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1 Introduction
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Quantitation of imidazo[1,2-a]quinoxaline
derivatives in human and rat plasma using
LC/ESI-MS

Since several years, our group developed quinoxalinic compounds. Among the syn-
thesized compounds, in the imidazo[1,2-aJquinoxaline series, EAPB0203 has shown
interesting activities both on melanoma and lymphoma. The structure of EAPB0203
has been modulated and a new compound, EAPB0503, exhibits an in vitro cytotoxic
activity on melanoma cancer cell line 7-9 times higher than EAPB0203. We vali-
dated an LC/ESI-MS method to simultaneously quantify EAPB0503 and its metabolite
EAPB0603 in human and rat plasma. Chromatography was performed on a C8 Zor-
bax eclipse XDB column with a mobile phase consisting of acetronitrile and formate
buffer gradient elution. LC-MS data were acquired in SIM mode at m/z 305, 291, and
303 for EAPB0503, EAPB0603, and the internal standard, respectively. The drug/
internal standard peak area ratios were linked via quadratic relationships to concen-
trations (low range: 5-300 pg/L, high range: 100-1000 pg/L). The method is precise
(precision, <14%) and accurate (recovery, 92-113%). Mean extraction efficiencies,
>72% for each analyte, were obtained. The lower LOQs were 5 pg/L. This highly spe-
cific and sensitive method was successfully used to investigate plasma concentra-
tions of EAPB0503 and EAPB0603 in a pharmacokinetic study carried out in rat and
would also be useful in clinical trials at a later stage.

Keywords: Human and rat matrices [ Imidazol[1,2-a]quinoxaline [ LC/ESI-MS | Lymphoma | Melano-
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tic spectrum was extended to cutaneous B-cell lympho-
mas [8]. The exact mechanism of action in which imiqui-

Imiquimod (S-26308, R-837) (1-(2-methylpropyl)-1H-imi-
dazo[4,5-c]quinolin-4-amine), the first member of the imi-
dazoquinolone family, belongs to the class of medications
called immune response modifiers. This compound has
potent antiviral and antitumor activity in vivo. Imiquimod
is used in the topical treatment of genital and ahal warts
by increasing the activity of the body’s immune\’éystern
[1-3]. This drug is also efficacious as a topical therépy for
certain types of skin cancers: basal cell carcinoma,
Bowen's disease, superficial squamous cell carcinoma,
some superficial malignant melanomas, and actinic kera-
tosis [4-6]. Imiquimod inhibits melanogenesis and prolif
eration of human melanocytes (7). Recently, its therapeu-
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mod and its analogs activate the immune system is notyet
known. Nevertheless, it is known that imiquimod acti-
vates immune cells by ligating the Toll-like receptor 7
(TLR7), commonly involved in pathogen recognition, on
the cell surface [9]. Cells activated by imiquimod via TLR-7
secrete cytokines (primarily interferon-o (IFN-o), interleu-
kin-6 (IL-6), and tumor necrosis factor-o. (TNF-¢) [10]. There
is evidence that imiquimod, when applied to skin, can
lead to the activation of Langerhans cells, which subse-
quently migrate to local lymph nodes to activate the adap-
tive immune system [11]. Other cell types activated by imi-
quimod include natural killer cells, macrophages, and B-
lymphocytes [11]. Imiquimod also has direct in vitro and in
vivo pro-apoptotic activities in a rather tumor selective
manner|[9,12,13].

