0.06 0.04
(110.6) (50.0) (33.6) (31.8) (28.2) (30.5) (35.6) (39.6) (46.3) (41.1)
E 0.17 0.39 0.52 0.48 0.41 0.31 0.07 0.06 0.05 0.04
(83.8) (34.7) (23.3) (25.2) (274) (29.2) (45.7) (46.3) (45.0) (39.6)
Group II
R-2 0.18 0.36 0.48 0.48 0.38 0.32 0.06 0.05 0.05 0.04
(94.7) (49.9) (21.8) (22.7) (26.9) (27.3) (32.4) (37.5) (38.6) (36.0)
F 0.16 0.48 0.54 0.58 0.45 0.34 0.06 0.06 0.05 0.04
(82.6) (49.4) (29.5) (35.0) (38.4) (31.8) (34.2) (38.5) (38.6) (42.1)
G 0.35 0.52 0.53 0.51 0.39 0.32 0.06 0.05 0.05 0.04
(69.1) (49.8) (16.5) (28.6) (26.0) (31.5) 84.7) (36.9) (85.5) (40.1)
H 0.08 0.20 0.31 0.35 0.47 0.39 0.09 0.08 0.07 0.06
(98.1) (50.2) (27.9) (29.6) (29.2) (29.6) (30.6) (34.4) (27.2) (28.6)
J 0.19 0.42 0.53 0.54 0.43 0.34 0.07 0.06 0.06 0.05
(73.0) (41.7) (27.1) (34.3) (33.9) (28.8) (36.4) (38.8) (43.4) (48.6)
K 0.15 0.52 0.66 0.62 0.51 0.40 0.07 0.07 0.06 0.05
(82.9) (49.5) (25.0) (30.5) (28.1) (26.2) (31.6) (36.6) (37.0) (35.4)

4 Level in micrograms per milliliter. ® Relative standard deviation (RSD) expressed in percent is in parentheses.

Formulation H, which had different absorption characteristics, also
was studied by Greenblatt et al. (8) and Ochs et al. (29). In comparison
with intravenous quinidine, tablet doses of a sulfate formulation and
Formulation H gave AUC?0 ratios of 81 and 71%, respectively; i.e., H was
88% of the oral sulfate formulation and significantly lower (8}, which is
in excellent agreement with the 90-94% of the present study. Covinsky
et al. (30) found that this gluconate gave 95% of the AUC of a sulfate
reference (not significant) with a 52% C .y value. In a chronic dose study,
Ochs et al. (29) found that this 10% difference in serum or plasma levels
(H was lower than sulfate) was maintained. Both studies (8, 29) also noted
that variability with this formulation was greater than with the oral
sulfate. In the current study, although the AUC30 of Formulation H was
~10% lower than that of the sulfate, the intersubject variations in AUC
for Formulation H (RSD = 27.4%) were no larger than those for other
Group 1I formulations, which ranged from 22 to 30%.

The absorption half-lives (¢1/2,41,s) and the estimated time for 50% to
be absorbed (Asg) were calculated from the formulation mean plasma
concentration versus time data with the Wagner—Nelson procedure (18).
Although this procedure assumes a one-compartment model {which often
is not appropriate for quinidine (9)] since intravenous data were not
available for more complex modeling, it allows some estimate of the rel-
ative absorption rate of the formulations.

These absorption parameters (Table V) were useful for comparison
with the dissolution times in Table II. However, since there were few
differences between formulations in the in vivo results, only limited in-
formation can be derived. Formulation D, which had a longer ¢ max than
R, had shorter dissolution times than R in two tests. Formulation F, which
had a high C,,.x (118% of R) and apparently a more rapid absorption rate,
had a faster dissolution than R in water but not in pH 4 glycine buffer.
However, other formulations, such as C and G, gave shorter times than
both F and R in those systems with no in vivo difference. The only con-
sistent finding was the slow dissolution of Formulation H in all systems.
Indeed, although H had dosage recommendations that were similar to
the other formulations, it was designed as a slow-release product.

Since all Group I products were similar and only Formulation H in
Group II was significantly different, it was possible to éxamine the inter-
and intrasubject variations in some pharmacokinetic parameters. In
Group II, with Formulation H, the estimated half-life tended to be longer
and the clearance estimate higher, because of the significantly lower
AUC?0, Therefore, subject comparisons were made without this formu-
lation. Presumably, the terminal slope (8) from 7 to 30 hr is distorted by
the extended absorption from this formulation (Table V).

