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Letrozole (Fig. 1), 4,4í-(1H-1,2,4-triazol-1-
ylmethylene) bisbenzonitrile (1), is a potent, specif-
ic, non-steroidal, third generation aromatase
inhibitor, used therapeutically to treat hormone-sen-
sitive breast cancer in postmenopausal women. The
growth of some cancers of the breast is stimulated or
maintained by estrogens. Treatment of hormonally
responsive breast cancers includes a variety of
efforts to decrease estrogen levels or inhibit estrogen
effects. Letrozole reduces the estrogen biosynthesis
by competitively binding to the heme of the
cytochrome P450 subunit of the aromatase enzyme
in all tissues (2). 

Colloidal drug carriers such as nanoparticles
are gaining more importance as drug delivery sys-
tems since they can enhance efficacy of drugs by
improving bioavailability, targeting to specific sites
or reducing their toxicity (3, 4). In an attempt to tar-
get letrozole for breast cancer cells in case of post-
menopausal women, letrozole loaded nanoparticles
with biodegradable Poly (DL-lactide -co glycolide)
(PLGA) have been developed.

Currently, letrozole is commercially available
as tablets, a conventional pharmaceutical formula-

tion. Various analytical methods for the estimation
of the drug have been found in the literature such
as UV-spectrophotometric method (5), GC/MS
method for identification of letrozole in urine (6),
capillary gas chromatography method for the
analysis of tamoxifen, anastrozole and letrozole in
their pharmaceutical preparations (7), TLC and
HPLC methods for the estimation of the drug and
related components in tablets (8) and HPLC
method of the drug and its metabolite in biological
fluids with automated liquid-solid extraction and
fluorescence detection (9). But HPLC assay for
determination of letrozole in any novel drug deliv-
ery system has not been reported in any scientific
literature.

Since the current research involves the devel-
opment and evaluation of nanoparticles containing
letrozole, the objective of the present study was to
develop a simple, precise, accurate and validated
RP-HPLC method for the estimation and routine
analysis of letrozole in nanoparticles and also in
commercially available tablets. The results of the
analysis were validated by statistical methods and
recovery studies according to ICH guidelines (10).
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EXPERIMENTAL

Chemical and Reagents

Letrozole reference substance was obtained
from Sun Pharmaceuticals Advanced Research
Centre (Vadodara, India). Tablets of brand Letoval
(Batch No PHK 40222B, Sun Pharma Industries
Ltd., Andheri, Mumbai, India) containing 2.5 mg of
letrozole were procured from a local pharmacy. Poly
(DL-lactide -co glycolide) (PLGA, 50:50 with aver-
age molecular weight 12000 and inherent viscosity
0.35 dL/g) was purchased from Boehringer
Ingelheim Co, (Ingelheim, Germany) in the form of
Resomer 503H, poloxamer 188 (Lutrol 68) was
generously supplied by Ranbaxy Research
Laboratory, Gurgaon, India. Acetonitrile and
methanol were of HPLC grade and purchased from
Merck, India. All other chemicals were of analytical
grade and purchased from Merck, India. Milli-Q
water was used for mobile phase preparation.

Preparation and characterization of nanoparticles

Nanoparticles preparation
The preparation of nanoparticles was based on

solvent displacement process (11). The required
amounts of polymer and drug were dissolved in ace-
tone. The organic phase was added to aqueous phase
containing poloxamer 188 at a constant flow rate (0.3
mL/min) being stirred at 2000 r.p.m. Acetone was
removed at room temperature with constant stirring
at 2000 r.p.m. for 5 h. Finally, the nanoparticles were
isolated by centrifugation at 10,000 ◊ g at 4OC for 30
min washed with water and dried under vacuum.

Particle size determination
The particle size was determined using a

Mastersizer (Malvern laser diffraction particle size
analyzer, Malvern Instruments, U.K.). The
Mastersizer comprises of helium-neon laser as a light
source. This is then focused by a Fourier lens to a
detector, which consists of a large number of photo-
sensitive elements radiating outward from the center.
The intensity of the scattered light is measured. The
volumetric particle size distribution and specific sur-
face area is calculated using an optical model and
mathematical deconvolution procedure. For particle
size analysis, the samples were dispersed in Milli-Q
water. Measurements were carried out at 30OC using
a helium-neon laser at an angle of 90O.

Instrumentation and chromatography

The HPLC system consisted of a Jasco-PU-980
pump and a Jasco-UV-975 UV-detector (Jasco,

Japan). The software used for data processing and
chromatography was Clarity Lite.

Separation was achieved using a FinePak SIL
C8 steel column (4.6 mm ◊ 250 mm, Jasco, Japan).
The isocratic mobile phase pumped at a flow rate of
1 mL/min consisted of water, acetonitrile and
methanol (50:30:20 v/v/v) freshly prepared, filtered
through a 0.45 µm filter (Millipore, Milford, MA,
U.S.A.) and degassed by sonication for 15 min. The
injection volume was 20 µL and the wavelength for
detection was 240 nm. All separations were per-
formed at room temperature.

