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ABSTRACT

A three-phase study was performed to develop and 
evaluate single-dose single-point nomograms for predicting 
a maintenance dose of doxepin to achieve.a desired steady- 
state serum concentration. In Phase I, an optimum test 
dose of doxepin was determined. In Phase II, subjects 
received an oral test dose and three blood samples were 
collected after the test dose... The subjects received an 
11-day regimen of doxepin before steady-state serum concen
trations were measured. Serum concentrations of doxepin 
(DOX) and desmethylodoxepin (DMD) taken after the test 
dose were correlated with the reciprocal of the maintenance 
dose to achieve a desired steady-state serum, concentration. 
The 24-hour sampling time resulted in the highest correla
tions . In Phase III, the 24-hour nomograms developed in 
Phase II were retrospectively evaluated in. depressed inpa
tients for predictive performance. The 24-hour DOX + DMD 
nomogram based, on all subject data was selected as the 
optimum nomogram in Phase III.

x



CHAPTER 1

INTRODUCTION

In clinical practice there is a need for a safe, 
rapid, accurate, and inexpensive method for predicting an 
individual’s maintenance dose requirement to produce a 
desired steady-state concentration for highly metabolized 
drugs„ Physicians generally choose a maintenance dose of 
medication for such drugs based on empiric knowledge, on 
the manufacturer's recommended daily dosage range, or on 
average pharmacokinetic parameters since few methods have 
been developed for accurately predicting individual dosing 
requirements„ Often these methods of dosing medication 
result in therapeutic drug concentrations not being reached 
because of under or over dosing, or because of interpatient 
variability in drug disposition. A significant delay in 
reaching desired therapeutic concentrations may also occur 
if physicans use a gradual dosing titration method. For 
these reasons, a more accurate and rapid prediction method 
is needed to help physicians individualize a patient’s 
maintenance dose early in treatment.

In the past 10 years, many pharmacokinetic predic
tion methods have been developed to better estimate an 
individual's maintenance dose requirement. The single-dose 
multiple-point prediction methods developed in the early
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1970s required several blood samples and/or urine samples 
to be taken after a single test dose of medication to per
mit the estimation of a drug’s half-life, total clearance, 
and/or volume of distribution in the patient receiving the 
drug. Although these single-dose kinetic parameters were 
found to be excellent predictors of steady-state drug con
centrations, the methods were slow, expensive, and incon
venient to use in clinical practice because they required 
multiple drug concentrations to be measured before a main
tenance dose could be selected (Schou et al„, 1970, Sedvall, 
Pettersson, and Fyro, 1970; Alexanderson, 1972a, 1972b,
1973; Bergner et al., 1973; Sawebuck and Zaske, 1976; 
Sawchuck et al., 1977; Slattery, 1980; Braithw'aite et al., 
1979; Potter, Zavadil, and Goodwin, 1978; Bawling et al., 
1980; Cutler et al., 1981; Edgren et al., 1982 ; Perry, 
Browne, Pfohl, and Tsuang, 1982; Perry, Alexander et al ., 
1982; Antal et al., 1982). .

A much simpler method, the single-dose single-point 
prediction method, was first described by Cooper, Bergner, 
and Simpson (1973) for lithium. The investigators developed 
a dose prediction nomogram for lithium to determine the 
maintenance dose required to produce a desired steady-state 
serum concentration based on a serum concentration taken 24 
hours after a single oral 600-mg test dose of lithium. The 
single-dose single-point nomogram Was evaluated in a 2-year 
follow-up study with over 100 patients and was found to



accurately predict the maintenance dose of lithium required 
to reach a steady-state lithium concentration of 0.6 to 1.2 
mEq/L in all patients (Cooper and Simpson, 1976a). Further 
investigations with the single-dose single-point prediction 
method have been reported with lithium (Cooper and Simpson, 
1978a; Seifert, Bremkamp, and Junge, 1978; Chang et al., 
1979; Gengo et al., 1980; Perry, Prince, Alexander, and 
Dunner, 1982), chloramphenicol (Koup, Slattery, and Gibaldi 
1979; Koup et al., 1979), aminophylline (MeGory and Matzke, 
1982), theophylline (Koup, Slattery, and Gibaldi, 1979;
Koup et al., 1979; Shapiro et al., 1982), phenytoin (Koup 
and Gibaldi, 1981; Koup, Gibaldi, and Godolphin, 1981) and 
with the tricyclic antidepressants, amitriptyline (Bruns
wick et al,, 1980; Madakasira et al., 1982), nortriptyline 
(Braithwaite, Montgomery, and Pawling, 1978; Montgomery et 
al., 1978; Cooper and Simpson, 1978b; Montgomery et al., 
1979; Bawling et al., 1981), imipramine and desipramine 
(Brunswick et al., 1979; Potter, Zavadil, and Goodwin,
1979; Potter et al., 1980; Rudorfer and Young, 1980;
Cooper, Bark, and Simpson, 1981). All of the studies 
reported a high correlation between a single drug concen
tration taken after a single test dose and the observed 
steady-state concentrations. The authors reported that the 
method allowed for an accurate prediction of ah individual’ 
maintenance dose requirement provided there was intrapa
tient stability in kinetic parameters. Because the



single-dose single-point method relied on minimal pharmaco
kinetic data, it was found to be an excellent alternative 
to other more complex methods„ In comparison to the 
single-dose multiple-point methods, it was as accurate, 
less expensive and more rapid and convenient to use in 
clinical practice„

Statement of the Problem 
Doxepin hydrochloride, a tertiary tricyclic, was 

the second most widely prescribed antidepressant in the 
United States in 1981 (Decision Data, 1982)„ Although the 
manufacturer's recommended optimal dosage range of doxepin 
is 75 to 150 mg per day for most patients and up to 300 mg
per day for severely ill patients, there is no accurate

< -
method for dosing doxepin in clinical practice. Doxepin 
has the added complexity in that it is metabolized in the 
liver to an active metabolite, desmethyldoxepin. It has 
been reported that patients given the same maintenance dose 
of doxepin have a tenfold variation in steady-state plasma 
concentrations of doxepin plus desmethyldoxepin (Ziegler, 
Biggs, Wylie et al., 1978; Ziegler, Biggs, Ardekani, and 
Rosen, 1978; Biggs et al., 1978). The wide variation in 
steady-state plasma concentrations is primarily due to indi 
vidual differences in liver metabolism and cannot be pre
dicted from population characteristics such as age, sex, 
weight, and renal function. Doxepin also has a relatively
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low therapeutic index as indicated by reports of death 
following the ingestion of 1,300 to 2,500 mg, or about 10 
times the average daily dose (Finder fet al„, 1977)„ Some 
patients experience serious toxicity when taking standard 
doses of antidepressants„ It is estimated that 25 percent 
of elderly patients achieve plasma concentrations in excess 
of 200 ng/ml (generally considered to be near the upper 
limit of the therapeutic range for most tricyclics); 
between 5 to 10 percent of all patients achieve concentra
tions in excess of 400 ng/ml; and some in excess of 1,000 
ng/ml when given routine doses of tricyclic antidepressants 
(Preskorn and Irwin, 1982)„ The iatrogenic toxicity is 
generally due to reduced hepatic metabolism and occurs fre
quently when the tricyclic antidepressants are prescribed 
using the manufacturer's recommended daily doses. This 
problem can only be minimized by early monitoring of plasma 
concentrations because physicians have no reliable method 
of knowing whether a patient receiving conventional doses 
of tricyclic antidepressants will develop toxic concentra
tions. Because doxepin has a low therapeutic index and a 
wide interpatient variability in steady-state plasma con
centrations, it would be advantageous to have a more accu
rate and safe method for dosing doxepin in clinical prac
tice.

The most rapid and convenient method for predicting 
kinetic variability in drug metabolism between individuals
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is the single-dose single-point prediction method. The 
method can be developed by finding the best relationship, 
between drug concehtrations taken at a specific time after 
a test dose and the reciprocal of the maintenance dose 
required to produce a given steady-state plasma concentra
tion in a study population. Once the optimum relationship 
has been determined, the single-dose single-point nomogram 
can be used to predict an individual’s maintenance dose 
required to achieve a desired steady-state drug concentra
tion, Because the single-dose single-point method provides 
valuable information about an individual’s metabolizing 
capacity and hence, clearance, it should be a safe and 
effective method for accurately dosing doxepin in clinical 
practice.

Purposes and Objectives
The purposes of this investigation were to develop 

several single-dose single-point nomograms for doxepin, to 
retrospectively evaluate the nomograms for accuracy in 
hospitalized depressed patients, and to select a clinically 
acceptable nomogram for predicting a maintenance dose of 
doxepin required to achieve a desired steady-state serum 
concentration. The development and evaluation of the 
single-dose single-point prediction nomograms for doxepin 
was dependent upon three sequential phases. The objective 
of the first phase was to determine the optimum single oral
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test dose of doxepin, defined as the minimum test dose of 
doxepin that produced measurable serum concentrations of 
doxepin and desmethyldoxepin at 24, 48, and 72 hours after 
a single oral test dose and the maximum test dose that 
could be tolerated by the majority of subjects. The objec
tive of the second phase was to determine the optimum rela
tionship between the serum concentrations of doxepin, des- 
methyldoxepin, or doxepin plus desmethyldoxepin after a 
single oral test dose versus the reciprocal of the mainte
nance dose required to achieve a desired steady-state serum 
serum concentration of doxepin, desmethyldoxepin, or doxepin 
doxepin plus desmethyldoxepin. The objective of the third 
phase was to retrospectively evaluate in hospitalized 
depressed patients the predictive performance of the single- 
do se single-point prediction nomograms selected in Phase
II.

Assumptions
The relevance of developing a single-dose single

point prediction nomogram for doxepin is based on six 
assumptions (Gram, 1978; Sheiner and Tozer, 1978; Braith- 
waite, Bawling, and Montgomery, 1982):

1. Doxepin and desmethyldoxepin obey first-order or 
linear elimination kinetics.

2. There is wide interindividual variability in 
steady-state serum concentrations of doxepin and



desmethyldoxepin due to individual differences in 
drug absorption, distribution, and elimination.

3. There is little intraindividual variability in the 
fraction of the oral dose absorbed, liver metabo
lism, protein binding, volume of distribution, 
clearance, and half-life.

4. The therapeutic index of doxepin and desmethyl
doxepin is relatively low.

5. There is a relationship between doxepin and des
methyldoxepin steady-state serum concentrations 
and therapeutic effects.

6. There is a sensitive, specific, reproducible, con
venient, and economical assay for measuring serum 
concentrations of doxepin and desmethyldoxepin.

Limitations
The major limitation of the investigation was the 

need for an accurate, reproducible, and inexpensive drug 
assay technique for measuring low concentrations of doxepin 
and desmethyldoxepin. Although the gas chromatography- 
mass fragmentography technique has been found to be the 
most specific, sensitive, precise, and accurate for measur
ing low concentrations of tricyclic antidepressants, it is 
prohibitively expensive (Scoggins et al., 1980a). A gas 
chromatograph with a nitrogen-sensitive detector is rela
tively inexpensive and has been found to be -sensitive.



specific, and reproducible for measuring small concentra
tions of many tricyclic antidepressants (Abernathy, Green- 
blatt, and Shader, 1981). The method has been found to be 
sensitive, specific, and.reproducible for measuring low 
Concentrations of doxepin and desmethyldoxepin using labo
ratory standards but has not, however, yet been proven 
sensitive, specific, and reproducible for measuring low 
concentrations of doxepin and desmethyldoxepin after 
single-dose kinetic studies in man. The selection of the 
gas chromatograph for this study despite a lack of proven 
efficacy constitutes a major limitation. Other limitations 
were related to the proper collection and storage of the 
blood sample, and the administration of the appropriate 
dose of the drug at the correct times. Significant errors 
could also result in the development and evaluation of the 
single-dose single-point nomogram if intrapatient pharma
cokinetic parameters were not stable during the study 
period.

Definitions
le ' Clearance--a pharmacokinetic term describing the 

loss of drug from the body. Clearance is related 
to the ability of a body (of the liver or kidney) 
to remove a drug from the blood and is usually 
defined as the volume of blood from which all drug 
is removed per unit time.
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2„ DepressioTL--an affective disorder with the essen

tial clinical feature of a dysphoric mood, a loss 
of interest or pleasure in all or almost all usual 
activities and pastimes, and is associated with 
other depressive symptoms as described in the 
Diagnostic and Statistical Manual of Mental Dis
orders (Arnerican Psychiatric Association, 1980) =

3. Doxepin and desmethyldoxepin serum concentrations-- 
the amount of each drug in the serum (or the clear 
portion of the blood after cells have been sepa
rated) expressed in nanograms per milliliter (ng/ml)

4. Half-life--the time required for the serum concen
tration of a drug or metabolite to decrease by one 
half during the terminal log-linear phase of a 
concentration-time curve.

5«■ Single-dose single-point prediction method (nomo
gram- -a pharmacokinetic method used to predict an 
individual’s maintenance dose requirement to achieve 
a desired steady-state drug concentration. The 
nomograms developed in this study were determined 
by finding the optimum relationship between a single 
drug concentration taken after a single test dose 
of medication and the reciprocal of the maintenance 
dose required to achieve a given steady-state 
drug concentration.
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6„ Steady-state--the rate of drug entry into the body 

equals the rate of drug elimination from the body 
and, hence, there is no further accumulation of the 
drug „

7. Therapeutic serum concentrations of doxepin and 
desmethyldoxepin--the therapeutic serum concentra
tion range of doxepin plus desmethyldoxepin is from 
75 to 200 ng/ml (Biggs, 1978). The desired steady- 
state serum concentrations in this investigation 
were defined as 50 ng/ml for doxepin, 50 ng/ml for 
desmethyldoxepin, and 100 ng/ml for doxepin plus 
desmethyldoxepin.

8. Volume of distribution--the apparent size of the 
body space into which a drug distributes relative 
to its plasma concentration. The apparent volume 
of distribution is related to a drug’s lipid and 
water solubility and to a drug’s plasma and tissue 
protein-binding properties.



CHAPTER 2

REVIEW OF THE LITERATURE

Single-dose Prediction Methods 
During the 1970s various single-dose prediction 

methods were investigated to better estimate interpatient 
variability in pharmacokinetic parameters. The first 
studies utilized multiple blood and/or urine samples taken 
after a single test dose of medication to estimate an 
individual's pharmacokinetic parameters (i.e„, elimination 
half-life, area under the plasma-time curve, volume of 
distribution, renal clearance, or total body clearance).
When these kinetic parameters were used to predict steady- 
state drug concentrations after continual maintenance 
dosing, a strong relationship was generally found between 
certain kinetic parameters and/or predicted and measured 
steady-state plasma concentrations. Researchers reported 
that the single-dose multiple-point method could accurately 
predict a maintenance dose of medication required to achieve 
a desired steady-state drug concentration for drugs obeying 
linear elimination kinetics. Single-dose multiple-point 
methods have been reported for lithium,.the tricyclic anti
depressants (nortriptyline, imipramine, and desipramine)

12
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and gentamicin„ Each of these single-dose multiple-point 
kinetic studies will be reviewed.

Lithium, an antimanic and antidepressant medica
tion, has a wide interpatient variability in dosing 
requirements to achieve a desired steady-state concentra
tion. The wide interpatient variability seems to be due to 
individual differences in renal lithium clearance (range 
from 10 to 40 ml/min) and half-life (range from 4 to 42 
hours) (Amdisen, 1975). Because of the wide interpatient 
variability in steady-state concentrations and a narrow 
therapeutic range, many single-dose kinetic studies have 
been reported to better estimate an individual’s mainte
nance dose requirement so that subtherapeutic or toxic 
concentrations are avoided.

In 1970, Schou and associates described a kinetic 
method for predicting a maintenance dose of lithium using 
the renal clearance determined after a single oral test 
dose. The equation they recommended for predicting a 
maintenance dose was:

Maintenance dose (mEq/24 hours) = average serum 
lithium concentration (mEq/L) X renal lithium 
clearance (ml/min) X 1.44.

In another study, Sedvall et al. (1970) collected multiple 
serum and urine samples of lithium after multiple doses 
over a 1-day period and reported that the product of renal 
lithium clearance and body weight was significantly
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correlated with steady-state lithium serum concentrations 
in 10 healthy subjects (r = 0.87). A slightly less signif
icant correlation was found between renal lithium clearance 
and steady-state serum lithium concentrations (r = 0.75). 
Bergner et al. (1973) were the first to report a single
dose multiple-point prediction method for lithium using 
only serum concentrations. By giving either a 300- or 600- 
mg test dose of lithium and collecting eight blood samples 
over a 24-hour period after the test dose they were able to 
predict an individual’s dosing requirement to reach a 
desired steady-state lithium concentration. Recently, a 
computerized prediction method was described using either 
two or three serum concentrations after a single oral test 
dose of lithium to predict the maintenance dose required 
to reach a desired steady-state concentration in 22 inpa
tients (Perry, Prince et al., 1982). The authors calculated 
the elimination rate constant (Ke) from the regression 
line of the serum concentrations versus time points. They 
were then able to determine the accumulation factor (R) 
after fixed dosing from the following equation:

where X is the dosing interval (every 8, 12, or 24 hours). 
The results of the study indicated that either the 12- and 
24-hour sampling times or the 12-, 24-, and 36-hour sampling
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times after a test dose were clinically acceptable for 
determining Ke and hence for predicting steady-state lith
ium concentrations within ± 0.1 mEq/L.

Since the early 1970s single-dose multiple-point 
prediction methods have been reported with the tricyclic 
antidepressants, nortriptyline, desipramine, and imipra- 
mine. Interest in the pharmacokinetics of antidepressants 
arose in the late 1960s when studies revealed that patients 
treated with the same dose of nortriptyline or desipramine 
resulted in a 36-fold difference in steady-state concentra
tions (Hammer and Sjoqvist, 1967; Hammer, Martens, and 
Sjoqvist, 1969; Alexanderson, Evans, and Sjoqvist, 1969). 
Subsequent studies found that interpatient variability in 
steady-state concentrations was primarily determined by 
differences in the activity of metabolic liver enzymes, 
other concurrent administered drugs, or physiological dif
ferences between individuals (Sjoqvist et al., 1971;
Asberg, Evans, and Sjoqvist, 1971; Alexanderson and Borga, 
1972, 1973; Alexanderson, Borga, and Alvan, 1973; Alexan
derson, 1973; Vesell, 1974; Asberg, 1976) .

The. first pharmacokinetic studies with single and 
multiple oral doses of nortriptyline and desipramine 
revealed that steady-state plasma concentrations could be 
accurately predicted from single-dose plasma concentration 
time data (i.e., plasma clearance, half-life) (Alexander
son, 1972a, -b). To estimate plasma clearance, the authors
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assumed complete absorption after a single oral dose and 
collected 8 to 12 blood samples over a 4- to 5-day period 
to calculate the total area under the plasma concentration- 
time curve. The plasma clearance was calculated by divid
ing the oral test dose by the area under the curve. The 
correlations between the reciprocal of single-dose plasma 
Clearance of nortripyline and desipramine and the mean 
steady-state plasma concentration were high (r =0.98 
and r = 0.94, respectively). Slightly lower correlations 
were found between nortriptyline and desipramine steady- 
state concentrations and half-life (r = 0.89). Although 
the methods resulted in an accurate prediction of steady- 
state concentrations for both nortriptyline and desipra
mine, the method was not convenient or practical to use in 
clinical practice because it required multiple blood con
centration determinations.

The stability of the single-dose multiple-point 
method to predict steady-state concentrations of nortrip
tyline was later demonstrated by Alexanderson (1975) in a 
follow-up study with monozygous and. dizygous twins. He 
found that the estimates of steady-State plasma concentra
tions predicted from the single-dose plasma clearance of 
nortriptyline were highly correlated with the steady-state 
plasma concentrations observed in a study conducted 2 years 
earlier with the same twins (r = 0.78). The intrapatient 
stability of pharmacokinetic parameters over time suggested
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that the parameters are genetically determined and may be 
applicable for years unless a patient is exposed to envi
ronmental factors or physical changes that may alter drug 
metabolism or distribution.

As a result of the earlier work by Alexanderson 
(1972a, -b, 1973) showing the accurate prediction of 
steady-state plasma concentrations from single-dose kinetic 
parameters, other researchers began to investigate the 
single-dose multiple-point prediction methods with other 
tricyclic antidepressants. Single-dose multiple-point 
prediction methods have been reported for nortriptyline 
(Braithwaite et al., 1979; Bawling et al., 1980), imipra- 
mine (Potter, Zavadil, and Goodwin, 1978, 1979), and 
desipramine (Cutler et al., 1981; Antal et al., 1982).
The six studies estimated the area under the plasma 
concentration-time curve from three or more plasma sampling 
points after a single dose and found they could accurately 
predict steady-state concentrations (r = 0.71 to r =0.99). 
Recently a single-dose kinetic method for predicting nor
triptyline steady-state concentrations was reported by 
Perry, Browne et al..(1982). They collected three drug 
plasma concentrations after a single oral test dose to 
determine the elimination rate constant and an accumulation 
factor. The correlation coefficient reported for this 
method was 0.80 for observed versus predicted steady-state 
nortriptyline concentrations.
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A single-dose multiple-point prediction method for 
individualizing gentamicin dosing appeared in the late 
1970s. Sawchuck and Zaske (1976) and Sawchuck et al.
(1977) published a kinetic model for dosing gentamicin, 
an aminoglycoside antibiotic, using individual patient 
characteristics plus data from three serum concentrations 
collected after a single intravenous infusion. The 3- 
point method allowed for a rapid and direct estimation of 
the individual’s half-life and volume of distribution 
enabling a better prediction of total body clearance. The 
evaluation of the pharmacokinetic method in 63 patients 
showed that 60 percent of the measured peak concentrations 
and 56 percent of the measured nadir concentrations fell 
within 1 ug/ml of the predicted steady-state concentrations. 
Recently, Edgren et al. (1982) reported a similar pharma
cokinetic method for dosing gentamicin in newborns.