Since several studies indicated that the pharmacokinetics of intrave-
nous quinidine require fitting with different models in different subjects

Table IV—Average Values (Geometric Means) of Bioavailability Parameters of Quinidine Formulations (Corrected per Dose) *

AUC305, Relative AUCH, Relative
Group Formulation (ug hr)/ml AUC®, % 95% CI°¢ AUC™ %, (ug hr)/ml AUC>, %
I R-1 6.40 100 6.58 100
A 6.63 103.6 (94.5,113.5) 6.82 103.7
B 6.86 107.2 (97.8, 117.5) 7.01 106.5
C 6.49 101.4 (92.5,111.1) 6.55 99.5
D 6.47 101.1 (92.3, 110.8) 6.66 101.2
E 6.28 98.1 (89.5, 107.5) 6.43 97.7
RSD¢ 11.2% o
I R-2 6.00 100 6.09 100
F 6.60 109.9 (99.2, 121.8) 6.80 111.7
G 6.18 102.9 (92.9, 114.0) 6.29 103.3
H 5.40 90.0¢ (81.2,99.7) 6.73 94.0
J 6.28 104.6 (944, 115.9) 6.47 106.2
K 6.24 104.0 (93.8, 115.2) 6.27 103.0
RSD 12.5%

@ Corrected for equivalent weight of the salt by label claim and drug content in Table II. ® Area under plasma concentration—time curve from 0 to 30 hr (AUC®) calculated
by linear trapezoidal, and area under plasma concentration-time curve from 0 to « (AUC=) as given in text. ¢ The 95% confidence interval. ¢ Overall relative standard

deviation. ¢ Significantly different than R (p < 0.05).
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Table V—Means of Parameters Reflecting Absorption Rate

Formulation Crmax®, hr Cmax® Ratio, % tmax?, hr t1/2,abs”, hr AgoS, hr
R-1 0.57 100 2.00 0.32 0.65
A 0.61 106.1 2.25 0.42 0.75
B 0.59 . 103.6 1.96 0.36 0.72
C 0.60 105.3 2.50 0.40 0.72
D 0.56 97.2 2.754 0.65 1.00
E 0.53 92.2 2.00 0.42 0.75
R-2 0.51 100 2.33 0.60 0.77
F 0.60 : 117.6¢ 1.92 0.32 0.70
G 0.56 108.6 1.72 0.34 0.42
H 0.37 792.2¢ 4.75¢ 1.50 1.75
J 0.51 100.2 2.00 0.45 0.68
K 0.55 107.2 2.08 0.38 0.756

s See text for symbols. ® Wagner-Nelson estimate from mean plasma concentration by formulation absorption half-life. ¢ As in footnote b; graphical estimate of time
for 50% to be absorbed (Ago), which includes any lag time. ¢ Significantly different than R (p < 0.05).

(8, 9) and often give poor prediction of steady-state levels (9, 31, 32),
fitting of the oral curves and derivation of meaningful individual ab-
sorption rates (e.g., two- and three-compartment fitting) could not be
accomplished. Some data (Fig. 2) appeared to be fitted by one com-
partment (e.g., Subject 8), while some (e.g., Subject 5) obviously required
two-compartment fitting. The terminal half-lives were calculated for each
subject from the 7-30-hr data points (Table I) and ranged from 6.66 +
0.24 (SD) 10 8.54 £ 0.92 hr in Group I with a mean of 7.42 hr and from 6.24
+ 0.28 t0 9.49 £ 0.90 hr in Group II with a mean of 7.49 hr. The extremes
are illustrated in Fig. 3. The between-subject variation was greater than
the within-subject variation, and many subjects were significantly dif-
ferent from each other. The terminal half-lives of Subjects 3 and 4 in
Group 1 were significantly shorter (p < 0.05) than those of all other
subjects. In addition, the long terminal half-lives of Subjects 6 and 7 were
significantly different (p < 0.01) from those of the other subjects, and
the terminal half-life of Subject 7 was significantly different (p < 0.05)
from that of Subject 6. For Group II, Subject 19 was significantly longer
(p <0.01) than all other subjects. The values obtained were well within
the extremes reported by Mason et al. (6) (1.16-15.75 hr) and within the
range of mean values reported elsewhere (7-10).
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Figure 3—Mean plasma quinidine concentrations £SD of the volun-
teers with the shortest (Subject 23, @) and the longest (Subject 19, 0)
terminal half-lives (n = 5).
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The apparent total body clearance of quinidine in this study ranged
from 3.55 £ 0.40 to 8.39 £ 0.65 ml/kg/min in Group I and from 4.16 + 0.14
t0 9.13 + 1.00 m!/min/kg in Group II with means of 5.79 + 1.44 and 6.25
+ 1.58 ml/min/kg, respectively. As expected, the intersubject variation
of ~25% (RSD) was much greater than the intrasubject variation of 10%
or less. Many subjects were significantly different when compared. For
Group I, Subject 8 was significantly lower (p < 0.05) than all other
subjects; Subjects 5 and 11, with high apparent total body clearance
values, were significantly greater (p < 0.01) than the other subjects. The
apparent total body clearance values for Subjects 20 and 23 in Group 11
were significantly higher (p < 0.01) than those of all other subjects.

