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This article describes a high performance liquid chromatography method for determination of valsartan in 
rabbit plasma. The method was statistically optimized, developed and validated as per United States of Food 
and Drug Administration guidelines. The solvent deproteination technique was opted for the extraction of 
valsartan from rabbit plasma. Full factorial design was used for the optimization of an extraction method. 
The main effect of deproteinating agent, volume of deproteinating agent, speed of centrifugation and time of 
centrifugation was found to be significant at P<0.0001 on all the responses. After deproteinization, the drug 
was analysed on a C18 column using 20 mM ammonium formate:acetonitrile (58:42 v/v) as the mobile phase 
with a flow rate of 0.9 ml/min. The standard calibration curve was constructed in the concentration range of 
75 ng/ml to 4.0 µg/ml and linearity was found to be 0.9989. Losartan was used as the internal standard. The 
retention time of valsartan and the internal standard was found to be 11.394 and 6.343 min, respectively. 
No interference peak was perceived. From the accuracy results, the relative error was found between 0.99 
and 13.01% and relative standard deviation was between 1.43 and 12.19%. The percent relative standard 
deviation of intra-day and inter-day precision was found to be less than 15%. Limit of detection and limit 
of quantitation were found to be 22.00 and 66.67 ng/ml, respectively. From pharmacokinetic applications, 
the peak plasma concentration (Cmax) of valsartan oral suspension was found to be 1092.67±39.62 ng/ml 
at 0.67±1.24 h. The half-life and area under the curve were found to be 19.92±10.28 h and 8393.35±131.14 
ng/ml, respectively. The high performance liquid chromatography method was successfully demonstrated 
as rapid and sensitive method which can be used as an alternative for the analysis of valsartan in plasma 
samples.
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Valsartan, N-(1-oxopentyl)-N-[[2-(1H-tetrazol-5-
yl) [1,1-bi-phenyl]-4-yl]methyl]-L-valine (fig. 1) has 
an empirical formula of C24H29N5O3 and molecular 
weight of 435.5[1]. Valsartan is an orally active, highly 
selective angiotensin II receptor blocker, which is 
widely used for the treatment of hypertension. But, 
the low oral bioavailability (approx. 23%) of valsartan 
restricts its use as an antihypertensive agent. This 
low oral bioavailability is due to poor absorption and 
permeability of this drug in the gastrointestinal tract, 
minimal metabolism and large excretion (approx. 
80%) as unchanged drug[1-4].

Several bioanalytical methods have been reported 
for the estimation of valsartan in plasma samples. 
Numerous high performance liquid chromatography 
(HPLC) methods attached with fluorimetric detector 

have been reported for the estimation of valsartan 
in human plasma[5-8]. Similarly, several HPLC 
methods using tandem mass spectroscopy (LC/MS/
MS) have also been reported for analysis of drug in 
plasma with their high sensitivity[9-11]. The two liquid 
chromatography-electrospray ionization-tandem mass 
spectrometry (LC-ESI-MS/MS) has been described for 
the estimation of drugs (from fixed-dose combination) 
in rat and human plasma[12,13]. HPLC methods attached 
with photodiode array-fluorescence and ultraviolet-
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fluorescence detectors for the analysis of drugs in human 
plasma have also been reported[14-17]. But, the LC/MS/
MS, LC-ESI-MS/MS, HPLC with photodiode array-
fluorescence, HPLC with ultraviolet-fluorescence and 
HPLC with fluorimetric detections are very expensive 
in comparison of HPLC with ultraviolet (UV) 
detection. HPLC with UV detectors are easy to handle. 
The HPLC methods with photodiode array (PDA) and 
UV detectors have also been reported for the extraction 
of valsartan from the human plasma[1,18,19].

In an HPLC bioanalytical method, valsartan from 
human plasma was first isolated by a solid-phase 
extraction on a Bond-Elut CH cartridge. After 
evaporating the solvent, the residue was reconstituted 
in the 0.1% trifluoroacetic acid (TFA) in acetonitrile 
(ACN)/H2O (45/55 v/v) and the drug was analysed 
using HPLC with UV detector at 215 nm wavelength 
with the flow rate of 1.0 ml/min[18].

Similarly, in another HPLC bioanalytical method, 
valsartan was first isolated with organic solvent and 
then the organic solvent was evaporated under a 
gentle stream of nitrogen at 40°. Then the residue was 
dissolved in 0.1 ml mobile phase (ACN and 15 mM 
potassium dihydrogen phosphate with pH 2.0 in a ratio 
42:58 v/v) and the samples were analysed using UV 
detector at 215 nm wavelength with the flow rate of 1.2 
ml/min using Luna C18 (150×4.6 mm I.D., particle size 
5 µm) column (Phenomenex®, Torrance, CA, USA)[1].

