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ABSTRACT

Objectives: Objective of our present study was to develop a novel ultra fast liquid chromatographic method for quantitative simultaneous
estimation of Clopidogrel, Pantoprazole & Rosuvastatin in human plasma and to validate the developed method following USFDA guidelines.

Methods: In the current study, the analysis was performed on phenomenex C8 (250 x 4.6 mm, 5pm) column using phosphate buffer (pH-2.5) and
acetonitrile (45: 55 v/v) as mobile phase at flow rate of 1.2 mL/min. The system consisted of a pump (Shimadzu, prominence, UFLC), with 20 pl
sample injector, along with a PDA detector at a wavelength of 254, 243 nm and 220 nm for Clopidogrel, Pantoprazole and Rosuvastatin respectively.
Data was compiled using Shimadzu LC Solution software.

Results: In this developed method Clopidogrel, Pantoprazole & Rosuvastatin, eluted at a retention time of 2.566, 5.002 and 9.301 min respectively.
The proposed method is having linearity in the concentration range from 5 to 50ug/mL of Clopidogrel, Pantoprazole & Rosuvastatin. The current
method was validated with respect to accuracy, linearity; precision, lowest limit of quantification (LLOQ) and recovery according to the USFDA
guidelines. A good linear relationship over the concentration range of 5-50pug/ml was shown. Validation of the method was carried out as per the
USFDA draft guidelines.

Conclusion: A novel specific, accurate, precise UFLC method was developed for quantitative simultaneous estimation of Clopidogrel, Pantoprazole
& Rosuvastatin in human plasma and validated. The developed method is suitable and economic for routine analysis and pharmacokinetic studies of
Clopidogrel, Pantoprazole & Rosuvastatin simultaneously. The method developed was found to be precise, accurate, specific, linear and sensitive.
Statistical analysis shows that the method is reproducible and selective for the estimation of Clopidogrel, Pantoprazole & Rosuvastatin in dosage

form of patient plasma.
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INTRODUCTION

Clopidogrel, (CPG) (+)-(S)-methyl 2-(2-chlorophenyl)-2-(6, 7-
dihydrothieno [3, 2-c] pyridin-5(4H)-yl) acetate (Fig. 1A) is a
prodrug that is converted in the liver to an active thiol metabolite,
which irreversibly inhibits the platelet P2Y12 adenosine
diphosphate receptor. This bioactivation is mediated by hepatic
cytochrome P450 isoenzymes, with cytochrome P450 2C19 playing
a major role. The cytochrome P450 (CYP) superfamily of heme
enzymes plays an important role in the metabolism of a large
number of endogenous and exogenous compounds, including most
of the drugs currently on the market. Inhibitors of CYP enzymes
have important roles in the treatment of several disease conditions
such as numerous cancers and fungal infections in addition to their
critical role in drug-drug interactions. Given the important role of
cytochrome P450 2C19 in the bioactivation of Clopidogrel,
Pantoprazole & Rosuvastatin, drugs that inhibit this enzyme may
reduce the antiplatelet effect of Clopidogrel. It is used in the
prevention of vascular ischemic events in patients with symptomatic
atherosclerosis, acute coronary syndrome without ST-segment
elevation (NSTEMI), ST elevation MI (STEMI).

Pantoprazole, (RS)-6-(Difluoromethoxy)-2-[(3, 4-dimethoxypyridin-
2-yl) methylsulfinyl]-1H-benzo[d] imidazole (Fig. 1B) is a proton
pump inhibitor drug that inhibits gastric acid secretion.
Pantoprazole is metabolized in the liver by the cytochrome P450
system. Metabolism mainly consists of demethylation by CYP2C19
followed by sulfation. Another metabolic pathway is oxidation by
CYP3A4. Pantoprazole metabolites are not thought to have any
pharmacological significance. Generally inactive at acidic pH of the
stomach, thus it is usually given with a pro kinetic drug.
Pantoprazole binds irreversibly to H+K+ATPase (Proton pumps) and
suppresses the secretion of acid. As it binds irreversibly to the

pumps, new pumps have to be made before acid production could be
resumed. The drug's plasma half-life is about 2 hours. Pantoprazole
is used for short-term treatment of erosion and ulceration of the
esophagus caused by gastroesophageal reflux disease. Initial
treatment is generally of eight weeks' duration, after which another
eight week course of treatment may be considered if necessary. It
can be used as a maintenance therapy for long term use after initial
response is obtained. Rosuvastatin, (3R, 5S, 6E)-7-[4-(4-
fluorophenyl)-2-(N-methylmethanesulfonamido)-6-(propan-2-yl)
pyrimidin-5-yl]-3, 5-dihydroxyhept-6-enoic acid (Fig. 1C) is a 3-
hydroxy-3-methylglutaryl coenzyme A-reductase inhibitor, or statin,
that has been developed for the treatment of dyslipidemia,
atherosclerosis, high cholesterol, hyperlipoproteinemia, elevated
LDL, Prevention of Cardiovascular Disease.

