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Clinical Relevance of Serum Nortriptyline 
and 10-Hydroxy-Nortriptyline Measurements 
in the Depressed Elderly: A Multicenter 
Pharmacokinetic and Pharmacodynamic Study 
N. M. K. Ng Ying Kin, Ph.D., N. Klitgaard, Ph.D., N. P. V. Nair, M.D., M. Amin, M.D., 
P. Kragh-Sorensen, M.D., G. Schwartz, M.Sc., S. K. Ahmed, M.D., P. Holm, M.Sc., 
C. Katona, M.D., and K. Stage, M.D. 

In a recent placebo-controlled multicenter stlldy, 38 
patients, ranging in age between 62 and 88 years (median, 
71) were treated with nortriptylinc (NT) for up to 7 weeks. 
NT was administered inn diz 1ided dose of 75 mg daily and 
serum NT (se NT), and its 10-hydroxy-metabolites (se OH­
NT) were determined at rnrious intervals. Several clinical 
measures of efficacy, includin:,? t/ze 17-item Hamilton 
Rating Scale for Depression, were evaluated weekly ns well 
as side effects (anticlwlinergic) and electrocardiogram 
(ECG) changes. Eighty-one percent of patients had NT 
levels in the previously defined therapeutic range of 50 to 
170 ng/ml, with steady stnte reached between 1 and 3 
·weeks. There was little individual variation in drug kinetics 
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The neuropsychopharmacology of the tricyclic antide­
pressant nortriptyline (NT) has been extensively studied 
in the nonelderly patient population but less so in the 
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and metabolism over the study period. In general se OH-NT 
levels were not greater than those of se NT. 
Pharmacodynamic analyses showed that patients with 
moderate to severe anticholinergic side effects [CSE(+)] had 
significantly higher NT levels than those with mild or no 
symptoms [CSE(-)]. Furthermore, repeated-measures 
ANO VA modeled over time showed a highly significant 
decrease in clinical measures in both CSE groups of patients 
and also a highly significant group-time interaction. 
Higher se OH-NT levels were associated with less 
anticholinergic side effects. No ECG changes were observed. 
[Neuropsychophannacology 15:1-6, 1996] 

elderly (Rubin et al. 1985; Georgo!as et al. 1986, 1987a, 
1987b; Katz et al. 1989; Miller et al. 1991). A therapeutic 
window for serum (se NT) in the range of 50 to 150 ng/ml 
has been proposed (Asberg et al. 1971; Kragh-Sorensen et 
al. 1973), and the peripheral anticholinergic side effects 
of this drug are well documented (Rafaelson et al. 1981; 
Potter et al. 1991). However, the relationship between 
serum concentrations of NT, its metabolite OH-NT, and 
anticholinergic side effects remains to be established, al­
though a relationship between serum drug concentra­
tions and ECG abnormalities has been reported by 
Young et al. (1985). In addition, the general pharmaco­
kinetics of NT in the elderly depressed needs to be fur­
ther elaborated. As part of a recent placebo-controlled 
double-blind multicenter study (Nair et al. 1995), el-
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derly depressed patients were treated with NT or pla­
cebo for up to 7 weeks. We report on the clinical rele­
vance of serum NT and OH-NT measurements obtained 
during that trial. 

MATERIALS AND METHODS 

Patients 

Seventy-three patients who fulfilled the DSM-III-R cri­
teria for major depression (APA 1987) were treated with 
either NT (12 = 38; age range, 62-68; median, 71 years) 
or placebo (n = 35; age range, 62-68; median, 71 years) 
in a double-blind randomized fashion at three investi­
gational sites in Canada, Denmark, and England as part 
of larger study (Nair et al. 1995). 

Inclusion criteria at baseline involved a minimum to­
tal score of 18 on the first 17 items of the Hamilton Rat­
ing Scale for Depression (HRS-D; Hamilton, 1960). The 
duration of the current episode had to have lasted at 
least 4 weeks, with at least "moderately severe" rating 
on the Clinician's Global Assessment of Severity Scale 
(CGAS). The patients had received no tricyclic antidepres­
sants during the preceding week, no monoamine oxi­
dase inhibitors (MAOis), and no neuroleptics during 
the previous 2 weeks, and no sleep deprivation or elec­
troconvulsive therapy during the previous month. They 
also had no history of drug or alcohol abuse, known se­
vere systemic diseases, acute infections, or clinically 
significant abnormal laboratory findings, including ab­
normal ECG and blood pressure readings. 

