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Abstract 
 
A cholesterol oxidase from Streptomycin sp. was immobilized onto pencil graphite rod and employed for 
amperometric determination of serum cholesterol. The method has the advantage over earlier amperometric 
methods that it requires low potential to generate electrons from H2O2, which does not allow ionization of 
serum substances. The optimum working conditions of amperometric determination were pH 6.8, 25˚C and 
30 s. The current measured was in proportion to cholesterol concentration ranging from 1.29×10-3 to 
10.33×10-3 M. Minimum detection limit of the method was 0.09 ×10-3 M. Mean analytical recovery of added 
cholesterol (100 mg/dl and 200 mg/dl) in serum was 85.0% & 90.0% respectively. Within batch and between 
batch coefficients of variations were 1.59% & 4.15% respectively. A good correlation (r = 0.99) was ob-
tained between serum cholesterol values by standard enzymic colorimetric method and the present method. 
No interference by metabolites was observed in the method. The enzyme electrode was reused 200 times 
over a period of 25 days, when stored at 4˚C. 
 
Keywords: Cholesterol, Cholesterol Oxidase, Pencil Graphite, Enzyme Electrode, Serum, Amperometric 

Biosensor 

1. Introduction 
 
Cholesterol an important steroid in human body plays a 
vital role as a precursor to various hormones. Cholesterol 
determination in blood is known to be clinically impor-
tant for diagnosis of various diseases like cardiac disor-
ders, atherosclerosis, nephritis, diabetes mellitus, myxo- 
dema, obstructive jaundice and cerebral thrombosis [1]. 
Among various methods available for cholesterol deter-
mination, biosensors are comparatively simpler, rapid, 
sensitive and specific [2-6]. Various amperometric cho-
lesterol biosensors have been reported, employing cho-
lesterol esterase, cholesterol oxidase and peroxidase im-
mobilized onto nylon mesh over a platinum electrode [7], 
octyl-agarose gel activated with cyanogen bromide and 
placed in a reactor [8], pyrrole membrane through elec-
tropolymerization and coupled with FIA for H2O2 analy-
sis [9], carbon paste electrode modified with hydroxy-
methyl ferrocene and hydrogen peroxide [10], poly (2- 
hydroxyethyl methacrylate) (p(HEMA))/polypyrrole me- 
mbrane [11], graphite-teflon composite matrix with in-
corporated potassium ferrocyanide [12], layer of silica 
sol-gel matrix on the top of Prussian blue-modified 
glassy carbon electrode [13], photosensitive polymer on 

ultra-thin dialysis membrane [14], conducing polypyrrole 
(PPY) films using electrochemical entrapment technique 
[15], porous silicon [16], poly(vinylferrocenium) film 
[17]. Due to high electrochemical reactivity, good me-
chanical rigidity, low cost and ease of modification, re-
newal and miniaturization, pencil graphite electrode 
(PGE) received attention of workers for its use in work-
ing electrode of biosensor [18]. Furthermore, PGE has a 
large active electrode surface area and therefore able to 
detect low concentrations and/or volume of the analyte 
[19]. The aim of this work was to develop a simple cho-
lesterol biosensor based on PGE bound cholesterol oxi-
dase. The electrode is better in the economic sense and a 
small amount of material used; hence it seems to be a 
better electrode than “high tech” electrodes described 
previously [20]. 
 
2. Experimental 
 
4-Amino-phenazone/4-aminoantipyrene, horseradish per- 
oxidase from Sigma Aldrich, USA, Triton X-100, Cho-
lesterol, Cholesterol oxidase from Streptomycin sp. (500 
units/10mg) from SRL, Mumbai. ‘HB’ lead pencil was 
from local market. The kit of enzymic colorimetric 
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method for cholesterol determination was from Erba 
Transasia, Daman, India. All other chemicals were of 
analytical reagent grade. 
 
2.1. Assay of Free Cholesterol Oxidase 
 
Assay of free cholesterol oxidase was carried out in a 15 
ml test tube wrapped with black paper according to Al- 
lain et al. (1974) with modification. The reaction mixture, 
consisting of 1.8 ml sodium phosphate buffer (0.05 M, 
pH 7.0) containing 0.4% Triton X-100, 0.1 ml of cho- 
lesterol solution (10mM) and 0.1 ml of cholesterol oxi- 
dase solution (13 Units) incubated for 5 min at 37˚C. 
Color reagent (1.0 ml) was added and kept at 37˚C for 10 
min to develop the colour. A520 was read and the content 
of H2O2 was extrapolated from standard curve between 
H2O2 concentration and A520. Color reagent consisted 50 
mg 4-aminophenazone, 100 mg phenol and 1 mg horse- 
radish peroxidase per 100 ml 0.4 M sodium phosphate 
buffer (pH 7.0). It was stored in amber colored bottle at 
4˚C & prepared fresh after one weak. One enzyme unit is 
defined as the amount of enzyme required to generate 1.0 
nmol of H2O2 per min per ml. 
 
2.2. Immobilization of Enzyme onto Pencil  

Graphite Rod 
 
The wooden cover of a lead pencil was removed from its 
both the ends with a sharp blade upto 2 cm height. The 
one end of pencil graphite rod (0.15 diameter and 2 cm 
long) was dipped into 60% HCl at room temperature for 
24 h and then washed thoroughly with 0.05 M sodium 
phosphate buffer (pH 7.4). It was dipped again into 70% 
HNO3. After keeping it for 24h at room temperature, the 
pencil rod was washed thoroughly with the same buffer 
and then put into 0.2% enzyme solution. After keeping it 
at 4˚C for 8h, the rod was taken off and washed thor- 
oughly with the reaction buffer & tested for cholesterol 
oxidase activity. The residual enzyme solution was tested 
for activity and protein by Lowry method. The pencil 
graphite rod containing immobilized enzyme acted as 
working electrode (PGE). 
 
2.3. Construction and Response Measurement of 

Amperometric Cholesterol Biosensor 
 
An amperometric cholesterol biosensor was constructed 
by connecting pencil graphite electrode (PGE) as work-
ing electrode, silver/silver chloride (Ag/AgCl) as refer-
ence electrode and Cu wire as auxiliary electrode 
through electrometer/high resistance meter (Keithley 
6517A, Japan). To test the activity of this biosensor, the 
electrode system was immersed into 1.8 ml 0.02 M so-
dium phosphate solution pH 7.0 and 0.2 ml of cholesterol 
(12.9 mM) and polarized at a potential in the range 0-0.4 

V versus Ag/AgCl. The current was maximum at 0.1 V. 
Hence in the subsequent amperometric studies; the sen-
sor was polarized at 0.1 V to generate current. The elec-
trochemical reactions involved in response meas- ure-
ment are given in Figure 1. 
 
2.4. Optimization of Cholesterol Biosensor 
 
The optimal working conditions of cholesterol biosensor 
were studied in terms of the current (mA) generated. To 
study optimum pH, the pH of reaction buffer was varied 
in the range pH 6.2 to pH 7.8 using the 0.02 M sodium 
phosphate buffer. Similarly for optimum temperature, the 
reaction mixture was incubated at temperature ranging 
from 20 to 50˚C at an interval of 5˚C. Time course was 
studied by incubating reaction mixture for different time 
ranging from 5 to 40 s at an interval of 5 s. To study   
effect of substrate concentration, the concentrations of 
cholesterol was varied from 1.29 to 12.9 mM. Km (Micha-
elis Menten constant) and Imax (maximum current) were 
calculated from L.B. plot. 
 
2.5. Electrochemical Determination of  

Cholesterol in Serum 
 
Blood samples (1.0 ml each) from apparently healthy 
male and female (10 each) and diseased persons (suffer-
ing from coronary heart diseases, hypertension and 
atherosclerosis) were collected from local Pt BD Sharma 
Post Graduate Institute of Medical Sciences, Rohtak, and 
centrifuged at 5000 rpm for 5 min and their supernatant 
(serum) was collected. Cholesterol content in serum was 
determined by the present biosensor in the similar man-
ner as described for its response measurement, under its 
optimal working conditions except that cholesterol was 
replaced by serum. The current (mA) was measured and 
the amount of cholesterol in serum extrapolated from 
standard curve between cholesterol concentrations and 
current (in mA) prepared under optimal working condi-
tions (Figure 2). 
 
2.6. Evaluation of Cholesterol Biosensor 
 
The biosensor was evaluated by studying analytical re-  
 

 

Figure 1. Chemical reactions involved in generation of 
electron in amperometric cholesterol biosensor based on 
pencil graphite electrode (PGE) bound cholesterol oxidase 
(ChOx). 
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Figure 2. Standard curve of cholesterol by biosensor based 
on pencil graphite rod bound cholesterol oxidase. 
 
covery, precision and correlation. The effect of various 
metals and metabolites found in blood, such as uric acid, 
cholesterol, ascorbic acid, bilirubin, glucose, pyruate and 
glutathione were studied at their physiological concen-
tration. 
 
3. Results and Discussions 
 
3.1. Immobilization of Cholesterol Oxidase onto 

PG Rod and Construction of Amperometric 
Cholesterol Biosensor 

 
Commercial cholesterol oxidase from Streptomyces spe- 
cies was immobilized on PGE through chemisorption 
(Figure 3). The HCl treatment of PGE forms a mono- 
layer which helps in electrostatic interaction of nega-
tively charged cholesterol oxidase at pH 7.0. Neverthe-
less treatment of graphite with HNO3 makes it highly 
porous to provide the large surface area for adsorption or 
chemical reaction [21]. The chemisorption is better than 
physisorption for immobilization of enzyme which is 
characterized by weak Van der Wall forces. A method is 
described for construction of amperometric cholesterol 
biosensor based on this PGE bound with cholesterol 
oxidase. The biosensor showed optimum response at low 
voltage i.e. 0.1 V had advantage that it does not allow the 
ionization of number of serum substances which get ion-
ized at high voltage and interfere in current measurement 
[9]. 
 
3.2. Optimization of Cholesterol Biosensor 
 
The optimum response for pencil graphite electrode was 
at pH 6.8 (Figure 4), which is comparable to earlier re- 
ports pH 7.0 [8,9,15,24] and pH 7.5 [22].The PGE 
showed optimum response at 40˚C (Figure 5), which is 
higher than that of free enzyme in presence of free cho- 
lesterol esterase and peroxidase (30˚C). The increase in 
optimum temperature might be due to change in confor- 
mation of enzyme after immobilization or due to steric 
hindrance. PGE response was increased from 5 to 30 s 

after which it became stable (Figure 6). Therefore in all 
subsequent assays, the electrometer reading was recorded 
at 30 s. A hyperbolic relationship was observed between 
electrode response (current in mA/s) and cholesterol 
concentration up to a final concentration of 12.9 × 10-3 M, 
which is similar to earlier cholesterol biosensor , but 
higher than 1 × 10-3 M to 8 × 10-3 M for cholesterol ester 
[15], and 8 × 10-3 M for cholesterol [22]. Lineweaver- 
Burk plot between the reciprocals of cholesterol concen-
tration and response of PGE working electrode was lin-
ear. Km (Michaelis constant) for cholesterol was 7.38 × 
10-3 M (Figure 7) which is lower than that for earlier 
cholesterol biosensor (21.2 × 10-3 M) [23] and 19.6 × 
10-3 M [9]. This might be due to the hydrophobic forces 
of pencil graphite, which facilitate the cholesterol bind-
ing with the graphite bound enzyme. Imax was 62.5 mA/s. 
 
3.3. Evaluation of Cholesterol Biosensor 
 
3.3.1. Linearity 
A linear relationship was obtained between cholesterol 
concentrations ranging from 1.29 × 10-3 M to 10.3 × 10-3 
M and current (mA) measured (Figure 2). 
 

 

Figure 3. Chemisorption immobilization of cholesterol oxi-
dase onto pencil graphite rod. 
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Figure 4. Effect of pH on the response of cholesterol bio-
sensor based on pencil graphite rod bound cholesterol oxi-
dase. Standard assay conditions were used except for the 
pH that was varied from pH 6.2-7.8. 
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Figure 5. Effect of incubation temperature on the response 
of cholesterol biosensor based on pencil graphite rod bound 
cholesterol oxidase. Standard assay conditions were used 
except for the incubation temperature which was varied 
from 15-45˚C. 
 

0

5

10

15

20

25

0 5 10 15 20 25 30 35 40 45

Time (s)

C
ur

re
nt

 (
m

A
)

 

Figure 6. Effect of time of incubation on the response of 
cholesterol biosensor based on pencil graphite bound cho-
lesterol oxidase. 
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Figure 7. A Lineweaver-Burk plot for cholesterol biosensor 
based on cholesterol oxidase immobilized onto pencil 
graphite rod. 

3.3.2. Minimum Detection Limit 
The minimum detection limit of the present amperomet-
ric biosensor was 0.09×10-3 M, which is almost 3 times 
lower than paleographic method employing soluble en-
zymes (0.32 × 10-3 M) [24], but higher than those meth-
ods employing silica gel bound enzyme (0.003 × 10-3 M) 
[25] and amperometric cholesterol biosensor (0.064 × 
10-3 M) [9]. 
 
3.3.3. Analytical Recovery 
In order to check the accuracy of the method, the ana-
lytical recovery of added cholesterol in the serum sam-
ples was determined. The mean analytical recovery of 
added cholesterol (100 mg/dl and 200 mg/dl) in serum 
was 85% (100 mg/dl) and 90% (200 mg/dl) (Table 1), 
which is comparable with colorimetric method employ-
ing alkyl amine glass bound enzyme (95-102%) [26], 
amperometric method (95-101% recovery) [7], enzymic 
fluorometric method (103-104 %) for added cholesterol 
concentration of 150 mg/dl and 50 mg/dl [26]. 
 
3.3.4. Precision 
To check the reproducibility and reliability of the meth-
ods, the cholesterol content of the sample in one run 
(Within batch) and after storage at -20˚C for one week 
(Between batch) were determined. The results showed 
that the cholesterol value of these determination agreed 
with each other and within batch and between batch  
coefficient of variation (CV) were 1.59% & 4.15 %  
(Table 2), which is quite close to earlier reports such as 
colorimetric, electrochemical method [26] employing 
alkyl amine glass bound enzyme (1.6% for intrabatch 
and 3.2% for interbatch), amperometric method using 
silica gel bound enzyme (< 1.5% for all samples) [7] and 
flow injection method employing controlled pore glass 
bound cholesterol esterase and cholesterol oxidase 
(within day < 1.0 and between day < 2.5%) [27], meas-
uring cholesterol after precipitation with phosphotugstic 
acid/MgCl2 (within day 5.0 % and between day 8.2%) 
[28] and amperometric detection of cholesterol (within 
day 2%–between day 4%) [9]. The low coefficient of 
variation values indicated the accuracy, reproducibility 
and reliability of the method. 
 
3.3.5. Accuracy 
In order to know the accuracy of present method, the 
level of cholesterol in 10 serum samples was determined 
by standard enzymic colorimetric method with modifica-
tion and compared with those obtained by present 
method. The serum cholesterol values obtained by stan-
dard enzymes colorimetric method (x) agreed with the 
present biosensor (y) with a good correlation (r = 0.99) 
(Figure 8). 
 
3.3.6. Effect of metal ions and metal salts 
The effect of some metal salts such as KCl, MgCl2, NaCl, 
CaSO4, CuSO4, ZnSO4, CaCl2·2H2O and MgSO4·7H2O, 

Copyright © 2010 SciRes.                                                                               AJAC 
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Figure 8. Correlation between serum cholesterol value as 
determined by enzo kit method employing free enzymes (x 
axis) and present biosensor method (y-axis) based on pencil 
graphite rod bound cholesterol oxidase. 
 
Table 1. Analytical recovery of added cholesterol in serum 
by biosensor based on pencil graphite electrode. 

Cholesterol added 
(mg/dl) 

Cholesterol found 
(mg/dl) 

% Recov-
ery 

Nil 150 - 

100 235 85 

200 330 90 

Serum cholesterol was measured by cholesterol biosensor as described 
in text. It was measured again after adding cholesterol into serum at 
100 mg/dl & 200 mg/dl. % Recovery was calculated. Values are mean 
of six serum samples. 
 
Table 2. Precision measurement of serum cholesterol by a 
cholesterol biosensor based on pencil graphite electrode 
(PGE). 

Total number of samples 
(n = 6) 

Mean Cholesterol 
(mg/dl) 

% CV

6 (within assay) 54.25 1.59 

6 (between assay)Ψ 54.2 4.15 

Cholesterol was measured in six serum samples six times on the same 
day (Within assay) and after one week storage at -20oC (Between as-
says) by cholesterol biosensor based on pencil graphite rod bound 
cholesterol oxidase. % Coefficient of variation (CV) was calculated. 

 
each at a final concentration of 1.0 mM was tested on the 
response of the working electrode. Only Mg2+ caused 
slight stimulation, while rest metals had practically no 
effect. 
 
3.3.7. Effect of Serum Metabolites 
To study interference by serum metabolites glucose, uric 
acid, ascorbic acid, acetone and bilirubin were added into 
the reaction mixture at their normal physiological con-
centration before addition of cholesterol. The results 
showed that there was practically no interference in 
presence of these metabolites. Earlier uric acid and 
ascorbic acid, at 0.6 V caused significant increase in the 
value of current [29], which were attributed to the fact 

that at high potentials for both uric acid & ascorbic acid 
got oxidized contributing to oxidation current. Some 
interference of endogenous electro reactive species like 
uric acid, glucose had been reported when their concen-
tration was higher than their normal physiological con-
centrations [15]. 
 
3.4. Storage Stability and Reusability 
 
The PG electrode lost 50% of its initial activity after its 
regular use for 200 times over a period of 25 days, when 
stored in 0.05 M sodium phosphate buffer, pH 7.0 at 4˚C. 
 
4. Conclusions 
 
A method is described for immobilization of cholesterol 
oxidase onto pencil graphite (PG) rod and its use in con-
struction of a simple amperometric cholesterol biosensor. 
The biosensor had an advantage that it worked at low 
potential and thus had no interference by serum sub-
stances. The sensor was evaluated. 
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Abstract 
 
A modified ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) method 
was developed and validated for the quantitation of ibuprofen enantiomers in human plasma. Ibuprofen and 
flurbiprofen (internal standard) were extracted from human plasma at acidic pH, using a single-step liq-
uid-liquid extraction with methyl-tert-butyl ether. The enantiomers of ibuprofen and flurbiprofen were deri-
vatized to yield the corresponding diastereomers. Chromatographic separation was achieved using a phenyl 
column with a run time of 20 min. (R)- and (S)-ibuprofen were quantitated at the multiple reaction monitor-
ing (MRM) transition of m/z 360.2  232.1, and (R)- and (S)-flurbiprofen were monitored at the MRM tran-
sition of m/z 398.3  270.1. The method was validated for accuracy, precision, linearity, range, limit of 
quantitation (LOQ), limit of detection (LOD), selectivity, absolute recovery, matrix effect, dilution integrity, 
and evaluation of carry-over. Accuracy for (R)-ibuprofen ranged between –11.8% and 11.2%, and for 
(S)-ibuprofen between –8.6% and –0.3%. Precision for (R)-ibuprofen was ≤ 11.2%, and for (S)-ibuprofen ≤ 
7.0%. The calibration curves were weighted (1/X2, n = 7) and were linear with r2 for (R)-ibuprofen ≥ 0.988 
and for (S)-ibuprofen ≥ 0.990. The range of the method was 50 to 5000 ng/mL with the LOQ of 50 ng/mL, 
and LOD of 1 ng/mL, for (R)- and (S)-ibuprofen requiring 100 µL of sample. The method was applied suc-
cessfully to a pharmacokinetic study with the administration of a single oral dose of ibuprofen capsules to 
human subjects. 
 
Keywords: Ibuprofen Enantiomers, UPLC-MS/MS, Human Plasma, Method Validation, Pharmacokinetics 

1. Introduction 
 
Ibuprofen, a member of the 2-substituted arylpropionic 
acid (2-APA) family, is a non-steroidal anti-inflammatory 
drug (NSAID), which is used to treat moderate pain, fe-
ver, rheumatic disorders and related inflammatory dis-
eases. Ibuprofen, one of the most popular “profen” drugs, 
was first marketed in the UK in 1969, and has been 
commercialized as a racemate drug. In Switzerland and 
Austria, in addition to the racemate drug, the (S)-enan-
tiomer is also sold. 

Ibuprofen undergoes chiral inversion in vitro [1] and 
in vivo, during metabolism in rats, mouse, rabbits [2-4] 

and humans [5,6] and shows stereoselective pharmacol-
ogical effects [7,8] metabolism, pharmacokinetics [9-11] 
and disposition [12,13]. It has been reported also that 
ibuprofen is extensively bound to proteins in plasma in 
humans [11,14,15]. 

Several methodologies are available for the determina-
tion of ibuprofen. These techniques include direct or in-
direct high performance liquid chromatography (HPLC) 
methods. In the direct HPLC methods, a chiral stationary 
phase is used and the enantiomers are analyzed without 
sample derivatization. Certain direct HPLC methods em-
ploy ultra-violet (UV) detection using α1-acid glycopro-
tein [16-19], β-cyclodextrin [20], cellulose [21], poly-
saccharide [22], and amylose derivative [23] chiral sta-
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tionary phases (CSPs). A cellulose derivative CSP using 
radiometric and tandem mass spectrometric (MS/MS) 
detection [24] and an amylose derivative CSP using 
MS/MS [25] were also employed for the determination 
of ibuprofen enantiomers. 

