
A

d
i
c
o
2
a
p
c
©

K

1

s
n
a
t
d
fl
l
(
l
a
M

M
K

1
d

Journal of Chromatography B, 850 (2007) 417–422

Determination of clarithromycin in human serum by high-performance
liquid chromatography after pre-column derivatization with

9-fluorenylmethyl chloroformate: Application to a bioequivalence study

Gholamreza Bahrami a,b,∗, Bahareh Mohammadi a

a Medical Biology Research Center, Kermanshah University of Medical Sciences, Kermanshah, Iran
b School of Pharmacy, Kermanshah University of Medical Sciences, Kermanshah, Iran

Received 6 July 2006; accepted 14 December 2006
Available online 30 December 2006

bstract

A sensitive liquid chromatographic method for the analysis of clarithromycin, a macrolide antibiotic, in human serum using pre-column
erivatization with 9-fluorenylmethyl chloroformate (FMOC-Cl) is described. The method involved liquid–liquid extraction of the drug and an
nternal standard (amantadine) followed by pre-column derivatization of the analytes with FMOC-Cl. A mixture of 0.05 M phosphate buffer
ontaining triethylamine (2 mL L−1; pH 3.8) and methanol (17:83, v/v) was used as mobile phase and chromatographic separation was achieved
n a Shimpack CLC-ODS column. The eluate was monitored by a fluorescence detector with respective excitation and emission wavelengths of

−1
65 and 315 nm. The analytical method was linear over the concentration range of 0.025–10 �g mL of clarithromycin in human serum with
limit of quantification of 0.025 �g mL−1. The assay is sensitive enough to measure drug levels obtained in human single dose studies. In the

resent method, sensitivity and run time of analysis have been improved, and successfully applied in a bioequivalence study of three different
larithromycin preparations in 12 healthy volunteers.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Clarithromycin is a macrolide antibiotic with improved acid
tability, better oral absorption, lower frequency of gastrointesti-
al intolerance, longer half life and more antibacterial activity
gainst some pathogens compared with erythromycin [1]. Due
o weak UV absorbance of macrolide antibiotics, it is difficult to
evelop a simple method for analysis of the drugs in biological
uids using conventional UV detection, thus, high-performance

iquid chromatography (HPLC) with electrochemical detection
ED) is the standard method for analysis of the drugs in bio-

ogical matrix. Several HPLC methods have been reported for
nalysis of clarithromycin in human serum using EC [2–9],
S [10], UV [11] and fluorescence detections [12]. Determi-
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acrolide antibiotics

ation of the drug in serum samples using HPLC with UV
etection at 205 nm has been recently reported by Amini and
hmadiani [11] and although, limit of quantification (LOQ)
f 31.25 ng mL−1 has been obtained using injection volume
f 100 �L, however, due to weak UV absorbance of the drug
he system should be set at highest sensitivity. Furthermore,
igh background noises are provided at this wavelength which
akes difficult to obtain a stable baseline. Also, two steps sam-

le preparation including liquid–liquid extraction followed by
ack extraction into diluted acid and analytical running time
f 11 min have been reported in their method. Different sen-
itivities (10.03 �g mL−1 [2], 0.5 �g mL−1 [3], 0.03 �g mL−1

4], 0.1 �g mL−1 [6], 0.01 �g mL−1 [8], 0.15 �g mL−1 [9])
ave been reported using HPLC-ED methods. A very sensitive
ethod (LOQ 2.95 ng mL−1) for analysis of the drug in human

lasma by HPLC–MS has been published [10]. Quantitative

nalysis of macrolide antibiotics including erythromycin, rox-
thromycin, azithromycin and clarithromycin in human serum
sing pre-column derivatization with 9-fluorenylmethyl chlo-
oformate (FMOC-Cl) and fluorescence detection has been

mailto:gbahrami@kums.ac.ir
dx.doi.org/10.1016/j.jchromb.2006.12.027
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eported by Torano and Guchelaar [12]. In their method, how-
ver, the sensitivity of analysis is not enough for human
harmacokinetic studies following a single dose administration
f the drug (LOQ 0.20 �g mL−1 using 50 �L injections). Fur-
hermore, long time is needed for sample preparation as well as
or reaction of the macrolides with FMOC-Cl (40 min). Based
n those observations the present paper describes an improved
ethod for analysis of clarithromycin in human serum using
MOC-Cl as labeling agent and fluorescence detection. This
ethod was applied for quantification of the drug in a bioe-

uivalence study following oral administration of three different
larithromycin preparations in 12 healthy volunteers. It should
e emphasized that, less time is needed for sample prepara-
ion and derivatization reaction, whereas sensitivity has been
mproved, and the running analysis time was reduced.

