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Abstract [[] The object of the study was to develop an oral dosage
form of aminorex which would produce prolonged, stable plasma
levels of total drug. Since no definite set of dissolution conditions
exists for the evaluation of the in vivo availability of a given drug,
an arbitrary set of dissolution conditions was chosen. A priori
it was assumed that a correlation existed between in vitro dissolu-
tion and in vivo availability. If this were true, changes in dosage
form release characteristics could be evaluated in vitro before
going to man. In vivo availability was determined in human sub-
jects, by determination of total plasma radioactivity following
administration of aminorex-14C, Several of the subjects were
crossed over from one dosage form to another. Good correlation
was obtained between in vitro dissolution and in vivo absorption
rates. In vivo absorption rates of intact drug were calculated from the
plasma data for total radioactivity. A one-compartment open
model was used to describe the system. Dosage forms which pro-
duced prolonged blood levels of radioactivity were found to give
prolonged clinical response.
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During the course of the development of a new non-
amphetamine anorexigenic agent, aminorex,! it was
decided to examine the possibility of once a day dosage.
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Since there is no definitive set of dissolution con-
ditions one can use to evaluate the in vivo availability
of a given drug, an arbitrary set of dissolution con-
ditions was chosen. A priori it was assumed that a
correlation existed between in vitro dissolution and
in vivo availability. If this were true, changes in dosage
form release characteristics could first be evaluated
in vitro. The in vitro results would be considered in
light of observed in vivo plasma levels. Following initial
studies in vivo with a dosage form having prolonged in vi-
tro release characteristics, changes in release patterns
would be monitored in the dissolution system before
returning to man. Such a correlation would reduce the
number of in vivo evaluations required to develop an
acceptable prolonged-release dosage form.

There have been several studies published (1-6) on
the evaluation of sustained-release drugs. However,
there arelittle data in the literature correlating blood
levels and dissolution rates for developmental sus-
tained release formulations. This paucity of data is
particularly evident if one looks for correlations of

Il Apiquel (2-amino-5-phenyl-2-oxazoline) McNeil Laboratories,
nc.

1516 [ ] Journal of Pharmaceutical Sciences

dissolution rate and plasma levels of compounds which
are given in low doses. Low dose compounds present a
special problem since it is difficult to determine the
concentration of intact drug in the various tissues of
the body. One approach used to demonstrate sustained
release effects is multiple in vivo studies (1-4, 6) with
sustained-and nonsustained-release formulations. Simi-
larity between the plasma levels of drug produced by
the sustained-release dosage form and immediate-re-
lease dosage forms administered three times daily is
considered to be proof of a sustained-release effect.
This method, however, usually assumes that one has an
acceptable sustained-release formulation to be eval-
vated. A more quantitative correlation between disso-
lution rate and plasma levels was desired in this in-
stance.

One of the easiest methods for evaluation of plasma
levels of low dose material is the use of radioactively
labeled compounds. A drawback of the method is that
due to the low levels of radioactivity sometimes ob-
tained, one still cannot conveniently separate the total
plasma radioactivity into that of intact drug and that
attributable to metabolite(s). Low plasma levels of
radioactivity which could not be conveniently related
to intact drug were obtained for the metabolic fate
of aminorex.

Using data for total radioactivity per volume of
plasma a pharmacokinetic model is proposed based on
the work of Wagner and Nelson (7). This model has
proven useful for correlating observed plasma levels
with dissolution rates. It has been the authors’ experi-
ence with this compound and others that the basic re-
quirement of the model of first-order loss of radio-
activity from plasma is a rather general one. It is real-
ized that the rate constant for disposition of radio-
activity generated by this method has no physiologic
meaning; however, it provides a useful tool for evalu-
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Figure 1—Dissolution profiles of Dosage Forms B (e), C (0), D (&),

E(m), F(Q), G (@) and H (@) obtained using the dissolution method
described in the text.



