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a  b  s  t  r  a  c  t

A  novel  HPLC-UV  method  was  developed  for  the  simultaneous  determination  of  timolol  (TM),  rosu-
vastatin  (RST),  and  diclofenac  sodium  (DS)  in  pharmaceuticals,  human  plasma  and  aqueous  humor  using
naproxen  sodium  as internal  standard  (IS). The  target  compounds  were  analyzed  on  Hypersil  BDS  C18 col-
umn  (250  mm  × 4.6  mm,  5 �m),  applying  0.2%  triethylamine  (TEA)  and  acetonitrile  (ACN)  (40:60,  v/v),  in
isocratic  mode  as  mobile  phase,  pH 2.75  adjusted  with  85%  phosphoric  acid  at a  flow  rate  of  1 ml/min.  The
column  oven  temperature  was  kept  at 45 ◦C and  the  peak  response  was  monitored  at  284  nm  after  inject-
ing a 50  �l sample  into  HPLC  system.  The  direct  liquid–liquid  extraction  procedure  was  applied  to  human
plasma  and  bovine  aqueous  humor  samples  using  mobile  phase  as an  extraction  solvent  after  deproteina-
tion  with  methanol.  The  different  HPLC  experimental  parameters  were  optimized  and  the  method  was
validated  according  to standard  guidelines.  The  recoveries  of  the  suggested  method  in human  plasma
were  98.72,  96.04,  and  95.14%,  for TM,  RST,  and  DS,  while  in  aqueous  humor  were  94.99,  and  98.23%,  for

TM,  and  DS,  respectively.  The  LOD  values  were  found  to be  0.800,  0.500,  and  0.250  ng/ml,  for  TM,  RST,
and  DS,  respectively,  while  their  respective  LOQ values  were  2.00,  1.50,  and  1.00  ng/ml.  The co-efficient
of  variation  (CV)  were  in  the  range  of  0.1492–1.1729%  and  1.0516–4.0104%,  for  intra-day  and  inter-day
studies,  respectively.  The  method  was  found  accurate  in human  plasma  and  bovine  aqueous  humor  and
will  be  applied  for  the  quantification  of  these  compounds  in  plasma,  and  aqueous  humor  samples  using
animal  models  and  in pharmaceuticals.
. Introduction

Timolol (TM) (Fig. 1), (S)-1-[(1,1-dimethyl)amino]-3-[[4-(4-
orpholinyl9-1,2,5-thiadiazol-3-yl]oxy]-2-propanol, is a nonspe-

ific �-adrenergic blocker. TM was the first �-blocker to be used as
n antiglaucoma agent. None of the newer �-blockers were found
o be as effective as TM.  TM is administered as anti-hypertensive
gent as well [1,2]. Quantitatively TM was determined by vari-
us spectrophotometric and HPLC techniques in bulk and finished
harmaceuticals and physiological fluids [3–7].

Rosuvastatin (RST) is a statin that lowers the blood cholesterol
nd is used for the treatment of hyperlipidemia (Fig. 1). It is a
ynthetic compound, a selective and competitive inhibitor of 3-
ydroxy-3-methylglutaryl-coenzyne A (HMG-CoA) reductase

8–10]. Chemically it is a bis[(E)-7-[4-(4-fluorophenyl)-6-
sopropyl-2-[methyl-(methyl-sulfonyl)amino]pyrimidin-5-
l](3R,5S)-3,5-dihydroxyhept-6-enoicacid] calcium salt [3–5].

∗ Corresponding author. Tel.: +92 91 9239619; fax: +92 91 9218131.
E-mail address: zafar iqbal@upesh.edu.pk (Z. Iqbal).
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It is used to reduce the plasma LDL cholesterol, small dense
LDL, total cholesterol, triglycerides and apolipoprotein B levels thus
reduces the risk of cardiovascular events in hyperlipidemic and nor-
mocholesterolemic patients [11]. It also increases the level of HDL
cholesterol to some extent [12]. Various analytical methods have
been reported for the determination of RST including, spectropho-
tometric and HPLC-UV [13,14]. The simultaneous quantification of
RST with gemfebrozil in human plasma [15], and with other statins
in pharmaceutical preparations has been reported [16]. The simul-
taneous analysis of RST and atorvastatin in human plasma using
HPLC-UV has been reported [14].