In the early 1980s, Slattery (1980) proposed a 
general computerized kinetic model for estimating a mainte
nance dose to produce a desired steady-state concentration. 
The method assumed that the volume of distribution, elimina
tion kinetics, and fraction of the dose reaching the sys
temic circulation remained constant in each individual and 
that an orally administered drug was rapidly absorbed and 
obeyed linear (first-order) elimination kinetics. Based 
on these assumptions, the method could predict early in 
treatment the optimum maintenance dose to achieve a desired
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steady-state concentration by collecting two to three drug 
concentrations after a single dose of medication. This 
model-independent approach described by Slattery (1980) is 
the basis for the single-dose multiple-point prediction 
methods described earlier for lithium, the tricyclic anti
depressants, and for gentamicin. The method allowed for 
the accurate prediction of an individual's maintenance dose 
after a single test dose of medication despite interindivid
ual differences in physiological stress and kinetic param
eters.

Although the single-dose multiple-point prediction 
methods described for lithium, the tricyclic antidepres
sants and gentamicin were shown to accurately predict an 
individual’s optimum maintenance dose, the limitations for 
using the method were that many blood samples were required 
for a complete or an abbreviated characterization of an 
individual’s kinetic parameters. Thus, the method was time 
consuming, costly, inconvenient to the patient, and cumber
some to carry out in clinical practice. In search for a 
simpler kinetic method for use in clinical practice, inves
tigators began to examine and develop nomograms that relied 
on a single drug concentration taken after a single dose of 
medication. To date, single-dose single-point prediction 
nomograms have been reported for lithium, the tricyclic 
antidepressants (nortriptyline, amitriptyline, desipramine, 
and imipramine), chloramphenicol, theophylline.
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aminophylline, and phenytoin. The results of these studies 
will be reviewed for each medication.

Cooper et al. (1973) were the first to report that 
a high correlation existed between a 24-hour serum concen
tration taken after a single oral 600-mg test dose of 
lithium and the observed steady-state serum concentrations 
(r = 0.97). From these data, the authors developed a nomo
gram for predicting the maintenance dose of lithium re
quired to achieve a steady-state serum concentration 
between 0.6 and 1.2 mEq/L. The application of the method 
was later reported in a 2-year follow-up study involving 
more than 100 patients (Cooper and Simpson, 1976a). Al
though the patients required a fivefold difference in main
tenance dosing, they reported that the method always pre
dicted the correct maintenance dose to achieve the desired 
steady-state concentration. They also observed little 
intrapatient variability in the 24-hour lithium concentra
tion after a test dose when 14 patients received three test 
doses with a 1-week drug-free interval between doses. The 
authors stressed that the prerequisites for using the 
single-dose single-point prediction method are:

1. The patient must ingest all of the test dose.
2. The blood sample must be collected at the correct 

time.
3. The drug assay must be accurate and reproducible.
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4„ The physician must understand the limitations of the 

prediction method.
Two limitations mentioned were that the method cannot pre
dict extremely narrow steady-state ranges and it cannot 
predict subsequent changes in renal clearance, other physi
ological changes, or possible drug interactions that could 
occur during drug therapy. Although the method resulted in 
an accurate prediction of initial maintenance dose require
ments, the authors suggested that periodic serum concentra
tions should be measured to decrease the chance of producing 
toxic or subtherapeutic concentrations.

Six subsequent reviews and studies of the single
dose single-point prediction method with lithium have 
appeared in the literature (Cooper and Simpson, 1978a, -b; 
Seifert et al., 1975; Chang et al., 1979; Gengo et al.,
1980; Perry, Prince et al., 1982). Seifert and associates 
(1975) reported a high correlation (r = 0.80) between the 
24-hour drug concentration after a 900-mg oral test dose of 
lithium and observed steady-state concentrations in 58 
patients. Chang and associates (1979) performed a two-part 
study to develop a nomogram and to evaluate the nomogram in 
a prospective study. They collected multiple blood samples 
after an oral test dose of lithium to determine the elimina
tion rate constant, half-life, and the area under the curve, 
but they were most interested in the correlations between . 
the 2-, 12-, and 25-hour plasma concentrations after the
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test dose and steady-state concentrations„ The authors 
reported a high correlation between the 12- and 25-hour 
plasma concentrations and observed steady-state concentra
tions (r = 0.78 and r = 0.79, respectively). From these 
data they developed a.nomogram for predicting maintenance 
dose requirements of lithium to achieve a desired steady- 
state concentration. In the prospective evaluation, 10 
other patients were dosed using the single-dose nomogram. 
The correlations between the 12-hour, 25-hour, and the area 
under the curve versus the observed steady-state plasma 
concentrations were strong (r = 0.78, r = 0.79, and r = 
0.79, respectively). The results of this study were then 
compared with values obtained from 11 other patients re
ceiving conventional dosing of lithium. The variability of 
average steady-state plasma concentrations were two times 
higher in the conventional group. A case report by Gengo 
et al. (1980) confirmed the accuracy and utility of the 
Cooper et al. (1973) method for predicting lithium mainte
nance dosing in 23 patients but noted that one patient 
developed toxic lithium concentrations. The reason for the 
toxic concentrations was found to due to a larger than 
normal volume of distribution and not due to changes in 
renal function. The authors recommended that steady-state 
concentrations should be done every 48 hours to determine 
if steady-state concentrations have been reached or if 
concentrations are still gradually rising. Recently a
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prediction method for litium utilizing a 24-hour serum con
centration after a 1,200-mg test dose versus the reciprocal 
maintenance dose to achieve a desired steady-state concen
tration was described by Perry, Alexander et al. (1982)„
The clinical usefulness of this nomogram is currently under 
investigation in a prospective trial.

Many single-dose single-point prediction methods 
have been developed with the tricyclic antidepressants.
Five studies have been published reporting the accurate 
prediction of steady-state concentrations with nortripty
line. Braithwaite et al. (.1978) and Montgomery et al.
(1978) were the first to study the relationships between 
single-dose kinetic parameters and steady-state nortripty
line concentrations in depressed patients. Braithwaite 
et al. (1978) studied 18 depressed patients and found a 
significant correlation (p < 0.01 to p < 0*001) between the 
observed steady-state nortriptyline concentration and half- 
life (r = 0.65), the area under the curve (r = 0.97), the 
reciprocal of clearance (r = 0.97), the 24-hour concentra
tion (r = 0.79), the 48-hour concentration (r = 0.96), and 
the 72-hour concentration (r = 0.94). They suggested that 
the 48-hour concentration after a single oral dose would 
be a simple and convenient predictor of steady-state 
nortriptyline concentrations and would result in signifi
cant benefits for improving treatment. In a follow-up 
study with hospitalized depressed patients, Montgomery
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et al„ (1979) studied 20 depressed inpatients and reported
high correlations between the 24-, 48- and 72-hour concen
trations and steady-state nortriptyline concentrations (r 
= 0.81, r = 0.97, and r = 0.94, respectively). The authors 
recommended that the 24- or 48-hour method be used rou
tinely in clinical practice to maximize the antidepressant 
effect with nortriptyline, to minimize unnecessary patient 
suffering because of prolongation of depression, and to 
reduce the risk of toxicity. It was also noted that the 
method could be applied to monitor compliance since a 
subtherapeutic steady-state concentration would be a good 
indicator of noncompliance by the patient.

Cooper and Simpson (1978b) used 18 healthy volun
teers to investigate the relationship between single-dose 
and multiple-dose concentrations of nortriptyline. The 
highest correlations were reported between the 12-, 24-, 
and 36-hour concentrations and observed steady-state con
centrations (r = 0.84, r = 0.92, and r = 0.96, respec
tively). The authors recommended the 24-hour dose predic
tion nomogram for rapidly tailoring maintenance dosing to 
each patient’s needs. Bawling et al. (1981) studied 10
depressed elderly female patients in a prospective investi
gation to predict the maintenance dose requirements of 
nortriptyline from a plasma sample taken 24 hours after a 
single oral 50-mg test dose. The authors selected the 
maintenance dose based on a single-dose single-point
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nomogram derived from the Braithwaite et al„ (1978) and 
Bawling et al„ (1980) data. The authors reported that the 
mean observed steady-state nortriptyline concentration was 
104 ng/ml with a range of 76 to 180 ng/ml. Only one indi
vidual was outside the desired steady-state nortriptyline 
range of 50 to 150 ng/ml. The results indicated that the 
method was an accurate prediction method that could prevent 
toxic plasma concentrations and enhance therapeutic suc
cesses in clinical practice.

Two studies have reported a significant relation
ship between single-dose and observed steady-state concen
trations of amitriptyline in depressed patients, Brunswick 
et al„ (1980) demonstrated in 18 depressed outpatients that 
the log of the 24-hour and steady-state concentrations was 
highly correlated for amitriptyline, nortriptyline (an 
active metabolite of amitriptyline), and for the total 
amitriptyline plus nortriptyline concentrations (r = 0.85, 
r = 0,84, and r = 0.85, respectively), Madakasira et al. 
(1982) also reported that plasma concentrations of amitrip
tyline plus nortriptyline taken 18 and 24 hours after a 
single 75-mg test dose of amitriptyline were highly corre
lated with observed steady-state concentrations in 17 
depressed inpatients (r = 0,70 and r = 0.76, respectively). 
For practical purposes, the author recommended the 18-hour 
concentrations for use in clinical practice. Both studies 
suggested that a prospective evaluation using the dose
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\prediction nomograms should be done in actual patients to 

validate the method.
Five studies have been published reporting the 

prediction of steady-state plasma concentrations of imipra- 
mine and desipramine. Brunswick et al„ (1979) measured 
imipramine and desipramine plasma concentrations after a 
single oral test dose and after chronic dosing in patients 
and healthy subjects. The imipramine study had two parts.
In the first phase eight normal healthy volunteers received 
a test dose, multiple blood samplings, and maintenance 
dosing until steady-state concentrations were achieved.
The resulting log-log plots of imipramine plus desipramine 
(an active metabolite of imipramine) concentrations after 
the test dose versus observed steady-state concentrations 
were r = 0.85 at 7.5 hours, and r = 0.98 at 24 and 36 
hours. In the second phase, the remaining 12 normal volun
teers received a simplified protocol with a single 24- 
hour blood sample taken after a test dose. The log-log 
plots of concentrations after the test dose versus the 
observed steady-state concentrations showed a high correla
tion with imipramine, desipramine, and imipramine plus 
desipramine (r = 0.85, r = 0.85, and r = 0.92, respec
tively). The authors recommended that a single oral 50-mg. 
test dose of imipramine and the 24-hour prediction nomogram 
for achieving total imipramine plus desipramine steady-state
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concentrations of 250 ng/ml be used in standard clinical 
practice„ The desipramine study used 10 depressed inpa
tients to investigate the correlation between the log of 
desipramine concentrations taken after a single oral test 
dose and the log of observed steady-state concentrations„ 
The correlations reported for the 8-, 24-, 48-, and 72- 
hour concentrations after the test dose and observed 
steady-state concentrations were r = 0.85, r = 0.97, r =
0.95, and r = 0.95, respectively. The results of the two 
studies demonstrated the predictability of steady-state 
concentrations of imipramine and desipramine using a 
single-dose single-point prediction nomogram.

Potter, Zavadil, and Goodwin (1979) and Potter et 
al. (1980) published two extensive kinetic studies on the
prediction of imipramine and desipramine with depressed 
inpatients. Their studies showed that

1. the plasma clearance of imipramine after a single
dose and after multiple-dosing was constant indi
cating that clearance does not change after chronic 
treatment,

2. the relationships between total and abbreviated 
area under the curve data and the 24-hour plasma 
concentration after a test dose versus the observed 
steady-state concentrations were high (r = 0.99,
r = 0.96, and r = 0.90, respectively),
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3. there was no evidence of enzyme induction or inhi

bition of metabolism of the tricyclic after long
term treatment, and

4„ it may be necessary to include all active metabo
lites in drug concentration determinations,

The investigators noted that the nonconjugated hydroxylated 
metabolites of tricyclic antidepressants may be psychoac
tive and that these metabolites were not currently being 
measured in any reported dose-prediction studies (Potter, 
Calil et al., 1979; Potter, Calil, and Zavadil, 1980).

Two other dose prediction studies with desipramine 
showed high correlations between plasma concentrations 
after a single oral test dose and observed steady-state 
concentrations„ Rudorfer and Young (1980) found a correla
tion of r = 0,74 between the 24-hour and observed steady- 
state concentration in 12 depressed outpatients, a correla
tion of r = -0.59 between steady-state concentrations and 
body weight, and a correlation of r = -0.20 between steady- 
state concentrations and age. The authors noted that the 
lower correlations found within the 24-hour relationship 
may reflect a less rigid control of dosage, blood sampling 
times, and noncompliance with their outpatient population. 
Cooper et al. (1981) studied the relationship between 
plasma and saliva concentrations of desipramine after a 
test dose and at steady-state in 20 normal volunteers.
The Correlation between log plasma and log saliva
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concentrations was r - 0„ 7̂ 0 „ Although there was a large 
interindividual variation (16-fold) in the saliva/plasma 
desipramine ratio, an individual's saliva/plasma ratio 
was stable over time. They found that strong correlations 
existed between the plasma concentration at 12, 24, and 32 
hours after the test dose and observed steady-state plasma 
concentrations (r = 0,93, r = 0,96, and r = 0,95, respec
tively) , The saliva concentrations at 24 and 32 hours 
after the test dose versus the observed steady-state saliva 
concentrations were r = 0,91 and r = 0,84, respectively. 
Based on this study, the use of saliva concentrations holds 
promise as a reliable and noninvasive technique to measure 
tricyclic antidepressant concentrations. The authors sug
gested the 24-hour plasma concentration at a 75-mg oral 
test dose of desipramine should be used for the dose pre
diction nomogram. The authors also recommended that

1. a prospective study to test the utility and 
validity of the nomogram should be done with a 
sufficient number of patients,

2, samples should be run in duplicate,
3. larger volumes of samples may be needed when mea

suring low concentrations after a test dose, and
4, the single-point procedure is a practical clinical 

tool but should not supercede clinical judgment.

In the late 1970s, Koup, Slattery, and Gibaldi
(1979) began to investigate single-dose prediction methods
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for drugs primarily metabolized by the liver. Utilizing 
chloramphenicol data from another study by Sack, Koup, and 
Slattery (1980), they estimated total body clearance from 
a serum concentration taken 6 hours after a single intra
venous infusion. They reported a linear relationship 
between a semilogarithmic plot of total body clearance and 
simulated drug concentrations taken 6 hours after the test 
dose (r = 0,99) and between the total body clearance and 
the reciprocal of the drug concentration taken 6 hours 
after the test dose (r = 0,98), Both methods resulted in 
a precise estimate of total body clearance based on a 
single determination of chloramphenicol after a test intra
venous infusion. It was hypothesized that the clearance 
estimates could then be used to accurately predict the 
maintenance dose required to reach a desired steady-state 
concentration. They also found a strong correlation between 
total body clearance and a single drug concentration taken 
after a test intravenous and oral dose of theophylline. It 
was suggested that this relationship may exist, for many 
drugs which are primarily metabolized by the liver and that 
the prediction method may result in a new era of pharmaco
kinetics that allows for rapid estimation of drug dosing 
requirements for individual patients,

Koup, Sack et al, (1979) reported computer simula
tions of chloramphenicol and theophylline kinetic data show
ing a strong correlation between the log of the maintenance
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dose required to achieve a desired steady-state concentra
tion and the drug concentration taken 6 hours after a sin
gle intravenous infusion (r = 0.98 and r = 0.97, respec
tively) . From this study they developed a single-dose 
single-point nonogram and applied it clinically in actual 
patients 6 They found it was as accurate as other kinetic 
methods requiring multiple blood concentrations after a 
test dose (r =0.89 for chloramphenicol and r = 0.98 for 
theophylline). They also studied the effect of random 
error on the test dose, infusion time, sampling time and 
assay, and found that the dose prediction method was rela
tively unaffected by small typical errors that could occur 
in a clinical setting. Koup, Sack et al. suggested the 
criteria for not using the single-dose single-point method:

1. If patients have a high degree of variability in 
clearance due to a disease process, i.e ., conges
tive heart failure, liver disease, pulmonary 
edema,

2. If patients have a significantly longer drug elim
ination half-life than the sampling time following 
the test dose, i.e., higher than normal drug con
centrations after a test dose, and

3. If patients have substantially different volumes of 
distribution than the average population.

Koup, Sack:et al. (1981) later demonstrated the accuracy 
of the single-dose single-point method for chloramphenicol



32
dosing in infants and children. The authors suggested that 
the nomogram not be used in clinical settings unless there 
was exact confirmation of infusion and sampling times and 
assurance of compliance. In their study, only 20 of the 
106 patients completed the study because of poor record 
keeping and alterations in the protocol when using the 
nomogram.

Shapiro et al. (1982) also reported a single-dose 
single-point prediction method for individualizing theoph
ylline dosing in asthmatic children. The children received 
an oral test dose of theophylline (5 mg/kg) and a serum 
concentration was taken 6 hours after the test dose. A 
nomogram developed from simulated data was used to precict 
the daily maintenance dose required to maintain a steady- 
state concentration of 10 yg/ml. They reported that 15 of 
the 20 patients had an average observed steady-state con
centration of 12 yg/ml (range of 10 to 16.8 yg/ml) and 
the remaining 5 patients had levels between 6.2 and 9.7 
yg/ml. The authors noted that the variation in steady- 
state concentrations resulting from the oral doses (coeffi
cient of variation = 26 percent) was higher than that found' 
with intravenous dosing (coefficient of variation = 20 
percent). The rate of absorption from the sustained-release 
oral dosage form and the possibility of noncompliance were 
suggested as possible reasons for the differences. The 
authors also observed a marked variation (coefficient of
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variation = 31 percent) in predicted concentrations when a 
higher desired steady-state concentration of 15 ag/ml was 
used in the nomogram. They suggested that theophylline 
kinetics may be nonlinear at higher concentrations due to 
a decrease in clearance and that the method loses accuracy 
if higher Concentrations are selected as a target value in 
the nomogram.

A recent study by McGory and Matzke (1982) reported 
a computer-individual!zed nomogram for dosing aminophylline. 
The authors devised a computer program that utilized single
dose single-point data and various kinetic parameters to 
develop an individualized nomogram. The predicted and ob
served maintenance dose of aminophylline was retrospectively 
studied in 42 patients, and the computer individualized 
nomogram was found to be a better predictor than the Koup, 
Sack et al. (1979) method. A prospective clinical evalua
tion of the method has not yet been reported.

Also in the past few years, a single-dose single
point prediction method was described for phenytoin. Koup 
and Gibaldi (1981) demonstrated that computer simulations 
of a 24-hour serum sample taken after an intravenous load
ing dose of phenytoin (18 mg/kg) could predict the mainte
nance dose required to achieve a steady-state concentration 
of 15 mg/L. The correlation between the phenytoin mainte
nance dose and the reciprocal of the 24-hour phenytoin con
centration was high (r = 0.96). The authors noted that
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this method was not expected to work with drugs which have 
saturable, nonlinear kinetics, but because elimination after 
the large intravenous bolus dose was pseudo-linears ithin a 
narrow concentration range, the method could be applied to 
predict steady-state concentration within a similar concen
tration range. Later, Koup, Gibaldi, and Godolphin (1981) 
published a reappraisal of the single-point estimation of 
dosing phenytoin and reported that the method failed to 
consistently predict dosing requirements because of its 
nonlinear kinetics. The authors recommended that a 2-point 
method instead of a 1-point method after a single intraven
ous loading dose should be used because it would result in a 
a more reliable prediction of phenytoin dose requirements.

Slattery, Gibaldi, and Koup (1980) published a theo
retical model for the single-dose single-point prediction 
method. The authors reported that the reciprocal relation
ship between the maintenance dose required to reach a 
desired steady-state concentration and the drug concentra
tions taken after an initial test dose of medication had a 
mathematical basis. The theory assumed that there was in
trapatient stablity in drug absorption, distribution, and 
clearance, and that the drug followed linear (first-order) 
elimination kinetics. The mathematical relationship was 
derived from the following pharmacokinetic equations. The 
average drug concentration in serum at steady-state (Css) 
is defined as:
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5ss = rrr a )

where
Dm = maintenance dose which is taken every 

X hours,
V = volume of distribution,
K = elimination rate constant,
F = fraction of the administered dose reaching 

the sytemic circulation.
A drug concentration (C*) determined at a specific time 
(t*) after the administration of an initial test dose (D*) 

. can be given by

F D* -Kt* 
~ T ~ e

(2)

The ratio of drug concentrations at steady-state to drug 
concentrations taken after a single oral test dose (i.e., 
the ratio of Equations 1 to 2) is, therefore.