The direct HPLC methods have the advantage that the 
ibuprofen enantiomers can be analyzed without derivati-
zation, however, these assays have poor sensitivity, re-
producibility, require a large sample volume [16,18-20] 
or lack the satisfactory chromatographic baseline separa-
tion of the stereoisomer peaks [20,25]. Some direct 
HPLC methods achieved good sensitivity and use a small 
sample volume, but due to the non-selective characteris-
tics of the UV detection they require extended analysis 
time to avoid interferences between the ibuprofen enan-
tiomers and the co-eluting endogenous components from 
the biological matrix [23]. Further direct HPLC assays 
employ radiometric and selective mass spectrometric 
detection, but they are reported for in vitro applications, 
and not for the quantitation of the ibuprofen enantiomers 
over a concentration range in body fluids [24]. 

In the indirect HPLC methods, a reverse-phase sta-
tionary phase is used and the enantiomers are analyzed 
after sample derivatization to yield their corresponding 
diastereomers. The indirect methods have improved sen-
sitivity and are better suited for the analysis of ibuprofen 
enantiomers in a variety of complex biological matrices. 
The indirect techniques include HPLC using UV [26,27], 
fluorescence [28,29], and mass spectrometric detection 
[30-33]. Gas chromatography-mass spectrometry (GC/ 
MS) methods have been reported as well [2,6,34-36]. 

While the indirect HPLC methods using UV and fluo-
rescence detection are suitable for the enantioselective 
determination of (R)- and (S)-ibuprofen in biological 
samples, they still lack the satisfactory sensitivity (e.g., 
limit of quantitation, LOQ ≥ 0.1 µg/mL) and use a large 
sample volume (i.e., 0.5 mL plasma or serum) [26,27, 
29], therefore, they may not be used satisfactorily for 
detailed pharmacokinetic studies over prolonged time 
periods. GC/MS methods can be stereoselective, but they 
use a larger sample size for analysis (i.e., 0.8 mL plasma 
or 1 mL of serum) [34,6], and their sensitivity is insuffi-
cient (i.e., 0.25 µg/mL or LOQ 5 µg/mL) [34,35], or they 
are not stereoselective [35,36]. Several indirect HPLC/ 
MS/MS methods were reported for various in vitro 
[30-32] and in vivo [33] analyses of ibuprofen, but these 
methods are not stereoselective and do not represent sig-
nificant improvement in comparison to the methodolo-
gies reported above. 

In the present study, an enantioselective ultra per-
formance liquid chromatography-tandem mass spec-
trometry (UPLC-MS/MS) method with improved sensi-
tivity is presented for the quantitation of (R)- and 
(S)-ibuprofen enantiomers in human plasma using (R)- 
and (S)-flurbiprofen as internal standards. The assay was 
validated and applied successfully to the pharmacoki-

netic study of orally administered ibuprofen capsules to 
humans. 
 
2. Experimental 
 
2.1. Chemicals and Standards 
 
(R)-(-)-ibuprofen (purity 98%), and (S)-(+)-ibuprofen (pu-
rity 98%), were purchased from Toronto Research Chem- 
icals Inc. (North York, ON, Canada). (S)-(+)-Flurbiprofen 
(purity 98%), (R)-(-)-Flurbiprofen (purity 97%), internal 
standards, N-(3-Dimethylaminopropyl)-N’-ethyl-carbod- 
iimide hydrochloride (CDI) (purity >98%), (R)-(+)-1-(1- 
Naphtyl)-ethylamine ((R)-NEA) (purity > 99%) were 
purchased from Sigma-Aldrich (St. Louis, MO, USA), 
and 1-hydroxybenzotriazole (HOBt·H2O) was purchased 
from AnaSpec, Inc. (San Jose, CA, USA). Methyl-tert- 
butyl ether, acetonitrile, methanol (HPLC grade) were 
purchased from Fisher Scientific (Fair Lawn, NY, USA), 
and dichloromethane (HPLC Grade) was obtained from 
Acros Organics (Geel, Belgium). Ammonium Acetate 
(AnalaR grade) was obtained from BDH Inc., (Toronto, 
ON, Canada), formic acid (puriss. p.a. for mass spec-
troscopy) was purchased from Fluka (Steinheim, Ger-
many), hydrochloric acid (1.0 N) was purchased from 
VWR (West Chester, PA, USA). Blank human plasma 
(Sodium EDTA-treated) was purchased from Biorecla-
mation, Inc. (Westbury NY, USA). Ultra pure water was 
prepared in our laboratory using a Milli-Q Synthesis sys-
tem (Millipore, Billerica, MA, USA). Ibuprofen capsules 
(AdvilTM ibuprofen 400 mg Liquid Filled Capsules, Extra 
Strength Liqui-Gels, Wyeth Consumer Healthcare Inc., 
Mississauga, ON, Canada) were obtained from Shoppers 
Drug Mart, Toronto, ON, Canada. 
 
2.2. Instrumentation and Experimental  

Conditions 
 
The UPLC-MS/MS system consisted of a Waters Ac-
quity UPLC Binary Solvent Manager and a Waters Ac-
quity UPLC Sample Manager connected to a Waters 
Quattro Premier XE triple quadrupole mass spectrometer. 
The mass spectrometer was operated in electrospray 
positive ionization (ES+) mode, and data were acquired 
using a MassLynx v. 4.1 software on a Microsoft Win-
dows XP Professional operating platform. 

Chromatographic separation was achieved using a 
Waters Acquity UPLC BEH Phenyl 1.7 µm, 2.1 × 150 
mm column maintained at 30˚C, and the autosampler 
tray temperature was maintained at 10˚C. Solvent a was 
water containing 10 mM ammonium acetate and 0.1% 
formic acid, and solvent b was a mixture of 64% ace-
tonitrile/36% methanol containing 10 mM ammonium 
acetate and 0.1% formic acid. The mobile phase initial 
conditions were solvent a (35%) and solvent b (65%) 
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with a flow rate of 0.2 mL/min, which were maintained 
for 12 min (0-12 min). At 12.1 min, solvent b was in-
creased to 100% and the flow rate was gradually in-
creased to 0.5 mL/min by 14 min (12.1-14 min) and held 
for 1 min (14-15 min). At 15.1 min, the initial conditions 
were set and the column was equilibrated for 4.9 min 
(15.1-20 min). The total run time was 20 min, the injec-
tion volume was 15 µL. 

Mass spectrometric conditions were as follows: capil-
lary voltage 3 kV, cone voltage 30 V, source temperature 
120˚C, desolvation gas temperature 300˚C, desolvation 
gas flow 1000 L/hour. Diastereomeric amide derivatives 
of (R)- and (S)-ibuprofen were quantitated in multiple 
reaction monitoring (MRM) using the transition of m/z 
360.2  232.1 at collision energy (CE) 10 eV. The dwell 
time was set to 25 ms. Diastereomeric amide derivatives 
of (R)- and (S)-flurbiprofen were monitored in MRM 
using the transition of m/z 398.3  270.1 at CE 10 eV. 
The dwell time was set to 50 ms. To protect the mass 
spectrometer from contamination from the samples and 
to reduce the solvent load in the source, the mobile phase 
flow was diverted to the waste before 7 min and after 12 
min during the chromatographic run. 
 
2.3. Preparation of Stock Solutions and  

Calibration Standards 
 
Two separate master stock solutions of (R)-ibuprofen 
(100 µg/mL), and (S)-ibuprofen (100 µg/mL) enanti-
omers were prepared in methanol. The (R)- and (S)-ibu-
profen master stock solutions were combined in equal 
parts into a mixed working stock solution of (R) and 
(S)-ibuprofen (50 µg/mL, each). The mixed working 
stock solution was further diluted with water to yield a 
series of diluted working stock solutions. The series of 
diluted working stock solutions were used to prepare the 
calibration standards in human plasma. The calibration 
standards were prepared by spiking 10 µL aliquots of 
appropriately diluted working stock solutions into 90 µL 
aliquots of blank human plasma yielding the final vol-
ume of 100 µL calibration standards in human plasma. 
Calibration standards were prepared freshly on the day of 
a batch analysis in the concentration range of 50 ng/mL 
to 5000 ng/mL for (R)- and (S)-ibuprofen. The solutions 
were stored at 4˚C until analysis. 

The internal standard solutions were prepared as fol-
lows. Two separate master stock solutions of (R)-flurbi-
profen (100 µg/mL), and (S)-flurbiprofen (100 µg/mL) 
enantiomers were prepared in methanol. The (R)- and 
(S)-flurbiprofen master stock solutions were combined in 
equal parts and diluted with water into a mixed working 
stock solution of (R)- and (S)-flurbiprofen (10 µg/mL, 
each). The mixed working stock solution was further 
diluted with water to yield the diluted working stock so-
lution of (R)- and (S)-flurbiprofen (100 ng/mL, each). 
The solutions were stored at 4˚C until analysis. 

2.4. Preparation of Quality Control Samples 
 
Quality control (QC) samples were prepared as QC-Low 
(80 ng/mL), QC-Mid (250 ng/mL), and QC-High (2500 
ng/mL) samples in human plasma. A volume of 5 mL of 
QC samples at each concentration level was prepared. 
The QC-High samples were prepared by spiking appro-
priate volumes of each of the master stock solutions of 
(R)-ibuprofen (100 µg/mL), and (S)-ibuprofen (100 µg/mL) 
enantiomers in methanol into blank human plasma, and 
the QC-Mid, and QC-Low samples were prepared by 
spiking the appropriately diluted mixed working stock 
solutions of (R)- and (S)-ibuprofen into blank human 
plasma. The QC samples were dispensed in equal ali-
quots (approx. 130 µL) into vials and stored at –80˚C 
until use. For each batch analysis, fresh aliquots of 
QC-Low, QC-Mid, and QC-High samples were thawed, 
analyzed, and then discarded. 
 
2.5. Preparation of Reagent Solutions 
 
Stock solutions of CDI and (R)-NEA (1 mg/mL) were 
prepared in dichloromethane. Stock solution of HOBt 
Hydrate (1 mg/mL) was prepared in dichloromethane 
containing 10% acetonitrile. The stock solutions were 
stored at 4˚C until use. 
 
2.6. Sample Preparation 
 
Human plasma samples were stored at –80˚C until analy-
sis. On the day of sample analysis, the samples were 
thawed at room temperature and processed with the 
method. All human plasma samples, with the exception 
of the 0-min time point samples, were diluted into the 
range of the calibration curve by mixing 10 µL aliquots 
of human plasma samples with 90 µL aliquots of blank 
human plasma yielding a final volume of 100 µL of 
sample (i.e., 10-fold dilution). In disposable borosilicate 
glass tubes, to 100 µL of samples, aliquots of 100 µL of 
the diluted working stock solution of the internal stan-
dards ((R)- and (S)-flurbiprofen, 100 ng/mL, each) were 
added followed by the addition of 200 µL of 1 N HCl 
solution. The samples were vortex-mixed for at least 15 
seconds, and 3.0 mL of methyl-tert-butyl ether was added 
to the tubes. The samples were vortex-mixed for at least 
45 seconds, and the tubes were placed at –80˚C for at 
least 10 min. The tubes were removed from the –80˚C 
freezer and the top layers were transferred to a new set of 
tubes. The organic layer was brought to dryness in a 
sample evaporator, under nitrogen, at ca. 35˚C, and the 
dried residues were derivatized according to a previously 
reported procedure [29] with modification. In short, to 
the dried residues, aliquots of 100 µL of CDI solution (1 
mg/mL), 100 µL of HOBt Hydrate solution (1 mg/mL), 
and 100 µL of (R)-NEA solution (1 mg/mL) were added, 
and the mixtures were kept in a dark environment, at 
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room temperature, for 2 hours. The samples were then 
brought to dryness in a sample evaporator, under nitro-
gen, at ca. 35˚C, and the dried residues were reconsti-
tuted with 200 µL of acetonitrile/water : 50/50 mixture 
containing 0.1% formic acid. The samples were analyzed 
with UPLC-MS/MS. 
 
2.7. Method Validation 
 
The method was validated for accuracy, precision, line-
arity, range, limit of quantitation (LOQ), limit of detec-
tion (LOD), selectivity, absolute recovery, matrix effect, 
dilution integrity, and evaluation of carry-over in human 
plasma using 100 µL of sample. Calibration curves in-
cluded six to seven calibration levels and were prepared 
on each day of batch analysis with a matrix blank. 
QC-Low, QC-Mid, and QC-High samples were freshly 
thawed on each day of batch analysis and 100 µL ali-
quots were used during the validation process. 
 
2.7.1. Accuracy 
Six replicate spiked samples of QC-Low, QC-Mid, and 
QC-High were prepared in human plasma, and analyzed. 
Accuracy was expressed as the percentage deviation of 
the measured (R)- and (S)-ibuprofen concentration 
against the added concentration, according to the fol-
lowing formula: %Deviation = [(measured amount/added 
amount) × 100]-100 with negative %Deviation represent-
ing under-estimation, and positive %Deviation repre-
senting over-estimation of the true value. The acceptance 
criteria for accuracy were %Deviation ± 20% for the 
QC-Low samples, and ± 15% for QC-Mid, and QC- 
High samples. 

For intra-day accuracy, six replicates of QC-Low, QC- 
Mid, and QC-High samples were prepared and analyzed 
on the same day. Intra-day accuracy experiments were 
repeated for three separate days. For inter-day accuracy, 
six replicates of QC-Low, QC-Mid, and QC-High were 
prepared and analyzed on three separate days. 
 
2.7.2. Precision 
A single spiked sample for QC-Low, QC-Mid, and 
QC-High (5 mL each) was prepared in human plasma. 
Six aliquots were removed from each of the QC-Low, 
QC-Mid, and QC-High samples and analyzed. The rela-
tive standard deviation (%RSD) of the (R)- and (S)-ibu-
profen concentrations measured in each QC sample were 
calculated. The acceptance criteria for precision were 
%RSD ≤ 20% for the QC-Low samples, and %RSD ≤ 
15% for the QC-Mid, and QC-High samples. 

For intra-day precision, six aliquots were removed 
from each of the QC-Low, QC-Mid, and QC-High 
spiked samples and analyzed on the same day. Intra-day 
precision experiments were repeated for three separate 
days. For inter-day precision, six aliquots were removed 
from each of the QC-Low, QC-Mid, and QC-High 

spiked samples and analyzed on three separate days. 
 
2.7.3. Linearity and Range 
Calibration curves were prepared for each batch analysis 
in the following concentrations: 50, 100, 200, 300, 400, 
1000, 5000 ng/mL in human plasma. Calibration curves 
were constructed by plotting the concentrations of (R)- 
and (S)-ibuprofen on the X-axis, vs. the chromatographic 
peak area ratio of (R)- and (S)-ibuprofen to (R)- and 
(S)-flurbiprofen internals standards on the Y-axis. Linear 
regression analyses were performed using the calibration 
curve data. At least six out of seven of the calibration 
standards were used to construct the calibration curves. 
Using the y = mx + b equation, the y-intercept (b), slope 
(m) and correlation coefficient (r) were calculated. The 
calibration curves were weighted using the weighting 
factor of 1/X2. The acceptance criterion for linearity was 
the coefficient of determination r2 ≥ 0.980 for (R)- and 
(S)-ibuprofen after weighting with 1/X2. (R)- and 
(S)-ibuprofen concentrations were calculated by the 
MassLynx software using the following formula: x = 
(y-b)/m, where y = (R)- and (S)-ibuprofen to IS peak area 
ratio, b = weighted y-intercept, m = weighted slope. The 
range of the assay was established as the section of the 
calibration curve where the curve was linear, i.e., r2 ≥ 
0.980, the calibration levels were accurate (%Deviation ± 
15%) and precise (%RSD ≤ 15%). 
 
2.7.4. Limit of Quantitation and Limit of Detection 
To determine LOQ, six replicates of the 50 ng/mL cali-
bration standard were prepared in human plasma and 
analyzed. The mean response (i.e., signal-to-noise ratio, 
S/N), accuracy and precision were determined from the 
samples. The LOQ was determined as the lowest con-
centration of the calibration curve which met the follow-
ing acceptance criteria. The mean response of (R)- and 
(S)- ibuprofen peaks in the samples was at least 5-times 
the response compared to the blank sample (the response, 
S/N, was calculated using MassLynx software). The (R)- 
and (S)-ibuprofen peaks were identifiable, discrete, and 
reproducible, with an accuracy (%Deviation) of ±20% 
and precision (%RSD) ≤ 20%. To determine LOD, trip-
licate samples of 1 ng/mL (R)- and (S)-ibuprofen were 
prepared in human plasma and analyzed. The mean re-
sponse was determined from the samples. The LOD was 
determined as the lowest concentration of (R)- and (S)- 
ibuprofen in the samples where the mean response of the 
(R)- and (S)-ibuprofen peaks was at least 3-times the 
response compared to the blank sample. 

2.7.5. Selectivity 
Selectivity was determined in pooled human plasma 
samples made from three separate lots spiked at the LOQ 
level. Triplicate samples were prepared. Blank human 
plasma samples without (R)- and (S)-ibuprofen and (R)- 
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and (S)-flurbiprofen were also prepared using the pooled 
human plasma samples made from the three lots. The 
blank samples were visually compared to the LOQ sam-
ples for any significant interference at the retention times 
of (R)- and (S)-ibuprofen and (R)- and (S)-flurbiprofen. 
The acceptance criteria for selectivity were that the mean 
response (i.e., S/N) of (R)- and (S)-ibuprofen in the LOQ 
samples were at least 5-times the response compared to 
the blank samples, and there was no significant matrix 
interference at the retention times of (R)- and (S)-ibu-
profen and (R)- and (S)-flurbiprofen when the blank sam-
ples were compared with the LOQ samples. 
 
2.7.6. Absolute Recovery 
Samples of QC-Low, QC-Mid, and QC-High were pre-
pared in human plasma and analyzed. The (R)- and (S)- 
ibuprofen peak area counts of the extracted samples were 
compared to the (R)- and (S)-ibuprofen peak area counts 
of directly injected standards of the same concentration. 
Six determinations per concentration were performed 
and absolute recovery was calculated according to the 
following formula: %Absolute recovery = (extracted (R)- 
and (S)-ibuprofen peak area counts/unextracted (R)- and 
(S)-ibuprofen peak area counts) × 100. 
 
2.7.7. Matrix Effect 
Matrix effect, which may cause ionization suppression or 
enhancement of the analytes, was determined in three 
blank human plasma lots. Samples of QC-Low, QC-Mid, 
and QC-High were prepared in human plasma and in 
water and analyzed. The (R)- and (S)-ibuprofen peak area 
counts of the plasma samples were compared to that ob-
tained in samples prepared in water. Samples were ana-
lyzed in triplicates and the matrix effect was calculated 
according to the following formula: %Matrix Effect = 
peak area counts in plasma—peak area counts in water/ 
peak area counts in water × 100. Matrix effect was con-
sidered negligible if no more than 10% difference in the 
peak area counts of (R)- and (S)-ibuprofen was observed 
in the human plasma samples compared to the samples 
prepared in water. Negative %matrix effect represented 
ionization suppression, and positive %matrix effect rep-
resented ionization enhancement. 
 
2.7.8. Dilution-Integrity 
Six aliquots of QC-High (2500 ng/mL) samples were 
diluted 10-fold with blank human plasma and analyzed. 
The acceptance criteria for (R)- and (S)-ibuprofen were 
the accuracy (%Deviation) ± 15% from the actual value 
(250 ng/mL), and precision (%RSD) ≤ 15% from the six 
determinations. 
 
2.7.9. Evaluation of Carry-over 
An aliquot of a QC-Mid sample was prepared and three 
injections were made, immediately followed by three 

injections of a blank human plasma sample. Carry-over 
was expressed as the percentage difference between the 
mean (R)- and (S)-ibuprofen or (R)- and (S)-flurbiprofen 
peak area counts in blank human plasma samples and the 
mean (R)- and (S)-ibuprofen or (R)- and (S)-flurbiprofen 
peak area count in the QC-Mid sample. Carry-over was 
considered negligible if no more than 5% of (R)- and 
(S)-ibuprofen or (R)- and (S)-flurbiprofen was observed 
in the blank plasma. The percentage carry-over was cal-
culated as follows: %Carry-over = (BL/QC-Mid) × 100, 
where BL = Mean peak area count in the blank samples 
(at retention times of (R)- and (S)-ibuprofen or (R)- and 
(S)-flurbiprofen), QC-Mid = Mean (R)- and (S)-ibupro-
fen or (R)- and (S)-flurbiprofen peak area count in the 
QC-Mid sample. 
 
3. Results and Discussion 
 
The objective of this study was to develop and validate a 
sensitive and enantioselective UPLC-MS/MS method for 
the quantitation of the (R)- and (S)-ibuprofen in human 
plasma. A method was needed, which had a simple sam-
ple preparation step including derivatization, so that the 
resulting (R)- and (S)-ibuprofen diastereomers could be 
analyzed with conventional reverse-phase chromato- 
graphic conditions.  
 
3.1. Method Development and Optimization 
 
The present analytical procedure is based upon a previ-
ously reported assay [29] with modifications to the 
method of detection, chromatography and sample prepa-
ration as described below. 
 
