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ABSTRACT

Objective: To develop a new, accurate, precise and rapid isocratic reversed-phase high performance liquid chromatographic/ultraviolet (RP-
HPLC/UV) method for the determination of atorvastatin (ATV) and rosuvastatin (RST) in rat plasma using diclofenac sodium and naproxen sodium,
as an internal standard (IS), respectively.

Methods: ATV and RST were analyzed on a BDS hypersil Cis column (250 mmx 4.6 mm, 5um), applying methanol: water (68:32, v/v) and (63:37
v/v), respectively, in isocratic mode as a mobile phase. Its pH was adjusted to 3.0 with trifluroacetic acid at a flow rate of 1 ml/min. The peak
response was monitored at 241nm after injecting a 100ul sample into HPLC system. The direct liquid-liquid extraction procedure was applied to rat
plasma samples using methyl-tert-butyl ether as an extraction solvent after protein precipitation with ammonium acetate buffer. The different
HPLC experimental parameters were optimized and the method was validated according to standard guidelines.

Results: A peak area was obtained for ATV and RST with 11.35 and 6.65min retention time, respectively, while their respective IS appeared at 15.73
and 10.463min. The calibration curves were linear over concentration ranges of 20-200ng/ml of ATV and RST. The lower limit of detection (LLOD)
values were found to be 1.35 and 7.2ng/ml, for ATV and RST, respectively, while their respective lower limit of quantification (LLOQ) values were
10.3 and 8.5ng/ml. The average recoveries of the suggested method in rat plasma were 96.48% and 91.43%, for ATV and RST, respectively. The
percent of relative standard deviation (%RSD) of ATV in plasma was in the range of 0.124-0.536 % and 0.194-1.071%, for intra-day and inter-day
studies, respectively, while for RST was in the range of 0.218-1.909% and 0.217-1.971%.

Conclusion: The method was found sensitive, accurate, and precise in rat plasma and could be applied for the quantification of these compounds in
plasma and other biological fluids such as liver homogenate samples, for pharmacokinetics and drug-drug interaction studies, using animal models.

Keywords: Atorvastatin, Rosuvastatin, Statin, RP- HPLC and validation, Plasma.

INTRODUCTION

Atorvastatin calicum is ([R-(R* R*)]-2-(4-fluorophenyl)-B, &- "
dihydroxy-5(1-methylethyl)-3-phenyl-4-[(phenylamino)carbonyl]- / 5 '* '* i
1H-pyrrole-1-heptanoicacid, calcium salt (2:1) trihydrate) (Fig.1) <—\>r,;"_ N .

[1]. and rosuvastatin calcium is bis[(E)-7-[4-(4 fluorophenyl)-6- — ) *
isopropyl-2-[methyl(methylsulfonyl)amino]pyrimidin-5-yI](3R,5S)- R

3,5 dihydroxyhept-6-enoic acid] calcium salt (Fig.1) [2] which ‘E
belong to the statin class of drugs wused to treat /]’ AN x
hypercholesterolemia both in patients with established N
cardiovascular disease as well as those who are at a high risk of L - _
developing atherosclerosis [3-5]. Statins exert their major effect -

reduction of LDL level - through a mevalonic acid - the moiety that

competitively inhibits HMG-Co A reductase. By reducing the

conversion of HMG - Co A to mevalonate, statins inhibit an early and —
rate - limiting step in cholesterol biosynthesis [6-8]. The associated
reduction in intracellular cholesterol concentration induces LDL-
receptor expression on the hepatocyte cell surface, which results in
increased extraction of LDL-C from the blood and decreased
circulating LDL-C concentrations [7]. In addition statins cause
reduction in total cholesterol (TC) and triglycerides (TG) and
elevation in high-density lipoprotein-C (HDL-C) [3, 9]. Besides lipid
lowering effects, statins also have potential roles independent of
cholesterol reduction as anti-oxidative [10, 11], antitumor [12, 13],
anti-inflammatory [14, 15], immune-modulator [15, 16], anti- - -2
malarial [17, 18], as antifungal [19] and bone forming agents [8, 20,

