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Abstract

3′-Deoxy-3′-[18F]fluorothymidine ([18F]-FLT) has recently been described as a positron emission tomography (PET) radiopharmaceutical for
visualizing cellular proliferation in vivo. All published radiosyntheses of [18F]-FLT provide crude products that must be purified before injection
to human. This study describes a reliable purification procedure for [18F]-FLT. It is based on HPLC. In 17.9 ± 0.5 min, pure [18F]-FLT is obtained
that could be injected to human after a passage through a sterile 0.22 �m filter.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

For PET imaging of cell proliferation in neoplasic and
metastatic tumors, a new and promising radiopharmaceuti-
cal has been synthesized: 3′-deoxy-3′-[18F]fluorothymidine
([18F]-FLT) [1,2]. [18F]-FLT is an extemporaneous radiophar-
maceutical product and its preparation must be controlled before
its injection to human. [18F] fluoride is a short half-life positron
emitter (109.6 min). Thus, the radiosynthesis, purification and
formulation must be as fast as possible.

Various methods have already been described but analytical
information on separation and thus on the purity of the FLT are
not defined clearly enough for a clinical trial [3–5].

The aim of this study is the description of the various param-
eters of the purification of [18F]-FLT from the major synthesis
by-product (2′,3′-didehydro-3′-deoxy-thymidine) by using sol-
vents compatible with human use in order to save time for an
injection to a patient. For radioprotection reasons, this separation
was studied first with non-radioactive [19F]-FLT.
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2. Materials and methods

2.1. Radiosynthesis of [18F]-FLT

[18F]-FLT was synthesized from the non-radioactive pre-
cursor (5′-O-Dimethoxytrityl-2′-deoxy-3′-O-nosyl-�-d-threo-
pentofuranosyl-3-N-butoxycarbonyl-thymine) in acetonitrile
with [18F]fluoride activated by the crown ether 1,10-diaza-
4,7,13,16,21,24-hexaoxabicyclo [8.8.8] hexacosan (Kryptofix
2.2.2) at 110 ◦C and deprotection with trifluoroacetic acid.
Fig. 1 shows the reaction scheme of [18F]FLT synthesis
[6].

2.2. Chemical

2′,3′-Didehydro-3′-deoxy-thymidine (Stavudine®), [19F]-3′-
fluoro-3′-deoxy-l-thymidine ([19F]-FLT), trifluoroacetic acid
and ammonium hydroxide are purchased from Sigma–Aldrich
(Saint Quentin Fallavier, France). Sterile water was bought from
Fresenius-Kabi (Sevres, France). Absolute ethanol (99.9%) was
obtained from Cooper (Melun, France). Methanol is a product
of Carlo Erba (Val de Reuil, France).
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Fig. 1. Radiosynthesis of [18F]-FLT.

2.3. Instruments and HPLC conditions

HPLC instrumentation consisted of a Waters 600 controller
(Saint Quentin en Yvelines, France) and a Waters 486 Tunable
Absorbance Detector. Data analysis was carried out using Waters
Empower data acquisition and analysis software.

A Waters �bondapak C18 Sentry guard column (3.9 mm ×
20 mm; 5 �m) was used as guard column. A Waters �bondapak
C18 (3.9 mm × 300 mm; 5 �m) was used as the analyti-
cal column. The isocratic mobile phase was composed of
water–ethanol (90:10, v/v). The mobile phase was filtered
though a Whatman (Maidstone, England) nylon membrane

0.45 �m filter. Degassing was performed using a Waters in line
degasser AF. Flow rate was set to 0.65 mL/min. The analysis
time was 25 min. The UV absorbance was monitored at 265 nm.

A Waters SymmetryPrep C18 (7.8 mm × 300 mm; 7 �m) was
used as a preparative column to purify a sample of [18F]-3′-
fluoro-3′-deoxy-l-thymidine. The isocratic mobile phase was
composed of water/ethanol (90:10, v/v) at a flow rate of
3.0 mL/min. In addition, this preparative HPLC equipped with
NaI(Tl) detector for � radiation and a UV detector was used for
the identification and purification of [18F] fluorine-labeled prod-
uct. TLC plates (silica gel) are a product of Merck (Darmstadt,
Germany).

