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A SIMPLE AND SPECIFIC HPLC METHOD FOR THE
DETERMINATION OF ATOMOXETINE IN PHARMACEUTICALS AND
HUMAN PLASMA

Dilek Dogrukol-Ak and Duygu Yeniceli

Department of Analytical Chemustry, Faculty of Pharmacy, Anadolu University, Eskisehir,
Turkey

O A liquid chromatographic method has been described for the determination of atomoxetine in
pharmaceuticals and human plasma. Plasma samples were analyzed after a simple, one step pro-
tein precipitation with methanol, and chromatographic separation of atomoxetine and carbamaze-
pine (internal standard) was carried oul using the optimum mobile phase of a methanol/
acetonitrile/ phosphate buffer (10 mM, pH 3.0) (35:15:50, v/v/v). Limit of quantification values
were 45.2 and 49.5 ng/ mL for atomoxetine in the mobile phase and human plasma, respectively.
Fully validated method is reproducible and selective for the determination of atomoxetine in phar-
maceuticals and human plasma.

Keywords atomoxetine, high performance liquid chromatography, human plasma,
method validation, pharmaceutical analysis, protein precipitation

INTRODUCTION

Atomoxetine hydrochloride, (ATO, (-)-N-methyl-)-(2-methylphenoxy)
benzenepropanamine) (Figure 1), is a selective inhibitor of the presynaptic
reuptake of norepinephrine. It has been approved by the FDA as the first
non-stimulant drug for the treatment of attention deficit/hyperactivity dis-
order (ADHD). ADHD is the most common neurobehavioral disorder of
childhood, and the symptoms of some patients persist to adulthood. It
has been marked by symptoms of inattention, hyperactivity, and impulsive-
ness that impair academic and social functioning.""?!
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FIGURE 1 Chemical structures of atomoxetine and carbamazepine (IS).

ATO is predominantly metabolized by cytochrome P450 (CYP) 2D6
enzyme. It has been reported that maximum plasma concentrations of
ATO have been observed in the range of 160-184ng/mL in CYP2D6
extensive metabolizers and up to 925ng/mL in genetically deficient
CYP2D6 poor metabolizers after oral administration of 20 mg twice daily
in adults."!! Thus, for reliable therapeutic ATO monitoring, suitable and
sensitive analytical methods are required.

Several chromatographic methods have been reported for the deter-
mination of ATO in human plasma including, high performance liquid
chromatography (HPLC)"*! and liquid chromatography-tandem mass
spectrometry (LC/MS/ MS)." Also, chiral separation of ATO enantiomers
is described.” A few HPLC methods have been reported for the determi-
nation of ATO in pharmaceutical formulations.'**) A HPTLC method is
also available for the determination of ATO in pharmaceuticals.!”] These
methods developed for the analysis of ATO in its dosage forms and also
the chiral method, did not offer the adequate sensitivity for measuring
ATO in plasma.” The methods reported for the determination of
ATO in plasma offered adequate sensitivity; however, they involved
liquidliquid" ™ or solid phase'* extraction of ATO from the plasma
samples prior to analysis. These time-consuming and expensive extraction
procedures increase the overall analysis time and the cost of the analysis.
The proposed method involves a simple plasma deproteination technique
using one step protein precipitation with methanol. In addition, the pro-
cedure has minimal sample transfer steps, and it also does not harm the
analyte.

In this study a rapid, sensitive, accurate, and precise HPLC method
has been developed with a simple sample preparation procedure, short
analysis time (less than 7min), and an alternative Cg separation column
and fully validated. The proposed method has been successfully applied
to the determination of ATO in pharmaceutical capsules and spiked
human plasma.
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EXPERIMENTAL
Chemicals

The standard ATO was supplied from Sigma-Aldrich (Steinheim,
Germany). Its capsule preparation is Strattera™, a product from Lilly
(Istanbul, Turkey) contained 25 mg active material, was purchased from a
local drug store. All chemicals and reagents were the products of Merck
Co. (Darmstadt, Germany) and were all of analytical-reagent grade, and,
therefore, used with no further purification. Ultrapure water was used for
the preparation of the solutions and mobile phase.

