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Abstract
Amitriptyline, a blocker of acid sphingomyelinase and
acid ceramidase, significantly reduces Pseudomonas
aeruginosa lung infection in cystic fibrosis (CF) mice
with concurrent increase of survival. Our aim was to
establish whether amitriptyline is safe and effective
in the treatment of CF patients. In a randomised,
double-blinded, placebo-controlled, cross-over pilot
study, 4 adult CF patients received 37.5 mg of
amitriptyline or placebo twice daily for 14 days.
Subsequently in a phase II study 19 adult CF patients
were randomly allocated to three treatment groups
receiving amitriptyline once daily for 28 days at doses
of 25 mg (n=7), 50 mg (n=8), or 75 mg (n=8) or
placebo (n=13). The primary outcome was the
difference of forced expiratory volume in 1 sec (FEV1)
at day 14 between amitriptyline and placebo. Primary
endpoint measures improved significantly in three of
four patients in the pilot study after amitriptyline
treatment vs placebo (relative FEV1: 14.7±5%;

p = 0.006) and in the 25 mg treatment group of the
phase II study (relative FEV1: 4.0±7%; p = 0.048).
Amitriptyline was well tolerated in both studies and
96% of the patients completed the studies.
Amitriptyline as a novel therapeutic option in patients
with CF is safe and seems to be efficacious.

Introduction

The hereditary disease cystic fibrosis (CF), caused
by mutations in the gene encoding the CF Transmem-
brane conductance Regulator (CFTR) [1-3], affect epi-
thelial ion and water transport in cells in the respiratory,
gastrointestinal, hepatobiliary and reproductive tracts.
Reduced chloride secretion causes a viscous mucus, over-
laying the respiratory epithelium, leading to impaired
mucociliary clearance [4]. This supports chronic bacte-
rial respiratory infections, which have the greatest im-
pact on morbidity and mortality of the patients [5]. Mostly
due to the endobronchial location of mucoid Pseudomonas
aeruginosa [6], the major opportunistic pathogen in CF,
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which is surrounded by masses of dead neutrophils [6],
high doses of antibiotics are required for treatment of CF
lung disease [7]. Nevertheless, once P. aeruginosa in-
fections become chronic, eradication by antibiotics can-
not be any more accomplished [7]. Thus, other strategies
have to be established.

Recent animal studies offer an attractive alterna-
tive. We demonstrated in mice, genetically deficient for
Cftr, that cells of the respiratory tract accumulate
ceramide in an age-dependent manner [8]. Accumula-
tion of ceramide was caused by an imbalance between
the activities of the acid sphingomyelinase that produces
ceramide by sphingomyelin hydrolysis, and the acid
ceramidase that degrades ceramide to sphingosine.
Ceramide accumulation resulted in increased inflamma-
tion in the lung, which was normalised by inhibition of the
acid sphingomyelinase and correction of pulmonary
ceramide concentrations. Further, we observed increased
death of respiratory epithelial cells in cftr deficient mice
that resulted in deposition of DNA on the respiratory epi-
thelium. These DNA deposits facilitated adhesion of and
infection of the mice with P. aeruginosa [8]. Treatment
of the CF mice with amitriptyline, a blocker of acid
sphingomyelinase [9, 10] and acid ceramidase, prevented
cell death and protected the animals from severe pulmo-
nary P. aeruginosa infections. Furthermore, amitriptyl-
ine almost completely protected these mice from lethal
P. aeruginosa infections [8].

Although these animal data are encouraging and
amitriptyline is well established in treatment of patients
with major depression, clinical studies are warranted to
assess tolerability and efficacy of amitriptyline for this
novel indication. For instance, studies have revealed dis-
ease-specific increases in the formation of drug metabolites
[11], and therefore higher concentrations of toxic
metabolites cannot be excluded. Furthermore, the use of
amitriptyline in CF patients, infected chronically with P.
aeruginosa or other bacterial pathogens, may negatively
affect host defence [12]. Therefore, we assessed the
therapeutic efficacy and safety of amitriptyline in patients
with CF using different dosages of amitriptyline in a pilot
and subsequently in a phase IIa study.