21]. Thus, due to their so many beneficial effects, there is growing Rosuvastatin calcium [2]

interest in developing analytical methods for statins monitoring.
Until the approval of RST in 2003, ATV was the most efficacious drug
in the statins class [22], but recent studies reported RST as a potent
inhibitor of HMG-Co A reductase having a higher LDL lowering To date several HPLC-UV and mass spectrophotometric methods
effects as compared with other statins [23,24], which demonstrates have developed for the quantification of both ATV and RST either
that both RST and ATV are the leading drugs in the statins class [25]. alone or in combination with other drugs in different matrices. ATV

Ca2+

Fig. 1: It shows chemical structure of atorvastatin and
rosuvastatin.
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has been determined along with its metabolites using LC/MS in
biological matrices [26, 27]. HPLC-UV methods have also been
reported for the determination of ATV alone in human serum [28,
29], pharmaceutical preparations [30, 31], along with impurities in
pharmaceutical preparations [32] and in combination with
amlodipine [33, 34], nicotinic acid [35], aspirin [36], olmesartan
[37], and ezetimibe [38, 39] in dosage forms. Similarly, various
analytical methods have been reported for the determination of RST
including, spectrophotometric and HPLC-UV [40- 43]. The
simultaneous quantification of RST with gemfebrozil in human
plasma [44] and with other drugs including statins in
pharmaceutical preparations has been determined [45, 46], also the
simultaneous analysis of RST and ATV in human serum using HPLC-
UV has been studied [47].

The aim of this new suggested method is to develop a sensitive,
accurate and validated HPLC-UV method for the determination of
ATV and RST in the presence of their respective internal standard,
diclofenac sodium and naproxen sodium, in rat plasma at a very low
concentration in ng/ml by using HPLC with UV detector, which was
considered as a challenge.

The method was validated according to standard guidelines and
various experimental parameters were optimized with the aim that
the reported method could be applied for routine laboratory
analysis of these statins and for the determination of
pharmacokinetic and drug-drug interaction studies of these drugs in
human and animal models.

MATERIALS AND METHODS
Materials and reagents

Atorvastatin calcium, Rosuvastatin calcium (Biocon, India),
Diclofenac sodium, Naproxen sodium (Dr. Reddy’s Co., India),
Methanol, Methyl-tert-butyl ether, HPLC grade (Fisher Scientific UK,
Bishop Meadow Road, Loughborough, Leics, UK), Acetic acid, glacial,
biochemical grade 99.8% , Trifluroacetic acid 99% extra pure
(ACROS organics, New Jersey, USA. Geel, Belgium), Ammonium
acetate (Merck KGaA, Germany).

Instruments

Reverse-phase-performance liquid chromatography(HPLC-UV)
(Thermo scientific spectra system UV 1000, Japan), Balance AG245(
Mettler Toledo), Sonicater-Sonica® ultrasonic cleaner (solTec), pH/
Conductivity meter MPC227( Mettler Toledo, Taawon), ARE Heating
Magnetic stirrer VELP ( Scientifica), Water bath GFL, Centrifuge
5702 R eppendorf, high speed refrigerated centrifuge, (Germany),
Vortex VELP Scientifica (Europe).

Preparation of standard solutions

Stock solutions of ATV, RST and their respective internal standard,
diclofenac sodium and naproxen sodium, each 1mg/ml were
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prepared in methanol. Working standard solutions of ATV and RST
were prepared by serial dilution of stock solutions by their
respective mobile phase, (methanol- water, 68:32 v/v for ATV and
63:37v/v for RST), at a concentration range of 20-100ng/ml of each
drug, keeping IS concentration 100ng/ml and 40ng/ml, for
diclofenac sodium (as IS for ATV) and naproxen sodium (as IS for
RST), respectively, in each sample. Calibration curves were
constructed for the standard solutions of each drug after HPLC/UV
analysis. Also another calibration curve were drown at the
concentration range of 20 - 200 ng/ml for ATV and RST keeping the
same concentration of their respective IS, diclofenac sodium and
naproxen sodium in each sample.