Rosuvastatin, a new statin, has been shown to possess a number of
advantageous pharmacological properties, including enhanced
HMG-CoA reductase binding characteristics, relative hydrophilicity,
and selective uptake activity in hepatic cells. Cytochrome p450
(CYP) metabolism of Rosuvastatin appears to be principally
mediated by the 2C9 enzyme, with little involvement of 3A4; this
finding is consistent with the absence of clinically significant
pharmacokinetic drug-drug interactions between Rosuvastatin,
Clopidogrel & Pantoprazole known to inhibit CYP enzymes.

Literature survey reveals that few analytical methods have been
reported for Clopidogrel, Pantoprazole & Rosuvastatin including RP-
HPLC methods [1-4], HPTLC method [5, 6], UV method [7], normal
phase HPLC [8], GC method [9], LC-MS method [10], capillary
electrophoresis method [11].

Studies have shown that genetic polymorphisms in the hepatic
cytochrome P450 (CYP2C19) influence the antiplatelet effects of
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Clopidogrel. Moreover the same cytochrome partially metabolizes
Rosuvastatin. Literature survey reveals that few analytical methods
have been reported for Rosuvastatin include has been estimated by
colorimetry [12], Spectrophotometric methods [13, 14], LC-MS/MS
[15], RP-HPLC [16-21].
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Fig. 1(C): Structure of Rosuvastatin
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MATERIALS AND METHODS
Chemical and Reagents

Samples of Clopidogrel, Pantoprazole & Rosuvastatin were received
from Wintac Limited, Bangalore, Karnataka, India. The human
plasma was received from JSS Hospital, Mysore, Karnataka, India. All
the chemicals and reagents used were of analytical grade only.

Milli-Q-water was used throughout the process, methanol,
acetonitrile of HPLC grade were procured from Merck Chemical
Laboratories, Bangalore, India.

Instrumentation

The present study was carried out on UFLC (SHIMADZU) equipped
with LC solution software with PDA detector. Separation was
attained using phenomenex C8 column.

The mobile phase was a mixture of potassium dihydrogen
orthophosphate buffer (pH-2.5) and acetonitrile (45:55 v/v) at flow
rate 1.2 mL/min. The contents of mobile phase were filtered before
use through membrane filter (0.45 p). The optimized
chromatographic conditions are shown in Table 1.

Preparation of Mobile Phase

Mobile phase is prepared by adding 4.08g potassium dihydrogen
orthophosphate in 250 ml of Millipore water, dissolve and adjust the
pH to 2.5 using ortho phosphoric acid and made upto 1000 ml
(0.03M) using Millipore water. Potassium dihydrogen
orthophosphate buffer and acetonitrile in the ratio of 45: 55 (v/v).

Preparation of Standard Solutions

Stock solution of Clopidogrel, Pantoprazole & Rosuvastatin were
prepared by dissolving 10 mg of drugs Clopidogrel, Pantoprazole &
Rosuvastatin in 50 ml of methanol in 100 ml volumetric flask
dissolved and volume was made up to 100 ml using the methanol to
get the standard stock solutions of concentration 0.1 mg/mL (100
ug/ml) for Clopidogrel, Pantoprazole & Rosuvastatin. Different
working standard solutions were prepared from the above solution.

Table 1: Optimized Chromatographic conditions

Chromatographic Conditions:

Column C8 (250 x 4.6 mm. 5 p) phenomenex

Flow rate 1.2 mL/min

Run time 10 min

Wavelength 254, 243 nm and 220 nm for Clopidogrel, Pantoprazole & Rosuvastatin respectively
Injection Volume 20uL

Detector PDA Detector

Elution Isocratic

Mobile Phase potassium dihydrogen orthophosphate buffer (pH-2.5) and acetonitrile (45:55 v/v)
Column oven temperature 25+ 5°C

Method Development =

Selection of mobile phase

Mobile phases were tried in various ratios for selection of solvents of the
desired polarity. The drugs Clopidogrel, Pantoprazole & Rosuvastatin
were injected with different mobile phases at different ratios and flow
rates till a sharp peak, without any interference was obtained. The
mobile phase selected with good resolution was phosphate buffer (pH
2.5), and acetonitrile in the ratio 45:55(v/v) (Fig 2).