An HPLC bioanalytical method with PDA detector 
has also been stated. In this method the triple 
drug combination of valsartan, amlodipine and 
hydrochlorothiazide was analysed in human plasma by 
using a mixture of methanol (MTH) /ACN (50:50 v/v) 
as a protein precipitating solvent. In this method, after 
isolation the supernatant was collected and filtered in 

a glass tube. Then the solvent was evaporated under 
nitrogen and the residue was reconstituted with 0.5 ml 
mobile phase, filtered and analysed at 254 nm using 
PDA detector. The mobile phase used in the present 
method was the combination of ACN and ammonium 
formate buffer (pH 3.5±0.2) with a gradient mode. The 
flow rate and stationary phase used were 1.0 ml/min 
and Gemini C18 (250×4.6 mm i.d., particle size 5 µm) 
column (Phenomenex®, USA) protected with C18 (4×2 
mm i.d.) guard column, respectively[19]. However, these 
existing HPLC-UV and HPLC-PDA methods involved 
multiple steps of extraction and use of expensive gases 
(such as nitrogen) for evaporation of organic solvents.

Hence, there is a need to develop and validate a 
simpler, easier, faster yet economical new bioanalytical 
method for the extraction and estimation of valsartan 
in plasma samples using HPLC with a UV detector. 
It is also necessary that the extraction process be 
simpler as rapid as possible. Although, the extraction 
process has been well established, it is affected by the 
choice of deproteinizing agent used, volume of the 
extracting solvent, simplicity of the extraction and the 
protein separating process[1,7,8,17]. Furthermore, in the 
estimation process, short analysis time, sensitivity, 
robustness, precision, accuracy, sharpness of the peak 
and other economic aspects should be considered. 
These factors can be achieved with appropriate 
extraction conditions, appropriate buffer selection, pH, 
UV detector wavelength and flow rate, stationary and 
mobile phase. A slightly volatile buffer with a suitable 
pH should be used with respect to the pKa value of 
drug for appropriate elution, while composition of 
the mobile phase and flow rate should be adjusted to 
reduce the retention time[20].

The aim of the present study was to develop and 
validate a sensitive, simple, easy, fast, reproducible, 
precise and economical bioanalytical HPLC method 
for the estimation of valsartan in rabbit plasma. 
To achieve the aim of the present study, design of 
experiment (DoE) approach has been embraced for 
the statistical optimization of deproteinizing agent, 
volume of deproteinizing agent, centrifugation speed 
and time as a part of the extraction process. Further, the 
extracted drug samples were analysed with the newly 
developed and validated HPLC bioanalytical method.

MATERIALS AND METHODS

Valsartan was obtained from Lupin Ltd. (Goa, India) as 
a gift sample. Ammonium formate was purchased from 
Sisco Research Laboratories Pvt. Ltd. (Mumbai, India) 

Fig. 1: Structure of valsartan
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for preparation of buffer. Formic acid was purchased 
from RFCL Limited (New Delhi, India) for adjustment 
of buffer pH. HPLC grade ACN was purchased from 
Finar Limited (Ahmadabad, India) as organic solvent 
for mobile phase. HPLC grade MTH was purchased 
from Labort Fine Chem Pvt. Ltd. (Surat, India) as a 
deproteinizing agent for extraction of drug from plasma 
samples.

Estimation of valsartan in rabbit plasma was carried 
out using a HPLC (model no. LC-2010 CHT, 
Shimadzu Corporation, Kyoto, Japan) connected to a 
dual wavelength UV detector, column oven and auto 
sampler (Shimadzu Corporation, Kyoto, Japan). LC 
solution 5.57 release was used for recording of HPLC 
chromatograms. A Phenomenex® HyperClone C18 
column (250×4.6 mm id, 5 µm, BDS 130 Å) was used 
to accomplish the separation, with a C18 Phenomenex®, 
4×3.0 mm i.d. security guard column. A Millipore glass 
filter (Millipore filter cellulose nitrate gridded with 0.22 
µ size and 47 mm diameter) assembly attached with 
vacuum pump was used to filter mobile phase. Samples 
were sonicated for 15 min using ultrasonic cleaner–15 
l (Equitron-Medica Instrument Mfg. Co., Mumbai, 
India) to remove dissolved gases from the mobile 
phase. A Genie-2 Spinix model vortex mixer, a cooling 
centrifuge (Sigma, Germany) was used for extraction 
of the drug from rabbit plasma. Eutech Instruments pH 
510 using a glass electrode Van London Co., USA was 
used to adjust the pH of buffer.

