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SPECTROFLUORIMETRIC METHOD FOR DETERMINATION OF LETROZOLE:
ANALYTICAL APPLICATIONS TO BRAIN TISSUE SAMPLES
AND ALKALINE DEGRADATION KINETIC STUDY
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A simple and sensitive spectroflourimetric method has been proposed for the determination of the anti-
tumor agent letrozole in tablets, spiked human plasma, and rat brain tissue homogenates. Our method in-
volves measuring the native fluorescence of letrozole at 590 nm upon excitation at 239 nm as indicated upon
scanning its three-dimensional spectrum. Various experimental parameters were intensively studied and the
method was validated as per ICH guidelines. The calibration curve was linear over the concentration range
5—160 ng/mL, with limit of detection 1.36 ng/mL. It was successfully applied to the analysis of letrozole in
Femara® tablets with mean recovery 99.35 £ 1.49% and was further applied to study the alkaline degrada-
tion kinetics of letrozole. The pseudo first order rate constant and half-life were calculated. Moreover, Suc-
cessful application of our proposed procedure was carried out on spiked human plasma and rat brain tissue
samples. Linear ranges were found to be 5-30 and 10—130 ng/mL, with detection limits 1.25 and 1.71 ng/mL
for plasma and brain samples, respectively. Thanks to the method's simplicity, selectivity, and high sensitivi-
ty, it can be used for routine analysis in quality control laboratories and for further clinical investigations
involving letrozole.

Keywords: letrozole, spectrofluorimetry, gliomas, rate constant, half-life.
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Ipeonooicen npocmoti u uyscmeumenvbhbvili CneKmpopayopumempudeckuli Memoo onpeoeienus npomi-
600NYX01€68020 Gewecmea — 1empo30aa — 6 mabiemKax, niazme Kpogu 4eno8eKd U 20MOSeHAmax mKaHu
2071081020 MO32a Kpbic. Memod exniouaem 8 cebs usmepenue cobCmeenHol gayopecyenyuu 1empo3ona
Ha Onune goanvl 390 Hm npu 6030ycoenuu Ha 239 HM, 4mMO HAUOEHO 6 pe3yibmame CKAHUPOBAHUS €20
mpexmepnozo cnekmpa. Ilocne uccredoganus KCREPUMEHMATLHBIX NAPAMEMPO8 Memoo BaAUOUPOBAH
6 coomgemcmsuu ¢ pexomenoayuamu MedxicoyHapoonozo cogema no co2iacosanuio mexHuueckux mpebosa-
Hutl ¥ papmayesmuueckum npenapamam ons yenosexa (ICH). Kanubposounas kpusas auxeliHas 6 ouana-
30ne Kouyenmpayuii 5—160 ne/mn ¢ npedenom obnapyscenus 1.36 ne/mn. Memoo ycnewino npumenen 0as
ananuza remposona 6 madnemxax Pemapa® co cpednum noxazamenem soccmarnosnenus 99.35 + 1.49%
U UCNONBL308AH 01 U3YUEHUs] KUHEMUKU We0uHOol dezpadayuu rempo3sona. [lpoyedypa ycnewino npumenena
K 06pasyam niazmvi Kpogu Yei06eKka U mKaHu 20J08H020 MO32a KpPbICbl. Ycmanosnenvl nuneliivlie Ouanazonsl
5-30 u 10—130 ne/mn, npedenvt oonapyosicenus 1.25 u 1.71 ne/mn 0ns 06pazyoe niazmul u 20106H020 MO32A.

