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For the first time, a carboxyl group derivatization assay has been
developed and validated for the determination of the cholesterol-
lowering drug rosuvastatin in human serum at picogram level by
high-performance liquid chromatography with fluorescence detec-
tion. The assay procedure involved a simple one-step liquid–liquid
extraction of rosuvastatin with lovastatin as internal standard from
serum with an ethyl acetate–methyl tertiary buthyl ether (1:1)
mixture. After pre-column derivatization with 9-anthryldiazomethane
at room temperature for one hour, the reaction mixture was injected
onto a Phenomenex, Synergi C18 column (250 3 4.6 mm, 4 m i.d.).
The analytes were separated with a mobile phase composed of
acetonitrile–water in gradient elution mode and detected at lem 5
410 nm, exciting at 366 nm. Calibration curves were constructed in
concentration range of 0.01–20.0 ng/mL and limit of detection and
limit of quantification values were found to be 0.68 and 2.30 pg/mL,
respectively. To test suitability of the developed methods for clinic
use, the pharmacokinetics of rosuvastatin were investigated after
oral administration of a 20 mg rosuvastatin film tablet to a healthy
volunteer and maximum plasma concentration, time to reach
that concentration and elimination half life were found to be
17.5 ng/mL, 3.5 h and 18.09 h, respectively.

Introduction

The group of medications referred to as statins, 3-hydroxy-

3-methylglutaryl-coenzyme A (HMG-CoA) reductase inhibitors,

has been the most popular and widely prescribed for treating

atherosclerosis. Statins are used to lower cholesterol levels by

inhibiting the enzyme HMG-CoA reductase that catalyzes the

conversion of HMG-CoA to mevolanate, which plays a central

role in the production of cholesterol in the liver (1–2).

Rosuvastatin (ROS), one of the newest members of the statin

drug group, a synthetic lipid-lowering agent, is chemically

bis[(E)-7-[4-(4-fluorophenyl)-6-isopropyl-2-[methyl-(methyl-

sulfonyl)amino] pyrimidin-5-yl](3R,5S)-3,5-dihydroxyhept-

6-enoicacid] calcium salt (Figure 1) and was approved in the

United States in 2003 for the treatment of dyslipidemia (3).

ROS also reduces the level of low-density lipoprotein (LDL) in

plasma, modestly increases the level of HDL cholesterol in the

blood and is satisfactorily tolerated by the patients (4).

To date, all of the developed methods for the determination

of ROS in biological fluids are based on liquid chromatography

with either ultraviolet (UV) (5–10) or mass spectrometric

(MS) (11–19) detection. These methods involved tedious steps

for the pretreatment of the samples (10) and have inadequate

sensitivity (5–9), which is critically important for determin-

ation of a lower amount of drugs and use of expensive detec-

tors (e.g., tandem MS) (11–19) that are not available in most

research laboratories. On the other hand, a low amount of ROS

active ingredient in tablets and low plasma concentrations of

ROS observed after oral administation require implementation

of sensitive quantitation methods for ROS.

9-Anthryldiazomethane (ADAM) (Figure 1) (20–21) is an im-

portant label for fluorimetric (FL) detection of carboxylic

acids. This reagent reacts with the carboxyl functional group

under mild conditions at room temperature without an activa-

tion reagent, even in the presence of water. ADAM has been

widely used as an FL derivatization reagent for carboxylic acids.

The resulting derivatives permit pmol-level detection of these

acids by reversed-phase high-performance liquid chromatog-

raphy (HPLC).

In this study, ROS has been derivatized by the reaction of

ADAM and determined in serum samples. The proposed deriva-

tization reaction is shown in Figure 1. This work is the first

derivatization method of the carboxylic group of ROS with

ADAM reagent based on fluorimetric detection and provides

low detection limits in the pg/mL range.

Experimental

Reagents and solutions

Rosuvastatin calcium was provided by Astra Zeneca (London,

UK) and lovastatin (internal standard; IS) was provided by

Merck Sharp and Dohme Corp. (Whitehouse Station, NJ).

