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Abstract

Anovel,simpleand economicreverse phase high performance liquid chromatography
(RP-HPLC) method has been developed for the quantification of duloxetine HCl (DLX) in
bulk and tablet dosage form with greater precision and accuracy. Separation was
achieved on inertsil ODS C18 (250mmx4.6x5micron) column in isocratic mode with
mobile phase consisting of Acetonitrile: Potassium dihydrogen phosphate buffer (pH
4.9) (43:57v/v) and conditions optimized were: flow rate was 1 ml/min. The detection
was carried out at 230 nm. The retention time of Duloxetine HCl was found to be 4.440
min. The method was validated as per ICH guidelines. Linearity was established for
Duloxetine HCl in the range10-120ug/ml with R? value 0.999. The percentage recovery
of Duloxetine HCl was found to be in the range 99.82-100.25 %. The high recovery and
low relative standard deviation confirm the suitability of the proposed method for the
estimation of the drug in bulk and tablet dosage forms. Validation studies demonstrated
that the proposed RP-HPLC method is simple, specific, rapid, reliable and reproducible
for the determination of Duloxetine HCl in comparison to previous reported methods
for Quality Control level.

Keywords: RP-HPLC, Duloxetine HCl, Quality control level.

Introduction

Duloxetine HCI [1] shown in Fig 1, is Methyl [(3S)-3 (naphthalen-1-yloxy)-3-
(thiophen-2-yl) propyl] amine. Duloxetine HCl is a selective serotonin and norepinephrine
reuptake inhibitor antidepressant (SSNRI). Duloxetine HCl affects chemicals in the brain
that may become unbalanced and cause depression [2]. Duloxetine HCl is used to treat
major depressive disorder and general anxiety [3] disorder. Duloxetine HCl is also used
to treat fibromyalgia (a chronic pain disorder), or chronic muscle or joint pain (such as
low back pain and osteoarthritis pain) and pain caused by nerve damage in people with
diabetes (diabetic neuropathy). When serotonin and noradrenaline are released from
nerve cells in the brain they act to lighten mood. When they are reabsorbed into the
nerve cells, they no longer have an effect on mood. It is thought that when depression
occurs, there may be a decreased amount of serotonin and noradrenaline released from
nerve cells in the brain. Duloxetine HCl works by preventing serotonin and noradrenaline
from being reabsorbed back into the nerve cells in the brain. This helps prolong the
mood lightening effect of released serotonin and noradrenaline. In this way it helps
relieve depression. It may take between two to four weeks to feel the benefits of these
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medicines. Duloxetine HCl is an oral dual reuptake inhibitor
that enhances the levels of the NT (5-HT & NE), which are
involved in depression. Duloxetine HCl is affective in stress
urinary incontinence (SUI) by blocking the reuptake of 5-HT &
NE in the spinal cord. This inhibition stimulates increased
activity of the pudendal nerve, which may increase contractions
of the urethral sphincter at the opening of the bladder. The
antidepressant properties are due to blocking the reuptake of
serotonin and possibly also noradrenalin within the central
nervous system. Major depressive disorder is believed to be
due in part to an increase in pro-inflammatory cytokines
within the central nervous system. Orally administered
duloxetine HCl is well absorbed. C max occurred 6 hrs post
dose of duloxetine HCI. Duloxetine is highly bound (>90%) to
proteins in human plasma, binding primarily to albumin and
al-acid glycoprotein. The biological half life [4, 5] of
duloxetine HCl is 12 hr. Elimination of duloxetine HCl is mainly
through hepatic metabolism involving two P450 isozymes,
CYP2D6 and CYP1A2. Both CYP1A2 and CYP2D6 are
responsible for duloxetine HCI metabolism. Metabolites found
in plasma (4-hydroxy duloxetine glucuronide & 5-hydroxy,
6-methoxy duloxetine sulphate). Most of the metabolites are
excreted in urine and faeces. Several analytical methods [6-14]
for the determination of duloxetine HCl by flourimetry,
capillary electrophoresis, spectrophotometry, HPLC, LC/MS
and polarography have been reported. The aim of the present
work was to develop and validate a sensitive RP-HPLC method
that can be implemented for the quantification of duloxetine
HCl in bulk as well as in its tablet dosage forms.

S

\_/ L

Figure 1. Chemical structure of duloxetine HCI

I;-.IH + HCI

Instrumentation

Shimadzu 1800 uv-visible spectrophotometer (Hyderabad),
Ultrasonicator, 0.45um membrane filter, mettler toledo analytical
balance, Waters Alliance High Pressure Liquid Chromatography
installed with Empower software model: waters e2487 dual
absorbance, solvent degasser DCU-20A3 solvent degasser,
prominence 10 AT vp binary gradient pumps, SPD 10 A vp uv-
vis detector with class vp software, column used is Inertsil ODS
3V 5y, 250 x 4.6 mm, ODS(C18)RP Column (250*4.6mm, i.d;
5um). A labindia pH meter was used for pH adjustment.