3.1.1. Mass Spectrometry 
The spectrofluorometric detection [29] was replaced with 
mass spectrometric detection. Mass spectrometry is a 
much improved detection technique, because it allows 
for the selective monitoring of the MRM transitions of 
(R)- and (S)-ibuprofen and (R)- and (S)-flurbiprofen, 
therefore, eliminating any interferences with co-eluting 
endogenous components from human plasma. In order to 
monitor (R)- and (S)-ibuprofen and (R)- and (S)-flurbi-
profen using a non-chiral chromatographic system, the 
compounds were derivatized as described above to yield 
the corresponding diastereomeric amides. The amide 
derivatives contained a nitrogen atom, which could be 
ionized efficiently using ES + mode. The molecular ions 
were determined by the direct injection of about 100 
µg/mL solutions of the analytes in water/methanol: 50/50 
into the mobile phase flow of the same composition in 
the absence of a chromatographic column. The molecular 
ions observed for (R)- and (S)-ibuprofen were m/z 360.2, 
and m/z 398.3 for (R)- and (S)-flurbiprofen. The cone 
voltage value was optimized with the most intense signal 
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obtained at a cone voltage of 30 V for each analyte. 
Source temperature, desolvation temperature, and desol-
vation gas flow values were optimized for the highest 
signal and are reported in Subsection 2.2. The product 
ions of the analytes were determined and representative 
product ion mass spectra obtained in ES+ for (R)- and 
(S)-ibuprofen, and for (R)- and (S)-flurbiprofen are pre-
sented in Figure 1. The CE values were optimized to 
obtain the most abundant signals for the product ions. 
The proposed fragmentation pattern of the diastereo- 
meric amide derivatives of (R)- and (S)-ibuprofen, and 
(R)- and (S)-flurbiprofen obtained in ES+ is presented in 
Figure 2. MRM transitions were created and (R)- and 
(S)-ibuprofen was detected at m/z 360.2 232.1 (CE 10 
eV), and (R)-and (S)-flurbiprofen at m/z 398.3  270.1 
(CE 10 eV). The dwell time was set to 25 ms for (R)-and 
(S)-ibuprofen as this provided sufficient sampling points 
during the chromatographic peaks to achieve reliable inte-
gration and, therefore, reproducible results. The dwell 
time for (R)-and (S)-flurbiprofen was set to 50 ms.  
 
3.1.2. Liquid Chromatography 
The HPLC system using a conventional C18 column was 
replaced with a UPLC system using a narrow-bore Ac-
quity UPLC ethylene bridged hybrid (BEH) phenyl 
column, and the mobile phase system containing a mix-
ture of phosphate buffer and acetonitrile was replaced 
with a mobile phase system containing a mixture of wa-
ter, ammonium acetate, formic acid, methanol and ace-
tonitrile. 

For our initial studies, an Acquity UPLC BEH C18 1.7 
µm, 2.1 × 100 mm column was tested for the separation 
of (R)- and (S)-ibuprofen, and (R)- and (S)-flurbiprofen. 
The mobile phase composition was solvent a: water with 
0.1% formic acid and solvent b: methanol with 0.1% 
formic acid with the flow rate set at 0.2 mL/min. A series 
of isocratic chromatographic experiments were per-
formed which are summarized as follows. Ammonium 
acetate (10 mM) was added to the mobile phase, differ-
ent mobile phase compositions were tested, methanol 
was replaced with acetonitrile in solvent b, various sol-
vent b compositions were prepared with different pro-
portions of methanol and acetonitrile mixed in solvent b. 
While it was found that methanol was a selective solvent 
for the separation of (R)- and (S)-ibuprofen and acetoni-
trile for (R)- and (S)-flurbiprofen, no baseline separation 
could be achieved for these compounds with any addi-
tional changes made to the chromatographic conditions 
when the C18 chromatographic column was used. 

Based on these findings, the C18 column was replaced 
with a Waters Acquity UPLC BEH Phenyl 1.7 µm 2.1 × 
150 mm column. With the phenyl column, when solvent 
a was water with 10 mM ammonium acetate and 0.1% 
formic acid, and solvent b was a mixture of acetonitrile/ 
methanol: 64/36 containing 10 mM ammonium acetate 
and 0.1% formic acid, and using an isocratic run with a 

 

Figure 1. Representative product ion mass spectra of the 
diastereomeric amide derivatives of (a) (R)- and (S)-ibu-
profen, and (b) (R)- and (S)-flurbiprofen obtained in ES+ 
with a collision energy (CE) 10 eV. 
 
flow rate of 0.2 mL/min, and a mobile phase composition 
of solvent a/solvent b: 35/65, baseline separation was 
achieved for (R)- and (S)-ibuprofen, and (R)- and (S)- 
flurbiprofen. The final gradient programming is detailed 
in Subsection 2.2. With this chromatographic column, 
mobile phase composition and gradient programming, 
(R)- and (S)-flurbiprofen eluted at a retention time of 8.82  
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Figure 2. Proposed fragmentation pattern of diastereomeric 
amide derivatives of (1) (R)- and (2) (S)-ibuprofen, (3) (R)- 
and (4) (S)-flurbiprofen obtained in ES+. 
 
min and 10.03 min, respectively, and (R)- and (S)-ibu-
profen eluted at a retention time 10.12 min and 11.07 
min, respectively. A representative chromatogram of the 
plasma sample taken from a human volunteer 120 min 
after the oral administration of a 400 mg ibuprofen cap-
sule is presented in Figure 3. 
 
3.1.3. Sample Preparation 
The sample volume required for analysis was reduced 

from 0.5 mL [29] to 100 µL, and the sample preparation 
was simplified. The buffering step with sodium phos-
phate buffer was removed and the extraction solvent di-
ethylether was replaced with methyl-tert-butyl ether 
which is less flammable, less toxic and easier to use. The 
mixing time for sample preparation was reduced, and the 
transfer of the organic layer was made quicker and more 
efficient by freezing the bottom aqueous layer in the 
tubes and decanting the top organic layer into a clean set 
of tubes. After derivatization, the step of passing the 
samples through solid-phase extraction silica cartridges 
was eliminated. 
 
3.2. Method Validation 
 
3.2.1. Accuracy and Precision 
The results for accuracy and precision are presented in 
Table 1. Accuracy was expressed as the %Deviation for 
the QC-Low, QC-Mid and QC-High samples. Intra-day 
accuracy for (R)-ibuprofen ranged between -11.8% and 
11.2%, and for (S)-ibuprofen between -8.6% and -0.3%. 
Inter-day accuracy for (R)-ibuprofen ranged between 
–10.4% and 4.5%, and for (S)-ibuprofen between –4.8% 
and –0.6%. Precision was expressed as the %RSD for the 
QC-Low, QC-Mid and QC-High samples. Intra-day pre-
cision for (R)-ibuprofen ranged between 2.2% and 10.3%, 
and for (S)-ibuprofen between 1.7% and 7.0%. Inter-day 
precision for (R)-ibuprofen ranged between 5.9% and 
11.2%, and for (S)-ibuprofen between 4.0% and 4.8%. 
The method met the acceptance criteria for accuracy of 
%Deviation ± 20% for the QC-Low samples, and ± 15% 
for the QC-Mid, and QC-High samples, and for precision 
of % RSD  20% for QC-Low samples, and  15% for 
the QC-Mid, and QC-High samples. This indicated that 
the method was accurate and precise over the range of 
the assay. 
 
3.2.2. Linearity and Range 
Linearity of the calibration curve was evaluated in seven 
batches over the course of the validation. The coefficient 
of determination (mean ± SD, n = 7) for (R)-ibuprofen 
was r2 = 0.995 ± 0.004, and for (S)-ibuprofen r2 = 0.996 
± 0.004. The accuracy (%Deviation) of the calibration 
curve levels for (R)-ibuprofen ranged between -12.9% 
and 5.5%, and for (S)-ibuprofen between -4.6% and 
3.4%. The precision (%RSD) of the calibration curve 
levels for (R)-ibuprofen ranged between 2.3% and 4.4%, 
and for (S)-ibuprofen between 1.2% and 10.2%. The 
calibration curve met the acceptance criterion for linear-
ity of r2 ≥ 0.980 after weighting with 1/X2. The range of 
the method was established as 50 ng/mL to 5000 ng/mL 
where the calibration levels met the acceptance criteria 
of accuracy (%Deviation) ± 15%, and precision (%RSD) 
≤ 15%. The results indicated that the calibration curve 
was linear, accurate, and precise over the range of the 
method. 
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Table 1. Accuracy (intra- and inter-day) and precision (intra-and inter-day) for (R)- and (S)-ibuprofen in human plasma. 

    (R)-ibuprofen       (S)-ibuprofen   

            

Accuracy Intra-Day  Inter-Day Accuracy Intra-Day  Inter-Day 

QC-Low (80 ng/mL) 
Day 1  
(n = 5)

Day 2  
(n = 6) 

Day 3 
(n = 6)

Day 1-3 
(n = 17) 

QC-Low (80 ng/mL) 
Day 1  
(n = 5) 

Day 2  
(n = 6) 

Day 3  
(n = 6) 

Day 1-3 
(n = 17) 

Mean (ng/mL) 76.7 82.2 81.1 80.2 Mean (ng/mL) 79.7 79.1 79.6 79.5 

SD (ng/mL) 2.38 5.11 3.63 4.38 SD (ng/mL) 4.99 5.21 3.69 4.36 

%Deviation –4.1 2.7 1.3 0.2 %Deviation –0.3 –1.1 –0.5 –0.6 

           

QC-Mid (250 ng/mL)     QC-Mid (250 ng/mL)     

Mean (ng/mL) 242 261 278 261 Mean (ng/mL) 244 244 249 246 

SD (ng/mL) 22.6 10.8 14.5 18.9 SD (ng/mL) 6.72 7.82 8.47 7.62 

%Deviation –3.4 4.4 11.2 4.5 %Deviation –2.3 –2.4 –0.5 –1.7 

            

QC-High (2500 ng/mL)     QC-High (2500 ng/mL)     

Mean (ng/mL) 2205 2246 2267 2241 Mean (ng/mL) 2428 2285 2433 2379 

SD (ng/mL) 18.1 71.0 43.9 54.0 SD (ng/mL) 37.7 98.4 85.7 104 

%Deviation –11.8 –10.2 –9.3 –10.4 %Deviation –2.9 –8.6 –2.7 –4.8 

    (R)-ibuprofen       (S)-ibuprofen   

            

Precision Intra-Day  Inter-Day Precision Intra-Day  Inter-Day 

QC-Low (80 ng/mL) 
Day 1  
(n = 6)

Day 2  
(n = 5) 

Day 3 
(n = 6)

Day 1-3 
(n = 17) 

QC-Low (80 ng/mL) 
Day 1  
(n = 6) 

Day 2  
(n = 5) 

Day 3  
(n = 6) 

Day 1-3 
(n = 17) 

Mean (ng/mL) 78.6 89.6 96.7 88.2 Mean (ng/mL) 89.5 90.0 89.0 89.4 

SD (ng/mL) 4.88 8.29 5.73 9.87 SD (ng/mL) 3.40 6.28 2.36 3.92 

%RSD 6.2 9.2 5.9 11.2 %RSD 3.8 7.0 2.6 4.4 

            

QC-Mid (250 ng/mL)     QC-Mid (250 ng/mL)     

Mean (ng/mL) 268 298 274 279 Mean (ng/mL) 271 267 252 263 

SD (ng/mL) 9.25 12.5 10.3 16.4 SD (ng/mL) 4.48 5.20 8.58 10.5 

%RSD 3.4 4.2 3.7 5.9 %RSD 1.7 1.9 3.4 4.0 

            

QC-High (2500 ng/mL)     QC-High (2500 ng/mL)     

Mean (ng/mL) 1912 2121 2040 2018 Mean (ng/mL) 2219 2121 2074 2139 

SD (ng/mL) 81.7 218 44.5 149 SD (ng/mL) 79.6 110 68.4 103 

%RSD 4.3 10.3 2.2 7.4 %RSD 3.6 5.2 3.3 4.8 

SD = Standard Deviation; %Deviation = [(measured amount/added amount) × 100]-100 [%]; %RSD = Relative Standard Deviation [%]. 
 

3.2.3. Limit of Quantitation, Selectivity, Limit of  
Detection 

LOQ was determined in six replicates of the 50 ng/mL 
calibration standard. The mean response of the (R)- and 
(S)-ibuprofen peaks in the samples was higher than 
5-times the response obtained in the blank sample. The 
accuracy (%Deviation) for (R)-ibuprofen ranged between 
–7.1% and 7.3% and for (S)-ibuprofen between –0.4% 
and 5.2%. The precision (%RSD) for (R)-ibuprofen was 
5.8% and for (S)-ibuprofen 2.0%. Results for the deter-
mination of LOQ met the acceptance criteria of the mean 
response which was at least 5-times the response com-
pared to the blank sample, accuracy (%Deviation) ± 20% 

and precision % RSD ≤ 20%, and the (R)- and (S)-ibu-
profen peaks were identifiable, discrete, and reproducible. 
The method was accurate and precise with an established 
LOQ of 50 ng/mL of (R)- and (S)-ibuprofen requiring 
100 µL of sample. The selectivity of the method was 
investigated in triplicate samples of pooled human 
plasma made from three separate lots spiked at LOQ 
level. Blank human plasma samples from three separate 
lots were also prepared. The selectivity met the accep-
tance criteria that the mean response for (R)- and (S)- 
ibuprofen was at least 5-times the response compared to 
the blank samples, and there was no significant interfer-
ence at the retention times of (R)- and (S)-ibuprofen and 
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(R)- and (S)-flurbiprofen when the blank human plasma 
samples were compared to the LOQ samples. The results 
indicated that the method was selective for these analytes. 
LOD was determined in triplicate samples of 1 ng/mL 
(R)- and (S)-ibuprofen prepared in human plasma. The 
mean response (i.e., S/N) of the (R)- and (S)-ibuprofen 
peaks in the samples was higher than 3-times the re-
sponse obtained in the blank sample. The method had an 
established LOD of 1 ng/mL of (R)- and (S)-ibuprofen 
requiring 100 µL of sample. Representative chroma-
tograms of LOD (1 ng/mL), and blank human plasma 
samples are presented in Figure 4. 
 
3.2.4. Absolute Recovery and Matrix Effect 
The mean %Absolute recovery values (n = 6) for 
(R)-ibuprofen for QC-Low, QC-Mid and QC-High were 
81.9%, 86.9% and 84.5%, respectively, and for (S)-ibu-
profen 82.2%, 83.4% and 83.7%, respectively. The re-
sults indicated that (R)- and (S)-ibuprofen were extracted 
relatively uniformly over the concentration range of the 
assay. The mean %Matrix effect values (n = 9) for 
(R)-ibuprofen for QC-Low, QC-Mid, and QC-High were 
 

 

Figure 3. A representative chromatogram of the plasma 
sample taken from a human volunteer 120 min after the 
oral administration of a 400 mg ibuprofen capsule. The 
MRM signal of m/z 360.2  232.1 for (R)- and (S)-ibupro-
fen is on the top, and m/z 398.3  270.1 for internal stan-
dards (R)- and (S)-flurbiprofen is on the bottom (the meas-
ured (R)- and (S)-ibuprofen concentrations were 803 ng/mL 
and 1087 ng/mL, respectively). 

1.3%, 2.2% and –2.5%, respectively, and for (S)- ibu-
profen 2.1%, –6.2%, and –2.0%, respectively. The re-
sults met the acceptance criterion of %Matrix effect of 
no more than 10%. This indicated that the matrix effect 
from human plasma contributing to the ionization sup-
pression or enhancement of (R)- and (S)-ibuprofen was 
negligible. 
 
3.2.5. Dilution Integrity and Evaluation of Carry-over 
After the 10-fold dilution of the six aliquot of the QC- 
High samples, the accuracy (%Deviation, n = 6) for 
(R)-ibuprofen ranged between –5.5% and 4.1%, and for 
(S)-ibuprofen between –7.9% and 5.6%. The precision 
(%RSD, n = 6) for (R)-ibuprofen was 3.7% and for 
(S)-ibuprofen 4.5%. The results met the acceptance crite-
ria of accuracy (%Deviation) ±15% from the actual value 
(250 ng/mL), and precision (%RSD) ≤ 15%. This indi-
cated that samples exceeding the calibration curve con-
centrations could be diluted 10-fold to bring them into 
the range of the assay with accuracy and precision. 
Carry-over between injections of the QC-Mid and blank 
plasma samples for (R)-ibuprofen was 0.4%, for 
(S)-ibuprofen 1.0%, for (R)-flurbiprofen 0.1%, and for 
(S)-flurbiprofen 0.1%; all met the acceptance criteria of 
no more than 5%. 
 
3.2.6. Pharmacokinetics of (R)- and (S)-ibuprofen in 

humans 
Healthy human volunteers were involved in a pharma-
cokinetic study following the administration of a single 
oral dose of 400 mg ibuprofen capsules. The detailed 
pharmacokinetic results of this study will be published 
elsewhere. Here we report the results of four randomly 
selected subjects to demonstrate the applicability of the 
developed and validated method to determine the (R)- 
and (S)-ibuprofen concentrations in human plasma. 
Plasma samples were collected at various time intervals 
up to 300 min following the ibuprofen dose. A represen-
tative plasma concentration vs. time plot obtained from 
one subject is presented in Figure 5. (R)- and (S)-ibu-
profen concentrations increased during the first 90 min 
reaching a peak value of 15,026 ng/mL for (R)-ibuprofen, 
and 18,915 ng/mL for (S)-ibuprofen. After that time, the 
drug concentrations decreased gradually and remained 
above 3100 ng/mL for (R)-ibuprofen, and 5800 ng/mL 
for (S)-ibuprofen at the final sampling time of 300 min. 
Pharmacokinetic analysis of the plasma concentration 
data obtained from the four subjects was performed us-
ing a non-compartmental analysis (PK Solutions 2.0, 
Montrose, CO, USA). The results were normalized to 
body weights. The estimated pharmacokinetic parame-
ters for (R)-ibuprofen were as follows (mean ± SD, n = 
4): terminal elimination half-life (t1/2): 83.8 ± 8.62 min, 
Tmax: 37.5 ± 8.66 min, Cmax: 14,076 ± 3160 ng/mL, ap-
parent volume of distribution (V/F): 350 ± 50.4 mL/kg, 
apparent oral clearance (CL/F): 2.91 ± 0.519 mL/min/kg, 
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Figure 4. Limit of detection (LOD, 1 ng/mL) and blank 
human plasma samples. (a) shows the MRM m/z 360.2  
232.1 for (R)- and (S)-ibuprofen in blank human plasma 
(top), and in the LOD sample (bottom) (the signal-to-noise 
[S/N] values are reported on the top of the (R)- and 
(S)-ibuprofen peaks). (b) shows the MRM m/z 398.3  
270.1 for (R)- and (S)-flurbiprofen, internal standard, in 
blank human plasma (top), and in the LOD sample (bot-
tom). 
 

 

Figure 5. Concentration of (R)- and (S)-ibuprofen vs. time 
profile obtained from a volunteer following a single oral 
dose of a 400 mg ibuprofen capsule. 
 
and mean residence time (MRTINF): 142 ± 23.4 min; and 
for (S)-ibuprofen (mean ± SD, n = 4): terminal elimina-
tion half-life (t1/2): 108 ± 14.6 min, Tmax: 41.3 ± 7.50 min, 

Cmax: 15,779 ± 4720 ng/mL, apparent volume of distribu-
tion (V/F): 325 ± 91.1 mL/kg, apparent oral clearance 
(CL/F): 2.06 ± 0.303 mL/min/kg, and mean residence 
time (MRTINF): 173 ± 16.1 min. 

In summary, the results show that following the oral 
administration of 400 mg racemic ibuprofen, both enan-
tiomer showed rapid absorption and stereoselective dis-
position. For (S)-ibuprofen, the plasma concentrations 
peaked at 41.3 min, reached higher levels (i.e., 15,779 
ng/mL), had higher terminal elimination half life (108 
min), apparent volume of distribution (325 mL/kg), mean 
residence time (173 min), and lower apparent oral clear-
ance (2.06 mL/min/kg) than those values for (R)-ibuprofen 
(i.e., Tmax: 37.5 min, Cmax: 14,076 ng/mL, t1/2: 83.8 min, 
V/F: 350 mL/kg, MRTINF: 142 min, and CL/F: 2.91 mL/ 
min/kg, respectively). These findings are consistent with 
the data of in vivo chiral inversion of (R)-ibuprofen to 
(S)-ibuprofen reported in the literature [9-11]. 
 

4. Conclusions 
 
An enantioselective modified UPLC-MS/MS method 
was developed and validated for the quantitation of (R)- 
and (S)-ibuprofen enantiomers in human plasma. Com-
pared to previously published assays, sample preparation 
was simplified without the need of post-derivatization 
sample clean-up [29], sample volume required for analy-
sis was reduced at least 5-fold [6,25,29], the range of the 
calibration curve was extended into the three-digit range 
[23,25,29], baseline separation of (R)- and (S)-ibuprofen 
was achieved [20,25] and the sensitivity was increased 
2-fold [23-25,29]. The assay was validated with a LOQ 
of 50 ng/mL, however, the sensitivity of the assay proved 
to be significantly higher with a LOD of 1 ng/mL. It was 
not necessary to validate the method at a LOQ less than 
50 ng/mL, because of the high concentration of the sam-
ples analyzed during this study. However, the LOQ of 
the present assay can be easily extended to the low 
ng/mL levels if future studies require a methodology 
with significantly higher sensitivity. The assay demon-
strated good reproducibility and was applied to investi-
gate the pharmacokinetics of ibuprofen enantiomers fol-
lowing oral administration of the racemate drug. 
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Abstract 
 
Polypill is a fixed-dose combination (FDC) containing three or more drugs in a single pill with the intention 
of reducing the number of tablets or capsules that need to be taken. Developing a single analytical method 
for the estimation of individual drugs in a Polypill is very challenging, due to the formation of drug-drug and 
drug-excipients interaction impurities. Here an attempt was made to develop a new, sensitive, single stabil-
ity-indicating HPLC method for the simultaneous quantitative determination of Aspirin (ASP) Atorvastatin 
(ATV), Atenolol (ATL) and Losartan potassium (LST) in a polypill form in the presence of degradation 
products. Efficient chromatographic separation was achieved on a C18 stationary phase with simple mobile 
phase combination of buffer and Acetonitrile. Buffer consists of 0.1% Orthophosphoric acid (pH 2.9), deliv-
ered in a gradient mode and quantitation was carried out using ultraviolet detection at 230 nm with a flow 
rate of 1.0 mL/min. The retention times of Atenolol, Aspirin, Losartan potassium, and Atorvastatin were 3.3, 
7.6, 10.7 and 12.9 min respectively. The combination drug product are exposed to thermal, acid/base hydro-
lytic, humidity and oxidative stress conditions, and the stressed samples were analyzed by proposed method. 
The method was validated with respect to linearity; the method was linear in the range of 37.5 to 150.0 
µg/mL for ASP, 5.0 to 20.0 µg/mL for ATV and 25.0 to 100.0 µg/mL for ATL and LST. Acceptable preci-
sion and accuracy were obtained for concentrations over the standard curve ranges. The validated method 
was successfully applied to the analysis of Starpill tablets constituting all the four drugs; the percentage re-
coveries obtained were 99.60% for ASP, 99.30% for ATV, 99.41% for ATL and 99.62% for LST. 
 