Diclofenac sodium (DS) is a member of NSAIDs class used as
anti-inflammatory, analgesic and antipyretic (Fig. 1). DS is also used
in the management of pain and ocular inflammation [17]. It stops
synthesis of prostaglandins by inhibiting cycloxygenase enzyme.
Chemically it is sodium 2-[2-(2,6-dichloroanilino) phenyl]acetate
[18].
Several methods have been reported for the determination of
DS such as spectroscopic [19], chromatographic [20,21] and the
latest methods with LC–MS have been reported [22]. The simulta-
neous determination of DS with ketoprofen, naproxen, fenoprofen,

dx.doi.org/10.1016/j.jchromb.2011.09.021
http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:zafar_iqbal@upesh.edu.pk
dx.doi.org/10.1016/j.jchromb.2011.09.021


F. Nasir et al. / J. Chromatogr. B 879 (2011) 3434– 3443 3435

TM), r

fl
c
o
u

c
s
a
T
H
d
d
s
i
p
h
c
v
i
f
t

2

2

L
P
i
p
a
(
e
e

Fig. 1. Chemical structure of timolol maleate (

urbiprofen, ibuprofen, DS and mefenamic acid in pharmaceuti-
al formulations and human plasma using HPLC-UV [23], and with
ther NSAIDs in aqueous preparation [24] and human plasma [22]
sing LC–ESI-MS has also been investigated.

The selected drugs in this study are usually co-prescribed in
linical practice. Till date no single method has been reported for
imultaneous determination of TM,  RST and DS in pharmaceuticals
nd physiological fluids, i.e. plasma, serum and aqueous humor.
herefore it is necessary to develop the sensitive and validated
PLC-UV method for the simultaneous determination of these
rugs in human plasma samples. It is required to quantify these
rugs with a single sensitive HPLC-UV method. The aim of this novel
uggested method is to determine simultaneously the above drugs
n the presence of naproxen sodium as an IS in pharmaceutical
reparations and physiological fluids (plasma, serum and aqueous
umor). The method was found accurate, rapid and sensitive in
omparison with other reported methods [4,13].  The method was
alidated according to standard guidelines with optimization var-
ous experimental conditions [25,26]. This method will be applied
or the determination of pharmacokinetic and drug–drug interac-
ion studies of these drugs in human and animal models.

. Materials and methods

.1. Materials and reagents

Timolol maleate (TM) purity 97.5% (Schazo Pharma. Pvt. Ltd.
ahore), rosuvastatin (RST), purity 98.4% (Feroz Sons Laboratories
vt. Ltd. Nowshera), diclofenac sodium (DS) purity 99.0% (Med-
craft Pharma. Pvt. Ltd. Peshawar), were the kind gift of local
harmaceuticals. Ciprofloxacin, levofloxacin, naproxen sodium,

tenolol, propanolol, and atorvastatin were obtained from Fluka
Sigma–Aldrich, Oslo, Norway). Methanol, acetonitrile, diethyl
ther, tetrahydrofuran, chloroform, dichloromethane, n-hexane,
thanol, phosphoric acid, and triethylamine (HPLC grade), were
osuvastatin (RST) and diclofenac sodium (DS).

purchased from Sigma–Aldrich (Oslo, Norway). Purified water was
prepared using a Millipore ultra-pure water system (Milford, USA).

2.2. Instrumentation

Perkin-Elmer HPLC system (Norwalk, USA), consisted of a pump
(series 200), on-line vacuum degasser (series 200), autosampler
(series 200), Peltier column oven (series 200), linked by a PE Nelson
network chromatography interface (NCI) 900 with UV/VIS (series
200). The whole HPLC system was controlled by Perkin-Elmer
Totalchrom Workstation Software (version 6.3.1). The data was
acquired and quantified by this software.