Crestor 20 mg tablets were purchased from a local drugstore.

ADAM was purchased from Sigma-Aldrich (Oslo, Norway).

Sodium acetate, acetonitrile, ethyl acetate (EA), methyl tertiary

buthyl ether (MTBE), chloroform, glacial acetic acid and

sodium sulphate anhydrous were purchased from Merck

(Darmstadt, Germany). HPLC-grade ultrapure water was pre-

pared by an aquaMAX (Younglin Instrument, Korea) water

purification system.

Instrumentation and chromatographic conditions

A Shimadzu (Kyoto, Japan) LC 20A liquid chromatograph was

used, consisting of a model LC 20 AT solvent delivery system, a

DGU-20A5 degasser and a SIL-20AC autosampler. The RF 10

AXL fluorescence detector was set at an excitation wavelength

of 366 nm and an emission wavelength of 410 nm. Data acquisi-

tion was performed using LC Solution system software.

Separations were performed on a Phenomenex Synergi C18

column (4 mm, 250 � 4.6 mm i.d.) with a Phenomenex guard

column (4 � 3 mm i.d.) packed with the same material.

Chromatographic separation was achieved at 308C by using an

# The Author [2012]. Published by Oxford University Press. All rights reserved. For Permissions, please email: journals.permissions@oup.com

Journal of Chromatographic Science 2013;51:53–58

doi:10.1093/chromsci/bms105 Advance Access publication June 20, 2012 Article



acetonitrile–water mixture as mobile phase in gradient elution

mode at a flow rate of 1.0 mL/min. The gradient elution

program (Table I) was run for 20 min.

Preparation of standard solutions

The stock solution of ROS was prepared by dissolving an

amount corresponding to 1.0 mg/mL concentration of rosuvas-

tatin calcium in acetonitrile and then diluted with acetonitrile

to give a 1 mg/mL concentration. Working Solutions I and II of

ROS were prepared in an acetonitrile–water (1:3) mixture to

give 25 and 1 ng/mL concentrations, respectively. ADAM and IS

solutions were prepared in acetonitrile and chloroform, re-

spectively, to give 100 mg/mL concentrations. Reagent solu-

tions prepared freshly every day and kept shielded from light.

Acetate buffer solution was prepared by dissolving an appropri-

ate amount sodium acetate in water to give 0.1 M concentra-

tion and pH was adjusted to 4.0 with glacial acetic acid (22).

The ROS base solutions were prepared to remove calcium salt

from the drug. For this purpose, a simple one-step liquid–liquid

extraction (LLE) procedure was completed. Appropriate

volumes of Working Solution II and 50 mL of a 10 mg/mL con-

centration of IS were transferred to a stoppered tube and

diluted to 1 mL with water. Then, 1 mL acetate buffer and 5 mL

EA–MTBE (1:1) were added and vortexed for 5 min. After cen-

trifugation, the organic layer was separated in a test tube and

dried using anhydrous Na2SO4, and 4 mL of anhydrous

supernatant was evaporated to dryness under nitrogen at 408C.
The residues were further subjected to the derivatization

procedure.

Sample preparation

Venous blood samples (4–5 mL) were placed into glass tubes

then centrifuged (within 2 h from collection) at 1,400 � g for

15 min; the supernatant (serum) was then transferred into poly-

propylene test tubes and stored at 2208C until HPLC analysis.

For the extraction of ROS from serum samples, the same

method was performed with the ROS base solutions prepar-

ation. To 100 mL of serum, 0.4–800 mL volumes of Working

Solution II and 5 mL of 100 mg/mL IS solution were added and

mixed for approximately 10 s; following that, 1 mL of acetate

buffer and 5 mL EA–MTBE (1:1) were added and vortexed for

5 min. After centrifugation, the organic layer was separated in a

test tube and dried using anhydrous Na2SO4, and then 4 mL of

anhydrous supernatant was evaporated to dryness under nitro-

gen at 408C. The residues were further subjected to the deriva-

tization procedure.