Chromatographic conditions:

In the mobile phase, 58 parts of 20 mM ammonium 
formate buffer and 42 parts of ACN was used. The pH 
of ammonium formate buffer was adjusted to 3.0±0.02 
with formic acid. The mobile phase was delivered 
isocratically at 0.9 ml/min flow rate. Phenomenex® 
Hyper Clone C18 column connected with C18 
Phenomenex® security guard column was used as the 
stationary phase. The column temperature was adjusted 
to 25° with thermo-statistically controlled column 
oven. The drug was quantified at 250 nm wavelength 
with UV detector while keeping the 15 min run time 
for each chromatographic analysis.

Preparation of stock solutions:

Accurately weighed 10 mg amount of valsartan was 
taken in a 100-ml glass volumetric flask and was 
dissolved in 2 ml MTH. The volume was made up 
to 100 ml with the mobile phase to get 100 µg/ml 
concentrations. Further, the working solutions were 

prepared with appropriate dilutions of the above 
prepared stock solution using mobile phase. Losartan 
was used as an internal standard (IS) in this study. 
Accurately weighed amount of losartan (10 mg) was 
taken in a 100-ml glass volumetric flask and was 
dissolved in 2 ml MTH. The volume was made up 
to the mark with mobile phase to produce 100 µg/ml 
concentrations. Further, appropriate dilution was made 
to produce a working concentration of losartan.

Calibration standard plot from 75 to 4000 ng/ml 
was prepared in rabbit plasma by spiking 10 µl drug 
solution of working stock solutions and 10 µl IS (with 
2500 ng/ml final plasma concentration). The four 
quality control solutions such as the lower limit of 
quantification (LLQC) 75 ng/ml, lower quality control 
(LQC) 100 ng/ml, medium quality control (MQC) 1000 
ng/ml and higher quality control (HQC) 4000 ng/ml 
were prepared by spiking 10 µl of each concentration 
and 10 µl of the internal standard.

Technique for extraction of valsartan from rabbit 
plasma:

A solvent deproteinization technique was used for 
extraction of valsartan from rabbit plasma. Two 
hundred microliters of rabbit plasma, 10 µl standard 
drug solutions and 10 µl IS were taken in a micro 
centrifuge tube and shaken for 30 s to mix it properly. 
Then the pre-optimized deproteinizing agent and 
volume was added to the tubes and vortexed for 5 min. 
The sample-containing micro centrifuge tubes were 
centrifuged at pre-optimized speed for an optimized 
time at 4°.

Optimization of extraction process:

In the present study, C18 silica packed HPLC column 
with the security guard column was used for better 
separation. The deproteinizing agent, volume of 
deproteinizing agent, speed of centrifugation and 
time of centrifugation may play an important role in 
the extraction of drug. Hence, in this research work, 
these four factors were optimized using DoE (Design 
Expert® v.9.0.5.1 software).

In the present study, ACN and MTH were used as 
deproteinizing agents. Each deproteinizing agent was 
used at two different levels, such as 380 ml and 580 ml. 
Two different centrifugation speeds such as 7500 and 
15 000 rpm were used for the separation of supernatant. 
Similarly, centrifugation time was also studied at two 
different levels, such as 8 and 15 min.
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Optimization of independent variables with their 
interactions became easier with the applications of 
design of experiments[21-23]. With the help of design of 
experiment, it is possible to study the effect of abundant 
variables at a time. This research work involves the use 
of full factorial design for optimization of independent 
variables. In this study, four independent variables 
with two levels were used, which suggested total 16 
runs to execute the experiment. The deproteinizing 
agent (A), volume of deproteinizing agent (B), speed 
of centrifugation (C) and time of centrifugation (D) 
were used as independent variables. These independent 
variables were projected at two different levels, such 
as minimum (−1) and maximum (+1)[14,21,24-27]. Total 
16 experimental runs were executed and the obtained 
response like drug/IS peak area ratio (RS1), the number 
of theoretical plates (USP) (RS2), drug tailing factor 
(5%) (RS3), drug resolution (RS4) and drug capacity 
factor (RS5) was fed into the software to study the 
interaction between the independent variables and for 
optimization.