Materials and Methods

Study design and patients
We carried out a pilot and phase IIa study in a

monocentric, randomised, double-blinded, placebo-controlled,
cross-over study design in 23 CF patients, attending the CF

centre of the Children´s University Hospital of Tuebingen,
Tuebingen, Germany. Both studies were approved by our In-
stitutional Review Board of the University Hospital. All pa-
tients gave written informed consent and were insured for po-
tential adverse effects. The phase IIa study was registered at
EudraCT 2006-002259-33 and ClinicalTrials.gov, number
NCT00515229.

Pilot study
Four adult CF patients (1 female, 3 males; mean age 28.5 ±

10 yrs; FEV1: median: 60.5% predictive) were included in the
study based on the following criteria: age >18 yrs and the pres-
ence of chronic pulmonary infection with P. aeruginosa, Sta-
phylococcus aureus and other bacterial pathogens. Because
mutations of cytochrome P450 (CYP2D6) may reduce the he-
patic metabolism of amitriptyline, patients were excluded if they
were homozygous or compound heterozygous for the CYP2D6
alleles *4,*5,*6,*9,*10,*41, since these individuals may have
a higher sensitivity to amitriptyline. Genotyping was performed
as previously described [13]. Glaucoma, seizures, heart failure,
major depression, clinical instability, pregnancy or involvement
in other clinical studies were further exclusion criteria. Clinical
instability was diagnosed when symptoms of bronchitis or lar-

Table 1. Baseline data for microbiology and FEV1 of 19
cystic fibrosis patients in a phase IIa cross-over study.
BC: Burkholderia cepacia; MRSA: methicillin resist-
ant Staph. aureus; Ps.: Pseudomonas aeruginosa.
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yngitis were noticed during the study. All patients received
37.5 mg amitriptyline or placebo twice daily for two weeks,
followed by a wash-out phase of two weeks. Patients were
randomized using the software JMP (JMP 5.0.1.2, SAS Institut
Inc., Cary NC, USA , 2003). During both treatment periods,
patients’ visits were at days 0, 7 and 14. A follow up visit was
initiated at day 56. The primary outcome was the relative differ-
ence of forced expiratory volume in 1 sec (FEV1) at day 14
relative to placebo, measured by spirometry (Jaeger, Höchberg,
Germany).

For assessing safety of amitriptyline, blood pressure,
heart rate, transaminases and creatinine values were measured
at each visit. An electrocardiogram was taken at day 7. Ad-
verse effects (AEs) and severe AEs (SAEs) were documented
on patient sheets.

Phase IIa Study
Twenty-one CF patients were screened using the above

mentioned inclusion and exclusion criteria. Nineteen patients
were finally enrolled (10 females, 9 males; mean age: 28.3 ± 10
yrs; FEV1: median: 61% predictive), five of whom suffered from
CF-related diabetes and one from psoriasis. All patients were
chronically infected by various bacterial pathogens including
P. aeruginosa, S. aureus, Burkholderia cepacia complex
strains, Sphingomonas, Citrobacter, Klebsiella spp. or
Stenotrophomonas maltophilia. The lung function of the pa-
tients was highly heterogenous at baseline and FEV1 differed
from 20% to 110% (Table 1). For ethical reasons we had to
investigate adult patients and were unable to perform studies
on small children that may not be pulmonary colonized with

Table 2. Treatment courses of three amitriptyl-
ine doses and placebo in 19 cystic fibrosis pa-
tients in a phase IIa cross-over study. *: Corn
starch; **: Patients received placebo, 25 mg/d and
50 mg/d amitriptyline, or placebo, 25 mg/d and 75
mg/d amitriptyline, or placebo, 50 mg/d and 75 mg/
d amitriptyline. In case primary endpoint data from
treatment courses were missing, patients were re-
treated with the same dosage on blinded condi-
tions at the individual end of the study (additional
courses); D: dose reduction or interruption; E:
exacerbation.

bacterial pathogens. Patients were excluded if they were ho-
mozygous or compound heterozygous for the CYP2D6 alleles
*4,*5,*6,*9,*10,*41.

