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Keywords: ABSTRACT: A new simple and sensitive liquid chromatography-

Modafinil, Narcolepsy, LC-ESI- electrospray ionization-tandem-mass spectrometric (LC-ESI-MS/MS)
MS/MS, FDA guidelines, Precision technique was developed and validated for the estimation of modafinil in
and Accuracy human plasma and the method was applied to study pharmacokinetics in
Correspondence to Author: healthy rabbits. Chromatography was attained on Phenomenex- Cig
Adluri Phanindra (50mm x 4mm) 5u column and acetonitrile, methanol and 0.1% formic
Research Scholar, acid (25:60:15 v/v) mixture as the movable phase at 0.7 ml/min flowrate.
Mewar University, Chittorgarh - Modafinil and modafinil-D5 internal standards were detected at m/z
312901, Rajasthan, India. 274.2/229.0, m/z 279.1/234.0 respectively. Modafinil and modafinil-D5

(internal standard) were separated with liquid-liquid extraction. The
technique was linear over the 2.0-600.0 ng/ml concentration range. This
technique established with intrabatch and inter batch precision within
1.54-7.18% and 1.82-6.25%. This technique established with intrabatch
and inter batch accuracy within 98.56-102.80% and 97.62-102.76 %.The
drug was shown mean Tnax Of 3.833; average Cpax, AUCO_t and AUCO g,
for test formulation is 677.667; 6306 and 6471 respectively in the
pharmacokinetic study on healthy rabbits.

INTRODUCTION: Modafinil acts as a eugeroic  Chemically = Modafinil  designated as  2-
for the treatment of narcolepsy (sleepiness), sleep  [(diphenylmethyl) sulfinul] acetamide Fig. 1
disorder due to different shift work and more day-  having a molecular mass of 273.35 g/mol *°.

time sleepiness which e associated with OPA o gafinil activates the cytochrome-P450 enzymes
(obstructive sleep apnea) “. It was administered by  ~yvp_1A2 CYP-3A4. and CYP-2B6. as well as

the oral route. It acts by inhibiting selectively and ;- nibition of CYP-2C9 and CYP-2C19 in-vitro.

weakly the dopamine reuptake process and  niogafinil also  produces P-glycoprotein (Pgp)
indirectly promotes the releasing of histamines and  \naieria) which affects drug transportation by this
orexin  neurological ~ peptides  from  the g 1ueqnrotein (as digoxin). The bioavailability of
tuberomammillary ~ nucleus  and  lateral o oqatinil s greater than 80% of the administered
hypothalamus, ~ respectively ~and leads 10 4450 An in-vitro study of the medicament indicates
contribution to heightened-arousal. that 60% of the drug is bound only to plasma
(UICK RESPONSE CODE o proteins in the clinical concentration level. The
i 10.13040/1JPSR.0975-8232.11(4).1837-44 percentage sometimes changes with change in the
concentration. Cnax occurs nearly at 2-3 h after

drug administration. In the presence of food, the
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S p— drug will show slow absorption, but it will not
affect total AUC. The half-life of the drug was
DOI link: http://dx.doi.org/10.13040/1JPSR.0975-8232.11(4).1837-44 approximately between 10-12 h range, which was
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differed by CYP-genotypes, functioning of liver
and kidney. The drug is metabolized in the liver
and resulting inactive metabolite is excreted in the
urine ”°.
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FIG. 1: STRUCTURE OF MODAFINIL

2

Literature review of modafinil reveals that few
analytical quantitative methods were available for
the quantification of modafinil in pharmaceuticals
which includes UV-spectroscopic method %12
high-performance liquid chromatographic
HPTLC *® and LC-MS/MS " * methods. Aim of
the present work is to develop simple and sensitive
LC-ESI-MS/MS technique for the quantification of
modafinil and application of the developed method
to study pharmacokinetics in healthy rabbits.

13-17
H

MATERIALS AND METHODS:

Chemical and Reagent Materials: Modafinil and
Modafinil-D5 of pure drugs were obtained from
MSN Labs, Hyderabad as gift samples.
Phenomenex-Cig (50mm x 4mm) 5u columns were
bought from Thermo-Fischer Pvt., Ltd.,, HPLC-
grade Acetonitrile, methanol, and analytical grade
formic acid were bought from S.D-Fine Chemicals.
The water utilized in the research work from Milli-
Q purification system belongs to Millipore. The
animal studies on healthy rabbits were
authenticated by Institutional Ethical Committee
no- 1292/ac/09/CPCSEA/17-39/A.

