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The analytical method developed to evaluate tamoxifen in dog plasma samples was precise, accurate, robust and linear in the range
of 5-200 ng/mL. The limits of detection and quantification were 0.981 ng/mL and 2.97 ng/mL, respectively. Besides, the intra-day

precision and accuracy variations were 8.78 and 10.16%, respectively. Tamoxifen concentrations were analyzed by combined reversed

phase liquid chromatography and UV detection (A=280 nm). The study was conducted using an open randomized 2-period crossover
balanced design with a 1-week washout period between the doses. This simple, rapid and selective method is suitable for

pharmacokinetic, bioavailability and bioequivalence studies.
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INTRODUCTION

Tamoxifen (CAS: 54965-24-1), chemically designated as (Z)-
1-[p-Dimethylaminoethoxyphenyl)-1, 2-diphenyl-1-butene, is a
nonsteroidal agent that has demonstrated potent antiestrogenic
properties in animal test systems. The antiestrogenic effects may
be related to its ability to compete with estrogen for binding sites
in target tissues such as breast. Tamoxifen citrate (Figure 1) has a
molecular weight of 563.64, the pKa is 8.85, the equilibrium
solubility in water at 37 °C is 0.5 mg/mL and in 0.02 M HCI at
37 °C, it is 0.2 mg/mL".

|

Figure 1. Structure of tamoxifen citrate

The tamoxifen citrate is available in oral tablets, being
thoroughly used as endocrine therapy for breast cancer®¢. The
bioavailability of the tablets of tamoxifen citrate has been
extensively studied in several countries around the world®. Following
a single oral dose of 20 mg tamoxifen, an average peak plasma
concentration of 40 ng/mL (range 35 to 45 ng/mL) occurred
approximately 5 h after dosing, the decline in plasma concentrations
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of tamoxifen is biphasic with a terminal elimination half-life of
about 5 to 7 days’. Tamoxifen is extensively metabolized after oral
administration and N-desmethyl tamoxifen is the major metabolite
found in human plasma?.

The widespread use of tamoxifen has stimulated efforts to develop
routine assays for this drug and its metabolites in human plasma.
Procedures based on gas chromatography with mass spectrometry
are highly specific and involve equipment not generally available®'%.
In 1994, Fried and Wainer reported a HPLC assay that incorporates
post column fluorescent activation and that avoids problems related
to the variable photochemical degradation of the phenanthrenes'.
The method report by Lee et al."* represents an evolution of the Fried
and Wainer'® method with three major differences: the incorporation
of an internal standard in the assay, the use of a liquid-liquid extraction
procedure to further purify and allow concentration of the sample,
and the quantification of 4-hydroxy-N-desmethyltamoxifen, a
metabolite that may have anti-cancer activity®'>. Unfortunately, the
total run time achieved was about 60 min'?.

The pharmaceutical preparations of tamoxifen citrate available
in Brazil are based on different excipients and some coating films,
which may not reflect the real bioavailability described for these
tablets. Human volunteers are usually used in bioavailability tests
for determination of the plasmatic concentrations of the studied
medication®. In this study, healthy dogs were used as animal model
in substitution to humans, due to the low cost and the satisfactory
results in comparison to human volunteers's. It was also verified
that the traditional methods for determination of the plasmatic
concentration of the tamoxifen are generally costly, in which several
sophisticated equipments are used'. Thus, a consistent and cost
effective analytical methodology was adapted from literature!”-'®
for determination of tamoxifen in dog plasma through High-
performance Liquid Chromatographic (HPLC) coupled to ultraviolet
detection, with appropriate sensitivity and selectivity to perform
the bioequivalence study between two tamoxifen (10 mg) oral
formulations.
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EXPERIMENTAL
Drugs and chemicals

The organic HPLC grade solvents used for extraction and mo-
bile phase preparation were purchased from Merck (Rio de Janei-
ro, RJ, Brazil). The HPLC grade solvents were used as received.
All other reagents were analytical grade. Tamoxifen citrate and
clomiphene citrate (internal standard) were purchased from Sigma-
Aldrich (San Francisco, CA, USA). The deionized water was
prepared using Milli-Q system (Millipore, Molsheim, France).

