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Abstract

Hydroxyurea is an antitumor drug widely used in the treatment of sickle cell disease. The drug has been analyzed in biological fluids by a numbe
of high-performance liquid chromatography (HPLC) methods. This paper describes a fast and highly reliable capillary gas chromatography—mas
spectrometry (GC-MS) procedure that was developed for the detection and quantitation of hydroxyurea in plasma. The compound and its labele
internal standard were liquid extracted from plasma and derivatized with BSTFA before analysis. The detection limit of the assay w@s1.078
and the limit of quantitation was 0.313)/ml with linearity up to 50Qug/ml. Intra-day variation, as coefficient of variation (C.V., %) over the
selected concentration range, was 0.3-8.7% and inter-day variation was 0.4—9.6%.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Generally, these techniques have not demonstrated the needed
speed, sensitivity, and specificity and often require many steps
An analog of urea, hydroxyurea, is a structurally simpleand large volumes of samples and materials. These methods
compound that was first synthesized in 1889 Due to its include, colorimetric techniques, high-performance liquid chro-
antineoplastic activity, ithas been used in the treatment of myelanatography (HPLC), or HPLC combined with colorimetry or
proliferative disorders and other malignancij@s5]. Hydrox-  electrochemical detection.
yurea has also been shown to have antiviral effect by inhibiting Fabricius and Rajewskj16] described a colorimetric tech-
immunodeficiency virus-type 1 (HIV-1) replicatidi6—8]. In nique inthe quantative analysis of hydroxyureain blood samples
the treatment of patients with sickle cell anemia, the compoungl ml) from human subjects, rats, and mice as well as tissue
has demonstrated positive outcomes. It stimulated hemoglobifi gm) from rattumor, liver, and embryos. The range of the assay,
(Hb)F synthesis as well as nitric oxide and guanosir®8yclic ~ however, was not very wide, from 0.4 to 4.8/ml of hydrox-
monophosphate (cGMP) productifg+11]and increased mean yurea. Regrettably, preparation of the samples prior to their
cell volume (MCV) and F reticulocytdd2—15] A decrease in measurements required much time, many steps and chemicals.
hemolysis[13], red blood cell (RBC) deformabilitj12], and  Utilizing also a colorimetric technique, a modified micro-urea
painful episodes in addition to a possible prevention of recurnitrogen method with the Technicon Analyser, Davidson and
rent stroke, was also not¢th]. Thus, in the clinical evaluation Winter [17] determined the levels of hydroxyurea in 2ml of
of hydroxyurea treatments, a rapid and highly reliable analyticahuman serum and urine samples that were first pretreated with
procedure for the measurement of hydroxyurea is fundamentalrease to destroy urea. However, hydroxyurea itself was slowly
A few published analytical methods have been applied to thelegraded by the enzyme. In addition to urea, citrulline, allantoin,
detection and quantitation of hydroxyurea in biological fluids.and N-carboylaspartate were interfering compounds. Unfortu-
nately, blank serum samples reacted with maximal values of
about 4 mg/l of hydroxyurea. The assay was able to measure
* Corresponding author. Tel.: +1 202 806 6317; fax: +1 202 806 4453. hydroxyurea concentrations as low as 1-2mg/l. Pluscec and
E-mail address: HUJamesell@aol.com (H. James). Yuan [18] described an HPLC procedure for the analysis of
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the drug in pharmaceutical formulations and in raw materialfrom EM Science Company (Gibbstown, NJ, USAY,O-
The authors achieved good separation of hydroxyurea whichis(trimethylsilyl)trifluoroacetamide (BSTFA) was obtained
had a retention time of about 6 min. The analysis, though, wafom Pierce Company (Rockford, IL, USA). Toxi-Tubes A were
extended because the internal standard, uracil, eluted at abquirchased from ANSYS Diagnostics Inc. (Lake Forest, CA,
13 min. Unfortunately, the analytical method was not designedJSA).
for measuring hydroxyurea in biological samples. In contrast,
the HPLC method of lyamu et gl19] measured hydroxyurea 2.2. Instrumentation
in human and mouse plasma. The retention time of hydrox-
yurea was 12.6 min. The chromatograms depicted the presence A Hewlett-Packard model HP 5890A gas chromatograph
of eluted endogenous components whose peaks were shargguipped with a mass selective detector (MSD), model 5970B,
and bigger than that of the hydroxyurea peak. The assay hadaam HP 7673A autoinjector, and an HP 310 computer (Wilming-
range from 3.32 to 42@g/ml. Manouilov et al[20], on the other  ton, DE, USA) was used for the analysis. Extraction of hydrox-
hand, combined colorimetry with HPLC to determine the con-yurea was done by a process of liquid—liquid extraction cou-
centrations of hydroxyurea in human serum. Avolume of D0 pled to centrifugation. A Brinkman Sample Concentrator, model
of sample was used. The method produced good separation 8£/27R (Westbury, NY, USA), was used to concentrate the drug.
the drug peak which had a retention time of 6.5 min. HoweverThis instrument is a variable temperature aluminum heating
the assay was prolonged since the internal standard, methiglock designed for the efficient concentration of drug samples.
lurea, eluted at 12.2 min. The range of the assay was from 0.5 to
100pg/ml. Gwilt et al.[8] also reported the use of a technique 2.3. Chromatographic conditions
of combined HPLC and colorimetry in their pharmacokinetic
assessment of hydroxyurea in plasma and cerebrospinal fluid An HP-1 fused-silica capillary column (12®0.20 mm
(CSF) of HIV-infected subjects. Absentthe chromatograms from.D. x 0.33um film thickness, and consisting of cross-linked
the report of the assay as performed by the authors, it is nahethyl silicone gum phase) was used. Perfluorotributylamine
known how well the hydroxyurea peak was separated. Noneth¢PFTBA) was used to autotune the system daily. The multi-
less, the standard curve of the assay was reported to be lingglier was set at the autotune voltage. The carrier gas (helium,
in the 0.5-20 mg/l range. Hydroxyurea was determined to hav89.995% purity) flow rate was 0.59 ml/min at a linear velocity
a retention time of 7.9 min and methylurea, the internal stanef 31.25 cm/s. The gas chromatograph was run with the splitless
dard, 17.2min. A more sensitive method was developed byalve onfor 0.75 min and an initial column temperature ofG0
Pujari et al[21] to measure hydroxyurea in human plasma andvhich was increased by a rate of 80/min up to 280C. The
peritoneal fluid. The authors used HPLC in conjunction withanalytical run was allowed to go periodically beyond 5 min held
electrochemical detection. Very little sample (@plasma and at 280°C to eliminate the possibility of artifacts. The temper-
25ul peritoneal fluid, respectively) was used in the assay andtures of the injection port and transfer line were 2Z5and
the chromatograms indicated good peak separation of the drug80°C, respectively. Operation of the MSD was in the electron-
Although the retention time of hydroxyurea was just over 3 min,impact (ElI) mode at 70 eV with a solvent delay of 1.3 min and
the plasma sample produced a matrix interference peak at aboaidwell time of 25 ms. Data were first acquired in the scanning
4.5 min. The assay was linear from 25 to 400 ng/ml for plasmanode in order to obtain full-scan El mass spectra of the com-
and 2 to 30 ng/ml for peritoneal fluid. Similarly, Havard et al. pounds for the selection of the appropriate ions for the selected
[22] coupled HPLC with electrochemical detection to measurdgon monitoring (SIM) method. Quantitation ions using SIMwere
hydroxyurea in plasma. The authors also discovered that the/z 277 and 292 for hydroxyurea andz 192 for labeled urea.
plasma generated a matrix interference peak. That peak elutéoh chromatograms of each of the quantitation ions were ana-
about 2 min after the hydroxyurea peak which had a retentiotyzed after each run. A peak area ratio of hydroxyurea vs. the
time of about 1 min. The assay was linear to 0.35 mM with ainternal standard was used to determine the concentrations of
limit of detection of 0.02 mM. hydroxyurea. Integration parameters for the threshold and peak
This paper describes a novel approach to the measuremenidth were set so as to optimize the detection of the peaks at
of human plasma hydroxyurea by GC-MS using BSTFA as ahe calibration retention time. These were 0.02 amu for the peak
derivatizing agent and labeled urea as the internal standard. width and 9 for the threshold.