Factors and levels used in 24 full factorial design for 
extraction of valsartan from rabbit plasma are shown 
in Table 1 and the composition of experimental runs 

are shown in Table 2. The significance of independent 
variables was estimated using analysis of the variance 
(ANOVA) and the polynomial Eqn., RS = β0 +β1A+β2B
+β3C+β4D+β12AB+β13AC+β14AD+β23BC+β24BD+β34C
D+β123ABC+β134ACD+β124ABD+β234BCD, where, RS 
is the response, β represents as regression coefficients 
and A, B, C and D are deproteinizing agent, volume of 
deproteinizing agent, speed of centrifugation and time 
of centrifugation, respectively.

Validation of HPLC method:

Optimized and developed method was validated as 
per the USFDA guidelines. The method was validated 
with the following steps such as selectivity, linearity, 
accuracy, precision, recovery and stability[28].

Selectivity:

Selectivity is related to the absence of interference on 
the retention time of drug peak by the proteins and/or 
other impurities. The rabbit blank plasma samples and 
plasma with drugs (for LLQC, LQC, MQC and HQC 
samples) were extracted with the same above given 
procedure for drug extraction and were analysed by 
HPLC with six replicate injections of each.

Independent factors Levels
-1 +1

Deproteinating agent ACN MTH
Volume of deproteinating agent (ml) 380 580
Speed of centrifugation (rpm) 7500 15000
Time of centrifugation (min) 8 15

TABLE 1: 24 FULL FACTORIAL DESIGNS FOR EXTRACTION OF VALSARTAN FROM RABBIT PLASMA

Run Independent variables
Deproteinating agent Volume of deproteinating 

agent (ml)
Centrifugation speed 

(rpm)
Centrifugation time 

(min)
Run 1 ACN 380 7500 8
Run 2 MTH 380 7500 8
Run 3 ACN 580 7500 8
Run 4 MTH 580 7500 8
Run 5 ACN 380 15 000 8
Run 6 MTH 380 15 000 8
Run 7 ACN 580 15 000 8
Run 8 MTH 580 15 000 8
Run 9 ACN 380 7500 15
Run 10 MTH 380 7500 15
Run 11 ACN 580 7500 15
Run 12 MTH 580 7500 15
Run 13 ACN 380 15 000 15
Run 14 MTH 380 15 000 15
Run 15 ACN 580 15 000 15
Run 16 MTH 580 15 000 15

TABLE 2: EXPERIMENTAL RUNS OBTAINED FROM 24 FULL FACTORIAL DESIGNS
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Linearity:

Calibration plot was constructed with blank samples 
(plasma without drug) and eight different concentrations 
from 75 ng/ml to 4.0 µg/ml. Each concentration was 
repeated in triplicates. Drug concentration was plotted 
against drug/IS peak area ratio to find the linear 
regression and correlation coefficient.

Accuracy:

Accuracy was determined at three different quality 
control concentrations such as LQC, MQC and 
HQC. Percent accuracy was calculated using 
nominal concentrations and average back calculated 
concentrations using the formula given in Eqn. Average 
back calculated concentration was determined, 
from six replicate injections of each quality control 
concentration. Percent accuracy= BC/NC×100, where, 
BC represents the average back calculated concentration 
and NC represents the nominal concentration of drug.

Precision:

Study was conducted as intra-day precision and inter-
day precision. In this study three quality control levels, 
such as LQC, MQC and HQC were considered. Intra-
day precision of the developed method was performed 
for these three quality controls by means of six 
replicates of each two times in a day (i.e., morning 
and evening). Similarly, inter-day precision study was 
performed for these three quality controls by means 
of six replicates of each, two times on two different 
days (i.e., 1 and 2 d). The drug/IS peak area ratio was 
measured and percent relative standard deviation 
(%RSD) was calculated[21,29].

Recovery:

Absolute recovery of valsartan from spiked rabbit 
plasma samples (extracted samples) was compared 
with analytical standards of the same concentration 
(un-extracted samples). In the present study, the mean 
percent recovery was calculated at three different 
levels of concentration, such as LQC, MQC and HQC. 
For each concentration level, the extracted and un-
extracted samples were analysed in triplicate and the 
mean was calculated. The value of recovery towards 
100% indicates that the selected solvent has very 
high extraction efficiency and it also indicates that the 
method is robust. The formula used to calculate the 
percent recovery is given in Eqn. Percent recovery = 
AE/AU×100, where, AE is the peak area of extracted 
samples and AU is the peak area of un-extracted 
samples.

Limit of detection and limit of quantitation:

Limit of detection and limit of quantitation for valsartan 
was determined at a signal-to-noise ratio of 3:3 and 
10:1, respectively, by using serial dilutions of known 
concentrations[30,31].

Stability studies:

Stability of valsartan in rabbit plasma was evaluated 
using LQC and HQC samples under different stress 
conditions. The percent drug remaining in the plasma 
was calculated using the formula given in Eqn. 
Percent drug remaining = final concentration/initial 
concentration×100. 