2.3. Preparation of standard stock solutions

Stock solutions of analytes and IS (ciprofloxacin, levofloxacin,
naproxen sodium, atenolol, propanolol, and atorvastatin), each
(1 mg/ml) were prepared in acetonitrile and stored in amber glass
vials at −20 ◦C until analysis. Working standards solutions were
prepared in volumetric flasks (10 ml), using mobile phase in the
concentration range of 0.05–2 �g/ml of each analyte, keeping IS
concentration 1 �g/ml in each sample. The calibration curves were
constructed at seven concentrations levels for the standard solu-
tions of each analyte. Similarly, a 1:1 mixture containing 1 �g/ml
of each analyte and IS was also prepared.

2.4. Sample preparation

2.4.1. Plasma sample
Blood samples were collected from human volunteers, at

Department of Pharmacy, University of Peshawar (Pakistan), in
ethylenediamintetraacetic acid (EDTA) glass tubes and centrifuged

at 1600 × g for 10 min  at 4 ◦C. The study was approved by the con-
cerned ethical committee. The plasma was collected and stored at
−20 ◦C until analysis. For sample preparation the plasma was first
thawed at room temperature and a volume (200 �l) was  spiked
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ith the respective volume in the range of 10–400 �l of standard
tock solution (50 �g/ml), of TM,  RST and DS each to prepare their
espective dilutions in the range of 0.05–2 �g/ml at 0.05, 0.100,
.250, 0.500, 1.00, 1.50, and 2 �g/ml for each analyte. The equal vol-
me (10 �l) of IS (1 mg/ml), was added to each sample to make its
oncentration 1 �g/ml in each sample and vortexed for 3 min. The
iquid–liquid extraction procedure was applied as given in Section
.4.3.

.4.2. Aqueous humor sample
Aqueous humor was collected in borosilicate glass tubes from

he bovine eyes. The collected sample was stored in screw capped
ir tight glass vials at −20 ◦C till analysis. At the time of analysis
queous humor was thawed and a volume (200 �l), was spiked with
he respective volume in the range of (10–400 �l), of the standard
olutions of TM,  and DS each to prepare their respective dilutions in
he range of 0.05–2 �g/ml at 0.05, 0.100, 0.250, 0.500, 1.00, 1.50, and

 �g/ml for each analyte. An equal volume (10 �l) of IS (1 mg/ml)
as added to each sample to make its concentration 1 �g/ml in

ach sample and vortexed for 3 min. The extraction was carried out
s given in Section 2.4.3.

.4.3. Liquid–liquid extraction
Sample (200 �l) was transferred to plastic eppendorf tube (ca

2 ml), and spiked with each analyte in its respective concentra-
ion range and a constant amount of IS (1 �g/ml) was  added to each
ample. The samples were vortex-mixed for 3 min  and methanol
600 ml)  was added for de-proteination. Extraction was carried out
ith 1 ml  of mobile phase. The samples were then centrifuged for

 min  at 2000 × g and 4 ◦C. After centrifugation the clear super-
atant was transferred to eppendorf tube and the volume was made
o 1 ml  with mobile phase. Sample (50 �l) of the supernatant was
njected into HPLC for analysis.

Calibration curves were constructed for all the analytes in the
ange of 0.05–2 �g/ml at 0.05, 0.100, 0.250, 0.500, 1.00, 1.50, and

 �g/ml for each analyte using naproxen sodium (1 �g/ml) as IS in
obile phase, spiked plasma and spiked aqueous humor and dif-

erent columns like Hypersil BDS C18 column (250 mm × 4.6 mm,
 �m);  Symmetry C8 (250 mm × 4.6 mm,  5 �m);  Discovery HS
18 column (150 mm × 4.6 mm,  5 �m),  Summetry C8 column
150 mm × 3.9 mm,  5 �m)  were evaluated for separation of drugs
n the mixture.

.5. Chromatographic conditions

The HPLC analysis of the studied compounds was  performed
sing ACN:0.2% TEA (60:40, v/v), pH 2.75 adjusted with 85% phos-
horic acid, as mobile phase pumped at flow rate of 1 ml/min, in

socratic mode on Hypersil BDS C18 column (250 mm × 4.6 mm,
 �m).  The column oven temperature was kept at 45 ◦C and the
eak response was monitored at a wavelength of 284 nm.  The
ample (50 �l) was injected into HPLC system and the data was
cquired using Perkin-Elmer Totalchrom Workstation Software
version 6.3.1).