Instruments and chromatographic conditions

A high pressure liquid cromatography (HPLC) Hewlett Packard
system was utilized in order to optimize the separation of tamoxifen
and the internal standard of clomiphene. This system was composed
by a controlled system, injected by hand with loop of 50 uL and
UV-Visible detector operated at 280 nm. In order to optimize the
method of analysis of the tamoxifen in plasma, a HPLC SPC- 10
AVvp (Shimadzu) system was employed at 280 nm with a controlled
SCL-10Avp, auto injector SIL-10ADvp with loop of 50 puL, column
Waters CN Nova-Pak 60 A, 4 um (6 x 75 mm), a solvent delivery
pump LC-10ADvp and CTO-10Avp oven.

The performance of the methodology was evaluated by using
standard solutions of the compounds. After subsequent analysis of
the results the methodology was optimized using plasma samples,
for posterior in vivo studies. The initial mobile phase composed by
a solution at 1% of ammonium acetate in methanol and acetic acid
(99:1)" was adjusted, as well as the flow-rate, seeking the lowest
retention time of the compounds. The mobile phase applied was
pumped at flow-rate of 0.3 mL/min through the column (Waters
CN Nova-Pak 60 A, 4 um 6 x 75 mm) at 35 °C.

Standard solutions

The standard stock solution of tamoxifen citrate was prepared
by dissolving 0.0050 g of the standard of tamoxifen citrate in a 50
mL of methanol. Further dilutions were performed in order to obtain
the final concentrations of 4, 2, 1, 0.5, 0.2, 0.1 ug/mL. The stock
solution of the internal standard was also prepared by dissolving
0.0050 g of clomiphene in 50 mL of methanol. Similarly, dilutions
were carried out to obtain a final concentration of 2 pg/mL. Stock
and working standard solutions were protected from light and stored
at -20 °C until used.

Sample preparation

To perform the determination of tamoxifen in dog plasma, blood
samples were taken and placed in tubes containing EDTA. The tubes
were centrifuged (2000 g for 20 min) at 27 °C, in order to remove
the blood elements. The plasma was then transferred to clean flasks
and stored at -70 °C for posterior analysis.

In order to provide the effective separation of tamoxifen and
the internal standard (clomiphene) from plasma components, the
method of extraction used was modified from the originally
described by Golander”. Thus, 100 puL of clomiphene (2 pg/mL),
3 mL of ammonium hydroxide (1 mol/L) and 5 mL of diethyl ether
were added to 2 mL of plasma. Then, the mixture was vortex-mixed
for 2 min. The phases were separated by centrifugation (4 °C for
20 min) at 2000 g. The aqueous phase was frozen in bathing of dry
ice and acetone for 5 min. The organic phase was then transferred
to a new set of clean glass tubes and evaporated to dryness, under a
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stream of nitrogen. The residue was reconstituted with 1 mL of
methanol.

Assay validation

To perform the assay validation of the method in dog plasma
the following parameters were investigated: selectivity, linearity,
precision and accuracy, ruggedness, limit of quantification, limit
of detection and recovery®.

Selectivity

Selectivity is generally defined as the lack of interfering peaks
at the retention times of assayed drug and the internal standard in
the chromatograms. The specificity of the method was determined
by comparing the chromatograms obtained from the samples
containing tamoxifen and internal standard with those obtained from
blank samples.

Recovery and linearity

The analytical recovery of tamoxifen was determined at
concentrations of 5, 10, 25, 50,100, 200 ng/mL (n=3). Drug-free
plasma was spiked with known amounts of the drug to achieve the
concentration previously specified. These samples were processed
by the analytical method described above and peak heights were
compared with the peak heights obtained by direct injection of the
drugs in the mobile phase. The linearity study was carried out in
the range of 5 to 200 ng/mL (n=3). To access linearity, drug-free
plasma was spiked with known amounts of the drug to achieve the
concentrations of 5, 10, 25, 50, 100, 200 ng/mL of tamoxifen and
200 ng/mL clomiphene (IS) in all the samples.