Bench top stability study:

Bench top stability study of valsartan in rabbit plasma 
was performed by keeping three replicates of each low 
and high plasma quality control concentrations for 24 
h at room temperature. After 24 h, the samples were 
processed and the drug was extracted. The extracted 
samples were analysed by HPLC system and the 
concentration was calculated.

Freeze thaw stability study:

Freeze thaw stability of valsartan in rabbit plasma was 
assessed by analysing three replicates of each low and 
high quality control concentrations after three freeze 
and thaw cycles. For each cycle, the samples were 
kept at −70° for 12 h for frozen and thaw at room 
temperature for 2 to 3 h. After third cycle, the samples 
were extracted and were analysed using HPLC. The 
concentration was calculated using linear equation 
obtained from calibration plot.

Auto-sampler stability:

Auto-sampler stability of drug in rabbit plasma 
was accessed by analysing three replicates of each 
processed low and high quality control concentrations. 
The processed and reconstituted samples were stored 
in an auto-sampler tray for 24 h. After specified 
time, the samples were analysed using HPLC and the 
concentration was calculated.

Long-term stability study:

This is the study which gives the information about the 
one-month stability of drug in plasma at −70°. Long-
term stability of valsartan was determined after storage 
of three replicates of each low and high quality control 
concentrations at –70° for 30 d. After 30 d, the samples 
were processed for extraction of drugs and were 
analysed using HPLC. Then the final concentration of 
drug in samples was calculated.
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Application of method in pharmacokinetics:

To find out the application of this HPLC method, it 
was used to assess the pharmacokinetics of valsartan in 
white male New Zealand rabbits as the animal model. 
This species of animals was selected, because of their 
ease of availability, handling and mild-tempered. 
These species of animals are also less susceptible to 
infections. The average weight of the rabbits used in the 
present research was 2.5 kg. The study was performed 
after obtaining consent from Institutional Animal 
Ethical Committee (IAEC), Manipal University, 
Manipal (IAEC/KMC/24/2014). The guidelines were 
obeyed to execute the study. A 12 h dark/light cycle 
was maintained throughout the study. The animals had 
free access to the food and water ad libitum. Oral drug 
suspension (containing 2.8 mg/2 ml) was given to the 
rabbits (n=3). The 0.5 ml of blood was withdrawn from 
the ear marginal vein of each rabbit at predetermined 
time intervals such as 0, 0.5, 1, 2, 4, 6, 8, 10, 12, 24 
and 48 h. Immediately after collection, the blood 
samples were transferred into the micro centrifuge 
tubes containing 10 µl EDTA solutions (2.5% w/v). 
Then, the plasma was separated from the blood using 
a cooling centrifuge (Sigma, Germany) at 4° using 15 
000 rpm for 15 min. The separated plasma samples 
were stored at −70° until analysis[32,33].

Present samples were processed for extraction using 
the above optimized procedure for extraction of drug 
from the rabbit plasma. Then the spiked samples were 
run into the HPLC by following the above validated 
method. The obtained peak area was used to calculate 
the drug/IS peak area ratio. Then the ratio was 
converted into the concentration of drug. The obtained 
concentration was fit into the WinNonlin standard 
edition v.5.2 (Pharsight, Mountain View, CA, USA) to 
estimate the pharmacokinetic parameters of valsartan.

RESULTS AND DISCUSSION

Optimization of extraction process, the extraction 
process was optimized using the Design Expert® 
v.9.0.5.1 (Stat-Ease, Inc., Mumbai) by employing the 
full factorial design. The main and complexed effects 
of independent factors on responses were analysed. 
The effect of independent variables on responses was 
assessed with the help of polynomial equation and 
perturbation plots constructed with the software as 
shown in fig. 2.

Effect of independent factors on drug/IS peak area 
ratio (RS1) has been reported in fig. 2 (RS1). Fig. 2 
showed that the volume of deproteinizing agent (B) 

and centrifugation time (D) slightly decreased the peak 
area ratio. Similarly, the centrifugation speed (C) had 
no effect on extraction of the drug from the plasma. 
Deproteinizing agent (A) showed a significant effect on 
drug/IS peak area ratio. It indicated that ACN has very 
low drug extraction property as compared to MTH.