Table I—Various Formulations Used in this Study to Evaluate and Develop a Sustained-Release Dosage Form of Aminorex

Dose/Tablet
Formula Salt Form Used Dosage Form As mg. Free Base

A Aminorex fumarate Solution 7.5

B Aminorex base Nonsustained-release tablet 7.5

C Aminorex pamoate Nonsustained-release tablet 7.5

D Aminorex pamoate Sustained-release, nondis- 15
integrating tablet

E Aminorex fumarate Sustained-release, nondis- 15
integrating tablet

F Aminorex fumarate Sustained-release, nondis- 10
integrating tablet

G Aminorex fumarate Sustained-release, nondis- 15
integrating tablet

H Aminorex fumarate Sustained-release, nondis- 20

integrating tablet

ating the extent of absorption of a drug administered
in various dosage forms and formulations. The basic
assumption of the model, as with others similar to it, is
that the drug is absorbed intact and is not metabolized
or degraded within the gastrointestinal tract.

Using the proposed model, plasma level data may be
presented in a fashion which permits one to make a
more quantitative estimate of the degree of correlation
of absorption rate with dissolution rate. The data pre-
sented demonstrate that it is difficult to design a dis-
solution system which is sensitive to all changes in for-
mulation without using the hindsight technique, i.e.,
develop a system in vitro which parallels differences
which have been observed in vivo. Nevertheless, by
using an arbitrary dissolution technique it was possible
to distinguish between formulations of the drug having
differing rates of in vivo availability.

EXPERIMENTAL

In Vivo Experiments—The in vivo experimental design consisted
of four to six subjects per dosage form. For the evaluation of for-
mulations of the aminorex pamoate salt only two subjects were used.
Several of the subjects used in the above studies were crossed-over
among several dosage regimens. The drug was administered before
breakfast, following an overnight fast. No food was consumed for at
least 2 hr. after dosing, water was permitted ad /ibitum. Food con-
sumption 2 hr. after dosing was up to the subjects’ individual desires.
Blood samples were withdrawn at time intervals dictated by the
specific dosage form, usually at 0,0.5,1,1.5,2,3,4,5,6,7, 8,9, 12,
and 24 hr. Total urinary output collections were made at 2, 4, 6, 8, 10,
12, 24, 48, 72, and 96 hr. Plasma and urine samples were dissolved
directly in scintillator and analyzed for total radioactivity using a
Packard Tri-Carb? liquid scintillation spectrometer and internal
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Figure 2—Average plasma levels of radioactivity, expressed as
micrograms of aminorex, obtained following oral administration of
Dosage Forms A (e), B(®), C(O), and D (). A, B, and C contained
7.5 mg. of aminorex and D contained 15 mg. of aminorex.

2 Series 3000, Packard Instrument Co., La Grange, Il

standards. The amount of radioactivity present in each sample was
expressed as mcg. of aminorex (base)/l. of plasma for plasma sam-
ples and as percent of total radioactivity administered for urine
samples.

In Vitro Experiments—On the basis of preliminary experiments
an in vitro dissolution method was arbitrarily chosen to determine
differences in dissolution characteristics of the dosage forms to be
studied. Correlation of in vivo and in vitro results from preliminary
formulations was then used as a guideline for the development of
“acceptable” sustained-release formulations. A formulation which
gave prolonged, stable plasma levels over a period of 8-12 hr. and
1009 availability was desired.

The in vitro procedure is a modification of the method of Levy
and Hayes (8) and uses a 1000-ml., three-necked round-bottom flask
filled with 750 ml. of dissolution medium and operated at 37 = 1°.
The solution is stirred at 50 r.p.m. with a Teflon paddle located 6
cm, from the bottom of the flask. Dissolution media are USP (9)
simulated gastric fluid (without pepsin) for the first hour then USP
(9) simulated intestinat fluid (without pancreatin) for the balance of
the experiment. The results are plotted as percent of drug in solution
versus time.

