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Abstract O The pharmacokinetic linearity of two single oral doses of
desipramine hydrochloride was examined in a parallel study involving
30 subjects. Fourteen subjects received 75 mg (3 X 25 mg) of desipramine
hydrochloride, and 16 subjects received 150 mg (1 X 150 mg). An open
one-compartment model with a lag time to the start of absorption was
used to examine the pharmacokinetic linearity. The results of the study
suggest that the kinetics are linear in the dose range studied.

Keyphrases O Des1pram1ne hydrochloride—pharmacokinetic linearity,
bioavailability, comparison of two tablet dose levels, humans I Phar-
macokinetic linearity—desipramine hydrochloride, humans 0 Tricyclic
antidepressants—desipramine hydrochloride, pharmacokinetic linearity,
bioavailability, comparison of two tablet dose levels, humans

Tricyclic antidepressants are widely used in the treat-
ment of depression. Recent studies (1-9) showed a rela-
tionship between steady-state plasma tricyclic levels and
therapeutic response. Several investigations (10-14) were
undertaken to find a means of predicting steady-state
plasma tricyclic antidepressant concentrations based on
plasma levels obtained after a single dose, thus avoiding
time-consuming dosage titration to therapeutic plasma
levels. These studies indicated that steady-state plasma
levels can be predicted accurately by the area under the
plasma concentration curve (AUC) following a single dose
or by a single plasma level obtained 24, 48, or 72 hr after
dosing.

This study determined the pharmacokinetic lmearlty
of two single doses of desipramine hydrochloride!, pro-
viding additional evidence that the steady-state predic-
tions are reasonable.

*Present address: A. H. Robins Co., Richmond, VA 23220.

EXPERIMENTAL

Subjects—Thirty healthy male volunteers were randomized into two
parallel treatment groups; 14 received 75 mg (three 25-mg tablets) of
desipramine hydrochloride and 16 received one 150-mg tablet. The
subjects were 19-40 years of age and 47-78 kg. All subjects were within
10% of their ideal weight.

Protocol—Each subject received the prescribed dose at 8:00 am. A
15-ml blood sample (vacuum blood-drawing tubes? containing lithium
heparin as anticoagulant) was drawn just prior to dosing (time zero) and
at0.5,1,2,3,4,6,8,10,12, 14, 24, 36, 48, and 72 hr postdosing. No solid
food was permitted from 8:00 pm of the preceding day until 12:00 noon
of the dose day, at which time a standard lunch was served. A low-fat
dinner was served at 6:00 pm; after collection of the 24-hr sample, the
subject resumed eating ad libitum. A parallel design was employed in-
stead of a crossover design since the elimination half-life for desipramine
can be long and variable (15).

Analytical Method—The separated plasma was kept frozen until it
was assayed. Desipramine was measured using a GLC-mass spectro-
metric technique adapted from Pantarotto et al, {(16). The method in-
volved the addition of the internal standard (nortriptyline) and extraction
of the alkalinized plasma with n-hexane. The extract was reacted with
acetic anhydride and pyridine without prior evaporation. The acetylated
extract then was evaporated to dryness, and the residue was dissolved
in ethanol. An aliquot was injected into the apparatus with selected-ion
monitoring at m/z 305 and 308.

Calculations—Pharmacokinetic parameters were computed for each
dosage level corresponding to an open one-compartment model with a
lag time (17) using:

FD K,
v (K -K.)

where D is the administered oral dose, F is the fraction of the dose ab-
sorbed, V is the apparent volume of distribution, K, is the apparent

C(t) [e-K,(t-L) — e—Kalt— L)]

(Eq. 1)

. first-order absorption rate constant, K, is the first-order elimination rate

constant, L is the lag time to the start of absorption, and ¢ is the time

1 Norpramin, Merrell Dow Pharmaceuticals.
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Figure 1—Concentration of desipramine in plasma (mean + SE). Key:

O, desipramine hydrochloride, 3 X 25 mg; and A, desipramine hydro-
chloride, 150 mg.
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postdosing. These calculations were performed using the computer
program NONLIN (18).

The distributions of F/V, K,, K., and L for the two dose groups were
compared statistically by the Mann-Whitney U test (19). The elimination
half-life, ¢1/, was calculated as 0.693/K.. No analysis was performed on
t1/2 since the results would be identical to those reported on K, using this
statistical method. If the kinetics of the compound are linear in the dose
range studied, the distributions of F/V, K,, K, and L are expected to
be the same for both dose groups.

The AUC (nanogram hours per milliliter) was calculated using the
trapezoidal rule. Statistical analysis of the AUC, Cpox (nanograms per
milliliter), and ¢,y (hours) data was performed on the logarithms of the
values using a two-sample ¢-test. Homogeneity of variance was verified
by Cochran’s test (20). The mean AUC and Cpayx values for the 150-mg
group were expressed as a percentage of the 75-mg group mean by taking
the antilog of the difference in log means. If the kinetics are linear in the
dose range studied, the expected 150-mg mean would be ~200% of the
75-mg mean for AUC and C g but equal to the 75-mg mean for ¢ pax.

RESULTS

The mean plasma concentrations are displayed for the two dose groups
in Fig. 1, and the relevant pharmacokinetic data are listed in Table L.

The lag time estimated for the 75-mg dose ranged from 0 to 0.78 hr,
while that for the 150-mg dose ranged from 0.39 to 0.77 hr. A statistically
significant longer lag time for the 150-mg group resulted. However, this
result probably has no clinical significance since maintenance therapy
is required with tricyclic antidepressants.