Fig. 2. Typical chromatograms of mixtures of standards on a Waters C18 �bondapack (3.9 mm × 300 mm; 5 �m) run in isocratic water–ethanol (9:1, v/v) at
0.65 mL/mn with UV detection at 265 nm. (a) Blank sample. (b) Fluoro-l-thymidine (4.6 �g/mL). (c) Stavudine (12.0 �g/mL). (d) Fluoro-l-thymidine (3.07 �g/mL)
with stavudine (4.0 �g/mL).
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2.4. Preparation of standards

Two stock solutions at different concentrations of [19F]-FLT
were prepared by dissolving 2.3 mg in 500 mL and 2.2 mg in
1 mL of water–ethanol (90:10, v/v), respectively, to yield final
concentration of 4.6 and 2200 �g/mL. Working standards of
1100; 550; 275; 137.5; 68.8; 34.4; 17.2; 8.6; 2.3; 1.2; 0.6; 0.3
and 0.14 �g/mL were prepared by two-fold dilution of the stock
solution in water–ethanol mixture (90:10, v/v).

Two stocks solutions at different concentrations of 2′,3′-
didehydro-3′-deoxy-thymidine were prepared by dissolving
3.0 mg in 250 mL and 6.5 mg in 1 mL of water–ethanol
(90:10, v/v), respectively, to yield final concentrations of
12.0 and 6500 �g/mL. Working standards of 3250; 1625;
812.5; 406.3; 203.1; 101.6; 50.8; 25.4; 12.7; 6.0; 3.0; 1.5;
0.8; 0.4; 0.2; 0.1 and 0.05 �g/mL were prepared by two-fold
serial dilution of the stock solutions in water–ethanol mixture
(90:10, v/v).

A solution of trifluoroacetic acid at 0.25 mg/mL in water was
also prepared.

2.5. Detection of kryptofix 2.2.2

Because of its lack of UV absorbance, kryptofix was searched
in the eluted fraction of FLT using the European pharmacopoeia
method for aminopolyethers.

This method consists in a thin layer chromatography on silica
gel with a mixture of methanol/ammonia 9:1 as mobile phase.
The detection is made by iodine vapor. Under this condition, the
Rf of Kryptofix 2.2.2 is 0.1 [8].

2.6. Calibration procedure

The calibration curve was constructed by unweighted linear
regression of the peak area against concentration.

2.7. Precision, accuracy and limit of detection

A single set of samples at 4.6 �g/mL for FLT and a sam-
ple at 12 �g/mL for stavudine was prepared and analyzed
with an independent standard curve each days for 5 days.
Inter-day precision was expressed by coefficient of variation
(CV).

Five sets of the same sample (same concentration) were pre-
pared and analyzed on the same day, along with an independent
standard curve for quantification. CV expressed intra-day pre-
cision.

The accuracy was expressed as the percent difference for each
sample:

% difference = (determined concentration − nominal concentration)

nominal concentration
× 100

The limit of detection was defined by the concentration with a
signal-to-noise ratio of 3.

3. Results

3.1. Chromatographic characteristics

After deprotection with trifluoroacetic acid, the radiosynthe-
sis gives two major products: 3′-deoxy-3′ [18F]fluorothymidine
([18F]-FLT) and a major non-radioactive by-product, 2′,3′-
didehydro-3′-deoxy-thymidine (this product was marketed as
an anti-HIV drug under the name of Stavudine®) [7].

Fig. 2 shows chromatograms of a blank sample, a sample
containing 4.6 �g/mL of fluoro-l-thymidine, a sample contain-
ing 12 �g/mL of stavudine and a sample containing 3.07 �g/mL
of fluoro-l-thymidine with 4.0 �g/mL of stavudine.

The calculated capacity factors (k′) for fluoro-l-thymidine
and stavudine were 6.98 and 3.84, respectively. Retention
times were 17.9 ± 0.5 min for fluoro-l-thymidine (n = 5) and
10.0 ± 0.1 min for stavudine (n = 5).

Under this chromatographic condition, at a wavelength of
210 nm for detection, trifluoroacetic acid was eluted at 5.7 min
and did not interfere with the purification of [19F]-FLT. More-
over, at the retention time of [19F]-FLT there is no kryptofix
2.2.2.