The Limit of detection (LOD) and limit of quantification (LOQ)
were mathematically determined by the ratio between the standard
deviation of the calibration curve and its slope, using the appropriate
enhancement factor®*.

Precision and accuracy

Precision was determined as the coefficient of variation (CV),
and the accuracy as the percentage relative error (RE). Precision
and accuracy data were obtained by analyzing aliquots of three-
spiked plasma at low (10 ng/mL) medium (100 ng/mL) and high
(200 ng/mL) concentration levels of tamoxifen. Intra-day
reproducibility was determined by analyzing 3 aliquots of spiked
human plasma and inter-day reproducibility was determined over
a 3-day period (n=3).

Ruggedness

Ruggedness was determined by varying the analyst and the
equipment. Precision data obtained from two different analysts, as
the coefficient of variation (CV), were obtained by analyzing
aliquots of three-spiked plasma at low (10 ng/mL) medium (100
ng/mL) and high (200 ng/mL) concentration levels of tamoxifen.
Intra-day variability was determined by analyzing 3 aliquots of
spiked human plasma and inter-day variability was determined over
a 3-day period (n=3).

Clinical protocol

This study was performed according to an open, randomized,
two-period crossover design. The test formulation of tamoxifen
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citrate by Libra-Zita® and the reference formulation of tamoxifen
by Wyeth-Whitehall were used in tablets (10 mg).

In this study, we used 14 dogs (Canium vulgaris) with race not
defined (RND) divided in three groups of animals [group I (n=5),
group II (n=5) and the control group (n=4)]. The group I was the
reference group and the group II was the test group. The dogs were
around 3.4 years old (minimum age of 2.5 years-old and maximum
age of 5.5 years-old), average weight of 18.6 kg (minimum weight
of 13 and maximum weight of 26 kg). The inclusion criteria adopted
were: normal clinical and laboratorial parameters, such as
hematological and serologic tests, neither previous history of renal
and hepatic diseases nor hypersensitivity to the tamoxifen. The
exclusion criteria adopted were: any acute or chronic disease that
modify the absorption, the metabolism, or excretion of the
tamoxifen; animals that had taken any drug by two weeks before
the beginning of the study; presence of some parasitic skin infections
with no influence in the clinical and laboratorial tests. During the
period of rest, it was allowed the administration of common drugs
to worms (Ancylex® ou Oxprux®), and in the cases of infections of
scabies during the assay, the treatment will have to be performed
with Ivomec®. In order to have the possible side effects related, the
dogs were daily evaluated by the researchers and the veterinarian.

The drugs were administered according to a two-period
crossover design. In the first period, the animals were divided in
two groups of study. During each period, the dogs were submitted
to a diet with balanced standard ration to 17h00 prior to the day of
the study, when the fast began, seeking the begin of the study,
foreseen to 6h00 of the following day.

The animals of the group I received four tablets of 10 mg of
tamoxifen made by Wyeth-Whitehall® (preparation A) in single
dose in the first day at 6h00 in the morning. At the same time, the
animals of the group II received four tablets of 10 mg of tamoxifen
made by Libra-Zita® (preparation B) also in single dose. After a
rest phase of 70 days, the animals in the group I received four
tablets of 10 mg of the preparation B in single dose at 6h00 in the
morning. And, at the same time, the animals of the group II received
in single dose four tablets of 10 mg of the preparation A. After the
ingestion of the drugs, the animals received standardized ration
and were free to drink water. In order to evaluate the plasmatic
levels of tamoxifen, blood samples for plasma drug assay were
taken in 0.5, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 8.0, 12, 24, 36, 168, 336
and 504 h. After blood clotting at room temperature, the blood
samples were centrifuged at 2000 g for ten minutes and the plasma
removed and stored at -70 °C until assayed. Each samples were
codified using an own code of numbers, that specified the number
of periods, the number of study, the number of the animals and the
time of sampling. The study was previously approved by the
committee of ethics from the Federal University of Pernambuco.

