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The bioavailability of three lots of a generic 200-mg carbamazepine
tablet, which had been withdrawn from the market, was compared
to the bioavailability of one lot of the innovator product in 24 healthy
volunteers. Fifty-three lots of the generic product had been recalled
by the manufacturer because of concerns over reports of clinical
failures for several of the lots. The three generic lots tested in this
study exhibited a wide range of bioavailability, as well as large dif-
ferences in the in vitro dissolution rates. The mean maximum car-
bamazepine plasma concentrations for two of the generic lots were
only 61-74% that of the innovator product, while the third lot was
142% of the innovator. The mean areas under the plasma concen-
tration-time curve for the three generic lots ranged from 60 to 113%
that of the innovator product. The results clearly indicate a signifi-
cant difference in the rate and extent of absorption of the generic
products compared to the innovator, as well as among the generic
lots. A good relationship was found between the in vivo parameters
and the in vitro dissolution results for the four dosage forms.

KEY WORDS: carbamazepine; human; bioavailability; pharmaco-
kinetics; dissolution.

INTRODUCTION

Carbamazepine is a widely prescribed anticonvulsant
drug, which has been available as a generic product since
1986. Several reports have appeared concerning incidents of
seizures in patients who were apparently stabilized on the
innovator product and subsequently received a generic prod-
uct (1,2). However, others (3) have compared one generic
product to the innovator product at steady state in patients
and found no difference in bioavailability or efficacy. During
the fall of 1988 a recall of 200-mg carbamazepine tablets was
initiated by one generic firm, involving 53 different lots, rep-
resenting approximately 70 million tablets. The recall was
based on several reports of clinical failures of the product, as
well as observed changes in the dissolution characteristics of
the marketed products.

The objective of this study was to evaluate the bioavail-
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ability of three lots of the recalled generic product to deter-
mine the relationship between the in vitro dissolution results
and the bioavailability of the products.

METHODS

Subjects. Twenty-four healthy, nonsmoking males
were enrolled in the study, ranging in age from 21 to 35 years
and weighing 61 to 93 kg. All subjects had normal clinical
chemistry laboratory values, including reticulocyte count
and serum iron.

Carbamazepine Products. Three lots of the 200-mg ge-
neric carbamazepine tablets, Pharmaceutical Basics, Inc.,
Lot no. K583-01 (Product 2), F844-07 (Product 3), and F915-
03 (Product 4) were provided by U.S. Food and Drug Ad-
ministration (FDA). The innovator 200-mg tablets, Geigy
Pharmaceuticals, Inc., Lot. No. 1T108912 (Product 1), was
purchased locally.

Protocol. The clinical study protocol was approved by
the Institutional Review Board and the Risk Involving Hu-
man Subject Committee of the FDA. The subjects did not
ingest any drugs for 21 days and avoided alcohol for 48 hr
prior to each dose of carbamazepine. The 24 subjects were
randomly divided into four groups, and each group received
a single 200-mg dose of each of the four products in a differ-
ent sequence. A 21-day interval elapsed between each dose.
After an overnight fast, each subject received one of the
products along with 180 ml of room-temperature water. No
food was allowed until a standard meal was served 4 hr after
dosing. Ten-milliliter blood samples were obtained through a
heparin lock or direct venipuncture just before dosing and
0.5,1,2,3,4,6,8, 10, 12, 25, 49, 73, 97, 121, and 169 hr after
dosing. The first 1 ml of blood was discarded prior to each 10
ml collection if a heparin lock was employed. The blood was
centrifuged, and the plasma fraction was stored at —20°C
until assayed.

Plasma Assay. The determination of plasma carba-
mazepine (Sigma Chemical, Inc.) concentrations was based
on modifications of the HPLC method of Riad and Saw-
chuck (4). A 0.5-ml plasma sample was adjusted to pH 11
and extracted with 10 ml of 1.5% isoamyl alcohol in chloro-
form. Cyheptamide (Alltech/Applied Science, Inc.) was em-
ployed as the internal standard. Samples of 10,11-epoxide
carbamazepine (Alltech/Applied Science, Inc.) were also
chromatographed to test for potential interference from this
metabolite.

Pharmacokinetic Data Analysis. The typical pharmaco-
kinetic parameters of area under the plasma concentration—
time curve to 196 hr (AUC 0-196), AUC to infinite time
(AUC 0—»), time of maximum plasma concentration (T,,,),
maximum plasma concentration (C,,,), and terminal rate
constant (K) were computed using standard techniques (5).
The fraction absorbed calculations employed the Wagner—
Nelson Method (6), applied to the individual carbamazepine
plasma concentration-time data. The statistical analysis em-
ployed a SAS program with a general linear model for treat-
ment, period, sequence, and subject (sequence) effects.

