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Abstract O The applicability of a pharmacokinetic model for drug in-
teractions by enzyme induction was tested in rhesus monkeys using a
design in which both the inducer (carbamazepine) and the induced agent
(clonazepam) were infused chronically. Two types of studies were con-
ducted. Studies I and II examined the kinetic behavior of plasma clona-
zepam levels during induction and postinduction, respectively. The ad-
dition of carbamazepine (Study I) caused the preinduction clonazepam
steady-state level to decrease exponentially to a lower (induced) steady
state after lag times of 14.0-60.5 hr, and the removal of carbamazepine
(Study II) caused induced clonazepam steady-state levels to climb ex-
ponentially to a higher steady state after lag times of 34.0-81.0 hr. The
extent of induction ranged between 23 and 54%. The time course of clo-
nazepam levels was described in terms of a one-compartment induction
model with zero-order input and a metabolic clearance that increased
(Study 1) or decreased (Study II) exponentially with time. In both studies,
induced clonazepam half-lives (3.7-7.7 hr) were significantly shorter (p
< 0.0005) than control values (5.2-12.2 hr). Apparent enzyme turnover
half-lives were shorter in Study II (2.7-19.3 hr) than in Study I (6.9-66.4
hr). A two- to threefold increase in urinary excretion of D-glucaric acid
during carbamazepine administration provided additional evidence that
the present interaction was due to enzyme induction.

Keyphrases O Interactions—carbamazepine and clonazepam in mon-
keys by enzyme induction, pharmacokinetic description 00 Carbamaze-
pine—interaction with clonazepam by enzyme induction, pharmacoki-
netic description, monkeys O Clonazepam—interaction with carbam-
azepine by enzyme induction, pharmacokinetic description, monkeys
O Enzyme induction—pharmacokinetic description of carbamaze-
pine-clonazepam interaction, monkeys O Pharmacokinetics—description
of carbamazepine—clonazepam interaction by enzyme induction, monkeys
a Models—drug interactions by enzyme induction, carbamazepine-
clonazepam, monkeys

Many drugs possess enzyme-inducing properties and
thereby stimulate their own metabolism (autoinduction)
and/or that of other drugs (heteroinduction). In humans
and animals, experimental evidence for enzyme induction
is often associated with decreases in plasma concentrations
of the induced agent. Recently, a pharmacokinetic theory
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was proposed to describe the kinetics of plasma drug levels
during auto- and heteroinduction (1). This theory proposes
that the metabolic clearance of the induced species in-
creases exponentially during induction. The time course
of this increase in clearance is governed by the apparent
turnover half-life of the induced metabolic enzyme(s).

The simplest and most critical experimental validation
of this theory entails administration of both an inducer and
an induced agent by constant rate intravenous infusion.
Preliminary studies with this design were performed in
monkeys using carbamazepine as the inducer and valproic
acid and ethosuximide as the induced agents (2, 3). Fol-
lowing addition of carbamazepine, plasma levels of these
two drugs decreased in an exponential fashion to a lower
steady state, as expected.

The present study, in addition to investigating shifts of
steady-state levels during induction, focused on deter-
mining control and induced half-lives of clonazepam.
Furthermore, the hypothesis that removal of an inducer
causes a return of metabolic clearance from an induced
state to the basal state was tested by following increases
in plasma clonazepam levels upon removal of carbamaze-
pine.

EXPERIMENTAL

Animal Preparation—Five healthy male rhesus (Macaca mulatta)
monkeys, 4.0-5.6 kg, were chair adapted for 1 month prior to surgical
implantation of catheters at two different sites. The jugular and femoral
veins were catheterized for drug infusion and blood sampling, respec-
tively. Each monkey was maintained in a three-level restraining chair
during individual studies and was given cage rest at appropriate intervals.
Patency of catheters was assured by a slow, continuous saline infusion
(1 ml/hr). The daily diet consisted of fresh fruit (bananas, oranges, and
apples) and monkey chow.

0022-3549/ 79/ 0400-0416$01.00/ 0
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Protocol and Analytical Procedures—All intravenous solutions
were polyethylene glycol 400-water mixtures (60:40). Three types of in-
travenous solutions were prepared: Solution A, clonazepam only (80-130
ug/ml); Solution B, both clonazepam and carbamazepine (80-130 ug/ml
and 10 mg/ml, respectively); and Solution C, carbamazepine only (10
mg/ml).