3.2. Calibration curve

The analysis of fluoro-l-thymidine and stavudine exhibited
excellent linearity (r2 = 0.9995 and 0.9998, respectively, for
fluoro-l-thymidine and Stavudine®) over the 2200 �g/mL con-
centration range for fluoro-l-thymidine and the 1100 �g/mL
concentration range for stavudine.

3.3. Precision, accuracy and limit of detection

The results of precision and accuracy are shown in Table 1.
The limit of detection was 0.144 �g/mL for [19F]-FLT and
0.046 �g/mL for Stavudine®. At this concentration, the signal-
to-noise ratio was 3.

3.4. Preparative HPLC of [18F]-FLT

Fig. 3 shows a chromatogram of [18F]-FLT. Under this
chromatographic condition, only one radioactive product, [18F]-
fluoro-l-thymidine, was detected with a retention time of
11.06 min. UV detection showed a major by-product: 2′,3′-
didehydro-3′-deoxy-thymidine with a retention time of 6.9 min.

4. Discussion and conclusion

A pre-purification on Sep-Pak column would eliminate tri-
fluoroacetic acid and kryptofix 2.2.2, but this technique does
not allow us to separate stavudine from [18F]-FLT. A rapid and
reproducible method has been developed here for the preparation
of [19F]-FLT. This method is applicable to [18F]-FLT.

During the radiosynthesis, a small quantity of [19F]-fluoro-
l-thymidine may be formed. This is due to the presence of [19F]
fluoride traces in the [18H]H2O target. The concentration in
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Table 1
Intra- and inter-day precision and accuracy of [19F]-FLT and stavudine

Theoretical concentration (�g/mL) Measured concentration (�g/mL) SD (�g/mL) CV (%) Accuracy (%) n

Intra day
FLT 4.60 4.64 0.08 1.53 0.87 5
Stavudine 12.00 12.03 0.07 0.48 0.25 5

Inter day
FLT 4.60 4.61 0.08 1.43 0.22 5
Stavudine 12.00 11.90 0.26 1.91 0.83 5

Fig. 3. Preparative chromatograms obtained with Waters SymmetryPrep C18 (7.8 mm × 300 mm; 7 �m). (a) Detection with a NaI(Tl) detector. (b) Detection with a
UV detector at 265 nm.

the sample may be quantified by UV detection using a cali-
bration curve. If the total quantity in the injected dose is less
than 10 �g, the regulatory authorities only require an acute ani-
mal toxicity study. If the injected dose is more than 10 �g, it is
necessary to perform a toxicity study for each process of chem-
ical manufacturing. It is thus very important to choose the best
quality of [18H]H2O to prepare [18F]-FLT. Under the radiolabel-
ing condition, UV quantification of [18F]-fluoro-l-thymidine is
impossible because the quantity synthesized is lower than the
limit of detection (Fig. 3). In routine, a scintigraphic detector
calibrated to the 511 keV annihilation photons of [18F] fluorine
and a UV detector for non-radioactive product (2′,3′-didehydro-
3′-deoxy-thymidine and [19F]-FLT), should be used.

The methodology described in this publication affords
[18F]-FLT without the major impurity obtained during the
radiolabeling, 2′,3′-didehydro-3′-deoxy-thymidine. In analyti-
cal conditions, the retention time of the [18F]-FLT is the same
as that of [19F]-FLT, i.e. 17.9 ± 0.5 min and the retention time is
10.0 ± 0.1 min for stavudine. For preparative chromatography,
pure [18F]-fluoro-l-thymidine can be obtained at 11.1 min.

After a passage through a sterile 0.22 �m filter, the purified
[18F]-FLT fraction collected in a vial may be injected to human
because the mobile phase of HPLC (water/ethanol (90:10, v/v)

mixture) may be injected to human patients for PET imaging if
solvents are of pharmaceutical grade.
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financial support.

References

[1] I. Buchmann, B. Neumaier, M. Schreckenberger, S. Reske, Cancer Biother.
Radiopharm. 19 (2004) 436–442.

[2] D.C.P. Cobben, P.H. Elsinga, H.J. Hoekstra, A.J.H. Suurmeijer, W. Vaalburg,
B. Maas, P.L. Jager, H.M.J. Groen, J. Nucl. Med. 45 (2004) 1677–1682.