Dissolution Testing. The in vitro dissolution testing em-
ployed the USP method (7), which utilizes the paddle
method at 75 rpm, with 900 ml of water containing 1% so-
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Fig. 1. Mean carbamazepine plasma concentrations. (O) Product 1;
(@) Product 2; (M) Product 3; (A) Product 4.

dium lauryl sulfate. Six tablets of each product were tested,
and samples of the dissolution media were removed at 15,
30, 45, 60, and 90 min.

In Vivo-in Vitro Relationships. The relationship be-
tween the in vitro dissolution data and the in vivo pharma-
cokinetic data was examined by plotting the percentage of
drug dissolved after 30, 60, and 90 min and the percentage
absorbed data (F,) calculated 30, 60, and 90 min after dos-
ing. A value for the percentage absorbed at 90 min was es-
timated from a linear regression of a plot of Ln (1 — F,)
versus time at 30, 60, and 120 min since plasma samples were
not obtained 90 min after dosing. Plots were also constructed
for the mean maximum plasma concentration and mean
AUC (0—°) versus mean percentage dissolved at 15, 30, 45,
and 60 min.

RESULTS

Twenty-two subjects successfully completed all four
phases of the study. Two subjects were dropped from the
study after the first phase because of transient low reticulo-
cyte counts. They were replaced with two alternates, who
completed all four study phases 3 weeks later than the other
subjects. One subject was dropped from the study after com-
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pleting the third phase because of a transient low reticulo-
cyte count. A second subject withdrew after the third phase
for personal reasons unrelated to the study. Subject com-
plaints were relatively minor and did not result in any with-
drawals from the study. The reported statistical analysis is
based on the data for all 24 subjects. A separate analysis
using only the 22 subjects completing all four phases gave
essentially identical results.

Carbamazepine was chromatographically well sepa-
rated (~3.5 min) from its major metabolite, carbamazepine
10,11-epoxide (~5.8 min), and the internal standard (~8.5
min). The assay was linear (r > 0.99) over a plasma concen-
tration range of 0.05—4.0 png/ml. A concentration of 0.05 pg/
ml was the lowest quantifiable value. No plasma concentra-
tions were less than 0.1 wg/ml until after the 121-hr sample.
The analysis of triplicate fortified plasma quality-control
samples containing 0.43, 1.6, and 3.1 pg/ml of carba-
mazepine, along with each set of unknown plasma samples,
indicated good accuracy and precision. A total of 87 control
samples was assayed for each of the three concentrations
and the between-day and within-day CV% was <10 and
<4%, respectively.

The mean carbamazepine plasma concentrations are il-
lustrated in Fig. 1. The statistical analysis indicated signifi-
cant differences (P < 0.01) among the four products at every
sampling time. The mean pharmacokinetic parameters are
summarized in Table 1. Table II summarizes the statistical
analysis of these data, employing the Newman Kuels a pos-
teriori test to identify differences among specific products.
Table II also provides a comparison between each product in
terms of 90% confidence limits, using the two, one-sided test
(8). Autoinduction of metabolism can occur for carba-
mazepine during chronic dosing (9). In the present study
there was no evidence of enzyme induction. There were no
significant differences (P > 0.05) in the apparent elimination
rate constant (K) for the four study phases (range, 0.0179-
0.0183 hr ~ ). The 11% difference among the mean values for
K for the four dosage forms was significant (P < 0.05). At
least part of the difference could be attributed to a prolonged
absorption phase for these products. Figure 2 illustrates the
in vitro dissolution profiles for the four products. Figure 3
shows the relationship of the percentage absorbed versus the
percentage dissolved for each product. Figure 4 illustrates
the relationship between the in vitro test results and the in
vivo values for AUC(0—=) for the four products included in
this study. Similar plots, which are not shown, using C,,,, as
the in vivo parameter, also resulted in a good correlation:

Table I. Mean Carbamazepine Pharmacokinetic Parameters

Product 1 Product 2 Product 3 Product 4

Parameter (N = 24) (N = 24) (N = 23) (N = 23)
Cmax (pg/ml) 1.89  (20)¢ 1.15  (62) 2.69 (18) 1.40 (39)
T pnax (Br) 159 (51 13.6  (74) 8.3 (72) 19.6  (78)
AUC(0-169)

(pg - hr/ml) 1348  (15) 80.9 (48) 1542  (18) 104.5 (30)
AUC(0~x)

(pg - hr/ml) 143.5 (15 86.5 (47) 162.2  (20) 111.7  (29)
K (r 0.0183 (15) 0.0173 (19) 0.0191 (16) 0.0177 (16)

% CV% in parentheses.
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Table II. Statistical Analysis

Newman Keuls a posteriori analysis

Parameter Product ranking (lowest to highest)*
Conax 2 : e 3
Tonax 3 2 1 4
AUC(0) 2 4 L 3
K 3 1 4 2

90% confidence limits (two, one-sided test)

Parameter Product comparison 90% confidence interval
Crax 2vs 48to 73%
3vs 129 to 154%
4vsl 61 to 86%
AUC(0—x) 2vs 1 51to 69%
3vsl 103 to 121%
4vs1 69 to 114%

* Products underlined by the same line are not significantly different
(P > 0.05).