Effect of the deproteinizing agent (A), volume of 
deproteinizing agent (B) and centrifugation time (D) 
on the number of theoretical plates (USP, RS2) was 
demonstrated in fig. 2 (RS2). This perturbation plot 
indicated that there was no effect of centrifugation 
time (D) on the number of theoretical plates, whereas 
the volume of deproteinizing agent (B) slightly 
decreased the number of theoretical plates (USP). 
The deproteinizing agent (A) again indicated that 
MTH gave a high number of theoretical plates (USP) 
in comparison to ACN. High number of theoretical 
plates (USP) was desired requirement as per regulatory 
guidelines.

Effect of deproteinizing agent (A) and volume of the 
deproteinizing agent (B) on drug tailing factor (5%, 
RS3) was reported in the fig. 2 (RS3). Effect of the 
deproteinizing agent (A) as shown in the fig. 2 (RS3), 
MTH increased the drug tailing factor (5%) compared 
to ACN, but it showed that the maximum tailing factor 
value found with MTH was near to 1.051. Further, the 
volume of deproteinizing agent (B) slightly decreased 
the tailing factor (5%).

Fig. 2 (RS4) showed the effect of deproteinizing 
agent (A), volume of deproteinizing agent (B) and 
centrifugation time (D) on drug resolution (RS4). As 
the results yielded by the deproteinizing agent (A) 
MTH, indicated a very high drug resolution value in 
comparison to ACN. No effect of centrifugation time 
(D) on drug resolution was observed. As the volume of 
deproteinizing agent (B) increased the drug resolution 
slightly decreased.

Effect of the deproteinizing agent (A), volume of 
deproteinizing agent (B), centrifugation speed (C) and 
centrifugation time (D) on drug capacity factor (RS5) is 
reported in fig. 2 (RS5). The volume of deproteinizing 
agent (B), centrifugation speed (C) and centrifugation 
time (D) did not have any effect on drug capacity factor. 
As per the results of deproteinizing agent (A), MTH 
showed less drug capacity factor value, compared to 
ACN.

Responses obtained, such as a drug/IS peak area ratio, 
the number of theoretical plates (USP), drug tailing 
factor (5%), drug resolution and drug capacity factor 
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Fig. 2: Effect of various factors on drug/IS peak area ratio, drug tailing factor, drug resolution, and drug capacity factor
Effect of deproteinizing agent (A), volume of deproteinizing agent (B), centrifugation speed (C) and centrifugation time (D) on 
drug/IS peak area ratio (RS1); number of theoretical plates (USP) (RS2); drug tailing factor (RS3); drug resolution (RS4) and drug 
capacity factor (RS5)

obtained from each injection were entered in the Design 
Expert® software and were analysed using the ANOVA. 
For an experimental design with four independent 
factors, the suitable model fitting to the responses such 
as a drug/IS peak area ratio, number of theoretical 
plates (USP), drug tailing factor (5%), drug resolution 
and drug capacity factor were R2FI, R3FI, R2FI, R3FI 

and R2FI models, respectively. Polynomial equations 
for the response factors are given below. Drug/IS peak 
area ratio (RS1)=+0.96+0.058A-0.014B-0.0024C-
0.028D+0.021CD; number of theoretical plates (USP) 
(RS2)=+30474.88+20466.13A-5080.75B-879.75D-
3591.75AB-644.00AD-1644.62BD-1655.62ABD; 
drug tailing factor (RS3)=+0.85+0.14A-0.038B-



www.ijpsonline.com

January-February 2017Indian Journal of Pharmaceutical Sciences23

0.016AB; drug resolution (RS4)=+8.34+3.26A-0.69B-
0.12D-0.31AB-0.054AD-0.19BD-0.19ABD; drug 
capacity factor (RS5)=+0.80-0.0077A+0.00019B-
0.00006C+0.00056D+0.00019AC-0.00044BC-
0.0003BD-0.0003CD, where, RS1, RS2, RS3, RS4 and 
RS5 are representatives of response factors such as 
a drug/IS peak area ratio, the number of theoretical 
plates (USP), drug tailing factor, drug resolution 
and drug capacity factor, respectively. The A, B, C 
and D are representatives of deproteinating agent, 
volume of deproteinating agent, centrifugation speed 
and centrifugation time, respectively. Main effect of 
deproteinating agent, volume of deproteinating agent, 
speed of centrifugation and time of centrifugation 
was found most significant, i.e., P<0.0001 on all 
the responses. MTH gives sharp and symmetrical 
peak, whereas ACN gives broad peak. Effect of 
deproteinating agent has also been reported in fig. 3.

Validation of optimized factors, responses obtained 
from optimized independent factors such as 
deproteinating agent, volume of deproteinating agent, 
speed of centrifugation and time of centrifugation 
were validated by comparing the observed responses 
and predicted responses. The difference between the 
predicted responses and observed responses was 
found to be within±20.71% as shown in the Table 
3. The percent residual value is calculated using the 
formula given in bellow Eqn.[21]: percent residual= 
(predicted responses-observed responses/predicted 
responses)×100, desirability value was found to be 
0.752.