Chromatographic conditions

The chromatographic analysis was performed, under
ambient conditions and in isocratic mode, with Waters
Alliance High Pressure Liquid Chromatography, Model:
Waters e2487 dual absorbance, a variable wavelength PDA
detector operated at 230 nm was used. The output signal was
monitored and integrated using Empower Solutions software.
The analysis was performed on a Inertsil ODS 3V 5y, 250 x 4.6
mm column. The mixture of pH 4.9 Potassium dihydrogen
phosphate buffer and acetonitrile was used as mobile phase
(57:43, v/v) at a flow rate of 1.0 ml /min. The eluent was filtered
through a 0.45 pm nylon membrane filter and degassed by
using ultrasonicator. Various trials are shown as in Table 1-3.

Table 1. Various approaches for method development for
Duloxetine HCI

Parameter Trial 1 Trial 2 Trial 3
4.9 Potassium 4.9 Potassium 4.9 Potassium
. dihydrogen dihydrogen dihydrogen
Mobile phase phgsphe?te buffer: phgsphgte buffer: phgsphgte buffer:
ACN (70:30) ACN (60:40) ACN (55:45)
column Inertsil ODS 3V 5y, |Inertsil ODS 3V 5y, |Inertsil ODS 3V 5y,
250 x 4.6 mm 250 x 4.6 mm 250 x 4.6 mm
Flow rate 0.8 ml/min 0.8 ml/min 0.8 ml/min
Injection volume|20 pL 20 uL 20 uL
Run time 10min 10min 10min
Wavelength 230nm 230nm 230nm

Table 2. Results for various approaches for method development
Retention [Theoretical
time plates

4.9 Potassium dihydrogen Peak

phosphate buffer : ACN (70:30) 9847 3654 splitting,High RT
4.9 Potassium dihydrogen
phosphate buffer : ACN (60:40)
4.9 Potassium dihydrogen
phosphate buffer : ACN (55:45)

Sl.no |Mobile phase Inference

1

2 8.231 4857 Peak splitting

Peak splitting,

3 Low plate count

7.690 918

Experimental Table 3. Optimized Method Parameters of Duloxetine hydrochloride
Parameters Results
Materials Column Inertsil ODS 3V 5u(250x4.6mm)
Duloxetine HC| working standard was obtained as a gift  |Mobile phase Erﬁtfaprf’;a;ig?ni':éd(rsoﬂjg) phosphate
from Lee Pharma Ltd,, Visakhapatnam, Andhra Pradesh, India.  [fiow rate (ml/min) 1
Duloxetine hydrochloride pellets sample of batch number  |Run time (min) 10
DU0212002 was obtained from Lee Pharma Ltd. HPLC grade  |Column temperature (°C) Ambient
Potassium dihydrogen ortho phosphate (Merck, India), HPLC | Volume of injection () 20
grade Triethylamine (Merck, India), HPLC grade Acetonitrile Betecuon wavelength (nm) 230
. i . . rug retention time (min) 4.440
(Merck, India) and Sodium hydroxide were the chemicals [/ carity range (ug/mi) 10-120
used. High-purity water was prepared using TRA water  [Regression equation Y = 11333x- 67760
purification system. Solvents were filtered through a 0.45 uym  |Slope 11333
nylon membrane filter and degassed by using ultrasonicator ~|/ntercept _ -67760
(Enertech, India). All solutions were prepared daily. Correlation coefficient 0999
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Preparation of mobile phase

Mobile phase was prepared by taking acetonitrile:
phosphate buffer (pH 4.9). The pH 4.9 phosphate buffer and
acetonitrile were mixed in the ratio of 57:43 to get mobile
phase. Mobile phase was filtered through 0.45 pm membrane
filter and degassed under ultrasonic bath prior to use. The
mobile phase was pumped through the column at a flow rate
of 1 ml/min.

Preparation of standard solutions

10g of Duloxetine HCl pellets were weighed and ground
into fine powder using a mortar and pestle. Powder equivalent
to 40 mg of drug was transferred to a 50 mL volumetric flask
and 25mL of mobile phase was added and sonicated for 10
min and diluted to volume with mobile phase. The solution
was filtered through a 0.45um nylon membrane filter. From
the filtrate an appropriate aliquot was taken in such a way that
the final concentration in 50 mL lies within the linearity range
tested.

Assay of duloxetine HCI from marketed tablets

Twenty pL of standard solution was injected three times
into the chromatographic system and chromatogram was
recorded and peak areas were measured. 20 pL of the sample
solution was injected in duplicate into the chromatographic
system and chromatogram was recorded and peak areas were
measured.

