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ABSTRACT: The effects of single doses of tamoxifen (TAM; 0.5–5 mg/kg, i.v.) and chronic
pretreatment with TAM (0.1–5.0 mg/kg/day, i.p. for 7 consecutive days) on letrozole (0.5 mg/kg,
i.v.) pharmacokinetics were evaluated in female Sprague-Dawley rats. The plasma concentration-
time profiles of letrozole (0.1–2.0 mg/kg) after single i.v. doses were analysed by the non-
compartment model with terminal half-lives ðt1=2;lzÞ ranging from 34.3 to 37.5 h. The volume of
distribution at the terminal phases ðVdðlzÞÞ ranged from 1.9 to 2.1 l/kg and clearance (CL) varied
from 0.036 to 0.042 l/(h � kg). After co-administration of TAM and letrozole intravenously, the t1/2,
VdðlzÞ and CL of letrozole were not significantly altered. Chronic pretreatment with TAM
significantly decreased the t1/2 of letrozole by about 33%, and increased its clearance by an
average of 40%. However, TAM pretreatment did not significantly affect the Vd((lz) of letrozole in
female rats. Co-administration of letrozole and TAM orally increased the absorption half-life of
letrozole threefold although the absolute bioavailability remained unchanged. These observations
suggest that single oral doses of TAM delay the absorption of letrozole while chronic pretreatment
with TAM accelerates the elimination of letrozole, probably due to induction of cytochrome P450
enzymes in rats. Copyright # 2006 John Wiley & Sons, Ltd.
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Introduction

Breast cancer is the leading cause of cancer-
related deaths amongst women between the ages
of 20–59 years [1]. In 2005, breast cancer was
estimated to account for 32% (�211240 cases)
of all new cancer cases among American
women and about 40410 patients died from the
disease [1].

Hormonal therapies designed to deprive breast
tumor of estrogen have become the primary
treatment of estrogen receptor (ER)-positive
breast cancers for postmenopausal women. There
are two main ways in which hormonal therapy

may be achieved: the most frequent approach is
to use an antiestrogen such as tamoxifen (TAM,
Figure 1) to antagonize estrogens at the estrogen
receptor level, as a first-line treatment of breast
cancer [2,3]. Although TAM is an effective
treatment for breast cancer, it results in greater
incidence of endometrial cancer and thromboem-
bolic disease [4]. Furthermore, many patients will
inevitably experience therapeutic resistance to
TAM during the treatment of breast cancer.

An alternative hormonal approach is to use an
aromatase inhibitor (AI) such as letrozole (CGS20
267, Figure 1) to reduce the synthesis of estro-
gens. Aromatase (P450arom) is a cytochrome P450
enzyme that catalyses the final and rate-limiting
step in the conversion of adrenal androgens to
estrogens [5]. After menopause, estrogens are
mainly produced in peripheral tissues, such as

*Correspondence to: Centocor R&D Inc., 200 Great Valley Park-
way, Malvern, PA 19355, USA. E-mail: innane@CNTUS.JNJ.COM

Received 21 March 2006
Revised 22 May 2006

Accepted 30 May 2006Copyright # 2006 John Wiley & Sons, Ltd.



the liver, fat, muscle, skin and breast when
ovarian steroid production is reduced resulting
in low level of circulating estrogens. Therefore,
specific inhibition of the aromatase enzyme in
postmenopausal patients results in the suppres-
sion of estrogen biosynthesis in peripheral tissues
and in the breast cancer tissue.

Letrozole is a nonsteroidal, highly potent and
competitive inhibitor of the aromatase enzyme
system that is used as a second-line agent for the
treatment of advanced breast cancer in postme-
nopausal women. It interferes with steroid hydro-
xylation by binding with the iron atom of the
hemoprotein of P450arom, thereby excluding the
substrate androstenedione [6]. It has been re-
ported that the treatment of women with letrozole
significantly lowers serum estrone (E1), estradiol
(E2) and estrone sulfate (E1S) by 88–98% [7].