Plasma sample preparation

Blood samples were collected from rats, in plastic tubes and
centrifuged at 3000 rpm, 4° C for 20min. The plasma was collected
and stored at -20 o C until analysis. For sample preparation the
plasma was first thawed at room temperature and a volume of 200pl
was transferred to a glass tube and spiked with 50pl of standard
solutions containing concentrations ranging from 0.2 - 1pg/ml of
ATV or RST and a constant concentration of diclofenac sodium
1pg/ml or naproxen sodium 0.4pg/ml as IS for ATV and RST,
respectively, in each solution. Blank plasma samples were spiked
with 50pl of mobile phase. The samples were vortex- mixed for 30
sec. to be applied to the liquid-liquid extraction procedure.

Another concentrations ranging from 1.2 - 2ug/ml of ATV and RST
keeping the same concentration of their respective IS were also
prepared and the plasma samples were spiked with.

Liquid-liquid extraction

Drugs were extracted from plasma samples using liquid-liquid
extraction technique. Ammonium acetate buffer (100ul of 100mM,
pH 5, adjusted by glacial acetic acid) was added to each plasma
sample for protein precipitation. The samples were then vortex-
mixed for 1min.Then methyl-tert-butyl ether 4 or 6ml was added for
extraction of ATV or RST, respectively, then vortex-mixed for 2min
and centrifuged at 4100 rpm, 4 C for 10 min. The clear supernatant
layer was separated in a glass test tube and evaporated to complete
dryness under the gentle stream of nitrogen at 40°C. After drying,
the residue was reconstituted in 500ul of mobile phase. Samples
were vortex-mixed for 1min then put in insert tubes inside the pre-
labeled HPLC vials and 100ul were injected into the HPLC column
for analysis (Fig. 2).

Calibration curves were constructed for spiked plasma samples
containing ATV or RST in the range of 20-100ng /ml at 20, 40, 60, 80
and 100ng/ml for each drug with diclofenac sodium 100ng/ml or
naproxen sodium 40ng/ml as IS. A calibration curve for spiked
plasma samples containing RST in the range of 120-200ng/ml at
120, 140, 160, 180 and 200ng/ml RST, using naproxen sodium as IS
40ng/ml, was also drawn.

200ul of plasma+ 50ul of (Drug +IS) solution+100 yl ammonium acetate

Vortex- mixed forlmin.

Add 4 or 6ml of Methyl-tert-butyl ether

Vortex- mixed for 2 min.

Centrifugation at 4100 rpm and 4°C, for 10 min

Drving the supematant under stream of nitrogen at 40°C

PReconstitution in 500l of the mobile phase

Inject into the HPLC system

Fig. 2: It shows scheme for extraction procedure of atorvastatin and rosuvastatin from rat plasma.
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Chromatographic conditions

The HPLC analysis of the studied compounds was performed at
room temperature using methanol-water (68:32 v/v for ATV and
63:37v/v for RST), as a mobile phase. Its pH was adjusted to 3.0 with
trifluroacetic acid. The mobile phase was always clarified by
filtration through a nylon filter paper, with pore size equal to
0.45um, and degassed through a sonicator, then pumped at flow rate
of 1 ml/min, in isocratic mode on hypersil BDS Cis column (250 mm
x4.6 mm, 5um). The peak response was monitored at a wave length
of 241nm. The sample (100ul) was injected into HPLC system and
the data was acquired using Chromquest Workstation Software.

Optimization parameters:
Extraction method optimization

Parameters were used for optimization of extraction include the
following:

. Change the volume of ammonium acetate buffer (100mM, pH 5),
used for precipitation of plasma protein (100 or 200ul were
used).

. Change the volume of methyl-tert-butyl ether, used as
extracted solvent (2, 3, 4, 6, or 7ml).

. Change the steps of extraction (single step of extraction or two
steps of extraction were studied).

e  All liquids used in extraction procedure should be pre-filtered to
reduce the interference, also only glass equipments were used.

Chromatographic conditions optimization:
Mobile phase ratio

The mobile phase ratio was optimized in isocratic mode for the
analysis of ATV and RST. Different ratio were studied, such as,50:50,
55:45, 60:40, and 68:32 methanol :water for ATV, while, for RST,
other ratio was studied such as 63:37, 65:35, 68:32 and 70:30. The
mobile phase ratio that resulted in a better resolution and higher
recovery of the studied compounds was selected as the best mobile
phase ratio for the analysis.