= 0.98, 0.95, 0.89, and 0.83 for C,,,, versus percentage dis-
solved in 15, 30, 45, and 60 min, respectively.

DISCUSSION

In order for a generic product to be approved by the
FDA and rated therapeutically equivalent, the 90% confi-
dence limits for the mean AUC and C,,,, of the generic
product must usually be within 80-120%, relative to the in-
novator product. The results obtained in this study demon-
strate that the three lots of the generic product (Products 2,
3, and 4) are not bioequivalent to the innovator product
(Product 1) and are not even bioequivalent to each other.
The mean maximum carbamazepine plasma concentrations
for the three generic lots ranged from 61 to 142% compared
to the innovator product, and the mean areas under the
plasma concentration—-time curve ranged from 60 to 113%.
Since the therapeutic range for carbamazepine plasma con-
centrations at steady state is narrow, 4-12 ug/ml (9), bio-
availability differences of this magnitude are particularly sig-
nificant for this drug.

The USP specification for carbamazepine tablets re-
quires that not less than 75% of the drug be dissolved within
60 min. Both Product 2 and Product 4 fail this requirement.
However, Product 3, which passes the USP specifications, is
more rapidly dissolved than the innovator product, and ex-
hibits a correspondingly larger value for C,,, and AUC(0-
). The apparently more rapid absorption of this product
may have clinical significance in view of the report by Neu-
vonen (10), who observed a greater incidence of side effects
(dizziness and ataxia) for rapidly absorbed carbamazepine
tablets available in Finland. These results suggest that the
USP specifications should be revised to also test for prod-
ucts that may be dissolving too rapidly.

Recently it has been proposed that a 1:1 (Level A) re-
lationship between ir vitro dissolution and in vivo absorption
is the most desirable type of correlation for extended-release
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Fig. 2. Dissolution profiles for four 200-mg carbamazepine tablet
products. (O) Product 1; (@) Product 2; (l) Product 3; (A) Product 4.

dosage forms (11). A Level C correlation, which involves a
plot of in vitro dissolution data, such as the percentage dis-
solved at a certain time, and a single pharmacokinetic pa-
rameter such as AUC or C,,,, is considered to be less useful.
The carbamazepine tablets employed in the present study
were not intended to provide for an extended release, al-
though two of the lots did exhibit slow dissolution. Figure 3
illustrates an attempt at a Level A, 1:1 in vivo—-in vitro cor-
relation and demonstrates a potential pitfall in the a priori
reliance on in vitro data to predict in vivo bioavailability.
Even though all four products demonstrate a linear relation-
ship between the percentage dissolved and the percentage
absorbed, no one relationship could be employed to predict
the bioavailability of all four products. In contrast, the sim-
pler relationships between the percentage dissolved, partic-
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Fig. 3. Relationship between the mean percentage absorbed in vivo
and the percentage dissolved in vitro at 30, 60, and 90 min for the

four 200-mg carbamazepine tablet products. (O) Product 1; (@)
Product 2; (M) Product 3; (A) Product 4.
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Fig. 4. Relationship between the mean AUC(0-) and the percent dissolved in vitro at 15, 30, 45, and 60 min. Product code numbers
in parentheses.

ularly during the first 45 min, and the C,,,, and AUC values
were quite useful in predicting the bioinequivalence of the
four products. An inconsistency was also observed when
attempts were made to relate the T,,,, and the percentage
dissolved in vitro. Even though Product 2 exhibited the slow-
est dissolution, the mean T, ,, for this product was smaller
by 2.3-6 hr compared to those for Products 1 and 4, respec-
tively, as shown in Table I. Since the mean C,,,, and AUC
were the lowest for Product 2, the intermediate T,_,, for
Product 2 suggests that a portion of the dose was absorbed
relatively rapidly compared to Products 1 and 4, but the
extent of absorption, as well as the in vitro dissolution, was
significantly lower for this product.

In the case of the specific tablets included in this inves-
tigation, other work (12) has indicated that an increase in the
moisture content of the tablets during storage may, at least in
part, be the reason for the significant differences in both the
dissolution and the bioavailability of different lots of the ge-
neric product. In addition, the manufacturer has suggested
that changes in the source of the carbamazepine raw material
and differences in the particle size of the material employed

for different lots may have also been a contributing factor
(13).
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