. Experimental

.1. Chemicals

Clarithromycin was from Abbott Pharmaceutical Company
Kent, UK). Amantadine (I.S.) and FMOC-Cl were from Sigma
Sigma, St. Louis, MO, USA). HPLC grade methanol, monoba-
ic sodium phosphate, phosphoric acid, anhydrous sodium
ulfate, triethylamine and dichloromethane were purchased from

erck (Darmstand, Germany) All reagents were of the maxi-
um available purity and were used without further purification.
ater was glass-double distilled and further purified for HPLC
ith a Maxima purification system (USF ELGA, England).

.2. Equipment

The HPLC system used consisted of two pumps of Shi-
adzu LC-10A solvent delivery system, a system controller

SCL 10AD), a spectroflurometric detector (RF-551) operated
t an excitation and emission wavelengths of 265 and 315 nm,
espectively, a column oven (CTO-10A), a degasser (DGU-
A) and a data processor (C-R4A) all from Shimadzu, Kyoto,
apan. The analytical column was a Shimpack CLC-ODS (Shi-
adzu, Kyoto, Japan), 150 mm × 4.6 mm i.d., 5 �m particle size
hich was protected by a Shim-pack G-ODS guard column

1 cm × 4.0 mm i.d., 5 �m particle size). A mixture of 0.05 M
odium phosphate buffer containing triethylamine (2 mL L−1;
H 3.8) and methanol (17:83, v/v) was used as the mobile
hase. The column oven temperature was set at 58 ◦C and the
obile phase was filtered, degassed and pumped at a flow rate

f 2.0 mL min−1.

.3. Solutions

Stock solutions of clarithromycin (1000 �g mL−1) and the
.S. (600 �g mL−1) were prepared by dissolving the drugs in
cetonitrile and distilled water, respectively. The clarithromycin

tock solution was further diluted with acetonitrile to obtain the
ifferent working solutions ranging from 0.25 to 100 �g mL−1.
he I.S. stock solution was diluted with distilled water to obtain
orking solution of 6 �g mL−1. A 1000 �g mL−1 solution of

a
c
d
o
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MOC-Cl was prepared in acetonitrile. All solutions were stored
t 4 ◦C and were stable for at least 4 weeks except clarithromycin
tock solution which was prepared freshly before the analysis.

.4. Extraction procedure and derivatization

Serum samples were stored at −40 ◦C until assay. Frozen
erum samples were thawed in water at 37 ◦C. Aliquots of blank,
alibration standard or unknown human serum samples (1 mL)
ere pipetted into 100 mm × 16 mm disposable glass tubes,

ontaining 100 �L of working internal standard solution. The
amples were mixed with 200 �L of a phosphate buffer (0.05 M;
H 3) and extracted with 5 mL of dichloromethane as extracting
olvent. After vortex mixing for 30 s and centrifugation (5 min
t 6000 × g) the organic phase was removed and evaporated
o dryness under stream of nitrogen at 50 ◦C. The residue was
econstituted in 100 �L of the FMOC-Cl solution. Following
ddition of 25 �L phosphate buffer (0.05 M; pH 8.5) and brief
ixing, the samples were kept at 60 ◦C for 15 min and then a

olume of 20 �L of the reaction mixture was injected onto the
PLC system.

.5. Preparation of calibration curve standards

Samples for calibration curves were prepared within the
oncentration range of 0.025–10 �g mL−1. In disposable glass
ubes (100 mm × 16 mm), after evaporation of 100 �L from each
orking solutions of the drug, under a gentle stream of nitrogen

t 50 ◦C, the residues were reconstituted in 1 mL of drug-free
uman serum and mixed for 10 s on a vortex mixer and the sam-
les were subjected to extraction, derivatization and analysis as
escribed above.