D m ^ *Css/G* = — -- - (3) '
KtD*

Because a linear relationship-was reported between Css and 
C* for the tricyclic antidepressants, lithium, chloramphen
icol, and theophylline, the theory assumed that V and K
were the same after a test dose and at steady-state, and 

Kt*that e /K is relatively constant over the normal range
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of elimination rate constant (K) found in a typical study 
population, Thus, the equation was rearranged to:

D H  -  v t : *

where

Kt*
ii> = ------------.

CssKAD*

Because ¥ is minimally affected by interpatient differences 
in clearance and volume of distribution, the reciprocal 
relationship should remain fairly constant as long as K is 
within the normal range of elimination rate constants„
Thus, the resulting relationship between the reciprocal 
of the maintenance dose to achieve a steady-state concen
tration (1/Dm) and the drug concentration taken after a 
single test dose (C*) has a mathematical basis for predic
ting maintenance dose requirements to achieve a desired 
steady-state concentration. The authors reported that the 
single-dose single-point method should predict a mainte
nance dose within 2.0 percent of the actual required 
maintenance dose for drugs which obey linear kinetics.
The authors also noted that the single-dose single-point 
prediction method appeared to be an exciting and substantial 
advance in the application of pharmacokinetics to the clin
ical setting.
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Pharmacology and Pharmacokinetics of Dozepin

Doxepin hydrochloride, a dibenzoxepin tricyclic 
derivative and tertiary amine, differs structurally from 
amitriptyline by the addition of an oxygen into the central 
ring. Doxepin is manufacturered as a 15:85 percent mixture 
of cis- and trans-isomers of N,N-dimethyldibenz (b,e) 
oxepin-A^ -3-propylamine hydrochloride salt. Oral dos
age forms of doxepin hydrochloride include 10-, 25-, 50-, 
75-, 100-, and 150-mg capsules (Sinequan® manufactured by 
Roerig Pharmaceuticals, a division of Pfizer Pharmaceuti
cals, New York, New York, and Adapin® manufactured by 
Pennwalt Pharmaceutical Division, Pennwalt Corporation, 
Rochester, New York).

Two extensive reviews on the pharmacology, pharma
cokinetics, clinical trials, side effects, overdose compli
cations, drug interactions, and dosing have appeared in the 
literature (Brogden, Speight, and Avery, 1971; Finder et 
al., 1977). In summary, the authors reported that doxepin 
is structurally and pharmacologically similar to two other 
tertiary-amine tricyclics, amitriptyline, and imipramine, 
and has been shown to be equally effective in uncontrolled 
and controlled clinical studies. The hypothesis for the 
antidepressant activity of doxepin appears to be the poten
tiation of biogenic amines by inhibiting the amine reuptake 
pump on the presynaptic neuron. Common side effects are 
similar to other tricyclic antidepressants and include
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drowsiness., dizziness, and the anticholinergic side effects 
of dry mouth, blurred vision, and constipation. Uncommon 
side effects include: tremor, postural hypotension, sweat
ing, tachycardia, and urinary retention. Rare instances of 
paresthesias, notable weight gain, excitement, leukopenia 
and thrombocytopenia have been reported. Many of the side 
effects tend to be dose-related and generally disappear 
with continued treatment or by reduction of the dose. The 
usual dose of doxepin in most depressed outpatients is 
75 to 150 mg per day and 150 to 300 mg per day in hospital
ized patients. Elderly patients and those with cardiovas
cular disease usually tolerate doxepin well, but require 
smaller doses with gradual titration. Doxepin can be given 
once daily at bedtime since the sedative side effect bene
fits the patient (Goldberg, Finnerty, and Cole, 1974; 
Goldberg et al., 1974; Mendels and Schless, 1975) and the 
plasma concentration of doxepin and desmethyldoxepin, an 
active metabolite, are comparable on single-dose and 
divided dose schedules (Biggs et al., 1978).

Numerous reviews on the relationship of plasma con
centrations of antidepressants to clinical response have 
appeared in the literature (Gram, 1977b; Burrow et al., 
1978; Biggs, 1978; Risch, Huey, and Janowsky, 1979a, -b; 
Risch et al., 1981; Orsulak and Schildkraut, 1979; Carl- 
stedt and Young, 1980; Molnar and Gupta, 1980; Amsterdam 
et al., 1980; Scoggins et al., 1980b). Most authors agree
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that the relationship between plasma concentrations of 
doxepin and desine thy Idoxep in and the therapeutic response 
has not been sufficiently studied compared to other tri
cyclic antidepressants and that more clinical trials are 
needed before one can determine the exact relationship.
Six studies have investigated the relationship between 
doxepin and desmethyIdoxepin plasma concentrations and 
therapeutic response and these studies will be reviewed.

Kline, Cooper, and Johnston (1976) studied 10 
depressed outpatients and found that the antidepressant 
effect of doxepin correlated significantly with plasma 
concentrations of desmethyIdoxepin, but not with doxepin. 
They reported that all patients with desmethy1doxepin con
centrations greater than 20 ng/ml showed clinical improve
ment and those under 20 ng/ml were either unchanged or 
worse. The authors did not report the actual data or sta
tistics used for the study so it was difficult to criti
cally evaluate the method and results. Friedel and Raskind 
(1975) treated 15 elderly depressed patients with doxepin 
and found that 8 patients had moderate to marked improve
ment when the mean doxepin plus desmethyIdoxepin concentra
tions were above 110 ng/ml. In the seven patients who did 
not respond, the mean plasma concentration of doxepin plus 
desmethyIdoxepin was 60 ng/ml. From these results, the 
authors suggested that there may be a linear plasma concen
tration response relationship, and that a concentration
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above 110 ng/ml of doxepin plus desmethyldoxepin was needed 
for a therapeutic response. It should be noted that only 
one patient in the study achieved plasma concentrations 
above 138 ng/ml. That patient received 400 mg per day of 
doxepin and reported a marked improvement in clinical 
response with a steady-state concentration of 281 ng/ml of 
doxepin plus desmethyldoxepin. Ward, Friedel, and Bloom 
(1978) reported a study with 24 depressed inpatients and 
found the majority of patients responded when doxepin was 
dosed 2.1 to 3.9 mg/kg or when plasma concentrations of 
doxepin plus desmethyldoxepin were between 128 and 364 
ng/ml. They also reported that four patients who responded 
clinically later experienced a deterioration in depression 
ratings when their dose was increased and the resulting 
plasma ranges were between 157 and 715 ng/ml of doxepin 
plus desmethyldoxepin. This finding suggests that patients 
may not respond clinically when plasma concentrations are 
above a certain therapeutic window. In support of this 
finding, Jobson, Burnett, and Linnoila (1978) reported a 
case where a patient had plasma concentrations of doxepin 
plus desmethyldoxepin of 80 ng/ml when the patient 
increased cigarette smoking and of 510 ng/ml when the same 
patient lost weight. In both cases, a recurrence of depres 
sive symptoms resulted and then remitted when the dose was 
adjusted and the plasma concentrations of doxepin plus 
desmethyldoxepin returned to 150 ng/ml. Green (1978) also
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reported a case study of therapeutic failures when plasma 
concentrations of doxepin plus desmethyldoxepin were above 
250 ng/ml or below 150 ng/ml and marked improvement in 
depressive symptoms when the dose was adjusted so that con
centrations were between 150 and 250 ng/ml„ Recently Ward 
et al. (1982) conducted a study and reported that there was 
no significant correlation between plasma concentrations of 
doxepin, desmethyldoxepin, or doxepin plus desmethyldoxepin 
and therapeutic effect. However, the authors noted that 
when the 13 patients were divided into three groups accord
ing to their steady-state plasma concentrations of doxepin 
plus desmethyldoxepin (0 to 125, 125 to 250, and greater 
than 250 ng/ml), a trend toward more therapeutic responses 
was observed when the concentrations were between 125 and 
250 ng/ml. They also suggested that doxepin may have a 
curvilinear plasma level-response relationship.

The above studies and reports suggest that there is 
a relationship between therapeutic effects and plasma con
centrations of doxepin plus desmethyldoxepin, but more well- 
controlled studies are needed to confirm the relationship.
At the present time, most clinical laboratories are using 
75 to 200 ng/ml of doxepin plus desmethyldoxepin to monitor 
the therapeutic steady-state concentration range of doxepin 
(Biggs, 1978; Baptista, 1981). This range is in reasonable 
agreement with the above observations.
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Early pharmacokinetic studies with doxepin in rats 

and dogs showed that radio-labelled doxepin is well 
absorbed following oral administration and that the concen
tration of unchanged drug in the blood is low indicating 
rapid metabolism and distribution of drug and metabolites 
into tissues (Hobbs, 1969)„

The major routes of metabolism are similar to ami
triptyline and imipramine and include demethylation, N- 
oxidation, hydroxylation, and glucuronide formation. The 
N-demethylated metabolite of doxepin, desmethyldoxepin, 
has pharmacological activity and the cis-isomer of doxepin 
has more activity than the trans-isomer (Finder et al., 
1977). Recent evidence suggests that the hydroxylated 
metabolites of tricyclic antidepressants may also be phar
macologically active (Potter, Calil et al., 1979; Potter, 
Calil, and Zavadil, 1980; Bertilsson, Mellstrbm, and 
Sjbqvist, 1979) and that they should be included in pharma
cokinetic monitoring (Deyane and Jusko, 1981). Gram (1974) 
published an extensive review on the metabolism of tricyc
lic antidepressants. He reported that liver hydroxylation 
and subsequent glucuronidation, was quantitatively the most 
important route of metabolism and that it varies between 
individuals. In a later review. Gram (1977a) noted that the 
the tricyclic antidepressants are lipophilic, cross biolog
ical membranes rapidly, and have high affinity for binding 
with tissues including the liver microsomal oxidizing
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enzymes„ He reported that although some variations in 
distribution and binding to tissues and blood constituents 
may be a source of variability, the major source of varia
tion in steady-state blood concentrations seems to be due 
to the variations in the rate of elimination by liver 
metabolism.

Ziegler, Biggs, Wylie et al. (1978) were the first 
to report a single oral dose pharmacokinetic study of 
doxepin in man. In this study, seven volunteers were given 
a single 75-mg oral dose of doxepin and 17 blood samples 
were taken from 2 to 168 hours after the dose. Two weeks 
later, two of the subjects began a 14-day maintenance 
course of 75-mg doxepin daily for determination of steady- 
state concentrations of doxepin and desmethyldoxepin. The 
results of the single-dose study showed that the plasma 
concentration of doxepin rose rapidly and peaked 2 to 4 
hours after the dose (range of 8.8 to 45.8 ng/ml) and 
desmethyldoxepin plasma concentrations rose more slowly and 
peaked around 6 ..hours after the dose (range of 4.8 to 14.6 
ng/ml). The disappearance of doxepin was biphasic with a 
distribution and elimination phase. The mean half-life of 
doxepin was 16.8 hours (range of 8.2 to 24.5 hours) and the 
mean half-life of desmethyldoxepin was 51.3 hours (range of 
33.2 to 80.7 hours). The authors did not administer an 
intravenous dose of doxepin to the volunteers so the actual 
volume of distribution, clearance, and availability could



44
not be directly determined. Ziegler, Biggs, Wylie et al. 
did, however, estimate the volume of distribution from oral 
data by assuming that the availability of doxepin equalled 
the fraction of the dose escaping first pass metabolism 
(F = 0.27, with a range of 0.13 to 0.45) assuming a mean 
liver blood flow of 1,500 ml/min. The authors reported a 
mean volume of distribution of 20.2 L/kg with a range of 
9.1 to 33.2 L/kg. The results of the multiple-dose study 
found that steady-state concentrations were reached by the 
ninth day of dosing, and that there was a strong correla
tion between doxepin and desmethy1doxepin concentrations 
at steady-state (r = 0.78). The authors recommended that 
desmethyldoxepin, the major metabolite of doxepin, should 
be measured along with doxepin and that steady-state plasma 
concentrations should be drawn no sooner than 12 hours 
after a single dose of doxepin so that it would be in the 
post-absorption, post-distribution phase. The authors also 
noted that doxepin had the lowest steady-state plasma con
centration per milligram dose ingested compared to other 
tricyclic antidepressants. The authors suggested that the 
lower steady-state concentrations may be related to the 
lower incidence of cardiotoxicity (Vohra, Burrows et al., 
1975; Vohra, Burrow, and Sloman, 1975; Davies et al., 1975; 
Burrows et al., 1976; Tobis and Aronow, 1981).

In a second single-dose pahrmacokinetic study with 
doxepin, Virtanen, Scheinin, and lisalo (1980) gave a 50-mg
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oral dose to eight volunteers and took 12 blood samples 
from 1 to 96 hours after the dose. The results of this 
study are similar to those of Ziegler, Biggs, Wylie et al. 
(1978). Peak serum concentrations of doxepin occurred at 
1 to 2 hours and at 1 to 6 hours for desmethyldoxepin. The 
disappearance of doxepin was biphasic with a mean distribu
tion half-life of 2 hours and a mean elimination half-life 
of 17.9 hours (compared to 16.8 hours in the Ziegler,
Biggs, Wylie et al. study). The mean desmethyldoxepin 
half-life was 28.5 hours (compared to 51.3 hours in the 
Ziegler, Biggs, Wylie et al. study). The authors did not 
administer an intravenous dose of doxepin and, therefore, 
the volume of distribution and clearance could not be pre
cisely determined. They were able to estimate the volume 
of distribution of 22.7 L/kg and the plasma clearance of
0.93/hr/kg from the oral data with the same assumptions re
garding availability As Ziegler, Biggs, Wylie et al. (1978).
Virtanen, Scheinin, and lisalo (1980) estimated that 
71 percent of an oral dose was eliminated on its first pass 
through the liver. The authors noted that doxepin appeared 
to have more extensive first-pass metabolism than observed 
with nortriptyline (35 percent by Alexanderson, Borga, and 
Alvan, 1973; 30 to 75 percent by Gram and Over0, 1975; 34 
percent by Alvan et al., 1977), amitriptyline (60 percent 
by Ziegler, Biggs, Ardekani, and Rosen, 1978), and imipra- 
mine (53 percent by Gram and Christiansen, 1975). The mean
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protein binding was 75.5 percent for doxepin and 76.0 per
cent for desmethyIdoxepin based on equilibrium dialysis. - 
This is lower than for other tricyclic antidepressants 
(96 percent for imipramine and amitriptyline, 90 percent 
for protriptyline (Borga et al., 1969)). Virtanen, Schei- 
nin, and lisalo (1980) also noted that the reason for the 
observation by Ziegler, Biggs, Wylie et al. (1978) that 
doxepin had lower steady-state levels per milligram dose 
ingested may be due to its higher first-pass metabolism and 
lower protein binding in comparison to the other tricyclic 
antidepressants.

Analysis of Doxepin and Desmethyldoxepin 
Doxepin and its active metabolite, desmethyldoxe

pin, have been measured by gas-liquid chromatography with a 
nitrogen-sensitive detector (Hobbs, 1969; Dusci and Hackett, 
1971; O ’Brien and Binsvark, 1976; Dorrity, Linnoila, and 
Habig, 1977; Rosseel, Bogaert, and Claeys, 1978; Vasiliades, 
Sahawneh, and Owens, 1979; Dahr and Kutt, 1979; Wurm et 
al., 1979; Bogaert et al., 1981), gas-liquid chromatography 
with an electron capture detector (Wallace et al., 1978), 
gas-chromatography mass-spectrometry (Biggs et al., 1976; 
Frigerio et al., 1977; de Groot, Leferink, and Maes, 1978), 
ultraviolet spectrophotometry (Randolph et al., 1974), 
high-pressure liquid chromatography (Proelss, Lohmann, and 
Miles, 1978; Whall and Dokladalova, 1979), and
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radioimmunoassay (Virtanen, Salonen et al., 1980). Several 
reviews on the measurement of tricyclic antidepressant con
centrations have also appeared in the literature (Gupta and 
Molnar, 1979; Scoggins et al., 1980a; Jatlow, 1980). It 
appears that the gas-liquid chromatography with a nitrogen- 
specific detector is the most widely used technique for 
assaying tricyclic antidepressants in routine clinical 
laboratories (Gifford, Turner, and Pare, 1975; Witts and 
Turner, 1977; Burgett, Smith, and Bente, 1977; Dorrity et 
al., 1977). The gas-liquid chromatography with the nitro
gen detector is also the most practical method for routine 
clinical monitoring of tricyclic antidepressants because 
it is specific for the parent drug and active demethylated 
metabolite, sensitive (as low as 1 to 5 ng/ml), accurate 
and precise (± 5 to 10 percent coefficient of variation at 
concentrations as low as 5 ng/ml), relatively inexpensive 
compared to the gas-chromatograph mass-spectrometry tech
nique, convenient, and rapid (less than 24 hours for labo
ratory turnaround of results) (Scoggins et al., 1980a). 
Recently Abernathy, Greenblatt, and Shader (1981) described 
a method with a sensitivity of 0.5 to 0.75 ng/ml using a 
gas-liquid chromatograph with nitrogen-phosphorous detector 
for monitoring tricyclic antidepressants. The extraction 
procedure included a basic extraction from plasma, followed 
by an acid back extraction, an adjustment of the aqueous 
phase to a basic pH, and a final organic extraction into-a
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small volume for injection into the gas-liquid chromato
graph. The authors reported that the method was reliable, 
specific, sensitive, and inexpensive for use in single-dose 
pharmacokinetic studies.

In summary, there appears to be a:
1. relationship between doxepin * s therapeutic effects, 

side effects, and plasma concentrations,
2. wide interpatient variability in steady-state 

concentrations when patients are administered the 
same dose of doxepin,

3. significant and variable first-pass metabolism of 
doxepin to desmethyldoxepin, an active metabolite, 
and

4. specific and sensitive analytical method for mea
suring doxepin and desmethyldoxepin in plasma.

Currently there is no pharmacokinetic method for.a priori 
dosing of doxepin. Physicians must wait until patients 
reach steady-state concentrations to determine the maximum 
response from a given dosage regimen, then based on the 
response the maintenance dose must be altered with the hope 
of achieving an optimum response with the new steady-state 
concentrations. This trial-and-error method of dosing is 
very time consuming and often patients do not achieve the 
desired therapeutic benefits of doxepin. Thus, there is a 
need for a simple and accurate method for dosing doxepin in
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clinical practice„ The single-dose single-point prediction 
method has been shown to be an accurate,' efficient, and 
effective method for dosing other durgs primarily metabo
lized by the liver. The development of a single-dose 
single-point nomogram for doxepin to accurately predict a 
maintenance dose to achieve a desired steady-state concen
tration could result in a significant increase in desired 
therapeutic responses, a decrease in toxic side effects, 
and a more safe and effective method for dosing doxepin in 
clinical practice.



CHAPTER 3

DESIGN OF STUDY

The study design was divided into three sequential 
phases, each phase will be discussed separately. To qual
ify for all three phases, subjects had to have normal labo
ratory values of blood urea nitrogen, creatinine, total 
protein, albumin, alkaline phosphatase, total bilirubin, 
SCOT, SGPT, and LDH (Appendix A), All subjects signed a 
consent form approved by the Human Subjects Committee at 
The University of Arizona Health Sciences Center, Tucson; 
Kino Community Hospital, Tucson, Arizona; and the Veterans 
Medical Center, Tucson, Arizona, for each respective phase 
(Appendix B)„ No addition or deletion of concurrent medi
cations or alcohol was permitted 48 hours before the test 
dose or during the study to assure that changes in these 
exogenous factors would not alter doxepin or desmethyldoxe- 
pin serum concentrations (Park and Breckenridge, 1981; 
Gaultieri and Powell, 1978; Gold, 1981), During all three 
phases, subjects were required to fast 2 hours before and 
2 hours after each test dose so that food would not inter
fere with absorption. Subjects were not allowed to eat 
charcoal-broiled beef, brussel sprouts, or cabbage during 
the meal before the test dose because of possible interfer
ence with liver metabolism (Kappas et al,, 1978; Pantuck

50
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et al„, 1979). Twenty-five-milligram capsules of doxepin 
hydrochloride (Sinequan® supplied by Roerig Pharmaceuti
cals) were used during all three phases to allow for indi
vidualization of doxepin dosing to the nearest 25-mg dose 
and to control for possible bioavailability differences 
between various dosage strengths of doxepin. Information 
collected on subjects during the study included age, sex, 
weight, and concurrent medications (Appendix C) . A daily 
log of caffeine consumption, nicotine use, and side effects 
experienced were recorded by each subject during the three 
phases (Appendix D) .

During the three phases, 20 ml of venous blood were 
collected for each sample in 2 10-ml Vacutainers® (Beeton, 
Dickinson and Company, Rutherford, New Jersey) with a dark- 
blue silicon-coated stopper. All samples were collected 
within 1 hour of the designated sampling time by a trained 
technician. Samples were centrifuged and the serum trans
ferred to three polypropylene tubes (approximately 2.5-ml 
serum per tube) and capped securely. The samples were 
stored at -20°C until assayed.