Two types of studies were conducted. In Study I, clonazepam was in-
fused in four monkeys (Monkeys 1, 3, 6, and 7) at a constant rate for 8-9
days to achieve and maintain steady-state levels; carbamazepine was
added to the infusion after 2 days. (Solution A was used for Days 1-2 and
Solution B for Days 3-9.) In Study II, carbamazepine was infused in four
monkeys (Monkeys 3, 4, 6, and 7) from Days 1 to 6; clonazepam was in-
fused from Days 4 to 12. (Solution C was used for Days 1-3, Solution B
for Days 4-6, and Solution A for Days 7-12.) In both studies, 30-34 blood
samples (1.2 ml each) were collected. The plasma of these samples was

Table I—Daily Urinary Excretion of D-Glucaric Acid from
ls\:[on:lkeys during Carbamazepine-Clonazepam Interaction
tudies
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Clonazepam
Control Infusion Induction
Period, Period?, Period?,
Monkey mg/day mg/day mg/day
6° 30.8 34.1 70.7
7¢ 16.9 13.3 23.3
34 18.1 16.0 45.3
44 18.3 23.2 50.5
74 9.3 11.7 25.5

@ Animals during this period received only clonazepam. ® Animals during this
period received both clonazepam and carbamazepine. ¢ Study I. 4 Study II.
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Figure 1—Plasma clonazepam levels during Study I in Monkeys 1, 3, 6, and 7. The durations of clonazepam and carbamazepine administration

are illustrated at the top of individual plots. The continuous lines were simulated with parameters obtained from curve fitting of experimental

data to Egs. 3,4, and 6.

separated and frozen until assay. Four to six 24-hr urine samples also were
collected during each study.

Plasma levels of clonazepam were measured by the electron-capture
GLC method of de Silva and Bekersky (4), and those of carbamazepine
were measured by the GLC-chemical-ionization mass spectrometric
method of Trager et al. (5). Urinary excretion of D-glucaric acid was de-
termined using the spectrophotometric procedure of Ishidate et al.
(6).

Data Analysis—Experimental plasma concentration-time data were
fitted to appropriate pharmacokinetic model equations using the
BMDXS85 nonlinear least-squares program. All data points were assigned
equal weights. A one-tailed paired ¢-test was used in all statistical com-
parisons.

RESULTS AND DISCUSSION

Plasma Clonazepam Levels during Studies I and II—Figure 1
shows experimental plasma clonazepam levels as a function of time in
Monkeys 1, 3, 6, and 7 during Study I. The entire time course can be di-
vided into three phases (I-A, I-B, and I-C), as illustrated by the three
different symbols representing the experimental data points. In Phase
I-A, plasma clonazepam concentrations increased exponentially and
steady-state plasma levels (preinduction steady state, Co) were essentially
achieved within 36-48 hr. In Phase I-B, the addition of carbamazepine
caused clonazepam levels to decrease to lower steady-state levels (induced
steady state, C).

Lag times (8 = 14,0, 17.5, 60.5, and 19.0 hr in Monkeys 1, 3, 6, and 7,
respectively) were observed between the addition of carbamazepine and
the start of the decrease of clonazepam levels. Upon termination of both
clonazepam and carbamazepine infusions, clonazepam levels decayed
to less than 5% of C« within 24-36 hr (Phase I-C). The scatter in exper-
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Figure 2—Plasma clonazepam levels during Study Il in Monkeys 4, 3, 6, and 7. The carbamazepine (CBZ) and clonazepam administrations are
illustrated at the top of individual plots. Zero time is defined as the time when clonazepam infusion was started. Three to four days prior to zero
time, animals were started on the carbamazepine infusion (indicated by an arrow starting prior to zero time in the carbamazepine bar). The con-
tinuous lines were simulated with parameters obtained from curve fitting of experimental data to Egs. 7-9.

imental data points during both steady states (Co and C.) was probably
due to diurnal oscillations (7).