Keywords: Liquid Chromatography, Polypill, Aspirin, Atorvastatin, Atenolol and Losartan Potassium, 

Forced Degradation, Validation, Stability Indicating 

1. Introduction 

A Polypill concept to reduce CVD by more than 80% was 
firstly given by Wald and Law [1] and has been applied to 
pharmaceutical preparations [2-6]. Foreseeing the need of 
different analytical methods for estimation of ingredients 
of these pills, the ultimate goal of our work was to develop 
and validate a single high-performance liquid chroma-

tography method selective for the four main components 
of tablets Starpill. Starpill is a fixed dose combination of 
Aspirin (ASP), Atorvastatin (ATV), Atenolol (ATL) and 
Losartan potassium (LST). Each trilayered tablet contains 
Aspirin 75 mg, Atorvastatin 10 mg, Atenolol 50 mg and 
Losartan 50 mg. Aspirin (ASP), 2-acetoxybenzoic acid 
affects platelet aggregation by irreversibly inhibiting 
prostaglandin cyclooxygenase. This effect lasts for the 
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life of the platelet and prevents the formation of the 
platelet aggregating factor thromboxane A2 [7-8]. Ator-
vastatin (ATV), (3R, 5R)-7-[2-(4-fluorophenyl)-3-phenyl 
-4-(phenylcarbamoyl)-5-(propan-2-yl)-1H-pyrrol-1-yl]-3, 
5-dihydroxyheptanoic acid is a selective competitive in-
hibitor of 3-hydroxy-3-methyl-glutarylcoenzyme A (HMG- 
CoA) reductase enzyme. This enzyme catalyzes the con-
version of HMG-CoA to mevalonate, an early and rate 
limiting step in the synthesis of cholesterol [9]. Atenolol 
(ATL), (RS)-2-{4-[2-hydroxy-3-(propan-2-ylamino) pro-
poxy]phenyl} acetamide is a beta1-selective (cardio se-
lective) beta-adrenergic receptor blocking agent without 
membrane stabilizing or intrinsic sympathomimetic (par-
tial agonist) activities. This preferential effect is not ab-
solute, however, and at higher doses, Atenolol inhibits 
beta2-adrenoreceptors, chiefly located in the bronchial and 
vascular musculature [10-11]. Losartan (LST), 2-butyl- 
4-chloro-1-{[2’-(1H-tetrazol-5-yl)biphenyl-4-yl]methyl}-1
H-imidazol-5-yl) methanol is an angiotensin II receptor 
(type AT1) antagonist. Losartan and its principal active 
metabolite block the vasoconstrictor and aldosterone- 
secreting effects of angiotensin II by selectively blocking 
the binding of angiotensin II to the AT 1 receptor found in 
many tissues, (e.g., vascular smooth muscle, adrenal 
gland). The active metabolite is 10 to 40 times more po-
tent by weight than Losartan and appears to be a reversi-
ble, non-competitive inhibitor of the AT 1 receptor [12- 
13]. 

Extensive literature survey did not reveal any simple, 
sensitive and stability indicating LC method for the si-
multaneous determination of all the four drugs as a fixed 
dose combination. Literature survey reveals that a variety 
of spectrophotometric and chromatographic methods, 
and a stability indicating LC method, has been reported 
for determination of ASP and ATV in pharmaceutical 
preparations in combination with other drugs [14-21]. 
Spectrophotometer and chromatographic methods have 
been reported for determination of ATL, in combination 
with other drugs, in bulk and pharmaceutical prepara-
tions [22-23].Also there are some papers for the estima-
tion of LST individually and combination with other 
drugs [24-27].The present drug stability test guideline 
Q1A (R2) [28-29] issued by International Conference on 
Harmonization (ICH) suggests that stress studies should 
be carried out on a drug to establish its inherent stability 
characteristics, leading to separation of degradation pro- 
ducts and hence supporting the suitability of the pro-
posed analytical procedures. 

In the present paper an attempt has been made to de-
velop an accurate, rapid, specific and reproducible me- 
thod for the estimation of Aspirin (ASP), Atorvastatin 
(ATV), Atenolol (ATL) and Losartan potassium (LST) 
in Starpill along with method validation as per ICH 
norms. 

2. Experimental 
 
2.1. Chemicals 
 
Samples of Aspirin (ASP) Atorvastatin (ATV), Atenolol 
(ATL) and Losartan potassium (LST) were procured 
from USP India (P) limited, Hyderabad, India (Figure 1). 
Market samples of Starpill (Cipla Ltd Mumbai) tablets 
were purchased from the retail pharmacy. HPLC grade 
Acetonitrile, Analytical reagent grade Orthophosphoric 
acid purchased from Merck, Darmstadt, Germany. High 
purity water was prepared by using Millipore Milli-Q 
plus water purification system. The purity of the all drug 
substances and the chemicals used for the experiment 
were greater than 99.5% and the purity of the working 
standards used for the analysis was 99.9%. 
 
2.2. Equipments 
 
The LC system, used for method development, forced 
degradation studies and method validation was Waters 
2695 binary pump plus auto sampler and a 2996 photo 
diode array detector. The output signal was monitored and 
processed using Empower software on Pentium computer 
(Digital equipment Co). Photo stability studies were car-
ried out in a photo stability chamber (Mack Pharmatech, 
Hyderabad, India). Thermal stability studies were per-
formed in a dry air oven (Mack Pharmatech, Hyderabad, 
India).Accelerated stability studies were performed in a 
stability Chamber (Thermo Lab Mumbai). 
 
2.3. Chromatographic Conditions 
 
The chromatographic column used was Inertsil ODS C18 
(150 × 4.6) mm with 5 µm particles. The mobile phase A 
consists of 0.1% Orthophosphoric acid adjusted to pH 2.9 
with triethylamine (TEA). The mobile phase B consists of 
Acetonitrile. Flow rate of the mobile phase was 1.0   
mL/min. The HPLC gradient program was set as: (time 
(min)/% solution B: 0/5, 10/60, 15/80, 17/60, 20/5, 25/5. 
The column temperature was maintained at 35˚C and the 
detection was monitored at a wavelength of 230 nm. The 
injection volume was 10 µL. Buffer: Acetonitrile 80:20; 
(v/v) was used as diluent. 
 
2.4. Preparation of Standard Solutions 

A stock solution of ASP, ATV, ATL,and LST standard 
and sample (7.5 mg/mL of ASP, 1 mg/mL of ATV, 5.0 
mg/mL each of ATL and LST) were prepared in diluent. 
Working solutions 0.075 mg/mL of ASP, 0.01 mg/mL of 
ATV, 0.05 mg/mL each of ATL and LST were prepared 
from above stock solution in the diluent for assay deter-
mination. 
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(a) Atenolol (ATL): (RS)-2-{4-[2-hydroxy-3-(propan-2-ylamino)pro-
poxy]phenyl}acetamide, M.F: C14H22N2O3, M.W: 266.336 g/mol. 
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(b) Aspirin (ASP): 2-acetoxybenzoic acid, M.F: C9H8O4, M.W: 180.16 
g/mol. 
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(c) Losartan (LST): 2-butyl-4-chloro-1-{[2’-(1H-tetrazol-5-yl)biphenyl 
-4-yl]methyl}-1H-imidazol-5-yl)methanol, M.F: C22H23ClN6O, M.W: 
422.91 g/mol. 
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(d) Atorvastatin (ATV): (3R,5R)-7-[2-(4-fluorophenyl)-3-phenyl-4- 
(phenylcabamoyl)-5-(propan-2-yl)-1H-pyrrol-1-yl]-3,5-dihydroxyheptanoic 
acid, M.F: C33H35FN2O5, M.W: 558.64 g/mol. 

Figure 1. Chemical structures and labels of all the drug 
substances: ATL, ASP, LST and ATV. 

2.5. Preparation of Sample Solutions 
 
Twenty tablets were weighed and their average weight 
was calculated. The tablets were crushed to a homoge-
neous powder and a quantity equivalent to one tablet (75 

mg ASP, 10 mg ATV, 50 mg: ATL and 50 mg LST) was 
weighed in a 100-mL volumetric flask, extracted in dilu- 
ents by sonication, and filtered through Whatman no. 41 
filter paper. The filtrate (1 mL) was quantitatively trans-
ferred to a 10-mL volumetric flask, and solution was 
diluted to volume with the diluent. 
 
2.6. Preparation of System Suitability Solution 
 
System Suitability Solution was prepared by spiking 0.01 
mg/mL of Salicylic acid (SA) to a mixture of all the four 
drugs at the target test concentration levels (0.075 mg/mL 
of ASP, 0.01 mg/mL of ATV, 0.05 mg/mL each of ATL 
and LST). 
 
2.7. Analytical Method Validation 
 
The developed chromatographic method was validated 
for selectivity, linearity, range, precision, accuracy, sen-
sitivity, robustness and system suitability. 
 
2.7.1. Specificity/Application of Stress (Forced  

Degradation Study) 
Selectivity of the developed method was assessed by 
performing forced degradation studies. The terms selec-
tivity and specificity are often used interchangeably. 
Specificity is the ability of the method to measure the 
analyte response in the presence of its potential impuri-
ties. Stress testing of the drug substance can help to iden-
tify the likely degradation products, which can in turn 
help to establish the degradation pathways and the intrin-
sic stability of the molecule and validate the stability 
indicating power of the analytical procedures used. 

The specificity of the developed LC method for quan-
tification of all the four drugs was determined in the 
presence of its degradation products. Forced degradation 
studies were performed on individual as well as mixture 
of all the four drugs, to provide an indication of stability 
indicating property and specificity of the proposed 
method [30-31]. 

The stress conditions employed for degradation study 
includes light (carried out as per ICH Q1B), heat (60˚C), 
acid hydrolysis (0.1N HCl), base hydrolysis (0.1N NaOH), 
water hydrolysis and oxidation (5% H2O2). For acid 
study period was reflux for 1 h, and oxidation it was at 
room temperature (RT) for 48 h and for base it was re-
flux for 2 h. Peak purity of stressed samples was checked 
by using a 2996 photo diode array detector (PDA) from 
Waters. The purity angle within the purity threshold limit 
demonstrates the analyte peak homogeneity. 

2.7.2. Precision 
System Precision was investigated by injecting the 6 
replicates of the sample preparations of the commercial 
tablet (Starpill).Repeatability (Intra-Day precision) of the 
assay method was evaluated by carrying out six inde-
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pendent assays of the commercial tablets (0.075 mg/mL 
of ASP, 0.05 mg/mL of ATL and LST, 0.010 mg/mL of 
ATV test concentration) against qualified reference 
standard and calculating the % RSD of the assay results. 

Intermediate Precision (Inter-Day) was evaluated by 
carrying out the experiment with a different analyst, dif-
ferent column on different day and estimating the % 
RSD of the result obtained. 
 
2.7.3. Sensitivity 
Sensitivity was determined by establishing the Limit of 
detection (LOD) and Limit of quantitation (LOQ) for 
ASP, ATV, ATL, and LST estimated at a signal-to-noise 
ratio of 3:1 and 10:1 respectively, by injecting a series of 
dilute solutions with known concentration. The precision 
study was also carried out at the LOQ level by injecting 
six individual preparations of ASP, ATV, ATL, and LST, 
calculated the % RSD for the areas of each drug. 
 
2.7.4. Linearity 
Linearity solutions were prepared from stock solution at 
five concentration levels from 50 to 200% of analyte 
concentrations (37.5 to 150 µg/mL for ASP, 5.0 to 20 
µg/mL for ATV and 25.0 to 100 µg/ml for ATL and 
LST). The peak area versus concentration data was col-
lected and performed regression analysis by the method 
of least squares. The Correlation coefficient, Slope & 
y-intercept values were calculated from the calibration 
plot obtained. 
 
2.7.5. Accuracy 
The accuracy of the method was determined by measur-
ing the recovery of the drugs by the method of standard 
additions. Known amounts of each drug corresponding to 
50,100, and 150% of the target test concentrations (0.075 
mg/mL of ASP, 0.01 mg/mL of ATV, 0.05 mg/mL each 
of ATL and LST) were added to a placebo mixture to 
determine whether the exccipients present in the formu-
lation led to positive or negative interferences. Each set 
of additions was repeated three times at each level. Ex-
traction sample preparation procedure is followed and 
assayed against qualified reference standard. The accu-
racy was expressed as the percentage of the analytes re-
covered by the assay. 
 
2.7.6. Robustness 
To determine the robustness of the developed method, 
experimental conditions were deliberately changed and 
the relative standard deviation for replicate injections of 
ASP, ATV, ATL and LST peaks and the USP resolution 
factor between ASP and SA peaks were evaluated. The 
mobile phase flow rate was 1.0 mL/min. This was 
changed by 0.1 units to 1.1 and 1.2 mL/min. The effect 
of column temperature was studied at 40˚C and 30˚C 
instead of 35˚C. The effect of buffer pH was studied at 
pH 2.8 and 3.0. 

2.7.7. Solution Stability and Mobile Phase Stability 
The solution stability of ASP, ATV, ATL and LST was 
carried out by leaving the test solution in tightly capped 
volumetric flasks at room temperature for 48 h and as-
sayed at 6 h interval, against the freshly prepared stan-
dard solution. The mobile phase stability was carried out 
by assaying the freshly prepared sample solution against 
the freshly prepared standard at 6 h interval up to 48 h. 
The percentage of RSD of assay of ASP, ATV, ATL and 
LST was calculated for the study period during mobile 
phase and solution stability experiments. 
 
3. Results and Discussions 
 
3.1. Method Development and Optimization 
 
All the four drug solutions were prepared in diluent at a 
concentration of 100 µg/mL and scanned in UV-Visible 
spectrometer; all the drugs were having UV maxima at 
around 230 nm. Hence detection at 230 nm was selected 
for method development purpose. 

The main analytical challenge during development of 
a new method was obtaining adequate retention of the 
polar parent compound, Atenolol (ATL) while maintain-
ing a reasonable elution time for the less-polar Atorvas-
tatin (ATV) and to separate one of the degradation impu-
rity Salicylic acid (SA) from the ASP peak. 

To achieve this, Water and Acetonitrile (50:50 v/v) 
mobile phase, on a C18 stationary phase with a 25 cm 
length, 4.6 mm ID and 5µm particle size were investi-
gated. Experiments were also performed using the col-
umns of varying lengths from 250 to 100 mm. Different 
mobile phase compositions containing phosphate buffer 
and Acetonitrile (50:50-20:80 v/v) were also tried. But 
was unsuccessful in getting good peak shapes for all the 
peaks. Although good separation was achieved with 0.1% 
phosphoric acid: Acetonitrile in the ratio of 50:50 (v/v), 
Atorvastatin peak symmetry was found to be greater than 
2.0. The asymmetry of the Atorvastatin peak was im-
proved by addition of Triethylamine (TEA) and adjusting 
the mobile phase pH to 2.9 in the aqueous phase. The 
chromatographic separation with better peak shape was 
achieved using a mixture of aqueous 0.1% Orthophos-
phoric acid and Acetonitrile in the ratio of 50:50 (v/v). 
The columns, 250, 150 and 125 mm × 4.6 mm, 5 μm of 
varied lengths were tried but 150 × 4.6 mm, 5 μm C18 
Column gave reasonable retention for all the peaks. But 
when degradation samples were injected with these con-
ditions, one of the degradation impurity of ASP namely 
salicylic acid (SA) was not separated from the ASP Peak. 
Then method was optimized to separate all the de-
gradants from the main peaks by changing to Gradient 
mode. Several gradient conditions were tried before op-
timizing the final gradient programme as: time (min)/% 
solution B: 0/5, 10/60, 15/80, 17/60, 20/5, 25/5 Effect of 
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the diluent on the peak shapes was studied. The ATL 
peak was observed as split in most of the compositions 
of the buffer and Acetonitrile. Finally Buffer: Acetoni-
trile (80:20, v/v) was optimized as the diluent to obtain 
good peak shapes. 

The satisfactory chromatographic separation, with 
good peak shapes were achieved on Inertsil ODS-C18 
(150 × 4.6) mm with 5 µm particles, using 0.1 % Or-
thophosphoric acid (adjusted to pH 2.9 with TEA) as 
mobile phase A and Acetonitrile as solution B with a 
flow rate of 1.0 mL/min. The HPLC gradient program 
was optimized as: (time (min)/% solution B: 0/5, 10/60, 
15/80, 17/60, 20/5, 25/5. The column temperature as 
maintained at 35˚C and the detection was monitored at 
a wavelength of 230 nm. The injection volume was 10 
µL. Buffer: Acetonitrile (80: 20, v/v) was used as diluent. 
In the optimized gradient conditions ATL, ASP, SA, 
LST and ATV were well separated with a resolution 
(Rs) of greater than 2 and the typical retention times of 
ATL, ASP, SA, LST and ATV were about 3.3, 7.6, 8.1, 
10.7 and 12.9 respectively, the typical chromatogram  
of System suitability shown in Figure 2. 

Peak purity of stressed samples of all the four drug sub-
stances were checked by using 2996 Photo diode array 
detector of Waters (PDA). The purity angle within the pu-
rity threshold limit obtained in all stressed samples demon-
strates the analyte peak homogeneity. All stressed samples 

of the drug product (heat (60˚C), acid hydrolysis (0.1N 
HCl), base hydrolysis (0.1N NaOH), water hydrolysis and 
oxidation (5% H2O2)) were analyzed for extended run 
time of 60 min to check the late eluting degradants.The 
System suitability results were given in (Table 1). 

The proposed method is applied for the assay analysis 
of 3 different batches of the polypills. The assay results 
obtained were within the specification limit. The assay of 
polypill is unaffected in the presence of excipients con-
firming the stability indicating power of the developed 
method. 

3.2. Method Validation 

3.2.1. Precision 
The percentage RSD values for the assays in precision 
study were 0.4, 0.8, 0.4, 0.5% (intra-day precision) and 
0.5, 0.8, 0.6, 0.7% (inter-day precision) for ASP, ATV, 
ATL, and LST confirming a good precision and the rug-
gedness of the method ,The % RSD obtained for the 
Ruggedness study were as shown in (Table 2). 
 
3.2.2. Sensitivity 
The limits of detection (LOD) and quantitation (LOQ) 
were established at signal-to-noise ratios of 3:1 and 10:1, 
respectively. The LOD and LOQ of ASP, ATV, ATL 
and LST were determined experimentally by injecting  
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Figure 2. Typical chromatogram of system suitability. 

 
Table 1. System suitability report. 

Compound Retention time 
USP Resolution 

(RS) 
USP Tailing factor 

(T) 
No of theoretical plates USP 

tangent method (N) 

Atenolol (ATL) 3.5  1.03 16743 

Aspirin (ASP) 7.6 34.1 1.02 53435 

Salicylic acid (SA) 8.1 2.8 1.1 46436 

Losartan (LST) 10.7 16.6 0.99 76004 

Atorvastatin (ATV) 12,9 13.4 0.97 91198 
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Table 2. Results of intermediate precision. 

S. No Parameter Variation % RSD for Assay 

   ASP ATV ATL LST 

1 Different System 
(a) Waters 2695 Alliance system 
 
(b) Agilent 1100 series VWD system 

0.7% 
 

0.6% 

0.3% 
 

0.8% 

0.5% 
 

0.6% 

0.7% 
 

0.9% 

2 Different Column 
(a) B.No: 0014 
 
(b)B.No:00118 

0.4% 
 

0.5% 

0.5% 
 

0.4% 

0.7% 
 

0.6% 

0.6% 
 

0.6% 

3 Different Analyst 
(a) Analyst-1 
 
(b) Analyst-2 

0.5% 
 

0.4% 

0.9% 
 

0.7% 

0.6% 
 

0.6% 

0.6% 
 

0.8% 

4 
Different Days 
(Interday precision) 

(a) Day-1 
 
(b) Day-2 
 
(c) Day-3 

0.4% 
 

0.5% 
 

0.6% 

0.9% 
 

0.8% 
 

0.7% 

0.3% 
 

0.5% 
 

0.4% 

0.5% 
 

0.6% 
 

0.4% 

 

each drug six times. The LOD for ASP, ATV, ATL and 
LST were 0.1, 0.2, 0.15 and 0.02 µg/mL respectively. 
The LOQ for ASP, ATV, ATL and LST were 0.3, 0.7, 
0.4 and 0.06 µg/mL, respectively. 