Variation of the blood cells rate in sample times

To verify possible alteration in the haemaceas rate at the times
of sampling, due to the collection of blood, the volume of cells
counting percentile was accomplished in the blood samples (times
of collection: 0,5; 1; 2; 3; 4; 5; 6; 8; 12; 24; 36 h and in the 7th day)
in control group of dogs, without administration of any medication
in the study.

Data analysis
Maximum observed plasma concentration (C ) and time taken

to reach it (T ) were obtained from drug concentration vs. time
curves. The areas under the tamoxifen concentrations vs. time cur-
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ves from 0-504 h (AUC,,,) were calculated using the trapezoidal
method and the first order elimination rate constant (K ) was
estimated using the least square regression of the points describing
the terminal log-linear decaying phase. T,, were derived from K,
(T, =In2/K). C_ and AUC , data were analyzed statistically
using both parametric (one-way ANOVA) and non-parametric
methods?" %,

RESULTS AND DISCUSSION

The tamoxifen and clomiphene solutions tested with column
Waters CN Nova-Pak 60 A, 4 um (6 x 75 mm) presented good
retention time in all mobile phases evaluated, excepting the mobi-
le phase composed by acetic acid: ammonium acetate 0.01% in
methanol (99:1), due to the separation of the clomiphene isomers
(Table 1). The mobile phases composed by methanol: acetic acid
(99:1) + ammonium acetate (0.025; 0.018; 0.014 and 0.01%) were
employed to evaluate the chromatographic behavior of tamoxifen
and clomiphene in plasma (Table 2).

Table 1. Retention times of tamoxifen and its internal standard
using the mobile phases composed by methanol:acetic acid (99:1)
+ different amounts of ammonium acetate using the standard solu-
tions

Amount of Flow-rate Retention Retention
ammonium (mL/min) time of time of
acetate added (%) tamoxifen clomiphene
(min) (min)
1.000 0.5 3.6 33
0.100 0.5 34 2.9
0.050 0.5 5.5 4.9
0.035 0.5 6.3 5.5
0.025 0.5 7.2 6.1
0.010 0.5 10.5 9.1-9.3"

“Retention time of clomiphene and its isomers

Table 2. Retention times of tamoxifen and its internal standard
using the mobile phases composed by methanol:acetic acid (99:1)
+ different amounts of ammonium acetate using the dog plasma
samples

Amount of Flow-rate Retention Retention
ammonium (mL/min) time of time of
acetate added (%) tamoxifen clomiphene
(min) (min)
0.025 0.5 4.2 5.0
0.018 0.5 10.0 8.5
0.014 0.5 12.3 10.3
0.01 0.3 15.2 12.4-12.6"

* Retention time of the peaks of clomiphene and isomers

Within the tested mobile phases, the composition of 0.014% of
ammonium acetate in methanol and acetic acid (99:1) presented
the best retention time, as well as a good separation from the
plasmatic proteins. The retention times of the tamoxifen and its
internal standard were 12.3 and 10.3 min, respectively. The typical
chromatograms of tamoxifen and its internal standard in dog plas-
ma, with the selected mobile phase are displayed in the Figure 2.