In the present study, retention time of losartan was 
found to be 6.343 min, whereas the retention time of 
valsartan was found to be 11.394 min. When the spiked 
blank plasma samples were run in the HPLC system no 

Fig. 3: Effect of deproteinating agent, (A) Acetonitrile and (B) methanol

Response Predicted results Observed results Residual values (%)
Drug/IS peak area ratio (RS1) 1.011 1.030 -1.88
Number of theoretical plates (USP) (RS2) 32837 36765 -11.96
Drug tailing factor (5%) (RS3) 0.930 0.920 1.08
Drug resolution (RS4) 8.268 9.980 -20.71
Drug capacity factor (RS5) 0.806 0.800 0.74

TABLE 3: VALIDATION OF OPTIMIZED INDEPENDENT VARIABLES
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peak was found on or near to the drugs retention times. 
Chromatograms of drug free plasma and plasma with 
drugs (LLQC, LQC, MQC and HQC) have been shown 
in fig. 4.

Linearity value was found to be 0.9989. The linear 
regression obtained from a calibration plot was found 
as y=0.0003x+0.0169. Where, y is representative 
of drug/IS peak area ratio and x is representative of 
drug concentration. Accuracy results for the drug in 
rabbit plasma are shown in Table 4. The least percent 
relative error (%RE) and %RSD values were obtained 
for valsartan in rabbit plasma. Relative error was found 
from 0.99% to 13.01% and %RSD was from 1.43% to 
12.19%. Percent accuracy was also found within the 
range such as from 100.99 to 113.01%. Intra- and inter-

day precision was determined for three quality controls 
and was expressed as %RSD. Intra-day and inter-day 
precision studies were performed using six replicates 
of LQC, MQC and HQC. The intra-day and inter-day 
precision results are reported in Table 4.

Absolute mean recovery of valsartan from spiked 
rabbit plasma (extracted) samples was compared with 
un-extracted samples of same concentration and found 
to be within 80.97 to 102.51% with percent RSD 
values between 6.18 and 12.39%. Recovery results are 
reported in Table 5.

Limits of detection and limit of quantitation were found 
to be 22.00 and 66.67 ng/ml, respectively. Stability 
studies result is reported in the Table 6. Bench top 

 
Fig. 4: Chromatogram of drug free plasma, rabbit plasma spiked at LLQC, LQC, MQC and HQC
(A) Drug free plasma; (B) rabbit plasma spiked at LLQC concentration; (C) rabbit plasma spiked at LQC concentration; (D) 
rabbit plasma spiked at MQC concentration and (E) rabbit plasma spiked at HQC concentration

Quality control 
level

Nominal 
concentration 

(ng/ml)

Precision Accuracy
%RSD Percentage 

accuracy (%)
%RSD %RE

Intra-day Inter-day

LQC 100 13.09 12.84 113.01 12.19 13.01
MQC 1000 7.13 6.39 100.99 3.57 0.99
HQC 4000 13.10 14.69 104.63 1.43 4.43

TABLE 4: PRECISION AND ACCURACY RESULTS OF PROPOSED METHOD (n=6)
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stability of valsartan in plasma was investigated at two 
levels, such as LQC and HQC and results revealed that 
the valsartan was stable for 24 h at both the levels with 
the drug remaining concentration in plasma 107.82 and 
90.34%, respectively. Repeated three cycles of freeze 
and thaw for drugs containing rabbit plasma samples 
was performed at two levels. The results for LQC and 
HQC levels were found to be 107.65 and 105.43%, 
respectively. Freeze and thaw results were found near 
to 100%. Auto-sampler stability of valsartan was 
investigated at two levels, such as LQC and HQC. 
Auto-sampler stability results of LQC and HQC 
were found to be 114.97 and 100.95%, respectively. 
Long-term stability of valsartan in rabbit plasma was 
investigated for two levels, such as LQC and HQC. 
The long-term stability of valsartan in rabbit plasma 
for LQC and HQC levels was found to be 91.57 and 
88.78%, respectively.

Present bioanalytical method has been used to estimate 
the valsartan in rabbit plasma after a single dose of 
the oral suspension to the rabbits. The obtained peak 
area was used to calculate the drug/IS peak area ratio 
and ratio was converted into the concentration of drug. 
Peak plasma concentration (Cmax) of valsartan oral 
suspension was found to be 1092.67±39.62 ng/ml at 
0.67±1.24 h. The half-life and area under the curve 
were found to be 19.92±10.28 h and 8393.35±131.14 
ng/ml, respectively. The plot for average plasma 
concentration versus time is given in fig. 5.