Stock and standard solution

The stock solution of Clopidogrel, Pantoprazole & Rosuvastatin were
prepared by dissolving 10mg of each drug separately into methanol
and volume was made up to 100 ml with same solvent. From stock
solutions (100 pg/ml of each) 5, 10, 15, 20, 25, 30, 35, 40, 45, 50
pg/ml concentration were prepared separately using methanol as
solvent. Equal volumes of all the three drugs concentrations were
mixed and used as standard solutions.

RT-2.556
Clopidogrel

-~ Resuvastatin

RT-5.002
Pantoprazole
RT-9.3201

Fig. 2: Chromatogram for Simultaneous estimation of
Clopidogrel, Pantoprazole and Rosuvastatin (50pg/ml)
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Preparation of Calibration Curve

From the stock solution (100 pg/mL) aliquots of Clopidogrel,
Pantoprazole & Rosuvastatin were pipette into a series of 10 mL
volumetric flask. The final volume was made up to the mark by using
HPLC grade methanol. 20puL solution was injected to the column and
peak areas were measured and the calibration curve was obtained.

Linear correlations were found between peak ratios of Clopidogrel,
Pantoprazole & Rosuvastatin and are described by regression
equation. The Beer’s law was obeyed in the concentration range of 5
- 50 pg/mL (Figure 3).
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Fig. 3: Standard calibration graph of Clopidogrel, Pantoprazole
and Rosuvastatin
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The regression parameters and system suitability of the method
were shown in Table 2.

Determination of drugs in plasma (spiking method)

0.1 ml of drug is added to 0.1 ml of plasma(obtained by centrifuging
the blood samples at 10,000 rpm for 10 minutes) in appendroff
tubes and made upto the volume(1.8 ml) with acetonitrile for the
precipitation of proteins. It is further centrifuged at 10,000 rpm for
10 minutes. Supernatant fluid is decanted into vial by filtering with
syringe filters of 0.45u size.

The obtained chromatograms are shown in Figure 4.

[A) -

Fig. 4(A): Chromatogram of Blank.

Table 2: The regression and System suitability parameters of the method

Parameter Clopidogrel Pantoprazole Rosuvastatin
Linearity (pg/ml) 5-50 5-50 5-50
Regression Equation 21909x + 106284 13290x + 35691 19969x + 79109
Regression coefficient (R2) 0.994 0.9924 0.9973

Slope 97774 85001 85001
Intercept 458786 583384 583384
Retention Time (Rt) 2.566 5.002 9.301

LLOQ (pg/ml) 5.193 5.264 5.920
Resolution (RS) 2.58 2.33 2.63

Capacity Factor (K) 2.76 3.06 211

Tailing Factor (T) 1.037 1.265 1.61
Theoretical Plates 3486 5401 3942

® .
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RT-

Fig. 4(B): Chromatogram of Clopidogrel & Pantoprazole,

Protein precipitation

The protein precipitation method was used for extraction of
Clopidogrel, Pantoprazole and Rosuvastatin from plasma
individually using acetonitrile as protein precipitant. 100 pL of blank
plasma was spiked with 100.0 pL of standard Clopidogrel,
Pantoprazole and Rosuvastatin from 100 pg/mL dilution of
Clopidogrel, Pantoprazole and Rosuvastatin separately. This spiked
plasma was vortexed for 2 min.

Clopidogrel

F Reosuvastatin

RT- 7.493

Fig. 4(C): Chromatogram of Clopidogrel & Rosuvastatin,

The mixture was further vortexed for 2 min and centrifuged at
10000 rpm for 10 min. After centrifugation, 100 pL of the
supernatant was collected and 100 pL of Internal Standard
nimesulide was added of required concentration and diluted to 1.0
mL with acetonitrile. A 20.0 pL aliquot of final preparation was
injected into the HPLC system.
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Fig. 4(D): Chromatogram of Clopidogrel, Pantoprazole &
Rosuvastatin in plasma.