Chromatographic Conditions

The HPLC system consisted of a LC-10A pump equipped with a Rheo-
dyne (Cotati, CA, USA) manual injector and a SPD-M10A diode array
detector (Shimadzu, Kyoto, Japan). Data was processed with Class-LC10
software controlled by a CBM-10A communication module, all models
of Shimadzu (Kyoto, Japan). Standard solutions and samples were
injected into the 5pL loop of the injector by means of a syringe with a
22-gauge needle. An Agilent (Eclipse, USA) XDB-Cg column (3.5 pum
spherical particle, 4.6 mm I.D. x 150 mm) was used throughout the study.
B-220 model of sonicator from Branson (Danbury, CT, USA) was
employed, and ultrapure water (18.2uS/cm) was obtained from Millipore
(Molsheim, France).

Preparation of Standard Solutions

A stock solution of ATO was prepared at a concentration of 1mg/
mL in methanol and serially diluted with water to give working standard
solutions in the range of 49.5-1490 ng/mL. An IS solution of carbamaze-
pine (1 mg/mL) was also prepared in methanol and used always at a
fixed concentration of 495ng/mL. Stock solutions and standards were
stored in glass vials and they were covered with aluminum folia and kept
at 4°C.

Chromatographic Separations

A number of mobile phase compositions were tested to find out the
optimum conditions by changing organic solvent ratio, buffer pH, and con-
centration in the study. The optimized mobile phase consisted of
methanol/acetonitrile/phosphate buffer (10 mM, pH 3.0) (35:15:50, v/v/v).
It was degassed and filtered from 0.45-um membrane filter under a negative
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pressure before passing through the instrument. The flow-rate was 1.0 mL/
min and the detector was set to 215 nm to detect the signals. The injection vol-
ume was b pL.

Method Validation

Validation of the proposed method was performed with respect to lin-
earity, limit of detection (LOD), and limit of quantification (LOQ), accu-
racy and precision, stability, specificity, robustness, and ruggedness in
accordance with ICH guidelines."'” Calibration curves were obtained with
six concentrations of the standard solutions of ATO in the range of
49.5-1490 ng/mL (n=3). Linearity was evaluated by linear regression
analysis using the least square regression method.

The precision of the method was evaluated as repeatability (intra-day)
and intermediate precision (inter-day). Three different concentrations of
ATO (99, 247.5, and 990 ng/mL) were analyzed in six independent series
on the same day (intra-day precision) and on three consecutive days
(inter-day precision).

The accuracy of the method was determined by analysis both of qual-
ity control samples prepared using standard ATO solution and of a sol-
ution of synthetic inactive ingredients (matrix) spiked with different
known concentrations of ATO (within the calibration range). The matrix
solution was prepared in methanol using common tablet (or capsule)
excipients such as hydroxypropyl methyl cellulose (7%), lactose monohy-
drate (60%), magnesium stearate (1%), polyethylene glycol 4000 (5%),
povidone (5%), maize starch (5%), talc (1%), and titanium dioxide
(1%). Working standards of ATO were prepared at three concentrations
(99, 247.5, and 990 ng/mL) in methanol and in the matrix solution. Per-
centage recoveries, percentage error, and percentage RSD values were
used to express accuracy.

The specificity of the method was determined by analysis of ATO solu-
tions (4.95ug/mL) after these had been subjected to stress by treatment
with 0.1 M HCI, 0.1 M NaOH, and 3% HsO4 at both room temperature
and 60°C for different times (15, 30, 45, 60, 90, and 120 min). The samples
were injected for HPLC analysis after dilution to 990 ng/mL.

The repeatability for injection was assessed by injecting standard sol-
ution of ATO (495ng/mL) for six times. Data from replicate injections
at this assay concentration were processed for calculations and 1% RSD
was considered as limit."'") The parameters tested for system suitability
were capacity factor, resolution, tailing factor, theoretical plates, retention
time, and percentage RSD of injection repeatability for the proposed
method.
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The robustness of the method was studied in triplicate for a
concentration of 495 ng/mL by introducing small changes in the method
conditions. The effect of these changes on the results was examined.
Quantification was performed according to ATO-to-IS peak area ratio
and system suitability data for ATO were calculated for each variation.

To assess the ruggedness of the method, a solution of ATO at a con-
centration of 495ng/mL was analyzed by two different analysts. Data
were treated to calculate RSD % and the results were compared by ¢
and F test.

The stability of standard solutions of ATO was evaluated by triplicate
analysis of solutions at two concentrations, 495 and 990 ng/mL, under dif-
ferent conditions. To assess short-term stability, standard solutions of ATO
were stored at room temperature for 24 hr. Long-term stability was assessed
after storage of the solutions in a freezer at —20°C for 20 days. To assess
freeze and thaw stability, ATO solutions were stored at —20°C for 24 hr
and thawed to room temperature, the cycle being repeated three times,
and then analyzed.