Treatment Schedule 

The initial dose of NT was 25 mg on the first evening, 
increased to 25 mg in the morning and 50 mg in the 
evening from the third day onward. Depending on the 
se NT level at the end of week 1, the dose could be ad­
justed at the end of week 2 according to a procedure 
that kept the clinicians and the patients blind. If se NT 
levels were between 50 and 170 ng/ml, the dose re­
mained unchanged. If se NT levels went below 50 ng/ 
ml, the morning dose was increased to 50 mg, with the 
evening dose unchanged. If se NT levels were above 
170 ng/ml, the evening dose was reduced to 25 mg. 
Thereafter, these adjusted doses remained constant 
throughout the study. 

Serum NT and Serum OH-NT Determinations 

Blood was collected in an additive-free Vacutainer tube 
at 4:00 p.m. before the afternoon dose at baseline, at the 
end of weeks 1 and 3 and at the end of treatment (up to 
end of week 7). Se NT and se OH-NT were assayed us­
ing a slightly modified version of a high-performance 
liquid chromatographic (HPLC) method described by 
Klitgaard (1977). Blood samples for the determinations 
of se-OH-NT were not available for all the subjects en-
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rolled in the study. Blood specimens from England and 
Denmark were assayed at Odense University Hospital, 
and those from Canada, at the Douglas Hospital Re­
search Centre. Prior to the start of the study, an inter­
intralaboratory validation was carried out on the results 
obtained from the assays of quality control human se­
rum samples containing three different NT concentra­
tions (50, 100, and 170 ng/ml). Four samples of each 
concentration were analyzed on three different days. 
The overall intralaboratory /interday reproducibility 
was 5.0 and 4.9 for Canada and Denmark, respectively. 
Two-way analysis of variance (ANOVA) with replicates 
and cross-classification according to country and con­
centrations confirm the linearity in the range of thera­
peutic concentrations analyzed for both laboratories; no 
differences between laboratory means were detected 
(F = 0.09, p > .8). The lower level of detection was 10 
ng/ml, and the reproducibility of the assay was 5% at 
the 50-ng/ml level to 4% at the 170-ng/ml level. 

Clinical Assessments 

At baseline, at weekly intervals and finally at termina­
tion of the study, all patients were rated on the HRS-D, 
HMES (HRS-D with melancholia; Bech 1981), Clinical 
Global Assessments of Severity (CGAS), of Efficacy 
(CGAE), and of Tolerance (CGAT) scales and assessed 
for the incidence, duration, and severity (rated on a 
3-point scale: mild, moderate, or severe) of anticholin­
ergic events such as tremor, dry mouth, dry throat, 
blurred vision, constipation, sweating, micturition dis­
turbances, and confusion. A checklist of adverse events 
was also used. ECGs were recorded at baseline and at 
treatment termination. 

Statistical Analyses 

All data were analyzed by ANOVA and repeated-mea­
sures ANOVA model over time, using the SPSS/PC+ 
program (version 5.0). Data on clinical measures used 
the last observation carried forward method. Except for 
the pharmacokinetic analysis, the data were subjected 
to a standard analysis of efficacy for those who stayed 
in the study for at least 3 weeks. 

RESULTS 

Pharmacokinetics 

Of the 32 patients who completed the first week of 
treatment, only 6 had serum NT levels outside the pre­
viously defined therapeutic window (3 with levels be­
low 50 ng/ml and 3 above 170 ng/ml). Their dosages 
were adjusted accordingly at week 2 of treatment, as in­
dicated. These patients, as well as two who were non­
compliant and/ or dropped out before week 3, were not 
included in the pharmacokinetic analysis. 

Figure 1 shows the serum levels of NT and OH-NT at 
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weeks 1 and 3 and at termination (days 29--45). Serum 
NT levels for 22 patients treated beyond week 3 were 
significantly higher at the end of week 3 than at the end 
of week 1 (means ± SD (ng/ml), 118 ± 53 versus 100 ± 
33; p < .02). However, no significant differences be­
tween the metabolite levels at these two time points 
were found. The serum NT and OH-NT levels at termi­
nation were not significantly different from those at 
week 3. On the other hand, there were significant corre­
lations between the serum NT levels at weeks 1 and 3 
and also between those at week 3 and termination. This 
was also the case for OH-NT. The following results 
were obtained: NT, weeks 1 and 3, r = 0.81, p < .0001; 
weeks 3 and termination, r = .83, p < .001. OH-NT: 
weeks 1 and 3, r = 0.88, p < .0001; weeks 3 and termina­
tion, r = 0.66, p < .03. 