Knrwouesnle cnosa: nemposon, cnekmpoghnyopumempus, enuomsl, KOHCMAHMA CKOPOCMU, NEPUoo Noay-
pacnaoa.
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Introduction. Letrozole, 4, 4’-(1H-1, 2, 4-triazol-1-yl methylene) bisbenzonitrile [1]
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is a third generation nonsteroidal aromatase inhibitor. It was approved by the FDA in January 2001 for the
treatment of estrogen-dependent breast cancer in postmenopausal women. After menopause, estrogen bio-
synthesis occurs mainly in peripheral tissues, such as breast, rather than in ovaries. The aromatase enzyme
modulates the last step in estrogen biosynthesis through aromatization of androstenedione into estrogen. This
increase in estrogen levels is widely known to be a high-risk factor for the development and growth of breast
tumors. The mechanism of inhibition is attributed to the azole nitrogen in letrozole that bind reversibly to the
heme iron of cytochrome P450 of the aromatase enzyme. In addition, a nitrile moiety in the para position
acts as a bioisostere for the steroidal carbonyl group. Thus, letrozole mimics the backbone of the enzyme's
natural substrate, androstenedione. That is why it shows high potency through a significant reduction in lev-
els of circulating estrogens without affecting other steroidogenic pathways [2—4].

As a recent trend, letrozole has been a successful candidate in combating both primary and metastatic
brain tumors from breast cancer. Case studies showed a dramatic reduction in tumor size along with pro-
longed patient survival upon daily dosing of letrozole either alone or combined with whole brain irradiation
therapy [5—8]. Thus, letrozole has become a cornerstone in the field of oncology.

Various analytical methods have been reported for the analysis of letrozole in pure form, tablets, and bi-
ological fluids, either alone or in combination with its carbinol metabolites or other co-administered drugs as
metformin, citalopram, fluoxetine, anastrazole, and tamoxifen. These methods include UV-spectrophoto-
metry [9-12], RP-HPLC with UV detection [13—19] and fluorescence detection [20-22], LC-MS [23-25],
GC-MS [26], capillary gas chromatography [27], capillary electrophoresis [12, 28—-30], cyclic voltammetry
[31], and potentiometric sensors [32]. Several chromatographic-stability-indicating methods showed that
letrozole is highly sensitive towards alkaline degradation and stable towards acidic, oxidative, and photolytic
conditions [33-35]. Our detailed literature review shows that only one spectrofluorimetric method has been
reported for the analysis of letrozole in tablets [19]. Only HPLC methods with flourimetric detection have
been proposed for determination of letrozole in biological fluids, also to the best of our knowledge, no ana-
lytical methods have been reported for the assay of the studied drug in brain tissue samples.

In this work, we have taken a different approach towards the analysis of letrozole. We aim to develop
a validated simple, selective, and highly sensitive spectrofluorimetric determination of letrozole in tablets,
human plasma, and rat brain tissue samples. This procedure was further used to follow up letrozole concen-
tration upon studying its alkaline degradation kinetics.

Experimental. Spectroflourimetric analysis was carried out using Shimadzu spectrofluorimeter
RF-6000 (Kyoto, Japan). Instrumental control and data acquisition were operated by LabSolutions software
(Rev.B.04.01, Shimadzu).

Letrozole was purchased from China (Baoji Guokang Biotechnology Co. Ltd) with certified purity
99.50%. Femara® tablets, labelled to contain 2.5 mg letrozole per tablet, manufactured by Novartis Compa-
ny, lot No. SH169 were purchased from the local market. Double distilled water and HPLC-grade methanol
and acetonitrile (Sigma Gmbh, Germany) were used. Frozen human plasma was obtained from VACSERA
(Giza, Egypt). Albino male (Wistar derived) Alderley Park strain rat brain tissue was used.

Stock solution (100 pug/mL) was prepared by dissolving the required amount of letrozole in methanol.
Standard working solutions (1 and 5 pg/mL) were prepared by appropriate dilution from the previously men-
tioned stock (100 pg/mL) using methanol.