The differences in the mechanism of action
between letrozole and TAM and observations
that some patients who are resistant to TAM
respond to letrozole have led to a series of
preclinical and clinical trials combining the two
drugs for the treatment of advanced breast
cancer [6, 8, 9]. For example, a study conducted
using a model for postmenopausal, hormone-
dependent breast cancer in nude mice, which is
responsive to both antiestrogens and aromatase
inhibitors indicated that letrozole alone was more
effective and had a longer duration of effect in
suppressing tumor growth than TAM alone or a
combination of letrozole and TAM [8]. The
apparent lack of an additive or synergistic benefit
of a combination of letrozole and TAM may be
caused by the partial agonist activity of TAM
when estrogen concentrations are reduced by
letrozole. This observation may also be due to

metabolic interaction between the two drugs
since both compounds are substrates for cyto-
chrome P450 enzymes (CYPs) [10–15].

The present study was designed to investigate
the pharmacokinetics of letrozole and to evaluate
the effects of TAM on letrozole absorption and
disposition in female rats. The results of this
study will help us to explain the diminished
effectiveness of letrozole when used in combina-
tion with TAM, at least in part, and perhaps
identify the mechanism of interaction between
letrozole and TAM in animal models of breast
cancer.

Materials and Methods

Materials

Letrozole was provided by Dr A. Brodie (Uni-
versity of Maryland, School of Medicine, Balti-
more, MD, USA), and its carbinol metabolite
CGP44 645 was synthesized by Drs Piao and
Canney (Temple University School of Pharmacy,
Philadelphia, PA). Methanol, acetonitrile and
monobasic (and dibasic) sodium phosphate were
purchased from Fisher Scientific (Pittsburg, PA,
USA). Tamoxifen citrate salt, ketoconazole and
hydroxypropyl-b-cyclodextrin (HPbCD) were
obtained from Sigma-Aldrich Chemical Co. (St
Louis, MO, USA). All chemicals and solvents
were of analytical or HPLC grade. Distilled water
was obtained from an in-house Barnstead NA-
NOpure1 apparatus (Barnstead International,
Dubuque, IA, USA). Bond Elut-C8

1 extraction
cartridges were ordered from Varian (Walnut
Creek, CA, USA). Polyethylene tubing (0.58 mm
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Figure 1. Structures of letrozole, its carbinol metabolite, CGP 44645, and tamoxifen
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i.d., 0.96 mm o.d.) and silastic medical grade
tubing (0.025 inch i.d., 0.047 inch o.d.) were
purchased from Harvard Apparatus (Newark,
NJ, USA). The anesthetic agents, ketamine
(100 mg/ml) and xylazine (20 mg/ml) were ob-
tained from Dodge Animal Health (Fort Dodge,
IA, USA) and Phoenix Pharmaceuticals Inc. (St
Joseph, MO, USA), respectively.

Methods

Female Sprague-Dawley rats (320� 20 g) were
obtained from Charles River Laboratories (Wil-
mington, MA, USA). The animals were main-
tained in a controlled environment of constant
temperature (20 8C), 50% relative humidity and
12 h light/dark cycles for 7 days prior to use. The
health of all animals was monitored throughout
the study by observing changes in body weights.
The rats were surgically prepared, under keta-
mine (90 mg/kg) and xylazine (10 mg/kg) an-
esthesia, by implanting polyethylene catheters
into the jugular vein 24 h prior to drug admin-
istration.

Intravenous administration of single doses of letrozo-
le. Letrozole was dissolved in HPbCD (10% in
saline) to produce concentrations of 0.1, 0.5 and
1.0 mg/ml. A single i.v. bolus injection (1.0 ml/
kg) was administered through the jugular vein at
a dose level of 0.1, 0.5 or 1.0 mg/kg, respectively,
and 2.0 ml/kg (1.0 mg/ml) for a dose level of
2.0 mg/kg ðn ¼ 3Þ. Blood samples (�250 ml) were
collected in heparinized tubes before drug
administration, and post-dose at 10, 30, 60 min,
and 2, 5, 10, 24, 48, 72, 96, 120 and 144 h via the
jugular vein catheter. Heparinized saline (250 ml)
was injected into the animals immediately after
the collection of each sample.