3.2.3. Linearity 
The linear ranges were from  (37.5 to 150 µg/mL for ASP, 
5.0 to 20 µg/mL for ATV and 25.0 to 100 µg/mL for ATL 
and LST).The correlation coefficient obtained was greater 
than 0.999. The Slope and the Intercept value obtained 
from the linear regression graph is as shown in (Table 3). 
The result shows an excellent correlation existed between 
the peak area and concentration of the analyte in the range 
50-200% of analyte concentration. 

3.2.4. Accuracy 
The percentage recovery of the results obtained is listed 
in Table 4, the results indicate the method enables highly 
accurate simultaneous determination of the all the four 
drugs in the polypill combination. 

3.2.5. Robustness 
Close observation of analysis results for deliberately 
changed chromatographic conditions (flow rate, column 
temperature and pH of the mobile phase) revealed that 
the resolution between closely eluting peaks, namely 
ASP and SA was always greater than 2.0 and also there 
was not much effect on the peak shapes, illustrating the 
robustness of the method (Table 5). 
 
3.2.6. Solution Stability and Mobile Phase Stability 
The % RSD of assay of Polypill during solution stability 
and mobile phase stability experiments was within 1.0. 
No significant changes were observed in the content of 
ATL, ASP, LST and ATV during the study. The solution 
stability and mobile phase stability experiments data 
confirms that sample solutions and mobile phase used 
during assay determination were stable up to the study 
period of 48 h. 

 
Table 3. Results of Linearity study for drug substance. 

 Atenolol (ATL) Aspirin (ASP) Losartan (LST) Atorvastatin (ATV) 

Calibration Equation Y=8027X-28993 Y=18480X-65531 Y=17299X-38592 Y=1584X-6390 

Linearity Range 50-200 % 50-200 % 50-200 % 50-200 % 

Regression coefficient 0.999 0.999 0.999 0.999 

Slope 8027 18480 17299 1584 

Intercept -28993 -65531 -38592 -6390 
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Table 4. Results of accuracy study for drug substance. 

Analyte Initial Added Concentration RSD Recovery 

 concentration (%) concentration (mg) found (mg) (%) (%) 

Atenolol (ATL) 50 24.9 24.8 0.23 99.60 

 100 50.1 49.8 0.28 99.41 

 150 74.8 74.9 0.22 100.13 

Aspirin(ASP) 0 0 0   

 50 37.4 37.2 0.36 99.46 

 100 75.1 74.8 0.29 99.60 

 150 112.3 112.1 0.37 99.82 

Losartan(LST) 0 0 0   

 50 25.2 25.1 0.40 99.60 

 100 50.1 49.9 0.38 99.62 

 150 74.8 74.9 0.34 100.13 

Atorvastatin(ATV) 0 0 0   

 50 5.02 5.05 0.40 100.60 

 100 10.05 9.98 0.28 99.30 

 150 14.85 14.89 0.18 100.27 

 
Table 5. Results of robustness study. 

S.No Parameter Variation 
Resolution (Rs) 
between ASP 

and salicylic acid 

1 
Temperature (± 
5˚C of set 
temperature) 

(a) At 30°C 
(b) At 40°C 

2.9 
2.7 

2 
Flow rate (± 
20% of the set 
flow) 

(a) At 
0.8 mL min-1 
(b) At 
1.2 mL min-1 

2.9 
2.8 

3 pH Buffer 
pH 2.8 
 
pH 3.0 

2.9 
2.5 

 
3.2.7. Results of Forced Degradation Studies 
1) Degradation Behavior 

Stress studies on combination of all the four drugs 
under different stress conditions suggested the following 
degradation behavior. 

2) Degradation in Acidic solution 
The combination of all the four drugs was exposed to 

0.1 N HCl at 100°C for 1 h. ATL, ASP and ATV showed 
considerable degradation. The drugs gradually under-
gone degradation with time in 0.1 N HCl and prominent 
degradation was observed (Figure 3(a)). 

3) Degradation in Basic solution 
The combination of all the four drugs was exposed to 

0.1 N NaOH under reflux for 2 h. ASP and ATV has 
shown significant sensitivity towards the treatment of 0.1 
N NaOH. The drug undergone degradation immediately in 
0.1 N NaOH and prominent degradation was observed for 
ASP with the conversion to SA (Figure 3(b)). 

4) Oxidative Conditions 
The combination of all the four drugs was exposed to 

5% hydrogen peroxide at room temperature for 48 h. ASP, 
LST and ATV has shown significant sensitivity towards 
the treatment of 5% hydrogen peroxide and the drugs 
gradually undergone oxidative degradation with time to 
yield prominent degradation products (Figure 3(c)). 

5) Photolytic Conditions 
When the combination of all the four drugs was ex-

posed to light for an overall illumination of 1.2 million 
lux hours and an integrated near ultraviolet energy of 
200-watt hours/square meter (w/mhr) (in photo stability 
chamber). Major degradation observed with LST and 
ATV (Figure 3(d)). 

6) Thermal Degradation 
When the drug product was exposed to dry heat at 

60˚C for 8 h, Considerable degradation was observed 
with ATL and ASP (Figure 3(e)). 

Accelerated Stability sample: 
The stability indicating nature of the method was fur-

ther confirmed by injecting three month accelerated sta-
bility sample and observed that all the degradants were 
well separated from the main components (Figure 3(f)). 

Peak purity test results derived from PDA detector, 
confirmed that the all the four drug components were 
homogeneous and pure in all the analyzed stress samples. 
No degradants were observed after 30 min in the ex-
tended runtime of 60 min of all the samples. 

6) Assay analysis 
Assay analysis was performed for different batches of 

the drug product in tablets (n=3), with the targeted ana-
lyte concentrations. The assay results obtained for the 
three Starpill tablets were, STP/002 (99.7% ATL, 99.8% 
ASP, 100.25 LST and 99.6% ATV), STP/005 (99.67% 
ATL, 100.3% ASP, 99.4% LST and 99.8% ATV) and 
STP/011 (100.1% ATL, 99.9% ASP, 99.7% LST and 

00.3% ATV) depicted in (Table 6). 1       
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(f) 

 
Figure 3. (a) Acid Degradation sample 0.1N HCl (1h, 100˚C); (b) Base Degradation sample: 0.1N NaOH (2h, Reflux); 
(c) Peroxide Dégradation sample: 5% Peroxide (48h, RT); (d) Photo stability degradation; (e) Thermal degradation: 
60˚C for 8 h; (f) Accelerated 40˚C/75% RH degradation.    
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Table 6. Batch analysis for starpill drug product. 

Ba
N

 
y)

tch 
o: 

ATL 
(%assay) 

ASP 
(%assay)

LST 
(%assay) 

ATV
(%assa

S  TP/002 99.7 99.8 100.2 99.6 

ST 5 P/00 99.6 100.3 99.4 99.8 

STP/011 100.1 99.9 99.7 100.3 

 
3 lica of th thod t ability y 

stablish the stability indicating nature of the method. 

RP-LC method developed for simul-
neous quantitative assay of ASP, ATV, ATL and LST 

the management of Un
tates Pharmacopeia laboratory-India for supporting th

erences 

d M. R. Law, “A Strategy to Reduce Car-
diovascular Disease by More Than 80 Percent,” British

Risk Factors in Middle-Aged Individuals 

[4] M. R. Law and N. J. Wald, “Risk factor thresholds: their 
existence under scrutiny,” British Medical Journal, Vol. 

d S. Singh, “LC and LC-MS 

 Davidson, R. J. Goldstein, 

7, 2005, pp. 2571-2574. 

.3. App tion e Me o St  Stud
 
Accelerated conditions stability studies are performed to 
e
Accelerated  conditions (temperature 40 ± 2˚C, relative 
humidity 75 ± 5%) stored sample of the four drug com-
binations were analyzed by use of the developed LC 
method for period of 3 month  both initially and after 
intervals of 1, 2, and 3, months .The results obtained 
clearly indicates that the method is able to separate all 
the drug-drug interaction impurities or any other degra-
dation impurities formed during the storage conditions., 
indicating the method was stability-indicating and highly 
suitable for drug stability studies and for monitoring the 
quality of the Polypill. 
 
3.4. Conclusions 
 
The single gradient 
ta
in Polypill is precise, accurate and specific. The method 
was completely validated showing satisfactory data for 
all the method validation parameters tested. The devel-
oped method is stability indicating and can be used for 
the routine analysis of production samples and also to 
check the stability of Polypill tablets. 
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Abstract 
 
The dichloromethane extract of the air-dried stems of Trichilia casarettii afforded a new sesquiterpene (1), 
lupeol, stigmasterol, campesterol and sitosterol. The structure of 1 was elucidated by extensive one-and two- 
dimensional nuclear magnetic resonance and mass spectrometry. 
 
Keywords: Trichilia Casarettii, Meliaceae, Sesquiterpene 

1. Introduction 
 
The Meliaceae family has attracted much interest among 
bioproduction phytochemists because of its very com-
plex and diverse chemical structures and its biological 
activity, mainly against insects [1-3]. The Trichilia genus 
(Meliaceae) includes about 230 species distributed 
throughout tropical America which are recognized for 
their significant economic importance and high commer-
cial value. The genus is rich in terpenoids, including 
triterpenes, limonoids, steroids and other terpenes de-
rivatives [3-5]. 

In previous the activity of aqueous extract of leaves 
and twigs from T. casarettii was evaluated on Spodop-
tera frugiperda (J. E. Smith) development in laboratory 
conditions [6]. To the best of our knowledge, the litera-
ture reports no chemical investigation evaluation of T. 
casarettii native of Americas [7]. This stimulated our 
interest in the present work, involving isolation and 
structural elucidation of the constituents of the stems of 
this species. Then, we report the isolation of new ses-
quiterpene 1 (Figure 1) of T. casarettii DC. The stems 
also afforded lupeol, stigmasterol, campesterol, sitosterol 
and fatty acid esters. 

The stems from T. casarettii DC., was collected on 
November 2006, at Vale do Rio Doce Cia., Linhares 
City, Espírito Santo State, Brazil. A voucher specimen 
(No 449) was deposited at Vale do Rio Doce Cia. Her- 
barium. 

2. Results and Discussion 
 
Comound 1 (Figure 1) was obtained as white powder 
(MeOH), mp 121-122C, and which is optically active 

with an = -18.1 (CHCl3, c 0.002). Its IR spectrum 

(KBr disk) obtained in spectrometer Shimadzu, model 
FTIR-8300, showed bands at max 3433 (O-H stretching), 
3394 (O-H stretching) cm-1. Comparative analysis using 
spectrometer Brüker, DRX model [(operating at 400 (1H) 
and 100 (13C) MHz, respectively, in pyridine-d5)] of the 
{1H}- and DEPT 135°-13C NMR spectra (Table 1) re-
vealed signals corresponding to 15 carbon atoms. These 
data allowed us to recognize the presence of signals cor-
responding to three nonhydrogenated carbons [(C)3: all sp3 
(including two bound to an oxygen atoms at C 71.51 and 
71.58)], two methine [(CH)2: all sp3, two α to a carbinolic 
carbon atom at C 55.64/H 1.58 and C 51.14/H 1.60, 
correlated in the HMQC spectrum with 1H chemical 
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Figure 1. Chemical structure of ambrosanoli-10, 11-diol (1). 
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Table 1. 13C (100 MHz) and 1H NMR (400 MHz) data of compound 1 in pyridine-d5,  in ppm, J in Hz and multiplicities, in 
parenthesis.* 

 HMQC HMBC 

C C H 2JCH 3JCH 

5 35.08 - 2H-4; 3H-15 H-7 

10 71.51 - 2H-9; 3H-14  

11 71.58 - H-7; 3H-12; 3H-13  

CH     

1 55.64 1.60-1.52 (m)  2H-9; 3H-14; 3H-15 

7 51.14 1.62-1.54 (m)  3H-12; 3H-13 

CH2     

2 21.01 
1.60-1.56 (m) 
1.54-1.50 (m) 

  

3 23.47 
1.85 (br s, 11.0) 
1.60-1.57 (m) 

2H-2; 2H-4  

4 45.77 
1.44-1.40 (m) 
1.14-1.12 (m) 

2H-3 3H-15 

6 42.08 
1.38-1.36 (m) 
1.10-1.02 (m) 

 2H-4; 3H-15 

8 22.58 
2.64 (br s, 12.0) 
1.39-1.37 (m) 

  

9 44.55 
1.98 (br s, 12.0) 
1.75-1.78 (m) 

 3H-14 

CH3     

12 28.24 1.38 (s)  H-7; 3H-13 

13 28.20 1.38 (s)  H-7; 3H-12 

14 23.51 1.31 (s)  2H-9 

15 19.56 0.93 (s)  2H-4; 2H-6 

 
shifts, respectively], six methylene [(CH2)6, including 
one α to a carbinolic carbon atom at C 44.55/H 1.98 and 
1.72] and four methyl [(CH3)4: including three linked to a 
carbinolic carbon atom at C 28.24/H 1.38, C 28.20/H 
1.38 and C 23.51/H 1.31] carbon atoms, allowing us to 
deduce the expanded molecular formulae (C)(C-OH)2 

(CH)2 (CH2)6 (CH3)4 = C15H28O2 for 1. The high-resolu-
tion electrospray ionization mass spectra (HR-ESIMS) of 
1 obtained in mass spectrometer, model LCMS-IT-TOF 
(225- 07100-34, Shimadzu) showed a pseudomolecular 
ion at m/z 263.1988 [M+Na]+, with the calculated value 
for C15H28O2Na being 263.1987. The molecular formula 
indicated an index of hydrogen deficiency of two. Thus, 
with 1H and 13C NMR spectral data and the compound 
bicyclic is compatible with the carbon skeleton ses-
quiterpenic of the ambrosanolide type [8]. 

In the 1H NMR spectrum, three singlet signals were 
observed at H 1.38 and H 1.31, characteristic of a 
methyl groups linked to two carbinolic carbons, and one 
singlet signal at H 0.93, corresponding to the signals at 
C 28.24 (CH3-12), 28.20 (CH3-13), 23.51 (CH3-14) and 
19.56 (CH3-15) in the 13C NMR spectrum, suggesting the 
presence of two hydroxyl groups. The HMBC spectrum 
allowed us to confirm these long-range correlations (Ta-
ble 1) through the signals corresponding to C-10 (C 

71.51) with the singlet observed at H 1.31 (3H-14, 2JCH) 
and C-11 (C 71.58) with the two singlets observed at H 
1.38 (3H-12 and 3H-13, 2JCH). This deduction was cor-
roborated by the long-range correlations of methyne 
carbons CH-1 (C 55.64) with both 3H-14 and 3H-15 (H 
1.31 and 0.93, 3JCH) and CH-7 (C 51.14) with both 
3H-12 and 3H-13 (H 1.38, 3JCH) observed in the HMBC 
spectrum (Table 1). Thus, these data allowed us to rec-
ognize the presence of hydroxyl groups at C-10 (δC 71.51) 
and C-11 (δC 71.58). 

The relative stereochemistry of 1 was determined from 
the spatial dipolar interaction revealed by the 1H-1H- 
NOESY spectrum, summarized in Figure 2. The 1H-1H- 
NOESY spectrum of 1 allowed characterization of the 
ring-junction (CH-1 with C-5) of the bicyclic system in-
volving the seven and five-rings as trans. The relative 
stereochemistry indicated in 1 was deduced by the spatial 
dipolar interaction observed in the 1H-1H-NOESY spec-
trum between hydrogen atom H-7 with H3-14 and H3-15 
indicating that both are -oriented. The spatial dipolar 
interaction observed between H-1 and H-6b and absence 
of spatial interaction between H-1 with both, H3-14 and 
H3-15, respectively, indicating that H-1 was -oriented in 
agreement with a trans ring-junction. 
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Figure 2. Selected NOESY correlations and relative stereo-
chemistry for compound 1. Arrows denote the main NOESY 
correlations. 
 
Additional spatial interaction is shown in Figure 2. 
Therefore, the structure of the new sesquiterpene (Figure 
1) isolated from T. casarettii was defined as am-
brosanoli-10,11-diol (1) (30 mg, 0.0433%). 

The structures of lupeol [9], -sitosterol [10] and 
stigmasterol [10] were deduced by comparison of their 
1H and 13C NMR spectral data with those reported in the 
literature. 
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Abstract 
 
A kinetic-potentiometric method for simultaneous determination of Cerium(IV) and dichoromate (Cr2O7

2-) 
by H-point standard addition method (HPSAM), partial least squares (PLS) and principal component regres-
sion (PCR) using fluoride ion-selective electrode (FISE) is described. In this work, the difference between 
the rate of the oxidation reaction of Fe(II) to Fe(III) in the presence of Ce4+ and Cr2O7

2- is based of the 
method. The rate of consume fluoride ion for making complex is detected with a FISE. The results show that 
simultaneous determination of Ce4+ and Cr2O7

2- can be done in their concentration ranges of 1.0-30.0 and 
0.1-20.0 µg/mL, respectively. The total relative standard error for applying the PLS and PCR methods on 8 
synthetic samples was 2.97 and 3.19, respectively in the concentration ranges of 1.0-30.0 µg/mL of Ce4+ and 
0.1-20.0 µg/mL of Cr2O7

2-. In order for the selectivity of the method to be assessed, we evaluated the effects 
of certain foreign ions upon the reaction rate and assessed the selectivity of the method. The proposed meth-
ods (HPSAM, PLS and PCR) were evaluated using a set of synthetic sample mixtures and then applied for 
simultaneous determination of Ce4+ and Cr2O7

2- in different water samples. 
 
Keywords: Multivariate Calibration, HPSAM, Simultaneous Kintic-Potentiometry, Dichromate, Cerium(IV) 

1. Introduction 
 
Dichromate (Cr2O7

2-) and cerium(IV) are strong oxidants 
in chemistry that are used widely as oxidizing agent in 
diverse chemical reactions in the laboratory and industry 
for the synthesis of many different kinds of chemical 
compounds. Dichromate is used as a common inorganic 
chemical reagent, most commonly used as an oxidising 
agent in various laboratory and industrial applications 
[1,2]. It also used to oxidize alcohols, determination 
ethanol, cleaning laboratory glassware of organic con- 
taminants [3]. Cerium(IV) is also a common inorganic 
chemical reagent and industrially important and is used 
in nuclear reactors, alloys with nickel and chromium, 

microwave devices, lasers, agriculture and miscellaneous 
[4-6]. In analytical chemistry, standardized aqueous 
solutions of Cr2O7

2- and Ce4+ are sometimes used as 
oxidizing titrants for redox titrations. Therefore, deter- 
mination of these oxidants is very important. Several 
methods have been reported for the determination of 
them such as spectrophotometry [7,8], spectrofluorome- 
try [9] and electroanalytical techniques [10,11]. In rela- 
tion to the simultaneous analysis of Cr2O7

2- and Ce4+, 
Masin et al. have been reported a titrimetric method for 
the simultaneous determination of Ce4+, MnO4

- and 
Cr2O7

2- using phosphate ion as precipitant of Ce4+ and 
Fe2+ as titrant [12]. To the best our knowledge, there is 
not any report for simultaneous determination of Cr2O7

2- 

and Ce4+ using HPSAM and chemometrics methods. 
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In recent years the usage of chemometrics methods in 
electroanalytical chemistry, as in other areas of analytical 
chemistry, has received considerable attention as these 
methods can help us with extraction of more information 
from experimental data. Applications of HPSAM and 
chemometrics methods have been frequently reported for 
the calibration of overlapped voltammetric signals [13- 
16]. In the field of potentiometry, several methods have 
been reported based on flow injection system and titra-
tion using PLS, ANN and Kalman filter as modeling 
methods [17-21]. We are reported the first application of 
PLS and PCR multivariate calibration methods and 
HPSAM to the simultaneous kinetic-potentiometric de-
termination of binary mixtures of hydrazine and its de-
rivatives [22,23] and binary mixture of levodopa and 
carbidopa drugs [24]. The methods were based on the dif-
ferences observed in the production rate of chloride ions in 
reaction of these species with N-chlorosuccinimide. The 
reaction rate of production of chloride ion was monitored 
by a chloride ion-selective electrode. Recently, we also 
reported the application of HPSAM, PLS and PCR 
methods for the simultaneous determination of binary 
mixtures of Fe(III) and Al(III) and ternary mixtures of 
Fe(III), Al(III) and Zr(IV) [25,26]. This method was 
based on the complex forming reaction of these metallic 
ions with fluoride ion that has a differential rate at cer-
tain reaction conditions. Therefore, the rate of fluo-
ride-ion reaction with Fe(III), Al(III) and Zr(IV) was 
monitored by an fluoride ion-selective electrode (FISE). 

This paper reports the first application of HPSAM, 
PCR and PLS to the simultaneous determination of oxi- 
dants binary mixtures such as Cr2O7

2- and Ce4+ using po- 
tentiometric technique. The methods are based on the 
difference observed in the oxidation reaction rate of Fe(II) 
to Fe(III) in the presence of Ce4+ and Cr2O7

2- as oxidants 
and complexing reaction between Fe(III) with fluoride 
ion at certain reaction conditions. The very fast response 
of the fluoride ion selective electrode (FISE) and its 
Nernstian behavior with respect to fluoride ions in acidic 
solutions indicated that this electrode might be employed 
effectively in kinetic studies of reactions involving 
changes in the fluoride ion concentration [25,26]. There- 
fore, rate of the complexing reaction of fluoride ion with 
Fe(III) was monitored by a FISE. 
 