Method validation

The method was validated in accordance with ICH [15]
guidelines. The parameters assessed were linearity, accuracy,
and precision, reproducibility, robustness and system
suitability.

Accuracy

The accuracy of the method was determined by calculating
the recoveries of duloxetine HCl by the standard addition
method. Known amounts of standard solutions of duloxetine
HCl was added at 50%, 100% and 150 % level to pre-quantified
sample solution (80pg/ml) of duloxetine HCl and each injected
three times into the chromatographic system. The percentage
recovery of added drug was estimated by measuring the peak
area and by fitting these values to the straight-line equation
of calibration curve. Recovery (%), RSD (%) and bias (%) were
calculated for each concentration. Accuracy is reported as
percentage bias, which is calculated from the expression

(measured value - true value)
X100

%Bias =
true value

Precision

System Precision

The system precision was established by injecting six
replicate injections of standard solution in to the
chromatographic system by maintaining the optimized
chromatographic conditions.

Method Precision

Six replicate samples of drug product (n=6) at 100% of
concentration (80 pug/ml) were prepared and injected into the
chromatographic system. The results were reported in terms
of relative standard deviation (% RSD).

Ruggedness/Inter day precision

Six preparations individually using single batch of
duloxetine HCl drug substance as per test method and
injected each solution induplicate on the same day in to HPLC
using different column, system and analysts on different days.
And %RSD value was calculated to determine inter-day
precision.

Robustness

The concept of robustness of an analytical procedure has
been defined by the ICH as “a measure of its capacity to
remain unaffected by small but deliberate variations in
method parameters”. To determine the robustness of the
method experimental conditions are purposely altered and
chromatographic characters are evaluated. Influence of small
changes in chromatographic conditions such as change in
flow rate (£ 0.1ml/min), wavelength of detection (+2nm) and
acetonitrile content in mobile phase (+2%) were studied to
determine the robustness of the method

Limit of detection (LOD)

The limit of detection (LOD) of an analytical method may
be defined as the concentration, which gives rise to an
instrument signal that is significantly different from the blank.
For spectroscopic techniques or other methods that rely upon
a calibration curve for quantitative measurements, the [UPAC
approach employs the standard deviation of the intercept
(Sa), which may be related to LOD and the slope of the
calibration curve, b, by

LOD=3Sa/b

Limit of quantitation (LOQ)

The LOQ is the concentration that can be quantitated
reliably with a specified level of accuracy and precision. The
LOQ represent the concentration of analyte that would yield a
signal-to-noise ratio of 10.

LOQ=10Sa/b

Where, Sa is the standard deviation of the peak area ratio
of analyte to IS (6 injections) of the drugs and b is slope of the
corresponding calibration curve.

Linearity and Range

Linearity indicates the ability of analytical procedures to
produce results that are directly proportional to the
concentration of analyte in the given sample. A series of
solutions of drug substance standard were prepared in the
specified concentration range. These solutions were injected
into the HPLC and linearity was determined by observing
peak areas. A graph of peak area versus concentration (on
X-axis concentration and on Y-axis Peak area) was plotted and
the correlation coefficient was calculated.
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Results and Discussion

Linearity

The evaluation of the linearity was performed with a
seven-point calibration curve over the concentration range of
20-120 pg mL" with a % RSD of less than 2. The slope and
intercept of the calibration graph was calculated by using
linear regression analysis. The regression equation of the
calibration curve was: y = 11333x- 67760; R? = 0.999 and
shown in Fig.2. A correlation coefficient of 0.999 suggests that
the developed HPLC method had an excellent linearity over
the investigated range and the results obtained in Table 4.

Table 4. Linearity range of duloxetine HCl by HPLC method

CONC.(mcg/ml) PEAK AREA

10 900835 Slope = 11333

20 2252062 Intercept = 67760
Correlation

4 4504181

68 652 6 132 Coefficient = 0.999

80 9007429

100 11260547

120 13512600

Calibration curve of duloxetine HCI

y=11333x-67760
R?=0.999

16000000
14000000
12000000
10000000
8000000
6000000
4000000
2000000

Peak Area

0
-2000000 g

50 100 150

Concentration (ng/mL)

Figure 2. Calibration curve of duloxetine HCI by HPLC method.

Accuracy: Recovery study

The accuracy of the method was determined. The mean
recovery was found to be 99.96% and the %RSD was found to
be 0.85 (%RSD <2%). The accuracy study indicates that the
developed HPLC method was accurate and there was no
interference from the exipients present in the dosage form
and shown in Table 5 and Fig.3-5.