Intravenous co-administration of letrozole and tamox-
ifen. Tamoxifen citrate salt was dissolved in
HPbCD (10% in saline) to produce equivalent
TAM concentrations of 0.5, 1.0 and 5.0 mg/ml.
Female rats (n ¼ 3 per group) were injected with
letrozole (0.5 mg/kg) in combination with TAM
formulations (0.5, 1.0, 5.0 mg/kg). Control rats
ðn ¼ 3Þ were given equivalent HPbCD (10% in
saline). Blood samples (�250 ml) were collected

in heparinized tubes at the same time interval as
described above.

Chronic pretreatment with tamoxifen. Tamoxifen
citrate salt was dissolved in HPbCD (10% in
saline) to produce equivalent TAM concentra-
tions of 0.1, 0.5, 1.0 and 5.0 mg/ml. Five groups
(n ¼ 3=group) of female Sprague-Dawley rats
were all maintained in a controlled environment
as described above for 1 week prior to treatment.
Groups 1–4 received appropriate TAM formula-
tions at dose levels of 0.1, 0.5, 1.0, 5.0 mg/kg/day,
respectively, by intraperitoneal (i.p.) injection for
7 consecutive days. The control group received
an equivalent volume of the vehicle (HPbCD,
10% in saline) by i.p. injection for 7 consecutive
days. The animals had free access to food and
water during this period. The rats were then
surgically prepared as described above on day 8
after pretreatment. All groups of rats were then
administered with letrozole (0.5 mg/kg) through
the jugular vein 24 h after surgery. Blood samples
(�250 ml) were collected in heparinized tubes at
the same time interval as described above.

Oral co-administration of letrozole and tamoxifen. -
Three groups of female Sprague-Dawley rats
were surgically prepared as described above. The
rats in each group (n ¼ 3/group) were not
allowed access to food for 24 h prior to drug
administration. Letrozole (0.5 mg/ml, in 10%
HPbCD) was given orally by gastric intubation
(0.5 mg/kg) to rats in the first group while rats in
the second group were given letrozole (0.5 mg/
kg) with TAM (1.0 mg/kg in 10% HPbCD)
simultaneously by gastric intubation. Rats in
the control group were given an equivalent
volume of the vehicle (10% HPbCD) orally. The
rats had free access to water but no food for 24 h
after drug administration. Blood samples
(�250 ml) were collected in heparinized tubes
before drug administration, and post-dose at 5,
15, 30, 60, 90 min and 3, 5, 10, 24, 48, 72, 96, 120,
144 and 173 h.

Sample preparation and HPLC analysis

Whole blood (�250 ml) was collected via the
jugular vein from female Sprague-Dawley rats
into heparinized Eppendorf centrifuge tubes. The
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blood was immediately centrifuged at 6000� g
for 5 min and plasma was transferred into clean
Eppendorf centrifuge tubes with snap cap. The
plasma samples were analysed immediately or
stored at �20 8C until required.

The sample analysis procedure was a modifi-
cation of a previously reported method [16].
Briefly, aliquots (100 ml) of each plasma sample
were prepared by solid phase extraction on
Bond-elut1 C8 cartridges (50 mg/1 ml) and then
applied onto the HPLC system for analysis. An
Agilent1 1100 series HPLC system with 1046
fluorescence detector (Agilent, Wilmington, DE)
was used. The separation of letrozole and its
carbinol metabolite was carried on a Zorbax C18

column (5 mm, 250� 4.6 mm i.d. Agilent, Wil-
mington, DE). To protect the analytical column,
a Zorbax guard cartridge with same packing
material (5 mm, 12.5� 4.6 mm i.d. Agilent, Wil-
mington, DE) was installed.