Standard and sample preparation

Standard preparation
Stock standard solution of letrozole was pre-

pared by dissolving 10 mg of drug in 100 mL of
methanol to give final concentration of 100 µg/mL.
Standard solutions of letrozole (1, 2, 3, 4, 5, 6, 7, 8,
9, 10, 20 and 50 µg/mL) were prepared by subse-
quent dilution using the mobile phase. No signifi-
cant decrease in responses was observed after 1
week storage at 4OC.

Sample preparation for assay and recovery study
For the analysis of the dosage form, twenty

tablets of letrozole (2.5 mg) were ground to fine
powder and mixed thoroughly. Powder equivalent to
10 mg of the drug was transferred to a 100 mL vol-
umetric flask and dissolved in about 40 mL of
methanol by shaking on a thermostatically con-
trolled water bath for 2 h. Dried nanoparticles
equivalent to 10 mg of letrozole were dissolved in
about 40 mL of methanol in a separate 100 mL vol-
umetric flask and shaken for 2 h. Both the solutions

Figure 1. Letrozole (CAS number 112809-51-5)
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were filtered through Whatman filter paper (No. 41).
The filter paper was washed with the blank. The
washings were added to the filtrate and the final vol-
ume was made up to 100 mL with the blank. After
suitable dilution, the drug concentration with six

replicates for tablet solutions, as well as nanoparti-
cles solutions were determined by HPLC using the
calibration curve. 

The data were analyzed by linear simple
regression by the least-squares method. The recov-

Figure 2. Chromatogram of letrozole standard solution (a), chromatogram of letrozole in sample of tablet solution (b), chromatogram of
letrozole in sample of nanoparticle solution (c).
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eries were determined by adding known amounts of
letrozole reference substance (2.5, 5.0, 7.5 and 10.0
µg) to the samples at the beginning of the process. A
recovery exercise was then performed.

Method validation

The method was validated according to the
guidelines set on the International Conference on
Harmonisation (ICH) for the validation of analytical
procedures. The parameters which were used to val-
idate the method of analysis were linearity, range,
accuracy, precision, limit of detection (LOD), limit
of quantitation (LOQ), specificity and robustness.

In vitro drug release studies from nanoparticles

In-vitro release study of letrozole was per-
formed by diafiltration technique (12). For this pur-
pose the Keshary-Chein diffusion cell apparatus was
used. A dialysis membrane (pore size 2.4 nm,

Himedia Laboratories, Pvt. Limited, Mumbai, India)
was adapted to the terminal portion of the donor
compartment. Phosphate buffer of pH 7.4 was taken
in the receptor compartment of the cell. The amount
of nanosuspension, sufficient for establishing sink
conditions was measured and put over the mem-
brane in the donor compartment. The donor com-
partment was fitted to receptor compartment in such
a way that the dialysis membrane was just in contact
with the release media. The study was carried out for
24 h with continuous stirring at 37∞C with the help
of thermostated water bath. At different time inter-
vals, aliquots of 1 mL were withdrawn and immedi-
ately replaced with the identical volume of fresh
medium. The aliquots were filtered and concentra-
tion of letrozole in the release medium were
assessed by proposed HPLC method. The release
test data were obtained on average of five parallel
studies. The amount of letrozole obtained from the

Figure 3. In vitro release profile of letrozole loaded nanoparticles
by proposed RP-HPLC method.

Table 1. Statistical data for calibration curve of letrozole

Parameters Letrozole

Linearity 1-50 µg/mL

Regression equation Y = 225.15X -13.009

Correlation coefficient 0.9999

Slope 225.12

Intercept -13.009

Standard deviation
of slope 0.132

Standard deviation
of intercept 0.297

Limit of detection 0.207 µg/mL

Limit of quantitation 0.627 µg/mL

Table 2. Recovery studies of letrozole in tablets and nanoparticles

Amount of Amount of Percentage of
% RecoveryDosage form Level sample taken standard standard

± S.D.(µg) spiked (µg) recovered 

I 10 2.5 99.594

II 10 5 103.526
Tablet

III 10 7.5 100.820
100.811 ± 1.924

IV 10 10 99.307

I 10 2.5 95.952

Nanoparticles
II 10 5 99.799

99.21 ± 2.21
III 10 7.5 100.252

IV 10 10 100.826
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drug release studies was calculated from a linear
regression equation.

RESULTS AND DISCUSSION

Nanoparticles were successfully prepared by
solvent displacement technique. The speed was kept
constant at 2000 r.p.m. to obtain the desired results
concerning average particle size and narrow particle
size distribution profile. The model formulation
used in the proposed RP-HPLC analysis showed an
average particle diameter of 442.97 nm along with a
span value of 0.5834. Lower span value (< 1) and
Fig. 3 indicate the narrow distribution pattern of the
experimental nanoparticles (13-15).