Using JMP (JMP 5.0.1.2, SAS Institut Inc., Cary NC, USA,
2003), the patients were randomly allocated to three treatment
groups receiving 2 doses of amitriptyline or placebo once daily
for 28 days. Six patients received placebo, 25 mg and 50 mg
amitriptyline, six patients received placebo, 25 mg and 75 mg
amitriptyline, and another six patients received placebo, 50 mg
and 75 mg of amitriptyline (Table 2). During the three treatment
courses, patients’ visits were at days 0, 7, 14 and 28. When no
data of visit at day 14 were available, patients were re-treated
with the same dosage on blinded conditions at the individual
study end. The latter was performed with one patient receiving
25 mg, two patients receiving 50 mg and in three patients re-
ceiving 75 mg of amitriptyline. A follow up visit was performed
at day 165 (Table 2).

The primary outcome was the difference of FEV1 relative
to placebo at day 14 in the per-protocol (PP) group measured
by spirometry (Jaeger) analogue to the pilot study. We col-
lected blood, sputum and nasal epithelial cells for testing sev-
eral secondary endpoints at day 14 of placebo or amitriptyline
treatment: (i) absolute and relative FEV1 differences, (ii) ceramide
concentrations in respiratory epithelial cells, (iii) leukocyte
counts in sputum specimens, (iv) bacterial counts in sputum,
and (v) concentrations of the cytokines in sputum and plasma
and (vi) DNA concentrations in sputum specimens. Addition-
ally, at day 14 leukocytes, C-reactive protein and the cytokines
IL-1β, IL-6, IL-8, IL-10 were determined in blood and sputum
specimens using routine methods and the Bio-Plex 200 System
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(Bio-Rad Laboratories GmbH, München, Germany). C-reactive
protein was measured as an additional inflammatory parameter
in blood specimens using luminescence technology. Nasal epi-
thelial cells were obtained from all patients for the semi-quanti-
tative determination of ceramide using immunofluorescence
[8]. DNA and bacterial pathogens numbers were quantified
electrophoretically [14] and by routine culturing on blood agar,
respectively, at day 14.

Ceramide was determined by staining epithelial cells in
the sputum of the patients with Cy3-coupled anti-ceramide an-
tibodies. The relative amount of ceramide was determined by
measuring the fluorescence intensity on a Leica fluorescence
microscope DMIRE 2.

The safety of amitriptyline was assessed in all patients
after 28 days of treatment.

Statistics
Based on the results of our pilot study, the difference of

FEV1 between cases and controls after treatment of 14 days
was used as primary endpoint. The primary endpoint was ana-
lysed by per protocol (PP) analysis to permit the exclusion of
patients suffering from infections according to the exclusion
criteria. The safety of amitriptyline was determined by inten-
tion to treat (ITT) analysis. If only a single FEV1 value was
available, data could not be used for analysis. Also, if data
from two of the three courses of a patient were missing, data of
this patient were not considered for ITT and PP analysis. Fur-
thermore, patient data from therapy courses in which the dose
of amitriptyline was decreased to 50% due to AEs, or in which
treatment was discontinued due to AEs were not included in
the PP analysis. Lastly, data from patients who became clini-
cally instable and had to be treated by oral or intravenous

Fig.  1. Flowchart of the phase IIa
amitriptyline study in cystic fibrosis
patients. Twenty-one CF patients were
screened, two patients refused, one
patient discontinued treatment and 18
patients completed the study.

antibiotics were excluded from the PP analysis. For safety all
courses were considered for ITT analysis. A multivariate u-
score [15] was used to evaluate secondary endpoints. Patient
data were analyzed after closure of the data base using the
Magic software (Univ. Tübingen, Germany), JMP (JMP 5.0.1.2,
SAS Institut Inc., Cary,  NC USA,  2003) and mustat (Software,
version 3.0, interactively used at www.mustat.rockefeller.edu).
The data analysis included a calculation of a carry over-effect
using [16].

Monitoring
The study was monitored by CenTrial gGmbH, Tübingen,

Germany.