The mobile phase consisted of acetonitrile and
phosphate buffer (10 mM, pH 6.8). Gradient
elution was started at a composition of 40%
acetonitrile and 60% phosphate buffer at a flow
rate of 1 ml/min and maintained for 13 min. The
mobile phase was linearly changed to 80%
acetonitrile and 20% phosphate buffer from 13
to 15 min and maintained to 23 min. The column
was stabilized in the initial condition for 7 min
prior to the next injection. The fluorescence
excitation ðlexÞ and emission wavelength ðlemÞ
for both letrozole and its carbinol metabolite
were set at 230 nm and 295 nm, respectively. An
Agilent ChemStation1 was used for data acquisi-
tion and integration.

Data analysis

Pharmacokinetic data analysis was performed by
non-compartmental approach using WinNonlin
4.1 (Pharsight Corporation, Inc., Mountain View,
CA, USA). A logarithmic trapezoidal method
was used to calculate the areas under the plasma
concentration of letrozole versus time curve with
extrapolation to infinity (AUC0–1). Other non-
compartmental model pharmacokinetic para-
meters such as terminal elimination half-life
ðt1=2;lzÞ, clearance (CL), the volume of distribution
at terminal phase ðVdðlzÞÞ and mean residence

time (MRT) were obtained from the WinNonlin
output.

After oral administration, the absolute bioa-
vailability (F) was calculated from the areas
under the plasma concentration versus time
curves with extrapolation to infinity (AUC0–1

(p.o.)) following oral administration of letrozole
(0.5 mg/kg) and the areas under the plasma
concentration versus time curves with extrapola-
tion to infinity (AUC0–1 (i.v.)) after intravenous
administration of the same dose, using the non-
compartmental approach with AUC calculated
by the log-linear trapezoidal method, as follows:

Fð%Þ ¼
AUC021ðp:oÞ

AUC021ði:vÞ
� 100

The maximum plasma concentration (Cmax) and
the time to reach the peak plasma concentration
(Tmax) following oral administration were ob-
tained directly from the observed data. The
plasma concentration versus time data obtained
from each rat were analysed separately and the
parameters were reported as mean� standard
deviation of values obtained from separate fits
for each dose level.

The analysis of variance (ANOVA) module on
SAS system for Windows version 8 (SAS Institute
Inc. Cary, NC, USA) was used to determine the
statistical differences between pharmacokinetic
parameters of letrozole at different dose levels,
and parameters of letrozole with or without co-
administration, or chronic pretreatment with
TAM. The Student’s t-test was used to examine
the impact of oral dose of TAM on letrozole
pharmacokinetics after oral administration. A
value of p50.05 was considered as statistically
significant.

Results

HPLC assay

The sample preparation and HPLC procedure
was suitable for separation and quantification of
letrozole and its carbinol metabolite in rat
plasma. Linear calibration curves were obtained
over a concentration range of 5–5000 ng/ml ðR2 ¼
0:998Þ for letrozole and 20–500 for the metabolite
ðR2 ¼ 0:998Þ. The extraction recoveries were
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greater than 85% for the entire concentration
range examined. The method was fairly sensitive
with a limit of quantification (LOQ) of 5 ng/ml
for letrozole and 20 ng/ml for the metabolite. The
intra-day precision, expressed as relative error,
ranged from 1.4–4.7% (with CV from 1.3–6.7%)
and 0.4–3.3% (with CV from 0.9–7.1%) for
letrozole and its metabolite, respectively. The
inter-day (up to 5 days) precision for letrozole
and its metabolite ranged from 0.9–5.8% (with
CV ranging from 1.0–13.8%) and 2.1–6.4% (with
CV from 4.5–12.4%), respectively, within the
entire range of the calibration curves.