Since several years, our group has developed analogues
of imiquimod. Three chemical series have been synthe-
sized [14]: i) the imidazo[1,2-a]quinoxalines, ii) the imi-
dazo[1,5-a]quinoxalines, and iii) the pyrazolo[1,5-a]qui-

* These two authors contributed equally to this work.
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noxalines. Among the imidazo[1,2-alquinoxaline series,
we recently demonstrated that one of these compounds
(EAPB0203) induced inhibition of cell proliferation and
apoptosis in HTLV- transformed and HTLV-I-negative
malignant T-cells as well in fresh adult T-cell leukaemia
(ATL) cells [15]. This compound exhibits inhibition of cell
proliferation, G2/M cell cycle arrest, and induction of
apoptosis in HTLV- transformed and HTLV-I negative
malignant T-cells while normal resting or activated T
lymphocytes are resistant. Furthermore, EAPB0203
almost completely inhibited the growth of freshly iso-

© 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

lated ATL cells at concentrations of 1 to 10 uM. EAPB0203
treatment significantly down-regulated the anti-apop-
totic proteins ¢-IAP-1 and Bcl-XL, and resulted in a signifi-
cant loss of mitochondrial membrane potential, cyto-
plasmic release of cytochrome c, and caspase dependent
apoptosis. In addition, in HTLV-I transformed cells only,
EAPB0203 treatment stabilized p21 and p53 proteins but
had no effect on NF-KB activation [15].

EAPB0203 also has a potential therapeutic role in the
treatment of malignant melanoma [16]. In a mouse
model, EAPB0203 treatment schedules caused a signifi-

www.jss-journal.com
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cant decrease in tumor size compared to vehicle control
and fotemustine treatment [16]. The chemical structure
of this lead molecule has been modulated to optimize its
effect [17]. Among the new synthesized compounds, one
of them, EAPB0503, (Fig. 1a, 50% inhibitory concentra-
tion, ICso = 200 + 90 nM), has 7-9 times higher cytotoxic
activity against human melanoma cell line (A375) than
EAPB0203 (ICs = 1.57 + 0.56 uM).

In this paper, we describe an LC/ESI-MS method to
simultaneously quantify EAPB0503 and EAPB0603 (Fig.
1b) in human and rat plasma. EAPB0603, in which the
methoxy group has been replaced by a hydroxyl func-
tion, could be a possible metabolite of EAPB0503 in the
body. The preparation of the sample was based on a solid-
phase extraction procedure of plasma samples in the
presence of an internal standard belonging to the imi-
dazol[1,5-g]quinoxaline series (Fig. 1c). The developed and
validated analytical method was applied to quantify
EAPB0503 and EAPB0603 in plasma samples obtained
during a pharmacokinetic study in rats.

2 Experimental
2.1 Chemicals and reagents

EAPB0503 (1-(3-methoxyphenyl)-N-methylimidazo[1,2-a]
quinoxalin-4-amine; molecular weight, 304), EAPB0603
(1-(3-hydroxyphenyl)-N-methylimidazo[1,2-aJquinoxalin-

4-amine; molecular weight, 290), and the internal stand-
ard (N-phenyl-1-propylimidazo(1,5-a]quinoxalin-4-amine;
molecular weight, 302) (Fig. 1) were synthesized by the
Pharmacochemistry and -Biomolecule Laboratory (EA
4215, Montpellier I University) [14]. The purity of these
standards was evaluated by elemental analysis and RMN.
They were stored at 20°C protected from light. TFA was
purchased from Sigma (St. Louis, MO, USA). Acetonitrile
and dichloromethane (HPLC grade) were obtained from
Carlo Erba (Val de Reuil, France). Ammonium formate
was from Fluka (Vandoeuvre, France) and formic acid
from Prolabo (Paris, France). All chemicals"\?vf_e/re of the
highest purity available. Oasis HLB cartridgés (30 mg of
sorbent, average particle diameter 30 pm) were supplied
by Waters (Saint Quentin, France). Drug-free Caucasian
human plasma samples (six different batches from six
different pools of donors) were obtained from the Eta-
blissement Francais du Sang (Montpellier, France). Drug-
free rat plasma (six different batches obtained from
pooled rat plasma) was obtained from healthy male
Sprague Dawley rats (weight, 230-270 g) provided from
Charles River (L’Arbresle Cedex, France). These plasma
pools were obtained from blood collected on lithium
heparinate to prevent coagulation. Blank matrices were
aliquoted and stored at —80°C until used. Formate buffer
pH 3 was prepared by dissolving 126 mg of ammonium
formate in 1 L of purified water; the pH was adjusted

© 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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with formic acid. Purified water was generated by a Milli-
Q reagent water system (Millipore, Bedford, MA, USA).