[3] S.J. Martin, J.A. Eisenbarth, U. Wagner-Utermann, W. Mier, M. Henze,
H. Pritzkow, U. Haberkorn, M. Eisenhut, Nucl. Med. Biol. 29 (2002)
263–273.

[4] J.R. Grierson, A.F. Shields, Nucl. Med. Biol. 27 (2000) 146–156.
[5] M.C. Cleij, C.J. Steel, F. Brady, P.J. Ell, V.W. Pike, S.K. Luthra, J. Labelled

Compd. Radiopharm. 44 (Suppl. 1) (2001) 871–873.
[6] S.J. Oh, C. Mosdzianowski, D.Y. Chi, J.Y. Kim, S.H. Kang, J.S. Ryu, J.S.

Yeo, D.H. Moon, Nucl. Med. Biol. 31 (2004) 803–809.
[7] M. Yun, S.J. Oh, H.J. Ha, J.S. Ryu, D.H. Moon, Nucl. Med. Biol. 30 (2003)

151–157.
[8] European Pharmacopoeia, vol. 1, fifth ed., 2005, p. 822–825.



JOURNAL OF 

PHARMACEUTICAL 
AND BIOMEDICAL 

ANALYSIS 



© 2007 Elsevier B.V. All rights reserved. 

This journal and the individual contributions contained in it are protected under copyright by Elsevier B.V., and the followi ng terms and 
conditions apply to their use: 

Photocopying 

Single photocopies of single articles may be made for personal use as allowed by national copyright laws. Permission of the Publisher and 
payment of a fee is required for all other photocopying, including multiple or systematic copying, copying for advertising or promotional 
purposes, resale, and all forms of document delivery. Special rates are available for educational institutions that wish to make photocopies for 
non-profit educational classroom use. 

Permissions may be sought directly from Elsevier's Rights Department in Oxford, UK: phone: (+44) 1865 843830; fax: (+44) 1865 853333; 
e-mail: perm.issions@elsevier.com. Requests may also be completed on-line via the Elsevier homepage (http://www.elsevier.com!locate/ 
permissions). 

In the USA, users may clear permissions and make payments through the Copyright Clearance Center, Inc., 222 Rosewood Drive, Danvers, MA 
01923, USA; phone: (+I) (978) 7508400; fax: (+ I) (978) 7504744, and in the UK through the Copyright Licensing Agency Rapid Clearance 
Service (CLARCS), 90Tottenham Court Road, London WlP OLP, UK; phone: (+44) 20 7631 5555; fax: (+44) 20 7631 5500. Other countries may 
have a local reprographic rights agency for payments. 

Derivative Works 

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal circulation within their institutions. 
Permission of the Publisher is required for resale or distribution outside the institution. 

Permission of the Publisher is required for all other derivative works, including compilations and translations. 

Electronic Storage or Usage 

Permission of the Publisher is required to store or use electronically any material contained in this journal, including any article or part of an 
article. 

Except as outlined above, no part of this publication may be reproduced, stored in a retrieval system or transmitted in any form or by any means, 
electronic, mechanical, photocopying, recording or otherwise, without prior written permission of the Publisher. 

Address permissions requests to: Elsevier Rights Department, at the fax and e-mail addresses noted above. 

Notice 

No responsibility is assumed by the Publisher for any injury and/or damage to persons or property as a matter of products liability, negligence or 
otherwise, or from any use or operation of any methods, products, instructions or ideas contained in the material herein. Because of rapid advances 
in the medical sciences, in particular, independent verification of diagnoses and drug dosages should be made. 

Although all advertising material is expected to conform to ethical (medical) standards, inclusion in this publication does not consti tute a 
guarantee or endorsement of the quality or value of such product or of the claims made of it by its manufacturer. 