The accuracy and the precision met the expected rate. The
coefficient of variation did not exceed at 15% in the analyses, and
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Figure 2. Chromatogram of tamoxifen citrate and its internal standard
(clomiphene) in plasma. Eluente with mobile phase 0,014% of acetate of
ammonium in methanol:acetic acid (99:1)

were considered acceptable according to Agéncia Nacional de Vi-
gilancia Sanitdria (ANVISA)*. ANVISA is the regulatory agency
responsible for health surveillance in Brazil (Table 3). The proposed
method was found to be rugged when analyst was varied (Table 4).
A good recovery at the concentrations of 5, 10, 25, 50, 100, 200 ng/
mL was obtained, with values ranging from 97.35 to 103.64%. The
limit of detection and quantification were 0.981 and 2.97 ng/mL,
respectively, these results are in agreement with the study performed
by Gjerde® that found the limit of quantification of 1.0 ng/mL to
tamoxifen.

Table 3. Determination of the precision and accuracy of tamoxifen
in dog plasma (n=3)

Concentration Concentration CvV RE
added (ng/mL) obtained (ng/mL) (%) (%)
Intra-day 10 10.003 8.78 100.03
100 93.110 9.56 93.11
200 200.500 10.16 100.25
Inter-day 10 10.282 14.05 102.86
100 101.110 13.72 101.11
200 206.180 13.16 103.09

It was verified that the linear model describes appropriately
the relationship between the peak-heights ratio and the concentration
at the range from 5 — 200 ng/mL. Figure 3 shows the calibration
curve obtained by chromatographic analysis of tamoxifen in dog
plasma. The ratio of 3.259 (MQfaj/MQpe) is 0.75 F inferior to the
value of F with 3 and 2 degrees of freedom. The coefficient of
4494, F (MQreg/MQr) is 1025.46 superior to the value F with 2 and

3 degrees of freedom (Table 5). The variance (S?) in ’y’, was constant
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Table 4. Determination of the ruggedness of tamoxifen in dog
plasma

Concentration Precision
Added CV (%)
(ng/mL)
Intra-day Inter-day
Day 1 Day 2 Day 3
Analyst 1 Analyst 2 Analyst 1 Analyst 2

10 13.51 12.13 15.44 15.06
100 4.82 11.21 14.16 15.26
200 9.39 11.72 7.81 14.47

along all calibration range, meaning that the data are homoscedastic
and could discard the existence of heterocedasticity*>.
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Figure 3. Calibration curve obtained through the chromatographic analysis
of tamoxifen in dog plasma

There was no significant variation in the haemaceas rate during
the blood collections. The dogs of the control group (14, 21, 22 and
23) presented haemaceas percentile averages respectively equal to 37.73
(CV% =9.22); 36.65 (CV% = 12.00); 48.76 (CV% = 5.29) and 42.42
(CV% = 8.42). The geometric mean ratios for AUC ., AUC ., C_ .
T T, and K of the two tamoxifen oral formulations are shown in
Table 6. The tablets of tamoxifen citrate were absorbed quickly after
oral ingestion, taking approximately 1:00h for the “Drug A” tablets,
and 2:00h for the “Drug B” tablets. Adverse effects were not observed
during the study. The calibration curves of tamoxifen presented good
linearity (r > 0.95), according to the parameters established by Food

Table 5. Analysis of variance of the tamoxifen calibration curve in plasma

Variance Analysis

Source Square Sum Square Average Freedom Degree
Regression 2.462476e+001 2.462476e+001 1
Residual 3.842143e-001 2.401340e-002 16
Adjustment fault 7.681770e-002 1.920442¢e-002 4
Absolute Error 3.073966e-001 2.561639e-002 12
Total 2.500897e+001 1.471116e+000 17
F (MQ_/MQ) = 1025.46 betade = 4494
F (MQ,/MQ,) = 0.75 = 3.259

tabelado

Detailed Variance = 98.46%; Maximum Detailed Variance = 98.77%
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Table 6. Mean pharmacokinetic parameters obtained from 10 healthy dogs after the administration of both 10 mg tamoxifen formulations

Parameters Drug A Drug B Drug B/ Drug A
(Standard - n = 5) (Test—n =5) Ratio (%)