Phase I: Selection of an Optimum
Test Dose of Doxepin

Three normal healthy nonsmoking subjects between 
the ages of 18 and 80 were studied in this phase. Nonsmok
ers were selected because tobacco smoking may lower tri
cyclic antidepressant concentrations (Perel, Hurwic, and
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Kanzler? 1975; Perel, Shostak et al., 1975; Jusko., 1978; 
Vestal and Wood, 1980), although some studies have found 
no effect on steady-state plasma concentrations (Alexan- 
derson et al., 1969; Norman et al„, 1977; Ziegler and 
Biggs, 1977). Each subject received three different single 
oral test doses of doxepin with a 2-week drug-free period 
between doses using a Latin-square design. The three test 
doses of doxepin were selected to yield approximately a 
1-mg/kg (75-mg) , 2-mg/kg (150-mg) and 4-mg/kg (300-mg) dose 
based on a 70-kg subject and to represent the average rec
ommended daily dosage range of doxepin. The three differ
ent oral test doses of doxepin were taken at 8 p.m. with 
100 ml of water and blood samples were collected at 24, 48, 
and 72 hours after each dose. An optimum test dose was 
selected based on the following criteria:

1. There must be measurable serum concentrations of 
both doxepin and desmethyldoxepin at all sampling 
times after the test dose .

2. The side effects experienced after the test dose 
must be tolerated by the majority of the subjects.

Phase II: Development of Single-dose Single-
point Nomograms for Doxepin and the Selection 

of an Optimum Sampling Time
Eleven normal healthy subjects and eleven depressed 

inpatients from The University of Arizona Hospital psychia
tric unit between the ages of 18 and 80 were studied in
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this phase. The eleven normal healthy subjects were non- 
smokers and had no concurrent medications 48 hours before 
the test dose or during the 2-week study period. The 11 
depressed inpatients did not have the exclusion criteria 
of smoking and concurrent medications since these restric
tions would have not represented the actual depressed 
inpatient population. To control for these independent 
Variables, smoking patients were required to keep a daily 
log of cigarettes smoked (Appendix D) and all concurrent 
medications were recorded and held constant during the 
2-week study period. All subjects were not permitted to 
use alcohol 48 hours before the test dose and during the 
study. The depressed inaptients had the additional inclu
sion criteria of:

1. primary diagnosis of depression according to the 
Diagnostic and Statistical Manual of Mental Dis
orders (American Psychiatric Association, 1980),

2. no treatment with a tricyclic or tetracyclic anti
depressant 2-weeks prior to the study, and

3. selection by the resident physician with final 
approval by the attending physician.

Exclusion criteria for the depressed inpatients included 
the presence of schizophrenia, organic brain disease, or 
history of cardiac, renal, liver, or thyroid disease.

The Beck Self-Inventory Scale for Depression (Beck 
and Beck, 1972; Beck and Beamesderfer, 1974)(Appendix E)
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and the Depression Adjective Check Lists Scale C or D 
(Lubin, 1965; 1966) (Appendix F) were administered to the 
depressed inpatients before the test dose and on Day 11 
and Day 12 of continual maintenance dosing to measure 
changes in the depressive symptoms and to compare the ther
apeutic responses with steady-state serum concentrations.

Each subject received a single oral test dose of 
doxepin of 2 mg/kg actual body weight and rounded up to the 
nearest 25-mg dose (see results section. Phase I). The 
test dose of doxepin was taken at 8 p.m. with 100 ml of 
water, and blood samples were collected at 24, 48, and 72 
hours after the test dose. The three sampling times were 
selected because theoretically the optimum sampling time 
following a test dose equals the half-life of the drug 
divided by 0.693 or 1.5 times the population half-life 
(Slattery, 1981; Unadkat and Rowland, 1982). A kinetic 
study of doxepin in seven normal subjects found the mean 
plasma half-life of doxepin was 16.9 hours (range of 8.2 
to 24.5 hours) and the mean plasma half-life of desmethyl- 
doxepin was 51.3 hours (range of 33.2 to 80.7 hours) (Zieg
ler, Biggs, Wylie et al., 1978). Based on these half-lives, 
the predicted optimum sampling time would be approximately 
24 hours for doxepin and 72 hours for desmethyldoxepin.
Thus, the three sampling times of 24 hours, 72 hours, and 
one in the middle, 48 hours, were selected to measure serum
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concentrations of doxepin and desmethy1doxepin after the 
oral test dose.

Following the 72-hour blood collection, subjects 
were started on an 11-day constant maintenance dose of 
doxepin. The eleven normal healthy subjects received a 
single daily maintenance dose in the range of 1.0 to 1.5 
mg/kg and the depressed inpatients received a single daily 
maintenance dose in the range of 1.5 to 3.0 mg/kg. The 
resident physicians for the depressed inpatients were 
allowed to choose the maintenance dose of doxepin based on 
their clinical judgment and were permitted to titrate up 
to the chosen dose over a 3-day period to minimize side 
effects. All subjects received nine constant single daily 
doses of doxepin at 8 p.m. before steady-state serum con
centrations of doxepin and desmethyldoxepin were measured. 
Blood samples were collected at 8 a.m. (or 12 hours after 
the evening dose) on Days 10, 11, and 12 of continual main
tenance dosing. The mean observed steady-state serum con
centration was defined as the average of serum concentra
tions measured on the consecutive days.

Phase III: Evaluation of the Single-dose
Single-point Prediction Nomograms for
Doxepin in hospitalized Depressed Patients
Eleven depressed inpatients between the ages of 18 

and 80 from The University of Arizona Hospital, Kino Com
munity Hospital, and the Veterans Medical Center were
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studied to determine the accuracy of the single-dose 
single-point precition nomograms for doxepin selected in 
Phase II. The inclusion and exclusion criteria for the 
depressed inpatients was the same as described in Phase II 
for depressed inpatients. The Beck Self-Inventory Scale 
for Depression and the Depression Adjective Check List 
Scale C or D were administered as described in Phase II 
for depressed inpatients.

Each subject received a single oral test dose of 
doxepin of 2 mg/kg actual body weight and rounded up to 
the nearest 25-mg dose (see results section. Phase I). A 
blood sample was collected 24 hours after the test dose 
(see results section. Phase II). Following the blood 
collection, subjects were started on their multiple dosing 
schedule as determined by their physician. All subjects 
received nine constant daily maintenance doses of doxepin 
before steady-state serum concentrations of doxepin and 
desmethyldoxepin were measured. Blood samples were col
lected at 8 a.m. (or 12 hours after the evening dose) on 
Days 10, 11, and 12 of continual maintenance dosing. The 
mean observed steady-state concentration was defined as 
the average of serum concentrations measured on the consec
utive days.
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Assay for Doxepin and Desmethyldoxepin 

Serum Concentration

Reagents
The following reagents were used: certified 99

percent pure n-hexane, analytical reagent grade methanol,
0„2N hydrochloric acid, 60 percent sodium hydroxide, 0.1 
percent triethylamine in acid clean hexane, 1 percent 
acetic anhydride in acid clean hexane, 2N Tris, doxepin 
hydrochloride (15:85 cis-trans isomers), and desmethyldoxe
pin (100 percent trans isomer).

Glassware
Acid-washed pipets; methanol-washed 16 X 125-mm 

screw-cap tubes; and teflon-lined lids.

Reference Standards
Working solutions of 100 ng/ml of promazine in 2N 

Tris (pH 9), 100 or 75, 50, 20, 10, and 5 ng/ml of doxepin 
and desmethyldoxepin in drug-free serum were prepared fresh 
daily from stock solutions of 1 mg/ml methanol of each 
standard. Controls of 25 and 50 ng/ml of doxepin and des
methyldoxepin in drug-free serum (aloquoted and frozen at 
-20°C at the beginning of the study) were used throughout 
the study. Stock solutions remained stable for at least 3 
months when stored in small plastic-capped tubes and 
refrigerated at 2°C.
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Extraction Procedure

Two millileters of working standards, controls 
and samples were added to a series of 16 X 150-mm screw- 
cap glass tubes. One-half ml of working promazine in 
buffer (internal standard) was added to all tubes„ Ten 
ml of acid clean nexane were added to each tube, capped 
securely, shaken for 10 minutes, and centrifuged for 5 
minutes at 1,500 rpm. For the back extraction, 9 ml of the 
hexane phase was transferred to a second set of clean 16X 
150-mm screw-cap glass tubes„ Five ml of 0.2 N hydro
chloric acid were added to each tube, capped securely, 
shaken for 5 minutes, and centrifuged for 5 minutes at 
1,500 rpm. The organic hexane layer was carefully aspir
ated off and 0.2 ml of 60 percent sodium hydroxide was 
added to the aqueous layer and the tubes were agitated on a 
vortex mixer. Two ml of hexane was added to each tube, 
capped securely, shaken for 5 minutes, and centrifuged for 
5 minutes at 1,500 rpm. One and one-half ml of of hexane 
was transferred to 13 X 100-mm disposable tubes with 0.5 ml 
of 0.1 percent triethylamine in hexane and 0.1 ml of 1 
percent acetic anydride in hexane were added to each tube. 
The tubes were agitated on a vortex mixer and evaporated 
just to dryness at 40°C under N^. Twenty-five yl of acid 
clean hexane were added to each tube. The tubes were 
agitated on a vortex mixer and three yl of sample were 
injected into the gas chromatograph.
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Apparatus and Chromatographic Conditions

A Hewlett Packard 5840A gas liquid chromatograph 
with a 6* X 2-mm ID 3% OV-17 column and a nitrogen- 
phosphorous sensitive detector was used at the University 
of Arizona Health Sciences Center Clinical Laboratory.
One lab technologist performed all of the assays and was 
blinded to the doxepin doses during the study period. The 
carrier gas was ultra high pure helium with a flow rate of 
30 ml/min. The detector purge was ultra high pure hydrogen 
at 3 ml/min and mixed with dry air at 50 ml/min. Operating 
temperatures were 244°C for the injector, 234 °C to 265 °C at 
10 °C/min for the column, and 265 °C for the detector. Chart 
speed was 1 cm/min, slope sensitivity and attenuation were 
adjusted as required by each run, age of the column and 
nitrogen-phosphorous detector.

Calculations and Considerations
Peak height ratios of the drug (i.e., doxepin and 

desmethy1doxepin) and. the internal standard (i.e., proma
zine) were plotted against the drug concentration. In 
normal human serum a contamination peak was found coeluting 
with underivatized desmethyldoxepin. Thus desmethyIdoxepin 
was derivatized to improve separation and to reduce peak 
tailing.
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Data Analysis^

Phase I: Selection of an Optimum
Test Dose of Doxepin

An oral test dose (in mg/kg actual body weight) was 
selected based on a minimum dose that produced measurable 
serum concentrations of doxepin and desmethy1doxepin at 
24, 48, and 72 hours after the test dose, and a maximum 
dose that could be tolerated by the majority of subjects 
according to the subjective side effect daily log (Appendix 
D). Measurable serum concentrations after the test dose 
were defined as greater than 2«5 ng/ml for both doxepin and 
desmethy1doxepin. Subjective side effects were rated as,3 
for severe, 2 for moderate, 1 for mild, and 0 for none.
The three different test doses were compared to the sever
ity of side effects experienced at 24, 48, and 72 hours 
after the test dose. The final selection of an optimum 
test dose was made using clinical judgment and did not 
require a statistical analysis.

Phase II: Development of Single-dose
Single-point Nomograms for Doxepin and 
the Selection of an Optimum Sampling Time

Scatterplots with simple linear regression constants 
and Pearson product-moment correlation coefficients were 
obtained for the relationship between serum concentrations 
of doxepin, desmethyIdoxepin, and the sum of doxepin plus 
desmethy1doxepin divided by the test dose (in mg/kg) at
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24, 48, and 72 hours after the test dose versus the 
reciprocal of the maintenance dose (in mg/kg/day) required 
to reach a desired steady-state serum concentration of 50 
ng/ ml of doxepin, 50 ng/ml of desmethyldoxepin, and 100 
ng/ml of doxepin plus desmethyldoxepin, respectively. 
Comparisons, were made between normal healthy subject 
data, depressed inpatient data, and the combination of 
normal healthy subject and depressed inaptient data for 
each of the nine nomograms using the reciprocal relation
ship .

The selection of a minimally acceptable nomogram 
for doxepin was based on the following critera:

1. There must be measurable serum concentrations 
(greater.than 2.5 ng/ml) at the sampling time of 
interest for both doxepin and desmethyldoxepin in 
9 out of 11 subjects.

2. there must be significant correlation coefficients 
(p < 0.05) between the serum concentrations of 
doxepin, desmethyldoxepin, and doxepin plus des
methyldoxepin after the test dose and the recipro
cal of the maintenance dose required to achieve a 
desired steady-state serum concentration using 
normal healthy subject data, depressed inpatient 
data, or all subject data.
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The minimally acceptable single-dose single-point nomograms 
selected in Phase II were retrospectively evaluated with 
hospitalized depressed patients for accuracy in Phase III.

Phase III: Evaluation of the Single
dose Single-point Nomograms for Doxepin 
in Hospitalized Depressed Patients

Scatterplots with Pearson product-moment correla
tion coefficients were determined for the measured versus 
the predicted steady-state serum concentrations using the 
single-dose single-point nomograms selected in Phase II.
An analysis of precision was performed by determining the 
mean differences between the measured and the predicted 
steady-state serum concentrations for each nomogram 
(Sheiner and Beal, 1981). A two-tailed paired t-test along 
with the determination of the 95 percent confidence inter
val of mean differences was used to determine which nomo
grams were statistically similar. Nomograms having mean 
differences not statistically different from zero and/or 
having a 95 percent confidence interval of mean differences 
including zero were assumed to be better predictors of 
steady-state serum concentrations than those nomograms not 
meeting these criteria. The nomograms were also compared 
as to the number of accurate predictions within a ± 20 per
cent and ± 45 percent prediction range from a desired 
steady-state serum concentration.
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The mean scores were determined for the Beck Self- 

Inventory Scale for Depression (BECK) and for the Depres
sion Adjective Check List (DACL) Scale C and D administered 
before the test dose (pre) and at steady-state (post) for 
all depressed inpatients in Phase II and Phase III. The 
mean differences between the pre and post scores were 
determined and a two-tailed paired t-test with a 95 per
cent confidence interval was used to. assess if the pre and 
post scores were significantly different. Correlation 
coefficients were determined for the difference between . 
the pre and post BECK and DACL scores to evaluate if both 
instruments were measuring the same depression symptoms 
and had concurrent validity. Additional correlation data 
were performed between the differences between the pre and 
post BECK and DACL scores and the measured steady-state 
serum concentrations of doxepin, desmethyldoxepin, and 
doxepin plus desmethyldoxepin to assess if there was a 
relationship between the degree of change in depression 
scores and steady-state serum concentrations.

The Statistical Package for the Social Sciences 
(SPSS) program (Nie et al., 1975) at the University of 
Arizona Computer Center was used for all computations and 
statistical procedures. An alpha error of 5 percent was 
selected as the level of determining statistical signifi
cance (i.e., p < 0.05).



CHAPTER 4

RESULTS AND DISCUSSION

Analysis of Doxepin and Desmethyldoxepin 
In the analytical procedure used for Phase I 

through Phase III, the desmethyldoxepin recovery was 66 per 
cent and the doxepin recovery was 92 percent„ Triplicate 
samples at concentrations ranging from 5 to 100 ng/ml 
yielded mean coefficients of variation of less than 10 per
cent for desmethldoxepin and doxepin. The least-squares 
linear regression of the standard curve for all assays dur- 
ing the study had r values ranging from 0.993 to 1.0 for 
doxepin and desmethyldoxepin when x and y were forced ■ 
through zero. The method had adequate sensitivity to mea
sure serum concentrations to 1 ng/ml of doxepin and desme
thyldoxepin and was linear for concentrations from 1 to 100 
ng/ml for both doxepin and desmethyldoxepin.

Phase I: Selection of an Optimum
Test Dose of Doxepin

In Phase I, two men and one woman with a mean age 
of 28 years were studied for the purpose of selecting an 
optimum oral test dose of doxepin hydrochloride. The three 
subjects received three different test doses with a 2-week 
drug-free period between doses using a Latin-square design

64
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(Appendix G). The mean strengths for the three different 
oral test doses of doxepin in the three subjects were 1.04 
mg/kg for the 75-mg test dose, 2.09 mg/kg for the 150-mg 
test dose, and 4.18 mg/kg for the 300-mg test dose. A 
blood sample was collected at 24, 48, and 72 hours after 
each of the three oral test doses. The observed serum 
concentrations of doxepin and desmethyldoxepin at the 
three sampling times are listed in Appendix H.

The results from the 75-mg test dose showed that at 
24 hours two subjects had measurable serum concentrations 
of desmeth/ldoxepin. At 48 and 72 hours, only one subject 
had serum concentrations of desmethyldoxepin greater than 
2.5 ng/ml. Based on these results, the 75-mg oral test 
dose was excluded as a possible test dose because of the 
low or nonmeasurable serum concentrations of doxepin and 
desmethyldoxepin. For the 150-mg test dost, all subjects 
had measurable serum concentrations of doxepin and desme
thyldoxepin at 24 and 48 hours, but at 72 hours, one sub
ject had nonmeasurable concentrations of doxepin and one 
subject had nonmeasurable concentrations of desmethyldoxe
pin. The average serum concentration of doxepin and 
desmethyldoxepin at all three sampling times after the 
150-mg test dose were greater than 2.5 ng/ml. The 300-mg 
test dose produced measurable serum concentrations of 
doxepin and desmethyldoxepin at 24 and 48 hours for all 
subjects, but at 72 hours, one subject had nonmeasurable
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serum concentrations of desmethyldoxepin„ The results from 
the 300-mg test dose indicated that even after a large test 
dose (i.e., 4 mg/kg), some individuals may not have 
measurable serum concentrations of doxepin and/or desmethyl
doxepin at 72 hours.

The subjective side effect daily log (Appendix D) 
was completed by each subject at 24, 48, and 72 hours after 
each test dose to correspond with the blood sampling times. 
The side effects experienced and the severity of each side 
effect for each subject are listed in Appendix I. The 
three most common side effects reported after each test 
dose of doxepin were drowsiness, dry mouth, and dizziness.
At 24 hours and after the 300-mg test dose, all subjects 
reported severe drowsiness in comparison to moderate 
drowsiness after the 150-mg and 75-mg test dose. The 
drowsiness was so severe during the first 24 hours after 
the 300-mg test dose that subjects reported sleeping over 
12 hours following this dose and that they were unable to 
function in normal daily activities during the first 24 
hours. Based on the subjective side effect results, the 
300-mg test dose of doxepin was excluded as a possible test 
dose. The 150-mg test dose produced less severe side 
effects with all subjects reporting moderate drowsiness 
,at 24 hours, mild drowsiness at 48 hours, and only one 
subject reporting mild drowsiness at 72 hours. The 75-mg 
test dose had the lowest incidence of side effects with the
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majority of subjects reporting moderate drowsiness at 24 
hours and no drowsiness at 48 or 72 hours after the test 
dose.

Because the 75-mg test dose of doxepin did not pro
duce measurable serum concentrations of greater than 2.5 
ng/ml for both doxepin and desmethyldoxepin in all subjects 
at any sampling time, and the 300-mg test dose of doxepin 
was not tolerated by the majority of subjects, the 150-mg 
test dose (or a dose averaging 2.09-mg/kg actual body 
weight) was selected as the optimum test dose. Although 
one of the subjects did not have measurable serum concen
trations of doxepin and another had nomeasurable concentra
tions of desmethyldoxepin at 72 hours after the 150-mg test 
dose, this observation also occurred after the 300-test 
dose which is the highest recommended daily dose of doxepin 
hydrochloride. The 2-mg/kg test dose (based on actual body 
weight and rounded up to the nearest 25-mg dose of doxepin 
hydrochloride) was therefore selected as the optimum test 
dose of doxepin for Phase II and Phase III.

Phase II: Development of Single-dose Single
point Nomograms for Doxepin and the 
Selection of an Optimum Sampling Time

Eleven normal healthy subjects and eleven depressed 
subjects on the psychiatric inpatient unit at the Univer
sity of Arizona Hospital participated in Phase II. To 
develop the single-dose single-point nomograms, a
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relationship was determined between serum concentrations 
of doxepin, desmethyldoxepin, and doxepin plus desmethyl- 
doxepin at 24, 48, and 72 hours after an oral test dose of 
doxepin versus the reciprocal of the maintenance dose 
of doxepin required to achieve a desired steady-state 
serum concentration of doxepin, desmethyldoxepin, and 
doxepin plus desmethyldoxepin, respectively„ The eleven 
normal healthy subjects participated in the study from 
December 4 to December 18, 1981 and the depressed inpa
tients participated in the study from March 9 to June 3, 
1982. The characteristics of the 22 subjects are listed 
in Appendix J. Subject 9 was excluded from the normal 
healthy subject data because of an insufficient quantity 
of serum was collected to permit the 24-hour sample to be 
assayed. Subject 20 was excluded from the depressed inpa
tient data because the daily dose of doxepin was not taken 
on Day 8 of maintenance dosing when the subject was 
on an over-night pass from the hospital. Thus, a total of 
20 subjects (10 normal healthy subjects and 10 depressed 
inpatients were used for the final study population in 
Phase II. The 10 normal healthy subjects (5 men and 5 
women) had a mean age of 31.6 years with an average oral 
test dose of 2.15 mg/kg and an average oral maintenance 
dose of 1.36 mg/kg of doxepin. The 10 depressed inpatients 
(4 men and 6 women) had a mean age of 32.5 years with an
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average oral test dose of 2.16 mg/kg and an average oral 
maintenance dose of 2.0 mg/kg of doxepin.