Single intravenous doses of letrozole

After a single i.v. administration, letrozole was
distributed rapidly in female rats and then
slowly eliminated (Figure 2). The non-compart-
mental pharmacokinetic parameters are listed
in Table 1. The terminal elimination half-lives

ðt1=2;lzÞ ranged from 34.3 to 37.5 h at all dose
levels examined. The volume of distribution at
terminal phase ðVdðlzÞÞ ranged from 1.9 to 2.1 l/kg
and CL varied from 0.036 to 0.042 l/(h �kg) in
rats. The carbinol metabolite was not detected
until 72 h after administration of the highest dose
of letrozole (2.0 mg/kg). However, the metabolite
peaks were significantly below the LOQ of
20 ng/ml for metabolite. There were no signifi-
cant differences in the PK parameters across all
doses examined (p>0.05).

Intravenous co-administration of letrozole and
tamoxifen

The concentration-time profiles of letrozole
(0.5 mg/kg, i.v.) in rat plasma after co-adminis-
tration with TAM (0.5, 1.0, 5.0 mg/kg, i.v.)
showed a similar pattern as a single i.v. treatment
with letrozole alone (Figure 3). The pharmacoki-
netic parameters are listed in Table 2. All major
parameters such as t1=2;lz, MRT, CL, VdðlzÞ, and
AUC were not significantly altered compared
with those obtained when letrozole was given
alone (p>0.05).

Chronic pretreatment with tamoxifen

The concentration-time profiles of letrozole
(0.5 mg/kg, i.v.) in rat plasma after chronic
pretreatment for 7 consecutive days with TAM
(0.1, 0.5, 1.0, 5.0 mg/kg, i.p.) are shown in Figure
4. Letrozole appeared to be eliminated faster in
female rats after pretreatment with TAM com-
pared with the control group. After chronic
pretreatment with TAM in female rats, the
clearance of letrozole increased by an average
of 40%, while the t1=2;lz and AUC decreased by up
to 33% and 40%, respectively (Table 3).

It also appears that the changes in t1=2;lz, CL
and AUC for letrozole were dependent on the

Figure 2. Mean concentrations of letrozole in rat plasma
following single intravenous doses ^, 2.0 mg/kg; m, 1.0 mg/
kg; *, 0.5 mg/kg; &, 0.1 mg/kg. Values represent mean
‘‘+/�’’ ‘‘standard deviation from three rats. * Less than three
data points at that time because some values were below limit

of quantification

Table 1. Non-compartmental pharmacokinetic parameters of letrozole after administration of single i.v. doses in female rats

Parameter 2 mg/kg 1 mg/kg 0.5 mg/kg 0.1 mg/kg p

t1=2;lz (h) 37.42� 2.87 36.51� 3.30 35.73� 3.52 34.26� 6.97 0.87
MRTinf 57.59� 4.42 51.82� 4.59 48.19� 4.77 47.24� 9.51 0.23
CL� 10�2 (l/(kg�h)) 3.6� 0.3 3.8� 0.2 4.2� 0.2 4.2� 0.6 0.19
VdðlzÞ (l/kg) 1.94� 0.20 2.02� 0.14 1.91� 0.21 2.08� 0.19 0.51
AUC0–1/dose (mg/ml �h)/(kg/ml) 28.29� 2.57 26.08� 2.71 26.86� 2.89 24.12� 3.25 0.41

Values are expressed as mean� standard deviation in three rats. p50.05 (ANOVA) indicates significant difference; NA, not applicable.
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dose of TAM (up to 1.0 mg/kg/day) used for
pretreatment in rats. The clearance for letrozole
was increased, and the t1=2;lz and AUC were
decreased with an increase in the dose level of
TAM used. However, when rats were pretreated
with a high dose of TAM (5.0 mg/kg/day), the
t1=2;lz and CL for letrozole were not changed any
further. In fact, rats that were pretreated with
5 mg/kg of TAM exhibited a longer t1=2;lz for
letrozole compared with rats pretreated with a
lower dose level of TAM (0.1, 0.5, 1.0 mg/kg/
day) except for rats that were pretreated with the
vehicle alone.