2. Experimental 
 
2.1. Apparatus and Software 
 
A solid-state Fluoride-selective electrode (Metrohm 
Model 6.0502.150) was used in conjunction with a dou- 
ble junction Ag/AgCl reference electrode (Metrohm 
Model 6.0726.100), whose outer compartment was filled 
with a saturated KCl solution. The Metrohm Model 780 
potentiometer, attached to a Pentium (IV) computer, was 

used for recording the kinetic potentiometric data. All 
measurements were carried out in a thermostated (25.0 ± 
0.2˚C), double-walled reaction cell with continuous 
magnetic stirring. The electrode was stored in 1 × 10-3 

mol/L potassium fluoride solution when not in use. For 
pH measurements, a Metrohm Model 780 pH meter with 
a combination glass electrode was used. PLS and PCR 
analyses was performed using a MATLAB 7.0 software. 
 
2.2. Materials and Reagents 
 
All chemicals were of analytical reagent grade and dou- 
bly distilled water was used throughout. A stock solution 
of iron (1000 µg mL-1) was prepared by dissolving 0.524 
g of iron (II) sulfate (FeSO4·7H2O) in water and diluted 
to 100 mL. Stock solutions Ce4+and  Cr2O7

2- were pre- 
pared in 100-mL flasks by dissolving 0.2885 g of cerium 
sulfate tetrahydrate and 0.1369 g of potassium dichro- 
mate in water and diluting with water to the mark. Ce- 
rium(IV) sulfate and potassium dichromate and salts of 
Fe(II) and fluoride were purchased from Merck (Ger- 
many). Acetate buffer solution (0.05 mol/L, pH 3.0) was 
prepared using acetic acid and NaOH solutions and ad-
justing its pH with a pH meter. 
 
2.3. Procedure 
 
Twenty five milliliters of double distilled water, 2.0 mL 
of buffer solution, 1.0 mL of standard fluoride solution 
(0.1 mol/L) and 1.0 mL of 5×10-3 mol/L of iron (II) solu- 
tion were added to the thermostated (25.0 ± 0.2˚C) reac- 
tion cell. Five milliliter of the standard or sample solu- 
tion of Cr2O7

2-, Ce4+ or a mixture of them were injected 
into the cell quickly, and after the stabilization of the 
potential (about 30 s), all data were recorded. The poten- 
tial changes versus time were recorded at the time inter- 
vals of 1.0 s. Synthetic samples containing different 
concentration ratios of Cr2O7

2- and Ce4+ were prepared 
and standard additions of Cr2O7 

2- were made. Simulta- 
neous determination of Cr2O7

2- and Ce4+ was conducted 
by recording the potential changes for each solution from 
10 to 500 s. After each run the cell was emptied and 
washed twice with doubly distilled water. 

Using the standard analyte solutions, we can construct 
a calibration graph of (10∆E/S-1) versus concentration 
(fixed-time method) [22-27], where ∆E is the potential 
variation in a selected time interval ∆t and S is the slope 
of the fluoride electrode response, which is determined 
periodically by successive additions of micro-amounts of 
100 µL of 1.0 × 10-5 -1.0 mol/L of NaF standard solu-
tions in 25 mL of water mixed with 2 mL of buffer solu-
tion. 

The simultaneous determination of Cr2O7
2- and Ce4+ 

standard solutions with HPSAM was performed by 
measuring the potential changes (∆E) at 60 and 80 s after 

Copyright © 2010 SciRes.                                                                                AJAC 



M. A. KARIMI  ET  AL. 
 

75

initiation of the reaction for each sample solution. Then 
plots of HPSAM of (10∆E/S-1) versus added concentration 
of Ce4+ were constructed for mixtures of Cr2O7

2- and Ce4+. 
Simultaneous determination of Cr2O7

2- and Ce4+ with 
PLS and PCR methods was performed by recording the 
potential for each solution from 10 to 500 s. 
 
3. Results and Discussion 
 
It is require finding the system that shows different ki- 
netic behavior for the reaction with Cr2O7

2- and Ce4+. It is 
well-known that the rate of oxidation of Fe2+ with 
Cr2O7

2- is much higher than that with Ce4+ [12]. There- 
fore, we could use from this different kinetic behavior 
for simultaneous determination of Cr2O7

2- and Ce4+. The 
concept for the simultaneous analysis of Cr2O7

2- and 
Ce4+- in this work is based on the difference in their oxi- 
dizing power. Preliminary studies showed that iron(II) 
ion as reagent at presence of fluoride ion using FISE is 
suitable for our purpose. Upon the addition of the oxi- 
dant (Ce4+ and Cr2O7

2-) into solution of Fe2+ in the pres- 
ence of F¯, the oxidation reaction of Fe2+ by Ce4+ and 
Cr2O7

2-take place as follows: 

Ce4+ + Fe2+ + 2 F¯ → [FeF2]
+ + Ce4+          (1) 

Cr2O7
2- + 2 Fe2+ + 4 F¯ + 14 H+ →  

2 [FeF2]
3+ + 2 Cr3+ + 7 H2O                 (2) 

When using this ions and FISE for monitoring differ-
ence in the reaction rate, the linear range and differences 
of reaction rate for both two species (Cr2O7

2- and Ce4+) 
were suitable. In order to simultaneous kinetic potenti-
ometric determination of Cr2O7

2- and Ce4+ by HPSAM, 
PCR and PLS a series of experiments were conducted to 
establish the optimum system to achieve maximum sen-
sitivity. Therefore, all experimental parameters affecting 
the reaction rate of Fe2+ with Ce4+ and Cr2O7

2- (response 
time, concentration of F¯ and Fe2+, pH, etc) were care-
fully optimized. 
 
3.1. Study of the Electrode Characteristics 
 
The very fast response of FISE and its Nernstian behav-
ior toward fluoride ions in acidic solutions indicates that 
this electrode might be employed effectively in the ki-
netic studies of reactions involving changes in the fluo-
ride ion concentration [25,26]. The characteristics of the 
fluoride-selective electrode in the HNO3-H3BO3-NaOH 
buffer were studied. In order to evaluate the operating 
characteristics of the FISE at pH < 5, calibration graphs 
were constructed for sodium fluoride in the concentration 
range of 1.0 × 10-5-1.0 × 10-1 mol/L at pHs 4.0, 3.0, 2.5 
and 2.0. The slope was found to be 56.9 mV/decade and 
remained almost constant to 0.2 mV over 6 months of 
usage in this system at pH 3.0. 

3.2. Effect of Fluoride Concentration 
 
The effect of F– concentration over the ranges of 1.0 × 
10-5-1.0 × 10-1 mol/L fluoride ion on the linear range of 
calibration graph and reaction rate with Fe(II) was inves- 
tigated (Figure 1). The results also indicate that the con- 
centration of F– has a great effect on the linear range and 
the change potential value. When the concentration of F– 
is low, a gradual slope in the calibration graph is realized 
while a high concentration of F– produces is high a steep 
slope in the calibration graph. So the fluoride concentra- 
tion must be in excess, but by increasing the fluoride 
concentration, the potential change is decreased and the 
sensitivity is lower. Since, maximum differences in ki- 
netic behaviour of Fe(III) (resulted from oxidation reac- 
tion of Fe2+ to Fe3+ by Ce4+ and Cr2O7

2-) and was ob- 
served in concentration of 1.0 × 10-3 mol L-1 fluoride and 
both species also had larger values of potential change 
(∆E) in this concentration. Therefore, a concentration of 
1.0 × 10-3 mol/L fluoride was selected as the optimum 
concentration for further studies. 
 
3.3. Effect of Fe2+ Concentration 
 
The effect of Fe2+ concentration over the ranges of 1.0 × 
10-5-1.0 × 10-1 mol/L Fe2+ ion on the reaction rate of Fe2+ 
with Ce4+ and Cr2O7

2- and linear range of calibration 
graph was investigated (Figure 2). The results have 
shown that the increase of Fe2+concentration, up to 5.0 × 
10-3 mol/L, causes an increase in the reaction rate of Fe2+ 
with both Ce4+ and Cr2O7

2- and the potential change, but 
decreased at higher concentrations. There- fore, a con-
centration of 5.0 × 10-3 mol/L Fe2+ ion was selected as 
the optimum concentration for further studies. 
 
3.4. Effect of pH 
 
Acidity of the solution influences potential response of  

 
Figure 1. Effect of F¯ concentration on the reaction of F¯ 
and Fe2+ with  5.0 μg/mL of Ce4+  (■) and 10.0 μg/mL of 
Cr2O7

2- (♦). Conditions: 5 × 10-3 M Fe2+, pH 3.0, 25 °C. 
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Figure 2. Effect of Fe2+ concentration on the reaction of F¯ 
and Fe2+ with 5.0 μg/mL of Ce4+  (■) and 10.0 μg/mL of 
Cr2O7

2- (♦). Conditions: 1 × 10-3 M F¯, pH 3.0, 25 °C. 
 
FISE, the oxidation reaction rate of Fe2+ with Ce4+ and 
Cr2O7

2- and complextion reaction rate of F– with Fe3+. 
The results show that maximum difference in kinetic 
behavior of Fe3+ was observed at pH 3.0 (Figure 3). In 
addition, Fe3+ had larger values of potential change (∆E) 
in this pH. Above pH 3.0, the potential change decreased 
evidently due to the occurrence of the hydrolysis reaction 
competing with the complexation between fluoride and 
Fe3+, and under pH 3.0, the potential change decreased 
too, probably owing to the formation of hydrogen fluo-
ride, to which the fluoride electrode is insensitive. Thus, 
pH of 3.0 was selected as the optimum pH for further 
studies. 
 
3.5. Composition Effect of Ground Buffer  

Solution 
 
The change of potential value (E) for reaction of Fe2+ 
with Ce4+ and Cr2O7

2- in the presence of certain amount 
fluoride ion in different acidic solutions was investigated 
(Table 1). The results have shown that in the solution of 
HNO3–H3BO3 (pH 3.0), EFe

3+ has larger values. Ac-
cording to obtained results, the 0.1 mol L-1 boric acid- 
0.1 mol/L nitric acid- mixed solution (pH 3.0) containing 
1.0 × 10-3 mol/L fluoride was chosen as the ground 
buffer solutions. 
 
3.6. Temperature Effect of Reaction Rate 
 
The temperature of solution evidently affects the reaction 
rate of the kinetic reaction. But higher temperatures do 
not have a positive effect on the reaction of Fe2+ with 
Ce4+ and Cr2O7

2- and complexing reaction of Fe3+ with 
fluoride. Therefore, the temperature of solution was kept 
at 25 ± 0.2˚C by thermostatic water bath in all of the 
measurements. 
 
3.7. Potential-Time Behavior 
 
The potential-time behavior of reactions of Fe2+ with 

Ce4+ and Cr2O7
2- in the presence of F– under the opti- 

mized conditions is shown in Figure 1. Figure 2 shows 
typical reaction curves for the reaction of Fe2+ with Ce4+ 

and Cr2O7
2- at different concentrations. As can be seen in 

Figures 4 and 5, the reaction of Cr2O7
2- is faster Ce4+ and 

was almost completed in 60 s after initial reaction but the 
reaction of Ce4+ was completed almost in 500 s. This 
difference in the reaction rates allowed us to design the 
HPSAM, PCR and PLS methods for simultaneous de- 
termination of Ce4+ and Cr2O7

2-. Characteristics of cali- 
bration graphs for the determination of Ce4+ and Cr2O7

2-, 
under the optimum conditions, are also given in Table 2. 
Therefore, above difference mentioned in the reaction 
rates allowed us to design the HPSAM, PCR and PLS a 
method for simultaneous determination of Ce4+ and 
Cr2O7

2-, in the concentration ranges of 1.0-30.0 and 0.1- 
20.0 µg/mL, respectively.  
 
3.8. Requirements for Applying HPSAM 
 
The basis of using HPSAM for treating kinetic data un- 
der the conditions that the reaction of one component is  
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Figure 3. Effect of pH on the reaction of F¯ and Fe2+ 

with  5.0 μg/mL of Ce4+  (■) and 10.0 μg/mL of Cr2O7
2- (♦). 

Conditions: 1 × 10-3 M F¯, 5 × 10-3 M Fe2+, 25 °C. 
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Figure 4. Potential-time curves for the reaction of F– and 
Fe2+ with 10.0 μg/mL of Cr2O7

2-(a), 5.0 μg/mL of Ce4+ (b) 
and mixture of them (c). 
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Table 1. The values of E for reaction of 10 µg/mL of Fe2+ 
with Ce(IV) and Cr2O7

2- in the presence of 1.0 × 10-3 M F– 
ion in different acid solutions (pH = 3.0). 

Acid solution H3PO4-H3BO3 KCl-HCl 
HNO3- 

CH3COOH 
HNO3-H3BO3

EFe
3+ (for 

Cr2O7
2-)/mv 

2.3 7.5 8.5 13.0 

EFe
3+ (for 

Ce4+/mv 
1.8 5.5 6.7 10.4 

 
Table 2. Characteristics of calibration graphs for the de-
termination of Ce4+ and Cr2O7

2-. 

Species 
Linear 
range 

Slope Intercept 
Correlation 
coefficient 

Detection 
limit(a) 

 (µg/mL) (mL/µg)   (µg/mL)

Ce4+ 1.0-30.0 0.0681 0.0177 
0.9995 (n = 

10) 
0.450 

Cr2O7
2- 0.1-20.0 0.1119 0.2975 

0.9994 (n = 
10) 

0.086 

 

 
(a) 

 

 
(b) 

Figure 5. Typical potential-time curves for the reaction of 
F- and Fe+2 with Ce4+(a) and Cr2O7

2- (b) at different con-
centrations (μg/mL). 
 
completed, while that of other component is not com- 

pleted yet, is described below. In this case, the vari- ables 
to be fixed were the time variables t1 and t2, at which the 
product of the reaction of Ce4+ had the same amount of 
(10∆E/S-1) over the range between these two times, and 
also there is an appropriate difference between the slopes 
of the calibration lines. 

Considering a binary mixture of Ce4+ and Cr2O7
2-, for 

example, assume that the amount of R (10∆E/S-1) of the 
oxidation in the reaction of Fe2+ with Ce4+ and then com- 
plexation in the reaction of Fe3+ with F– at time variables 
t1 and t2 are Pi and Qi, respectively, while those for the 
Cr2O7

2--Fe2+-F– reaction under the same conditions are P 
and Q, respectively (Figure 6). They are equal in this 
case. 

The following equations show the relation between 
them: 

For Ce4+:  Qi = Pi + mitj (t1 ≤ tj ≤ t2;  i = 0,1,…, n) (1) 

For Cr2O7
2-:           Q = P + mtj (m = 0)      (2) 

where subscripts i and j denote different solutions for n 
additions of Ce4+ concentration prepared to apply to 
HPSAM and the time comprising the t1-t2 range, respec-
tively.  

Thus, the overall amounts of (10∆E/S-1) (or R) of the 
Ce4+-Cr2O7

2- mixture are: 

At       t1        Rt1 = P + Pi           (3) 

At       t2         Rt2 = Q + Qi          (4) 

Simultaneous kinetic determination of concentration 
of Ce4+ and Cr2O7

2- by HPSAM requires the selection of 
two times t1 and t2. To select the appropriate times, the 
following principles were observed. At the two selected 
times t1 and t2, the amount of R of the Ce4+ must be linear 
with the concentrations, and the amount of R for Fe3+ 
must remain constant even if the Cr2O7

2- concentrations 
are changed. The amount of R for the mixture of Ce4+ 
and Cr2O7

2- should be equal to the sum of individual Rs 
of the two compounds. In addition, the slope difference 
of the two straight lines obtained at both t1 and t2 must be  
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Figure 6. Plot of potential changes (10∆E/S-1) for the reaction 
of F- and Fe2+ with 10.0 μg/mL of Ce4+ (a), 5.0 μg/mL of 
Cr2O7

2- (b) and mixture of them (c). 
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as large as possible to achieve good accuracy. Then 
known amounts of Ce4+ are successively added to the 
mixture and resulting potential changes are measured at 
the two times and expressed:  

Rt1 = (10∆E(t1)/S-1)t1 = P0 + P + Mt1Ci           (5) 

Rt2 = (10∆E(t2)/S-1)t2 = Q0 + Q + Mt2Ci          (6) 

where ∆E(t1) and ∆E(t2) are the potential changes meas-
ured at t1 and t2, respectively. P0 and Q0 are the amounts 
of R for Ce4+ at a sample at t1 and t2, respectively. P and 
Q are the amounts of R for Cr2O7

2- at t1 and t2, respec-
tively (Figure 7). 

Mt1 and Mt2 are the slopes of the standard addition 
calibration lines at t1 and t2, respectively. Ci is the added 
Ce4+ concentration. The two obtained straight lines in-
tersect at the so-called H-point (-CH, RH), which at point 
H (Figure 7), since Rt1 = Rt2, H(-CH, RH) ≈ (-CCeric, RDi-

chromate) from Equations (1) and (2) we have: 

P0 + P + Mt1(-CH) = Q0 + Q + Mt2(-CH)         (7) 

-CH = [(Q – P) + (Q0 – P0)]/(Mt1 –Mt2)         (8) 

as species Cr2O7
2- is assumed not to evolve over the con-

sidered range of time,                       
Q = P 

and  

CH = (Q0 – P0)/(Mt1 – Mt2)           (9) 

which is equivalent to the existing CCeric (=P0 /Mt1 = Q0/ 
Mt2). Combining this with Equation (5) yields RH = P. 
The overall equation for the potential at the H-point is 
simply represented as: 

Q = P = RH = RFe             (10) 

The intersection of the straight lines (Equations (5) 
and (6) directly yields the unknown Ce4+ concentration 
(CCeric) and the R for Cr2O7

2- species (RDichromate) corre-
sponding to t1 and t2 in the original samples, as the two 
times were chosen in such a way that the later species 
had the same R at both times. This analytical signal en-
ables us to calculate the concentration of Cr2O7

2- from a 
calibration curve. 

Since Ce4+ is selected as the analyte, it is possible to 
select several pairs of time ranges which present the 
same R for Cr2O7

2-. Some of the selected time pairs were 
60-80, 80-110, 150-200, 250-300 and 350-420 s. Greater 
time increments caused higher sensitivity and steeper 
slopes of the two time axes, as shown previously by 
Campins-Falco et al. [29]. Also, the accuracy of deter- 
minations was affected by the slope increments of H- 
point plots. However, the time pair that gives the greatest 
slope increment, lower error, and shortest analysis time 
was selected. For this reason, the time pair of 60-80 s as 
the most suitable times was employed. 

A summary of the results obtained for various analyte 
concentrations is given in Tables 3 and 4. The concen- 
tration was calculated directly by solving a system of 

equations of two straight lines. Cr2O7
2- concentrations 

were calculated in each test solution by the calibration 
method with a single standard and ordinate value of R.  
 
3.9. Multivariate Calibration 
 
Multivariate calibration consists of establishment of a 
relationship between matrices of chemical data. These 
methods are based on a first calibration step in which a 
mathematical model is built using a chemical data set  
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Figure 7. Plot of HPSAM for simultaneous determination of 
a mixture of Cr2O7

2- (15 μg/mL) and Ce4+ (25 μg/mL). 
 
Table 3. Results of several experiments for analysis of Ce4+ 
and Cr2O7

2- mixtures in different concentration ratios using 
HPSAM (T = 25˚C). 

Spiked 
(μg/mL) 

Found (μg/mL) 
R-C equation r 

Ce4+ Cr2O7
2- Ce4+ Cr2O7

2- 

R80 = 0.0322Ci + 
0.4665 

0.9994 5.0 2.0 4.90 ± 0.10 2.12 ± 0.08

R60 = 0.0509Ci + 
0.5069 

0.9990     

R80 = 0.0209Ci + 
0.3056 

0.9990 3.0 3.0 3.14 ± 0.11 3.10 ± 0.10

R60 = 0.0286Ci + 
0.3334 

0.9999     

R80 = 0.0164Ci + 
0.5153 

0.9991 5.0 10.0 5.16 ± 0.13 9.85 ± 0.18

R60 = 0.0239Ci + 
0.5880 

0.9990     

R80 = 0.0057Ci + 
0.9900 

0.9930 13.0 15.0 13.20 ± 0.2
15.32 ± 

0.21 
R60 = 0.0153Ci + 
1.1312 

0.9970     

R80 = 0.0052Ci + 
1.5450 

0.9999 20.0 10.0 
19.76 ± 

0.28 
10.12 ± 

0.15 
R60 = 0.0155Ci + 
1.6895 

0.9930     

R80 = 0.0101Ci + 
1.9061 

0.9950 25.0 15.0 
24.70 ± 

0.24 
15.38 ± 

0.28 
R60 = 0.0058Ci + 
1.8365 

0.9995     

R80 = 0.0014Ci + 
0.9954 

0.9920 15.0 5.0 
15.27 ± 

0.23 
5.34 ± 0.15

R60 = 0.0107Ci + 
1.0391 

0.9992     
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Table 4. Results of six replicate experiments for analysis of 
Ce4+ and Cr2O7

2- mixture using HPSAM (T = 25ºC). 

Spiked (μg/mL) Found (μg/mL) 
R-C equation r 

Ce4+ Cr2O7
2- Ce4+ Cr2O7

2- 

R80 = 0.1090Ci 
+ 1.0720 

0.9902 13 15 12.98(99.8) 15.51(103.4)

R60 = 0.0046Ci 
+ 0.9736 

0.9900     

R80 = 0.0094Ci 
+ 1.0276 

0.9980 13 15 12.79(98.3) 14.75(98.3)

R60 = 0.0040Ci 
+ 0.9479 

0.9999     

R80 = 0.0153Ci 
+ 1.1312 

0.9980 13 15 
13.10(100.