Following the development of a nondisintegrating tablet which
was considered acceptable using the in vitro dissolution test, radio-
active tablets were prepared using the same procedures on a much
smaller scale. The in vitro dissolution rates of the radioactive
tablets were determined and compared with the values obtained for
the nonradioactive tablets. In all cases equivalent dissolution pro-
files were obtained for the radioactive tablets to be used in the
human studies and the nonradioactive clinical tablets. The radio-
active tablets were submitted for in vivo evaluation,

The aminorex-14C used to prepare the various batches of tablets
was diluted to the desired specific activity (approximately 50 uc./
dose) by recrystallization except in the case of the sustained-release
15-mg. tablets of aminorex fumarate (Dosage Form G). For this
batch aminorex-14C was physically mixed with aminorex to produce
the desired specific activity. Aminorex-14C was specifically labeled
with 1C in the 2 position by cyclization of the amino alcohol with
cyanogen-14C bromide.
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Figure 3—Average plasma levels of radioactivity, expressed as
micrograms of aminorex, obtained following oral administration of
Dosage Forms of E(m), F (@), G (@), and H (@). E and G contained
15 mg. of aminorex, F contained 10 mg., and H contained 20 mg. of
aminorex.
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Table II—Cumulative Urinary Excretion of Radioactivity Following Oral Doses of Aminorex

(Values Are Expressed as Percent of Administered Dose)

Dosage Form
D

Hours A B C F G H

2 12 (3.7)= 9(1.6) 8(1.3) 1(0.1) 4.7 4(2.2) 2(0.4) 3(0.8)
4 25(3.1) 22(2.5) 224.7 5(0.2) 15(4.8) 15(7.4) 8(1.8) 11(1.8)
6 40 (3.1) 32(3.7) 37 (2.6) 8(0.8) 25(6.7) 22 (8.8) 18 (4.8) 25(5.0)
8 49 (6.2) 40(4.1) 48 (3.9) 12(1.4) 33(5.9) 349.4) 27 (4.8) 34(4.9)
10 60 (5.7) 47 (4.0) 55(0.4) 14 (1.8) 40 (6.1) 40 (8.5) 34 (5.3) 46 (5.4)
12 70 (5.4) 52 (4.1) 62 (0.8) 16 (1.6) 43 (6.5). 44.(7.6) 41(5.7) 54 (5.9)
24 78 (5.9) 67 (2.5 79 2.9 25(0.1) 55(4.6) 56 (4.6) 61 (3.0) 72 (6.0)
48 80 (5.0) 74 (3.9) 88 (0.4) 33 (3.5) 62(5.2) 65 (3.7) 71(0.2) 82 (4.1)
72 81 (6.0) 75 (4.1) 90 (1.0) 38 (4.9) 64 (5.0) 67 (3.8) 74 (3.1) 85 (1 5)
96 — 76 (4.7) 91 (0.6) 39(5.4) 65 (4.9) 67 (3.8) 74 (3.1)
No. of subjects

studied 4 5 2 2 5 4 6 5

@ The values in parentheses are 1 $D for the data. The values are given for C and D only as a guide since two subjects were used in each instance.

Dissolution studies of all radioactive tablets showed no significant
difference between the rate of release of aminorex when determined
by chemical and radiochemical methods. Table I summarizes the
various formulations studied. g

RESULTS

Details of the development of the various formulations tested and
complete results of dissolution and stability studies on these dosage
forms will be presented elsewhere. Only a summary of the results
obtained is presented for comparison and correlation with the in
vivo studies. Figure 1 presents the dissolution results obtained in the
in vitro system for representative batches of each formulation. It is
apparent from the figures that the nonsustained-release tablets,
Dosage Forms B and C, were more rapid in their release of the drug
than the various proposed sustained-release dosage forms which
were studied.

