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An in vitrolin vivo correlation was established for four formulations
of chlorpheniramine maleate (histamine, H,-blocker) extended-
release tablets exhibiting different in vitro release rate characteris-
tics. In vitro release rate data were obtained for 12 individual tablets
of each formulation using the USP Apparatus 2, paddle stirrer at 50
rpm in 1000 ml of distilled water at 37.0 = 0.5°C. Inspection of the
individual and mean release rate data indicated that the in vitro
release rate of chlorpheniramine maleate was consistent with the
intended design of the four extended-release formulations. The in
vivo bioavailability and pharmacokinetics of these formulations
were evaluated in 24 healthy subjects under fasting conditions. Wag-
ner Nelson analyses of the in vivo data revealed extended release
absorption profiles for all four formulations. Linear regression anal-
yses of the mean percentage of dose absorbed versus the mean in
vitro release resulted in a statistically significant correlation (> >
0.98, P < 0.001) for each formulation. Qualitative rank-order cor-
relations were observed among all combinations of in vitro and in
vivo parameters. These data support a Level A correlation between
the in vitro release rate profiles and the in vivo absorption for chlor-
pheniramine maleate determined under fasting conditions.

KEY WORDS: chlorpheniramine maleate; extended-release tablet;
release rate; absorption profile; in vitrolin vivo correlation.

INTRODUCTION

An extended-release chlorpheniramine maleate product
indicated for the temporary relief of hay fever symptoms, is
under development by the Schering-Plough Corporation.
Evaluation of product performance is strongly dependent on
in vitro techniques and in vivo bioavailability. The results of
in vivo bioavailability studies, often dictate formulation mod-
ification(s) to achieve the optimum performance character-
istics of the marketed product. Therefore, it is essential that
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Report

in vitro release rate methods have appropriate discriminating
ability to enable their use in the screening of experimental
formulations. Unless sufficient experimental data are avail-
able to demonstrate that the in vitro method reflects in vivo
performance, release rate data carry very little importance in
predicting overall product bioavailability which affects clin-
ical efficacy and response. Release rate testing has been uti-
lized primarily as a research method to assist in formulation
development or as a quality control procedure to routinely
determine the uniformity of production batches. The estab-
lishment of a meaningful correlation between the in vitro
release and the in vivo bioavailability parameter(s) can then
serve as a means of predicting bioavailability. This may re-
duce the need for costly additional clinical studies. Further,
a valid in vitrol/in vivo correlation facilitates the development
of product specifications based on bioavailability data, the
most meaningful criterion of quality assurance and predict-
able performance. Validation of the in vitro dissolution pro-
cedure as a predictor of in vivo performance is best achieved
by comparing absorption characteristics with the release rate
profiles of formulations specifically designed to show faster
and slower release profiles than the intended marketed for-
mulation. The in vitro procedure should be compendially
acceptable to regulatory agencies and possess the ability to
discriminate products with varying degrees of bioavailabil-
ity. Many of the techniques that have been reported for es-
tablishing such correlations were of the simple-point type,
where the percentage dissolved is correlated with a param-
eter of drug bioavailability (1), while others assumed in vivo
and in vitro kinetics were constant for all the dosage forms
tested (2—4). Some investigators utilized statistical moment
methods (5-7), an in vivo dissolution rate intercept method
(8), deconvolution methods (9), or, more recently, a com-
puter simulation using the process termed ‘‘biorelevant dis-
solution” (10).

The purpose of this study was to establish an in vitro/in
vivo correlation between an in vivo parameter (percentage of
dose absorbed) and the in vitro release rate profiles for the
four chlorpheniramine maleate extended-release formula-
tions.

MATERIALS AND METHODS

Dosage Forms

Four formulations containing chlorpheniramine maleate
were manufactured for use in this study. Each formulation
was designed to exhibit different release rate properties from
the proposed standard formulation.

The dosage forms used in this study were based on a
matrix design using a mixture of cellulosic polymers. Drug
release occurs by a combination of diffusion and erosion
mechanisms. Varying the ratio of the cellulosic constituents
will control the release rate of the drug from the dosage
form. Once the designed standard formulation was identified
based on release rate and in vivo bioavailability characteris-
tics, additional formulations were prepared with release
rates faster and slower than that of the reference standard.
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In Vitro Dissolution Testing

Dissolution testing was performed using the USP Appa-
ratus 2, paddle stirrer operating at 50 rpm. Based on solu-
bility data, 1000 ml of water maintained at 37.0 = 0.5°C was
chosen as the dissolution medium. Multicomponent UV-VIS
spectrophotometric analysis using a Hewlett Packard 8450
photodiode array spectrophotometer was used due to the
interference of a dye blend in the tablet formulations. Ap-
proximately 10-ml aliquot samples were withdrawn from
each dissolution vessel, filtered, and acidified with 0.1 N
HCI to enhance and stabilize the absorbance spectra. The
wavelength range for the multicomponent analysis was op-
timized after successful completion of drug linearity and re-
covery studies. Replicate multicomponent analyses of differ-
ent concentrations of standard solutions yielded relative
standard deviations of <0.4%.