RESULTS AND DISCUSSION
Method validation

Since the UFLC method was developed, validation of the method by
using various parameters was performed to ensure that the
accomplishment of the method meets the requirements of the
described bioanalytical applications. Following parameters were
performed for method validation:

1. System suitability

2. Specificity

3. Quantification Lower Limit (LLOQ)
4. Linearity

Int ] Pharm Pharm Sci, Vol 6, Issue 9, 490-496

5. Precision
6. Accuracy

System suitability parameters

The system suitability parameters such as asymmetric factor, tailing
factor, theoretical plates and plate numbers were measured. The
values found for these parameters are described in Table 3. All the
system suitability parameters found to be according to the
acceptable limits of the bio -analytical methods.

Linearity

From the experimental conditions described above, linear
calibration curves of Clopidogrel, Pantoprazole & Rosuvastatin were
obtained for ten different concentrations level for both. The r2 for
Clopidogrel was 0.994 and for Rosuvastatin was 0.9973.

Linear correlations were found between peak area of Clopidogrel,
Pantoprazole & Rosuvastatin concentration and are described by the
regression equation. The linearity range for Clopidogrel,
Pantoprazole & Rosuvastatin is 10-50 pg/ml. Results are specified in
Table 2.

Specificity

Specificity is the capability to evaluate the analyte distinctly in the
presence of expected impurities and degraded products.

20 pl of the blank was injected in duplicate to the UPLC system and
chromatographed.

20 ul of Clopidogrel, Pantoprazole & Rosuvastatin standard
solutions were injected in duplicate to the UPLC system. Standard
chromatograms obtained are presented in Fig 5 (A, B, C and D).

Table 3: System suitability parameters of bio-analytical method

Parameters Results Acceptable limits
Clopidogrel IS Pantoprazole IS Rosuvastatin IS
Asymmetry 1.02 0.99 1.09 0.97 1.22 0.97 <15
Tailing Factor 1.037 1.032 1.265 1.201 1.61 1.54 <2
Plate no. 3486 3393 5401 5011 3942 3301 > 2000
Resolution 2.58 1.98 2.33 2.01 2.63 1.80 >1.5
Capacity factor 2.76 212 3.06 2.09 2.11 2.22 > 2
©)
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Fig. 5(A): Chromatogram of Blank,
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Fig. 5(B): Chromatogram of Standard solution of Clopidogrel
(50pg/ml),
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Fig. 5(C): Chromatogram of Standard solution of Pantoprazole
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Fig. 5(D): Chromatogram of Standard solution of Rosuvastatin
(50pg/ml).
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Precision and accuracy

The accuracy of an bioanalytical method is the percentage of
relativeness between the conventional true value and the value
obtained by that method.

Accuracy is determined by replicate analysis of samples containing
known amounts of the analyte. Accuracy was measured using a
minimum of five determinations per concentration. The mean value
was found to be within 20% of the actual value except at LLOQ,
where it should not deviate by more than 25%.

The precision was measured using a minimum of five
determinations per concentration. The precision determined at each
concentration level did not exceed 20% of the CV except for the
LLOQ, where it should not exceed 25% of the CV.

Int ] Pharm Pharm Sci, Vol 6, Issue 9, 490-496

Precision was further subdivided into within-run and between-run
precision. Within-run (also known as intra-batch precision or
repeatability) is an assessment of the precision during a single
analytical run. Between-run precision (also known as inter batch
precision or repeatability), is a measurement of the precision with
time, and may involve different analysts, equipment, reagents, and
laboratories. Samples with concentrations over the ULOQ were
diluted with the same matrix as used for the study samples, and
accuracy and precision was determined.

The Within-run precision and accuracy of the method for
Clopidogrel, Pantoprazole & Rosuvastatin are presented in (Table
4A). The Between-run precision and accuracy of the method for
Clopidogrel, Pantoprazole & Rosuvastatin are presented in (Table
4B). All values for accuracy and precision were within the
recommended limits.