Procedure for calibration graph. Different aliquots of 1 pug/mL letrozole working solution were trans-
ferred into a set of 10-mL volumetric flasks and made up to the mark using acetonitrile:water mixture
(30:70, %v/v) to obtain final concentrations in the range 5—160 ng/mL. Relative fluorescence intensity (RFI)
for each solution was measured at 590 nm upon excitation at 239 nm. The calibration curve was constructed
by plotting RFI versus final drug concentration, and the corresponding regression equation was computed.
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Application to Femara® tablets. Ten Femara® tablets were weighed and finely powdered. An accurate
weight equivalent to 10 mg letrozole was sonicated in 50-mL methanol for 10 min, filtered into 100-mL
volumetric flask, and the residue washed several times using methanol, then made up to the mark with meth-
anol to obtain a stock solution of concentration 100 pg/mL. Then, a working solution (1 pg/mL) was pre-
pared as previously mentioned. An aliquot volume in the working concentration range was analyzed using
the general analytical procedure, and standard addition technique was applied.

Application to spiked human plasma. In a set of 10-mL centrifuge tubes, different aliquots of 1 ug/mL
letrozole working solution were spiked into 250 pL human plasma and vortexed for 60 s. Liquid-liquid ex-
traction technique was applied using 3-ml diethyl ether. The mixture was vortexed for 2 min, followed by
centrifugation at 6000 rpm for 20 min. Then 2-mL of the supernatant was evaporated to dryness, and the
residue was reconstituted in 3 mL acetonitrile:water mixture (30:70, %v/v) to yield final drug concentrations
in the range 5-30 ng/mL. RFI was measured at 588.6 nm upon excitation at 239 nm. A blank plasma exper-
iment was done simultaneously. The calibration curve was constructed by plotting the RFI versus final drug
concentration, and the corresponding regression equation was computed.

Application to spiked rat brain tissue homogenate. Rats were killed by cervical dislocation, and the
brain was extracted from each and homogenized in saline (4 mL/gm) and frozen until use. In a set of 10-mL
centrifuge tubes, different aliquots of 5 pg/mL letrozole working solution were spiked in 500 pL brain tissue
homogenate and vortexed for 60 s. Liquid-liquid extraction technique was applied using 5 mL diethyl ether.
The mixture was vortexed for 2 min, followed by centrifugation at 6000 rpm for 20 min. Then 4 mL of the
supernatant was evaporated to dryness, and the residue was reconstituted in 5 mL acetonitrile:water mixture
(30:70, %v/v) to yield final drug concentrations in the range 10-130 ng/mL. RFI was measured at 590 nm
upon excitation at 239 nm. A blank brain tissue experiment was done simultaneously. The calibration curve
was constructed by plotting the RFI versus final drug concentration, and the corresponding regression equa-
tion was computed.

Application to alkaline degradation kinetics. In a set of screw capped tubes, 1 mL of 5 pg/mL letrozole
working solution was mixed with 4 mL 0.1 N NaOH. These mixtures were heated in a thermostatted water
bath set at 80°C for different time intervals (10—60 min). At the specified time intervals, the contents of each
tube were cooled and neutralized, and 1.6 mL of each was separately transferred into 10-mL volumetric
flask. Then, the general analytical procedure previously mentioned was carried out and the concentration of
each solution was derived from the previously computed regression equation.

Results and discussion. Letrozole is a native fluorescent compound. Upon scanning its 3D spectrum,
maximum RFI was found to be at 590 nm upon excitation at 239 nm. Both excitation and emission wave-
lengths were chosen with respect to high sensitivity, maximum linearity, and best peak shape (Fig. 1). Our
proposed method only differs from the published one [19] in the solvent used. A mixture of water:acetonit-
rile was used instead of methanol. However, experimental results reveal that our method outperforms the re-
ported one [19] in terms of higher sensitivity, lower detection limit, and new analytical applications (Table 1).

Various solvents were tested including water, methanol, ethanol, acetonitrile, ethyl acetate, and DMSO.
Also 0.1 N HCI, 0.1 N NaOH, and different buffer solutions, including acetate buffer (pH 3.5), borate buffer
(pH 9.5), and phosphate buffer (pH 3.5, 7, 10), were tested. An obvious increase in RFI was seen upon using
water, methanol, and acetonitrile. Thus mixtures of water:methanol and water:acetonitrile were tested. The
water:acetonitrile mixture showed maximum fluorescence intensity, so it was tested in different ratios (Fig. 2).