Mobile phase flow rate

The mobile phase flow rate was adjusted in isocratic mode for the
analysis of studied compounds after applying various flow rats in the
range of 0.5-1.5 ml/min. in order to get better separation.

Internal standard

Different compounds including diclofenac sodium, levostatin, and
naproxen sodium were tried to be used as IS. The compound that
showed better compatibility, best recovery and shorter analysis time
was selected as IS for the suggested method.

Sample size

The sample loop size was evaluated in the range of 50-100 pl to
adjust the sample size and minimize the problems like column
loading and lack of sensitivity of the mentioned compounds.

Detector’s wavelength

For determination of ATV and RST using diclofenac sodium and
naproxen sodium, respectively, as IS the detector’s wavelength was
evaluated in the range of 239-247 nm. The wavelength that resulted
in the optimal sensitivity and better resolution was chosen as the
wavelength for analysis of studied compounds.

Validation of the method:

The proposed analytical method was validated according to
standard guidelines [48, 49]with respect to the following
parameters.

Linearity

The linearity of the proposed method was established from the
calibration curves constructed at several concentration levels (20-
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200ng/ml of ATV or RST with their respective IS, diclofenac sodium
100ng/ml or naproxen sodium 40ng/ml). Calibration curves were
constructed for ATV and RST in the mobile phase and spiked plasma
samples by plotting their relative area (ratio of peak area of drug to
peak area of IS) against their respective concentrations using a
linear least squares regression analysis.

Specificity/selectivity

The specificity/selectivity of the analytical method was investigated
by confirming the complete separation and resolution of the
required peaks area of the studied drugs and their respective IS in
mobile phase and rat plasma samples spiked with appropriate
concentration of each compound.

LLOD and LLOQ

Detection and quantification limits were determined through dilution
method using S/N approach by injecting a 100ul sample. LLOD was
considered as the minimum concentration with a signal to noise ratio
of at least three (S/N=3), while LLOQ was taken as a minimum
concentration with a signal to noise ratio of at least ten (S/N~10).

Accuracy

Accuracy of the suggested method was determined in term of
percent recovery. Spiked rat plasma Samples were prepared and
extracted to get four different concentration levels at 20, 60, 80
and(100ng/ml) of ATV, keeping the diclofenac sodium concentration
constant (100ng/ml) in each sample, and (20, 40, 80 and 100ng/ml
of RST), keeping the naproxen sodium concentration constant
(40ng/ml) in each sample. Another set of standard mixtures of ATV
and RST, at the same concentration levels, was also prepared in the
mobile phase (methanol: water, 68:32, v/v for ATV and 63:37v/v for
RST).The samples were injected into the HPLC system in triplicate.
The percent recovery for ATV and RST was calculated using the
following equation:

% Recovery =[A] x 100 / [B]

Where [A] is the net peak area of the drug in plasma sample, [B] is
the peak area of the drug in standard mixture.

Precision

Method precision was determined both in terms of repeatability
(injection and analysis) and intermediate precision (intra - day and
inter-days reproducibility).

In order to determine injection repeatability, five samples of both
standard solutions (prepared in mobile phase) and extracted spiked
plasma of ATV and RST were prepared individually at (20, 40, 60, 80
and100ng/ml) with their respective constant concentration of IS
(diclofenac sodium at 100ng/ml for ATV and naproxen sodium
40ng/ml for RST), then each sample was injected four times into
HPLC system. Repeatability of the relative area (ratio of peak area of
drug to the peak area of their respect IS) was determined and
expressed as mean * standard deviation (SD) and percent relative
standard deviation (%RSD) calculated from the data obtained as a
precision of the suggested method.

For the intermediate precision (intra-day and inter-days
reproducibility), standard solutions in mobile phase and spiked
plasma samples of ATV and RST at the five different concentration
levels with their respective constant concentration of IS, were
prepared and analyzed at three times a day and over three
consecutive days. The relative peak areas were expressed as mean
+SD and %RSD calculated from data obtained.

Stability

The stability studies of ATV and RST standard solutions and spiked
plasma samples were carried out over a period of 24 hr at 25  C
(room temperature under laboratory light) and at 2-8 -C
(refrigerator).