In Vivo Studies

Study Design

Twenty-four healthy male subjects, with an age range of
19 to 39 years and average weights in accordance with cur-
rent actuarial tables (+10%), were empaneled for this ran-
domized, four-way crossover study. Each subject was de-
termined to be in good health after medical history, physical
examination, electrocardiogram, and laboratory tests.
Twelve hours prior to the start of each treatment phase, the
subjects were confined to the study area. A light snack was
served on the night before drug administration after which an
overnight fast was maintained. In the morning, each subject
received one treatment with 180 ml of tap water from the
four manufactured batches according to a computer gener-
ated random code. At least a 1-week drug-free washout pe-
riod separated each treatment phase of this single-dose
crossover study. Seven milliliters of blood was drawn im-
mediately prior to drug administration (0 hr) and then again
at specified times up to 120 hr after dosing. Chlorphenir-
amine plasma concentrations were determined by a previ-
ously validated, specific gas liquid chromatographic proce-
dure with a limit of quantitation (LOQ) of 0.5 ng/ml (11).

Pharmacokinetic Analysis

Absorption profiles of chlorpheniramine maleate were
evaluated for each subject using the Wagner Nelson function
(12):

F(») = Ct) + K « AUC(2)

where K is the elimination rate constant calculated as the
negative slope of the log-linear terminal phase of the plasma
concentration—time curve. AUC(¢) is the cumulative area un-
der the plasma concentration-time curve from zero to time ¢,
calculated by the linear trapezoidal rule. The Wagner Nelson
function was expressed as a percentage of its asymptotic
value, K * AUC(), to yield the percentage of dose ab-
sorbed.
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C(n) + K * AUC()

% dose absorbed = K+~ AUCO)

where AUC() is the area under the plasma concentration—
time curve from time zero to infinity.

In Vitrolin Vivo Data Analysis

The method of Levy and Hollister (13,14) was utilized to
determine the in vitrolin vivo correlation. This method which
corrects for the in vivo lag time (7)), utilizes the Wagner
Nelson method expressed in terms of the semilogarithmic
percentage unabsorbed as a function of time. An intensity
factor, I, and Ty, are defined as follows:

_ Time required for 50% absorption in vivo
" Time required for 50% release in vitro
t — Lag Time

Tlag = I

where ¢ is the original in vitro sampling interval.
Percentage of dose released at T,, and I for each for-

mulation were determined from best-fit third-degree polyno-

mial equations established for the in vitro release profiles.

RESULTS AND DISCUSSION

The objective of this study was to demonstrate a corre-
lation between the percentage of dose released and the mea-
sured in vivo parameters for four chlorpheniramine maleate
extended-release formulations.

In the present study mean pharmacokinetic and release
rate data were used to determine all mathematical correla-
tions to minimize intra and inter subject variability. Maxi-
mum drug absorption and serum concentrations were ob-
served at approximately 8 hr after oral administration. In
vitro release rate data up to the eighth hour were used in all
linear regression analyses.

Mean cumulative in vitro release rate profiles for the
four formulations are presented in Fig. 1. Inspection of the
data indicated that the in vitro release rates of chlorphenir-
amine maleate are consistent with the intended formulation
design and controlled by the amount of cellulosic polymer in
each formulation.

The mean percentage dose absorbed-versus-time pro-
files for the various extended release formulations are shown
in Fig. 2. The absorption rate over the 8-hr interval was
similar for all extended release formulations. Mean plasma
chlorpheniramine concentration—-time profiles are illustrated
in Fig. 3. Each formulation exhibited the anticipated ex-
tended-release profiles, differing only in the rate at which
chlorpheniramine maleate was released and, thereby, avail-
able for absorption. Rank-order (qualitative) correlations
were observed among these in vivo and in vitro parameters
for each prototype formulation (Figs. 1-3). As the level of
cellulosic polymer increased, the in vitro release rate de-
creased (Fig. 1), with correspondingly lower percentages ab-
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Fig. 1. Mean in vitro release profiles for four extended-release formulations of
chlorpheniramine maleate over an 8-hr period.
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Fig. 2. Mean in vivo absorption profiles following oral administration of four
chlorpheniramine maleate extended-release formulations over an 8-hr period. The

percentage dose absorbed at each tested time point was calculated by the Wagner
Nelson method.