The results of the serum concentrations of doxepin 
and desmethyldoxepin at 24, 48, and 72 hours after the test 
dose and at steady-state for the normal healthy subjects 
and the depressed inpatients are listed in Appendix K. All 
subjects reached steady-state serum concentrations of doxe
pin and desmethyldoxepin by the tenth day of maintenance 
dosing. At 24 hours after the oral test dose of doxepin, 
there were measurable concentrations of doxepin and des
methyldoxepin for all subjects, but at 48 hours only 11 
out of 20 subjects had measurable serum concentrations of 
both doxepin and desmethyldoxepin, and by 72 hours only 6 
out of 16 subjects who had 72-hour samples collected had 
measurable serum concentrations of both doxepin and desme
thyldoxepin. Four of the depressed inpatients did not have 
a blood sample collected at 72 hours after the test dose. 
This was because their physicians estimated a short-term 
hospitalization and the results from the normal healthy 
subjects indicated that the 72-hour serum sample would 
probably not be used for the single-dose single-point 
nomogram because of low or nonmeasurable drug concentra
tions. Of the three sampling times, only the 24-hour 
serum samples resulted in a complete set of measurable data 
points of doxepin and desmethyldoxepin for all 20 subjects.
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The measured serum concentrations of doxepin, des- 

methyldoxepin, and doxepin plus desmethyldoxepin at 2.4, 48, 
and 72 hours after the test dose were correlated with the 
reciprocal of the maintenance dose required to achieve a 
desired steady-state serum concentration of 50 ng/ml of 
doxepin, 50 ng/ml of desmethyldoxepin, and 100 ng/ml of 
doxepin plus desmethyldoxepin, respectively, using the 
equations listed in Table 1. The correlation data for 
the nine nomograms using normal healthy subject data, 
depressed inpatient data, and the combination of all sub
ject data are listed in Table 2„ Nonmeasurable serum con
centrations after the test dose were considered as missing 
data points and excluded from the analysis.

The strongest correlations were found at 24 hours 
after the dose in comparison to 48 hours or 72 hours after 
the test dose. The highest correlations for the 24-hour 
data were observed for desmethyldoxepin fr = 0.93, p < .001) 
and for doxepin plus desmethyldoxepin (r = .092, p < .001) 
in normal healthy subjects, for desmethyldoxepin (r = 0.86, 
p < .001) in depressed subjects, and for desmethyldoxepin 
(r = 0.80, p < .001) in all subjects. Lesser correlations 
were found for all other 24-hour nomograms.

The highest correlations were found for the major
ity of nomograms with the normal healthy subject data in 
comparison to the depressed inpatient data or the combina
tion of all subject data. These higher correlations with 
normal healthy subjects could be due to a stricter protocol



Table 1, Relationships used to determine nine single-dose single-point nomograms 
for doxepin3

Relationship

1 24 h DOX / TD versus. i / ((so
2 24 h DMD / TD versus i / ((50
3 (24 h DOX + 24 h DMD) / TD versus i / ((100
4 48 h DOX / TD . versus i7 ((50
5 48 h DMD / TD versus i / ((50
6 (48 h DOX + 48 h DMD) / TD versus i / ((100
7 72 h DOX / TD versus i / ((50
8 72 h DMD / TD versus i / ((50
9 (72 h DOX + 72 h DMD) / TD versus i / ((100

* MD) / SSDOX)
* MD) / SSDMD)
* MD) / (SSDOX + SSDMD))

* MD) / SSDOX)
* MD) / SSDMD)
* MD) / (SSDOX + SSDMD))

* MD) / SSDOX)
* MD) / SSDMD)
* MD) / (SSDOX + SSDMD))

a. DOX = serum concentration of doxepin (ng/ml)
DMD = serum concentration of desmethy1doxepin (ng/ml) 
TD = test dose (mg/kg)
MD = maintenance dose (mg/kg)
SS = steady-state serum concentration (ng/ml)
24 h = 24 hours after the test dose
48 h = 48 hours after the test dose
72 h = 72 hours after the test dose

h-»

V



Table 2. Correlation data for serum concentrations of doxepin, desmethyldoxepin, 
and doxepin plus desmethyldoxepin at 24, 48, and 72 hours after the test 
dose versus the reciprocal of the maintenance dose to achieve a steady- 
state serum concentration of 50 ng/ml of doxepin, 50 ng/ml of desmethyl
doxepin, and 100 ng/ml of doxepin plus desmethyldoxepin in Phase II 
subjects

Subject
Population

24 hour 48 hour 72 hour
DOX DMD DOX+DMD DOX DMD DOX+DMD DOX DMD DOX+DMD

Based on 
All Subjects

r=. 6 5
p<. 001
n=20

r=. 80
p<.001
n=20

r=. 68
pc.001 
n=20

r=. 42 
NS
n=15

r=. 4 3 
pc. 05 
n=15

r=. 06 
NS
n=l 1

r=. 62
NS
n=7

r=. 17 
NS
n=ll

r=. 57
NS
n=6

Based on 
Normal Healthy 
Subjects

T -  . 1 2  
p < . 01
n = 10

r=. 93 
pc.001 
n=10

r=.92 
pc.001 
n=10

r=. 68 
p<. 05 
n= 7

r=. 48
NS
n=6

r= .60 
NS 
n = 4 n=2

r=- .05
NS
n=6 n=2

Based on
Depressed
Inpatients

r=. 72 
p<. 01 
n=10

r=. 86
p<.01
n=10

r=. 70 
pc. 01 
n = 10

r=. 29
NS
n=8

r=. 53
NS
n=9

r=. 06 
NS 
n = 7

r=. 64
NS
n=5

r=.53
NS
n=5

r=. 58
NS
n=4

a. DOX = serum concentration of doxepin (ng/ml)
DMD = serum concentration of desmethyldoxepin (ng/ml)
DOX+DMD = serum concentration of doxepin plus desmethyldoxepin (ng/ml)

b. Pearson product-moment correlation coefficient (Nie, 1975, p . 297)
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since none of the subjects were smokers or had concurrent 
medications administered during the study. It should be 
noted that when Subject 12 was excluded from the depressed 
inpatient data, the correlation coefficients for the 24- 
hour nomograms Changed from 0.72 to 0.91 for doxepin, 0.86 
to 0.85 for desmethyldoxepin, and 0.70 to 0.83 for doxepin 
plus desmethyldoxepin. When Subject 12 was excluded from 
all subject data, the correlation coefficients for the 
24-hour nomograms changed from 0.65 to 0.66 for doxepin, 
0.80 to 0.77 for desmethyldoxepin, and 0.68 to 0.65 for 
doxepin plus desmethyldoxepin. The only independent vari
able that was different for Subject 12 in comparison to the 
other depressed inpatients was a 4.51 kg weight gain (or 
8.07 percent increase in weight) over a 12-day period. For 
the other depressed inpatients, eight subjects had a mean 
weight gain of 0.86 kg (or 1.42 percent increase in body 
weight) and two subjects had a mean weight loss of 0.42 kg 
(or 0.59 percent decrease in body weight). To account for 
the weight.changes during the study, the maintenance dose 
for all subjects was adjusted by dividing the maintenance 
dose by the ending weight (in kg) collected on Day 12 of 
continual maintenance dosing. Despite these adjustments. 
Subject 12 was an outlier on the nomogram for doxepin and 
for doxepin plus desmethyldoxepin in depressed inpatient 
data. The 8.07 percent weight gain could account for a 
significant increase in the volume of distribution and thus
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result in a lower than expected steady-state concentration 
which is what occurred. Because the interaction effect 
between the nomograms.of including or excluding an outly
ing subject could partly be due to the small sample size. 
Subject 12 was not excluded from the study population in 
Phase II.

The 24-hour sampling time after the single oral 
test dose of doxepin was selected as the optimum sampling 
time since all subjects had measurable serum concentrations 
of doxepin and desmethy1doxepin and there were significant 
correlation coefficients (p < 0.05) for all reciprocal 
relationships. The nine 24-hour nomograms using doxepin, 
desmethyldoxepin, and doxepin plus desmethyIdoxepin in 
normal healthy subjects, depressed inpatients and all
subjects satisfied the minimum acceptable criteria for a)
single-dose single-point nomogram and thus were selected 
to be retrospectively evaluated in hospitalized depressed 
patients for their predictive performance in Phase III.

Phase III: Evaluation of the Single-dose
Single-point Nomograms for Doxepin 
in Hospitalized Depressed Patient's .

Eleven depressed subjects on the psychiatric inpa
tient unit at the University of Arizona Hospital, Kino 
Community Hospital, and the Tucson Veterans Administration 
Medical Center were studied to evaluate the predictive 
performance of the 24-hour single-dose single-point
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nomograms selected in Phase II. The eleven depressed 
inpatients participated in the study from June 5 to July 
22, 1982. The patient characteristics of the eleven sub
jects are listed in Appendix L„ Subject 29 was excluded 
from the study because a single oral 50-mg dose of imipra- 
mine was given 2 days before the test dose of doxepin.
Since imipramine’s active metabolite, desmethylimipramine, 
coelutes with desmethy1doxepin on the gas chromatograph, 
the serum concentrations of desmethy1doxepin may be 
falsely elevated. Subject 29 had the highest 24-hour serum 
concentration of desmethyldoxepin (i.e., 25 ng/ml) compared 
to the other subjects suggesting that desmethylimipramine 
may have been present. The remaining 10 subjects (7 men 
and 3 women) had a mean age of 43.4 years with an average 
oral test dose of 2.03 mg/kg and an average oral mainte
nance dose of 2.67 mg/kg of doxepin. The mean age of Phase 
III subjects was approximately 10 years greater than for 
Phase II subjects (i.e., mean age of 31.6 years for normal 
healthy subjects and 32.5 years for depressed inpatients). 
This higher mean age in Phase III was due to two individ
uals, Subjects 28 and 33, who were 76 and 74 years old, 
respectively. There have been reports that elderly sub- • 
jects over 65 years of age have higher plasma concentra
tions and longer elimination half-lives (Nies et al., 1977; 
Norman et al., 1979), but some studies have found no. 
relationship between age and steady-state concentrations of
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antidepressants (Asberg9 Evans, and Sjbqvist, 1971; Burrows 
et al„,/ 1972). Although there was a large difference in 
the mean ages of the two study groups, the accuracy of the 
nomograms should remain constant over all age ranges as 
long as there is intrapatient stability in kinetic parame
ters and the aged do not differ significantly from a 
younger population in their ability to handle doxepin.

To assess the degree of change in depression 
symptoms during the study, all depressed inpatients in 
Phase II and Phase III were administered the Beck Self- 
Inventory Scale for Depression (BECK) and the Depression 
Adjective Check List (DACL) before the single oral test 
dose of doxepin and on Day 12 of the continual maintenance 
dosing. The pre and post scores for the BECK and DACL 
are listed in Appendix M. Subject 26 refused to complete 
the post-depression evaluations and was excluded from the 
data analysis. The mean differences between the pre and 
post scores were statistically different from zero for the 
BECK (p < .0001) and the DACL (p < .0001) showing a 
decrease in depression symptoms from before the test dose 
of doxepin to the end of the study period. Correlation 
data was performed on the pre-BECK minus the post-BECK 
versus the pre-DACL minus the post-DACL scores (r = 0.54, 
p < .01). The results from the differences between the 
pre and post scores for the BECK and for the DACL are simi
lar to those reported by Lubin (1965) showing validity
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coefficients of 0.54 for men and 0.62 for women of the DACL 
Scale C and 0.48 for men and 0.54 for women on the DACL 
Scale D when these scales were correlated with the BECK 
(significance at the 0.01 level). Additional correlations 
were performed on the differences between the pre and post 
scores for the BECK and DACL versus the measured steady- 
state serum concentrations for doxepin, desmethyldoxepin, 
and doxepin plus desmethyldoxepin (Table 3). Significant 
correlations were found between the differences in the pre 
and post BECK scores versus the measured steady-state serum 
concentrations of doxepin (r = 0.42, p < N.S.), desmethyl
doxepin (r = 0.58, p < .01) and doxepin plus desmethyldoxe
pin (r = 0.53, p < .01), but not for the change in DACL 
scores. These results indicate that there was a signifi
cant relationship between the differences in pre and post 
BECK scores and measured steady-state serum concentrations 
with the largest decrease in depression symptoms occurring 
at higher serum concentrations of doxepin, desmethyldoxepin 
or doxepin plus desmethyldoxepin.

The results of the serum concentrations of doxepin 
and desmethyldoxepin measured at 24 hours after•the single 
oral test dose at steady-state for Phase Til subjects are 
listed in Appendix N. Comparisons were made between the 
measured and predicted steady-state serum concentrations 
of doxepin and desmethyldoxepin using the 24-hour nomograms 
developed in Phase II from all subject data, normal healthy
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Table 3. Correlation data for the differences in the pre 

and post scores on the DACL and BECK versus the 
measured steady-state serum concentrations of 
doxepin (SSDOX), desmethyldoxepin (SSDMD), and 
doxepin plus desmethyldoxepin (SSTOTAL) for 
depressed inpatient data in Phase II and 
Phase III
Relationship r r2 P

Pre BECK - Post BECK versus SSDOX .42 .17 NS

Pre BECK - Post BECK versus SSDMD . 58 .34 <.01

Pre BECK - Post BECK versus SSTOTAL . 53 ,28 <.01

Pre DACL - Post DACL versus SSDOX .11 .01 NS

Pre DACL - Post DACL versus SSDMD . 21 .04 NS

Pre DACL Post DACL versus SSTOTAL .16 .03 NS

a. Pearson product-moment correlation coefficient (Nie, 
1975, p. 297).
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subject data and depressed inpatient data. The results of 
the 24-hour nomograms for doxepin plus desmethyldoxepin 
appear in Table 4, the 24-hour nomograms for doxepin in 
Table 5, and the 24-hour nomograms for desmethyldoxepin in 
Table 6.

Based on the mean over- and under-prediction per
centages of the nine 24-hour nomograms, the three nomo
grams which appeared to predict the best were for doxepin 
plus desmethyldoxepin (+1.2 percent), for doxepin in 
normal healthy subjects (-1.6 percent), and for desmethyl
doxepin in depressed inpatients (-5.4 percent). The other 
six nomograms had mean percentage differences greater than 
± 1 0  percent (range of +13,4 to +26.4)percent and -22.8 to 
-135.6 percent). The mean prediction percentage indicates 
whether the nomogram equally under and over predicts but 
does not reflect the actual closeness of predicted to 
measured steady-state serum concentrations. For example, 
the desmethyldoxepin nomograms based on depressed inpatient 
data had a mean prediction percentage of -5.4 percent yet 
the prediction percentages ranged from +50.4 to -125.8 per
cent. The other two nomograms with mean prediction per
centages closer to zero had a better balanced under
and over-prediction- range (i. e, , the doxepin nomogram 
with normal healthy subjects (range of +64.4 to -68.1 per
cent) and the doxepin plus desmethyldoxepin with all sub
jects (range of +51.4 to -44.5 percent)). Based on these



Table 4. Measured versus predicted steady-state serum concentrations (ng/ml) for Phase /-
III subjects using the 24-hour nomogram of doxepin plus desmethyldoxepin for
all subject data, normal healthy subject data and depressed inpatient data in
Phase IIa

Subject
Number

Mean Measured 
Steady-State 
DOX + DMD

Predicted 
DOX + DMD 
Based on All 
Subject Data 

r=0.68b
y=.122+(.023*x)

Predicted 
DOX + DMD Based 
on Normal 
Healthy Subject 
Data

r=0.92b
y=0.49+(0.026*x)

Predicted 
DOX + DMD Based 
dn Depressed 
Inpatient Data 

r=0.70b .
y=.13 2+(0.03*x)

23 62.1 91.8 ( + 3 2.4)C 66.9 (+ 7.2)C 108.7 (+42.9)C
24 69.3 95.3 (+27.3) 78.6 (+11.8) 115.3 (+39.9)
25 31.4 64.6 (+51.4) 62.0 (+49.4) 81.0 (+62.6)
26 115.4 95.8 (-20.5) 81.5 (-41.4) 116.6 (+1.3)
27 65.1 80.4 (+19.0) 63.3 (-2.8) 94.0 (+30.7)
28 42.5 55.3 (+23.1) 39.1 (-8.7) 65.2 (+34.8)
30 84.3 77.5 (-8.8) 68.3 (-23.4) 95.1 (+11.4)
31 122.0 86.5 (-41.0) 75.3 (-62.0) 107.2 (-13.8)
32 96.6 76.3 (-26.6) 62.9 (-53.6) 92.2 (-4.8)
33 60.4 41.6 (-44.5) 29.5 (-104.7) 48.8 (-23.8)

Mean 74.9 76.5 (+1.2) 62.8 (-22.8) 92.4 (+18.1)
±S.D. ' 29.6 17.9 (33.6) 16.6 (44.0) . 22.0 (28.2)

a. 24 Hr DOX + DMD = the single--dose single-point nomogram developed from the 24 hour serum
concentrations of doxepin plus desmethyldoxepin divided by the test dose (mg/kg) versus the reciprocal 
maintenance dose required to achieve a steady-state serum concentration of 100 ng/ml of doxepin plus 
desmethyldoxepin (see relationship 3 in Table 1)

b . nomogram correlation coefficient (see Table 2)
c. percent difference = (predicted - measured) *100/predicted



Table 5. Measured versus predicted steady-state serum concentrations (ng/ml) for
Phase III subjects using the 24-hour nomogram of doxepin for all subjects
data, normal healthy subject data and depressed inpatient data in Phase IIa

Subj ect 
Number

Mean Measured Steady-state
DOX

Predicted DOX 
Based on All 
Subject .Data 

r=0.65b
y=.156 + (0.62 *x)

Predicted Dox 
Based on Normal 
Healthy Subject 
Data ,

r=0.72b
y=.133+(.053*x)

Predicted DOX 
Based on Depressed 
Inpatient Data 

r=0.72b
y= . 136+(.086*x)

23 42.3 55.8 (+24.2)C 47.7 (+11.3)c 60.7 (+30.3)c
24 49.7 68.6 (+27.6) 58.5 (+15.0) 81.0 (+38.6)
25 19.2 62.6 (+69.3) 53.9 (+64.4) 82.7 (+76.8)
26 72.2 70.0 (-3.1) 60.1 (-20.1) 85.6 (+15.7)

1 27 44.6 56.5 (+21.1) 47.0 (+5.1) 65.8 (+32.3)
28 30.4 48.0 (+36.6) 40.9 (+25.7) 55.9 (+45.6)
30 45.7 61.2 (+25.3) 52.2 (+12.5) 76.6 (+40.3)
31 59.0 71.7 (+17.7) 61.2 (+3.6) 88.7 (+33.5)
32 65.9 46.0 (-43.3) 39.2 (-68.1) 53.3 (-23.6)
33 42.1 29.8 (-41.3) 25.5 (-65.1) 33.5 (-25.7)

Mean 47.1 57.0 (+13.4) 48,6 (-1.6) 68.4 (+26.4)
±S. D. 15.8 13.0 (34.4) 11.1 (40.3) 17.7 (31.1)

a. 24 Hr DOX = the single-dose single-point nomogram developed from the 24 hour serum 
concentrations of doxepin divided by the test dose (mg/kg) versus the reciprocal maintenance 
dose required to achieve a steady-state serum concentration of 50 ng/ml of doxepin (see relation
ship 1 in Table 1)

b. nomogram correlation coefficient (see Table 2)
c. percent difference = (predicted - measured)*100/predicted oo 

h-1



Table 6. Measured versus predicted steady-state serum concentrations (ng/ml) for
Phase III subjects using the 24-hour nomogram of desmethyldoxepin for all
subject data, normal healthy subject data and depressed inpatient data in
Phase IIa

Subject
Number

Mean Measured 
Steady-state 

DMD

Predicted DMD 
Based on All 
Subject Data 

r=0.80b
y=0.57+(.Q39*x)

Predicted DMD 
Based on Normal 
Healthy Subject 
Data K

r=0.93b
y=.008+(.046*x)

Predicted DMD 
Based on 
Depressed 
Inpatient Data 

r=0.86b
y=0.65+(.051*X)

23 19.8 32.0 (+38.1)C 22.1 ( + 10.4)C 39.9 (+50.4)c
24 19.6 29.3 (+33.1) 22.3 (+12.1) 36.7 (+46.6)
25 12.2 12.1 (-0.8) 9.6 (-27.1) 15.2 (+20.0)
26 43.2 29.3 (-47.4) 23.4 (-84.6) 37.0 (-16.8)
27 20.5 24.6 (+16.7) 17.3 (-18.5) 30.6 (+33.0)
28 12.1 10.0 (-21.0) 1.7 (-611.8) 11.7 (-3.4)
30 38.7 21.5 (-80.0) 17.5 (-121.1) 27.2 (-42.3)
31 63.0 22.4 (-181.3) 16.2 (-288.8) 27.9 (-125.8)
32 30.7 29.0 (-5.9) 24.3 (-26.3) 36.6 (+16.1)
33 18.3 11.3 (-61.9) . 6.1 (-200.0) 13.9 (-31.7)

Mean 27.8 22.2 (-31.0) 16.1 (-135.6) 27.7 (-5.4)
±S. D. 16.2 8.3 (65.8) 7.8 (193.7) 10.6 (52.8)

a. 24 Hr DMD = the single-dose single-point nomogram developed from the 24 hour serum concentration 
of desmethyldoxepin divided by the test dose (mg/kg) versus the reciprocal maintenance dose required
to achieve a steady-state serum concentration of 50 ng/ml of desmethyldoxepin (see relationship 2 in 
Table 1)

b. monogram correlation coefficient (see Table 2)
c. percent difference = (predicted - measured)*100/predicted
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observations, the doxepin plus desmethyldoxepin nomogram 
with all subjects had the best mean prediction percentage 
and the best prediction range.