Instrument: The LC-MS/MS system consists of a
Shimadzu-LC10 chromatographic system from
Shimadzu united with an MS/MS-API-3000 from
Applied Bio-systems Sciex, Canada, equipped with
a Turbo-lon-Spray source for ion induction.
Chromatographic data were monitored and
integrated by Software belongs to Analyst of
Applied Bio-systems, version 1.4.1.

Liguid  Chromatography:  Modafinil  and
modafinil-D5 were separated by injecting the
sample solution into Phenomenex-Cjg (50 mm x
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4mm) 5u column utilizing a mobile phase mixture
of acetonitrile, methanol and 0.1% formic acid in
the proportion of 25:60:15 v/v. Degasification of
the mobile phase was done by filtration through
0.5 filter paper and followed by sonication. Drug
and IS where eluted with isocratic elution by
injecting the mobile phase through the stationary
column at 0.7ml/min. The autosampler temperature
was adjusted to 5 °C.

Mass Scanning Optimization: Modafinil stock
solution was processed by dissolving the drug in
HPLC-grade methanol. Further dilutions were
made with the solvent composition of water and
methanol in the proportion of 20:80 v/v. The
components were determined by multiple reaction
monitoring (MRM) of the transition pairs of
transitions m/z 274.2/229.0, m/z 279.1/234.0 for
Modafinil and modafinil-D5 respectively.

Mass Spectrometry: The curtain gas (N,) was
tuned to a constant figure of 11 units and the
temperature of source (at the setpoint) was 500 °C.
The electro-spray interface heater (IHE) was switch
to on mode and lon spray (IS) Voltage was fixed at
5000 V for ionization. The mass instrument
parameters were adjusted to attain high sensitivity
at unit resolution. The MRM mode for modafinil
and modafinil-D5 were detected at m/z
274.2/229.0, m/z 279.1/234.01 respectively.

Preparation of Quality Control and Calibration
Standards: Modafinil stock solution was prepared
in 80% methanol to get a concentration of 1mg/ml.
Calibration standards were 2.0, 4.0, 20.0, 40.0,
80.0, 160.0, 300.0 and 600.0 ng/ml. These solutions
were processed from the stock solution by serial
dilution method with 80% methanol. High, medium
and low concentration quality control (QC)
standards for modafinil were (480.0, 240.0 and 4.0
ng/ml) were processed in the same way. The stock
solution of IS (1 mg/ml) was also processed in 80%
methanol and further it was diluted to 5 ng/ml
concentration. All the processed solutions were
reserved in a freezer at 2-8 °C until the samples to
be analysed.

Sample Preparation: To 400ul of plasma, 100ul
of IS were vortexed. To the sample 400 ul
methanol was added and subjected for
centrifugation at 3000 rpm for 15-20 min at 5 °C.
The organic portion was dried in lyophiliser. To the
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residue, 250 ul of the mobile phase was added and
transfer a suitable volume of samples into labeled
Auto-sampler vials and infused into the LC-ESI-
MS/MS system.

Pharmacokinetic Study: Six healthy rabbits
(Male) of about 2.5 to 3 kg have opted for the
pharmacokinetics of modafinil. Before 12 h and
after 24 h of the drug administration, food was
avoided for rabbits. Water has given for rabbits for
the entire study. The drug dose of 4 mg/kg was
given to the rabbits and collected 0.6 ml of blood
samples from marginal ear-vein of rabbits before
dosing (zero-time) and at the time interval of 0.5,
1.0, 1.5, 2.0, 25, 3.0, 4.0, 5.0, 6.0, 8.0, 12.0, 16.0,
24.0, 36.0 and 48.0 h. The resulting solution was
subjected to centrifugation at 4500 rpm for 15 min
and separated plasma was transferred into labeled
polypropylene tubes at -20 °C.

Validation of Analytical Method: Validation of
the Method was processed according to the Food
and Drug Administration (FDA) guidelines on
Bioanalytical Method Validation 2.

Selectivity and Specificity: Potential interference
between analyte and matrix constituents was
studied by the analysis of 6 blank plasma lots from
6 different sources. A double blank and an LLOQ
sample were prepared, infused and analyzed from
each lot 2. To estimate potential nosiness between
IS and analyte, blank samples spiked with analytes
separately (at the upper limit of quantification) and
IS were infused and estimated. Peak areas of
components co-eluting with analytes should be <
20% of the LLOQ sample peak area. Peak areas of
co-eluents of IS should be < 5% of the average IS
peak area. The measured concentrations of the
LLOQ standard samples should be < 20% from the
nominal concentrations.