GENERAL INFORMATION 
A d etailed leaflet 'lnstructions for Authors' is available from the publisher, Elsevier B. V., P.O. Box 330, 1000 AH Amsterdam, The Netherlands, 
upon request, and tbe instructions can also be found on the World Wide Web: access under http://www.elsevier.com/locateljpba 

Contributions which fulfil the Aims and Scope of the journal will be welcomed from anywhere in the world. The language of the journal is English. All 
manuscripts should be written in the past tense and impersonal style. Submission of an article implies that the work described has not been published 
previously (except in the form of an abstract or as part of a published lecture or academic thesis), that it is not under consideration for publication elsewhere, 
that its publication is approved by all authors and tacitly or explicitly by the responsible authorities where the work was carried out. and that, if accepted, it 
will not be published elsewhere in the same form. in English or in any other language. without the written consent of the Publisher. 

Manuscript For mat 
Manuscripts must be double-spaced, with at least 2.5 em ( I inch) margins all round. All pages should be numbered and the first page must contain the 
following: title; names of all authors with their contact and e-mail addresses in full. The name of the corresponding author should be indicated by an 
asterisk and their telephone. fax and e-mail address added as a footnote to the first page, which should be followed by the following sections in sequence: 
Abs/rac/ (Reviews and Full Papers only); Keywords: /mroduclion: Experimelllal (or Malerials and Merhods); Resulls; Discussion; Conclusions; 
Acknow/edgemen1 (s); Reference.t; Tables (each on an individual page with legend); list of Figure Legends; Figures. Figures and Tables must no1 be 
included in the body of the text. 

Manuscript Submission 
Authors should submit original full-length Research Papers, Short Communications. Reviews, Analytical Surveys and Book Reviews online by using the 
Online Submission tool for the Journal of Pharmaceutical and Biomedical Analysis. To submit online authors should upload their article as a LaTeX. 
Microso~ (MS)WorrP. WordPerfecl®, or PostScript via the journal's homepage at http://www.elscvier.com/locate/jpba. Full instructions how to use the 
online submission tool arc available at the online submission website of the journal. 

For detailed instructions on the preparation of electronic artwork, consult http://www.elscvier.com/artworkinstructions 

Proofs: One set of page proofs in PDF format will be sent by e-mail to the corresponding Author (if we do no t have an e-mail address then paper proofs 
will be sent by post). Elsevier now sends PDF proofs which can be mmotated: for this you will need to download Adobe Reader version 7 available free 
from http://www.adobe.com/products/acrobatlreadstep2.html. Instructions on how to annotate PDF files will accompany the proofs. 
If you do not wish to usc the PDF annotations function. you may list the corrections (including replies to the Query Form) and return to Elsevier in an 
e-mail. Please list your corrections quoting line number. If, for any reason, this is not possible. then mark the corrections and any other comments 
(including replies to the Query Form) on a printout of your proof and return by fax, or scan the pages and e-mail. or by post. 
Please use this proof only for checking the typesetting. editing, completeness and correctness of the text, tables and figures. Significant changes to the 
article as <tccepted for publication will only be considered at this slate with permission from the Editor. We will do everything possible to get your article 
published quickly and accurate ly. Therefore, it is important to ensure that all of your corrections are sent back tO us in one communication: please check 
carefully before replying. as inclusion of any subsequent corrections cannot be guaranteed. Proofreading is solely your responsibility. Note that Elsevier 
may proceed with the publication of your article if no response is received. 

Offprints 
The corresponding author. at no cost. will be provided with a PDF file of the article via e-mail or. alternatively. 25 free paper offprints. 1be PDF file is a 
watermarked version of the published article and includes a cover sheet with the journal cover image and a disclaimer outlining the terms and conditions of use. 

Other enquiries 
You can track accepted articles at http://www.elsevier.com/trackarticlc and set up e-mail alerts to inform you of when an article's status has changed. as 
well as COJ>yright information. frequently asked questions and more. 

Contact details for questions arising after acceptance of an article, especially those relating to proofs. are provided after registration of an article for 
pub! ication. 