Figure 2 shows experimental clonazepam levels as a function of time
in Monkeys 4, 3, 6, and 7 during Study II. The time course of this study
can also be divided into three phases. As noted earlier, animals were
pretreated with an infusion of carbamazepine (for 3-4 days) prior to
initiation of clonazepam administration (at ¢t = 0). Carbamazepine ad-
ministration was continued during clonazepam infusion for 33.5, 72.0,
31.0, and 31.0 hr in Monkeys 4, 3, 6, and 7, respectively.

In Phase 1I-A, plasma clonazepam levels increased exponentially and
reached an induced steady state, C», within 24 hr in all monkeys. Upon
removal of carbamazepine and after variable lag times (8 = 81.0, 34.0,
47.0, and 37.0 hr in Monkeys 4, 3, 6, and 7, respectively), clonazepam
levels increased to a higher postinduction steady state, Cy (Phase I1-B).
Clonazepam infusion was terminated (at 215.5, 193.0, 144.5, and 168.0
hr in Monkeys 4, 3, 6, and 7, respectively), and experimental plasma levels
declined to less than 5% of Cy within 48 hr (Phase I1-C).

Urinary Excretion of D-Glucaric Acid—Control urinary excretion
of D-glucaric acid in four monkeys (Monkeys 3, 4, 6, and 7) ranged from
9.3 to 30.8 mg/day with a mean (£SD) of 20.1 £ 7.5 mg/day (Table I).
Values obtained during intravenous infusion of clonazepam alone were
not significantly different, ranging from 11.7 to 34.1 mg/day with a mean
(£SD) of 21.5 + 9.5 mg/day. However, urinary excretion of D-glucaric
acid increased two- to threefold when carbamazepine was added to the
infusion (p < 0.005). The values obtained during this induction period
ranged from 23.3 to 70.7 mg/day with a mean (£SD) of 47.7 £ 19.1
mg/day. ’

Plasma Levels of Carbamazepine—Since most plasma samples were
needed for the determination of clonazepam levels, it was not possible
to document the entire time course of carbamazepine autoinduction
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(8-16) during the present interaction study. However, occasional plasma
samples assayed for carbamazepine concentrations showed that the
preinduction steady-state levels (1.22-2.84 ug/ml) were significantly
hig/her (p > 0.0005) than the induced steady-state levels (0.79-1.97
ug/ml).

Pharmacokinetic Modeling—In the analysis of experimental data,
the induction theory recently developed by Levy et al. (1) was applied.
This theory describes body levels of an induced agent during induction
and postinduction in terms of changes in total body clearance. The time
course of these changes is governed by an induction rate constant, K; or
K. In single-enzyme induction, K; and K represent the degradation rate
constants of the induced enzyme in the presence and absence of the in-
ducing agent, respectively. In multienzyme induction, K; or K; becomes
a hybrid of the degradation rate constant of all induced enzymes. Upon
induction, total body clearance, @(T'), of the induced agent increases
exponentially from @ to @’ according to (1)

QT) =@ — (@ — Q) exp (—Kit) (Eq. 1)

Conversely, in the postinduction period, @(T) decreases from Q' to § as
given by (1):

Q(T)=Q — (@ — Q) exp (-K}t) (Eq. 2)

The distinction between K; and K allows for the possibility that the
inducer may cause induction not only by increasing the enzyme synthesis
rate but also by decreasing the degradation rate constant from K; to
K;.

! A derivation of this equation will be published and is available upon request.



Changes in plasma clonazepam levels during Studies I and II can be
described in terms of the pharmacokinetic model shown in Scheme 1.

R QT)

e e e e ot o e . A4

Scheme I—Model I

where V is a single-compartment volume of distribution for clonazepam,
R is the zero-order infusion rate, and Q(7) is as defined in Eq. 1 (Study
1) or Eq. 2 (Study II).