RESULTS AND DISCUSSION

The suggested method is new in the sense that determination of
ATV and RST was carried out at ng/ml concentrations accurately
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using HPLC with UV detector. The experimental parameters of the
method were optimized and the method was validated according
to standard guidelines [48, 49]. ATV and RST were separated
applying the proposed method in standard solutions and spiked
plasma samples with little interference was shown with blank
plasma samples (figure 3). The suggested method was found
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accurate and quite specific and sensitive for the analysis of these
compounds in mobile phase and plasma samples. Complete
separation of ATV and RST was achieved at 11.35 and 6.65 min,
while their respective IS, diclofenac sodium and naproxen sodium
were separated at 15.73 and 10.465min, respectively by using the
proposed method.

20 © 20
— o
Name 2
Retention Time —
£
| PR S S |
i 0 S5 3 & 5
© @SS S S 3
; <
O,J\/\ﬁxt_ \ [ | TDL 0 L
‘ \ \ S
'20 S L I L I L L L B B B '20
0 2 4 6 8 10 12 14 16 18 20
Minutes

Fig. 3: It shows chromatogram of blank plasma sample.

Optimization of extraction method

The highest percent of recovery of ATV and RST from spiked plasma
samples and the lowest interference with blank plasma samples
were obtained after optimization of extraction method by using
100ul of ammonium acetate buffer (100Mm, pH5), for Protein
precipitation and 4 or 6ml of methyl-tert-butylether for extraction of
ATV or RST, respectively, by applying single step of extraction which
increase the recovery more than 10%.

Optimization of chromatographic conditions

Different experimental parameters were optimized in the specified
ranges to choose the optimum mobile phase ratio, mobile phase flow
rate, suitable internal standard, sample size, detector’s wavelength,
required to attain better resolution and higher recovery for ATV and
RST.

The best results were obtained by using mobile phase comprised of
methanol-water in a ratio of 68: 32 (v/v) and 63:37 was selected for
the analysis of ATV and RST, respectively. The selected mobile phase
ratio resulted in better recoveries of ATV and RST as compared with
other ratios.

The retention times of the studied compounds decreased with
increasing the ratio of methanol in the mobile phase. The overall
analysis time decreased significantly with increasing the methanol
content. This behavior may be due to change in the solubility of the
analytes in the mobile phase or may be due to change in binding of
the analytes to the stationary phase (column). Since both ATV (pKa =
4.46) and RST (pK. = 4.6) and are acidic compounds so their
retention on the column is likely to be pH dependant. Therefore, pH
3.0 was chosen as optimum pH because of the reasonable retention
times, resolution and separation of all the compounds of interest.

Similarly, the flow rate of mobile phase greatly affected the analysis
of the studied compounds. Although run time decreased significantly
at higher flow rates along with better resolution of the peaks,
however; sensitivities of the analytes decreased. The flow rate of
1ml/min was chosen as optimal flow rate to get better separation for
these compounds.

Internal standard that has shown better recovery, stability and
compatibility with ATV and RST was chosen among the various tested
compounds. However, diclofenac sodium was used as IS for ATV, as it
resulted in better recovery and good compatibility in comparison with
other tested compounds. While, diclofenac sodium had a very large

retention time and poor recovery with the selected solvent of RST.
Therefore, naproxen was preferred as IS for RST on the basis of good
resolution, compatibility and comparatively better recovery.

A 100yul, sample size, gave a reasonable peak area for all analytes
and was chosen as a suitable sample size for the suggested method.

Detector’'s wavelength has been selected after recording the
sensitivities of the compounds at various wavelengths. The greater
sensitivities of ATV and RST were recorded at 241nm.

Method validation
Linearity

The linearity of the method was evaluated from the calibration curve
of standard solutions and spiked plasma samples constructed at
several concentration levels of ATV and RST. The relative area (ratio
of peak area of the drug to the peak area of its respective IS) was
yielded a linear correlation over a concentration range of 20 -
200ng/ml Calibration curves of standard solutions and spiked
plasma samples with the regression equation and their respective
correlation coefficient (R?) of ATV and RST are shown in figure 4 -7.
Specificity/selectivity

Representative chromatogram of blank plasma was confirmed the
presence of very little interference from the endogenous component
(Fig 3). Chromatograms of standard solutions and spiked plasma
samples of ATV (Fig. 8) and RST (Fig. 9) at concentration ranging from
20-100ng/ml with their respective IS at a constant concentration
confirming that ATV and its IS diclofenac sodium, also RST and its IS
naproxen sodium were well resolved and completely separated at
retention times of 11.35, 15.73min for ATV and diclofenac sodium and
6.65, 10.75min for RST and naproxen sod.,, respectively.