Journal of l'ltarmaceutical and Biomedical Analysis has no page charges 

Orders, claims, and journal enquiries: please contact the Customer Service Department at the Regional Sales Office nearest you: 
Orlando: Elsevier, Customer Service Department, 6277 Sea Harbor Drive. Orlando, FL 32887-4800. USA; phone: (877) 8397126 or (800) 6542452 [toll 
free numbers for US customers): (+I) (407) 3454020 or (+I) (407) 3454000 [customers outside US); fax: (+ I) (407) 3631354 or (+I) (407) 3639661: 
email: usjcs@elsevicr.com or elspcs@clscvier.com 
Amsterdam: Elsevier. Customer Service Department. PO Box 211. 1000 AE Amsterdam, The Netherlands: phone: (+31) (20) 4853757: fax: (+31) (20) 
4853432; e-mail: nlinf()-f@elsevier.com 
Tokyo: Elsevier, Customer Service Department. 4F Higashi-Azabu. 1-Chome Bldg. 1-9- 15 Higashi-Azabu. Minato-ku, Tokyo 106-0044, Japan: phone: 
(+8 1) (3) 5561 5037: fax: (+81) (3) 5561 5047: e-mail: jp.info@elsevier.com 
Singapore: Elsevier, Customer Service Department. 3 Killiney Road. #08-01 Winsland House I. Singapore 239519; phone: (+65) 63490222; fax: (+65) 
67331510; e-mail: asiainfo@elsevicr.com 

This journal is in the ADO. IS Service. whereby copies of individual anicles can be printed out from CD· ROM on request. An explanatory leaOet can be 
obtained by writing to: ADONIS B.V .. P.O. Box 993. 1000 AZ Amsterdam. The Netherlands 

Publication information: Joumal of Pharmacelfliml and Biomedical Analni., tiSS:\ 07 ~I· 7085 1. For ~007 ',,fume' -12. -l.~ and .W ar< -ch<JulcJ f,,, 
publication. Subscriptionprices are avai lable upon r~quest from th~ Publi,her or lrorn the Regional Sak' Ofticc neare't ~ou or lr'"" thi' .ioumaf', "~!>,it~ 
(htrp://www.elscvier.com/locateljpba). Further information i' "'ailal>k ,,n thi' t••um.1! .. nJ •>~h.:' F.!...:• ;.-, :-n~u...,_, """"'¢' f..:"<"-r.- • ·~ 
{http://www.elsevier.com). Subscriptions are accepted on a prepaid ba'" onl~ ~nJ "'" <ntere.l.•n" ••. ec . .; .... : ::-· - ..... • : .. /.'. ""' -c- - _. .-.~; -: 
(surface within Europe, air delivery outside Europe). Priority rates arc available upon request. Claim' form"''"!; '"u"' ,h,•uiJ l'< maJ< "11h1n ' ' ' m.•ntn• 
of the date of dispatch. 

Advertising information: Advertising orders and enquiries can be sent to: USA. Canada and South America: Mr Tino DeCarlo. The Ad,cnising 
Department. Elsevier Inc .. 360 Park Avenue South. New York. NY 10010-1710. USA; phone: (+I ) (2 12) 633 3815: fax: (+ I) (2 12) 633 3820: e-mail: 
t.decarlo@elsevier.com. Europe and ROW: James Kenney, Elsevier, 84 Theobald's Road. London, WCI X 8RR, UK: phone: (+44) 20 761 I -1494: fax: 
( +44) 20 7611 4463; E-mail: commcrcialsales@elscvicr.com. 

USA mailing notice: Joumal of Phannacelllical and /Jiomedical Analysis (ISSN 0731-7085) is published monthly but semi-monthly in January, September, 
October and November by elsevier B.V. (P.O. Box 211. 1000 AE Amsterdam, The Netherlands). Annual subscription pri~ j<~ !fSif~'"'''W (t"'Jif f:;S 
North. Central and South America). including air speed delivery. Periodical postage paid at Rahway NJ and additional m'i~JI\iu>f~.!j .K:li\.l!::. 
USA POSTMASTER: Send address changes to Journal of Phamwuulical and Biomedical Analysis, Elsevier. 6277 Sea Harbor Drive, Orlando. FL 32887-4800. 
AIRFREIGHT AND MAILil'iG in the USA by Mercury International Limited. 365. Blair Road. Avenel, NJ 07001. 

OCT 2 4 2007 
@> The paper used in this publication meets the requirements of ANSIINISO Z39.48-1992 (Permanence of Paper). 

Printed by Giethoom ten Brink. Meppel. The :>letherlands 
r..J:: ... __ .' .. '. , f\ 

-")' ') ""t - -~~ 
. .. ..... ... .. - ... ..r. 