.6. Method validation

Assay linearity was evaluated with nine calibration standards
n duplicate using blank serum samples obtained from healthy
olunteers. Calibration curves (weighted regression line) were
btained by linear least-squares regression analysis of plots
f peak–area ratio of clarithromycin to I.S. versus drug con-
entrations. Quality control samples used in method validation
ere prepared with the drug working solutions to make low

0.025 �g mL−1), medium (0.5 �g mL−1) and high (5 �g mL−1)
oncentrations. Within and between day variations were deter-
ined by repeated analysis (n = 6) of different concentrations

f the drug in a single analytical run and in 10 analytical runs
erformed on different days, respectively, using the same stock
olutions and serum batches. The specificity of the method was
xamined by presence of disturbing endogenous peaks in twelve
uman serum samples from different volunteers. These samples
ere pretreated according to the sample preparation procedure

xcept from the addition of the I.S. The absolute recoveries of
larithromycin at the above mentioned concentrations as well

s the I.S. at applied concentration were calculated in repli-
ates (n = 5) by comparing the respective peak areas obtained by
erivatization of the extracted samples from serum, with those
btained after derivatization of the same amounts of unextracted
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olutions in acetonitrile. The limits of detection (LOD) and quan-
ification were defined as the concentration of the drug giving a
ignal-to-noise ratio of 3:1 and 10:1, respectively, and stability
f solutions of clarithromycin and the I.S. was studied over a
eriod of 4 weeks by comparing of the peak areas at different
imes. Stability of the drug in serum samples was examined by
omparing of the determined concentration in different times up
o 30 days maintenance of the samples at −40 ◦C and following
hree thaw–freeze cycles.

.7. Application of the method
The present method was applied in a three-way random-
zed crossover bioequivalence study of different clarithromycin
reparations. Twelve male healthy volunteers aged 28.5 ± 2.5
ears and weighing 69.3 ± 6.1 kg with normal biochemical

d
o
u
a

ig. 1. Effects of (A) pH of phosphate buffer, (B) time of derivatization, (C) tempera
edium on the reaction of clarithromycin with FMOC-Cl.
matogr. B 850 (2007) 417–422 419

arameters were enrolled in this study. All subjects received a
ingle oral dose of 500 mg clarithromycin from either Tehran
himi (Tehran, Iran), Chimidaruo (Tehran, Iran) or Abbott

Kent, UK) pharmaceutical companies on 3 working days sep-
rated by a wash-out period of 2 weeks. All the subjects were
sked to refrain from food or water consumption for 3 h after
rug administration. Blood sampling were carried out at suitable
ntervals up to 24 h and pharmacokinetic parameters including

aximum concentration (Cmax), area under the concentration
ime curve from 0 to time of last sampling (AUC0–t) and area
nder the concentration time curve from 0 to infinity (AUC0–∞)
ere compared. Bioequivalence between the preparations was

etermined by calculating 90% confidence intervals for the ratio
f Cmax, AUC0–t, and AUC0–∞ values for different products,
sing logarithmic transformed data. One-way analysis of vari-
nce (ANOVA) was used to statistical comparison of the data.

ture of reaction, (D) concentration of the labeling agent and (E) polarity of the
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Table 1
Inter- and intra-day precision and accuracy for determination of clarithromycin
in human serum by the HPLC method

Known concentration
(�g mL−1)

Concentration found
(mean ± S.D.)

Coefficient of
variation (%)

Accuracy (%
mean deviation)

Within-day (n = 6)
0.025 0.024 ± 0.004 16.6 96.7
0.5 0.49 ± 0.039 7.9 98
2.0 1.99 ± 0.07 3.6 99.3
5.0 4.97 ± 0.12 2.4 99.3

10 10.02 ± 0.20 2.0 99.8

Known concentration
(�g mL−1)

Concentration found
(mean ± S.D.)