Two stock solutions (A and B) of EAPB0503 and
EAPB0603 (40 mg/L) and of the internal standard (20 mg/
L) were prepared in a mixture of acetonitrile -water—for-
mic acid (49.5:49.5:1, v[v/v). Extemporaneous dilutions of
each stock were made with acetonitrile—water—-formic
acid as appropriate to prepare working solutions (from
0.125 to 25 mg|L). Dilutions of stock A were used in the
preparation of the calibration curves and dilutions of
stock B were used in the preparation of quality control
(QC) samples. These stock solutions were stored at +4°C
for 2 months.

2.2 LC-MS analyses

LC-MS experiments were carried on a Hewlett Packard
Agilent 1100 quadrupole mass spectrometer (Agilent
Technologies, Les Ulis, France), working with an electro-
spray ionization source (ESI). The mass spectrometer was
coupled to a Hewlett Packard LC system equipped with a
quaternary pumping unit, a degasser, and an autosam-
pler with a loading valve fitted with a 100 uL loop and set
at 4°C. HPChem software (version 08.04) from Agilent
Technologies was used for system control, data acquisi-
tion, and data analysis. The mass spectrometer was tuned
with the procedures provided by Agilent Technologies to
give a maximum response for m/z 118, 230, 508, and 997.
The ESI-MS signal was then optimized during continuous
infusion of a solution of the three analytes (EAPB0503,
EAPB0603, and internal standard), at the concentrations
of 5mg[L, dissolved in the acetonitrile—water-formic
acid mixture. The use of an acidic solution to dissolve the
analytes favors ionization. Optimized parameters were
as follows: i) heated N, gas of 350°C and 12 L/min was
used to evaporate solvent from the electrospray cham-
ber, ii) compressed N, gas of 35 psi was used for nebuliza-
tion, and iii) voltage was set at +3.0 kV for the capillary.
The intensity of [M + HJ" increased as the sampling cone
voltage increased from 25 to 80 (EAPB0603) or 100V
(EAPB0503 and internal standard) and decreased signifi-
cantly when it passed 80-100 V. Thus, for the rest of the
study, the sampling cone voltage was set at 80V for
EAPB0603, and 100V for EAPB0503 and the internal
standard. The mass spectrometer was operated at posi-
tive mode and mass spectra were collected in scan mode
(m/z100-500). For quantitative measurement of
EAPB0503 and EAPB0603, SIM was employed.

Chromatographic conditions were optimized to
obtain sharp peak shape with adequate response. This
included column type (C8, C18, phenyl or Shield RP18),
composition of the mobile phase, pH of buffer solution
and flow rate. The presence of organic acid (formic, ace-
tic, or trifluoroacetic acid) or buffer (formate or acetate)
in the mobile phase was evaluated.

www.jss-journal.com



1366 S. Khier etal.

Using the C18 or Shield RP18 column, analytes were
too retained due to hydrophobic interactions, while
using the phenyl column poor selectivity was observed.
Best separations of the analytes and relative short anal-
ysis time were obtained on a C8 Zorbax eclipse XDB
(150 x 4.6 mm id; 5 um particle size, Agilent Technolo-
gies) using a mobile phase consisting of eluent A, acetoni-
trile, and eluent B, 2 mM ammonium formate buffer.
The starting eluent was 30% A and 70% B after which the
proportion of eluent A was increased linearly to 100% in
9 min then held for 1 min in order to wash the column,
returned to initial composition of eluent A (30%) and B
(70%) in 1 min and then held for 3 min in order to re-
equilibrate the column. The analytical column was
linked to a filter insert assay (Waters). The column tem-
perature was 20°C. Chromatography was carried out at
flow rate of 0.8 mL/min. The injection volume was 10 pL.