On average serum OH-NT levels were equal to or 
less than serum NT levels at all three time points. There 
was a significant positive correlation between the se­
rum levels of the parent drug and its metabolites at 
week 1 (r = .49, p < .05). However, although positive 
correlations were also found at week 3 and termination, 
respectively (r = 0.30 and 0.39), these were not statisti­
cally significant. 

Pharmacodynamics 

Clinical Efficacy. Remission, defined as HRS-O total 
score below 10 at the end of treatment, was 41 % (12/ 
29), compared to 10 percent (3/31) for those on placebo. 
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The 95% confidence interval limits for the observed 
+32% difference between nortriptyline and placebo 
were + 11 % and + 52%. For completers ( observed cases 
analysis), the remission rate was 60% for nortriptyline 
compared to 11 % for placebo. 

Relationship between Clinical Efficacy Scores and 
Serum Levels of NT and its Metabolites. No signifi­
cant associations were found between any of the follow­
ing clinical efficacy measures: HRS-O, HMES, CGAE, or 
CGAS, and the serum NT, serum OH-I, or serum NT+ 
OH-NT levels at week 3 and at termination, although 
serum levels of the metabolite, but not of the parent 
drug, were significantly associated with better tolerance 
as measured on the CGAT scale (r = 0.52, p < .02). 

Adverse Events. The overall incidence of adverse 
events observed was 92% for patients on nortriptyline 
compared to 83°/4, on placebo. However, for anticholin­
ergic side effects they were 74 and 49 percent, respec­
tively, and for orthostatic events, 42 and 26 percent, re­
spectively. The intensity of the anticholinergic side 
effects was more severe with the active drug (median 
score of 2.1 on a scale of 1 to 3) than with the placebo 
(median score, 1.6). For orthostatic events, the respec­
tive numbers were 1.8 and 1.4. 

Side effects associated with cardiovascular functions 
(hypertension, edema in legs, and palpitation) were mild 
and infrequent, and there were no drug-induced abnor­
malities in electrocardiograms. 

Wk! Wk3 Wk3 Wk7 

N=l2 N==l5 
OH-Nortriptyline 

Figure 1. Serum levels of NT and OH-NT (ng/ml) at weeks 1 and 3 and at termination (week 7). *p < .02. 
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Relationship between NT Levels and Anticholinergic 
Side Effects. Table 1 shows the relationship between 
serum NT and serum OH-NT levels and the incidence 
and severity of anticholinergic side effects. For an anal­
ysis of the relationship between anticholinergic side ef­
fects and serum NT levels on the one hand, and clinical 
efficacy measures on the other, patients were divided 
into two groups: CSE(+), moderate to severe anticho­
linergic symptoms (score > 1), and CSE(-), mild or ab­
sence of anticholinergic symptoms. The mean ± SD se­
rum NT levels of the CSE(+) group were significantly 
higher than those of the CSE(-) group at both week 1 
(n = 32) and week 3 (n = 29), respectively 124 ± 74 vs. 
82 ± 35, p < .05, and 133 ± 64 vs. 93 ± 32, p < .05. 

Relationship between Metabolite (OH-NT) Levels and 
Anticholinergic Side Effects. In contrast to findings 
for the NT levels, there was no significant difference in 
the serum OH-NT levels between the CSE ( +) and ( - ) 
groups at either time point. On the other hand, the ra­
tios of serum level of metabolite to parent drug was sig­
nificantly lower in the CSE(+) group at week 3 (n = 22); 
0.83 ± 0.28 vs. 1.5 ± 0.87; (p < .02). At week 1, this ratio 
was also lower with a trend to statistical significance 
(p < .07). 

Relationship between Clinical Efficacy Scores and 
Anticlwlinergic Side Effects. One- and two-way re­
peated-measures ANOVAs of the clinical rating scales 
of efficacy used in this study were carried out over the 
7-week period of the study for the CSE(+) and CSE(-) 
groups. In the CSE(+) groups, clinical improvements 
were accompanied by highly significant (df = 1,126; all 
p < .0001) changes from baseline to termination on the 
following rating scales: HRS-O from 25.3 ± 4.4 to 12.8 ± 
8.7, F = 20.94; HMES, 23.2 ± 4.7 to 11.8 ::t:: 8.1, F = 19.75; 
CGAE, 3.16 ± 0.77 to 4.10 ± 0.91, F = 8.13; and CGAS, 
4.3 ± 0.50 to 2.74 ± 1.4, F = 13.85. In the CSE(-) pa­
tients (df = 1,126), improvements on the clinical scales 
were relatively smaller and, except for CGAE, also sta­
tistically significant: HRS-O, 22.7 ± 2.9 to 17.3 ± 8.8, F = 
5.00, p < .0001; HMES, 19.1 ± 4.3 to 14.7 ± 7.9, F = 4.61, 