TABLE 1. Comparison between Proposed Method and the Published One

Solvent Proposed method Method [19]
Acetonitrile:water (30:70 % v/v) Methanol
Sensitivity, ng/mL 5-160 40-240
LOD, ng/mL 1.36 9.617
Analysis in Femara® tablets 100.22+ 0.64* 99.58 +£1.14*
Analysis in spiked human plasma 96.54 +9.33%* -
Analysis in spiked rat brain tissue 93.58 £9.37* -

* Mean recovery% =+ SD of five determinations of letrozole within concentration range.
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Fig. 1. Excitation (a) and emission (b) spectra of blank (1) and 160.00 ng/mL letrozole solution (2)
showing peak at 239 (a) and 590 nm (b).

Effect of various solvent

5000
4000
3000
2000 |
1000 +
0
g
<
=

Fig. 2. RFI of 40.00 ng/mL letrozole using different diluting solvents at 590 nm upon excitation at 239 nm.
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The acetonitrile:water mixture was tested in different ratios including 30:70, 50:50, and 70:30, %v/v.
Acetonitrile:water, 30:70, %v/v, was the chosen diluting solvent with respect to sensitivity, reproducibility,
best peak shape, and linearity over the required concentration range.

To enhance the sensitivity of the method, different organized media were tested, including nonionic sur-
factant (Triton-X 100), anionic surfactant (sodium dodecyl sulfate), cationic surfactant (cetrimide), and a
macromolecule (B-cyclodextrin). They showed either negligible effect or even decreased the fluorescence
intensity of letrozole. Thus, no organized medium was used in our study.

The proposed method was validated as per the ICH guidelines [36]. The validation parameters include
linearity, limit of detection (LOD), limit of quantitation (LOQ), accuracy, precision, and specificity.

The calibration curve was found to be linear over the concentration range 5-160 ng/mL with correlation
coefficient () 0.9994, indicating good linearity of the proposed method. The regression parameters are
summarized in Table 2.

LOD and LOQ were calculated according to ICH guidelines using the equations LOD = 3.30/S and
LOQ = 100/S, where o is the standard deviation of the intercept and S is the slope of the calibration curve.
LOD and LOQ results are shown in Table 2.

The accuracy of the proposed method was assayed by analyzing pure samples of letrozole at five differ-
ent concentration levels, and results were expressed as mean recovery% =+ SD.

The precision was assayed by analyzing pure samples of letrozole at three different concentration levels
on the same day for repeatability (intraday precision) and on three consecutive days for intermediate preci-
sion (interday precision). The results were expressed as %RSD, showing values less than 2%. This indicates
the high precision of the proposed method (Table 2).

The specificity of the proposed method was assessed by analyzing letrozole in its pharmaceutical for-
mulation. Excellent mean recovery% was obtained, indicating lack of interference from common tablet ex-
cipients (Table 2). The specificity was also proven by the absence of any interference from plasma and brain
matrices or any other endogenous components at the selected wavelengths.
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TABLE 2. Assay Validation Parameters of the Proposed Method

Parameter Value
Range, ng/mL 5-160
Correlation coefficient, » 0.9994
Slope 96.17
Intercept 433.93
LOD, ng/mL 1.36
LOQ, ng/mL 4.12
Accuracy (mean recovery% = SD) 99.60 + 0.96
Repeatability (% RSD) 0.74
Intermediate precision (%RSD) 1.47
Specificity (mean recovery = SD) 99.35+1.49

The proposed method was applied for the analysis of letrozole in Femara® tablets. The validity of the
method was also assessed by applying the standard addition technique. The results are shown in Table 3. The
proposed method was statistically compared to the published method [19] using F-test and Student's 7-test.
The results of the standard addition technique were compared in both. The calculated 7T and F values were
lower than theoretical ones, showing no significant difference between both methods (Table 4).