2. Experimental 2.4. Assay procedure

2.1. Chemicals and reagents A stock solution of agueous hydroxyurea solution (1 mg/ml)
was prepared fresh each day. Working standard solutions were
Hydroxyurea was obtained from Sigma (St. Louis, MO, prepared from this stock solution by making serial dilutions.
USA). Urea was purchased from Fisher Scientific Companyio a 10-ml test tube, a volume of 200 of plasma was
(Fair Lawn, NJ, USA). Isotopically labeled ure®C, 99%; spiked with 20Qul of the appropriate concentration of the
15N,, >98%), the internal standard, was obtained from Camworking hydroxyurea standard solution for the preparation of
bridge Isotope Laboratories Inc. (Andover, MA, USA). Ace- the standard curve: blank, 0.313, 0.625, 1.25, 2.5, 5, 10, 25,
tonitrile, gas chromatography (GC) grade, was purchase80, 100, 250 and 50@g/ml. The internal standard (10,
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200pg/ml) was then added to each sample. Solutions of similaextraction tubes which consist of an organic liquid mixture (1,2-
concentrations of urea were also prepared for comparativdichloroethane, dichloroethane, heptane, and isopropyl alcohol)
analysis without ever being added to plasma because of ind buffered salts. These commercially available tubes facilitate
endogenous presence. The sample was extracted in a Toxi-Lghick and efficient extraction of basic drugs (including hydrox-
A tube for 5min using a rotating shaker. The extraction tubeyurea and urea) and neutral drugs for GC-MS ana[28ik As