The results obtained for plasma levels and urinary excretion of
radioactivity are presented in Figs. 2 and 3 and Tables IT and II1. The
plasma levels of radioactivity are plotted as their equivalent in meg. of
aminorex. It is probable that plasma radioactivity represents both
intact drug and metabolite(s). For simplicity, however, it was
decided to express the radioactive levels as mcg. of aminorex.

It is quite apparent from Figs. 2 and 3 that a sustained-release
effect for aminorex fumarate and aminorex pamoate has been pro-
duced. The data . also-indicate that the pamoate sustained-release
tablet (Dosage Form D) is not completely absorbed. Based on data
presented later only 40%; of the dose is absorbed. The sustained-re-
lease effect in the case of the fumarate salt is primarily a function of
the tablet formulation since the fumarate salt is relatively water sol-
uble (9.0 mg./ml.) and, is readily absorbed, Fig. 2. In the case of the
pamoate salt it is more difficult to assign responsibility for the sus-
tained release effect. This effect is probably a function of the formu-

lation and the relative insolubility (0.06 mg./ml.—pH 7.5) of the salt
form used. It would appear from the data that Dosage Forms G and
H would be the most likely candidates for clinical trial. Both dosage
forms were evaluated clinically (10) and found to have acceptablesus-
tained release progerties based on observed weight loss and pro-
longed reduced food intake.

A kinetic analysis of the plasma data was attempted in order to
obtain a more quantitative comparison between the in vitro and in
vivo studies. As indicated above, analogies can be drawn based on the
blood levels observed in Figs. 2 and 3 and the dissolution rates
obtained for various formulations. However, reduction of the
plasma data to a form which was more readily comparable with the
dissolution data was desired. If this could be done one might more
readily evaluate the sensitivity of the dissolution system.

First-order plots, Fig. 4, of loss of radioactivity, expressed as
drug, from the plasma for the 7.5-mg, tablets (Dosage Form B) and
the 7.5-mg. oral solution of the fumarate salt (Dosage Form A) were
fairly linear with half-lives of 7.7 hr, These values were determined
by linear regression analysis. The linearity of these plots for loss of
radioactivity from the plasma implies that one can consider plasma
loss of radioactivity to be essentially first-order. Therefore, for the
purpose of evaluating the dosage forms, a one-compartment model
of the type suggested by Wagner and Nelson (7) is proposed. The
complete model, for this system, might be considered to be:

k ko
D,—>|D,

\]{ ’ ks

M, M,
c.p.m. in plasma

where D, is the amount of unabsorbed drug in the gut, D, is the
amount of intact drug in the plasma, M, is the amount of metabo-
lite(s) in the plasma and D. and M, are the amounts of drug and

Table ITI—Average Plasma Levels of Radioactivity, Expressed as mcg. of Aminorex, Obtained Following Oral
Administration of Various Dosage Forms of Aminorex [Values Expressed as meg./l. (& SD)]

Dosage Form

Hours A B C F G H
0.5 143an — — — — — — —
% 5 33(7) 27 (18) 30 (16)¢ 5 (4)~ 22 (14) 18 (6) 13 (3) 29 (5)
. 40 (4) — — - — — — —
2 43 (4) 44 (8) 41 (6) 23 (1) 57 (12) 45 (22) 33(12) 52(7)
3 43 (4) 43 (9) 46 (3) 21 (1) 71 (17) 57 (20) 44 (14) 74 (10)
4 39 (5) 37 (10) 45 (14) 31 (12) 82 (24) 59 (14) 55 (16) 89 (12)
5 37 (3) 34 (7) 43 (15) 33 (8) 78 (22) 39 (9 61 (18) 102 (18)
6 33(3) 31 (6) 39 (13) 30 (3) 70 (18) 37 (6) 60 (15) 104 (17)
7 31 (4) 28 (6) 35011 27 (1) 61 (16) 31 (6) 60 (14) 104 (20)
8 26 (4) 21 (5) 32 (14) 25(3) 59 (16) 26 (5) 57 (12) 99 (20)
18 23 (3) 21 (6) 31 (13) 20 (2) 57 (18) 23 (5) gg 8431; 89 (20)
12 21 (4) 18 (7) 26 (12) 20 (6) 44 (14) 18 (6) 55 (14) 67 (15)
No. of
subjects
studied 4 5 2 2 5 4 6 5