.6. Chromatographic conditions and experimental parameters
ptimization

.6.1. Selection of stationary phase (column)
Different particulate reversed-phase chromatographic
olumns (stationary phases) such as; Hypersil BDS C18 col-
mn  (250 mm × 4.6 mm,  5 �m);  Symmetry C8 (250 mm  × 4.6 mm,

 �m);  Discovery HS C18 column (150 mm  × 4.6 mm,  5 �m),  Sum-
etry C8 column (150 mm × 3.9 mm,  5 �m),  protected by a Perkin
 879 (2011) 3434– 3443

Elmer C18 (30 mm  × 4.6 mm,  10 �m;  Norwalk, USA), pre-column
guard cartridge were tried for the analysis of TM,  RST and DS.

2.6.2. Mobile phase composition
The mobile phase composition was optimized using various

organic solvents including methanol, acetonitrile, tetrahydrofu-
ran, and water in different composition in isocratic mode for the
analysis of the above mentioned compounds. The mobile phase
composition that resulted in a better resolution and shorter anal-
ysis time of the studied compounds was  selected as mobile phase
for the simultaneous analysis.

2.6.3. Mobile phase flow rate
The mobile phase flow rate was adjusted in isocratic mode for

the analysis of studied analytes after applying various flow rats in
the range of 0.9–2 ml/min.

2.6.4. Column oven temperature
The column oven temperature significantly affects the elution

and resolution of different compounds. The column oven temper-
ature was therefore evaluated in the range of 25–50 ◦C to show its
effects on the analysis of above mentioned compounds.

2.6.5. Internal standard
Different compounds including ciprofloxacin, levofloxacin,

naproxen sodium, atenolol, propanolol, and atorvastatin 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.

2.6.6. Sample size
The sample loop size was  evaluated in the range of 20–50 �l

to adjust the sample size and minimize the problems like column
loading and lack of sensitivity of the mentioned compounds.

2.6.7. Detector wavelength
For simultaneous determination of TM,  RST, and DS using

naproxen sodium as IS the detector’s wavelength was  evaluated in
the range of 280–300 nm.  The wavelength that resulted in the opti-
mal sensitivity and better resolution was chosen as the wavelength
for simultaneous analysis of studied compounds.

2.7. Validation of the method

The proposed method was  validated according to standard
guidelines [27]. The precision, specificity, sensitivity, linearity,
recovery, robustness, stability of solutions and system suitability
parameters were evaluated. The proposed method was  validated
with respect to the following parameters.

The specificity of the suggested method was tested through sep-
aration of studied compounds in the mobile phase, 1:1 mixture
(containing 1 �g/ml of each analyte and IS), plasma and aqueous
humor samples spiked with appropriate concentration of each ana-
lyte.

Percent recovery was tested to measure the accuracy of the sug-
gested method. The % recovery was determined from spiked plasma
and aqueous humor samples at two  selected concentration lev-
els of each analyte keeping IS concentration same in each sample.
Recovery was  calculated according to the following equation:

Recovery = [C] × 100
(1)
[A]

where [A] is the peak area response ratios of the analytes with refer-
ence to IS in the mobile phase; C is the peak area response ratios of
the analytes with reference to IS in spiked plasma/aqueous humor.
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ig. 2. Overlay of different representative chromatograms. A = spiked aqueous hum
,  naproxen sodium; 4, diclofenac sodium. The chromatograms were obtained at col
nd  flow rate of 1.0 ml/min.

The linearity of the proposed method was  determined from
he calibration curves constructed at seven concentration lev-
ls. Calibration curves were constructed for all the analytes in
he mobile phase, spiked plasma and spiked aqueous humor
amples by plotting their peaks response ratios (ratios of peak
reas of analytes to IS) with respect to their respective spiked
oncentrations using a linear least squares regression analy-
is. The slope (m), intercept (b), and correlation coefficient
r) were calculated from their respective regression equa-
ions.