was centrifuged at 2665 g for 10 min. The organic phase was a result, a recovery of over 95% of hydroxyurea was obtained.
transferred to a concentration glass vial. The specimen waghis recovery was consistent with either freshly prepared sam-
evaporated to dryness at 76 under vacuum and reconstituted ples containing plasma and standard solutions of hydroxyurea
with 50l of acetonitrile. It was then transferred to a 1-ml or samples stored for months at@. The analytical method,

autosampler vial. A volume of 50 of BSTFA was added to
the mixture and incubated at 6G for 25min. A volume of
1-2pl was injected into the GC—MS and analyzed.

3. Results and discussion

3.1. Sample preparation

therefore, was never adversely affected with time by the possi-
ble degrading action of urease on hydroxyurea as reported by
lyamu et al[19].

GC-MS analyses of derivatized hydroxyurea and urea are
shown inFig. 1a and b, respectively. Analyses occurred in the
scan mode. The mass spectra of the derivatized compounds
appeared to be very similar to one another. This is to be expected
since the only structural difference among the underivatized

Samples were prepared as outlined above. Extraction afompounds is the presence of the additional functional group,
hydroxyurea and urea was accomplished by using Toxi-Lab A-OH, found in hydroxyurea. The derivatized analytes, however,
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were easily differentiated from one another by the presence a$otopesFig. 2a and b, respectively, depict quantitative chro-

a few distinguishing ion peaks used in their positive identifica-matographic analyses of plasma extracts spiked with hydrox-
tion: m/z 189 and 204 for ureag/z 192 for labeled urea (figure yurea and derivatized. Similarly, drug-free plasma extracts, also
not shown); andn/z 277 and 292 for hydroxyurea. Under the derivatized, were analyzed. The typical chromatogréig.(2c)
specified conditions, the typical retention time for hydroxyureashows the absence of endogenous components eluting at the
was 1.5 min; urea and labeled urea, eluting slightly sooner, wenetention time of either hydroxyurea or urea. The El mass spec-
1.4 min. The major ion peaks using the scan mode (10-500 amtum of extracted and derivatized plasma hydroxyurea from a
weremlz 73, 147, 277, and 292, for hydroxyureelz 73, 147,  sickle cell patient is shown ikig. 2d. The patient was admin-
189, and 204, for urea; and/z 192 and 207, for isotopically istered hydroxyurea orally (50 mg/kg) for 3 days.

labeled urea. The ion chromatograms of derivatized urea and labeled urea
indicated that silylation, an analytical derivatization reaction,
3.2. Gas chromatography—mass spectrometry allowed only two trimethylsilyl (TMS) groups of BSTFA (the

derivatizating agent) to be coupled to one molecule of urea or
In the SIM mode, the masses unique to hydroxyurea and urdabeled urea. This was likely accomplished by the replacement of
present in trace levels in the samples, were selected and mortwo labile hydrogen atoms, one each from the two nitrogen atoms
tored for quantitative analyses. As a result, selectivity and senséf each compound. The reaction resulted in the formation of the
tivity were obtained. The 189 amu ion of urea was 50% of bas&infragmented neutral derivatized urea or labeled urea (parent
peak and the 192 amu ion of labeled urea was the base peak (dgkeak ion) having a mass ef/z 204 or 207, respectively. Sub-
not shown). The 192 amuion of the isotopically labeled urea wasequently, fragmentation of each TMS derivative elicited strong
due to the three additional amu derived from € and®N, 189 and 192 amu ions, respectively. Additionally, each showed
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Fig. 2. (a) Total ion chromatogram of 0.348/ml of hydroxyurea and 100g/ml of labeled urea extracted from spiked plasma and derivatized. Run under SIM with
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and 10Qug/ml of labeled urea extracted from plasma of sickle cell patient (oral dosage: 50 mg/kg for 3 days) and derivatized. Run under SilVinyébtion.