Sample Preparation

Ten Strattera® capsules (each containing 25mg ATO) were weighed
and finely powdered in a mortar. The net weight of each capsule was calcu-
lated. A sufficient amount of drug equivalent to the average weight of cap-
sule content was accurately weighed and methanol was added to dissolve
the active material (n=6). It was sonicated for 10 min and then the sol-
ution was centrifuged at 5000 rpm for 10 min. The supernatant was diluted
to obtain the concentrations that would be in the available range of cali-
bration studies.

Plasma Sample Preparation

Blood samples were withdrawn from healthy volunteers and plasma was
separated by centrifuging for 10 min at 5000 rpm. Certain amount of ATO
(containing 49.5-792ng/mL) was transferred into 100 pL plasma at six
concentrations for three times and the contents of the tube were vigorously
shaken. Methanol was used for deproteinization of plasma proteins at a
ratio of 1 part plasma to 4 parts methanol and it was vigorously mixed using
a shaker. The precipitated proteins were separated by centrifuging for
10 min at 5000 rpm. Clear supernatant was diluted with water containing
495 ng/mL IS and directly injected to HPLC system in the same experi-
mental conditions.
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RESULTS AND DISCUSSION
Optimization of Chromatographic Conditions

ATO is a basic drug with a pKa of 9.23.''*! HPLC analysis of basic sam-
ples can be troublesome because of poor peak shape and reduced column
efficiency originating from silanol interactions.'’*! In one of the previous
HPLC studies of ATO, an amine modifier was used, whereas, in another
study, both ion-pairing reagent and amine modifier were used to solve pro-
blems originating from silanol interactions.!®®! Although, using amine
modifiers like triethylamine, seems to be a good approach to mask
unbonded silanols, it slows column equilibration down when changing
mobile phases, and also both chemicals increase the cost of the analysis.
As a result, their use must be the last approach after all of the others have
been tried.""”

The solvent type and strength (B %) in the mobile phase have a great
effect on selectivity and sensitivity of the drugs to be analyzed. Initially 50%
methanol and then, 40% acetonitrile was investigated to obtain good peak
shape and suitable retention time of ATO. As it was reported that the
organic solvent mixture was a good approach to improve separation char-
acteristics of basic analytes,"'>'*! the acetonitrile-methanol mixtures of dif-
ferent compositions (20:30%, 10:35%, 20:20%, 15:25%, 30:15%, 15:35%)
were investigated at the similar solvent strength. Methanol was preferred
for use at higher ratios according to acetonitrile due to the greater solu-
bility of phosphate buffer in methanol-water mixtures.!"?! Tt was also
reported that methanol, as a lipophilic alcohol, was well adsorbed on silica,
which performed a homogenous stationary phase and improved selectivity
and peak characteristics."'*) The best compromise between column
efficiency, peak morphology, and run time was obtained with the
methanol-acetonitrile ratio of 35-15%.

Utilization of phosphate buffer is the most common strategy for the
analysis of ATO to improve peak characteristics and also optimize the analy-
sis time.[2%7] Initially, the mobile phase without phosphate buffer was used
and the retention time of ATO was increased to 25 min with poor peak mor-
phology originating from the lack of pH optimization. Then, the mobile
phase including phosphate buffer at different pH values (in the pH range
of 2.5-5.5) was investigated for the chromatographic separation of ATO.
This pH range was selected mainly in accordance with the knowledge of
ATO and basic sample characteristics. It has been reported that pH should
be varied, out of the range of pKa £2, to obtain more rugged separation
and for retention to be unaffected by small changes in pH. Also, mobile
phases with low pH (2.0 < pH < 3.5) are proposed for basic samples against
poor peak shape and reduced column efficiency originating from silanol
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interactions.''*! The retention time and peak area of ATO were increased
with the increasing pH of the mobile phase, but at high pH values
(pH=5.5), the plate number was extremely decreased. Considering the
reasonable retention time and the theoretical plate number of ATO with
minimum tailing factor (t=1.37), pH 3.0 was chosen as the optimum pH
of the phosphate buffer.

The other important parameter of the optimization of mobile phase is
the concentration of the buffer. The concentration of the phosphate buffer
was investigated in the range of 0—-40 mM. The retention time of ATO and
peak morphology was not changed excessively with the increasing buffer
concentration. In considering the column safety and to minimize the cost
of analysis, 10 mM was chosen as the optimum concentration of phosphate
buffer.