During Phase I-A, clonazepam levels at any time, ¢, simply follow the
one-compartment infusion equation with constant clearance, @:

C= —g— (1 —e—Q/V) (Eq.3)
During Phase I-B, the decrease in clonazepam levels is given by the
following previously reported (1) equation®
R R -Q
-Q_I—Tl.‘“éex[) —V—(t -711)
,2-Q
VK,
where 7, is the time from commencement of Study I to the decrease in
clonazepam “steady-state” levels (inclusive of lag time 8), @'~ "1 is given
in Eq. 1 where ¢ is replaced by ¢ ~ 71, and other terms are as previously
defined. If induction commences after plasma clonazepam levels have
achieved Cg, the last term in Eq. 4 approaches zero and Eq. 4 can be ap-
proximated by its first term:

C=

[1~exp (=Kt — 11))]] exp( 3”) (Eq. 4)

C= 112 5VIn2/Q (Eq. 5)

L
Ql -71

During Phase I-C, the decrease in clonazepam levels from C.. is simply
described by:

R

= - @t—ra/V (Eq. 6)
QI

where 77 is the time at which clonazepam infusion is stopped.
Conversely, plasma clonazepam levels during Phases II-A, II-B, and

I1-C can be described by the following three equations, respectively:

c =_QR_/ (1 -e~9tY) (Eq.7)
R R -Q
C=-Q—z_—r3+67exp[7 (t - 73)
Q=@ K~ -Q’fa)
+ VK, [1—exp (-K(t Ta))]] exp ( Vv (Eq. 8)
C= %e—Q(t—u)/V (Eq.9)

where 73 is the time from the start of clonazepam infusion to the increase

of Eq. 8 (analogous to Eq. 5) is:

R
C=m 1325Vln2/Q'

A computer subroutine was developed for use in conjunction with the
BMDX85 nonlinear least-squares regression analysis program to de-
termine the four pharmacokinetic parameters (Q, @', K; or K}, and V)
of Model I. This subroutine yields a single set of best values for the four
parameters by fitting experimental data points from the three phases
of each study simultaneously to appropriate model equations. This
subroutine was tested using generated data without and with 5-10%
random error.

Curve fitting of generated data without error yielded the input values.
For data with 5 and 10% random error, the program yielded values for
@, Q’, and V that deviated from input values by 6-8%. However, the
values obtained for K; (or K;) deviated more, by as much as 20-25% in
a few cases. This behavior of K; (or K) can be attributed in part to the
fact that its value is determined only from data in Phase I-B (or Phase
11-B) of the interaction study. Also, the value of K; (or K}) can be easily
affected by slight changes in the value of @’ (or ).

Analysis of Experimental Data—The approach used in the present
study was to fit experimental data from Studies I and II to Egs. 3, 4, and
6 and Eqs. 7-9, respectively (Method A) as well as to Eqs. 3, 5, and 6 and
Egs. 7, 10, and 9, respectively (Method B). The continuous lines in Figs.
1 and 2 represent the results of curve fitting with Method A. A measure
of the fit of experimental data to model equations can be given by the
correlation coefficient. The mean correlation coefficient (£SD) for
Method A was 0.938 + 0.030 (Table 11); for Method B, it was 0.900 +
0.116. Thus, the induction theory proposed by Levy et al. (1) adequately
describes the present interaction between clonazepam and carbamaze-
pine.

A comparison of Methads A and B in terms of the four parameters (Q,
', K1 or K}, and V) shows negligible differences, indicating that Eqs.
5 and 10 are accurate approximations of Egs. 4 and 8 under the present
experimental conditions. A summary of pharmacokinetic parameters
determined with Method A, along with values for 8 and # (obtained di-
rectly from clonazepam level versus time plots), are given in Table II. For
ease of interpretation, control and induced elimination half-lives of clo-
nazepam are listed. Similarly, apparent turnover half-lives of induced
enzyme(s) [ratio between In 2 and K (or K)] are shown in place of in-
duction rate constants.

In Study I, the mean value (£SD) for the control (preinduction)
half-life of clonazepam was 9.0 £ 2.4 hr; for the volume of distribution,
it was 8.2 + 2.1 liters/kg. These parameters were comparable but slightly
larger than those reported previously (7). The mean induced half-life of
clonazepam (+SD) was shorter (4.9 1.1 hr) than the control value.
Statistical comparison showed that the difference was significant (p <
0.005). Apparent turnover half-lives of the induced enzyme(s) were 6.9,
27.2,66.4, and 11.4 hr for Monkeys 1, 3, 6, and 7, respectively. The extent
of induction, f;, as measured by the fractional decrease in Co was calcu-
lated using:

(Eq. 10)

in clonazepam steady-state levels inclusive of the lag time ¢, @*~"3is as fi= Co—Co (Eq. 11)
given in Eq. 2 where t is replaced by ¢t — 73, and 74 is the time at which Co
clonazepam infusion is stopped. A simple and accurate approximation Values for f; ranged from 0.32 to 0.54.
Table II—Pharmacokinetic Parameters Determined from Clonazepam-Carbamazepine Interaction Studies in Monkeys
Apparent
Turnover
Control Half- Induced Half- Half-Life Correlation
Volume of Life of Life of of Induced Lag Coefficient
Distribution, Clonazepam, Clonazepam, Enzyme(s), Extent of Time, from Curve
Monkey liters/kg hr hr hr Induction hr Fitting
Study I
1¢e 8.5 (12)% 7.0¢(14) 4.7 (11) 6.9 (53) 0.23 14.04 0.924
3 10.8 (13) 10.5¢ (17) 4.6 (13) 27.2 (29) 0.54 17.5¢ 0.993
6 7.7(12) 6.2¢ (13) 4.0 (11) 66.4 (36) 0.37 60.59 0.936
7 5.8(12) 12.2¢ (17) 6.6 (12) 11.4 (38) 0.45 19.04 0.953
Study II
4 9.6 (14) 8.4¢ (15) 5.0 (12) 18.2 (25) 0.31 81.0/ 0.964
3 11.2 (9) 10.2¢ (11) 7.7 (8) 5.7 (54) 0.25 34.0/ 0.923
6 8.1 (10) 5.2¢ (10) 3.7 (8) 19.3 (33) 0.28 47.0/ 0.909
7 7.9 (10) 7.3¢(12) 4.8 (9) 2.7 (35) 0.34 37.0f 0.905

a Replaced by Monkey 4 in Study IL. * Numbers in parentheses are the standard deviations in percent. ¢ Preinduction half-life. ¢ Value for 8. ¢ Postinduction half-life.

/ Value for #.
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For Study I1, the mean value (£SD) for the control (postinduction)
half-life of clonazepam was 7.8 % 2.1 hr; for the volume of distribution,
it was 9.2 + 1.5 liters/kg. These two parameters were in agreement with
those found in Study I and comparable to those reported earlier (7). The
mean induced half-life of clonazepam was 5.2 £ 1.7 hr. This parameter
was significantly shorter (p < 0.005) than the control value. The extent
of induction, f;, was of the same order of magnitude as that of Study I.
Values for f; ranged from 0.25 to 0.41.

Apparent turnover half-lives of induced enzymes in Study II ranged
from only 2.7 to 19.3 hr as compared to 6.9-66.4 hr in Study L. There was
also a difference in lag time values between Studies I and II. Values for
@ (Study II) were longer than corresponding 8 values (Study I). These
differences (in apparent turnover half-lives of induced enzymes and lag
times) will be discussed further.

Mechanistic Considerations—The observed reduction in plasma
clonazepam levels and half-lives was attributed to enzyme induction with
carbamazepine as the inducing agent. The two- to threefold increase in
urinary D-glucaric acid excretion supports this contention. Several major
anticonvuisants (phenytoin and phenobarbital) that are potent enzyme
inducers increase urinary excretion of D-glucaric acid in humans (17, 18).
Although the exact mechanism whereby both the drug-metabolizing
system and the glucuronic acid pathway are stimulated remains unknown,
urinary excretion of D-glucaric acid is commonly used as an index of in-
duction (19, 20).

The long lag times (both 6 and ¢) are also consistent with an interaction
due to enzyme induction. Recent investigations of the molecular mech-
anism of enzyme induction have accumulated sufficient information to
allow a detailed description of events leading to enzyme induction
(21-23). The facts that the effect of carbamazepine (reduction in plasma
clonazepam levels) was not elicited until 14.0-60.5 hr after its addition
to the infusion and that its effect did not dissipate until 34.0-81.0 hr after
withdrawal fit within the time frame of the sequence of molecular events
leading to increased protein synthesis.

The observed decreases in plasma clonazepam levels during carbam-
azepine induction are also compatible with a number of reports indicating
that carbamazepine is able to induce the metabolism of a variety of drugs
(2, 3, 24, 25). In rats, repeated oral doses of carbamazepine enhanced
cytochrome P-450 and NADPH cytochrome C-reductase activity (26).