Derivatization

The dried residues obtained from the serum sample pretreat-

ment (or the dried residue of ROS base) was reacted with

125 mL of a 100 mg/mL concentration ADAM solution, the

volume was adjusted 1 mL with acetonitrile and the solution

was kept in the dark for 1 h at ambient temperature. Finally,

20 mL of the reaction mixture was injected into the HPLC

system.

Method validation

The developed analytical method was validated according to

international guidelines with respect to certain parameters

Figure 1. The proposed reaction between ROS and ADAM.

Table I
Gradient Elution Program

Time (min) Acetonitrile (%) Water (%)

0.01 40 60
10 80 20
15 80 20
15.01 40 60
20 40 60
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such as linearity, accuracy, precision, selectivity, limit of detec-

tion (LOD), limit of quantification (LOQ) and stability (23).

Serum calibration standards were prepared at six levels

by spiking 100 mL of human serum with the 0.01–20 ng/mL

concentration of ROS and a constant concentration of IS

(500 ng/mL). The obtained mixture was subjected to the previ-

ously described LLE procedure, derivatized with ADAM, kept in

the dark for 1 h at ambient temperature and injected into the

HPLC system. The procedure was carried out in triplicate for

each concentration. The analyte/IS peak area ratios obtained

were plotted against the corresponding concentrations of the

analytes (as ng/mL) and the calibration curves set up by means

of the least-square method. Linear regression was applied and

slope (a), intercept (b), correlation coefficient (r), standard

deviation (SD) and relative standard deviation (RSD) were

determined.

For the extraction recovery, blank human serum samples

were spiked with the analytes at three different concentration

levels (1, 5 and 15 ng/mL) of ROS while keeping the IS con-

centration constant (500 ng/mL). The serum was extracted

with the previously described procedure, derivatized with

ADAM and injected to the HPLC system in triplicate. Extraction

recoveries were evaluated by using the calibration curve pre-

pared with aqueous drug solutions.

Method precision and accuracy were determined in terms of

repeatability (intra-day precision) and intermediate precision

(inter-day precision). To determine precision and accuracy,

serum samples spiked at three different concentration levels

(1, 5 and 15 ng/mL) of ROS and a constant concentration (500

ng/mL) of IS were analyzed six times a day in triplicate injec-

tions over six consecutive days in two months. The serum

saples were extracted with the previously described procedure,

derivatized with ADAM, injected into the HPLC system in tripli-

cate and expressed as mean+ SD and %RSD calculated from

the obtained data.

LOD and LOQ were determined through the intercept and

slope of the calibration curve according to the following

formula:

LOD ¼ s=m; LOQ ¼ 10s=m

where s is the SD of the calibration curve’s intercept and m is

the slope of the calibration curve.

The stability studies of ROS and IS spiked serum samples

derivatized with ADAM were conducted with 100 mL of

Working ROS Solution II, which was subjected to the previous-

ly described derivatization procedure in six replications.

Resulting derivatives were kept in the dark at ambient tempera-

ture and at þ48C for 12, 24, 48, 72 and 96 h and analyzed in

HPLC system.

Pharmacokinetic study

A pharmacokinetic study was performed with a healthy volun-

teer (29 years old, female) by administrating a single oral dose

of 20 mg of ROS. The venous blood samples were collected

into tubes at 0, 1, 1.5, 2, 2.5, 3, 3.5, 4, 6, 8, 12, 24, 36, 48 and

72 h postdosing. The serum samples were obtained from blood

after the prosess described previously. The samples were

stored at –208C until analysis.

Pharmacokinetic analysis was performed using standard

methods (24) and parameters were calculated using the

TOPFIT 2.0 pharmacokinetic and pharmacodynamic data ana-

lysis system (25).