« The standard deviations are given for C and D only as guides since two subjects were used in each instance.
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Figure 4—First-order plot of the average plasma lecels of radioac-
rivity, expressed as micrograms of aminorex, obtained following oral
administration of Dosage Forms A () and B (@). A contained 7.5
mg. of aminorex as the fumarate salt in water solution and B con-
tained 7.5 mg. of aminorex as the free base in a nonsustained-release
tabler formulation.

metabolite(s) in the urine. The rate constants &, ks, k3, and k,, are
the rate constants for absorption, metabolism, and excretion. If we
assume a first-order loss of radioactivity from the plasma then the
model reduces to:

ks kel
D, —>!| D, | —>Dy,’

c.p.m. in plasma

where D, is the amount of unabsorbed drug in the gut, D,’ is the
amount of radioactivity in the plasma expressed as micrograms of
intact drug and D..’ is the amount of radioactivity which has been
lost from the plasma by a first-order process. The rate constant 4.
is a complex function of D,, M,, k., k3, and k4; however, the 1ate
constant &, has not been altered by the modifications in the model.
1t is this rate constant or the values of D, at specific points in time
(if zero or first-order kinetics for absorption do not hold) which are
of interest in attempting to quantitate the evaluation of the various
dosage forms of aminorex.

Using the rate constant for plasma loss of radioactivity obtained
by analysis of the data for the oral solution and the 7.5-mg. tablet
(Dosage Forms A and B), and the method of Wagner and Nelson
(7), A4V values were obtained for each dosage form. A; is the
amount of drug absorbed at time ¢, and V is a constant of the model,
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Figure 5—Relative percent of the dose absorbed following oral ad-
ministration of aminorex in Dosage Forms A (e), B (@), C(O), D (&),
E(m), G (@), and H (@). The percent ubsorbed was calculated using
the method of Wagner and Nelson (7) and Wagner (11) for a one-
compartment open model. Dosage Form F is not given; see text for
explanation.

which is defined as the apparent volume eof distribution of the ad-
ministered radioactivity. These data are presented in Table IV,

Comparison of the 4,/V values obtained, Table 1V, after absorp-
tion is complete would suggest that in all cases except the 10-mg.
sustained-release tablet (Dosage Form F) and the pamoate sustained-
release formulation (Dosage Form D) the fraction of drug absorbed
is equivalent. Wagner (11) has published a method for estimating
relative absorption of a drug in studies in which blood levels are
measured after varying single and/or multiple doses. Modification
of the method presented by Wagner (11) gives:

F_ AV

Vv D

where F is the fraction of the administered dose D (in milligrams)
which is absorbed. For different dose levels, if the volume of distri-
bution among patients is considered to be constant, one can compare
F/V at infinite time, denoted as (F/V), and obtain comparisons
of the relative absorption efficiencies of various dosage forms. The
relative fraction of a dose which has been absorbed at any given
time, ¢, can be calculated from (F/V)/(F/V).. This was calculated
for each dosage form studied and the results are shown in Fig. 5.
In all cases except the 15-mg. pamoate sustained-release formulation
(Dosage Form D) the value of (F/¥),, for the specific dosage form
was used to calculate the relative percent of the dose absorbed.