Precision of the method was determined through injection
epeatability and analysis repeatability of spiked plasma and aque-
us humor samples. Injection repeatability was assessed through
njecting 10 times the same plasma and aqueous humor spiked with

 �g/ml of each analyte into the HPLC system. The retention time
nd peak area of each analyte were expressed as mean, standard
eviation (SD), and covariance (%RSD) as precision of the suggested
ethod. Analysis repeatability was evaluated from the analysis

f five spiked samples prepared from the same plasma/aqueous
umor spiked with 1 �g/ml of each analyte, and the results were
xpressed as mean, standard deviation (SD), and covariance (%RSD)
f the recovered amount. Intra-day and inter-day studies were car-
ied out on spiked plasma/aqueous humor samples at 8:00, 16:00,
nd 24:00 h, for 1 week at alternate days to assess the intermediate
recision. The results were expressed as mean, standard deviation
SD), and covariance (%RSD) of the recovered amount. The recov-
red amount was calculated in the form of concentration by the
ollowing equation:

 =
(

X

Y

)
×

(
A

B

)
× Cs × FD (2)

here X and Y are peak areas of the analyte in plasma/aqueous
umor samples and 1:1 mixture (1 �g/ml of each analyte and IS),

espectively; A and B are peak areas of the IS in plasma/aqueous
umor samples and 1:1 mixture (1 �g/ml of each analyte and IS),
espectively; Cs is the concentration of analyte in the 1:1 mixture;
D is the dilution factor.
 spiked plasma sample and C = standard solution. Peaks: 1, timolol; 2, rosuvastatin;
ven temperature of 45 ◦C using mobile phase ACN:0.2% TEA in the ratio of 45:55 v/v

The limit of detection (LOD) and limit of quantification (LOQ) for
all the analytes were quantified at a concentration whose signal-to-
noise ratio (S/N) was three and ten, respectively. For LOD and LOQ
evaluation dilutions of the analytes were prepared in the ranges of
0.5–5 ng/ml and 5–20 ng/ml for all the analytes. The LOD and LOQ
were then determined from the peaks by the software at signal-to-
noise ratio (S/N) of three and ten, respectively.

The robustness of the proposed method was  tested through
small deliberate changes in the various chromatographic con-
ditions, like mobile phase composition (±2%), column oven
temperature (±5 ◦C), detector wave length (±2 nm)  and flow rate
of mobile phase (0.2 ml/min).

Stability studies of standard solutions and spiked
plasma/aqueous humor samples stored at 25 ◦C, 4 ◦C and −20 ◦C
were carried out for 1 month. The % stability was calculated by the
following equation.

% Stability = St

S0
× 100 (3)

where St is stability of analyte at time t, and S0 is stability at initial
time.

3. Results and discussion

The suggested method is novel in the sense that simultane-
ous determination of TM,  RST, and DS was  carried out for the first
time using naproxen sodium as an IS. The experimental parame-
ters of the method were optimized and the method was validated
according to standard guidelines [27]. All the analytes were sepa-
rated applying the proposed method in standard mixtures, plasma
samples, and aqueous humor samples as presented in Fig. 2. The

suggested method was  found accurate and quite specific for the
simultaneous analysis of these compounds in plasma and aqueous
humor samples. Complete separation of the target compounds was
achieved in 7 min  using the proposed method.
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ig. 3. Influence of ACN ratios in the mobile phase on the elution of different analyt
 = having 70% ACN. Peaks: 1, timolol; 2, rosuvastatin; 3, naproxen sodium; 4, diclof

 flow rate of 1.0 ml/min.

.1. Optimization of HPLC experimental parameters

Different experimental parameters were optimized in the spec-
fied ranges to choose the optimum mobile phase, stationary phase,

obile phase flow rate, detector’s wavelength, column oven tem-
erature and pH.

The mobile phase comprised of ACN:0.2% TEA in the ratio
f 60:40 (v/v), was selected for the analysis of the above men-
ioned compounds. The retention times of the studied compounds
ecreased with increasing the ratio of acetonitrile (ACN) in the
obile phase. The overall analysis time decreased significantly with

ncreasing the ACN content. The effect of ACN on the retention time
f DS was greater in comparison with TM and RST. Increasing the
atio of ACN above 60% resulted in the co-elution of TM peak with
he solvent front although the analysis time decreased appreciably
s presented in Fig. 3.

The optimal stationary phase that resulted in better separation
nd resolution of the studied compounds among the various tested
tationary phases was selected for the simultaneous determination
f above mentioned analytes. The better separation was achieved
n Hypersil BDS C18 column among the tested columns. The poor
esolution of TM was obtained as TM was coeluted with the peak
f solvent front in case of other tested columns.