A summary of the over- and under-prediction per
formance of the nine 24-hour nomograms is listed in Table 
7. None of the nomograms resulted in a ± 20 percent pre
diction value for all of the depressed inpatients in Phase
III. The nomogram having the highest number of predictions 
within a ± 20 range were for the 24-hour doxepin nomogram 
based on normal healthy subject data (5 out of 10 subjects 
within ± 20 percent, although all of these were over
prediction values). All of the remaining nomograms had 
less than 5 out of 10 accurate predictions for the ± 2 0  
percent range. If 137.5 ng/ml were chosen as the desired 
steady-state serum concentration for the doxepin plus 
desmethyldoxepin nomogram, a ± 45 percent prediction range 
would include concentrations from 75 to 200 ng/ml. This 
is within the therapeutic steady-state concentration range 
of 75 to 200 ng/ml (Biggs, 1978). Thus, a ± 45 percent 
prediction range would be the maximum allowable variability 
for the doxepin plus desmethyldoxepin nomogram. Although 
none of the nomograms satisfied this criteria, four nomo
grams had prediction ranges of ±45 percent when Subject 25 
was excluded. The 24-hour nomograms for doxepin plus 
desmethyldoxepin based on all subject data had a prediction 
range from -44.5 to +51.4 percent (+32.4 percent excluding



Table 7. Comparisons of 20 and 45 percent under the over-prediction of the 24-hour 
nomograms for doxepin, desmethyldoxepin and doxepin plus desmethyldoxepin 
for all subject data, normal healthy subject data, and depressed inpatient 
data

Prediction
Range
(percent)

Number of Subjects in Each Prediction Group
Nomograms Based 
on All Subject 
Data

Nomograms Based on 
Normal Healthy 
Subject Data

Nomograms Based on 
Depressed Inpatient 
Data

DOX DMD DOX+DMD DOX DMD DOX+DMD DOX DMD DOX+DMD

0 to +20 1 1 1 5 2 2 1 2 2

0 to -20 1 2 1 0 1 2 0 2 2

±20 2 3 2 5 3 4 1 4 4

0 to +45 6 3 4 6 2 2 7 3 6

0 to -45 3 3 5 1 3 4 2 4 3

±45 9 6 9 7 5 6 9 7 9 .

a. Including Subject 25 (n = 10)
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Subject 25) and based on depressed inpatient data the 
prediction range was from -23.8 to +62.6 percent (+42.9 
percent excluding Subject 25). The 24-hour nomograms for 
doxepin based on all subject data had a prediction range 
of -43.3 to +69.3 percent (+36.6 percent excluding Subject 
25) and based on depressed inpatient data the prediction 
range was from -25.7 to +76.8 percent (+45.6 percent 
excluding Subject 25). It was found that for the 24-hour 
doxepin and doxepin plus desmethyldoxepin nomograms,
Subject 25 consistently resulted in the highest over
prediction value. When Subject 25 was excluded from the 
data in Phase III, the degree of over-prediction decreased 
in six of the nine nomograms. Subject 25 was different 
from all other depressed inpatients in Phase III in that 
the 24-hour serum doxepin concentration was 27.0 ng/ml in 
comparison to a mean doxepin serum concentration of 8.3 
ng/ml in the remaining subjects. One possible explanation 
for the higher than average serum concentrations of doxepin 
at 24 hours after the test dose was that Subject 25 had an 
intramuscular injection of 25 mg fluphenazine decampate 
(Prolixin®, a phenothiazine neuroleptic) 5 days before the 
test dose. It has been reported that neuroleptics can 
inhibit the heptatic hydroxylation of tricyclic antidepres
sants and significantly increase serum concentrations of 
unchanged drug (Gram, Overgf, and Kirk, 1974; Nelson and 
Jatlow, 1980)• Since the intramuscular injection of
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fluphenazine can result in irratic drug release from the 
depot site, it could be possible that the phenothiazine 
serum concentrations were peaking or variable at the test 
dose time and inhibited the hydroxylation of doxepin.
Four other depressed inpatients in Phase II and Phase III 
were also concomitantly prescribed oral neuroleptics during 
the study but all of their doses were held constant at 
least 5 days before and during the study period. Because 
of the possible drug interaction effect. Subject 25 was 
excluded from Phase III and further analyses. Thus j, based 
on the above analysis, the nomograms with the best overall 
under- and over-prediction values for the remaining nine 
subjects in Phase III were the doxepin and doxepin plus 
desmethyldoxepin nomograms with depressed inpatients and 
all subjects because these nomograms predicted ± 45 percent
of the measured steady-state serum concentrations for all
subj ects.

To further evaluate the degree of predictive per
formance for the different nomograms, mean differences,
95 percent confidence intervals of mean differences and 
correlation coefficients between the measured and predicted 
steady-state serum concentrations, were determined for the 
nine 24-hour nomograms (Table 8). Six of the nomograms 
studied were found to have mean differences between the 
measured and predicted serum concentrations not statis
tically different from zero and to have 95 percent
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Table 8. Mean differences, 95 percent confidence inter

vals and correlation coefficients between the 
measured and predicted steady-state serum 
concentrations for the nine 24-hour nomograms in Phase IIIa

Mean
Differences Standard

95 Percent 
Confidence Interval" .Correlation

Nomogram (ng/ml) Deviation (ng/ml) Coefficients

24-hour DOX+DMD

Based on All Subject Data - 1.9 (a = ..81) 23.40 -19,89 to +16.09 .52 (P = . 08)

Based on Normal 
Healthy Subject Datac -16.9 (a = ..04) 20.06 -32.32 to - 1.48 .66 C.P = .03)

Based on Depressed 
Inpatient Data +14.0 (a = ,.11) 23.38 - 3.97 to +31.97 .57 (P = .08)

24-hour DOX

Based on All Subject Data + 6.19 (a » .23) 14,14 - 4,68 to +17.06 .44 CP = .12)

Based on Normal c
Healthy Subject Data - 2.18 (a = .63) 13.05 -12.21 to + 7.85 .45 Cp = .11)

Based on Depressed 
Inpatient Data0 +16.58 (a = .02) 16.56 + 3.85 to +29.31 .47 tP = .10)

24-hour DMD

Based on All Subject Data - 6.28 (a = .28) 16.20 -18.73 to + 6.17 .25 (P = .26)

Based on Normal 
Healthy Subject Data^ -12.78 (a » .04) 15.34 -24.57 to - 0.99 .35 Cp = .18)

Based on Depressed 
Inpatient Data + 0.49 (a = .93) 16.78 -12.41 to +13.39 .26 Cp = .25)

a. Subject 25 was excluded from Phase 
t-test (Nie et al., 1975 , p. 272).

III data analysis (n = 9) using a two-tailed paired

b . The confidence intervals of the mean differences were calculated as follows:
95% Cl = mean difference ± (to. 025,8) (standard deviation//JT) (Colton, 1974, pp. 134-135).

c. p < 0.05 for mean differences.
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confidence intervals of mean differences which included 
zero. The mean differences for the other three 24-hour 
nomograms for doxepin in depressed inpatients (a < ,05), for 
desmethy1doxepin in normal healthy subjects (a < ,05) and 
for doxepin plus de sme thy1doxepin in normal healthy subjects 
(a < .05) were statistically different from zero and would 
not be considered good predictors of steady-state serum con
centrations in the nine depressed inpatients in Phase III. 
These same three nomograms also had 95 percent confidence 
intervals of mean differences which did not include zero.
The results of the two-tailed paired t-test showed that 
three 24-hour nomograms had the best predictive performance 
based on the alpha value being close to 1.0. The desmethyl- 
doxepin nomogram based on depressed inpatient data was the 
best (a = ,93) , followed by the doxepin plus desmethyldoxe- 
pin nomogram based on all subject data (o = .81), and the 
doxepin nomogram based on normal healthy subject data (a = 
.63). The first nomogram tended to over predict an average 
difference of 0.49 ng/ml and the last two nomograms tended 
to under predict an average difference of 1.9 and 2.18 ng/ml 
Based on the nonsignificance alpha value for the mean dif
ferences and the 95 percent confidence intervals, these 
three nomograms were the most precise in predicting steady- 
state serum concentrations.

Pearson product-moment correlation coefficients 
were determined for the measured versus the predicted
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steady-state serum concentrations in the nine depressed 
inpatients in Phase III (Table 8). Of the nine 24-hour 
nomograms, the three strongest correlations were found for 
doxepin plus desmethyldoxepin in all subjects (r = .52, 
p = .08), in normal healthy subjects (r = .66, p < .05), 
and in depressed inpatients (r = .57, p = .06) in comparison 
to the other nomograms. Only one of the correlation coeffi
cients was statistically significant at p < .05. It should 
be noted that the use of correlation coefficients can be 
misleading when evaluating the predictive performance of 
nomograms. Correlation coefficients assess the degree of 
association along a line of best fit between two variables 
and not the actual closeness of predicted to measured val
ues. Thus some nomograms that resulted in low correlation 
coefficients were actually better predictors and vice versa. 
An example of this phenomenon would be the 24-hour nomogram 
for doxepin plus desmethyldoxepin with normal healthy sub
ject data which had a significant correlation coefficient 
and a significant two-tailed t-test of mean differences, 
and the 24-hour nomogram for desmethyldoxepin with depressed 
inpatient data which had a nonsignificant correlation coeffi
cient and a nonsignificant two-tailed t-test of mean differ
ences, In the latter example, the nomogram had a low corre
lation coefficient but actually had the best prediction 
performance for the degree of closeness, between the measured 
and predicted steady-state serum concentrations.
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A summary of the results for the retrospective 

evaluations in Phase 111 excluding Subject 25 are listed 
in Table 9. The nine nomograms were compared as to the 
smallest overall mean percentage difference for under and 
over prediction, a ± 45 percent prediction range for all 
subjects, the largest alpha level for a test of signifi
cance between the observed and predicted means, a 95 per
cent confidence interval of mean differences which includes 
zero, and the highest significant correlation coefficient 
for predicted versus measured steady-state serum concen
trations. Only one of the nomograms resulted in a signifi
cant correlation coefficient for the measured versus the 
predicted steady-state serum concentrations (i.e,, p < .05). 
Since the correlation coefficient is a weak indicator of the 
actual accuracy of a nomogram, it was not used as a criteria 
for selecting an optimum prediction nomogram.

An optimum prediction nomogram should fulfill the 
following criteria based on the retrospective evaluation in 
Phase 111:

1. The mean percent difference of measured and pre
dicted steady-state serum concentrations must be 
close to zero,

2. The nomogram must predict ± 45 percent of the 
desired steady-state serum concentration for all 
subjects.



Table 9. Summary of the prediction performance for the nine 24-hour nomograms 
in Phase IIIa

Nomogram
(r)b .

Mean Percent 
Difference 
of Measured 
and Predicted 
Steady-State 
Serum Concen
trations (ng/ml) 

1 (%)

±45 Percent 
Prediction Range 
for All Subjects

Alpha Level 
of Test for 
Significance of 
the Difference 
Between Mean 
Observed and 
Mean Predicted

95 Percent 
Confidence 
Interval 
of Mean 
Differences 

(ng/ml)

Significance of 
Correlation 
Coefficients for 
Measured vs. 
Observed (ng/ml) 

(P)

All Subject Data
24-hr DOX+DMD (r=.68) - 4.4 ± 30.4 + .81 -20.97 to + 17.17 .08
24-hr DOX (r=.65) + 7.2 ± 30.0 + .04 -33.25 to - ,0.55 .03
24-hr DMD (r=.80) -34.4 ± 68.9 .11 - 5.05 to + 33.05 .06

Normal Healthy Subject Data
24-hr DOX+DMD (r=.92) -30.8 ± 38.2 .23 - 5.33 to +17.71 .12
24-hr DOX (r=.72) - 8.9 ± 35.0 .63 -12.81 to + 8.45 .11
24-hr DMD (r =.93) -147.6 ± 201.5 .02 + 3.09 to +30.07 .10

Depressed Inpatient Data
24-hr DOX+DMD (r=.70 +13.2 ± 24.8 + .28 -19.48 to + 6.92 .26
24-hr DOX (r=.72) +20.8 ± 27.1 + .04 -25.28 to - 0.28 .18
24-hr DMD (r=.86) - 8.2 ± 55.2 .93 -13.18 to +14.16 .25

a. Excluding Subject 25 from Phase III data analysis (n = 9)
b. Nomogram correlation coefficient (see Table 2)
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3, The alpha level of test for significance of the 

difference between the mean observed and mean pre
dicted must be close to one.

4. The 95 percent confidence interval of mean differ
ences must include zero.

The four 24-hour nomograms which resulted in the smallest 
mean percent difference were the doxepin plus desmethyldoxe- 
pin nomogram based on all subject data (-4.4 ± 30.4) , the 
doxepin nomogram based on all subject data (+7,2 ± 30.0), 
the doxepin nomogram based on normal healthy subject data 
(-8.9 ± 35.0), and the desmethy1doxepin nomogram based on 
depressed inpatient data (-8.2 ± 55.2). Of these four nomo
grams, the three nomograms which had the largest alpha level 
for a test of significance between the observed and pre
dicted means were the doxepin plus desmethy1doxepin nomo
gram based on all subject data (a = ,81), the doxepin nomo
gram based on normal healthy subject data (a = .63), and the 
desme thy1doxepin nomogram based on depressed inpatient data 
(a = .93). Each of these nomograms also had a 95 percent 
confidence interval of mean differences which included 
zero. Of the three nomograms, which had the largest alpha 
level for the test of significance between means, only the 
doxepin plus desmethy1doxepin nomogram based on all subject 
data resulted in a ± 45 percent prediction range for all 
subjects. Thus, the 24-hour doxepin plus desmethyldoxepin 
nomogram based on all subject data in Phase II had the best
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overall prediction performance and was selected as the opti
mum nomogram for accurately predicting the maintenance dose 
of doxepin required to achieve a desired steady-state serum 
concentration doxepin plus desmethy1doxepin in Phase III.

It is interesting to note that the nomograms having 
the highest correlation coefficients for the reciprocal 
relationships in Phase II (see Table 9) were not necessarily 
the most accurate nomograms in the retrospective evaluation. 
Although the doxepin plus desmethyldoxepin nomogram based on 
all subject data had a lower correlation coefficient (i.e ., 
r = .68), it resulted in the best overall prediction per
formance in Phase III. These results suggest that nomograms 
having high correlation coefficients should not be recom
mended as the optimum nomogram until all nomograms fulfill
ing the minimum acceptable criteria have been retrospec- . 
tively evaluated in a sufficient number of patients. Once 
the optimum nomogram has been selected from a retrospective 
study, it is essential to test the nomogram for accuracy 
in a prospective study with a sufficient number of patients 
before the nomogram is recommended for use in routine 
clinical practice.



CHAPTER 5

SUMMARY AND RECOMMENDATIONS 

Summary
The purpose of this three phase study was to 

develop and evaluate a single-dose single-point prediction
r

method for accurately dosing doxepin hydrochloride in 
clinical practice. An optimum test dose strength of 
doxepin was determined in Phase I by selecting the 
minimum dose of doxepin hydrochloride that produced 
measurable serum concentration of doxepin and desmethyl- 
doxepin after a single oral test dose and the maximum dose 
that could be tolerated by the majority of subjects. This 
was found to be 2 mg/kg actual body weight. An optimum 
sampling time after the single oral test-dose was deter
mined in Phase II based on the criteria that

1. there must be measurable serum concentrations of 
doxepin and desmethy1doxepin for the majority of 
subjects at the sampling time, and

2. there must be a significant relationship between 
the serum concentrations of doxepin, desmethyl- 
doxepin, or doxepin plus desmethyldoxepin at 24, 
48, and 72 hours after the test dose and the 
reciprocal of the maintenance dose to achieve a

94



a desired steady-state serum concentration of 
. doxepin, desmethyldoxepin, or doxepin plus 
desmethyldoxepin.

The 24-hour sampling time satisfied both criteria and was 
selected at the optimum sampling time in Phase II. The 
nine 24-hour nomograms developed in Phase II were retro
spectively evaluated in hospitalized depressed patients 
for their predictive performance in Phase III. The mea
sured and predicted steady-state serum concentrations were 
analyzed using simple linear regression and correlation 
techniques, mean differences and 95 percent confidence 
intervals of mean differences.

Of the nine 24-hour nomograms evaluated in Phase 
III, six had 95 percent confidence intervals of mean 
differences which included zero. Three of these nomograms, 
the 24-hour nomogram for doxepin plus desmethyldoxepin 
based on all subject data, the doxepin nomogram based on 
normal healthy subject data, and the desmethyldoxepin 
nomogram based on depressed inpatient data resulted in the 
best prediction of steady-state serum concentration in 
Phase III. All of these nomograms resulted in the smallest 
mean percent difference of measured and predicted steady- 
state serum concentrations and the largest alpha level for 
the significance of differences between mean observed and 
mean, predicted steady-state serum concentrations. Of these 
three nomograms, the 24-hour nomogram for doxepin plus

95
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desmethyldoxepin with all subject data in Phase II was 
selected as the optimum nomogram for predicting a mainte
nance dose of doxepin to achieve a desired steady-state 
concentration of doxepin plus desmethyldoxepin because in 
addition it resulted in ± 45 percent prediction range for 
all subjects in Phase III.

The results from this study support the findings 
with other tricyclic antidepressants that a strong rela
tionship exists between a single drug concentration taken 
after a single test dose of medication versus the recipro
cal of the maintenance dose required to achieve a desired 
steady-state drug concentration. The retrospective evalua
tion of the single-dose single-point method showed that the 
most accurate nomograms could predict a maintenance dose 
required to achieve ± 45 percent of the desired steady- 
state serum concentration in the majority of patients.

Additional analyses were performed to determine 
whether measured steady-state serum concentrations of 
doxepin and desmethyldoxepin were related to the difference 
in pre and post scores on two depression scales. A signi
ficant correlation was found between the differences in 
scores on the Beck Self-Inventory Scale for Depression, and 
the measured steady-state serum concentrations of doxepin, 
desmethyldoxepin, and doxepin plus desmethyldoxepin. The 
results from this study support the findings from other 
studies showing a greater therapeutic response is related
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to higher steady-state serum concentrations of doxepin and 
desmethyldoxepin.

Re commehda tion s
Further studies investigating the predictive 

performance of the 24-hour nomogram for doxepin plus 
desmethyldoxepin based on all subject data from Phase II 
should be done prospectively in a sufficient number of 
depressed patients. Although the retrospective study 
showed that the nomogram could predict a maintenance dose 
to achieve ± 45 percent of the desired steady-state serum 
concentration of doxepin plus desmethyldoxepin, a prospec
tive evaluation showing the same or better accuracy is 
needed before the method can be recommended for routine 
use in clinical practice.

Three important considerations for using the single- 
dose single-point nomogram for doxepin in a prospective 
study are that:

1. there should be intrapatient stability in kinetic 
parameters during the study,

2. there should be a rapid turnaround time for the 
assay results, and

3. there should be an accurate and reproducible assay 
technique available to measure low concentrations 
of doxepin and desmethyldoxepin.
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Intrapatient stability in kinetic parameters is 

essential for the accuracy and precision of the single-dose 
single-point nomogram. Changes in concurrent medication, 
weight, or physical status may alter the drug disposition, 
metabolism or clearance and result in unpredictable 
variability in serum concentrations measured after a test 
dose or at steady-state. Based on this study, the subjects 
which were outliers on the prediction nomogram had either 
a significant change in.weight or an alteration in concur
rent medication which was known to alter the metabolism 
of doxepin and desmethy1doxepin. Caution should also be 
used in using the single-dose prediction nomogram if 
subjects have either an extremely high or low sertim concen
tration of doxepin and/or desmethyldoxepin after the test 
dose. In either case the nomogram may lose accuracy since 
these subjects may have kinetic parameters which could be 
outside the normal population range. Also, if concurrent 
medications that alter doxepin and desmethyldoxepin meta
bolism are prescribed, these drugs should be held constant 
during the study if the nomogram is to be accurate.

The usefulness and practicality of the single-dose 
single-point method is also related to the convenience and 
the turnaround time for the drug assay results. If there 
is a significant delay in obtaining the 24-hour results, 
physicians must, empirically select a maintenance dose or 
begin gradual dosing titration. In this study, the
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nomograms were not prospectively evaluated because the 
clinical laboratory only performed tricyclic antidepres
sant assays once a week and it was difficult to give 
patients their test dose of doxepin to coincide with a 
rapid turnaround of assay results. Thus the usefulness of 
this method as a rapid predictor of maintenance dose 
requirements is directly dependent upon the convenience 
and the turnaround time of the laboratory.

The major limitation of this study and other pos
sible prospective evaluations of the single-dose single - 
point method is the sensitivity, specificity, and repro- 
ductability of the drug assay technique. Standard curves 
with a sensitivity of at least 5 ng/ml of doxepin and 
desmethy1doxepin should be available. When possible, 
duplicate samples of the serum should be run since repro- 
ducability of low concentrations after a test dose is 
important for the accuracy of the nomogram.