Table 5. Accuracy study of duloxetine HCI

0_4(E 4%}
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2 0.20- ‘
0.10 }|
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0.00- T
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Minutes
Figure 3. Chromatogram for Standard (50% level)
ad 4.441
0.60- ”
- ]
20 |
et |
] [
0.00 AR
T T | T T T | T T T | T T ‘ T T T
2.00 4.00 6.00 8.00 10.00
Minutes
Figure 4. Chromatogram for Standard (100% level)
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Figure 5. Chromatogram for standard (150% level)
Precision

The precision of the method was evaluated with standard

samples at 100% concentration using six replicates. The

A % R Mean R Overall M o . .
rea ® Recovery (Wiean Recovery R::;‘a,ery ean System and Method precisions were satisfactory with %RSD
S1:50% 5050535  |100.59 Mean= 99.82% less than 2 and shown in Table 6 &7 and Fig. 6-7. This indicates
$2:50% 4983530  [99.25 s.D = 0.689 Mean = 99.96% that the developed HPLC method was reproducible.
$3:50% 5003116  |99.64 %RSD =069 5D =085
- : %RSD = 0.85 Table 6. Precision study of duloxetine HCI
S4:100%  [10050407 |99.09 Mean = 99.83%
S5 100% 10216933 |100.73 S.D =0.831 Conc. System Precision Method Precision
S6: 100% 10108646 9967 %RSD =083 (ng ML) |Mean peak area* |%RSD  |Mean peak area* |%RSD
S7:150% 15002302 |99.10 Mean =100.25 % 80 9004123 0025  [10003345 0312
: S.D = 1.051
S8:150% 15314546 10116 |20 700, n= 6; Values were expressed as mean + SD.
$9:150% 15224830 |100.50 '
n= 3; Values were expressed as mean = SD.
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Figure 6. Chromatogram for System Precision

Table 7. Data for Method Precision

Avg. Standard Area Sample Area % of Assay
13020963 17.98
13000669 17.95
13054512 18.03
2035496 12964171 17.93
12985260 17.96
12994499 17.98
Average 1797
Standard deviation 0.04
%RSD 0.20

Acceptance Criteria: The % RSD should be less than 2.0%

] 4*&1
o |
" ]
3%, |
i |
] [
0.00 A
—— T —
2.00 4.00 6.00 8.00 10.00
Minutes
Figure 7. Chromatogram for Method Precision
Ruggedness

The ruggedness of the method was determined by
preparing standard solution by two analysts (n=6). The relative
standard deviation was < 2%. The results of the study prove
that the method is rugged and shown in Table 8.

Table 8. Ruggedness study of duloxetine HCI

Concentration Mean area* + SD % RSD
Injection (ng/ml)
Analyst-1 80 10338345 + 86581 0.83
Analyst-2 80 10003346 £ 31226 0.62

n= 3; Values were expressed as mean + SD

Robustness

When the optimized chromatographic conditions were
deliberately altered, the chromatographic parameters such as
peak area, retention time and theoretical plates (N) were
remained within the acceptance limits. The results prove that
the method is robust and is shown in Table 9.

Table 9. Robustness study of duloxetine HCI

Flow rate Detector Retention
Parameter . wavelength |Peakarea |. . % RSD
(ml/min) (hm) time (min.)
Not altered |1.0 230 9004123 |4.440 0.025
09 230 13643313 4454 0.15
Flow rate
1.1 230 12004790  |4.429 0.026
Detector 10 228 11440023 4436 0.26
wavelength |11 232 10497003  |4.447 037

Limit of detection

The limit of detection of duloxetine HCI was found to be
1.24 pg/ml.
Limit of quantification

The limit of quantification of duloxetine HCI was found to
be 4.092 ug/ml.
Assay of marketed formulation

Assay results of the marketed formulation is shown in
Table no.10 and Fg.no.8.

Table 10. Assay results of marketed formulation

. Labeled Observed % Recovery |,
Formulation s ount (%)  |Amount*(%) |£S.D. %RS.D
. 99.10
Duloxetine HCI |17 16.87 024 0.24
J.TD
o |
- i
20 |
|
] I
0.00 =
— T T T T T — T
2.00 4.00 6.00 8.00 10.00
Minutes

Figure 8. Assay chromatogram of marketed formulation of
duloxetine HCI

Conclusion

A New RP-HPLC method indicating assay of DLX in bulk
and in pharmaceutical dosage forms is established. This
method is simple, reliable, linear, accurate, sensitive and
reproducible as well as cost effective for the effective
quantitative analysis of duloxetine HCI in bulk and tablet
formulations. The method was completely validated showing
satisfactory data for all the method validation parameters
tested and method is free from interference of the other
active ingredients and additives used in the formulations.
Therefore the method is suitable for use of the routine quality
control analysis of duloxetine HCl in API or in pharmaceutical
dosage forms.
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