Two alternative explanations for the present interaction between
clonazepam and carbamazepine were considered: (a) displacement of
clonazepam from its plasma protein binding sites by carbamazepine with
a resulting modification of the pharmacokinetics of the former, and (b)
enzyme activation by carbamazepine with enhanced activity in the me-
tabolism of clonazepam. A recent study (27) on the pharmacokinetics of
tolbutamide displacement by sulfadimethoxine from protein binding sites
in sheep showed that the lag time for sulfadimethoxine to cause a change
in plasma tolbutamide concentration was essentially nil. The long lag
times (0 and #') observed in the present study exclude an interaction due
to competitive binding. Furthermore, in vitro equilibrium dialysis ex-
periments showed that carbamazepine did not displace clonazepam from
its protein binding sites (28). To date, the literature contains little or no
information on the pharmacokinetic implications of enzyme activation.
However, it is unlikely that carbamazepine continues enzyme activation
27.0-74.0 hr2 after elimination (Study II).

In the present study, values of K; obtained in Study I were three to five
times less than values of K; determined in Study II for the three monkeys
(Monkeys 3, 6, and 7} in which both interaction studies were conducted.
Therefore, enzyme turnover during Study I was apparently three to five
times slower than during Study II. Such behavior was most unusual and
warranted further explanation.

In studies of mechanism of induction (29) designed to distinguish be-
tween increased enzyme synthesis and decreased enzyme breakdown3,
the half-life of the initial shift from the basal to induced enzyme level is
the degradation half-life of the enzyme in the presence of the inducer.
The half-life of return to the basal enzyme level after the inducer is
withdrawn is the degradation half-life of the enzyme in the absence of
the inducer.

Such an approach was used to analyze the mechanism whereby con-
tinuous administration of phenobarbital to rats increased the amount
of liver microsomal barbiturate-oxidizing enzyme (30). The half-life of
the upward shift in enzyme level was 2.2 days, and that of the downward
shift was 2.6 days. Thus, enzyme turnover was essentially unaffected by
phenobarbital, and the main cause of the increase in enzyme level was

2 Obtained by subtracting five to seven elimination half-lives of carbamazepine
(16) from ¢'.

3 Assuming that enzyme activation has been ruled out.
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an increage in its synthesis rate. If similar reasoning is applied to the data
of Studies I and II, it is suggested that carbamazepine and/or its me-
tabolites acted by causing an increased enzyme synthesis rate as well as
by stabilizing some enzymes4.

Therapeutic Implications—Clonazepam is a new anticonvulsant and,
therefore, is often added to therapeutic regimens of other anticonvulsants.
Thus, a thorough understanding of potential interactions between clo-
nazepam and these agents is essential. Knop et al. (31) reported that the
clearances of clonazepam in four epileptic patients also receiving other
antiepileptic drugs (phenytoin, phenobarbital, carbamazepine, etc.) were
considerably larger than the values in healthy subjects. Another report
documented the interaction between clonazepam and phenytoin (32).
More recently, Bekersky et al. (33) found that phenobarbital increased
the total plasma clearance of clonazepam by 102% in dogs.

The results of the present studies prompted an investigation of the
interaction between carbamazepine and clonazepam in normal volun-
teers. It was found that steady-state clonazepam levels decreased by
19-37% in seven subjects following addition of a daily dose of carbam-
azepine {28).
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Analysis of Fludrocortisone Acetate and Its Solid Dosage
Forms by High-Performance Liquid Chromatography
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Abstract O A newly developed reversed-phase high-performance liquid
chromatographic assay and test method for determining content uni-
formity are described for fludrocortisone acetate. The method is stability
indicating and separates most known degradation products and im-
purities. In addition, the method is simple, sensitive, accurate, and rel-
atively free of interferences. The coefficient of variation for multiple
weight assays is between 0.3 and 1.8%.