Results

We have previously shown that ceramide is
increased in the lungs of cystic fibrosis mice [8].
Treatment of the mice with amitriptyline normalized
pulmonary ceramide concentrations and, most important,
reduced lung inflammation and infection susceptibility of
these mice. Here, we performed two smaller clinical
studies to apply these insights for the treatment of cystic
fibrosis patients.

In the first study, we investigated 4 adult patients
who received either 37.5 mg amitriptyline or placebo twice
daily in a cross over design interrupted by a two week
phase.
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Table 3.  Efficacy of am-
itriptyline in patients with
cystic fibrosis. Lung function
was determined in the Inten-
tion to treat (ITT) and the per
protocol (PP) group as forced
expiratory volume in one sec-
ond (FEV1) after 14 days of
amitriptyline or placebo treat-
ment in a phase IIa cross-over
study. *: Student’s t-test was
used for all statistical
determinations; **: slopes
were determined according to
ref. 20; ***: values represent
means ± standard deviations.

After 14 days of treatment, the primary endpoint
FEV1 had improved significantly in three of the four pa-
tients of the pilot study relative to placebo (FEV1: 16.7%;
p = 0.006). Data from one patient in the treatment group
and one patient in the placebo group were not included
due to drug-unrelated adverse effects, i.e. lower respira-
tory tract infections. Amitriptyline was well received in
the patient group and no SAEs were recorded at the end
of the 14 day courses. The preliminary data of this study
prompted us to further evaluate amitriptyline in a larger
cohort of CF patients.

From the 21 adult CF patients, screened for this phase
IIa study, one CF patient, positive for a mutation in the
CYP2D6 gene, was excluded [17]. Another screened
patient refused to participate in the study (Figure 1). The
remaining 19 patients enrolled for the study, were
randomized to receive placebo and two of the three am-
itriptyline doses in a randomized cross-over design for 84

days (Table 2), i.e. patients received either placebo for
28 days and 25 mg of amitriptyline for 28 days and 50 mg
for 28 days, or placebo for 28 days and 25 mg of am-
itriptyline for 28 days and 75 mg for 28 days, or placebo
for 28 days and 50 mg of amitriptyline for 28 days and 75
mg for 28 days. One patient discontinued treatment after
10 days due to an AE and 18 patients finished the study.
All patients suffered from chronic bacterial infections
(Table 1). The FEV1 values ranged from 20% to 100%
(Table 1).

During the phase IIa study, 6 of the 19 patients were
excluded from analysis according to the criteria of the
study plan. Therefore, FEV1 was analysed in the per pro-
tocol (PP) analysis in 13, 7, 8 and 8 patients, who had
received placebo, 25 mg, 50 mg or 75 mg amitriptyline/
day, respectively. After 14 days of treatment, the primary
endpoint FEV1 had improved significantly in the 25 mg/d
amitriptyline group relative to placebo (FEV1: +5.0% com-

Table 4. Safety of amitriptyline in CF patients
during the phase IIa amitriptyline study*. *:
safety of amitriptyline was assessed after each
treatment course of 28 day; **: Student’s t-
test was used for all statistical determinations;
***: placebo vs 25 mg/d, 50 mg/d and 75 mg/d
of amitriptyline; ****: non significant for all
drug concentrations against placebo.

Amitriptyline in CF Cell Physiol Biochem 2009;24:65-72



70

pared to the placebo group; p = 0.048) (Table 3). No
significant change of lung function was observed when
patients took 50 mg and 75 mg of amitriptyline (Table 3).

In addition, the secondary endpoint ceramide was
significantly reduced after 14 days of treatment with all
amitriptyline doses relative to placebo (placebo: mean±SD:
2.0±1.55 relative fluorescence intensity; 25-75 mg am-
itriptyline: 0.92±0.67 relative fluorescence intensity; p =
0.042). All other secondary endpoints were not signifi-
cantly different between the placebo group and the three
amitriptyline treatment groups (p=0.37).

A carry over effect of FEV1 on subsequent treat-
ment courses was not detectable.