Similarly, flow rate of mobile phase greatly affected the analysis
f the studied analytes. Although run time decreased significantly
t higher flow rates along with better resolution of the peaks, how-
ver; sensitivities of the analytes decreased as shown in Fig. 4.
he flow rate greatly affected the retention of DS in comparison
ith other analytes. Co-elution of TM with solvent front resulted

t higher flow rates. The flow rate 1 ml/min was chosen as optimal
ow rate for the simultaneous analysis of these compounds.

Peak sensitivities were not affected significantly by column oven

emperature, however, run time was decreased and resolution of
he peaks was increased at higher temperature. The optimal tem-
erature for the simultaneous analysis was chosen 45 ◦C as shown

n Fig. 5.
 having 45% ACN, B = having 50% ACN, C = having 55% ACN, D = having 60% ACN and
odium. The chromatograms were obtained at column oven temperature of 45 ◦C at

Higher sensitivities and better resolution of the analytes were
achieved at pH 2.75 of the mobile phase among the different tested
pH of the mobile phase as shown in Fig. 6. The sensitivity of DS
was  greatly affected by pH of the mobile phase as compared with
other analytes. Variation in the retention times of the analytes was
observed at different pH as shown in Fig. 6.

Detector’s wavelength has been selected after recording the
sensitivities of the analytes at various wavelengths. The greater
sensitivities of TM,  RST and DS were recorded at 284 nm. Small
changes in the retention times of the analytes have been observed
as evident in Fig. 7.

IS that has shown better sensitivity, recovery, stability and com-
patibility with other analytes was chosen among the various tested
compounds. Naproxen sodium was  used as IS in these studies as it
resulted in better recovery and good compatibility in comparison
with other tested compounds.

3.2. Sample preparation

Standard stock solutions of TM,  RST, DS and naproxen sodium
were prepared in acetonitrile and working dilutions were prepared
in the mobile phase on daily basis. Extraction from plasma and
aqueous humor samples was carried out using different organic
solvents. De-proteination was  carried out using methanol and the
analytes were then extracted applying various organic solvents.
The mobile phase resulted in better recoveries of the analytes
as compared with other solvents used for extraction. The super-
natant separated after centrifugation was  directly injected into
HPLC system and complete separation of all the target analytes was
achieved.

3.3. Method validation
The suggested method was  validated in terms of selectivity, sen-
sitivity, recovery, precision, and robustness according to standard
guidelines.
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ig. 4. Influence of flow rate of the mobile phase on the elution of different anal
 ml/min. Peaks: 1, timolol; 2, rosuvastatin; 3, naproxen sodium; 4, diclofenac sodiu
hase ACN:0.2% TEA in the ratio of (60:40, v/v).

The target compounds were separated in standard mixtures,
lasma and aqueous humor samples using the proposed method
ith no extraneous peak. The method was found quite suitable for
he analysis of the above studied analytes.
The linearity of the method was evaluated from the calibra-

ion curves of standard mixtures and spiked plasma and aqueous
umor samples constructed at seven concentration levels of all the

ig. 5. Influence of column oven temperature on the elution of different analytes. A = at 5
,  rosuvastatin; 3, naproxen sodium; 4, diclofenac sodium. The chromatograms were obt
60:40,  v/v).
 = at 0.8 ml/min, B = at 1.0 ml/min, C = at 1.25 ml/min, D = at 1.5 ml/min and E = at
 chromatograms were obtained at column oven temperature of 45 ◦C using mobile

analytes in the range of 0.05–2 �g/ml. Calibration curves of stan-
dard mixtures of TM,  RST, and DS and their spiked plasma samples
and aqueous humor samples are shown in Fig. 8a and b, respec-

tively. The regression equation and their respective correlation
co-efficient (r) are given in Table 1.