Calibration Curve: For the determination of
linearity, calibration graphs of 8non-zero standards
were used. Eight non-zero points of 2.0, 4.0, 20.0,
40.0, 80.0, 160.0, 300.0 and 600.0 ng/ml were
analysed.

The data from 3 accuracy and precision batches
were considered to analyze the goodness of fit
using 1/x and 1/x* weighing factor. Deviation from
nominal concentration should be within £20% for
LLOQ and within £15% for remaining
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concentrations. The linear coefficient of correlation
(r®) should be > 0.98.

Precision and Accuracy: These parameters were
determined by analyzing 5 similar QC- samples of
modafinil at the concentration level of LLOQ,
LQC, MQC and HQC standards in 3 analytical
runs. Inter-assay accuracy was analyzed as the
relative difference between the average measured
concentration after 3 runs and the nominal
concentration **%3, Accuracy should be +20% for
the LLOQ and +15% for the remaining
concentrations. Inter and Intra-assay precisions
were represented by the coefficient of variation
(%CV), which should be <20% for the LLOQ and
<15% for the remaining standards.

Matrix Factor: To determine matrix effect plasma
was processed at the concentrations of HQC and
LQC levels after extracting the six different blank
matrix batches. Simultaneously six duplicates of
equivalent neat quality control samples were
processed and analyzed. It was determined by the
application of formula:

Matrix Factor = Peak area in the presence of matrix
components / Average peak area in agueous samples

Recovery: The recovery of the method was
estimated by comparing the average peak response
of 6 extracted LQC, MQC and HQC samples (4.0,
240.0 and 480.0 ng/ml) to the average peak area of
6 spiked samples with the same quantities of high,
medium and low-quality control samples.

Auto-Sampler Stability: This parameter was
estimated by processing 6 sets QC-standards (LQC
and HQC) and kept in an autosampler. These
standard samples were injected after 24 h and were
assessed against freshly spiked calibration
standards. The resulting values, when compared
with nominal concentrations, should be within
+15%.

Dilution Integrity: The drug concentration of
above the upper limit of quantification (ULOQ)
was processed and precision and accuracy data
were determined. The percentage of nominal
concentration should be + 15%.

Stability: LQC and HQC stored samples (n=6)
were collected from the freezer after 3 freeze and
thaw cycles. Samples were stored at -30 °C in 3
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cycles of 24.0, 48.0, 72.0 h. For the long term
stability of the drug in QC samples were also
assessed by analysis after 4 months of storage at -
25 °C &-70 °C. Benchtop stability was evaluated
for 7 h period with standard concentrations 2.
Stability solutions were processed and extracted
along with freshly spiked calibration standards. The
accuracy and precision of the stability solutions
should be +15% of their nominal concentrations .

RESULTS AND DISCUSSION:

Method Development and Validation: A
procedure for sample extraction was employed for
the extraction of drugs and IS from the plasma
samples. Chromatographic  parameters  were
improved through different trials to get better
resolution and to increase S/N (signal to noise)
ratio of analyte and IS. The Mass parameters were
monitored by injecting the solution directly into the
electrospray ionization source of the mass system.

Acetonitrile portion was increased to get a specific
and accurate method after the MRM transitions
were fixed. A better resolution and separation were
obtained utilizing an isocratic mobile phase of

E-ISSN: 0975-8232; P-ISSN: 2320-5148

acetonitrile, methanol and 0.1% formic acid

(25:60:15 v/v) at 0.7 ml/min flow rate.

Selectivity: Six different lots of blank human
plasma samples have opted and interference of
interfering constituents at retaining time of analyte
and internal standard were evaluated. Interference
of matrix constituents was not detected at the
retention time and m/z of modafinil and IS in all
the lots selected and Fig. 2 and 3, clarifies the
chromatograms for blank, blank with IS and LLOQ
injections.

Linearity: Linearity graph was constructed over
the concentration level of 2.0-600.0 ng/ml in
plasma with a correlation coefficient [r’] of 0.998.
Three calibration graphs were linear in working
concentration range with 8-point calibration
utilized for the quantitation by linear-regression.

The linear curve regression equation was found to
be y =0.9976x + 1.6425. The precision (%CV)
detected for the linear curve was found to be < 4.93
for modafinil, and the results were shown in Table
1.