LLOD and LLOQ

The LLOD for ATV and RST standard solutions were found to be 1.35
and 7.2ng/ml, respectively, while LLOQ were found to be 10.3 and
8.5ng/ml, respectively.

Accuracy

Accuracy of the proposed method was determined on the basis of
percent recovery at four concentration levels 20, 60, 80 and
100ng/ml for ATV and at 20, 40, 80, and 10ng/ml for RST. The
average percent recoveries for ATV and RST were found to be
96.478% and 91.431%, respectively, as shown in table 1, 2.
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Precision

Precision data representing both repeatability (injection and analysis)
and intermediate precision (intra-day and inter-days reproducibility)
of standard solutions (prepared in mobile phase) and spiked plasma
samples ATV and RST are summarized in tables 3 - 6.

The intra-day %RSD values for the standard solutions of ATV and
RST was in the range of 0.356 - 1.814 and 0.27-1.511,
respectively. Similarly, their respective values for inter-day
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studies were in the range of 0.867-1.883 and 0.262-1.511 for ATV
and RST. Moreover, the intra-day %RSD values for spiked plasma
samples of ATV and RST was in the range of 0.124-0.536 and
0.218-1.909, respectively. While, values for inter-day studies
were in the range of 0.194-1.071 and 0.217-1.971, for ATV and
RST, respectively. However, both intra-day and inter-days %RSD
values for standard solutions and spiked plasma samples for ATV
and RST were less than 2.0%, which indicates that the proposed
method is precise.
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Fig. 4: It shows calibration curve of atorvastatin with diclofenac sodium as internal standard in mobile phase (methanol: water 68:32).
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Fig. 5: It shows calibration curve of atorvastatin with diclofenac sodium as internal standard in rat plasma.
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Fig. 6: It shows calibration curve of rosuvastatin with naproxen sodium as internal standard in mobile phase (methanol: water 63:37).
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Fig. 7: It shows calibration curve of rosuvastatin with naproxen sodium as internal standard in rat plasma.
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Fig. 8: It shows chromatogram representing complete resolution of Atorvastatin peak from its internal standard Diclofenac sodium peak
at retention time 11.35 and 15.73min, respectively.
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Fig. 9: It shows chromatogram representing complete resolution of rosuvastatin peak from its internal standard naproxen sodium peak at
retention 6.65, 10.463 min, respectively.
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Table 1: It shows accuracy (% recovery) of atorvastatin from rat plasma.

Concentration (ng/ml) Area in mobile phase area in plasma %Recovery

20 4096.6 4062.0 99.155

60 8910.3 8046.6 90.306

80 11473.13 11000.7 95.882

100 17416.8 17516.0 100.569
Average 96.478

Table 2: It shows accuracy (% recovery) of rosuvastatin from rat plasma.

Concentration (ng/ml) Area in mobile phase Area in plasma % Recovery

20 3775.136 3655.12 96.820

40 7803.82 7305.5 93.614

80 16122.38 14848.25 92.097

100 23477.5 19532.0 83.194

Average 91.432

Table 3: It shows precision of atorvastatin with diclofenac sodium as internal standard in mobile phase (methanol: water 68:32).

Concentration (ng/ml) precision (repeatability)

Intraday(reproducibility)

Interday (reproducibility)

20 0.375+0.004, 1.184
40 0.659 £ 0.011, 1.663
60 0.967 £0.001, 0.171
80 1.282 £ 0.013, 0.999
100 1.659 £ 0.0152,0.916

0.378 £ 0.006,1.673
0.652 +0.012,1.814
0.964 +0.003, 0.356
1.279 £ 0.012, 0.941
1.67 £1.022,1.335

0.377 £ 0.005, 1.322
0.654 +0.012,1.883
0.969 = 0.008, 0.867
1.281 £ 0.019, 1.505
1.663 +1.019,1.150

Mean relative area +SD, %RSD

Table 4: It shows precision of atorvastatin with diclofenac sodium as internal standard in rat plasma.