Accuracy of the proposed method was  determined on the
basis of percent recovery at three concentration levels (0.05, 1

0 ◦C, B = at 45 ◦C, C = at 40 ◦C, D = at 35 ◦C, E = at 30 ◦C and F = 25 ◦C. Peaks: 1, timolol;
ained at a flow rate of 1.0 ml/min using mobile phase ACN:0.2% TEA in the ratio of
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The precision of the method was evaluated through injec-

ion repeatability, analysis repeatability, and intra-day, inter-day
tudies as shown in Table 2. The intra-day co-efficient of varia-
ion (% CV) was in the ranges of 0.183–0.635, 0.949–1.867, and
.940–1.910 for TM,  RST, and DS, respectively. Similarly, their

ig. 7. Influence of various detector wavelengths on the elution of different analytes. A =
imolol;  2, rosuvastatin; 3, naproxen sodium; 4, diclofenac sodium. The chromatograms 
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ned at column oven temperature of 45 ◦C using mobile phase ACN:0.2% TEA in the

respective values for inter-day studies were in the range of
2.182–4.010, 1.070–3.685, and 1.052–2.158 for TM,  RST, and DS,
respectively.
LOD and LOQ values were determined at precision and accuracy
of ∼20% variations for the evaluation of sensitivity of the suggested
method. The respective chromatograms of LOD and LOQ are given
in Fig. 9. The respective values are given in Table 1.

 at 280 nm,  B = at 284 nm, C = at 290 nm,  D = at 295 nm and E = at 300 nm.  Peaks: 1,
were obtained at column oven temperature of 45 ◦C using mobile phase ACN:0.2%
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Fig. 8. (a) Calibration curves of timolol, rosuvastatin and diclofenac sodium standard solutions and spiked plasma samples. (b) Calibration curves of timolol and diclofenac
sodium  standard solutions and spiked aqueous humor Note: Each point is a mean of triplicate injections.

Fig. 9. Chromatograms representing LOD and LOQ values of timolol, rosuvastatin and diclofenac sodium.
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Table 1
Validation parameters of the proposed method.

Parameters Analytes

Timolol
(mean ± SD; %RSD)

Rosuvastatin
(mean ± SD; %RSD)

Diclofenac sodium
(mean ± SD; %RSD)

Linearity
Calibration range (�g/ml) 0.05–2 �g/ml 0.05–2 �g/ml 0.05–2 �g/ml

Standard solution
Regression equation y = 1.523x + 0.023 y = 1.592x + 0.038 y = 3.955x + 0.01
Correlation coefficient (R2) 0.999 0.999 0.999

Spiked plasma
Regression equation y = 1.483x + 0.063 y = 1.542x + 0.035 y = 3.286x + 0.040
Correlation coefficient (R2) 0.999 0.998 0.999

Standard solutions
Regression equation y = 1.528x + 0.036 y = 3.925x + 0.063
Correlation coefficient (R2) 0.999 0.998

Spiked aqueous humor
Regression equation y = 1.443x + 0.054 y = 3.274x + 0.057
Correlation coefficient (R2) 0.999 0.998

Accuracy (% recovery)
Spiked sample (0.05 �g/ml) 95.17 ± 1.24; 1.30 97.15 ± 1.03; 1.06 94.77 ± 0.96; 1.01
Spiked sample (1.0 �g/ml) 98.30 ± 1.01; 1.08 94.99 ± 1.11; 1.17 96.31 ± 0.73; 0.75
Spiked sample (2.0 �g/ml) 97.25 ± 0.33; 0.34 94.03 ± 0.12; 0.13 98.99 ± 0.19; 0.20

Accuracy (amount recovered)
Spiked sample (0.05 �g/ml) 0.049 ± 0.0010; 2.04 0.048 ± 0.0008; 1.67 0.047 ± 0.0009; 1.91
Spiked sample (1.0 �g/ml) 0.986 ± 0.0122; 1.23 0.951 ± 0.0113; 1.19 0.965 ± 0.0119; 1.23
Spiked sample (2.0 �g/ml) 1.945 ± 0.0101; 0.52 1.891 ± 0.0090; 0.48 1.981 ± 0.0106; 0.54

Percent recovery (relative)
(% recovery ± SD; %RSD) (spiked human
plasma) spiked sample (1.0 �g/ml)

98.72 ± 1.19; 1.20 96.04 ± 3.09; 3.22 95.14 ± 1.19; 1.25

Percent recovery (absolute)
(% recovery ± SD; %RSD)