AUC,,,, (ug h/mL™") 0.3541 0.3050 0.861
Geometric Mean CV (%) 23.92 73.38
AUC__ (ug b/mL™") 0.5397 0.3950 0.732
Geometric Mean CV (%) 46.66 44.25
C,.. (ug h/mL") 0.5376 0.5341 0.9934
Geometric Mean CV (%) 50.38 31.02

. (D) 5.23 3.99 0.762
Geometric Mean CV (%) 56.39 26.56
T, () 6.53 3.62 1.306
Geometric Mean CV (%) 247.90 146.16
Ke (h) 0.0960 0.1257 0.554
Geometric Mean CV (%) 142.29 85.35

Table 7. Statistic analysis of values at 90% of confidence interval

Bioavailability Ratio (Drug B vs Drug A) (%)

Procedures AUC, AUC, . o
Westlake’s 67.10-132.89 51.42-148.57 54.98-145.00 13.48-186.56
Linear data 59.80-123.50 49.80-149.70 50.70-88.80 87.00-257.20
Transformed data 60.40-125.92 53.83-153.09 51.67-84.19 14.61-185.38
Period 2 x Period 1 62.70-129.00 38.20-120.80 53.70-93.40 46.90-133.20
Two one-sided t test 0.2791 0.1877 0.9095 0.6618
Steinjans 56.20-193.80 72.40-149.30 52.40-80.70 100.0-219.10

and Drug Administration (FDA)®. The “Drug A (Tamoxifen® - Wyeth-
Whitehall)” reached C_ in approximately 3 h (53.76 ng/mL) and
“Drug B (tamoxifen citrate, Libra - Zita®)” after 4 h (53.41 ng/mL) of
the administration (Figure 4). At the beginning of the study (among 1-
4 h) no good correlation between “Drug B” and “Drug A” was observed,
since “Drug A” reached the plasmatic concentration of 40.59 ng/mL
in 2:00 h while “Drug B” presented only 16.75 ng/mL, being totally
eliminated after 12 h in both formulations. The bioavailability of the
test was calculated by the percentile ratio “Drug B: Drug A” for the
geometric mean values of AUC ., AUC ., C_, T and the values
are respectively 86.18, 73.28, 99.34 and 76.29. The pharmacokinetic
parameters AUC ., and T are out of the range (80-125%),
established by FDA» and ANVISAX. The ratio of bioavailability “Drug
B vs Drug A” are presented in the Table 7 for the different procedures
performed, with and without logarithmic transformation. For AUC |
o AUC , T and C_ the confidence interval for all the parameters
was of 50 — 160%, considered out of the bioequivalence limits by the
ANVISA®. The method presented here is less sensitive than other
available assays, i.e., 2.97 ng/mL. However, this level of sensitivity

m -
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o | —0— Test (7ita)
2 4
<=
g E =
R
= Qo 20
=2
o 10 4
Q

D35 6 9 13 13
Time

15 21 2 173M

Figure 4. Medium profile of tamoxifen plasmatic concentration of “drug A
and drug B”

was sufficient to perform the bioequivalence study. Considering the
fact that the present method involves a shorter running time and a
simple equipment configuration and sample preparation process, it
may be used in similar studies as a time and cost effective alternative
to other available methods.

CONCLUSIONS

The validated HPLC method employed here proved to be simple,
fast, reliable, selective and sensitive enough to be used in clinical
pharmacokinetic studies of tamoxifen in dog plasma. The present
study shows that “DRUG A” was not bioequivalent to "DRUG B”,
in terms of both rate and extent of absorption, as assessed by the
appearance of 90 % CI for AUC ,,, AUC ,,C_ and T  ratios out
of the 80 - 125% interval proposed by the FDA® and ANVISAY.
These differences can be associated to the gastrointestinal
physiologic differences from dogs to humans, such as lower
absorption of tamoxifen due to the faster gastrointestinal traffic or
to the faster metabolism and elimination of the tamoxifen®. This
study suggests, as sequence, the assay validation using human plas-
ma, as well as, the accomplishment of the bioavailability study of
tamoxifen in human beings.
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