Oral co-administration of letrozole and tamoxifen

The concentration-time profiles of letrozole in rat
plasma after co-administration of a single oral
dose of letrozole (0.5 mg/kg) with TAM (0.5 mg/
kg) are displayed in Figure 5. Letrozole is rapidly
absorbed from the gastrointestinal tract and
eliminated slowly. The major pharmacokinetic
parameters are listed in Table 4. The absolute
bioavailabilities (F) of letrozole after oral admin-
istration of letrozole alone or co-administration
with TAM were very high (approximately, 84%
(� SD) and 93% (� SD), respectively) in rats.
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Figure 3. Mean concentrations of letrozole in rat plasma following intravenous co-administration of letrozole (0.5 mg/kg) with
tamoxifen (TAM); ^, letrozole with vehicle (10% HPbCD); m, letrozole with 0.5 mg/kg TAM; *, letrozole with 1.0 mg/kg TAM; &,
letrozole with 5.0 mg/kg TAM. Values represent mean� standard deviation from three rats

Table 2. Effects of simultaneous i.v. injection of TAM on the non-compartmental pharmacokinetic parameters of letrozole
(0.5 mg/kg) in female rats

Co-administration dose level of TAM (i.v.)

Parameter With vehicle 0.5 mg/kg 1.0 mg/kg 5 mg/kg p

t1=2;lz (h) 35.06� 3.19 31.49� 3.50 31.77� 3.44 40.97� 4.10 0.088
MRTinf 48.59� 4.42 45.33� 4.95 43.98� 4.77 55.20� 5.51 0.070
CL� 10�2 (l/(kg�h)) 3.9� 0.4 3.9� 0.2 4.3� 0.6 4.1� 0.8 0.78
VdðlzÞ (l/kg) 2.01� 0.10 1.77� 0.29 1.98� 0.21 2.43� 0.39 0.12
AUC0–1 (mg/ml �h) 12.75� 1.33 12.82� 2.01 11.59� 1.89 12.10� 1.65 0.79

Values are expressed as mean� standard deviation in three rats ðn ¼ 3Þ. p50.05 (ANOVA) indicates significant difference.
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Although the times of the peak plasma concen-
trations (Tmax) were significantly delayed (from
1.5 h to more than 6 h) after oral co-administra-
tion (p50.05) with TAM, the absorption of
letrozole was still significantly faster compared
with the elimination step. However, in view of
the t1=2;lz of about 2.5 days this small change in
the absorption rate is not considered to be of
significant relevance for treatment with repeated

administrations in animal models of breast
cancer.

Discussion

Letrozole displays linear elimination after single
i.v. doses of 0.1 mg/kg to 2.0 mg/kg. Although
the MRTinf and the normalized AUC (AUC/dose)
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Figure 4. Mean concentrations of letrozole (0.5 mg/kg, i.v.) in rat plasma after chronic pretreatment with tamoxifen (TAM, i.p.)
for 7 consecutive days; ^, pretreatment with vehicle (10% HPbCD); m, pretreatment with 0.1 mg/kg/day TAM; &, pretreatment
with 0.5 mg/kg/day TAM; *, pretreatment with 1.0 mg/kg/day TAM; o, pretreatment of 5.0 mg/kg/day TAM. Values represent
mean� standard deviation from three rats. * Less than three data points at that time because some values were below limit of
quantification

Table 3. Effects of chronic pretreatment with TAM on non-compartmental pharmacokinetic parameters of letrozole (0.5 mg/kg)
in female rats

TAM dose level per day (i.p.)

Parameter With vehicle 0.1 mg/kg 0.5 mg/kg 1.0 mg/kg 5.0 mg/kg p

t1=2;lz (h) 34.49� 4.19 27.51� 3.49 27.83� 2.77 24.32� 2.91 29.87� 2.99 0.028a

MRTinf 48.95� 4.95 37.26� 4.42 39.02� 3.98 31.87� 3.66 41.50� 4.27 0.01a

CL� 10�2 (l/(kg�h)) 3.6� 0.5 4.7� 0.6 5.4� 0.5 6.2� 0.4 4.2� 0.3 0.0004a

VdðlzÞ (l/kg) 1.82� 0.12 1.85� 0.19 2.15� 0.16 2.08� 0.21 1.78� 0.22 0.112
AUC0–1 (mg/ml h) 13.85� 1.89 10.73� 1.14 9.33� 0.96 8.03� 1.18 11.98� 1.56 0.004a