(92.65 ± 2.32; 2.50) (94 43 ± 1.58; 1.67) (93.54 ± 1.38; 1.47)

Percent recovery (relative)
(% recovery ± SD; %RSD) (spiked aqueous
humor) spiked sample (1.0 mcg/ml)

94.99 ± 0.98; 1.03 96.04 ± 3.09; 3.22 98.23 ± 1.13; 1.15

Percent recovery (absolute)
(% recovery ± SD; %RSD)

92.56 ± 1.72; 1.86 94.25 ± 1.49; 1.58 95.85 ± 1.52; 1.59

Repeatability
Injection repeatability

Spiked sample (2.0 mcg/ml) 2.9 ± 0.02; 0.69a 3.8 ± 0.01; 0.26a 6.2 ± 0.02; 0.32a

Spiked sample (2.0 mcg/ml) 27437.33 ± 109.20; 0.40b 28328 ± 110.49; 0.3b 77533.33 ± 136.55; 0.18b

Analysis repeatability
Spiked sample (2.0 mcg/ml) 1.91 ± 0.02; 1.04 1.90 ± 0.01; 0.53 1.92 ± 0.02; 0.76

Sensitivity
Limit of detection (ng/ml) 0.800 0.500 0.250

a
a
h
t
a

T
I

Limit  of quantification (ng/ml) 2.000 

a Retention time (min) of the analyte.
b Peak area of the analyte.

Stability studies were conducted at room temperature (25 ◦C),
nd at freezer temperature (−20 ◦C), for the standard mixtures

nd spiked plasma samples of TM,  RST, and DS and aqueous
umor samples spiked with TM,  and DS for 1 week, respec-
ively. The results obtained have shown that these compounds
re stable at freezer temperature. The TM and DS standard

able 2
ntra-day and inter-days studies.

Spiked concentration (�g/ml) Concentration recovered (�g/ml)

Intra-day (mean ± S.D) 

Timolol
1.0 0.9386 ± 0.0095 

1.5  1.5098 ± 0.0063 

2.0  1.8933 ± 0.0035 

Rosuvastatin
1.0 0.9499 ±  0.0111 

1.5  1.4332 ± 0.0054 

2.0  1.8675 ± 0.0028 

Diclofenac sodium
1.0 0.9404 ± 0.0100 

1.5 1.4800 ± 0.0104 

2.0  1.9166 ± 0.0146 
1.500 1.000

solutions as well as spiked samples were degraded at room
temperature.
Ruggedness of the proposed method was determined through
small deliberate changes in various experimental parameters and
the resulted changes in the peak area and retention times were
found non-significant.

%RSD Inter-day (mean ± S.D) %RSD

0.6357 0.9166 ± 0.0368 4.0104
0.4170 1.4527 ± 0.0543 3.7410
0.1834 1.8552 ± 0.0405 2.1821

1.1729 0.9071 ± 0.0334 3.6859
0.3779 1.4171 ± 0.0205 1.4473
0.1492 1.8421 ± 0.0197 1.0708

1.0586 0.9093 ± 0.0196 2.1580
0.7052 1.4395 ± 0.0284 1.9763
0.7622 1.8767 ± 0.0197 1.0516
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. Application of the method

The proposed validated HPLC-UV method was applied for the
imultaneous assessment of TM,  RST, and DS using naproxen
odium as IS in human plasma (Fig. 10b), and bovine aqueous
umor. This method is a part of biochemical analysis of plasma and
queous humor samples that will be collected from animal mod-
ls. The method will be applied for the pharmacokinetic analysis of
hese compounds in animal models later on.

. Conclusion

The developed suggested method is novel, robust and easy to
utomate. The method was validated according to standard guide-
ines and various experimental parameters were optimized for the
imultaneous determination of TM,  RST, and DS in human plasma
nd TM and DS in aqueous humor. Extraction was  carried out with

obile phase preceded by protein precipitation with methanol. The

omplete separation of all targets peaks was achieved in 7 min  using
aproxen sodium as an IS. The proposed method will be applied

or the pharmacokinetic studies of these analytes in physiological

[

[

[
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fluids (plasma, serum and aqueous humor) using animal models.
This method can also be applied for the simultaneous quantification
of these compounds in pharmaceuticals and in routine laboratory
practice.
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