B
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FIG. 2: TYPICAL CHROMATOGRAMS A) BLANK PLASMA, B) BLANK PLASMA SPIKED WITH IS
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Linearity: Linearity graph was constructed over
the concentration level of 2.0-600.0 ng/ml in
plasma with a correlation coefficient [r’] of 0.998.
Three calibration graphs were linear in working
concentration range with 8-point calibration
utilized for the quantitation by linear-regression.

FIG. 3: MODAFINIL CHROMATOGRAMS A) LLOQ, B) RABBIT PLASMA SAMPLE

The linear curve regression equation was found to
be y =0.9976x+1.6425. The precision (%CV)
detected for the linear curve was found to be < 4.93
for modafinil, and the results were shown in Table
1.

TABLE 1: SPIKED PLASMA CONCENTRATION AND RSD (%) FOR MODAFINIL

Plasma Concentration (ng/ml)

Concentration estimated mean (ng/ml) + SD (n)

% RSD  Accuracy in %

2.0 1.92+£0.0.78 3.71 96.52
4.0 3.88 £ 0.201 2.77 97.26
20.0 20.7 £ 0.284 4.80 103.45
40.0 40.884 £ 0.213 2.37 102.21
80.0 86.9 £ 6.234 2.23 108.71
160.0 162.1 £2.90 1.53 101.31
300.0 309.52 +9.208 0.74 103.21
600.0 616.75 *+ 15.562 1.52 102.81

n=6 replicates; SD = Standard deviation; RSD=Relative standard deviation

Precision and Accuracy: Method precision and
accuracy were assessed by determining intraday
and interday batch deviancies of 3 quality control
standard samples in six replicate: 4.0, 240.0 and
480.0 ng/ml as represented in Table 2. Intraday
precision and accuracy were within 1.54-7.18% and

International Journal of Pharmaceutical Sciences and Research

98.56-102.80% respectively. Interday precision and
accuracy were within 1.82-6.25% and 97.62-
102.76% respectively. These results direct that the
technique was reliable, specific, accurate and
reproducible.
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TABLE 2: MODAFINIL INTRA-DAY AND INTER-DAY ACCURACY AND PRECISION

Nominal Intra-day® Inter-day?
(ng/ml) Mean detected % Precision % Mean Mean % Precision % Mean
(ng/ml) accuracy detected (ng/ml) accuracy
4.0 3.91 1.54 99.50 3.88 7.14 97.62
240.0 235.86 7.18 98.56 235.96 6.32 98.76
480.0 483.02 2.65 102.80 482.19 1.25 102.76

a = 6 replicates

TABLE 3: MODAFINIL RESULTS FOR MATRIX EFFECT

Modafinil
QC sample LQC HQC
Original concentration (ng/ml) 4 480
1 3.89 479.1
2 3.95 478.21
3 3.91 478.23
4 3.94 481.02
5 3.81 478.9
6 3.85 479.89
Mean 3.89 479.225
+SD 0.049 0.98
% CV 1.46 0.28
% Accuracy 97.78 98.06

SD = Standard deviation; CVV=Coefficient of variation

Matrix Factor: The matrix factor was assessed in
% coefficient of variance and the values for HQC
and LQC standards were 0.28% and 1.46%
respectively. The measured values were within the

TABLE 4: STABILITY DATA FOR MODAFINIL

acceptable limit. The findings were represented in
Table 3.

Dilution Integrity: Modafinil was diluted up to 20
fold by blank plasma and were analyzed with
spiked samples above the upper limit of the
calibration standard and samples with the highest
concentration. The % nominal was within £15 and
the observed precision was within <15%. This
demonstrates that the sample can be diluted up to
20 times, and yet the results are predictable and
reproducible.

Stability Studies: The stability data of modafinil,
which includes auto-sampler, freeze-thaw, long-
term and bench-top, were within the acceptance
limit. Results were revealed in Table 4.

Conc. Freeze-thaw stability Auto-sampler stability Bench-top stability Long-term stability
(ng/ml) Mean + SD %CV Mean = SD % CV Mean = SD % CV Mean = SD % CV
(ng/ml) (ng/ml) (ng/ml) (ng/ml)
4.0 4.0+0.19 7.6 40+0.14 4.8 40+0.21 4.85 40+0.14 7.1
480.0 480.0 + 6.12 8.1 480.0 + 5.86 7.25 480.0 + 6.41 4.94 480.0 + 6.32 4.9

SD = Standard deviation; CVV= Coefficient of variation

Recovery: The percentage recovery was assessed
by estimating the absolute peak response of drugs
and IS from a human plasma sample processed
according to the method. The extent of retrieval of
drug analyte and of the internal reference standard
should be consistent, precise and reproducible. The
mean overall recovery of analyte and IS was found
to be 97.26% and 98.01% respectively.