The apparent K, calculated from this data ranged from 0.210 to 1.733
hr for 29 of the 30 subjects; the other subject had an estimated apparent
K, of 13.548. There was no statistically significant difference in the ap-
parent K, values for the two groups, but the value from the one individual
resulted in a relatively high mean and standard error for the apparent
K, of the 75-mg dose. If the value for this subject is deleted, the corre-
sponding values are 0.69 £ 0.13 (mean * SE).

The half-lives estimated for 28 of the 30 subjects ranged from 9.76 to
34.65 hr; the other two haif-lives were 4.85 and 63.30 hr. There was no
statistically significant difference in the half-lives between the two groups.
These half-lives agreed quite well with the previously reported half-lives
of 17.1 £ 5.3 hr (mean + SD, range 12.5-24.7 hr) following a 1-mg/kg dose
of desipramine (29.75 + 4.89 mg, mean * SD) (11) and of 20.0 + 1.5 hr
(mean £+ SD, range 12-30) following a 100-mg dose of desipramine
(21).

There were no statistically significant differences among F/V, K, or
t max for the two dose groups.

The 150-mg dose produced significantly higher mean AUC and Crpax
values than did the 75-mg dose. The mean AUC for the 150-mg group,
when expressed as a percentage of the 75-mg mean, was 219% with 95%
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Table I—Pharmacokinetic Parameters (Mean + SE)

Parameter 75 mg (n = 14) 150 mg (n = 16)
F/V,ml™1x 103 0.45 + 0.05 0.47 £ 0.04
Ky, hrt 1.61 £ 0.93¢2 0.50 + 0.06
K., hr! 0.048 % 0.008 0.040 £ 0.004
tlgz, hr 19.7 £ 4.0 184+1.8
L% hr 0.46 + 0.05 0.62 + 0.03
AUC¢, ng hr/ml 771.7 + 87.3 1854.0 £ 307.0
Cnax®, ng/hr 30.7 £ 3.2 60.9 + 5.9
t max, hr 6.1 +0.7 59+ 05

@ Values are 0.69 £ 0.13 when one subject is deleted. ? p < 0.02. ¢ p < 0.001.

confidence limits of 151-318%. The corresponding mean ratio for Cax
was 199% with 95% confidence limits of 150-263%.

These results indicate that the kinetics of desipramine hydrochloride
are linear in the 75-150-mg range and provide additional evidence that
the earlier steady-state predictions based on levels after a single dose are
meaningful.

REFERENCES

(1) A.H. Glassman and J. M. Perel, Arch. Gen. Psychiatry, 28, 649
(1973).

(2) D.Luchins and J. Anath, J. Nerv. Ment Dis., 162, 430 (1976).

(3) R. A. Braithwaite, R. Goulding, G. Theano, J. Bailey, and A.
Coppen, Lancet, 1, 1297 (1972).

(4) M. Asberg, B. Cronholm, F. Sjoqvist, and D. Tuck, Br. Med. J.,
3, 331 (1971).

(5) P.Kragh-Sorensen, M. Asberg, and C. Eggert-Hansen, Lancet,
1,113 (1973).

(6) V.E.Ziegler, P. J. Clayton, J. R. Taylor, B. T. Co, and J. T. Biggs,
Clin. Pharmacol. Ther., 20, 458 (1976). )

(7) A.H. Glassman, J. M. Perel, M. Shostak, S. J. Kantor, and J. L.
Fleiss, Arch. Gen. Psychiatry, 34, 197 (1977).

(8) V.E.Ziegler, B. T. Co, J.R. Taylor, P. J. Clayton, and J. T. Biggs,
Clin. Pharmacol. Ther., 19, 795 (1976).

(9) L.F. Gram, N. Reisby, I. Ibsen, A. Nagy, S. Dencker, P. Bech, G.
O. Petersen, and J. Christiansen, Clin. Pharmacol. Ther., 19, 318
(1976).

(10) B. Alexanderson, Eur. J. Clin. Pharmacol., 5, 44 (1972).

(11) Ibid., 5,1 (1972).

(12) T. B. Cooper and G. M. Simpson, Am. J. Psychiatry, 135, 333
(1978).

(13) S. A. Montgomery, R. McAuley, D. B. Montgomery, R. A.
Braithwaite, and S. Dawling, Clin. Pharmacokinet., 4, 129 (1979).

(14) D. Brunswick, J. Amsterdam, J. Mendels, and S. Stern, Clin.
Pharmacol. Ther., Part One, 25, 605 (1979).

(15) D. Alexanderson and F. Sjoqvist, in “Pharmacology and the Fu-
ture of Man Proceedings,” 5th International Congress Pharmacology,
San Francisco, Calif., 1972, 3, pp. 150-162.

(16) C.Pantarotto, G. Belvedere, L. Burti, and A. Frigerio, “Advances
in Mass Spectrometry in Biochemistry and Medicine,” vol. 1, Spectrum,
New York, N.Y., 1976.

(17) M. Gibaldi and D. Perrier, “Pharmacokinetics,” Dekker, New
York, N.Y., 1975, p. 36.

(18) C.M. Metzler, G. L. Elfring, and A. J. McEwen, Biometrics, 1974
562.

(19) S. Siegel, “Nonparametric Statistics for the Behavioral Sciences,”
McGraw-Hill, New York, N.Y., 1956, pp. 116-127.

(20) B. J. Winer, “Statistical Principles in Experimental Design,”
McGraw-Hill, New York, N.Y., 1971, pp. 208, 209.

(21) W.Z. Potter, A. P. Zavadil, I11, I. J. Kopin, and F. K. Goodwin,
Arch. Gen. Psychiatry, 37, 314 (1980).

ACKNOWLEDGMENTS

The authors gratefully acknowledge the technical assistance of G. O.
Breault, J. F. Tessier, W. Krueger, and L. Adams, Analytical Develop-
ment Corp., in the plasma desipramine determinations and Dr. Ronald
Schoenwald for useful comments.