Table 4: Within-run and Between-run Precision of Clopidogrel, Pantoprazole & Rosuvastatin

(A) Within-run Precision

Concentration Mean (pg/ml) %RSD
(ug/ml) Clopidogrel Pantoprazole Rosuvastatin Clopidogrel Pantoprazole Rosuvastatin
Low (n=3) 5 5.21 5.26 5.25 0.06 0.03 0.07
Medium (n=3) 30 30.11 29.98 30.6 0.07 0.05 0.08
High (n=3) 50 49.30 50.30 50.16 0.06 0.09 0.07
(B) Between-run Precision
Concentration Mean (pg/ml) %RSD
(pg/ml) Clopidogrel Pantoprazole Rosuvastatin Clopidogrel Pantoprazole Rosuvastatin
Low (n=3) 5.12 5.44 5.30 0.06 0.10 0.08
Medium (n=3) 30.7 29.92 30.16 0.07 0.08 0.05
High (n=3) 49.21 50.19 50.35 0.05 0.03 0.06
Table 5: Percent recovery studies of Clopidogrel, Pantoprazole & Rosuvastatin and Rosuvastatin.
Level Concentration %HRecovery of Clopidogrel %~Recovery of Pantoprazole %Recovery of Rosuvastatin
(ng/ml)
Low 5 97.6 98.1 96.8
Medium 30 98.2 97.0 98.4
High 50 96.7 97.9 98.2

Table 6: Freeze Thaw Stability of Clopidogrel, Pantoprazole & Rosuvastatin

Level/ Time (hr) Clopidogrel (%RSD)

Pantoprazole (%RSD)

Rosuvastatin (%RSD)

0 3 6 12 24 0 3 6 12 24 0 3 6 12 24
LQC 354 218 346 297 241 501 344 201 391 221 390 291 268 4.03 390
MQC 284 326 419 299 275 555 211 3.04 398 300 366 401 481 520 390
HQC 339 288 341 204 294 610 511 205 299 194 521 499 501 566 491
Table 7: Summary of validation parameters data for Clopidogrel, Pantoprazole & Rosuvastatin

Parameters Clopidogrel Pantoprazole Rosuvastatin Acceptance criteria
Retention Time (min) 2.566 5.002 9.301 -
LLOQ (pg/ml) 5.193 5.264 5.920 -
Linearity (ng/ml) 5-50 5-50 5-50 -
Accuracy (% Recovery) 96.7-98.2% 97.0-98.1 96.8-98.2 80-120%
Precision (%RSD) Within-run 0.065 0.060 0.075 <2%

Between-run 0.060 0.070 0.065
Specificity No peak of diluent, excipients and impurities were detected. No peak should

be detected

N 4573.51 5903.52 7923.79 >2000
System Suitability Parameters HETP 81.0 88.0 90.0 -

Asymmetry 1.02 1.09 1.20 ~1

Resolution 2.513

Recovery

Recovery of the method was performed comparing the three quality
control (QC) samples at low, medium and high concentrations (5, 30,
50 pg/ml) The recoveries of Clopidogrel, Pantoprazole &
Rosuvastatin and Rosuvastatin were determined by comparing peak
area obtained for QC samples that were subjected to the extraction
procedure with those obtained from blank plasma extracts that were

spiked post extraction to the same nominal concentrations. The
results obtained from the proposed method are recorded in Table 5.

Stability studies

The stability in human plasma over three freeze-thaw cycles and
during short-term, long-term, and post-preparative storage was
tested by analysis of LQC and HQC samples. The freeze-thaw

494



Nagavi et al.

stability was determined over three freeze-thaw cycles within 3
days. Spiked plasma samples were frozen at -220C for 24 h and
thawed at room temperature in each freeze-thaw cycle. To study
short-term stability, the frozen (-220C) and then thawed plasma
samples were kept at room temperature for 6 h before sample
preparation. The results obtained from these test samples were
compared with those from freshly thawed and processed samples
(reference samples). Long-term stability was determined after
keeping spiked plasma samples frozen at -220C for 1 month. For this
stability test the samples (test samples) were analyzed and the
results were compared with those obtained from freshly prepared
and processed samples (reference samples). The stability in stock
solutions was studied after storage at 20C for 1 month. The results
obtained from assessment of stability are given in Table 6. Three
freeze-thaw cycles of the quality control samples did not seem to
affect quantification. Quality-control samples stored in a freezer at -
220C were stable for at least 1 month. Thawing of the frozen
samples and keeping them at room temperature for 6 h had no effect
on quantification. The stability in stock solutions was confirmed
after storage for 29 days at 20C.