51 A
Cc
15 9
z
g D
3]
z
8 10-
3
:
]
54
4] T ¥ =3
0 2 4 ] ]

TIME (HR)

Fig. 3. Mean plasma concentration-time profiles for four chlorpheniramine
maleate extended-release formulations following oral administration in 24 normal
male subjects.
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Fig. 4. Plots of mean percentage of dose absorbed versus mean percentage of
dose released for the extended release formulations of chlorpheniramine maleate.
The line of best fit is shown for each formulation. The corresponding regression
equations are listed in Table 1.
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Table I. The in Vivolin Vitro Regression Parameters for Four Chlorpheniramine
Maleate Extended-Release Formulations Obtained by Linear Regression Analysis

(Y =aX + b)
Siope Intercept
Formulation (a) (b) r P value
A 1.93 —56.1 0.993 0.0003
B 1.71 —-33.8 0.999 0.0001
C 1.75 -23.9 0.998 0.0001
D 1.73 —14.3 0.986 0.0007
Mean 1.78 0.994
% CV 5.7 1.01

Y = Mean % dose absorbed obtained from the Wagner Nelson analysis of the in

vivo data in 24 normal subjects

X = Mean % dose released obtained from the in vitro release rate of
extended-release tablets

a = Slope of the regression equation

b = The y intercept of the regression equation

r? = Coefficient of determination

sorbed and lower plasma concentrations (Figs. 2 and 3).
Therefore, the rate at which chlorpheniramine maleate was
released in vitro controlled the in vivo rate at which the drug
appeared in the systemic circulation.

Quantitative in vitro/in vivo correlations were achieved
between the two cumulative in vitro and in vivo parameters
(Fig. 4). Linear correlation plots for percentage of dose ab-
sorbed and percentage of dose released are presented in Fig.
4. The corresponding regression parameters are summarized
in Table I. These data indicate a statistically significant (r* >
0.98, P < 0.001) linear in vitro/in vivo relationship for all of
the prototype formulations. The slopes of the regression
lines were similar, with a relative standard deviation of 5.7%
(Table I). The slopes reported for each formulation suggest
that the chlorpheniramine maleate in vivo absorption rate
was slower than the observed in vitro release rate (Table I).
However, high correlation coefficients indicate that the in
vivo absorption profiles of each formulation are correlated
with the in vitro release profiles. The observed negative in-
tercepts (Fig. 4) are due to the absorption lag time noted
following oral administration of controlled-release dosage
forms (15,16).

The in vivo lag time noted in Fig. 4 was corrected by
using the Levy and Hollister method. The calculated lag
times and intensity factors summarized in Table IT indicate a
rank order consistent with the observed in vitro release pro-
files. The percentage of dose absorbed at time ¢ versus the

Table II. Summary of Lag Times and
Intensity Factors

Intensity
Lag time, factor
Formulation Ty, (min) I)
A 30 1.04
B 42 0.90
C 45 0.70
D 55 0.58

percentage of dose released at T,, are shown in Fig. 5. The
regression analysis of these data revealed a significant linear
correlation (+* > 0.99, p < 0.0002), with slope values ap-
proaching unity and passing through the origin (Fig. 5). The
conditions for the present in vitro release rate procedure can
predict in vivo performance.

CONCLUSIONS

For in vivo evaluation of oral extended-release prod-
ucts, one should consider both inter- and intrasubject vari-
ability in gastrointestinal (GI) motility, GI pH, site of drug
absorption, and other pharmaceutical/physiological parame-
ters (i.e., particle size, density, solubility, calorific values of
meals, and gastric emptying) which affect the overall GI
transit time (17-22). In vitro release testing is the other im-
portant element in the successful evaluation of an extended
release product (23).

The significant correlations between the in vitro and the
in vivo parameters reported here indicate that the in vitro
release rate procedure is capable of discriminating between
extended-release formulations having different in vivo bio-
availabilities. In vitro testing by this procedure certainly rep-
resents a viable method with which to monitor production
batches for quality assurance. The present in vitro/in vivo
correlation method, which is consistent with Level A corre-
lation guidelines described by the FDA/AAPS (Food and
Drug Administration/American Association of Pharmaceuti-
cal Scientists) task force (24), provides the manufacturer
with a valuable in vitro test that can be used to obtain useful
information on the in vivo absorption behavior of such for-
mulations.
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