Results

Derivatization procedure

Because ROS has a carboxylic acid group, fluorescent derivati-

zation was chosen to obtain the sensitivity needed for the ana-

lysis in human serum. Among the different possible fluorescent

reagents to react with carboxylic acid groups, ADAM is particu-

larly attractive because it is relatively easy to synthesize from

readily available compounds and undergoes fast reaction at

room temperature in the dark to give high yields of the ester

conjugates. Anhydrous reaction conditions, catalyst and heating

are not required; the resulting derivative can be injected to

HPLC system without any further purification or extraction.

Preliminary assays showed that the reaction proceeds in the

dark with 10 min–2.5 h reaction time; the effect of tempera-

ture on reaction rates and reaction time were studied in the

25–608C and 10–90 min range in the dark, respectively. A 1 h

reaction time at ambient temperature in the dark gives satisfac-

tory results for the derivatization reaction. The effect of

reagent mol ratio was tested in the 40–800-fold reagent mol

ratios and 55-fold was found sufficient.

Chromatographic conditions

Different types of analytical columns were tested, including C8,

CN and C18 with different particle sizes, and the best reso-

lution was obtained with a Phenomenex, Synergi C18 column

(4 mm, 250 � 4.6 mm i.d.). The composition of mobile phase in

particular was optimized to achieve good sensitivity and peak

shapes for the ROS and IS, as well as a short run time. An aceto-

nitrile–water mixture was chosen as mobile phase mixture and

a gradient elution program (Table I) was applied at a flow rate

of 1.0 mL/min. The fluorescence detector was set an excitation

wavelength of 366 nm and an emission wavelength of 410 nm.

Method validation

The retention times of ROS–ADAM and IS–ADAM derivatives

in this chromatographic system were 13.6 and 15.6 min, re-

spectively. Representative chromatograms are given in Figure 2.

The total run time of the chromatogram is 20 min. No interfer-

ence peaks were detected for ROS and IS from the serum

samples.

The ROS–IS peak area ratios were plotted against the corre-

sponding concentrations of ROS (as ng/mL) and the calibration

curves were set up in concentration range of 0.01–20.0 ng/mL

for ROS in human serum. The mean linear regression equation

of the calibration curves was y ¼ 0.2237 x þ 0.1017 (r ¼

0.9971), where y represents the ratios of ROS peak area to that

of IS and x represents the serum concentrations of ROS. The

correlation coefficients of the calibration curves ranged from

0.9955 to 0.9988, which demonstrates good linearity. The lin-

earity parameters of ROS in serum samples are presented in

Table II.
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Figure 2. Drug-free human serum (A); a serum sample spiked with ROS and IS (15 and 500 ng/mL, respectively) (B); a serum sample obtained from a volunteer 4 h after oral
administration (C); a serum sample obtained from a volunteer 72 h after oral administration (D).
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Blank human serum was spiked with the analytes at three

different concentration levels (1, 5 and 15 ng/mL) of ROS and

keeping the IS concentration constant (500 ng/mL). The re-

coveries of ROS extracted from serum samples were 81.4, 80.0

and 79.8% at concentrations of 0.80+0.023, 3.98+0.043 and

11.94+0.101 ng/mL, respectively, and mean recovery was

found to be 80.4%. The results are presented in Table III.

The inter-day and intra-day precision and accuracy values are

summarized in Table IV for ROS in serum samples. In this

assay, RSD values were found within the range of 0.35–3.96

and 0.20–4.7 for inter-day and intra day precision, respectively.

Relative mean error (RME) values were found within the range

of 0.31–4.01 and 0.46–4.41 for inter-day and intra day assay, re-

spectively. Because the RSD and RME values were within the

acceptable range, the method has been demonstrated to

possess satisfactory precision and accuracy.

LOD and LOQ values were found to be 0.68 and 2.3 pg/mL,

respectively, which means the method was sensitive enough to

characterize the pharmacokinetic profiles. The LOD and LOQ

values are shown in Table II.

As a result of stability studies, ROS–ADAM derivatives in

serum samples were found to be stable when kept in the dark

at þ48C for 96 h. ROS stock solution was also found to be

stable in acetonitrile at þ48C for 1 month.