The chromatographic conditions were opti-
mized and separation was performed on a FinePak
C8 column using a mobile phase consisting of
water, acetonitrile and methanol. The proposed
mobile phase composition allowed suitable reten-
tion time of letrozole and achieved good selectivity

towards interference from the excipients of the for-
mulation. Under the chromatographic conditions
described, letrozole eluted at about 10 min. Good
baseline resolution and peak shape can be observed
(Fig. 2a-c).

Calibration curves were constructed using
three series of standard letrozole solutions in the
range of 1-50 µg/mL. The equation of linear regres-
sion and statistical data are presented in Table 1. The
linearity of calibration curve was validated by high
value of correlation coefficient (R2 = 0.9999).

The limit of quantitation (LOQ) and the limit
of detection (LOD) are shown in Table 1. Low value
of LOD and LOQ indicate the method to be sensi-
tive.

The specificity of the proposed method demon-
strated that the excipients present in market formu-
lation and also in experimental nanoparticles do not
interfere with the drug peak. Furthermore, well-
resolved peaks indicate the specificity of the method
(Fig. 2). Thus the proposed method is useful to
quantify letrozole in different pharmaceutical for-
mulations.

The precision was determined by analyzing
three different concentrations of the bulk drug on
three different days. Concentrations were deter-
mined using calibration curve prepared on each day.
The intraday and interday precisions were calculat-
ed to be 0.122 and 0.277%, respectively.

The accuracy was evaluated by recovery stud-
ies shown in Table 2. Recovery results are very
close to 100%, which prove the suitability and accu-
racy of the proposed method. The accuracy were
further tested by assaying the tablet as well as pre-
pared nanoparticles on the same day and three dif-
ferent days. The results of formulation assay are
shown in Table 3. The study for analysis of variance
(ANOVA) was performed on data obtained from
interday and intraday assay (Table 4).

The stability of the stock solutions was deter-
mined by comparing the determination of letrozole

Table 4. ANOVA of intra- and inter-day assay of letrozole tablets and nanoparticles

Source
SS df MS Fstat* F at F at

of variation Tablet NP** Tablet NP Tablet NP Tablet NP
level level
1% 5%

Intraday
variation

1.982 0.259 3 3 0.660 0.086 0.997 0.870 9.78 4.76

Interday
variation

1.020 0.054 2 2 0.510 0.027 0.770 0.275 10.92 5.14

Error 3.973 0.596 6 6 0.662 0.099

Total 6.975 0.911 11 11

Table 3. Assay results of commercially available tablets and
experimental nanoparticles 

Sample No. Drug content Drug content
in tablet (%) in nanoparticles (%)

1 100.20 99.67

2 97.68 100.22

3 101.75 100.25

4 101.93 99.24

5 102.23 100.4

6 101.22 99.84

Mean 101.02 99.93

S.D.* 1.7022 0.437

%R.S.D.** 1.685 0.4373

S.E.M.*** 0.6949 0.1789

*S.D.: Standard deviation. **%R.S.D.: Percentage relative stan-
dard deviation. 
*** S.E.M.: standard error mean.
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in stock and freshly prepared standard. No signifi-
cant change (< 1%) was observed in stock solution
after two days relative to the freshly prepared solu-
tion.

The release rate profile was drawn as the per-
centage drug released from the nanoparticles vs.
time. As can be seen from Figure 3, 69.63% of drug
was released in 24 h. The release data were fitted
according to the different kinetic models, namely
zero order, first order, Higuchi and Peppas (16, 17).
All the kinetic and other related rate constants and
parameters are summarized in Table 5 in order to
understand the magnitude of diffusional exponent n
of drug from nanoparticles, release data were fitted
to the Peppas equation, where n is a factor, which
indicates the mechanism of release. For instance, n:
0.5 (18) for square root of time n: 1 for zero order
release. The value of n, greater than 0.5 indicated
anomalous diffusion. Exponent value was found to
be 0.6265 (Table 5). According to Peppas equation,
the results were not in agreement with zero order
kinetics. The best compliance according to highest
determination coefficient was found to be the
Higuchi model.

CONCLUSIONS

The described HPLC method provides simple,
percise, sensitive and reproducible quantitative
method for routine analysis of letrozole in conven-
tional dosage form such as tablets, as well as in novel
drug delivery system like nanoparticles. Simple sam-
ple preparation procedure and a retention time less
than 10 min make this method unique and suitable
for analyzing a number of samples in a short period
of time. The accuracy and precision were checked by
recovery study in both tablets and nanoparticles.
High percentage of recovery ensures the method to

be free from interference of excipients and additives,
used in the formulation. The proposed HPLC method
was also applied to the determination of letrozole in
release rate studies from nanoparticles.

The release kinetics of letrozole from nanopar-
ticles was in agreement with Higuchi model ensur-
ing the sustained release of the drug from nanoparti-
cles.
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