Concentration (ng/ml)

precision (repeatability)

Intraday(reproducibility)

Interday (reproducibility)

20
40
60
80
100

0.426 + 0.002, 0.54

0.696 £ 0.004, 0.637
1.142 £ 0.004, 0.335
1.522 £ 0.006, 0.371
1.793 £ 0.003, 0.145

0.425 £ 0.002,0.514
0.692 +0.004, 0.536
1.143 £ 0.001, 0.124
1.512 £ 0.006, 0.427
1.791 £ 0.003, 0.166

0.429 £ 0.005,1.071
0.690 + 0.004, 0.637
1.140 £ 0.002, 0.194
1.510 + 0.008, 0.499
1.785 + 0.009, 0.489

Mean relative area +SD, %RSD

Table 5: It shows precision of rosuvastatin with naproxen sodium as internal standard in mobile phase (methanol: water 63:37).

Concentration (ng/ml)

precision (repeatability)

Intraday(reproducibility)

Interday (reproducibility)

0.184 +0.001, 0.695
0.364 + 0.001, 0.400
0.537 £0.007,1.363
0.735 +0.002, 0.295
0.926 + 0.003, 0.286

0.185+0.002,1.077
0.364 +0.002, 0.454
0.535+0.008,1.511
0.735+0.002,0.270
0.926 + 0.003, 0.303

0.186 + 0.003, 1.511
0.364 + 0.002, 0.480
0.535+0.008, 1.489
0.735+0.003,0.368
0.926 + 0.002, 0.262

Mean relative area +SD, %RSD

Table 6: It shows precision of rosuvastatin with naproxen sodium as internal standard in rat plasma.

Concentration (ng/ml)

precision (repeatability)

Intraday(reproducibility)

Interday (reproducibility)

20
40
60
80
100

0.197 £ 0.002, 0.773
0.398 £ 0.002, 0.411
0.613 £ 0.002, 0.259
0.771 £ 0.003, 0.041
0.994 + 0.005, 0.497

0.203 £ 0.004, 1.909
0.403 £ 0.004, 0.914
0.614 + 0.003, 0.459
0.772 £ 0.002, 0.218
0.998 + 0.009, 0.918

0.200 = 0.004, 1.924
0.402 £ 0.004, 1.031
0.608 £ 0.012,1.971
0.771+£0.002, 0.217
0.992 + 0.014, 1.457

Mean relative area +SD, %RSD

Stability

Results from the stability studies of both standard solutions and
extracted spiked plasma samples of ATV and RST with their IS
indicated that extracted spiked plasma samples were stable for 18 hr
when stored at room temperature (25 C), and for 48hr when stored
in refrigerator (2-8°C), after that it will be degraded. While,
standard solutions were demonstrated stability for one week at 2-8
o C. However, extracted spiked plasma samples, as well as all
standard stock solutions and the corresponding working solutions
were prepared on daily basis to ensure stability of all components.

Application of the method

The proposed validated HPLC/UV method will be applied, as a part of
biochemical analysis, for assessing the pharmacokinetics and drug-
drug interaction studies of ATV and RST in physiological fluids (plasma

and liver homogenate) using animal (rats) models later on. This
method can also be applied for the quantification of these compounds
in pharmaceutical preparations and in routine laboratory analysis
with slight modification in the extraction procedure.

CONCLUSION

A new, simple, rapid and precise RP-HPLC/UV method was
successfully developed for determination of ATV and RST in rat
plasma. The method was validated according to standard guidelines
and various experimental parameters were optimized. The
extraction procedure exhibited excellent recoveries of ATV and RST.

This method offers advantage for determination of two clinically
important and widely prescribed statins in a HPLC/UV in ng/ml
concentration which considered as a challenge.
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Overall, the proposed method provides high throughput for
determination of ATV and RST in rat plasma with excellent accuracy,
precision, selectivity and reproducibility.
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