Pharmacokinetic study

The proposed method was applied to the determination of

ROS in serum for a pharmacokinetic study of the administration

of single oral dose of 20 mg of ROS to a healthy volunteer (29

years old, female). The pharmacokinetic profiles of the mean

serum concentration versus time are shown in Figure 3. The

corresponding pharmacokinetic parameters (Cmax, tmax, t1/2,

AUC0–t and AUC0–1) are presented in Table V. These pharma-

cokinetic parameters are in agreement with those found previ-

ously (3–5).

Discussions

A highly sensitive, selective, economic and simple assay was

developed to determine ROS in serum for the purpose of using

the method in pharmacokinetic studies or therapeutic drug

monitoring. Because ROS has a carboxylic acid group, fluores-

cent derivatization was chosen to obtain the sensitivity needed

for the analysis in human serum. Among the different possible

fluorescent reagents that react with carboxylic acid groups,

ADAM is particularly attractive because it undergoes fast reac-

tion at room temperature in the dark to give high yields of the

ester conjugates. Anhydrous reaction conditions, catalyst and

heating are not required; the resulting derivative can be

injected directly into the HPLC system without any further

purification or extraction.

A relatively cheap detector has been used for the determin-

ation of ROS in human serum, and a fluorescence detector can

easily be found in any laboratory, unlike MS detectors (11–19).

Also, the method is the first derivatization method of ROS with

ADAM reagent based on fluorimetric detection and provides

low detection limits in the pg/mL range. All previously pub-

lished methods based on UV detection (5–9) do not have

sufficient sensitivity for the determination of ROS for pharma-

cokinetic studies. Only one method (16) has adequate sensi-

tivity, but the current method is more sensitive than this

method, which has an LOQ value of 2.3 pg/mL. Also, the pro-

posed method is more sensitive than other published methods

based on MS detection (11–19). Moreover, RSD values of the

Table III
Extraction Recovery

Concentration added (ng/mL) Concentration found (ng/mL) %RSD Extraction yield (%)

1 0.80+ 0.023 4.220 81.4
5 3.98+ 0.043 1.551 80.0
15 11.94+ 0.101 1.061 79.8

Table IV
Inter-Intra Day Precision Values on Serum Samples

Concentration
added (ng/mL)

Concentration found (ng/mL)

Intra-day
(mean+ SD)

%RSD %RME Inter-day
(mean+ SD)

%RSD %RME

1 0.96+ 0.0381 3.966 –4.01 0.89+ 0.0451 4.713 –4.41
5 4.92+ 0.0608 1.236 –1.61 4.91+ 0.0374 0.761 –1.62
15 14.95+ 0.0532 0.355 –0.31 14.93+ 0.0308 0.206 –0.46

Figure 3. Mean serum concentration–time curve of ROS after a single oral dose of
20 mg.

Table V
Pharmacokinetic Parameters after a Single Oral Dose of a Crestor 20 mg Tablet

Parameters

Cmax (ng/mL) 17.5
tmax (h) 3.5
t1/2 18.09
AUC(0 –1) (ng/h/mL) 286.06

Table II
Linearity Parameters for ROS in Serum Samples

Parameters

Calibration range (ng/mL) 0.01–20.0
Slope 0.2237
Intercept 0.1017
Correlation coefficient 0.9971
LOD (pg/mL) 0.68
LOQ (pg/mL) 2.30
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method, at any of the studied concentrations, never exceeded

4.71%, which indicates assay precision that is better than those

of other HPLC methods based on UV or MS detection (5–19).

Additionally, mean percent recovery of the method was found

to be 80.4%, which is better than some other publications (14–

19). Therefore, the proposed method has significant advantages

in sensitivity, applicability and cost with respect to those avail-

able in the literature; it has been successfully applied to the

analysis of ROS in serum samples from a single dose treatment.

Concluding Remarks

In this study, a highly sensitive, selective, economic and simple

HPLC method with fluorescence detection was developed for

the determination of ROS in human serum. The developed

method can be used as an alternative method for pharmacoki-

netic studies and therapeutic drug monitoring of ROS.
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