Values are expressed as mean� standard deviation in three rats ðn ¼ 3Þ.
a p50.05 (ANOVA) indicates significant difference.
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appear higher at 2.0 mg/kg and the plasma
concentration-time profile displayed a slight
trend towards nonlinearity, the pharmacokinetic
parameters of letrozole were not significantly
different when the i.v. dose was increased from
0.1 mg/kg to 2.0 mg/kg in rats (p>0.05). The
relatively high apparent volume of distribution at

steady state suggests that letrozole is distributed
extensively into tissues. The fact that the carbinol
metabolite of letrozole was only detected in rat
plasma at 72 h after administration of a high dose
of letrozole and its concentrations in plasma were
significantly below the LOQ suggests that the
metabolism of letrozole to this pharmacologically
inactive metabolite is very slow and/or the
formed metabolite may be excreted faster than
letrozole.

A dose of 0.5 mg/kg of letrozole was chosen
for the letrozole–TAM interaction study based on
previous reports that demonstrated that letrozole
doses of 0.003 to 3 mg/kg/day for 6 weeks (with
ED50 of 0.3 mg/kg/day) were effective in sup-
pressing tumor volumes in adult female rats [17].
The letrozole–TAM interaction data indicate that
single intravenous or oral doses of TAM did not
significantly change the extent of distribution
and rate of elimination of letrozole, suggesting
TAM shows a negligible inhibitory effect on
letrozole protein binding and elimination
in vivo. However, a single oral dose of TAM
delayed the absorption of letrozole, but the Cmax,

bioavailability, t1=2;lz, CL and VdðlzÞ of letrozole
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Figure 5. Mean concentrations of letrozole in rat plasma after oral co-administration of letrozole (0.5 mg/kg) and tamoxifen
(TAM, 0.5 mg/kg); *, letrozole; m, letrozoleþ TAM. Values represent mean� standard deviation from three rats. * Less than
three data points at that time because some values were below limit of quantification. Insert: Mean concentrations-time profile of
letrozole in rat plasma at 0–30 h after oral co-administration of letrozole (0.5 mg/kg) and tamoxifen (TAM, 0.5 mg/kg)

Table 4. Effects of oral co-administration of TAM on non-
compartmental pharmacokinetic parameters of letrozole
(0.5 mg/kg) in female rats

Parameter Letrozoleþ
vehicle

Letrozoleþ
TAM

p

F (%) 84.0� 4.2 93.6� 5.8 0.081
t1=2;lz (h) 31.45� 2.52 30.84� 1.97 0.87
Tmax (h) 1.5b 6.67� 2.88 0.018a

Cmax (mg/ml) 0.31� 0.04 0.23� 0.04 0.070
CL (l/(kg�h)) 0.039� 0.005 0.038� 0.003 0.78
VdðlzÞ (l/kg) 2.09� 0.16 2.03� 0.29 0.80
AUC0–1

(mg/ml h)
10.95� 0.67 12.36� 1.00 0.112

Values are expressed as mean� standard deviation in three rats

ðn ¼ 3Þ.
a p50.05 (t-test) indicates significant difference.
b Values were essentially the same in all three animals.
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were not significant different (p>0.05) in rats
treated with a combination of letrozole and TAM
compared with those treated with letrozole alone.
These results suggest that oral co-administration
of TAM may affect the rate of absorption but has
no significant effect on the extent of absorption
and disposition of letrozole in female rats.