7) 
14.80(98.6)

R60 = 0.0057Ci 
+ 0.9900 

0.9933     

R80 = 0.0104Ci 

+ 1.0300 
0.9990 13 15 12.70(97.7) 14.40(96.0)

R60 = 0.0056Ci 
+ 0.9611 

0.9930     

R80 = 0.0154Ci 
+ 1.1488 

0.9930 13 15 
13.30(102.

3) 
14.80(98.6)

R60 = 0.0056Ci 
+ 1.0034 

0.9940     

R80 = 0.0156Ci 
+ 1.0520 

0.9990 13 15 12.60(96.9) 15.0(100.0)

R60 = 0.0055Ci 
+ 0.9567 

0.9940     

Mean    13.01 14.87 

SD    0.28 0.39 

RSD (%)    2.16 2.60 

 
(e.g., potential values) and a concentration matrix data 
set [30-34]. The calibration is followed by a prediction 
set in which this model is used to estimate unknown 
concentrations of a mixture from kinetic profile. Multi- 
variate calibration methods are being successfully ap- 
plied to the multi-component kinetic determination to 
overcome some of the drawbacks of classical methods. 
The theories and applications of chemometrics methods 
such as PCR and PLS, to the analysis of multi-component 
mixtures, have been discussed by several workers [31- 
35]. PCR and PLS modeling are powerful multivariate 
statistical tools, which are successfully applied to the 
quantitative analysis of spectrochemical and electro- 
chemical data [33-36]. The first step in the simultaneous 
determination of the species by PCR and PLS method- 
ologies involves the construction of calibration matrix 
for the binary mixture of Ce4+ and Cr2O7

2-. For con- 
structing the calibration set, factorial design was applied 
to five levels in order to extract a great deal of quantita- 
tive information, using only a few experimental trials. In 
this research, a synthetic set of 34 solutions, including 
different concentrations of Ce4+ and Cr2O7

2-, was pre- 
pared. A collection of 26 solutions was selected as the 
calibration set (Table 5) and the other 8 solutions were 
used as the prediction set (Table 6). Their composition 
was randomly designed to obtain more information from 

the calibration procedure. Changes in the solution poten- 
tial were recorded during a time period of 500 seconds. 

To select the number of factors in the PCR and PLS 
algorithm, as a cross-validation method, leaving out one 
sample method was employed [37]. The prediction error 
was calculated for each species of the prediction set. This 
error was expressed as the prediction residual error sum 
of squares (PRESS): 

2

1
iC

m

i i
PRESS C




 
 

 

                (11) 

Where m is the total number of calibration sample, Ĉi 
represents the estimated concentration while Ci is the 
reference concentration for the ith sample left out of the  
 
Table 5. Calibration set for constructing PCR and PLS 
methods in determination of Ce4+ and Cr2O7

2- (μg/mL). 

Sample Ce4+ Cr2O7
2- Sample Ce4+ Cr2O7

2- 

1 5.0 2.0 14 22.0 15.0 

2 5.0 6.0 15 22.0 18.0 

3 5.0 12.0 16 1.0 0.5 

4 5.0 20.0 17 1.0 6.0 

5 10.0 10.0 18 1.0 4.0 

6 10.0 15.0 19 25.0 17.0 

7 10.0 19.0 20 25.0 19.0 

8 13.0 17.0 21 25.0 20.0 

9 13.0 20.0 22 18.0 7.0 

10 3.0 3.0 23 18.0 15.0 

11 3.0 9.0 24 15.0 5.0 

12 3.0 17.0 25 15.0 9.0 

13 22.0 14.0    

 
Table 6. Prediction set for constructing PLS and PCR 
methods in determination of Ce4+ and Cr2O7

2-. 

Predicted (μg/mL) 
Solution

Synthetic 
(μg/mL) 

PLSa PCRa 

 Ce4+ Cr2O7
2- Ce4+ Cr2O7

2- Ce4+ Cr2O7
2- 

1 13.0 15.0 13.40(103.0) 15.80(105.3) 13.70(105.3) 15.60(104.0)

2 3.0 13.0 2.80(93.3) 13.40(103.0) 2.78(92.6) 13.00(100.0)

3 5.0 10.0 5.10(102.0) 10.20(102.0) 4.80(96.0) 9.90(99.0)

4 13.0 18.0 13.50(103.8) 18.50(102.7) 13.50(103.8) 17.80(98.8)

5 13.0 16.0 12.50(96.1) 15.40(96.2) 12.60(96.9) 15.30(95.6)

6 22.0 16.0 22.30(101.3) 15.70(98.1) 22.60(102.7) 15.40(96.3)

7 10.0 13.0 9.60(96.0) 12.70(97.7) 9.80(98.0) 13.10(100.7)

8 3.0 5.0 3.20(106.6) 5.30(106.0) 3.10(103.3) 4.90(98.0)

Mean 
recovery

  100.2 101.3 99.8 99.1 

RMSEP   2.97 3.40 3.03 2.90 

RSEP(%)   3.19  2.97  

a Predicted mean (recovery percent) 
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 Al3+, Fe3+, Zr4+, Ti4+ have a interference effect because 
complex forming reaction of these metallic ions with 
fluoride ion. The interference of iodide ion was also be-
cause oxidation reaction with Ce4+ and Cr2O7

2- as oxi-
dants. 

calibration during the cross validation. Figure 8 shows a 
plot of PRESS against the number of factors for a mix- 
ture of components. To find out minimum factors, we 
also used the F-statistics to carry out the significant de- 
termination [33]. The optimal number of factors, for the 
two components, was obtained as 2 for both PCR and 
PLS. 

 
3.11. Application 

For evaluating the predictive ability of a multivariate 
calibration model, the root mean square error of predic-
tion (RMSEP), relative standard error of prediction (RSEP) 
and squares of correlation coefficient (R2), which is an 
indication of the quality fit of all the date to a straight 
line, can be used as follows [33,37]: 
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      (13) 

To evaluate the analytical applicability of the proposed 
methods (PCR, PLS and HPSAM), we spiked known 
amounts of both Ce4+ and Cr2O7

2- into some water sam- 
ples. The proposed methods were applied to determine 
analytes simultaneously and satisfactory results were 
obtained. The results are given in Table 8. The results 
show that the proposed methods could accurately deter-
mine the concentration of these oxidants mixture under 
investigation in real water samples, and there is no sig-
nificant difference between the results of PCR, PLS and 
HPSAM for their simultaneous determination. 

Table 7. Statistical parameters calculated for the prediction 
set using PLS and PCR models. 

2
22

1 1

/
N N

i i
i j

R C C C C


 

    
 

                 (14) 

 RSEP (%) RMSEP R2 

Component PLS  PCR PLS  PCR PLS  PCR 

Ce4+ 2.97  3.03 0.35  0.36 0.9980  0.9990 

Cr2O7
2- 3.40  2.90 0.64  0.40 0.9993  0.9988 

where Ĉi represents the estimated concentration, Ci and n 
are the actual analyte concentration and the number of 
samples, respectively. 

Table 7 shows the values of RSEP, RMSEP and R2 
for each component using PLS and PCR. It is shown that 
the obtained values, for the statistical parameters, are 
almost the same for both PLS and PCR methods. 
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3.10. Interference Study 
 
The study of interference ions was performed by a stan-
dard mixture solution containing 10.0 μg/mL of each Ce4+ 

and Cr2O7
2- and a certain amount of foreign ions. The 

following excesses of ions do not interfere (i.e., caused a 
relative error of less than 5%): more than a 1000-fold 
(largest amount tested) amount of K+, Zn2+, Cu2+, Bi3+, 
As3+, Cd2+, Mg2+, Be2+, Cl¯, NO3

¯, BO3
3-, C2O4

2- a 
100-fold amount of Mn2+, Ni2+, Co2+, pb2+, Cr3+, Ca2+; a 
10-fold amount of SO4

2-, PO4
3-, Hg2+ and a 1-fold amount 

of Al3+, Fe3+, Zr4+, Ti4+, I¯. As was to be expected,  
Figure 8. Plot of PRESS against the numbers of factors 
PLS(♦)and PCR(■). 

 
Table 8. Simultaneous determination of Ce4+ and Cr2O7

2- in different water samples using HPSAM, PCR and PLS methods. 

Found (μg/mL) 
Sample Spiked (μg/mL) 

HPSAM PLS PCR 

 Ce4+ Cr2O7
2- Ce4+ Cr2O7

2- Ce4+ Cr2O7
2- Ce4+ Cr2O7

2- 

1 4.0 0.5 4.20 ± 0.12 0.51 ± 0.10 4.10 ± 0.11 0.46 ± 0.05 3.97 ± 0.20 0.48 ± 0.02 

 10.0 10.0 10.20 ± 0.24 10.40 ± 0.30 10.10 ± 0.22 9.88 ± 0.20 9.79 ± 0.14 9.90 ± 0.10 

2 3.0 15.0 2.90 ± 0.06 15.40 ± 0.25 2.97 ± 0.05 14.80 ± 0.28 3.10 ± 0.10 15.20 ± 0.20 

 7.0 15.0 7.20 ± 0.21 15.30 ± 0.33 7.14 ± 0.18 14.88 ± 0.15 6.85 ± 0.13 14.90 ± 0.11 

3 25.0 4.0 24.60 ± 0.36 4.10 ± 0.10 24.8 ± 0.33 3.88 ±0.09 25.4 ± 0.28 4.16 ± 0.15 

 18.0 20.0 17.80 ± 0.28 19.30 ± 0.20 17.65 ± 0.37 19.10 ± 0.12 18.20 ± 0.13 19.8 ± 0.21 
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4. Conclusions 
 
This work as the first application of PCR, PLS and 
HPSAM in the simultaneous determination of the binary 
mixture of Ce4+ and Cr2O7

2- shows the ability and excel-
lent performance of ISEs as detectors not only for indi- 
vidually determination of produced or consumed ions, 
but also in the simultaneous kinetic-potentiometric analy- 
sis. In addition, this paper has also demonstrated that the 
ability and advantages of the HPSAM and chemometrics 
methods such as PCR and PLS, ISEs and kinetic meth-
ods produce a very attractive and excellent technique for 
the analysis of multi-component oxidant mixtures. Other 
chemometrics approaches like ANN, ISEs (flouride, 
bromide, iodide, etc) and other kinetic reactions in which 
the rate of production or consumption of the correspond-
ing ion is different can also be used. Our team has ob-
tained good results for the simultaneous determination of 
other species using HPSAM, chemometrics methods, 
different ISEs and various reaction systems and our 
complete results will be presented for publication in the 
future. 
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Abstract 
 
Degradation pathway for pitavastatin calcium is established as per ICH recommendations by validated and 
stability indicating reverse phase liquid chromatographic method. Pitavastatin is subjected to stress condi-
tions of acid, base, oxidation, thermal and photolysis. Significant degradation is observed in acid and base 
stress conditions. Four impurities are studied among which impurity-4 is found prominent degradant. The 
stress samples are assayed against a qualified reference standard and the mass balance is found close to  
99.5%. Efficient chromatographic separation is achieved on a BEH C18 stationary phase with simple mobile 
phase combination delivered in gradient mode and quantification is carried at 245 nm at a flow rate of 0.3 
mL min-1. In the developed UPLC method the resolution between pitavastatin calcium and four potential 
impurities is found to be greater than 4.0. Regression analysis shows an r value (correlation coefficient) of 
greater than 0.998 for pitavastatin calcium and four potential impurities. This method is capable to detect the 
impurities of pitavastatin calcium at a level of 0.006% with respect to test concentration of 0.10 mg/mL for a 
2-µL injection volume. The developed UPLC method is validated with respect to specificity, linearity & 
range, accuracy, precision and robustness for impurities determination and assay determination. 
 
Keywords: Column Liquid Chromatography; Pitavastatin Calcium; Forced Degradation; Validation; Stability 

Indicating. 

1. Introduction 
 
Pitavastatin: (E)-7-[2-cyclopropyl-4-(4-fluorophenyl)qui-
nolin-3-yl]-3,5-dihydroxy-hept-6-enoic acid. Pitavastatin 
(usually as a calcium salt) is a novel member of the 
medication class of statins. Like the other statins, it is an 
inhibitor of HMG-CoA reductase, the enzyme that ca-
talyses the first step of cholesterol synthesis. It has been 
available in Japan since 2003, and is being marketed 
under license in South Korea and in India. It is likely that 
pitavastatin will be approved for use in hypercholester-
olaemia [1-2]. There are some mass detection methods 
reported for determination of pitavastatin in plasma and 
biological fluids and two methods for pitavastatin quan-
tification in tablets by HPLTC were reported [3-6]. As 
far as we are aware there is no stability-indicating LC 
method for determination of related substances and assay 
determination of pitavastatin calcium. In this paper we 
describe validation of related substances and assay meth-
ods for accurate quantification of four potential process 

impurities in pitavastatin calcium samples as per ICH 
recommendations. Intensive stress studies are carried out 
on pitavastatin calcium; accordingly a stability-indicating 
method is developed, which could separate various deg-
radation products. 

The present active pharmaceutical Ingredient (API) 
stability test guideline Q1A (R2) issued by international 
conference on harmonization (ICH) [7] suggests that 
stress studies should be carried out on active pharmaceu-
tical ingredient (API) to establish its inherent stability 
characteristics, leading to separation of degradation prod-
ucts and hence supporting the suitability of the proposed 
analytical procedures. It also requires that analytical test 
procedures for stability samples should be stability indi-
cating and they should be fully validated. Accordingly, 
the aim of present study is to establish degradation 
pathway of pitavastatin calcium through stress studies 
under a variety of ICH recommended test conditions 
[7-9]. 
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2. Experimental Design 

2.1. Chemicals 

Samples of pitavastatin calcium with purity more than 
99.8% and its related impurities having purity more than 
99.0% are received from Shasun research centre, Chennai, 
India (Figure 1). HPLC grade acetonitrile is purchased 
from Merck, Darmstadt, Germany. Analytical reagent 
grade orthophosphoric acid and is purchased from Merck, 
Darmstadt, Germany. High purity water is prepared by 
using Millipore Milli-Q plus water purification system. 

2.2. Procedure 
 
2.2.1. Equipments 
The LC system, used for method development and method 
validation is Waters-Acquity UPLC. The output signal is 
monitored and processed using Empower 2 software on 
Pentium computer (Digital equipment Co). UPLC is 
equipped with Binary gradient pump, Auto Sampler, 
thermostatted column compartment, Tunable UV Detector, 
Auto sampler thermostatted, Computer with windows 
based Empower 2 Method validation manager software. 
 
2.2.2. Chromatographic Conditions 
The chromatographic column used is Waters BEH C18 
(100 × 2.1 mm) with 1.7µm particles. The mobile phase- A 
contains a 0.03% of orthophosphoric acid buffer (0.3mL/L). 
Acetonitrile is used as mobile phase-B. The flow rate of 
the mobile phase is 0.3 mL/min with a gradient program 
of 0/45, 2/45, 2.5/100, 4/100, 4.5/45 and 5/45 (time 
(min)/%B). 

The column temperature is maintained at 40°C and the 
detection is monitored at wavelength of 245 nm. The 
injection volume is 2 µL. Diluent consists water and 
acetonitrile in the ratio 90:10. 
 
2.2.3. Preparation of Solutions 
All the impurities are dissolved initially by adding 5 mL 
of acetonitrile then make up to the volume with diluent. A 
Stock solution of pitavastatin calcium (0.10 mg/mL) is 
prepared by dissolving appropriate amount in the diluent. 
Working solution 10 µg/mL is prepared from above stock 
solution for assay determination. 
 
2.3. Method development and optimization 
 
Impurities and pitavastatin calcium solutions are prepared 
in diluent at a concentration of 100 ppm and scanned in 
UV-visible spectrometer; all the 4 impurities and pitavas-
tatin calcium are having UV maxima at around 245 nm 
which is selected for method development purpose. Mo-
bile phase of ammonium acetate (0.05 M) and acetonitrile 
(60:40, v/v) is selected for initial trial on a C18 stationary 
phase column [150 × 4.6 mm, 5 µm] and flow rate at  
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Figure 1. Chemical Structures and labels of pitavastatin 
calcium and its impurities. Pitavastatin calcium: (E)-7-[2- 
cyclopropyl-4-(4-fluorophenyl)quinolin-3-yl]-3,5-dihydroxy- 
hept-6-enoic acid; Impurity-1: Methyl 4-(4’-fluorophenyl)- 
2-cyclopropyl-quinolin-3-yl-carboxylate; Impurity-2: 3- 
hydroxymethyl-2-cyclopropyl-4-(4-fluorophenyl)-quinoline; 
Impurity-3: 3-Bromomethyl-2-cyclopropyl-4-(4-fluoroph- 
enyl)quinoline; Impurity-4: (4R,6S)-6-{(E)-2-[2-cyclopropyl- 
4-(4-fluorophenyl)-3-quinolyl]etheynyl}-4-hydroxy-3,4,5,6- 
tetrahydro-2H-pyran-2-one. 
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1 mL/min. Spike sample analysis revealed that principal 
peak RT is late and impurities 1 and 3 are not resolved 
properly. Similar results are obtained with other C18 
columns length with the 250 mm. To further resolve the 
impurity-1 and impurity-3 triethyl- amine is added to 
buffer then impurity-1 and impurity-3 are separated but 
the retention time of pitavastatin calcium is late. 

Gradient program is introduced for better resolution 
between Impurity-1 and impurity-3, 0.03% H3PO4 buffer 
used as mobile phase-A and 100% acetonitrile is used as 
mobile phase-B. Initial ratio of buffer: acetonitrile tried 
as 80:20 in this case impurity-1 and impurity-3 are well 
resolved but peak shapes are not good for all components 
and retention time of pitavastatin calcium is not de-
creased. Shorter length columns are selected like 50mm 
and 100 mm with the 4.6 mm diameter of symmetry C18 
and C8 for decreasing of retention time for pitavastatin 
calcium peak in this case pitavastatin calcium retention is 
decreased but impurities all are not resolved well. Keep-
ing these disadvantages the shorter length and less inter-
nal diameter column like waters BEH C18 column is 
selected with the dimensions 50 × 2.1 mm 1.7µm in this 
column all components are separated with the minimum 
resolution 1.5. 

To increase the resolution between each component 
100 × 2.1 mm column is selected. After several other 
trails satisfactory results (Retention time of pitavastatin 
calcium is ~1.16 min and the resolution between all the 
impurities is > 4.0) are obtained with optimized condi-
tions. In the optimized conditions pitavastatin calcium, 
Impurity-1, Impurity-2, Impurity-3 and Impurity-4 are 
well separated with a resolution greater than 4.0 and the 
typical retention times of pitavastatin calcium, Impu-
rity-1, Impurity-2, Impurity-3 and Impurity-4 are about 
1.169, 3.763, 1.763, 3.984 and 2.361 min respectively 
meeting the chromatographic system suitability require-
ments (Table 1). 
 
2.4. Analytical Method Validation 
 
The developed chromatographic method is validated for 
specificity and stress studies, sensitivity, linearity & range, 
precision, accuracy, and robustness and system suitability 
[10-15]. 
 
2.4.1. Specificity and Stress Studies 
Specificity is the ability of the method to measure the 
analyte response in the presence of its potential impuri-
ties. The specificity [10-11] of the developed LC method 
for pitavastatin calcium is determined in the presence of 
its impurities namely Impurity-1, Impurity-2, Impurity-3 
and Impurity-4 at a concentration of 0.15 µg/mL and  

Table 1. System suitability report. 

Component 
USP 

Resolution 
(RS ) 

USP 
Tailing 
factor 

Theoreti-
cal plates 

%RSD at 
Precision 

study 
Pitavastatin 

calcium 
-- 1.2 3752 1.04 

Impurity -2 7.1 1.2 6554 1.50 

Impurity -4 6.1 1.1 8024 1.43 

Impurity -1 17.6 1.1 86618 1.91 

Impurity -3 4.2 1.1 90439 2.19 

 
degradation products. The stress conditions employed for 
degradation study includes photolytic (carried out as per 
ICH Q1B), thermal (100°C), acid hydrolysis (1N HCl), 
base hydrolysis (1N NaOH), hydrolysis and oxidation 
(10% H2O2). All stressed samples of pitavastatin calcium 
are analysed for an extended run time of 10 min to check 
the late eluting degradants. Assays are carried out for 
stress samples against qualified reference standard and 
the mass balance (%assay + %of impurities + %of deg-
radation products) is calculated for all the samples. 

2.4.2. Precision 
The precision of the related substance method is checked 
by injecting six individual preparations of (100 µg mL-1) 
pitavastatin calcium spiked with 0.02% each impurity. 

The %RSD for percentage of each impurity is calculated. 
The intermediate precision (ruggedness) of the method 

is evaluated by different analyst using different column, 
different day and different analyst in the same laboratory. 

The precision of the assay method is evaluated by car-
rying out six independent assay of test sample of pitavas-
tatin calcium against a qualified reference standard. The 
%RSD of six obtained values is calculated. 

2.4.3. Sensitivity 
Sensitivity was determined by establishing the Limit of 
detection (LOD) and Limit of quantification (LOQ) for 
each component estimated by based on the Signal to noise 
ratio method. The precision study was also carried out at 
the LOQ level by injecting six replicates and calculated 
the % RSD for the area of each component. 