CONCLUSION

The developed and validated method involves simple and precise
method for bioanalytical determination of Clopidogrel, Pantoprazole
& Rosuvastatin in human plasma. This study showed that
Clopidogrel along with Pantoprazole & Rosuvastatin significantly
decreased plasma level of Clopidogrel. Such a variation would lead
to sub therapeutic concentration and a consequent lack of
therapeutic efficacy of Clopidogrel. This consequence may be
expected due to inhibition of enzyme cytochrome P450 2C19 which
is responsible for bioactivation of Clopidogrel. In conclusion, present
study showed that Pantoprazole and Rosuvastatin can alter the
pharmacokinetics of Clopidogrel to significant levels. Summary of
validation parameters data for Clopidogrel, Pantoprazole &
Rosuvastatin is presented in table 7.

CONFLICT OF INTEREST
None
ACKNOWLEDGEMENTS

The authors express their sincere thanks to the Head of the
Department, Dept. of Pharmaceutical Chemistry and Principal, JSS
College of Pharmacy, JSS University, Mysore for providing the
necessary facilities and encouragement to carry out the research
work.

REFERENCES

1. Douglas IJ, Evans SJW, Hingorani AD, Grosso AM, Timmis A,
Hemingway H, et al. Clopidogrel and interaction with proton
pump inhibitors: comparison between cohort and within
person study designs. Bio Med ] 2012;345-59.

2. Duke JD, Han X, Wang Z, Subhadarshini A, Karnik SD, Li X, Hall
SD, et al. Literature based drug interaction prediction with
clinical assessment using electronic medical records: novel
myopathy associated drug interactions. PLoS Comput Biol
2012;8(8):2614-27.

3. Azcona L, Lopez Farre AJ], Mateos Caceres PJ, Segura A,
Rodriguez P, Modrego ], et al. Impact of clopidogrel and aspirin
treatment on the expression of proteins in platelets from type-
2 diabetic patients with stable coronary ischemia. ] Pharm Sci
2012;101:2821-32.

4. Evans AM. Enantio selective pharmacodynamics and
pharmacokinetics of chiral nonsteroidal anti-inflammatory
drugs. Eur j Clin Pharmacol 1992;42(3):237-56.

5. Brooks PM, Day RO. Non steroidal anti inflammatory drugs—
differences and similarities. N Engl ] Med 1991;324(24):1716-25.

6.  Mills RFN, Adams SS, Cliffe EE, Dickinson W, Nicholson JS. The
metabolism of ibuprofen. Xenobiotica 1973;3(9):589-98.

7.  Brune K. Comparative pharmacology of non-opoid analgesics.
Med Toxocol 1986;1 Suppl 1:1-9.

8. Guidance for Industry, Bioanalytical Method Validation 2001:1-20.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Int ] Pharm Pharm Sci, Vol 6, Issue 9, 490-496

Silverstein RM, Bassler GC, Morrill TC. Spectrometric
identification of organic compounds. 5th ed. New York: ] Wiley
Son Inc; 1991:117-23.

Reddy RS, Chandiran IS, Jayaveera KN, Divi KR. Quantification
of ibuprofen in human plasma using high throughput liquid
chromatography-tandem mass spectrometric method and its
applications in pharmacokinetics. Scholar Res Library
2010;2(3):101-11.

ICH guidelines. Text on Validation of Analytical Procedures-
Methodology (ICH Q2A);1996.

Becker LB, Kallewaard M, Caspers PW, Visser LE, Leufkens HG.
Hospitalizations and emergency department visits due to drug-
drug interactions: a literature review.Pharmacoepidemiol
Drug Saf 2007;16:641-51.

Juurlink DN, Mamdani M, Kopp A, Laupacis A, Redelmeier DA.
Drug-Drug interactions among elderly patients hospitalized for
drug toxicity. JAMA 2003;289:1652-8.

Jankel CA, Fitterman LK. Epidemiology of drug-drug
interactions as a cause of hospital admissions. Drug Saf
1993;9:51-9.

Leape LL, Bates DW, Cullen DJ, Cooper ], Demonaco HJ. Systems
analysis of adverse drug events. JAMA 1995;274:35-43.

Sridhar ], Liu ], Foroozesh M, Cheryl L. Klein Stevens Insights on
Cytochrome P450 Enzymes and Inhibitors Obtained Through
QSAR Studies. NIH Public Access 2013;17(8):9283-305.

Wolf CR, Smith G, Smith RL. Science, medicine and the future
pharmacogenetics. Br Med ] 2000;320:987-90.