As a consequence, the optimum conditions were determined as a
mobile phase containing methanol/acetonitrile/phosphate  buffer
(10 mM, pH 3.0) (35:15:50, v/v/v), flow rate of 1.0 mL/min, 5 pL loop vol-
ume, detection wavelength of 215 nm. The system suitability data for ATO
in these conditions are presented in Table 1.

Internal standard (IS) is usually used in HPLC methods in order to
increase the accuracy and precision. Carbamazepine was selected as the
appropriate IS because of its reasonable retention time and the resolution
with ATO peak in spite of its quite different structure (Figure 1). Thus,
high method precision and accuracy were obtained using IS.

Method Validation

Precision

Statistical evaluation of results from determination of precision, which
showed intra-day and inter-day RSD, were in the ranges 0.48-1.86% and
1.27-1.72%, respectively. The RSD % values obtained were less than 2%
and, therefore, acceptable in analytical points’ of view, exhibiting the suf-
ficient method precision.[lo’m

TABLE 1 System Suitability Data for ATO

Parameters Observed Values Recommended Values
Retention time 6.05

Capacity factor (k’) 2.73 >2

Tailing factor (T) 1.87 <2
Resolution (Rs) 2.66 >2
Theoretical plates (N) 7071.00 >2000

RSD (%) (for Ret.Time) 0.18 <1
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TABLE 2 Calibration Results of ATO with their Statistical Analysis (day = 3; n=6)

Mobile Phase Human Plasma
Linearity Range (ng/mL) 49.5-1490 49.5-792
Slope 0.00064 0.00051
Intercept 0.018 0.064
Correlation Coefficient 0.9993 0.9992
SE of slope 0.0000068 0.0000065
SE of intercept 0.004 0.003
LOD (ng/mL) 14.92 16.34
LOQ (ng/mL) 45.20 49.50

Linearity

Calibration curves for standard ATO in mobile phase were constructed
by plotting concentration versus the ratio of peak areas of ATO and IS, and
showed good linearity in the range of 49.5-1490 ng/mL. The results of lin-
ear regression analysis of the curves were presented in Table 2. High corre-
lation coefficient was obtained and the intercept of the curve was not
significantly different from zero. Resolution was always good in the studied
linearity range.

Certain analytical parameters such as limit of detection (LOD) and
limit of quantification (LOQ) were estimated [standard deviation of
regression equation/slope of regression equation] by multiplying with 3.3
and 10, respectively, and are presented in Table 2.

Accuracy

Accuracy was tested as described in experimental section and was eval-
uated as percentage error [(found concentration-spiked concentration)/
spiked concentration] x 100%, and precision was evaluated by determi-
nation of the coefficient of variation (CV %, RSD %, [SD/mean x 100])
at low, central and high concentrations in the linearity range. The accept-
ance criteria are no higher than 2% deviation from the nominal value for
accuracy and no more than 2% RSD for precision.''™'") Recovery was
almost 100% for the drug substance and the drug product and accuracy
was much better than the acceptance criterion. The same concentrations
were used to evaluate precision as repeatability. The RSD % values were also
much better than the acceptance criterion, showing the precision of the
method was sufficient as seen in Table 3.

Specificity

The specificity of the method was tested as described in the experi-
mental section and it was seen that ATO did not undergo degradation in
the acid solution at room temperature or when heated to 60°C for
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TABLE 3 The Results of Method Accuracy of Standard ATO and ATO Spiked Matrix

1753

Added ATO Found ATO (ng/mL) Recovery Accuracy RSD

(ng/mL) (mean £+ SD, n=6) (%) (%) (%)

Quality control 99.0 103.07£1.10 102.04 2.04 1.07
solutions 247.5 249.06 £1.76 100.63 0.63 0.71
990.0 995.18 £6.86 100.52 0.52 0.69

Matrix solutions spiked 99.0 100.97 +1.58 101.99 1.99 1.57
with ATO 2475 247.68 £1.89 100.07 0.07 0.76
990.0 1000.08 £8.07 101.02 1.02 0.81

120 min. Although, the base stressed samples showed no degradation at
ambient temperature and at 60°C after 120 min, there was a large peak at
solvent front that was getting smaller from time to time. The HyO, stressed
samples showed approximately 10% degradation at ambient temperature,
whereas it showed approximately 23-25% degradation at 60°C after
120 min resulting in a large peak at 1.5 min as seen in Figure 2c. None of
these peaks seen in the HyOy or base stressed sample chromatograms
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FIGURE 2 Specificity of the method at 60°C in 120 min: (a) ATO in 0.1M HCI; (b) ATO in 0.1M

NaOH; and (¢) ATO in 3% HsOs.
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showed any interference with ATO peak as confirmed by UV spectrum with
a photodiode array detector.