2.4.4. Linearity and Range 
Linearity test solutions from LOQ to 150% with respect 
to test concentration are prepared by diluting the impu-
rity stock solution to the required concentrations. For 
assay method test solutions from 50% to 150% with re-
spect to test concentration are prepared by diluting the 
stock solution to the required concentrations. The corre-
lation coefficient, slope and Y-intercept of the calibration 
curve are calculated for the both related substances and 
assay methods. 

2.4.5. Accuracy 
A known amount of the impurity stock solutions are 
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spiked to the previously analysed samples at LOQ, 100 
and 150% of the analyte concentration (100 µg/mL). The 
percentage of recoveries for Impurity-1, Impurity-2, Im-
purity-3 and Impurity-4 are calculated. A known amount 
of pitavastatin calcium stock solution spiked to the su-
crose at 50%, 100% and 150% of the analyte concentra-
tion (10 µg/mL). Each concentration level is prepared for 
three times. The percentage of recoveries is calculated. 

2.4.6. Robustness 
To determine the robustness of the developed method, 
experimental conditions are deliberately changed and the 
resolution between each component is evaluated. The 
flow rate of the mobile phase is 0.3 mL/min. To study the 
effect of flow rate on the resolution, 0.03 units changed 
i.e. 0.27 and 3.3 mL/min. The effect of column tempera-
ture on resolution is studied at 35°C and 45°C instead of 
40°C. In the all above varied conditions, the components 
of the mobile phase are held constant. 

2.4.7. Solution Stability and Mobile Phase Stability 
The solution stability of pitavastatin calcium and its re-
lated impurities are carried out by leaving spiked sample 
solution in tightly capped volumetric flask at room tem-
perature for 48 h. Impurity content is determined for 
every 6 h interval up to the study period. Mobile phase 
stability is also carried out for 48 h by injecting the 
freshly prepared sample solutions for every 6 h interval. 
Impurity content is checked in the test solutions. Mobile 
phase prepared is kept constant during the study period. 

3. Results and Discussion 

3.1. Specificity and Stress studies 
Stress studies on pitavastatin calcium under different 
stress conditions suggested the following degradation 
behavior (Table 2). 

3.1.1. Degradation in Acid Stress Condition 
Pitavastatin calcium gradually undergone degradation 
with time in 1 N HCl upon heating for 2 h and prominent 
degradation is observed as impurity-4. 

3.1.2. Degradation in Base Stress Condition 
Pitavastatin calcium is gradually undergone degradation 
with time in 1 N NaOH upon heating for 2 h and promi-
nent degradation is observed as impurity-2 and impu-
rity-4. 

3.1.3. Degradation in Peroxide Stress Condition 
Pitavastatin calcium is gradually undergone degradation 
with time in 10% H2O2 upon heating for 2 h and mild 
degradation is observed as impurity-4. 

3.1.4. Degradation in Neutral (Water) Stress Condition 
Pitavastatin calcium is exposed water heating for 2 h, no 
degradation is observed. 

3.1.5. Photolytic Stress Condition 
Pitavastatin calcium is exposed to light for an overall il-
lumination of 1.2 million Klux hours and an integrated 
near ultraviolet energy of 200-watt hours/square meter 
(w/mhr) (in photo stability chamber), mild degradation is 
observed. 
 
3.1.6. Thermal Stress Condition 
Pitavastatin calcium exposed to dry heat at 100°C for 48 
hours, no degradation is observed. 

The mass balance of stressed samples is close to 99.5%. 
The assay of pitavastatin calcium is unaffected in the 
presence of four impurities and its degradation products 
confirm the stability indicating power of the developed 
method. 
 
3.2. Method Validation 
 
3.2.1. Precision 
The %RSD of area of pitavastatin calcium, Impurity-1, 
Impurity-2, Impurity-3 and Impurity-4 and %RSD of 
area% of each impurity in precision study are within 5.0% 
confirming the good precision of the developed analytical 
method. The %RSD obtained in intermediate precision 
study for pitavastatin calcium, Impurity-1, Impurity-2, 
Impurity-3 and Impurity-4 are well within 5.0%, con- 
firming the intermediate precision of the method. The 
%RSD obtained in precision and intermediate precision 
studies for pitavastatin calcium are well within 1.0% of 
assay determination method. 
 
3.2.2. Sensitivity 
The limit of detection of pitavastatin calcium, impurity-1, 
impurity-2, impurity-3 and impurity-4 is 0.006% (of ana-
lyte concentration, i.e. 100 µg/mL) for 2 L injection 
volume. The limit of quantification of pitavastatin cal-
cium, Impurity-1, Impurity-2, Impurity-3 and Impurity-4 
is 0.02% (of analyte concentration, i.e. 100 µg/mL) for 2 
L injection volume. The % RSD for area of pitavastatin 
calcium, Impurity-1, Impurity-2, Impurity-3 and Impu-
rity-4 are below 5 for precision at LOQ level. 

3.2.3. Linearity and Range 
Calibration curve obtained by the least square regression 
analysis between average peak area and concentration 
showed linear relationship with a correlation coefficient 
of 0.998 over the calibration ranges tested. Linear calibra-
tion plot for related substance method is obtained over the 
calibration ranges tested, i.e. LOQ to 0.225% for Impu-
rity-1, Impurity-2, Impurity-3 and Impurity-4 and LOQ to 
0.15% for pitavastatin calcium. The correlation coeffi-
cient obtained is greater than 0.998 for all four impurities 
and pitavastatin calcium. The result shows an excellent 
correlation existed between the peak area and concentra-
tion of pitavastatin calcium and all impurities. Linear 
calibration plot for assay determination method is ob-
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tained over the calibration ranges tested, i.e. 50 to 150% 
for pitavastatin calcium and found the correlation coeffi-
cient more than 0.999. The results shows an excel- lent 
correlation existed between the peak area and con- cen-
tration of pitavastatin calcium in assay determination 
method (Figure 3, Table 3). 
 
3.2.5. Robustness 
Close observation of analysis results for deliberately 
changed chromatographic conditions (flow rate and col-
umn temperature) revealed that the resolution between 

closely eluting impurities, namely impurity-1 and impu-
rity-3 is greater than 4.0, illustrating the robustness of the 
method. 
 
3.2.6. Solution Stability and Mobile phase Stability 
The %RSD of assay of pitavastatin calcium during solu- 
tion stability and mobile phase stability experiments is 
within 1.0. No significant changes are observed in the 
content of impurity-1, impurity-2, impurity-3 and impu- 
rity-4 during solution stability and mobile phase stability 
experiments. The solution stability and mobile phase sta- 

 
Table 2. Summary on forced degradation results. 

Stress condition Time 
% Assay of 

active substance

%impurities + 
% Degradation 

products 

Mass balance 
(%Assay + %impurities + 
% Degradation products) 

Remarks 

Acid Stressed sample (1N 
HCl) 

2 hrs heat-
ing 

93.0 6.60 99.6 Formed as Impurity-4 

Base Stressed sample (1N 
NaOH) 

2 hrs heat-
ing 

95.1 4.40 99.5 Formed as Impurity-4 

Peroxide stressed sample  
(10% H202) 

2 hrs heat-
ing 

98.8 1.32 100.1 
Formed as Impurity-2 and 

Impurity-4 

Thermal stressed sample 
(Heated at 100˚C) 48 hours 99.7 0.08 99.8 No degradation is observed

Photo light stressed sample 
1200 Klux 

hours 
99.5 0.34 99.8 

No prominent degradation is 
observed 

 

 
(a) 

 

 
(b) 

Blank  

Standard solution 
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(c) 

 
(d) 

 
(e) 

 
(f) 

Figure 2. Typical chromatogram of blank, standard solution and pitavastatin calcium spiked 
with impurities & Stress sample Chromatograms. 
 

Sample with spiked impurities 

Acid stress sample

Base stress sample

Oxidation stress sample 
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Figure 3. Typical charts and for pitavastatin calcium and 
its impurities. 
 
bility experiments data confirms that sample solutions 
and mobile phase used related substance determination 
are stable up to the study period of 48 h. 

Analysis is performed for different samples of pita-
vastatin calcium (n = 3). All the four impurities in these 
samples are less than 0.1% and Assay is more than 
99.5%. 
 

Table 3. Linearity table. 

Component Trendline equation Range 
Correlation coeffi-

cient 
% Intercept 

Residual sum of 
squares 

Impurity-1 69037X+239.39 0.02-0.225 0.99843 2.32 75426 

Impurity-2 63379X+198.94 0.02-0.225 0.99899 2.12 68828 

Impurity-3 77784X+61.46 0.02-0.225 0.99880 0.54 82815 

Impurity-4 44536X+48.47 0.02-0.225 0.99910 0.74 47613 

Related substances 39934X+48.18 0.02-0.15 0.99910 1.22 43281 
Pitavastatin  
calcium Assay 

determination 
22727193X-1044 50%-150% 0.99998 –0.31 24868238 

 
 

Table 4. Table for accuracy study. 

% of Recovery 

Assay determination Amount of impurity added (µg) 
to the 100% sample Imp-1 Imp-2 Imp-3 Imp-4 Amount of substance 

added  
%Recovery 

(Pitavastatin calcium) 

0.02 98.2 101.1 96.5 99.0 50% 99.48 

0.10 97.5 102.5 98.0 97.1 100% 100.00 

0.15 96.4 98.5 93.6 101.8 150% 100.11 

 
4. Conclusions 
 
The degradation pathway of pitavastatin calcium is es- 
tablished as per ICH recommendations. The gradient 
UPLC method developed and used for stress studies is 
also fit for quantitative, related substance and assay de-
termination of pitavastatin calcium. The method is vali-
dated as per ICH requirements. The developed method is 
stability indicating which can be used for the impurity 
testing and assay determination in routine analysis of 
production samples and also to analyze stability samples. 
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Abstract 
 
A simple sensitive and rapid colorimetric method has been developed, and herein described, for the qualita-
tive and quantitative chemical assessment of the commercially available chitosan products. The described 
method relies on the reactivity of the basic amino function of chitosan with the acid dye bromocresol purple. 
The applied technique allows assessment of variability and selectivity changes in the quality of the marketed 
chitosan products. 
 
Keywords: Chitosan, Dye, Colorimetric, Bromocresol Purple 

1. Introduction 
 
Chitosan is a natural biocompatible polymer derived 
from the naturally-occurring polysaccharide-based bio- 
polymer, chitin, by deacetylation with an alkali leaving 
behind a free amino group (-NH2) (Figure 1) [1]. Chito-
san naturally exists only in a few species of fungi but it is 
mainly extracted from the cuticular and exoskeletons of 
invertebrates like crustaceans, mollusks, crabs and sh- 
rimp. Crabs obtained from seafood processing waste are 
an important commercial source. Chitin is the second, 
after cellulose, most abundant naturally occurring poly-
saccharide. Chitin is composed of 2-acetamido-2-deoxy- 
β-D-glucose units that are combined by 1-4 glycosidic 
linkages, forming long un-branched linear polymeric 
chains. Therefore, the biopolymer chitosan is composed 
of β-2-amino-2-deoxy-D-glucopyranose(glucosamine units) 
and β-2-acetamido-2-deoxy-D-glucopyranose [2]. Chi-
tosan possesses unique properties like its ability to form 
films, and possesses a positive ionic charge which de-
velops its ability to chemically bind with negatively 
charged fats, lipids and bile acids. Chitosan has a wide 
range of applications in diverse fields like in health 
(ranging from medical sutures to beauty aids), water pu-
rification (coagulants for waste treatment), biomedical 
applications, agriculture (seed coatings), biotechnology, 
nutrition (dietary supplements), and in the finishing 
process of textile fibers [3]. Chitosan is commercially 
available from many suppliers in various grades of purity, 
molecular weight, and degree of deacetylation. The de-

gree of deacetylation is one of the most important che-  
mical characteristics as it reported to influence the phys-
icochemical properties and the performance of chitosan 
in many of its applications. Chitosan versatility depends 
mainly on the chemically reactive amino groups. 

The degree of deacetylation of chitosan ranges from 
56% to 99%, depending on the crustacean species and 
the preparation method. Various methods have been re-
ported for the determination of the degree of deacetyla-
tion of chitosan. These included ninhydrin test, linear 
potentiometric titration, infrared spectroscopy, near-  
infrared spectroscopy, nuclear magnetic resonance spec-
troscopy, hydrogen bromide titrimetry, infrared spec-
troscopy, elemental analysis, colloidal titration, circular 
dichroism, ultraviolet spectroscopy, pyrolysis-gas chro-
matography, gel permeation chromatography and ther-
mal analysis, acid hydrolysis, and X-ray diffraction 
methods and first derivative UV-spectrophotometry [4- 
6]. Chitosan could be also assayed colorimetrically using 
Cibacron brilliant red 3B-A [7,8]. 

All the above mentioned methods employed for the 
evaluation of chitosan slightly vary when measuring the 
number of free amino groups in the structure (deacetyla-
tion degree, DD). Obviously, the DD values are highly 
dependent on the analytical methods employed [9, 10]. 
Hence, we propose that the analytical method used for 
the evaluation of chitosan products would also consider 
the functional capacity of the matrix. This approach is 
easily perceived when a reference matrix is taken into 
account. 
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Figure 1. Structure of Chitosan unit. 
 

Colorimetric assays are often developed as simple and 
sensitive practical procedures to rapidly evaluate drug 
quality in rapid and inexpensive protocol. Chitosan pos-
sesses a free amino group that acts as a reactive binding 
site for anionic dyes such as bromocresol purple to pro-
duce a color-bound complex. Therefore, our objective is 
to develop and evaluate a colorimetric technique to 
measure the functional capacity, which relates to deace-
tylation degree, so as to quantitatively assess these prod-
ucts in pharmaceutical preparations. 

 
2. Methods—Experimental Data 
 
2.1. Reagents and Apparatus 
 
All reagents, hydrochloric acid, pyridine, acetic anhy-
dride and sodium hydroxide, were of analytical-reagent 
grade, distilled or deionized water (DI) was used to pre-
pare all aqueous solutions. Pharmaceutical-grade chito-
san was used, bromocresol purple Indicator is a product 
of Reidel-DeHaen Ag, Seelze-Hannover, sodium bicar-
bonate, and sodium hydroxide from Sigma-Aldrich (St. 
Louis, MO, USA); Microgranular pre-swollen DEAE-32 
Cellulose, Whatman, Springfield Mil, Madison, Kent, 
England. 
 
2.2. Apparatus 
 
Shimadzu UV 1601PC, UV/VIS double beam spectro-
photometer (Kyoto, Japan) was used and equipped with 1 
cm quartz cells and connected to IBM compatible com-
puter. The software was UVPC personal spectroscopy 
software version 3.7 (Shimadzu). The spectral width ap-
plied was set at 2 nm. 
 
2.3. Sample Preparation 
 
The colorimetric methods were evaluated in terms of 
linearity, precision, and accuracy by using different 
pharmaceutical batches of raw material compounds. Ac-
curately weighed quantities of three commercially avail-
able (1-60 mgs) chitosan powder were introduced into 
small sintered funnel or filtration tubes. The chitosan 

sample were soaked with 0.2 ml of water allow swelling 
of the polymer matrix. 
 
2.4. Bromocresol Purple Dye Solution 
 
Dye solution is prepared by dissolving 100 mg of bro-
mocresol purple in 5 mL of ethanol. 
 
2.5. Diethyl Amino Cellulose (DEA-32) 
 
Diethylamino cellulose ion-exchanger was used as a 
functional reference to relate the chitosan performance. 
DEAE cellulose was selected because of its structural 
resemblance to chitosan. Accurately weighed quantities 
(10-80 mgs) of DEAE cellulose ion exchanger were 
treated the same procedure like chitosan samples. 
 
2.4. Preparation of Acetylated Chitosan 
 
200 mgs from each chitosan samples were suspended in 
0.5 ml of dry and distilled pyridine. 2 ml of acetic anhy-
dride were added and stirred for 4 hours at room tem-
perature then kept in dark for overnight. The reaction 
mixture is then quenched with cold water and the product, 
acetylated chitosan, was filtered off, washed with DI 
followed by ethanol and dried in an oven at 60˚C for 15 
minutes. 
 
2.5. Colorimetric Assay 
 
Bromocresol purple was used for the colorimetric assay 
and prepared at a concentration of 20 mg/mL in water. 
For all chitosan samples (weights from 1mg and up to 50 
mgs of chitosan or their equivalent amounts) were accu-
rately weighed. The chitosan samples were weighed ei-
ther directly into small sintered glass funnels, or in Pas-
teur pipettes (disposable pipettes) packed at the bottom 
with glass wool. Secure the porosity of the filter pad, 
especially when glass wool, to carefully hold and do not 
allow passage of any of the loaded chitosan powder. The 
powdered sample in each tube was then wetted with 0.2 
mL of DI water and allowed to soak for 15 minutes to 
allow possible swelling of the matrix. Approximately 0.3 
mL of the dye solution is slowly passed through the sin-
tered funnels. Each tube is then loaded with 0.2 ml of the 
dye solution. Excess dye solution is drained out and ex-
cess dye was washed out with 0.5 mL of DI followed by 
95% ethanol till complete removal of all color in the 
wash solution. The tube packed with chitosan-dye com-
plex is then contained in clean 20 mL volumetric flasks. 
The chitosan-bound dye was then stripped off the bed by 
20 ml of 1N HCl solution and completed to volume. The 
acid solution is filtered through a 0.45 µ membrane filter. 
Five milliliter aliquots were withdrawn from each sample 
concentration into a separate 50 m volumetric flask and 
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completed to volume with 1N sodium hydroxide solution. 
The developed blue color for each sample concentration 
is used for absorbance measurement at 589 nm. 
 
2.6. Calibration Graphs 
 
5 mL aliquots from the liberated sample solutions were 
transferred into 50 mL volumetric flasks. The reaction 
flasks are completed to volume with 1N NaOH and the 
solutions were measured spectrophotometrically at the 
λmax of 589 nm and the recorded absorbances for dif-
ferent samples of each sample were used to construct 
calibration graphs (Figure 2). 
 
3. Results 
 
The product from acetylating chitosan was treated with 
the dye solution the same way as described for chitosan. 
Although the acetylated chitosan matrix have acquired a 
red color once wetted with bromocresol purple, yet, the 
acidic solution used to drive out the adsorbed dye did not 
release any noticeable color intensity. Moreover, when 
the collected acidic wash solution was treated with so-
dium hydroxide and the measured at the same wave-
length, such solutions did not record any appreciable 
absorbance readings. This finding illustrates that the 
presence of the free amino groups are essential for the 
working-efficiency of chitosan as an ion-exchanger. All 
chitosan samples, however, have produced abstracted 
appreciable quantities of the dye and released consider-
able color intensities upon acidification. The sensitivity 
of color-measurement is further enhanced by shifting the 
pH to the alkaline side with sodium hydroxide. The 
quantities of the dye freed from the chitosan-dye com-
plex are then proportional to the quantities of chitosan 
used and hence calibration graphs were constructed. The 
good linearity and slope of the calibration graphs for the 
different chitosan batches indicate the efficient and 
strong sensitivity of the chitosan polymer in binding 
acidic compounds. Alternatively, when DEAE cellulose 
was treated with the dye solution, it showed a better 
linearity and a superior capacity. This data suggests that 
DEAE cellulose retains better functional characteristics 
that observed with chitosan polymers (Figure 3). 
 
4. Discussion 
 
The high value of the correlation coefficient and the in-
tercept value were used to evaluate the linearity of the 
calibration curves. Regression analysis of these plots 
using the method of least squares had produced correla-
tion coefficients (r) equal to 0.9904-0.998 indicating a 
good linearity (Figure 2). The sensitivity of the method 
to different batches is evident from the slope and inter-
cepts values in the calibration curves. Moreover, the in-

tercept and slope values of DEAE-cellulose in compari-
son to those obtained with chitosan products tip off the 
analyst to the performance properties, efficiency and 
capacity of such polymers as anionic exchangers relative 
to a different match of known operational parameters. 
The reported methods for the evaluation of chitosan 
products target measuring the deacetylation degree (DD) 
to reflect the quantity of free amino group on the chito-
san matrix relative to the fully acylated chitosan (chitin). 
However, those methods do not gauge the factual capac-
ity or working efficiency of the polymer. Accordingly, it 
has been viewed as more sensible to compare chitosan 
products as “functional” rather than chemical operators. 
Synthetic ion-exchangers of known chemistry, capacity 
 

 

Figure 2 Calibration curve for chitosan. 
 

 

Figure 3 Comparison of chitosan samples and DEAE cellu-
lose. 
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and performance, like DEAE cellulose, can pose as a 
“yardstick” reference chemical to weigh against the effi-
ciency of similar compounds. The applied method is also 
valuable as a routine tool for the quantitative analysis of 
very small amounts of chitosan products while depend-
ing on the selective ion-exchange capacity of the poly-
mer. The observed linearity and sensitivity of the meth-
ods promotes its friendly application in routine analysis 
of such polymers. 
 
5. Conclusions 
 
Simple, quick and inexpensive colorimetric assays serve 
as convenient means to rapidly and straightforwardly 
assess product quality in a cost-efficient transaction. The 
reaction of chitosan with anionic dyes has instantly pro-
duced stable and colored adducts. This has triggered de-
veloping anionic dyes like bromocresol purple as an 
analytical reagent for assessing the quality of chitosan. 
Anionic dyes such as bromocreaol purple and bro-
mocresol green form colored dye-matrix complexes with 
chitosan to produce a colored product. The dye-binding 
method produces a colored product which shed and 
equivalent amount of dye which is linearly proportional 
to chitosan quantity. Colorimetric tests are rapid and easy 
to perform. The reagents and equipment for colorimetric 
tests are inexpensive, environmentally safe, and are ideal 
for use in non-very well-equipped labs. 
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