Arimoto R. Computational models for predicting interaction
with  cytochrome  P450  enzyme.Curr Top  Med
Chem 2006;6:1909-18.

Ogu C, Maxa | L. Drug interactions due to cytochrome P450.
BUMC PROCEEDINGS 2000;13:421-23.

Zakia Bibi. Role of cytochrome P450 in drug interactions.
Nutrition Metabolism 2008;5(27):1743-52.

Ogawa R, Echizen H. Drug-Drug interaction profiles of proton
pump inhibitors. Clin Pharmacokinet 2010;49(8):509-33.

Lima JP, Brophy JM. The potential interaction between
clopidogrel and proton pump inhibitors: a systematic review.
BMC Medicine 2010;8(6):80-1.

Kwan ], Htun WW, Huang Y, Ko W, Kwan TW. Effect of proton
pump inhibitors on platelet inhibition activity of clopidogrel in
Chinese patients with percutaneous coronary intervention.
Vasc Health Risk Manage 2011;7:399-404.

Kim GB, Kim JK, Park S, Jeong J], Yoon HS, Ko SH, et al. Effect of
atorvastatin and clopidogrel co-administration after coronary
stenting in korean patients with stable angina. Korean Society
Cardiology 2011;41(1):24-8.

Drepper MD, Spahr L, Frossard JL. Clopidogrel and proton
pump inhibitors-where do we stand in 2012? World ]
Gastroenterol 2012;18(18):2161-71.

Schmidt M, Johansen M, Maeng M, Kaltoft A, Jensen LO, Tilsted
HH, et al. Concomitant use of clopidogrel and statins and risk of
major adverse cardiovascular events following coronary stent
implantation. Br ] Clin Pharmacol 2012;74(1):161-70.

Juurlink DN, Gomes T, Ko DT, Szmitko PE, Austin PC, Tu ]V,
Henry DA, et al. A population-based study of the drug
interaction between proton pump inhibitors and clopidogrel.
Canadian Med Assoc ] 2009;180(7):713-8.

Li W, Zeng S, Yu LS, Zhou Q. Pharmacokinetic drug interaction
profile of omeprazole with adverse consequences and clinical
risk management. Ther Clin Risk Manage 2013;9:259-71.
Sepehri G, Khazaelli P, Dahooie FA, Sepehri E, Dehghani MR.
Prevalence of potential drug interactions in an iranian general
hospital. Indian ] Pharm Sci 2012;74(1):75-9.

Konda RK, Challa BR., Chandu BR, Chandrasekhar KB.
Bioanalytical method development and validation of
memantine in human plasma by high performance liquid
chromatography with tandem mass spectrometry: application
to bioequivalence study. ] Anal Methods Chem
2012;2012:1155-62.

Mishra NK, Agarwal S, Raghava GPS. Prediction of cytochrome
P450 isoform responsible for metabolizing a drug molecule.
BMC Pharmacology 2010;10(8): 1471-80.

495


http://www.ncbi.nlm.nih.gov/pubmed/?term=Sepehri%20G%5Bauth%5D�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Khazaelli%20P%5Bauth%5D�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dahooie%20FA%5Bauth%5D�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sepehri%20E%5Bauth%5D�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dehghani%20MR%5Bauth%5D�

32.

33.

Nagavi et al.

Vijayaraghavan R, Jayababu G, Prasad R, Thirugnanam P,
Shivkumar G, Sriraam VT, et al. Bio-Analytical method
development and validation for Omeprazole using LC-MS/MS.
Indian ] Pharm Sci Res 2011;2(9):2475-81.

Patel VK, Acharya LD, Rajakannan T, Surulivelrajan M,
Guddattu M, Padmakumar R. Potential drug interactions in
patients admitted to cardiology wards of a south Indian
teaching hospital. Australasian Medical ] 2011;4(1):9-14.

34.

35.

36.

Int ] Pharm Pharm Sci, Vol 6, Issue 9, 490-496

Samer CF, Lorenzini KI, Rollason V, Daali Y, Desmeules JA.
Applications of CYP450 testing in the clinical setting. Mol Diagn
Ther 2013;17:165-84.

Tripathi KD. Essentials of Medical Pharmacology. 5th ed. New
Delhi: Jaypee Brothers; 2003:167-84, 245-8.

FDA Guidance for Industry, Bioanalytical Method Validation,
Biopharmaceutics, September; 2013.

496