After chronic pretreatment with TAM, the
clearance, terminal elimination half-life and
AUC of letrozole were significantly altered
(p50.05). The impact of TAM on the clearance
of letrozole may be due to changes in protein
binding or interaction at the level of the enzymes
involved in the metabolism of letrozole. The data
show that the volume of distribution at the
terminal phase, VdðlzÞ, was not significant chan-
ged (p>0.05), suggesting that protein binding
does not play a significant role in the interaction
between letrozole and TAM. This argument is
supported by an in vitro study that showed that
TAM did not alter plasma protein binding of
letrozole [17]. Furthermore, the data show that
the terminal elimination half-life of letrozole was
significantly decreased after pretreating rats with
TAM. Therefore, it would appear TAM induces
CYPs, which are associated with letrozole meta-
bolism. In our in vitro studies, it was observed
that the rat liver microsomal protein content was
increased after chronic pretreatment with TAM
for 7 consecutive days [18]. In fact, it has also
been shown that CYP3A4 metabolized letrozole
to the carbinol metabolite while CYP2A6 formed
both the carbinol metabolite and its ketone
analog in human liver microsomes. However,
the contribution of each isoenzyme in each
metabolic pathway is still unknown [19]. Some
investigators have also reported that TAM
induces CYP2B1 and CYP3A1 in rats [15].
Although further work on the induction of CYPs
by TAM needs to be done, it is quite possible that
enzymes homologous to the human CYP3A
family (CYP3A4) are induced by TAM. The
results of this investigation also suggest some
interaction between letrozole and TAM during
the absorption phase after oral co-administration;
tamoxifen significantly prolonged Tmax of letro-
zole in plasma after oral administration and
increased bioavailability, though not signifi-
cantly. It is plausible that TAM may modulate
the absorption of letrozole from the gastrointest-

inal tract by interfering with processes involved
in its transport. In recent years, it has become
apparent that transport proteins such as P-
glycoprotein (P-gp) play a major role in regulat-
ing energy-dependent cellular efflux of endogen-
ous substrates and the absorption, distribution
and excretion of several drugs [20]. Interestingly,
P-gp and cytochrome P450 3A4 (CYP3A4) are
both localized in tissues with a major function for
drug absorption and disposition, such as the
small intestine and liver; and it also appears that
the substrate specificities of P-gp and CYP3A4
show significant overlap. Thus, it is also plau-
sible that TAM may modulate the absorption and
disposition of letrozole at the level of P-gp.
However, additional work will have to be carried
out to determine and clarify the exact nature of
the effect of TAM on P-gp and how that may
impact the absorption of letrozole from the
gastrointestinal tract. Nevertheless, our results
may help to explain the observations of previous
studies in a nude mice model of breast cancer in
which letrozole alone was more effective in
suppressing tumor growth and had a longer
duration of effect than TAM alone or a combina-
tion of letrozole and TAM [8]. A long term study
with alternating 4 week treatment cycles of
letrozole and TAM carried out in mice bearing
human breast tumors also indicated that tumor
volumes were significantly larger in mice begin-
ning with TAM treatment compared with those
beginning with letrozole or those on letrozole
treatment alone [21]. These observations may be
due to enzyme induction, as a result of prior
exposure to TAM, leading to faster elimination of
letrozole and a concurrent decrease in the plasma
concentrations of letrozole at steady-state.

The results also show that rats that were
pretreated with 5 mg/kg of TAM exhibited a
longer terminal elimination half-life for letrozole
compared with rats pretreated with a lower dose
level of TAM (0.1, 0.5, 1.0 mg/kg/day). This may
be due to liver impairment resulting from a high
dose of TAM for a relatively long period of time
since a 10%–15% decrease in the body weight of
rats was observed after administration of 5 mg/
kg/day of TAM for 7 consecutive days.

In conclusion, the plasma concentrations of
letrozole after single i.v. doses declined exponen-
tially with a long terminal half-life ðt1=2;lzÞ of
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about 35 h. Letrozole displayed linear elimination
after single i.v. doses of 0.1 mg/kg to 2.0 mg/kg.
Single doses of TAM did not significantly change
the extent of distribution and rate of elimination
of letrozole in rats, while oral co-administration
with TAM delayed the absorption of letrozole.
Furthermore, chronic pretreatment with TAM
accelerated the elimination of letrozole, probably
due to induction of letrozole-metabolizing en-
zymes in rats.
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