Since the oral absorption of quinidine was shown (7-9) to be only
70-80% of intravenous absorption, the estimated corrected total body
clearance (Cl..,) is also given for comparison with the literature, using
the factor of 0.7 as was suggested by Guentert et al. (19) to be the most
accurate. The overall mean value for Cleorr was 4.22 4+ 1.05 (SD) ml/
min/kg, close to that (3.85 £ 1.09) of Greenblatt et al. (8) and to that (4.26
+ 1.42) of Fremstad et al. (33), who also used a spectrofluorometric
procedure which was criticized by Guentert et al. (9, 19). However, the
range of Cl.,,, values in this present study (Table I) overlapped those of
Guentert et al. (mean of 4.88 & 1.56) and also agreed with studies re-
ported by Ueda et al., who found means of 4.7 + 1.78 (31), 4.95 £ 1.36 (34),
and 4.02 £ 1.94 (5) ml/min/kg in three separate studies. Recently, Drayer
et al. (35), who used HPLC, found a range of quinidine clearances in
patients from 3.8 + 3.9 ml/min for a “low metabolizing” group to 9.0 +
3.6 ml/min for a group with higher levels of the 3-hydroxy metabolite.
These clearances were calculated with an oral absorption factor of 0.87;
the values were converted to 3.27 £+ 3.36 and 7.76 £ 3.10, using the 0.7
factor of Guentert et al. (19) for comparison purposes, rather similar to
the range of values found in this study in normal subjects (Table I).

The fluorescence procedure used to estimate plasma quinidine does
not differentiate dihydroquinidine; however, this limitation is not ex-
pected to influence the clearance since Ueda et al. (5) found similar
clearance values for this analog (4.17 + 1.81 versus 4.02 + 1.94 for quin-
idine) in the same subjects.

The terminal half-life obviously has some influence on clearance.
However, recent studies (33, 36) support intersubject differences in
protein binding capacity, possibly an a-1-acid glycoprotein or lipoprotein,
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Figure 4—Frequency distribution of mean corrected total body clear-
ance (Cleory) of quinidine in the 24 subjects.



as a major influence on clearance and volume of distribution. There was
no correlation between the half-life and clearance (Table I), as shown in
Fig. 2, and there were major differences in AUC and minor differences
in t1/; between subjects.

Drayer et al. (35), who measured (3S)-3-hydroxyquinidine to quinidine
ratios in patients, found evidence to suggest a bimodal distribution in
the hydroxylating efficiency, which related reasonably well with quinidine
clearance. In the present study of 24 healthy subjects, the frequency
distribution of clearance (Fig. 4) appeared to be normal.

In conclusion, the bioavailabilities of eight quinidine sulfate, one
gluconate, and one polygalacturonate products were found to be similar
from plasma concentration estimates. The bicavailability of one gluconate
product was significantly lower (p < 0.05) in one estimate, and its plasma
concentration showed sustained-release characteristics. There was no
meaningful correlation between the absorption parameters and disso-
lution, except that the slow-dissolving gluconate product had the lowest
AUC and C 4y values and the longest ¢ max value. The pharmacokinetics
of quinidine in the 24 subjects in terms of terminal half-life (mean of 7.49
+ 0.76 hr) and total body clearance (mean of 4.22 £ 1.05 ml/min/kg)
showed considerable intersubject variation (RSD = 25%) and less in-
trasubject variation (RSD =~ 10%).

REFERENCES

(1) J.P. Amlie, L. Storstein, B. Olsson, D. Fremstad, and S. Jacobsen,
Eur. J. Clin. Pharmacol., 16, 45 (1979).

(2) J. Am. Pharm. Assoc., NS 16, 413 (1976).

(3) R. W. Kalmansohn and J. J. Sampson, Circulation, 1, 569
(1950).

(4) S. Bellet, L. R. Roman, and A. Boza, Am. J. Cardiol., 27, 368
(1971).

(5) C.T.Ueda,B.J. Williamson, and B. S. Dzindzio, Res. Commun.
Chem. Pathol. Pharmacol., 14, 215 (19786).

(6) W.D. Mason, J. O. Covinsky, J. L. Valentine, K. I. Kelly, O. H.
Weddle, and B. L. Martz, J. Pharm. Sci., 65, 1325 (1976).

(7) C.T.Ueda,B. J. Williamson, and B. 8. Dzindzio, Clin. Pharmacol.
Ther., 20, 260 (1976).