Pharmacokinetics: The Pharmacokinetic para-
meter of modafinil was calculated from the graph
obtained by taking plasma concentration on Y-axis
and time on X-axis using Pk-solver software. In
this study trapezoidal rule was considered for the
calculation of area under the curve from O to 48
hours (AUCg.4g). Modafinil was shown mean Tpmax
of 3.833; mean Cpax, AUCO_t, and AUCO_o for test
formulation is 677.667; 6306 and 6471
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respectively. The results were shown in Table 5, 6
and Fig. 4.

120

Plasma Concentration

0 10 20 30 40 50 60
Time
FIG. 4: PLASMA CONCENTRATION-TIME PROFILE
CURVES OF 6-RABBITS

1842



Phanindra and Kumar, IJPSR, 2020; Vol. 11(4): 1837-1844.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

TABLE 5: PLASMA CONCENTRATIONS AT DIFFERENT TIME INTERVALS

Time in hrs Measured concentrations (ng/ml)
Animall  Animal2 Animal3 Animal4 Animal5 Animal 6 Mean SD
0 0 0 0 0 0 0 0 0

0.5 14 18 16 14 14 15 15.16667 1.46

1 33 32 32 31 36 33 32.83333 1.53

15 50 55 58 54 50 52 53.16667 2.84

2 78 81 76 75 73 70 75.5 3.5

25 84 86 92 90 89 85 87.66667 2.84

3 78 85 87 81 89 92 85.33333 4.75

4 65 75 79 75 74 80 74.66667 4.85

5 66 71 73 68 71 74 70.5 2.75

6 58 58 62 68 62 69 62.83333 4.33

8 60 59 58 51 51 50 54.83333 421

12 51 58 54 51 52 60 54.33333 3.49

16 41 51 49 41 34 35 41.83333 6.38

24 50 46 49 43 31 36 425 6.89

36 30 29 24 26 25 20 25.66667 3.29

48 0 0 0 0 0 0 0 0
SD- Standard deviation
TABLE 6: TEST ANIMALS (RABBITS) PK PARAMETERS MEAN VALUES

Parameters Animall  Animal 2 Animal3  Animal4 Animal5 Animal 6 Mean SD
G 659 695 676 695 645 696 677.667 19.81

l0g Cirax 2.8945 2.854 2.854 2.862 2.789 2.378 2.77192 0.18

T max 3 4 4 5 3 4 3.83333 0.68

109 Tax 0.4771 0.602 0.602 0.699 0.477 0.602 0.57652 0.07

tip 9.1414 8.113 9.563 6.7059 8.331 6.028 7.98038 1.25

log ty, 0.971 0.909 0.981 0.8265 0.921 0.78 0.89808 0.07

Ke 0.0747 0.085 0.072 0.1033 0.083 0.115 0.08883 0.01

log Ke -1.12 -1.068 -1.14 -0.986 -1.08 -0.94 -1.0557 0.07
AUCy~ 6488.5 6455 5940 6218 5874 6306 6213.58 2354
log AUC (- 3.8121 3.81 3.774 3.7937 3.769 3.8 3.79313  0.016
AUC-0-inf_obc 6791.8 6735 6229 6469.5 6150 6471 647438 235.9
log AUC-0-inf _obc 3.832 3.828 3.794 3.8109 3.789 3.811 3.81082 0.015

SD- Standard deviation

CONCLUSION: In this research article an LC-
ESI-MS/MS technique for the quantification of
modafinil in plasma was efficiently developed and
validated. Chromatography was attained on
Phenomenex Cig (50 mm x 4 mm) 5u analytical
column with acetonitrile, methanol and 0.1%
formic acid (25:60:15 v/v) as mobile phase at 0.7
ml/min flow rate. All the validation parameters:
selectivity, accuracy, precision, recovery, stability,
matrix effect and dilution integrity were within the
acceptance limit. This technique was successfully
applied to study pharmacokinetic parameters in six
male healthy rabbits and the drug was shown mean
Tmax 0f 3.833; mean Cax, AUCO_t and AUCO_a for
the test formulation is 677.667; 6306 and 6471
respectively in the pharmacokinetic study on
healthy rabbits.
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