Testing was also performed with the inactive ingredients in the capsules
to ensure none of these interfered with the peaks of interest. The data indi-
cated that these ingredients did not interfere with ATO and IS peaks, so the
specificity of this method was considered sufficient as seen in Figure 3.

Robustness

The recovery (%) compared to optimum conditions and the system
suitability parameters such as retention time, plate number, tailing factor,
and resolution were calculated after introducing small deliberate changes
in the developed HPLC method. Low RSD values (<2) were obtained indi-
cating the robustness of the method as seen in Table 41151

Ruggedness
Low RSD values of 0.73 and 0.86% (<2) for peak-area ratios were
obtained when the same solution of ATO was analyzed by two analysts
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FIGURE 3 Chromatograms obtained from ATO and IS: (a) capsule matrix without ATO; (b) capsule
matrix spiked with ATO (990 ng/mL); and (c) capsule assay.
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TABLE 4 Robustness of the HPLC Method (mean +SD, n =3, 495 ng/mL ATO)

Recovery Retention Time Plate Tailing Resolution
(%) (min) Number Factor (Rs)
Phosphate buffer pH
pH 2.7 101.81 +1.80 6.28+0.02 7337.7£30.1 1.35£0.01 2.91+£0.02
pH 3.3 97.47£0.62 5.834+0.04 7038.74+41.59 1.39+0.02 2.53+0.01
Buffer concentration
9mM 99.78 £0.59 5.87£0.02 7052.74+39.3 1.354+0.02 2.40+0.03
11 mM 101.65 £1.03 6.1240.06 7169+84.7 1.38+£0.01 2.70£0.04
Amount of organic
solvent (%)

45% 97.47+£1.17 9.02+0.13 10031 +£136.2 1.324+0.02 5.114+0.02
55% 103.10£1.81 4.4540.02 6298.3+50.54 1.524+0.01 1.2740.02
Wavelength
212nm 106.09 +1.97 6.0440.01 7031.3+£86.74 1.37+£0.01 2.67+0.02
218 nm 103.39 £ 0.59 6.05+0.01 7003+£6.00 1.35+£0.02 2.68+0.01
Flow rate
0.9 mL/min 98.33£0.71 6.67 £0.01 7624.74+94.52 1.41+£0.03 2.74+0.01
1.1 mL/min 95.58 +0.70 5.4340.004 6653.7+71.07 1.43+£0.02 2.48+0.02

(n=15). High reproducibility and insignificant differences between the two
analysts’ results were obtained at the 95% probability level for ¢ and F tests
of significance 0.12<2.78 and 1.42<6.39, respectively, indicating the
method was rugged.''”!

Stability

During assessment of stability, recovery was in the range 96.08-100.54%
and RSD was in the range 0.93-1.72% as seen in Table 5. ATO standard
solutions were therefore stable under all the conditions tested.

Application of the Method to Pharmaceuticals

The application of the developed method for the determination of
ATO was performed in capsules containing 25-mg active material as

TABLE 5 Stability of ATO Under Different Storage Conditions (mean & SD, n=3)

Short-Term Stability

(24h, Room Long-Term Stability ~ Freeze-Thaw Stability
Temperature) (20 days, —20°C) (3 cycles)
Theoretical Concentration Recovery RSD Recovery RSD Recovery RSD
(ng/mL) (%) (%) (%) (%) (%) (%)
Standard solution 495 100.27+1.25 1.24 97.84+1.17 119 96.08+1.66 1.72
990 98.97+092 0.93 100.54+1.39 1.38 99.86+1.03 1.03
Human Plasma 198 9519+£1.58 1.65 101.25+1.08 1.07 96.70+1.14 1.18

594 99.32+1.43 144 101.90+£1.64 1.61 92.66 £1.60 1.73
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described in the experimental section. The peaks of capsule samples car-
ried the characteristics of standard ATO and no interference originated
from the matrix was observed. The capsule content was 101.644+0.97%
(mean #+ SD, n =6) with the RSD of 0.95%; these values are within the lim-
its recommended in USP.I'%]