A potential use of the single-dose single-point 
nomogram for doxepin is in clinical evaluations for 
determining the therapeutic steady-state serum concentra
tions of doxepin and desmethyldoxepin. The nomogram 
could be used to randomly place subjects into different 
serum concentration ranges based on the results of the 
24-hour serum concentrations of doxepin plus desmethyl
doxepin. A clinical response could be determined for 
each steady-state serum concentration range and a
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relationship could be determined between the optimum 
clinical response and a specific concentration range. Thus 
the nomogram could assist in the development of better 
experimental designs and in the determination of a better 
defined steady-state therapeutic serum concentration range 
for doxepin and desmethyldoxepin.

If the single-dose single-point method developed 
in this study was found to be an accurate predictor of 
maintenance dose requirements to achieve a desired steady- 
state therapeutic concentration range in a prospective 
evaluation, the nomogram could be used routinely in 
clinical practice to help physicians select an optimum 
maintenance dose of doxepin early in treatment. Before the 
nomogram can be applied in clinical settings, the physi
cians must first understand the limitations of the method:

1. It cannot predict extremely narrow therapeutic 
ranges such as ± 10 percent of the desired steady- 
state serum concentration, but it can predict ± 45 
percent for the majority of patients,

2. intrapatient stability of pharmacokinetic para
meters is essential for the accuracy of the method, 
and

3. the assay technique must be sensitive, specific, 
and reproducible.
The benefits of using the single-dose single-point 

nomogram in clinical practice Could be:



1.
101

less dosage adjustments,
2. a decrease in sub-therapeutic or toxic serum 

concentrations,
3. an increase in therapeutic responses,
4. more rapid responses resulting in less patient 

suffering,
5. a decrease in hospitalization stay and/or cost for 

treatment,
6. a better method for monitoring patient compliance, 

and
7. an overall safer and more effective method for 

individualizing doxepin maintenance dosing require
ments .
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. STUDY NG:

Laboratory. Values twwhir—■—  -------- ;——
Describe any abnormal finding in the space provided at the bottom of this form,

— r   ̂ “  BASELINE ' ' ; CLo s in G THERAPY

Month-Day-year Month-Day-Year Month-Day-Year Month-Day-Year Month-Day-Year
DATE: / / ____________ / /________  f t  / /_______________/ / '

HEMATOLOGY 
Hematocrit % 
Hemoglobin %

‘ W.B.C 
R.8-C.
Neutrophils 
Lymphocytes 
Eosinophi1s 
Monocytes 
Basophils

BIOCHEMISTRY 
Caicium 
Phosphorus 
Glucose 
Bun
Creatinine
D. Bilirub in
Uric Acid
Cholesterol
T. Protein
Albumin
LDH
SGOT
SGPT
Alkaline Phosphatase 
Thyroid Function

URINALYSIS
Specific Gravity 
pH
Albumin 
G1ucose 
Microscopic

ELECTROCARDIOGRAM
Normal
Abnormal_____ '

Other
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Normal Healthy Subject

Development and Evaluation of a Single-Dose Nomogram for Pridicting 
Individual Dosing Requirements of Doxepin

PHASE I : SUBJECT CONSENT FORM

'You are being asked to voluntarily participate in a study entitled, 
"Development and Evaluation of a Single-Dose Nomogram for Predicting 
Individual Dosing Requirements of Doxepin." The purpose of the_first phase 
is to select an optimum test dose of doxepin that will yield measurable serum 
concentrations of doxepin and desmethy1doxepin at three sampIing times after a 
test dose (24, 48, and 72 hours).

To qualify for the study, you must be a nonsmoker for six months prior to 
the study, be taking no concurrent medications or alcohol 48 hours before 
each test dose and 72 hours after each test dose. One week before the study 
begins a SMAC-20 will be done and you must have normal renal and liver 
function, total protein and albumin to qualify for the study. You will be 
required to fast two hours before and two hours after each test dose and to 
not ingest charcoaled meat or Brussels sprouts during the meal before each test 
dose. You will be required to keep a daily log of caffeine consumption during 
the five week study. Information collected for the study will include your 
age, sex, weight, and height.

The Study will begin when you take your first oral test dose of doxepin 
(with 100 ml water) at 8 p.m. at your home. You will receive three different 
test doses of doxepin (75 mg, 150 mg, and 300 mg) with a two week wash-out 
period between doses. You will receive 25 mg capsules for your doses during 
the study. Following each test dose, blood samples will be drawn at 24, 48, 
and 72 hours at the AHSC CiIni cal Laboratory. Blood samples will be taken by 
a trained phlebotomist by placing a needle into your arm vein and drawing 
approximately 20 ml of blood. The needle will be removed immediately after 
each blood sample. During the study, a total of nine blood samples will be 
obtained and the total volume of blood taken will be approximately ISO ml 
(six ounces or twelve tablespoonsful).

The major risks to you in participating in this study are the possibility 
of local bruising at the site where the needle is placed into your vein and 
the possibility of experiencing side effects from doxepin* The most common 
side effects of doxepin are: drowsiness, dry mouth, blurred vision, constipation,
urinary retention, hypotension (low blood pressure), dizziness, and tachycardia 
(fast heart beat). Because doxepin causes drowsiness, you should use caution 
while driving a vehicle or operating dangerous machinery.

The inconveniences to you for participating in this study are: to fast
two hours before and two hours after each test dose, abstaining from alcohol 
and other medication during the study, and coming to the AHSC Clinical 
Laboratory at the designated times for obtaining blood samples.

Your participation in this study will incur no additional expenses to 
you for the medication, SMAC-20, or blood assays. If you qualify for the 
study, you will be reimbursed $60.00 at the completion of the project. 1

1 understand that in the event of physical injury resulting from this 
study, financial compensation for wages and time lost, free medical care and 
hospitalization is not available.
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I understand that the investigators will provide more information upon 
request.

The information obtained from this study will be confidential. The 
investigators will know your name, but the information reported to others will 
not include your name.

I understand that this consent form will be filed in an area designated by 
the Human Subject's Committee with access restricted to the principal investigators 
or authorized representatives of the particular department.

The nature, demands, risks, and benefits of the study have been explained to 
me and 1 understand what my participation involves. Furthermore, 1 understand 
that 1 am free to ask questions and withdraw from the study at any time without 
ill will (or affecting my medical care).

I understand that a copy of this Consent Form is available to me upon 
request.

Subject's Signature Date

Signature of Parent or Legally Authorized Date
Representative

/
Signature of Witness Date

1 have carefully explained to the subject the nature of the above study.
I certify that to the best of my knowledge the subject signing this consent 
form understands clearly the nature, demands, benefits, and risks involved in 
his/her participation in this study. A medical problem or language or 
educational barrier has not precluded a clear understanding of his/her involvement 
in this study.

Investigator's Signature Date
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PHASE I I SUBJECT CONSENT FORM 

Normal Healthy Subject

Development and Evaluation of a Single-Dose Nomogram for Predicting 
Individual Dosing Requirements of Doxepin

You are being asked to voluntarily participate in a study entitled, 
“Development and Evaluation of a Single-Dose Nomogram for Predicting Individual 
Dosing Requirements of Doxepin.“ The purpose of the second phase is to select 
an optimum blood sampling time after a test dose that best predicts steady- 
state serum levels.

To qualify for the study, you must be a nonsmoker for six months prior 
to the study, be taking no concurrent medications or alcohol 48 hours before 
the first test dose and during the two week study. Approximately one week 
before the study begins a SMAC-20 will be done and you must have normal renal 
and liver function, total protein, and albumin to qualify for the study. You 
will be required to fast two hours before and two hours after the test dose 
and to not ingest charcoaled meat or brussels sprouts during the meal before 
the test dose. You will be required to keep a daily log of caffeine consumption 
during the study. .

The study will begin on a Saturday night, and you will take your first 
oral test dose of doxepin (with 100 ml water) at 8 p.m. at the Arizona Health 
Science Center (AHSC) Clinical Laboratory on the first floor. Information 
collected at this time will include your: age, sex, race, weight, and height.
You will take 1.5 mg/kg (actual weight) with the dose rounded to the nearest 
25 mg dose of doxepin hydrochloride (Sinequan^). You will receive 25 mg 
capsules for your doses during the study. Following the test dose, blood 
samples will be drawn at 24, 48, and 72 hours at the AHSC Clinical Laboratory. 
Blood samples will be taken by a trained phlebotomist by placing a needle into 
your arm vein and drawing approximately 20 ml of blood. The needle will be 
removed immediately after each blood sample.

Following the last blood sampling you will begin taking doxepin at 1.5 mg/kg 
body weight/day for eleven days (as described above). All doses will be taken 
at 8 p.m. (with 100 ml water) at your home. Blood samples will be taken by a 
single venous puncture on days 10, 11, and 12 of maintenance dosing at 8 a.m.
(or 12 hours after your evening dose). During the study, a total of six 
blood samples will be obtained and the total volume of blood taken will be 
approximately 120 ml (four ounces or eight tablespoonsful).

The major risks to you in participating in this study are the possibility 
of local bruising at the site where the needle is placed into your vein and 
the possibi1ity of experiencing side effects from doxepin. The most common 
side effects of doxepin are: drowsiness, dry mouth, blurred vision, constipation,
urinary retention, hypotension (low blood pressure), dizziness, and tachycardia 
(fast heart beat). Because doxepin causes drowsiness, you should use caution 
while driving a vehicle or operating dangerous machinery.

The inconveniences to you for participating in this study are: to fast two
hours before and two hours after the test dose, abstaining from alcohol and 
other medications during the study and coming to the AHSC Clinical Laboratory at 
the designated times for obtaining blood samples.

Your participation in this study will incur no additional expenses to you for 
the medication, SMAC-20, or blood assays. If you qualify for the study, you



108

will be reimbursed $60.00 at the completion of the project.

I understand that in the event of physical injury resulting from this 
study, financial compensation for wages and time lost, free medical care and 
hospitalization is not aval Table.

I understand that the investigators will provide more information upon 
request.

The information obtained from this study will be confidential. The 
1nvestigoators will know your name, but the information reported to others will 
not include your name.

1 understand that this consent form will be filed in an area designated 
by the Human Subject's Committee with access restricted to the principal 
investigators or authorized representatives of the particular department.

The nature, demands, risks, and benefits of the study have been explained 
to me and I understand what my participation involves. Furthermore, I 
understand that 1 am free to ask questions and withdraw from the study at any 
time without ill will (or affecting my medical care).

I understand that a copy of this Consent Form is available to me upon 
request.

Subject's Signature Date

Signature of Parent or Legally Authorized Date
Representative * I

Signature of Witness Date

I have carefully explained to the subject the nature of the above study.
I certify that to the best of my knowledge the subject signing this consent 
form understands clearly the nature, demands, benefits, and risks involved in 
his/her participation in this study. A medical problem or language or 
educational barrier has not precluded a clear understanding of his/her 
involvement in this study.

I n v e s t i g a t o r ' s  S ig n a tu r e Date
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Depressed Inpatient

Development and Evaluation, of a Single-Dose Nomogram for Predicting Individual
Dosing Requirements of Doxepin

PHASE I I : SUBJECT CONSENT FORM

You are being asked to voluntarily participate in the above entitled study.
The purpose of the study is to evaluate a new method for dosing doxepin.

To qualify for the study, you must be selected by your physician and meet the 
study criteria. You must not drink alcohol 48 hours before the first test dose 
and during the two week study. Before the study begins, 10 ml of blood (two 
teaspoonsful) will be drawn for a blood test and you must have normal kidney and 
liver function and blood proteins to qualify for the study. You will be required 
to fast two hours before and two hours after the test dose and to not eat 
charcoaled meat, brussels sprouts, or cabbage during the meal before the test dose. 
You will be required to keep a daily log of caffeine consumption, side effects 
experienced, and nicotine use during the study.

Before the study begins, you will be administered a Beck Self-Inventory Scale 
for Depression and a Depression Adjective Check List. Information collected for 
the study will include your: age, sex, race, weight, and height.

The study will begin when you take a test dose of doxepin by mouth (with
1/3 cup water) at 8 p.m. at the Arizona Health Sciences Center, University Hospital, 
7-East. You will take a test dose of doxepin hydrochloride (SinequanR) based on 
your body weight. You will receive 25 mg capsules for all of your doses during 
the study. Following the test dose, a blood sample will be drawn at 24, 48, and 
72 hours. Blood samples will be taken by a trained technician by placing a 
needle into your arm vein and drawing approximately 20 ml of blood (4 teaspoonsful), 
The needle will be removed immediately after each blood sample.

Following the blood sample, you will begin taking doxepin for eleven days.
Your dose will be based on your body weight and all doses will be taken at 8 p.m.
(with 1/3 cup water). Blood samples will be drawn (as described above) on
days 10, 11, and 12 at 8 a.m. (or 12 hours after your evening dose). During the 
study, a total of six blood samples will be obtained and the total volume of 
blood taken will be approximately 120 ml (four ounces or eight tablespoonsful).
The Beck Self-Inventory Scale for Depression and Depression Adjective Check List 
will be readministered on the twelth day.

The benefits to you for participating in the study is the possibility of 
responding quicker to the doxepin if certain blood levels are reached. The major 
risks to you in participating in this study are the possibility of local 
bruising at the site where the needle is placed into your vein and the 
possibility of experiencing side effects from doxepin. The most common side 
effects of doxepin are: drowsniness, dry mouth, blurred vision, constipation,
urinary retention, hypotension (low blood pressure), dizziness, and tachycardia 
(fast heart beat). Because doxepin causes drowsiness, you should make sure you 
know how you react to this medicine before you drive, use machines, or do other 
jobs that require you to be alert.

The inconveniences to you for participating in this study are: to fast two
hours before and two hours after the test dose, abstaining from alcohol during 
the study, taking the medication at 8 p.m., and having your blood drawn at the 1
designated times.
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Your participation in this study will incur no additional expenses to you 
for the. doxepin medication and blood tests. You will be responsible for all 
other costs of normal cafe during your hospitalization. Additional hospitalization 
will not be required as a result of your participation in this study.

I understand that in the event of physical injury resulting from this study, 
financial compensation for wages and time lost, medical care, and hospitalization 
is not available.

1 understand that the investigators will provide more information upon request.

The information obtained from this study wi11 be confidential. The 
investigators will know your name, but the information reported to others will 
not include your name.

I understand that this consent form will be filed in an area designated by 
the Human Subject's Committee with access restricted to the principal investigators 
or authorized representatives of the particular department.

The nature, demands, risks, and benefits of the study have been explained 
to me and I understand what my participation involves. Furthermore, I understand 
that I am free to ask questions and withdraw from the study at any time without 
ill will (or affecting my medical care).

I understand that a copy of this Consent Form is available to me upon 
request.

Subject's Signature Date

Signature of Parent or Legally Date
Authorized Representative * 1

Signature of Witness Date

1 have carefully explained to the subject the nature of the above study. 1 
certify that to the best of my knowledge the subject signing this consent form 
understands clearly the nature, demands, benefits, and risks involved in his/her 
participation in this study. A medical problem or language or educational 
barrier has hot precluded a clear understanding of his/her involvement in this 
study.

I n v e s t i g a t o r ' s  S ig n a tu r e Date



Ill

Depressed Inpatient

Development and Evaluation of a Single-Dose Nomogram for Predicting Individual
Dosing Requirements of Doxepin

PHASE I I I :  SUBJECT CONSENT FORM

You are being asked to voluntarily participate in the above entitled study.
The purpose of the study is to evaluate a new method for dosing doxepin.

To qualify for the study, you must be selected by your physician and meet the 
study criteria. You must not drink alcohol 48 hours before the first test dose 

j and during the two week study. Before the study begins, 10 ml of blood (two 
teaspoonsful) will be drawn for a blood test and you must have normal kidney and 
liver function and blood proteins to qualify for the study. You will be required 
to fast two hours before and two hours after the test dose and to not eat 
charcoaled meat, brussels sprouts, or cabbage during the meal before the test dose. 
You wi11 be required to keep a daily log of side effects experienced and nicotine 
use during the study.

Before the study begins, you will be administered a Beck Self-lnventory Scale 
for Depression and a Depression Adjective Check List. Information collected for 
the study will include your: age, sex, race, weight, and height.

The study will begin when you take a test dose of doxepin by mouth (with 
1/3 cup water) at 8 p.m. at the *
You will take a test dose of doxepin hydrochloride (SinequanR) based on your body 
weight. You will receive 25 mg capsules for all of your doses during the study. 
Following the test dose, a blood sample will be drawn at 24 hours. Blood samples 
will be taken by placing a needle into your.arm vein and drawing approximately 
20 ml of blood (4 teaspoonsful). The needle will be removed immediately after each 
blood sample.

Following the blood sample, you will begin taking doxepin for at least eleven 
days. Your dose will be based on your body weight, and all doses will be taken at 
7 p.m. (with 1/3 cup water). Blood samples will be drawn (as described above, on 
days 10, 11, and 12 at 8 a.m. (or 12 hours after your evening dose). During the 
study, a total of 4 blood samples will be obtained, and the total volume of blood 
taken will be approximately 80 ml (2% ounces or 5 tablespoonsful). The Beck 
Self-Inventory Scale for Depression and Depression Adjective Check List will be 
readministered on the twelfth day.

The benefits to you for participating in the study is the possibility of 
responding quicker to the doxepin if certain blood levels are reached. The major 
risks to you in participating in this study are the possibi1ity of local bruising 
at the site where the needle is placed into your vein and the possibility of 
experiencing side effects from doxepin. The most common side effects of doxepin 
are: drowsiness, dry mouthi blurred vision, constipation, urinary retention,
hypotension (low blood pressure), dizziness, and tachycardia (fast heart.beat). 
Because doxepin causes drowsiness, you should make sure you know how you react to 
this medicine before you drive, use machines, or do other jobs that require you 
to be alert.

The inconveniences to you for participating in this study are: to fast 2 
hours before and 2 hours after the test dose, abstaining from alcohol during the 
study, taking the medication at 8 p.m., and having your blood drawn at the 
designated times.

“Name of Hospital
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Your participation in this study .will incur no addi tional expenses to you 
for the doxepin medication, SMAC-20, or blood assays. You will be responsible 
for all other costs of normal care during your hospitalization. Additional 
hospitalization will not be required as a result of your participation in this 
study.

I understand that in the event of physical injury resulting from this 
study, financial compensation for wages and time lost, medical care and 
hospitalization is not available.

I understand that the investigators will provide more information upon 
request.

The information obtained from this study will be confidential. The 
investigators will know your name, but the information reported to others will 
not include your name.

I understand that this Consent Form will be filed in an area designated by 
the Human Subject*s Committee with access restricted to the principal 
investigators or authorized representatives of the particular department.

The nature, demands, risks, and benefits of the study have been explained 
to me and i understand what my participation involves. Furthermore, 1 
understand that I am free to ask questions and withdraw from the study at any 
time without ill will (or affecting my medical care).

I understand that a copy of this Consent Form is available to me upon 
request.

Subject's Signature Date

Signature of Parent or Legally Date
Authorized Representative

Signature of Witness Date

I have carefully explained to the subject the nature of the above sutdy. I 
certify that to the best of my knowledge the subject signing this consent form 
understands clearly the nature, demands, benefits, and risks involved in his/her 
participation in this study. A medical problem or language or educational 
barrier has not precluded a clear understanding of his/her involvement In this 
study.

I n v e s t i g a t o r ' s  S ig n a tu r e Date
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Study No.

Principal I nyes.t i gator
Demography

Prescribing Physician (if different from above)

Patient's Name: Patient No: Sex Age Date of Birth

Ma 1 e Fema 1 e
______________________ Weight__________ Height__________

Number of Pregnancies Number of Live Births:
If fema1e Have you ever taken oral contra- When was the last date you took an

ceptives? yes____ no____ oral contraceptive?______________
Patient's Occupation Current Employment Status

Patient's Educational 

Years 0

Level (circle highest level 

6 9 12

completed)

14 16 18 20
Marital Status 

Single Married Divorced Widowed Separated
Race:

White Negro Oriental Hispanic Other
Patient's Home Address: Zip: Home Phone:

Patient's Social Security Number: Work Phone:

Patient's Caffeine Consumption (coffee, tea, soda, etc.) cups/day 
0 1 2 3 4 5 6 7 8 9  10

Have you ever smoked cigarettes: Yes _____ No _____
If yes: How long? _____, years ________ months

How much? ' packs/day _____ packs/month _________ packs/year
When was the last time you smoked (month and year)? ___________________

Have you ever smoked marijauna? ' Yes ~~ No

If yes: How long? . Years ________ months
How frequently? __  yearly monthly ___ weekly ____daily
When was the last time you smoked (month and year)? ___________

Do you drink alcohol? (whiskey, wine, beer) please circle. 
If yes: How much do you drink per week? _____

What medications (prescribed and over the counter) do you regularly take?:
laxatives ___
vitamin & minerals ___
aspirin & substi. ,
cough syrups___
cold medication ___
allergy medication ___

pain medication ___
antacids __ _
topical preparations
sleeping aids ___
anti diarrheals ___
drugs to stay awake

drugs for nerves ___
drugs for fluid retention 
other
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DAILY LOG

Each day you need to complete the dally log for side effects experienced and nicotine use. It Is Impor
tant that we have this Information so that we can compare you with other patients In the study. If you 
have any questions about using the dally log, please ask your doctor for help.