Coefficient of
variation (%)

Accuracy (%)

Between-day (n = 10)
0.025 0.023 ± 0.004 16.0 94.7
0.5 0.5 ± 0.036 7.3 99.7
2.0 1.97 ± 0.06 3.0 98.2
5.0 4.97 ± 0.16 3.2 99.4
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. Results

The reaction of clarithromycin and the I.S. with FMOC-
l appeared to be highly dependent on pH of buffer solution

Fig. 1A), time (Fig. 1B), temperature (Fig. 1C), concentration of
he labeling agent (Fig. 1D) and polarity of the medium (Fig. 1E).
ased on these results, the optimal conditions were found to be:
buffer solution with pH of 8.5 consisting of water–acetonitrile

1:5, v/v), a reaction temperature of 60 ◦C for 15 min and the
eagent concentration of 1000 �g mL−1.

Typical chromatograms of human blank serum and human
lank serum spiked with clarithromycin (0.05 �g mL−1) and the
.S. are shown in Fig. 2A and B, respectively. Clarithromycin
nd the I.S. were eluted with respective retention times of 6.6
nd 5.5 min. No endogenous substance from the plasma com-
onents was eluted in the retention times of clarithromycin
r the I.S. Fig. 2C and D show the chromatograms of serum
amples obtained at 5 and 24 h after a single oral dose of
00 mg clarithromycin from a healthy volunteer. The follow-
ng drugs were tested for selectivity study and none of them
ere interfered with analysis of the drug using the described
ethod: acetaminophen, amoxicillin, cefalexin, cefradine, cef-

riaxone, theophylline, acyclovir, codeine, caffeine, diclofenac,
iazepam, nalidixic acid, ciprofloxacin, fluconazole, ketocona-
ole, gentamicin, etidronate, alendronate, baclofen, topiramate,
rythromycin, propranolol and azithromycin.

LOD was approximately 0.01 �g mL−1 and LOQ was
.025 �g mL−1. The proposed HPLC method was linear over
he concentration range of 0.025–10 �g mL−1. The correla-

ion coefficients (r) for calibration curves were equal to or
etter than 0.9982. Intra-assay reproducibility was determined
or calibration curves prepared in the same day in replicate

ig. 2. Typical chromatograms obtained from an extract of (A) human blank
erum spiked with amantadine as the I.S., (B) human blank serum spiked with
.05 �g mL−1 clarithromycin and the I.S. and (C and D) serum samples from a
olunteer 5 and 24 h after a single oral dose of 500 mg drug containing 3.3 and
.38 �g mL−1 of clarithromycin, respectively.
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0 10.1 ± 0.23 2.6 98.9

ccuracy has been calculated as a mean deviation from the nominal values.

n = 6) using the same stock solutions. The intra-day average
lope of the fitted straight lines was 0.0354 ± 0.0014 �g mL−1

C.V. = 3.8%) and the mean intercept of the calibration
urves was 3.28 ± 0.16 (C.V. = 4.2%). The corresponding mean
±S.D.) coefficient of the linear regression analysis was
.9966 ± 0.007 (C.V. = 0.7%). For calibration curves prepared
n different days (n = 10), the mean ± S.D. of results were as fol-
ows: slope = 0.0362 ± 0.0016 �g mL−1 (C.V. = 4.8), coefficient
f the linear regression analysis = 0.9956 ± 0.008 (C.V. = 0.8%)
nd intercept = 3.11 ± 0.15 (C.V. = 3.7%).

Stock solutions of clarithromycin and the I.S. were stable
or 4 and 60 days, respectively, when stored at 4 ◦C and the
erivatized solutions were found to be stable (>95%) for 12 h.
fter 60 days, the concentrations of clarithromycin in serum

tored at −40 ◦C were found to be 101% from the initial values.
he mean recoveries of clarithromycin and I.S. from serum were
3 ± 4 and 90 ± 3%, respectively.

The within day and between days accuracy and precision val-
es of the assay method are presented in Table 1. The coefficient
ariation values of both within day and between days were all
ess than 16.6% whereas accuracy never deviated from 100% by

ore than 7.3%.