Keyphrases O Fludrocortisone acetate—and solid dosage forms,
high-performance liquid chromatographic analysis O High-performance
liquid chromatography—analysis, fludrocortisone acetate and solid
dosage forms 0 Steroids—fludrocortisone acetate and solid dosage forms,
high-performance liquid chromatographic analysis

Fludrocortisone acetate (9-fluoro-118,17,21-trihy-
droxypregn-4-ene-3,20-dione 21-acetate) (I) is a powerful
synthetic adrenocortical steroid. As an unsaturated 3-keto
steroid, it may be analyzed by the isoniazid method (1) or
with 4-aminoantipyridine hydrochloride reagent (2). The
latter is used in the USP procedure for content uniformity.
As a 17a-ketol steroid, fludrocortisone acetate is analyzed
by the blue tetrazolium method (1), the official USP assay.
A colorimetric assay in fermentation broths (3) and an
automated colorimetric method for assaying single tablets
of fludrocortisone acetate (4) also were reported.

Since none of these methods is selective for fludrocor-
tisone acetate, it was the purpose of this study to develop
a specific, stability-indicating, high-performance liquid
chromatographic (HPLC) assay that would circumvent
any excipient interferences. The HPLC method described
here is capable of separating fludrocortisone acetate from
its known degradation products and possible impurities.
Norethindrone was used as an internal standard. The
HPLC data were in excellent agreement with results ob-
tained by the isoniazid assay. The method is simple, se-
lective, and highly reliable.

EXPERIMENTAL

Reagents and Materials—Fludrocortisone acetate and norethindrone
USP reference standards and acetonitrile! (UV grade and distilled in

! Burdick & Jackson Laboratories, Muskegon, Mich.
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glass) were used. The mobile phase was 42 + 2% acetonitrile in water.

The internal standard solution was prepared by dissolving norethin-
drone in acetonitrile to concentrations of 65 ug/ml for assay and 10 ug/ml
for content uniformity analysis.

Standard Solutions and Calibration Curves—Fludrocortisone
acetate solutions were prepared to contain 50, 70, 100, and 120 ug of flu-
drocortisone acetate/ml for assay and 15, 20 and 25 pg/ml for content
uniformity analysis.

Sample Preparation—Assay—A portion of ground tablets equivalent
to 2.5 mg of fludrocortisone acetate was transferred to a 50-ml low actinic
centrifuge tube, and 5 ml of distilled water was added by pipet. After the
suspension was mixed? for 1 min, 20 ml of internal standard solution was
added, and the resulting mixture was transferred toa mechanical shaker
for 40 min. The tablet extract was then centrifuged, and the clear liquid
was injected into the HPLC system. The ratio of the peak heights of
fludrocortisone acetate to the internal standard was determined, and the
quantity of fludrocortisone acetate in the sample was calculated using
the assay calibration curve.

Content Uniformity Analysis—One tablet (containing 0.1 mg of flu-
drocortisone acetate) was transferred to a 10-ml low actinic centrifuge
tube, and 1 ml of distilled water was added. A vortex mixer? was used to
effect complete disintegration, and then 4 ml of the internal standard
solution was added. The mixture was then treated as in the assay.

Apparatus and Operating Conditions—The liquid chromatograph
consisted of a reciprocating pump?3, a 20-ml loop injector?, and a UV de-
tector? equipped with a 254-nm filter. The analytical column was 30-cm
X 4-mm i.d. stainless steel, packed with porous siliceous microbeads to
which a stationary phase of octadecyltrichlorosilane was chemically
bonded?. A flow rate of 1.8-2.0 m)/min, maintained at about 800-1000
psi, was used at ambient temperature. The output of the detector was
displayed on a recorder having a full-scale range of 10 mv®,

System Suitability Test—The standard preparation, 100 ug/ml, was
chromatographed five or six times, and the peak response was measured
as the ratio of resulting peak heights of fludrocortisone acetate to the
internal standard. The relative standard deviation was less than 2%. The
resolution factor between fludrocortisone acetate and the internal
standard was more than three. For a particular column, resolution may
be increased by decreasing the amount of acetonitrile in the mobile
phase.

Placebo Analysis—A placebo of the sample commercial tablets used
in this study was prepared and extracted in parallel with the sample. The
placebo chromatogram was checked for interfering peaks near fludro-
cortisone acetate or norethindrone.

Recovery Studies—The efficiency of the recovery was checked by

2 Vortex-Genie mixer, Scientific Industries, Springfield, Mass.
3 uBondapak-C;g, Waters Associates, Milford, Mass.

4 Chromatronix HPSV-20, Spectra-Physics, Santa Clara, Calif.
5 Model 410, Pharmacia Fine Chemicals, Piscataway, N.J.
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