46 H. James et al. / J. Chromatogr. B 831 (2006) 42—47

TIC of DATA: SEQ_A21A.0
4500

4000

3500 N
3000

2500

2000 M
1500 ﬂ{ﬁﬁk

1000 Fhyaert Ao st |MM*MM*M&#MNHwhﬂHﬁ*H

() 15 20 25 30 3.5 4.0

45 5.0 5.5

TIC of DATA: NIC.D

5000004
40000071
3000007
2000001
100000
U —— S—
15 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5
STD #1 ISTD-UREA 2 HYDROXYURE
lon 192.00 amu. from DATA: NIC.D lon 277.88 amu. from DATA: NIC.D lon 292.00 amu. from DATA: NIC.D
900000 4§
800000y o 000s N 20000
700000 4 - § Y
600000 3 - 600007 i 150001
500000 7 50000 {
4000004 40000 3 10000
300000 3 30000 3
2000003 E 2000019 50001
1000004 . 100003
0 N A =
0 ke 0 .
(d) 1.97 157 1.57

Fig. 2. (Continued).

slight 204 and 207 amu responses, respectively, that representeyldroxyurea showed drug serum levels of 12.4—-156.8 [ay/I
only a small percentage (4%) of base peak. 5mg/l[17], and 0.58-2.47 mM3], levels that fell within our

In the silylation of hydroxyurea, on the other hand, the ioncalibration range. Additionally, results of preliminary studies
chromatogram suggested that three TMS groups and not two (abtained in our laboratory on three sickle cell patients (two adults
in the case of urea or labeled urea) took part in the reaction. Thend one pediatric) indicated also that plasma hydroxyurea levels
three groups replaced three active hydrogen atoms of the analyfell well within our calibration curve (in the lower part).
The third hydrogen atom was derived from the hydroxyl moi-
ety of hydroxyurea. As a result, the unfragmented derivatized
hydroxyurea compound gave a mass of 292 amu. Subsequephe 1
fragmentation of the substance resulted in a very strong 277 amreésults of various concentrations of hydroxyurea in spiked pasma
ion and a fair 292 amu ion that was used as the confirming io%Oncentration

Concentration determined C.V. (%) Recovery (%)

in the identification and quantitation of hydroxyurea. added pg/ml)  (meant S.D.) (g/ml)®
0.313 0.289+ 0.01 4.50 90
3.3. Standard curve determination (1)225 0165;1: 882 gfg gg
25 2.48+ 0.05 2.02 94
Standard curves were determined for hydroxyurea in plasma s 5.19+ 0.23 4.56 97
from four separate assays over the selected concentration rang&) 10.31+ 0.65 6.60 96
25 25.62+ 0.29 1.17 96

0.313, 0.625, 1.25, 2.5, 5, 10, 25, 50, 100, 250, andgdonl.

. 50 49.45+ 0.38 0.75 96
The results are shown ifable 1 The graph was linear from 9 101.10% 3.90 3.89 99
0.313-50Qug/ml (y=0.05+0.999, r2= 1.000). The limit of 559 250.27+ 0.55 0.22 100
detection was 0.078g/ml. Concentrations above 500 ng/ml 500 500.11+ 0.47 0.09 102

needed to be d'IUIe_d flrS.t before analysis S_mce the ,Ca“bratlona Determinations were made on four different days at each concentration.
graph showed nonlinearity beyond that point. Published datab standard deviation of the mean.
obtained from clinical studies on cancer patients treated with ¢ Percent coefficient of the mean.
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Table 2
Intra-assay variation and inter-day variation for hydroxyurea in spiked plasma
Concentration addegg/ml) Intra-assay variatiomE 5) Inter-assay variatiomE 5)
Concentration determined C.V. (%) Bias (%) Concentration determined C.V. (%Y Bias (%)
(meant S.D.) (wg/ml)? (meant S.D.) (ug/ml)?
0.313 0.316+ 0.02 6.3 5.4-7.3 0.314 0.03 9.6 8.6-10.5
5 5.24+ 0.03 6.9 5.4-4.2 5.0& 0.27 5.3 7.0-3.8
10 10.33+ 0.90 8.7 12.2-5.7 10.1% 0.33 3.3 4.6-2.0
50 49.88+ 0.85 1.7 1.5-1.9 49.9¢ 0.76 15 1.3-1.7
250 249.94+ 0.89 0.4 0.3-0.4 249.74 1.21 0.5 0.4-0.6
500 499.66+ 1.52 0.3 0.2-0.4 499.8% 1.85 0.4 0.3-0.4

2 Standard deviation of the mean.
b pPercent coefficient of the mean.
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