TABLE 3. Determination of Letrozole in Femara® Tablets 2.5mg
and Application of Standard Addition Technique

Claimed Found Recovery % Standard addition technique
conc conc + SD Added, Found, Recovery%
ng/mL ng/mL
Letrozole 39.74 99.35+1.49 10 10.01 100.10
(40 ng/mL) ng/mL 40 40.37 100.92
70 69.75 99.64
Mean + SD 100.22 + 0.64

TABLE 4. Statistical Comparison of the Proposed Method

Parameter Proposed method Method [19]
Mean, % 100.22 99.58
SD 0.64 1.14
Variance 0.42 1.31
N 3 3
Students #-test (3.18) 0.83 -
F-test (19) 3.12 —

* The figures in parenthesis are the corresponding theoretical values for " and ¢ at p = 0.05.

Application to spiked human plasma and rat brain tissue homogenate. Pharmacokinetic studies of letrozo-
le revealed that the maximum plasma concentration, reached 1 h after a single 2.5 mg oral dose, is approxima-
tely 32 ng/mL, and the steady state concentration, reached after 2—6 weeks, is approximately 114 ng/mL [37].

Thanks to the high sensitivity achieved in our developed method, it was applied for the determination of
letrozole in human plasma and rat brain tissue homogenate. Spiked samples were treated using a simple LLE
method, and calibration curves were plotted. Validation parameters are summarized in Table 5.

Application to alkaline degradation kinetics. Previous stability studies showed that letrozole is highly
sensitive towards alkaline degradation and resistant towards acidic, oxidative, and photolytic conditions. Par-
tial hydrolysis of the cyano into the amide group occurs. Then complete hydrolysis into the carboxylic acid
group occurs upon using high concentrations of NaOH. Annapurna et al. declared that upon heating letrozole
with 0.1 M NaOH for 30 min at 80°C, only 42% of the drug was recovered [34]. In our present work, alka-
line degradation kinetics was further studied by heating letrozole standard solutions with 0.1 M NaOH
at 80°C for different time intervals. The degradation was found to follow pseudo first order since the stress
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agent is always found in excess (Fig. 3). Rate constant (K) and halflife (#1,2) were calculated from the equa-
tions:

S=-K/2.303, (1)
1= 0.693/K, ()

where S is the slope of the curve representing the linear relationship between logC (C is concentration) and
time [38]. Results showed K = 0.0479 min™' and #12= 14.46 min.
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Fig. 3. A plot of remaining drug concentration at different time intervals.

TABLE 5. Validation Parameters of the Proposed Method in Spiked Human Plasma
and Rat Brain Tissue Homogenate

Parameter Human plasma Rat brain tissue homogenate
Range, ng/mL 5-30 10-130
Correlation coefficient, » 0.9970 0.9992
Slope 31.20 348.24
Intercept 214.25 61.51
Accuracy (mean £ SD) 96.54 £9.33 93.85+9.37
Repeatability (%RSD) 4.16 4.80
Intermediate precision (%RSD) 10.01 7.65
LOD, ng/mL 1.25 1.71
LOQ, ng/mL 3.81 5.19

Conclusion. A simple, sensitive, precise, and accurate spectrofluorimetric method has been developed
and validated as per ICH guidelines. The goodness of this method allows its application in quality control
laboratories for routine analysis of letrozole. Its high sensitivity in the nanoconcentration range allowed its
application in spiked human plasma and spiked rat brain tissue homogenate. Thus, it is the first proposed
spectroflourimetric method for analysis of letrozole in biological samples and the first analytical method
proposed for its analysis in rat brain tissue homogenate. This method can be easily and readily applied to
further clinical studies concerning letrozole. In addition, alkaline degradation kinetics was studied for the
first time, and pseudo-first-order apparent rate constant and half-life were calculated.
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