(8) D. J. Greenblatt, H. J. Pfeifer, H. R. Ochs, K. Franke, D. S.
MacLaughlin, T. W. Smith, and J. Koch-Weser, J. Pharmacol. Exp.
Ther., 202, 365 (1977).

(9) T. W. Guentert, N. H. G. Holford, P. E. Coates, R. A. Upton, and
S. Riegelman, J. Pharmacokinet. Biopharm., 7, 315 (1979).

(10) J.D. Strum, J. L. Colaizzi, J. M. Jaffe, P. C. Martineau, and R.
L. Poust., J. Pharm. Sci., 66, 539 (1977).

(11) J. D. Strum, J. W. Ebersole, J. M. Jaffe, J. L. Colaizzi, and R. 1.
Poust, ibid., 67, 568 (1978).

(12) “The United States Pharmacopeia,” 19th rev., Mack Publishing
Co., Easton, Pa., 1975, p. 435.

(13) “The United States Pharmacopeia,” 19th rev., 4th suppl., Mack
Publishing Co., Easton, Pa., 1978, p. 150.

(14) J. W. Poole, Drug Inf. Bull., 3, 8 (1969).

(15) J. Armand and A. Badinand, Ann. Biol. Clin. (Paris), 30, 599
(1972).

(16) K. K. Midha and C. Charette, J. Pharm. Sci., 63, 1244 (1974).

(17) S. Sved, L. J. McGilveray, and N. Beaudoin, J. Chromatogr., 145,
437 (1978).

(18) J. G. Wagner and E. Nelson, J. Pharm. Sci., 53, 1392 (1964).

(19) T.W. Guentert, R. A. Upton, N. M. G. Holford, and S. Riegelman,
. Pharmacokinet. Biopharm., 7, 303 (1979).

(20) N. J. Pound and R. W. Sears, Can. J. Pharm. Sci., 10, 122
(1975).

(21) T. W. Guentert, P. E. Coates, R. A. Upton, D. L. Combs, and S.
Riegelman, J. Chromatogr., 162, 59 (1979).

(22) K. K. Midha, I. J. McGilveray, C. Charette, and M. Rowe, Can.
J. Pharm. Sci., 12, 41 (1977).

(23) J. L. Valentine, P. Driscoll, E. L. Hamburg, and E. D. Thompson,
J. Pharm. Sci., 65, 96 (1976).

(24) D. H. Huffman and C. E. Hignite, Clin. Chem., 22, 810 (1976).

(25) K. A. Conrad, B. L. Molk, and C. A. Chidsey, Circulation, 55,1
(1977).

(26) W. G. Crouthamel, B. Kowarski, and P. K. Narang, Clin. Chem.,
23, 2030 (1977).

(27) M. A. Peat and T. A. Jennison, ibid., 24, 2166 (1978).

(28) W. L. Chiou, J. Pharmacokinet. Biopharm., 6,539 (1978).

(29) H.R. Ochs, D. J. Greenblatt, E. Woo, K. Franke, H. J. Pfeifer, and
T. W. Smith, Am. J. Cardiol., 41, 770 (1978).

(30) J. 0. Covinsky, J. Russo, K. L. Keily, J. Cashman, E. N. Amick,
and W. D. Mason, J. Clin. Pharmacol., 19, 261 (1979).

(31) C.T.Ueda,D.S. Hirschfeld, M. M. Scheinman, U. Rowland, B.
J. Williamson, and B. S. Dzindzio, Clin. Pharmacol. Ther., 19, 30
(1976).

(32) W. A. Mahon, M. Mayersohn, and T. Inaba, ibid., 19, 566
(1976).

(33) D.Fremstad, O. G. Nilsen, L. Storstein, J. Amlie, and S. Jacobsen,
Eur. J. Clin. Pharmacol., 15, 187 (1979).

(34) C.T.Ueda and B. S. Dzindzio, Clin. Pharmacol. Ther., 23, 158
(1978). )

(35) D. E. Drayer, M. Hughes, B. Lorenzo, and M. M. Reidenberg,
ibid., 27,72 (1980).

(36) E. Woo and D. J. Greenblatt, J. Pharm. Sct., 68, 466 (1979).

ACKNOWLEDGMENTS

Presented in part at the Basic Pharmaceutics Section, APhA Academy
of Pharmaceutical Sciences, Montréal meeting, May 1978.

The authors are grateful for the assistance and collaboration of the
supervising physician Dr. Allan G. Bellack. They also thank Dr. W.
Tostowaryk for statistical analysis and Dr. R. D. Hossie for dissolution
measurements. :

Journal of Pharmaceutical Sciences / 529
Vol. 70, No. 5, May 1981