. Discussion

FMOC-Cl reacts with primary and secondary amines in alka-
ine conditions and less readily with hydroxyl groups (Fig. 3).
nalysis of macrolide antibiotics in human serum using FMOC-
l as labeling agent has been previously reported [12] and
erivatization of azithromycin by this reagent using off-line [13]
nd on-line [14] methods had been performed in our laboratory.
lso Tris(2,2′-bipyridine)ruthenium(II) as labeling agent, has

een used for analysis of macrolide antibiotic, erythromycin

by HPLC using electrogenerated chemiluminescence detec-
ion [15]. In the our previously published method for analysis
f azithromycin [13], derivatization of the drug was easily
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Fig. 3. Derivatization reaction of F

erformed using FMOC-Cl at concentration of 500 �g mL−1,
emperature of 40 ◦C and reaction time of 40 min. However,
nder these conditions, low serum levels of clarithromycin
hich are usually found in single dose pharmacokinetic studies

annot be detected. Thus, higher concentrations of FMOC-Cl,
s well as increasing temperature and time of reaction were
xamined. Concentrations of the labeling agent between the
anges of 500 and 5000 �g mL−1 were tested and although
he yield of reaction was increased at higher concentrations
f FMOC-Cl however, significant band-broadening was seen
or a large excess of the reagent which interfered with anal-
sis of the low amounts of clarithromycin. The temperature
f reaction between the range of 40 and 80 ◦C and reaction
ime of 10 and 60 min were studied. The reactions of FMOC-
l have been found to take place within an aqueous-organic
hase system and due to the insolubility of FMOC-Cl and
erivatization products in water, it is necessary to apply a
eaction solution with high content of acetonitrile (80%, v/v),
owever, the organic phase is evaporated if high temperature
eaction (more than 64 ◦C) or long incubation time is used.
ence, a solution of the labeling agent with concentration of
000 �g mL−1, temperature medium of 60 ◦C, and incubation
ime of 15 min were selected. In our previously published meth-
ds for analysis of azithromycin, using an aqueous solution
f the glycine, the excess of FMOC-Cl was removed. Suffi-
ient proportion of the organic phase is needed for reaction of
lycine with the reagent, however, in the present method due to
pplication of higher reaction temperature and partial evapora-
ion of the organic solvent, excess of FMOC-Cl does not react
ith glycine. Furthermore, due to the insolubility of FMOC-

l and derivatization products in water, the clarithromycin
eak is significantly reduced following addition of the aque-
us solution of glycine to the reaction mixture. Comparing
f the chemical structures of clarithromycin and azithromycin

t
c
i
T

-Cl with an amine and an alcohol.

Fig. 4A and B, respectively) shows that the hydroxyl group
n the position of six of pentadecan has been substituted by

ethoxy group in the clarithromycin (arrow in Fig. 4B). As
here are more hydroxyl groups in the azithromycin, it seems
eaction between the reagent and azithromycin proceeds more
fficiently in comparison to clarithromycin. Thus, LOQ of
.025 �g mL−1 was obtained for clarithromycin in the present
tudy, while this value was 0.01 �g mL−1 for azithromycin in
ur previously published method [13]. (Also the LOQ of 0.092
nd 0.2 �g mL−1 have been reported in method described by
orano and Guchelaar [12] for azithromycin and clarithromycin,
espectively.)

A number of drugs with secondary or primary amines
r hydroxyl groups (e.g. erythromycin, betalactam antibi-
tics, etidronate, alendronate, aminoglycosides, topiramate,
abapentin and amantadine) were tested and amantadine
Fig. 4C) was selected as internal standard because of its suit-
ble retention time. A mobile phase with at least 2 mL L−1 of
riethylamine was necessary to separate the peaks of the drug
nd endogenous substance as well as excess of the reagent which
ere eluted at the first parts of chromatogram. Unlike the I.S.,

etention behavior of the drug was pH-dependent and its reten-
ion time was found to increase proportionally with the pH of
he mobile phase. Thus, pH of 4.3 was selected for the mobile
hase.

. Application of the method

The developed method has been applied in a ran-
omized crossover three-ways bioequivalence study of

hree different clarithromycin preparations. Typical serum
oncentration–time profiles for the preparations are presented
n Fig. 5 and pharmacokinetic parameters are summarized in
able 2.
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Fig. 4. Chemical structures of (A) clarithromycin, (B) azithromycin and (C)
amantadine.

Fig. 5. Mean serum concentrations vs. time profiles of clarithromycin for three
clarithromycin preparations in 12 human volunteers after administration of a
single 500 mg oral dose.