NEUROPSYCHOPHARMACOLOGY 1996-VOL. 15, NO. 1 

p < .0001; CGAS, 4.11 ± 0.32 to 3.37 ± 1.30, F = 3.11, 
p = .005; and CGAE, 3.10 ± 0.88 to 3.21 ± 1.23, F = 0.38, 
NS. There also were highly significant group-by-time 
interactions (df = 7,252; all p < .001) between the two 
groups over time: HRS-O, F = 4.59; HMES, F = 5.24; 
CGAS, F = 3.68; and CGAE, F = 4.13. 

DISCUSSION 

The pharmacokinetics and pharmacodynamics of NT 
have been fairly well studied in the general population, 
and it has therefore been used as the drug of reference 
for newer antidepressants (Katz et al. 1989). Placebo­
controlled studies with NT in the elderly are, however, 
small in number. In this multicenter study, NT was 
found to be significantly more effective than placebo in 
the treatment of elderly depressed patients, although it 
was associated with more side effects of the anticholin­
ergic type than placebo. Several findings are notewor­
thy about some aspects of the pharmacokinetics and 
pharmacodynamics of NT in this patient population: re­
lationship between dosage of NT and therapeutic win­
dow, timing of steady state, metabolism of NT to its 10-
hydroxy analog over the period of the study, efficacy of 
the drug treatment, and the relationship between serum 
levels of nortriptyline and the IO-hydroxy-metabolites 
and incidence/ severity of peripheral anticholinergic side 
effects. 

Dosage and Therapeutic Window 

A major concern in the treatment of elderly depressed 
patients with tricyclic antidepressant is the occurrence 
of side effects, so that there may be a tendency to use 
suboptimal doses. In this context, the previously de­
fined therapeutic window may be useful, although it 
has not been validated in the elderly. A therapeutic win­
dow with serum levels between 50 and 170 ng/ml has 
been proposed (Asberg et al. 1971; Kragh-Sorensen et al. 
1973; Kragh-Sorensen and Larsen 1980). At week 1, se­
rum NT levels in the majority of patients (81 %) were 
within the therapeutic range, with a 75-mg daily dose. 

Table 1. Anticholingeric Side Effects and Levels of Serum Nortriptyline and Serum OH-
Nortriptyline at End of Weeks 1 and 3 

Nortriptyline 
(NT ng/ml) OH-NT (ng/mD OH-NT/NT 

Week Side Effect Mean SD N p* Mean SD N p* Mean SD N p* 

1 CSE(+) 124 74 16 .05 118 49 9 NS 0.94 0.5 9 .07 
CSE(-) 82 35 16 100 55 10 1.5 1.1 10 

3 CSE(+) 133 64 15 .05 127 51 11 NS 0.83 0.3 11 .02 

3 CSE(-) 93 32 14 140 78 11 1.5 0.9 11 

* ANOVA between CSE(+) (moderate or severe anticholinergic side effects) and CSE( - ) (no or mild anti­
cholinergic side effects). 
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The rate of clinical rem1ss1on in this study was rela­
tively high compared to placebo. These results tend to 
lend support for a similar therapeutic window in the 
depressed elderly. 

Half-life and Metabolism 

The half-life of NT in the general population is in the 
range of 15 to 16 hours (Rubin et al. 1985). It can there­
fore be assumed that a lag time of 1 week would be am­
ply sufficient to achieve 90% of serum NT levels at 
steady state. However, Dawling et al. (1980) calculated 
the half-life to be 45 hours in elderly patients (68-100 
years old) on 75 mg of oral NT. In our study, it appears 
that the interval required for serum levels of NT to 
achieve steady state occurs between 1 and 3 weeks, be­
cause there was a significant increase in the NT levels in 
this interval. In subsequent studies, measurements at 
more frequent intervals should give a more accurate as­
sessment of the half-life of NT in the elderly. The longer 
half-life observed here can be attributed to delayed ab­
sorption and reduced gut motility rather than slowed 
metabolism, because conversion to the 10-hydroxy me­
tabolite is not dissimilar from what it is in younger pa­
tients. 