Amitriptyline was well received in the patient group
and no SAEs were recorded at the end of the 28 day
courses. From the 80 AEs, 35 were related or possibly
related to the medication. Two well-known AEs of am-
itriptyline, i.e., xerostomia and tiredness [9], were signifi-
cantly different between placebo and the three amitriptyl-
ine treatment groups (Table 4). Tiredness (2 patients),
and obstruction (1 patient) were reported as causes of
interruption of a single treatment course. Two patients
described a reversible obstipation. One patient described
stomach pain and increased perspiration in the night,
which was later identified as under-dosage of pancreas
enzymes. One patient (no. 10) described a pulse increase
of 10 beats/min, leading to withdrawal from the study.
Three patients described a transient vertigo, which did
not require a change of medication. Dose reduction was
reported in 12 treatment courses. Despite typical AEs of
amitriptyline, 95% of the CF patients finished the study.
We did not observe an increased number of respiratory
tract infections in the amitriptyline-treated patient group
indicating that the drug did not negatively affect the in-
fection of the patients.

In summary, the study proves that amitriptyline is
safe in CF patients and the lower doses are well toler-
ated. Furthermore, our data indicate that treatment with
amitriptyline improves the lung function of CF-patients.

Discussion

Here we tested the hypothesis whether amitriptyl-
ine improves lung function in patients with CF. Since pre-
liminary data from our pilot study indicated that amitriptyl-
ine therapy using 37.5 mg given twice daily for 14 days
appears to be safe and efficacious, we subsequently per-
formed a phase II trial. We confirmed that a lower dose
of 25 mg once daily of amitriptyline increased FEV1 rela-

tive to placebo in the PP analysis. A positive trend of
amitriptyline efficacy was observed at day 14 in the pa-
tients who received 50 mg and 75 mg/d amitriptyline but
the values did not reach significance most likely due to
pulmonary infections caused by viral pathogens during
the study period and, thus, a small study group. The posi-
tive effect of amitriptyline on lung function in the 25 mg
CF treatment group is supported by the finding that
ceramide levels determined in respiratory epithelial cells
decreased significantly under amitriptyline therapy. This
result clearly corroborates our initial observations from
animal studies that treatment of CF mice with amitriptyl-
ine, a blocker of acid sphingomyelinase, prevented cell
death and protected the animals from severe pulmonary
P. aeruginosa infections [8].

The study group is too small and too heterogenous
to perform a meaningful ITT analysis. In particular, the
inclusion of all patients, even those with obvious
pulmonary infections (during placebo or amitriptyline
treatment) that had to be excluded according to the initial
exclusion criteria of the study protocol, excludes an ITT
analysis as the primary analysis method.

The present study also demonstrates that amitriptyl-
ine, a well established agent in treatment of major de-
pression in adults [9], is safe at doses of 25 mg to 75 mg
in all CF patients when given orally for a periode up to
four weeks. No severe adverse drug reactions were re-
ported in our pilot as well as the phase II study. As ex-
pected, typical AEs related to amitriptyline [9] such as
xerostomia and tiredness were reported in the phase II
study. In one case using 75 mg of amitriptyline dose re-
duction of 50% due to xerostomia and tiredness resulted
in a well-tolerated use of amitriptyline. Although CF pa-
tients seem to have an increased/altered metabolism in
general, the frequency and nature of side effects related
to amitriptyline in those patients [11] did not differ from
reported adverse drug reactions of the drug in non-CF
patients. At a lower dose of amitriptyline using 25 mg/d,
AEs were transitory and lasted only for a few days. This
indicates that even CF patients, who are carriers of func-
tionally relevant CYP2D6 variants, may profit from a dose-
adjusted amitriptyline therapy. In principle low doses of
amitriptyline have been successfully administered for pa-
tients with major depression, fibromyalgia and irritable
bowel syndrome [13] and, thus, such a treatment option
might be also applied for CF patients. A further concern
to use amitriptyline in CF patients, infected chronically
with P. aeruginosa or other bacterial pathogens, is the
fact that amitriptyline would prevent the acute increase
of ceramide levels in the respiratory tract observed after
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