Table 2
Mean (S.D.) pharmacokinetic parameters of clarithromycin for different clar-
ithromycin preparations (pharmaceutical prep. 1 = Abbott, pharmaceutical prep.
2 = Chimodaruo and pharmaceutical prep. 3 = Tehran Shimi) in 12 human vol-
unteers after administration of a single 500 mg oral dose

Parameter Prep.

1 2 3

Tmax (h) 2.7 (1.1)a 1.92 (0.9) 3.0 (1.1)
Cmax (�g mL−1) 3.19 (0.50) 3.04 (0.69) 2.88 (0.62)
AUC0–24 (�g h mL−1) 27.49 (6.03) 24.93 (0.58) 26.37 (0.83)
AUC0–∞ (�g h mL−1) 31.07 (0.96) 27.37 (0.64) 29.80 (0.91)
T1/2 (h) 6.9 (2.6) 6.6 (1.7) 7.2 (3.3)

T
a

6

d
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p
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v

R

[

[
[
[

[
[

max, time to maximum concentration; Cmax, maximum concentration; AUC,
rea under the concentration–time curve; T1/2, elimination half life.
a Values in the parentheses are S.D. of the amounts in 12 healthy volunteers.

. Conclusion

In conclusion, a sensitive and specific method has been
escribed for the determination of clarithromycin in serum.
his method has demonstrated to be suitable for its use in
harmacokinetic studies of clarithromycin. In comparison to
he previously published method, analysis time and LOQ were
mproved, and less time is needed for derivatization of the drug
n human serum.

cknowledgements

This work was supported by Tehran Chimi, and Chimidaruo
harmaceutical Companies and partially by Kermanshah Uni-
ersity of Medical Sciences.

eferences

[1] H.F. Chambers, in: B.G. Katzung (Ed.), Basic and Clinical Pharmacology,
McGraw-Hill, New York, NY, 2004, p. 760.

[2] S.Y. Chu, L.T. Sennello, R.C. Sonders, J. Chromatogr. 571 (1991) 199.
[3] M. Hedenmo, B.M. Eriksson, J. Chromatogr. A 692 (1995) 161.
[4] P.C. Taninaka, H. Ohtani, E. Hanada, H. Kotaki, H. Sato, T. Iga, J. Chro-

matogr. B 738 (2000) 405.
[5] I. Niopas, A.C. Daftsios, Biomed. Chromatogr. 15 (2001) 507.
[6] S.J. Choi, S.B. Kim, H.-Y. Lee, D.H. Na, Y.S. Soon, S.S. Lee, J.H. Kim,

K.C. Lee, H.S. Lee, Talanta 54 (2001) 377.
[7] A. Pappa-Louisi, A. Papageorgiou, A. Zitrou, S. Sotiropoulos, E. Geor-

garakis, F. Zougrou, J. Chromatogr. B 755 (2001) 57.
[8] F. Kees, S. Spangler, M. Wellnhofer, J. Chromatogr. A 812 (1998) 287.
[9] J.I.D. Wibawa, P.N. Shaw, D.A. Barrett, J. Chromatogr. B 783 (2003)

359.
10] G.F. Van Rooyen, M.J. Smit, A.D. De Jager, H.K.L. Hundt, K.J. Swart,

A.F. Hundt, J. Chromatogr. B 768 (2002) 223.
11] H. Amini, A. Ahmadiani, J. Chromatogr. B 817 (2005) 193.
12] J.S. Torano, H.J. Guchelaar, J. Chromatogr. B 720 (1998) 89.

13] Gh. Bahrami, Sh. Mirzaeei, A. Kiani, J. Chromatogr. B 820 (2005)

277.
14] Gh. Bahrami, B. Mohammadi, J. Chromatogr. B 830 (2006) 355.
15] T. Hori, H. Hashimoto, M. Konishi, Biomed. Chromatogr. 20 (2006)

917.


	Determination of clarithromycin in human serum by high-performance liquid chromatography after pre-column derivatization with 9-fluorenylmethyl chloroformate: Application to a bioequivalence study
	Introduction
	Experimental
	Chemicals
	Equipment
	Solutions
	Extraction procedure and derivatization
	Preparation of calibration curve standards
	Method validation
	Application of the method

	Results
	Discussion
	Application of the method
	Conclusion
	Acknowledgements
	References