Application of the Method to Human Plasma Samples

The plasma proteins are precipitated by the addition of methanol (1:4,
v/v) in order to obtain maximum efficiency."'”’ The mixture is centrifuged
at 5000 rpm and the supernatant is directly injected for analysis. The chro-
matograms of blank plasma and ATO (792ng/mL) spiked plasma samples
are presented in Figure 4. The peak shape and characteristics in spiked
plasma samples were not different from the standards. The ratios of peak
areas of ATO and IS in plasma were statistically evaluated for three concen-
trations (99, 198, and 792 ng/mL) on three days and the results showed
RSD % of 1.15-2.77 indicating good intra-day precision and RSD % of
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FIGURE 4 Chromatograms obtained from analysis of ATO (792 ng/mL) in plasma under the optimum
conditions: (a) blank plasma; (b) plasma sample spiked with ATO; and (c) standard ATO and IS in
mobile phase.
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TABLE 6 Method Recovery and Precision for ATO in Human Plasma

Nominal Concentration (ng/mL) Measured Concentration (ng/mL)  Recovery (%)  RSD (%)

Intra-day (n=06) 99 86.48 +£2.40 85.62 2.77
198 165.62 +4.09 83.65 2.47
792 633.13 £ 7.30 79.94 1.15

Inter-day (n=18) 99 82.82+1.42 81.99 1.72
198 168.73 £ 2.11 85.22 1.25
792 661.47 +10.53 83.52 1.59

1.25-1.72 indicating good inter-day precision as seen in Table 6.'® The lin-
earity of the method was established in pooled human plasma in the con-
centration range of 49.5-792ng/mL for ATO at six concentrations for
three days. The mean result of three sets of linearity with high correlation
coefficients was given in Table 2. The low standard error values of the slope
and the intercept in plasma samples also showed the precision of the pro-
posed method.

Specificity was also performed with the same column using blank
plasma to assure that the matrix could be interfered with the relevant
peaks. The data indicated that the matrix did not interfere with the ATO
and IS peaks, so the specificity was considered sufficient for the application
of the method to plasma analysis as seen in Figure 4.

The stability of ATO in human plasma was evaluated at two concentra-
tions of 198 and 594 ng/mL under the same conditions with standard solu-
tions. The results presented in Table 5 indicated that ATO was found to be
stable in human plasma under all mentioned conditions.

The absolute recovery of ATO in spiked plasma samples was about 83%.
Application of the proposed method to plasma samples resulted in detec-
tion and quantification limits of 16.34 and 49.5 ng/mL, respectively, thus
enabling therapeutic drug monitoring by use of a simple, selective, and
rapid sample preparation technique.

CONCLUSIONS

A reversed phase HPLC method has been established for analysis of
ATO in pharmaceutical preparations and human plasma. The retention
time of ATO (6.05min) enables rapid analysis of the drug, which is impor-
tant for routine analysis. The method was completely validated and the
results obtained confirmed its suitability for purpose.

This HPLC method is more sensitive than other methods used for phar-
maceutical analysis[6'9] and the sensitivity is comparable with that of pre-
vious HPLC method for which the sensitivity was 50 ng/mL."*! However,
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Guo et al. have reported a more sensitive HPLC method with LOD of
2.5ng/mL."! Although the methods of LC/MS/MS and HPLC-luorescence
are more sensitive, the cost of analysis and troublesome derivatization steps
limit the use of these methods."'"*! Moreover, all the previously reported
methods for the quantitation of ATO in biological fluids require time-
consuming and expensive extraction steps.!'™ Proposed single step depro-
teinization procedure with methanol is quite simple, inexpensive, and also
very rapid to eliminate proteins from the sample.

Also, the developed HPLC method provides higher recovery values
(80-85%) compared to the values of other HPLC methods which are
almost about 70-75%.!") However, Mullen et al. obtained better recovery
values which are about 97% for plasma samples.m

HPLC methods have several advantages, for example, low detection and
quantification limits, small sample volumes, and high accuracy and repro-
ducibility. Specificity tests were successfully performed and ATO could be
effectively separated from its degradation products. As a conclusion, the
developed HPLC method for the determination of ATO in both pharma-
ceuticals and human plasma is simple, specific, reliable, and cost effective
and can be proposed for use in routine analysis laboratories and quality
control purposes.
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