Process of extraction was optimized using design of 
experiments. A total of 16 runs were performed in 
the present study to find out drug/IS peak area ratio, 
number of theoretical plates (USP), tailing factor (5%), 
resolution and capacity factor. Effect of factors such as 
deproteinating agent, volume of deproteinating agent, 
speed of centrifugation and time of centrifugation on 
responses was optimized using Design Expert® version 

Quality control level Nominal concentration (ng/ml) Percent mean recovery (%) %RSD
Mean SD

LQC 100 102.51 6.33 6.18
MQC 1000 100.94 7.17 7.10
HQC 4000 80.97 10.03 12.39

TABLE 5: RECOVERY OF VALSARTAN FROM RABBIT PLASMA (n=3)

Quality control level Percent drug remaining in the plasma (%)
Bench top stability Freeze thaw stability Auto-sampler 

stability
Long-term stability

LQC 107.82 107.65 114.97 91.57
HQC 90.34 105.43 100.95 88.78

TABLE 6: RESULTS OF STABILITY STUDIES

9.0.5.1 software. Obtained results of RS1, RS2, RS3, 
RS4 and RS5 were fed into the software and desirability 
was calculated. The desirability is an indicative for the 
assessment of suitability of method and the value was 
found towards 1.0, which indicates that the process of 
extraction is strong[16].

MTH was optimized as a deproteinating agent and 
found to be good in comparison of ACN, due to its 
very sharp and symmetrical peak of drug. Extraction 
of valsartan from rabbit plasma follows a very simple 
procedure.

Further, the method was validated as per the USFDA 
guidelines. The validated method was simple, 
economical and rapid due to its short run time of 
6.343 and 11.394 min for losartan and valsartan, 
respectively. Specificity study confirmed that there was 
no interference by the protein and/or impurities with 
the drug retention time. Hence, the method appeared to 
be suitable for further analysis. Correlation coefficient 
value obtained from linearity indicated a strong 
correlation between the drug concentrations and drug/
IS peak area ratio. Accuracy results suggested that 
the method was accurate and can be used for routine 
experimental analysis of valsartan in rabbit plasma. The 
%RSD of intra-day and inter-day precision was found 
to be less than 15%. Precision results specified that this 
method has been precise. In the recovery study, the 
consistency in the results considered very important. 
This consistency has been determined with standard 
deviation values. The standard deviation value found 
in this study was less than 10.03, which indicated the 
percent recovery results are consistent. Recovery study 
also suggested that the deproteinating solvent showed 
very good extraction efficiency and the method was 
robust. Bench top stability results was found between 
90 and 110%, which indicated that valsartan was stable 
at room temperature in rabbit plasma for up to 24 h. 
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After three freeze-thaw cycles, stability results were 
found to be between 100 and 110%. This reflected that 
valsartan is stable in rabbit plasma even after three 
freeze thaw cycles. Autosampler stability results also 
revealed that the valsartan was stable in rabbit plasma 
in autosampler tray for 24 h. Stability of valsartan after 
30 d was found to be more than 85%, which proved 
that the valsartan is stable in rabbit plasma at −70° for 
30 d.

A method was developed and validated for the analysis 
of valsartan in rabbit plasma with good and practical 
sensitivity for the quantification of drug in rabbit 
plasma. Pharmacokinetic study of valsartan in rabbit 
plasma indicated that this method could be used for 
routine studies due of its robustness.

A HPLC method was developed and optimized 
successfully by implementing the DoE. The data has 
been analysed using Design Expert® version 9.0.5.1 
software. High significant effect of independent 
variables has been noticed in the study. Effect of 
variables on responses has also been reported in the 
form of perturbation plots. This study concludes that 
the DoE is a highly efficient tool for the optimization 
of independent variables for a bioanalytical method 
development. The present study also indicated that 
MTH has the potential to be a very good deproteinizing 

agent in comparison to ACN for extracting valsartan 
from rabbit plasma. Further, the method has been 
validated as per USFDA guidelines and the results 
obtained indicated that the present method was a novel, 
simple, accurate, precise, economical and robust. The 
application of this method has also been studied by 
giving a single dose of oral drug suspension to the 
rabbits. The results obtained from the pharmacokinetic 
study were quite reliable and indicated that the method 
was sensitive enough to be commercially viable. The 
present method could be used for the estimation of 
valsartan in rat and human plasma too after partial 
validation.
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