Previous studies on the rates of metabolic transfor­
mation of NT in elderly patients gave conflicting re­
sults. Some authors suggested that it was much slower 
than in younger patients (Bertilsson et al. 1979; Young et 
al. 1984, 1985), while others found no differences (Katz 
et al. 1989; Kanba et al. 1992); the mean ratios of OH-NT 
to NT levels reported ranged from 1.2 to 2.7. Young et 
al. (1987) attributed the increase in serum 10-hydroxy­
metabollite levels observed in elderly patients to re­
duced renal clearance. In our study, such a relationship 
was not found; the average OH-NT to NT ratio ob­
served was just under 1, not unlike that reported for 
younger patients, and was independent of serum creati­
nine levels. A statistically significant and weak positive 
correlation was found between the parent drug and its 
10-hydroxy metabolite at week 1 but not over the re­
mainder of the study period. This is in agreement with 
the findings of Gram et al. (1989) who found no signifi­
cant correlation between NT and the major form (i.e., 
E-isomer) of the 10-hydroxy metabolite, although they 
did find a highly significant positive correlation with 
the minor Z-isomer at steady state. ln our study, only 
the major form was measured, as the minor Z-isomer 
was present in very small concentrations. 

On the other hand, there were significant and strong 
positive associations found among levels of the 10-hy­
droxy-metabolites at weeks 1 and 3 and at termination. 
This association was also found for the parent drug, in­
dicating little, if any, change in kinetics over the period 
of the study, maybe because this study was part of a 
clinical trail that followed strict medical admission cri­
teria (Nair et al. 1995). 

Relationship between NT, OH-NT Levels, and 
Side Effects 

As mentioned, the 75-mg NT dose was effective but 
was also accompanied by anticholinergic side effects. 
These appeared to be related to the levels of serum NT. 
Thus, when patients with moderate to severe anticho­
linergic side effects [CSE(+)] were compared to those 
with mild or none [CSE(-)], the former had signifi­
cantly higher serum NT levels (Table 1). On the other 
hand, they showed no significant differences in serum 
metabolite levels. However, the rate of metabolic trans­
formation appears to be a contributing factor. Fast me­
tabolizers, that is, those with high ratios of serum levels 
of metabolites to the parent drug, appeared to suffer 
less anticholinergic side effects. Thus, CSE( - ) patients 
had significantly higher ratios than CSE(+) patients. 
Furthermore, there was a significant positive correlation 
between levels of metabolites and tolerance (CGAT). 
The relationship found between NT and OH-NT and 
anticholinergic side effects confirm preclinical studies 
on these two compounds. NT is known to have a high 
affinity for muscarinic receptors. In comparison, its me­
tabolite, OH-NT, has been found to have a 10 to 12 
times lower affinity for muscarinic receptors in the 
heart, brain, parotid gland, urinary bladder, and ileum 
in the guinea pig (Nilvebrant and Nordin 1991). In a re­
cent clinical trial on the efficacy of OH-NT as an antide­
pressant, the compound was also found to have little 
anticholinergic side effects (Nordin et al. 1991). 

High levels of the IO-hydroxy metabolites have been 
correlated with ECG abnormalities. Young et al. (1985) 
found that patients with a mean ratio of 2.7 for serum 
OH-NT /NT had changes in PR measurements com­
pared to those with a mean ratio of 1.5. In our study, 
none of the patients had PR changes or any ECG abnor­
malities; the average ratio of serum OH-NT /NT was 
less than l. McCue et al. (1989) reported no correlations 
between changes in PR and QRS and QTc measure­
ments with either serum NT or OH-NT levels, in an eld­
erly population given various doses of nortriptyline. 
The mean total serum levels of both the parent drug 
and its metabolite were, however, lower than those re­
ported by Young et al. (1985). 

Relationship between Efficacy and Side Effects 

NT has been shown to be an effective antidepressant, 
but there is considerable variation in the incidence and 
severity of anticholinergic side effects. In the present 
study, we have found an association between efficacy 
and side effects. Thus, on several measures of clinical 
efficacy (HRS-D, HMES, CGAE, CGAS), CSE(+) pa­
tients showed a greater clinical improvement than CSE 
(-) patients on these measures over the period of the 
study. However, the overall rate of dropouts due to in­
tolerance of these side effects was small. 
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In conclusion, 75 mg of NT administered daily in a 
divided dose appears to be effective in the treatment of 
major depression in the elderly. Higher serum levels of 
NT and slow metabolic transformation were associated 
with more severe, but tolerable, anticholinergic side ef­
fects. 
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