Table IV—Values Obtained for A4,/V Using the Method of Wagner and Nelson (7)

and the Model Proposed for Total Plasma Radioactivity«

Time, —_—— Dosage Forms A4,/V in mcg./l. — —
hr. A B C D E F G H
1 34.3 28.1 31.4 5.2 23.0 18.9 13.6 30.1
2 48.2 48.4 45.4 24.5 61.8 48.7 35.6 56.9
3 51.2 51.5 54.6 24.3 82.1 65.6 51.5 82.7
4 51.2 49.0 57.6 36.6 99.6 72.9 65.2 107.2
5 52.0 49.3 59.7 41.6 102.6 57.0 77.3 129.4
6 51.1 49.3 59.6 41.4 101.7 58.3 81.7 141.0
7 — 48.8 58.7 40.9 98.5 55.4 87.1 148.7
8 50.6 — 58.9 41.6 101.4 53.3 89.4 154.2
9 — — - 38.6 104.9 — — —
10 — — — —- - — 98.7 153.0
12 52.6 50.4 63.0 43.9 105.4 53.1 107.7 147.6
Dose, mg. base
7.5 7.5 7.5 15 15 10 15 20
No. of Subjects
4 5 2 2 5 4 6 5
(FIV)e
6.9 6.7 8.0 2.8 6.9 —b 7.1 7.6

a All data were obtained from the average plasma level curves of Figs. 2 and 3 using the half-life of 7.7 hr, obtained for dosage forms A and
B. ¥ No value for (F/V)« was calculated due to the existence of a maximum in the A./V plot for this dosage form. See text for explanation.
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Figure 6—Linear correlation obiained for the times of 25, dissolu-
tion versus 25 %, absorption (@) and for the times of 50% dissolution
versus 50 absorption (W) for various dosage forms of aminorex.
The correlation coefficients were 1.00 and 0.99, respectively.

In the case of the pamoate sustained-release tablet the weighted
mean value for (F/V). of 7 was used as representative of 1009
absorption, values for percent absorbed were calculated from this
average value, Data for the 10-mg. sustained-release tablet (Dosage
Form F) are omitted from Fig. 5 because of the presence of a peak
in the 4,/ V data for this formulation. This peak is indicative of the
fact that perhaps the model is too simple or, on the basis of the ob-
served plasma levels, some error was made in the determination of
plasma levels of radioactivity after the fourth hour. The latter
possibility would appear more likely since the model held for all
other cases and the maximum value of A4./V obtained for Dosage
Form F never exceeded the values expected for this dose level.

The data of Fig. 5 correlate quite well with what one might pre-
dict from the in vitro data, Fig. 1. It should be noted that the pamo-
ate plasma level studies were obtained using only two subjects per
formulation. However, for the comparative purposes of this report
they are included as supportive data. Comparison of the data of
Fig. 5 with the in vitro data would suggest that the dissolution sys-
tem, although adequate to determine sustained release properties,
may not be as sensitive as one might desire. To illustrate this, com-
pare the dissolution data of Dosage Forms G and H with the percent
absorbed values of Fig. 5. However, by using an arbitrary dissolu-
tion system as a guideline it was possible to develop clinically ac-
ceptable and effective (10) sustained-release formulations of ami-
norex. Use of the proposed model for total radioactivity permitted
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reduction of the plasma data to a form more easily compared with
dissolution rate data, without subsequent analysis for intact drug
and/or metabolites. An estimate of the degree of correlation ob-
tained between dissolution and absorption data is given in Fig. 6.
In Fig. 6 the times for 25 and 509 dissolution are plotted versus the
times for 25 and 509 absorption. A good linear correlation was
obtained with correlation coefficients of 1.00 and 0.99 for the 25 and
507 values, respectively.

The mechanism by which the dosage form produces its sustained-
release effect is considered to be due to the nondisintegrating prop-
erties of the tablet. This phenomenon was observed in vitro, Proof of
such a mechanism in vivo has not been definitely established ; however,
it is supported by the fact that the tablets do produce a sustained-
release effect which is not attributable to the salt form used.
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