Instructions: For side effects you need to code dally whether the side effect was:
0 = None I = Ml Ik 2 = Moderate 3 = Severe 

For nicotine use you need to code the number of cigarettes, etc. you smoked each day.
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Name _________ .________ ____________________ Code Number

Date

1nstructions: Each of the following items contains a group of statements.
For each item place a check mark by the statement that best describes the 
way you feel today. You may check more than one statement for each item if 
you strongly feel that more than one statement applies.

1 . ____ I do not feel sad
____ I feel sad
• I am sad all the time and 1 can't snap out of it 

____  1 am so sad or unhappy that 1 can't stand it

2. . 1 am not particularly discouraged about the future
____ I feel discouraged about the future
____ I feel I have nothing to look forward to
_____ I feel that the future is hopeless and that things cannot improve

3. ____ 1 do not feel like a failure
____ I feel I have failed more than the average person
____ As 1 look back on my life, all I can see is a lot of failures
____  1 feel I am a complete failure as a person

4. ____ I get as much satisfaction out of things as I used to
____ I don't enjoy things the way I used to
____ 1 don't get real satisfaction out of anything anymore

I am dissatisfied or bored with everything

5. ____ 1 don't feel particularly guilty
____ I feel guilty a good part of the time
____ 1 feel quite guilty most of the time
____  1 feel guilty all of the time

6. ____  I don't feel 1 am being punished
. I feel I may be punished

____  1 expect to be punished
' I feel 1 am being punished

7. ____ I don't feel disappointed in myself
. I am disappointed in myself

___  I am disgusted with myself
___ I hate myself

8. I don't feel I am any worse than anybody else
___ 1 am critical of myself for my weaknesses or mistakes
___ 1 blame myself all the time for my faults
____ 1 blame myself for everything bad that happens.
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9.

10.

1 1 .

12.

13.

14.

15.

16.

17.

18.

1 don't have any thoughts of killing myself
1 have thoughts of killing myself, but I would not carry them out 
I would like to kill myself 
I would kill myself if I had the chance.

I don't cry anymore than usual 
1 cry more now than I used to 
1 cry all the time now
I used to be able to cry, but now I can't cry even though I want to

I am no more irritated now than I ever am 
1 get annoyed or irritated more easily than 1 used to 
I feel irritated all the time now
I don't get irritated at all by the things that used to irritate me

I have not lost interest in other people 
I am less interested in other people than I used to be 
I have Tost most of my interest in other people 
I have lost all of my interest in other people

I make decisions about as well as I ever could 
I put off making decisions more than I used to 
I have greater difficulty in making decisions than before 
I can't make decisions at all anymore

I don't feel I Took any worse than I used to 
I am worried that I am looking old or unattractive
I feel that there are permanent changes in my appearance that make me 
look unattractive 
I believe that 1 Took ugly

I can Work about as well as before
It takes an extra effort to get started at doing something 
I have to push myself very hard to do anything 
I can't do any work at all

I can sleep as well as usual 
I don't sleep as well as I used to
I wake up 1-2 hours earlier than usual and find it hard to get back to sleep 
I wake up several hours earlier than I used to and cannot get back to sleep

1 don't get more tired, than usual 
I get tired more easily than 1 used to 
I get tired from doing almost anything 
I am too tired to do anything

My appetite is no worse than usual 
My appetite is not as good as it used to be 
My appetite is much worse now 
I have no appetite at all anymore
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I haven't lost much weight, if any, lately 
I have lost more than 5 pounds 
I have lost more than 10 pounds 
I have lost more than 15 pounds

I am no more worried about my health than usual 
I am worried about physical problems such as aches and pains; or 
upset stomach; or constipation
I am very worried about physical problems and it's hard to think of much else 
I am so worried about my physical problems, that I cannot think about 
anything else

I have not noticed any recent change in my interest in sex 
I am less interested in sex than I used to be 
I am much less interested in sex now 
I ftave lost interest in sex completely



APPENDIX F

DEPRESSION ADJECTIVE CHECKLIST FORM 
SCALE C AND SCALE D
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C H E C K  LIST
DACL FORM C 

By Bernard Lubin

Name_____________________________________ Age_________ Sex_________
Date______ ___________________ Highest grade completed in school________
DIRECTIONS: Below you will find words which describe different kinds of moods 
and feelings. Check the words which describe How You Feel Now —  Today. Some 
of the words may sound alike, but we want you to check all the words that describe 
your feelings. Work rapidly and check all of the words which describe how you 
feel today.

1. □ C heerless 17. □ Buoyant

2 . □ Animated 18. □ Tormented

3 . □ Blue 19. □ Weak

4 . □ Lost 20 . □ O ptim istic

5 . □ Dejected 21 . □ Low

6 . □ Healthy 22 . □ D eserted

7 . □ Discouraged 23 . □ Burdened

8 . □ Bad 24 . □ W onderful

9 . □ Despondent 2 5 . □ Crushed

10. □ F ree 26 . □ Somber

11. □ D espairing 27 . □ Interested

12. □ Uneasy 28 . □ J o y less

13. □ P eaceful 29 . □ C restfallen

14. □ Grim 3 0 . □ Lucky

15. □ D istressed 3 1 . □ Chained

16. □ Whole 3 2 . □ P ess im istic

DAC 003 t e m w n  • i w  w iou u iin o w  * —w™ * MWIOL wm w e e  caupom* m er Mwoeucnoii e» me Potm »r u n  mum  tm cnr leoevne
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C H E C K  LIST
DACL FORM D 

By Bernard Lubin

Name_____________________________________ Age_________ Sex_________
Date________ ;_________________ Highest grade completed in school________
DIRECTIONS: Below you will find words which describe different kinds of moods 
and feelings. Check the words which describe How You Feel Now —  Today. Some 
of the words may sound alike, but we want you to check all the words that describe 
your feelings. Work rapidly and check jdl of the words which describe how you 
feel today.

1 . □ D epressed 17. □ F it

2 . □ Elated 18. □ Lonesome

3 . □ Awful 19. □ Unloved

4 . □ L ife less 20 . □ Glad

5 . □ G riefstricken 21 . □ Grave

6 . □ Inspired 22 . □ Sunk

7 . □ Woeful 23 . □ Shot

8 . □ Lonely 24 . □ M erry

9 . □ Suffering 25 . □ W asted

10. □ Mellow 26 . □ W ashed Out

11. □ Drooping 27 . □ Clear

12. □ Rejected 28 . □ Gruesom e

13. □ Fortunate 29 . □ Tired

14. □ Dreary 30 . □ High

15. □ Lousy 31 . □ W orse

16. □ Good 32 . □ Drained

OAC 004 COTTMOMT ■ I W  w  IDUClTlIWti I  MUfTMAl TtlTwe MVKt. MM MOO OUJKMMU WI4J M t OCMCnON Of IW  f O M  «T AMY MUM» (TMCTIY HOWTID



APPENDIX G

PHASE 1: SUBJECT CHARACTERISTICS AND STUDY DESIGN

SubjectNumber Sex Age(years) Weight
(kg) 1st Test Dose 2nd Test Dose 3rd Test Dose

1 M 31 84.54 300 mg 75 mg 150 mg

2 M 25 68.64 150 mg 300 mg 75 mg

3 F 28 65.00 75 mg 150 mg 300 mg
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SERUM CONCENTRATIONS OF DOXEPIN AND DESMETHYLDOXEPIN AFTER 
THE THREE DIFFERENT TEST DOSES OF DOXEPIN AT 2k. 48, 

AND 72 HOURS FOR PHASE I SUBJECTS

APPENDIX H

Serum Concentrations in ng/ml for Doxepin (DOX) and Desmethyldoxepin (DMD)
24 Hours 48 Hours 72 HoursSubject DOX DMD DOX DMD DOX DMDNumber

75-mg Test Dose
1 6.8 0 1.9 0 0 02 3.3 18.3 0 8.9 0 5.73 4.6 6.3 2.2 0 0 0MeanValues 4.9 8.2 1.4 3.0 0 1.9

150-mg Test Dose
1 9.1 8.1 3.6 6.4 2.6 02 9.8 17.4 2.7 16.6 0 9.8
3 11.6 38.8 10.4 15.3 8.8 13.3Mean Values 10.2 21.4 5.6 12.8 3.8 7.7

300-mg Test Dose '
1 57.5 20.8 26.3 8.4 11.6 02 11.1 22.2 3.4 16.3 1.0 16.0
3 126.3 49.5 54.4 46.3 21.8 16.0MeanValues 65.0 30.8 28.0 23.7 11.5 10.7
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PHASE l: SEVERITY OF SIDE EFFECTS EXPERIENCED BY
SUBJECTS AT 24, 48, AND 72 HOURS AFTER THE 

THREE DIFFERENT TEST DOSE STRENGTHS

APPENDIX I

OF DOXEPIN



Subject Side Effect 24 48 72 24 48 72 24 48 72Number Experienced Hou rs Hours Hours Hours Hours Hours Hours Hours Hours
75 mg Dose 150 mg Dose 300 mg Dose

1 Drowsiness 2 0 0 2 1 0 3 1 0Dry Mouth 1 0 0 1 0 0 2 1 0Ataxia 1 0 0 2 0 0 2 0 0Dizziness 2 1 0 2 2 1 2 2 1Depressed Mood 0 0 0 2 0 0 0 0 0Impotence 0 0 0 1 0 0 0 1 0Weakness 0 0 0 0 0 0 1 0 0
2 Drowsiness 1 0 0 2 1 0 3 1 0Dry Mouth 1 0 0 2 1 1 2 1 0Dizziness 0 0 0 0 1 0 0 0 0Agitation 0 0 0 1 0 0 0 0 0Depressed Mood 0 0 0 1 Q Q 0 0 0
3 Drowsiness 2 1 0 2 1 1 3 2 1Dry Mouth 1 0 0 3 1 0 3 3 3Dizziness 0 0 0 1 0 0 1 1 1Weakness 2 0 0 2 1 0 2 0 0Heartburn 1 0 0 .0 0 0 0 0 0Anorexia 0 0 0 0 0 0 0 2 0Constipation 0 Q 0 0 0 0 0 0 1

See Appendix D for Side Effect Daily Log 3 = Severe 2 = Moderate 1 = Mild 0 = None 127



APPENDIX J

PREDICTION OF STEADY-STATE SERUM CONCENTRATIONS 
OF DOXEPIN AND DESMETHYLDOXEPIN

PHASE II: SUBJECT CHARACTERISTICS RELATED TO THE
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Beginning Ending Mean Cups Packs of
Subject Weight Weight Caffeine Cigarettes Concurrent
Number Sex Age (kg) (kg) daya»b day3 Medications3

Normal Healthy Subjects
1 F 25 60.45 59.88 2.5
2 F 39 56.36 57-95 2.5
3 M 27 81.36 80.90
4 M 36 72.73 74.55 6.3
5 M 24 73.18 74.09 3.7
6 M 28 73.63 75.80 3.9
7 F 37 55.90 56.02 5.7
8 F 29 76.36 75.90 1.8
9C M 33 65.91 65.91 3.0
10 M 24 71.82 72.05 1.7
11 F 47 55.91 55.57 d

Mean 31.6 67.77 68.27

Depressed Inpatients
12 F 32 55.91 60.42 e
13 M 18 61.82 61.59
14 F 18 72.73 73.82 1 f
15 F 18 82.73 82.10
16 F 25 47.53 47.56 g
17 M 41 84.09 84.55 2
18 F 41 51.82 52.73 h
19 M 28 77.73 78.86 1
20c F 66 53.18 53.64 1 i
21 F 64 68.64 70.80 j
22 M 40 82.27 82,95
Mean 32.5 68.53 ' 69.54

a. all blank values are considered zero

b. depressed inpatients were not required to keep a daily log of caffeine since all coffee was 
decaffeinated on the psychiatric inpatient unit.

c. excluded from the study and data analysis

d. Vitamin C 500 mg/day

e. Prolixin 10 mg tid, Cogent in 2 mg bid

f. Prolixin 20 mg hs, Cogent in 2 mg tid, Lithium Carbonate 600 mg bid

g. Ferrous Sulfate 325 mg bid. Colace 100 mg bid

h. Oil atin 300 mg hs, Phenobarbital 60 mg hs

i. Folate 1 mg/day, Thiamine 100 mg/day. Colace 100 mg bid

j. Synthroid 0.2 mg/day. Lithium Carbonate 300 mg bid



APPENDIX K

AT 24, 48, AND 72 HOURS AFTER THE TEST 
DOSE AND AT STEADY-STATE

PHASE II: SERUM CONCENTRATIONS OF DOXEPIN AND DESMETHYLDOXEPIN
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Subject Number

Serum Concentrations of Doxepin (D0X) and Desmethy1doxepin (DMD) in ng/ml
TestDose(mg/kg)

24 Hour 48 Hour 72 Hour
D0X DMD D0X DMD D0X DMD

Normal Healthy Subjects
1 2.07 6.3 6.9 0 5.8 0 2.92 2.22 8.1 14.8 4.5 11.9 2.7 6.63 2.15 1.3 4.6 0 0 0 04 2.06 9.9 17.8 0 16.6 0 6.55 2.05 14.8 5.6 7.3 0 0 06 2.04 7.7 10.2 3.6 15.8 0 10.77 2.24 16.1 10.0 6.6 4.3 6.8 4.88 2.29 3.4 3.0 2.1 0 0 010 2.09 4.6 6.7 0.6 7.9 0 6.411 2.24 5.7 5.6 1.3 0 0 0

Depressed Inpatients
12 2.24 15.0 13.4 4.9 8.7 3.8 7.413 2.02 3.6 2.5 1.4 2.1 0.5 5.814 2.06 6.8 7.0 3.3 5.2 1.5 2.315 2.12 8.2 6.7 4.1 2.8 3.3 016 2.10 4.2 7.6 3.0 7.0 2.4 2.017 2.08 5.5 3.9 1.4 3.1 a a18 2.41 1.0 1.3 0 4.2 a a19 2.25 4.1 2.7 0 2.2 0 1.121 2.19 10.8 2.0 4.4 0 a a22 2.13 7.0 2.6 1.8 0.7 a a

a. A 72-hour sample was not collected 131



Subject Number

Serum Concentrations of 1Doxepin (D0X) and Desmethyldoxepin (DMD) in ng/ml

Maintenance Dose (mg kg)

1 StSteady-State 2ndSteady-State 34dSteady-State MeanSteady-State
D0X DMD D0X DMD D0X DMD D0X DMD

Normal Healthy Subjects
1 1.25 29.5 10.4 26.8 8.7 12.9 6.0 23.0 8.4
2 1.29 12.9 19.5 23.6 18.7 17.1 15.2 17.9 17.8
3 1.54 7.0 12.7 7.8 4.7 6.1 4.5 7.0 7.34 1.68 29.5 36.6 28.6 35.5 30.4 37.7 29.5 36.55 1.69 27.7 12.1 41.0 14.1 41.4 11.9 36.7 12.76 1.65 46.0 9.4 51.9 10.2 56.0 10.8 51.3 10.1
7 0.89 24.5 9.0 20.8 9.2 24.0 9.1 23.1 9.18 1.32 19.4 3.0 15.8 3.2 15.1 3.4 16.8 3.210 1.39 8.2 7.2 12.5 11.0 12.5 7.6 11.1 8.611 0.90 7.5 6.3 9.6 7.1 9.6 6.0 8.9 6.5

Depressed Inpatients
12 3.31 76.9 54.0 75.4 54.1 82.4 53.6 78.2 53.913 2.03 31.5 18.6 34.1 16.5 29.9 14.3 31.8 16.514 2.71 56.9 39.8 60.4 40.7 46.3 33.3 54.5 37.915 1.52 41.4 25.5 44.4 23.0 42.7 24.4 42.8 24.316 1.58 20.6 16.3 21.2 17.8 20.8 13.2 20.8 15.8
17 1.48 28.5 16.1 30.8 14.4 30.4 14.0 29.9 14.818 1.90 4.5 4.2 5.2 3.7 3.9 3.0 4.5 3.6
19 1.59 12.3 5.4 3 a a a 12.3 5.4
21 1.77 63.8 10.4 61.7 9.8 57.4 10.2 61.0 10.122 2.11 70.5 12.9 75.9 14.2 a a 73.2 13.6

a. Patient was discharged from the hospital and the steady-state serum concentration could not be determined.
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APPENDIX L

OF STEADY-STATE SERUM CONCENTRATIONS 
OF DOXEPIN AND DESMETHYLDOXEPIN

PHASE III: SUBJECT CHARACTERISTICS RELATED TO PREDICTION
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SubjectNumber Sex Age(years)
BeginningWeight(kg)

EndingWeight(kg)
Packs of Cigarettes per Day3 ConcurrentMedications3

23 M 33 67.27 72.72 2 c
24 M 55 61.82 61.74 1 d
25 M 28 76.82 80.75 2 e
26 F 26 77.27 75.59
27 F 42 70.45 72.05 1
28 M 76 56.36 56.36 1 f
29b M 53 78.64 81.21 g

30 M 31 65.91 70.45 1
31 M 20 54.09 55.91 1
32 F 49 55.45 57.58
33 M 74 75.91 76.91 1 h
Mean 43.4 66.1 68.0

a. All blank values are considered zero
b. Excluded from the study and data analysis
c. Hydralazine 50 mg bid, Inderal 80 mg bid
d. DiLatin 300 mg hs, Folate 2 mg bid, Thiamine 100 mg bid
e. Prolixin Dec. 25 mg IM every 7 days, Cogent in 2 mg bid, Antabuse 250 mg am, ASA 10 gr bid
f. Dilantin 100 mg bid, Haldol 1 mg am and 2 mg hs. Cogent in 2 mg hs, Tolbutamide 250 mg bid and 500 mg hs
g. Lithium 300 mg am and 600 mg hs, Inderal 80 mg bid, Navane 2 mg am and 4 mg hs, Hydrochlorthiazide 50 mg am, Surfak 240 mg bid, KC1 20 mEq am
h. Amphoge1/Maa1ox 30 ml pc and hs, Alupent 2 puffs bid. Theophylline 400 mg tid, Multivitamin 1 qd.



APPENDIX M

PRE AND POST SCORES ON THE DEPRESSION ADJECTIVE CHECKLIST 
(DACL) AND THE BECK SELF-INVENTORY SCALE FOR DEPRESSION 

(BECK) FOR DEPRESSED INPATIENTS IN 
PHASE I I AND I I I
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SubjectNumber PreDACL PostDACL PreBECK PostBECK
12 26 7 50 15
13 17 6 30 3
14 11 3 63 10
15 14 8 9 3
16 15 5 25 7
17 16 15 25 18
18 9 6 9 15
19 25 14 31 16
20 23 7 10 8
21 27 11 29 25
22 24 14 39 7
23 30 9 33 14
24 15 26 34 36
25 19 11 40 14
26 32 a 73 a
27 25 122 60 17
28 28 24 30 16
29 13 3 42 2
30 13 12 24 15
31 31. 10 65 10
32 21 23 32 37
33 28 15 38 16
Mean . 20.5 11.5 34.2 14.5

a- Patient refused to complete the post-evalutions and wasexcluded from data analysis.



DESMETHYLDOXEPIN AT 2k HOURS AFTER THE 
TEST DOSE AND AT STEADY-STATE

APPENDIX N

PHASE III: SERUM CONCENTRATIONS OF DOXEPIN AND

\
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Table N-l. Serum concentrations of doxepin (DOX) and desmethy1doxepin (DMD) (in ng/ml) at 24 hours after test dose
SubjectMatter Test Dose (mg/kg) DOX DMD

23 2.23 4.1 5.6
24 2.02 8.7 6.4
25 1.95 27.0 6.9
26a 2.26 11.5 8.1
27 2.13 7.1 5.5
28 1.33 4.4 0.6
29a 1.91 23.0 25-9
30 2.28 15.4 8.5
31 1.85 11.3 5.2
32 2.25 7.1 9.5
33 1.98 4.8 3.0
Mean 2.03 10.1 5.9

a. Excluded from the study and data analysis



Table N-2. Serum concentrations of doxepin (DOX) and desmethy1doxepin (DMD) (in ng/ml) at steady-state

SubjectMatter
MaintenanceDose(mg/kg)

1stSteady-State 2ndSteady-State 3rdSteady-State MeanSteady-State
DOX DMD DOX DMD DOX DMD DOX DMD

23 4.13 41.2 19.2 . 40.9 20.6 44.2 19.5 42.3 19.8
24 3.24 45.9 17.1 45.5 18.1 57.8 23.5 49.7 19.6
25b 1.24 17.9 9.4 19.4 12.0 20.4 15.1 19.2 12.2
26 2.98 69.4 37.6 75.3 43.8 71.8 48.3 72.2 43.2
27 3.12 46.7 23.3 42.5 17.7 a a 44.6 20.5
28 2.66 32.4 12.1 31.2 12.1 27.5 12.1 30.4 12.1
29b 3.08 144.3 32.6 140.7 38.0 a a 142.4 35.3
30 2.13 50.0 30.0 44.0 41.0 . 43.0 45.0 45.7 38.7
31 2.68 49.0 37.0 75.0 86.0 53.0 66.0 59.0 63.0
32 2.61 61.2 32.6 70.6 28.8 a 3 65.9 30.7
33 1.95 39.7 16.9 44.4 19.8 a a 42.1 on

CO

a. Patient was discharged from the hospital and the steady-state serum concentration could not be determined
b. Patient excluded from the study and data analysis
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