2.3 Sample preparation

In the initial step, it was searched for the most important
variables to optimize the extraction efficiency of the ana-
lytes in the solid phase extraction (SPE) clean up. These
following variables were included in this screening
design: i) the acid used to precipitate proteins before SPE
(formic acid or TFA), ii) the nature of the SPE sorbent
(silica based-sorbents: C8, C18, phenyl or polymeric sorb-
ents: Oasis® HLB or Strata™-X), ii) the nature and the
amount of washing solvent (water with or without 1-2%
methanol), and iii) the composition of eluting solvent
(acetonitrile, methanol, or chloroform) and speed of the
elution process. In a second step, the best conditions
were slightly modified to obtain a good selectivity in
regard to endogenous compounds from the matrix.
Different internal standards from this new group of com-
pounds were also checked. Finally, the optimized sample
pretreatment was as follows: to 0.5 mL of plasma sample,
20 pL of the internal standard solution (1 mg/L for low
calibration curves; 5 mg/L for high calibration curves)
and 0.5 mL of water containing 10 mL/L TFA were added.
The mixture was centrifuged at 4000 x g for 10 min at
4°C. The supernatant was applied onto an Oasis HLB car-
tridge previously conditioned with 1 mL of methanol
and 1 mL purified water. The cartridge was then washed
with 1 mL of water and then the analytes were eluted
with 2 x1 mL dichloromethane. The eluate was evapo-
rated to dryness under nitrogen at 40°C. The residue was
dissolved in 100 puL of the mixture containing acetoni-
trile-water-formic acid (49.5:49.5:1, v/v/v).

2.4 Preparation of calibration curves and QC
samples

Drug-free plasma (from human or rat) was spiked with
appropriate working solutions of EAPB0503 and

© 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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EAPB0603 to provide two calibration curves: the first one
in the range 5 to 300 pg/L, and the second one from 100
to 1000 pg/L. From recorded peak areas, the ratios of
each analyte to internal standard were calculated. To
link peak area ratios and theoretical concentrations of
each analyte, different models were tested: i) unweighted
or weighted least-squares linear regression analysis (Y =
aX + b) and ii) quadratic relationship (Y = aX* + bX + )
with Y = peak area ratio and X = nominal concentration.
The regression curve was not forced through zero. The
resulting equation parameters were used to back calcu-
late concentrations for the calibrators that were statisti-
cally evaluated.

QC samples were prepared in the same way by spiking
drug-free matrix with working solutions to provide low,
meditm, and high concentrations: 15, 75, 200, 300, 500,
and 750 ng/L. QC samples were used during the study to
determine extraction efficiencies, and accuracy and pre-
cision of the method as well as to perform stability
assays.

2.5 Matrix effect and selectivity

The matrix effect (i.e., suppression or enhancement of
ionization of analytes by the presence of matrix compo-
nents) was assessed by calculating the matrix factor [18].
It was defined as a ratio of the analyte peak response in
the presence of matrix ions to the analyte peak response
in the absence of matrix ions. It was performed by proc-
essing six individual lots of each drug-free matrix as
described above. The dried extracts were reconstituted
with 100 pL of the water-acetonitrile - formic acid mix-
ture containing EAPB0503 and EAPB0603 at the concen-
trations of QC samples and the internal standard at the
concentration of 0.04 or 0.2 mg/L. Each determination
was replicated eight-fold. Reference solutions were pre-
pared in the formic acid -acetonitrile-water mixture at
the same nominal concentrations (n =3 per concentra-
tion). The reconstituted extracts and reference solutions
were injected onto the analytical column. Peak areas of
the analytes in the extracted samples were compared
with those in the references (injected five-fold). Matrix
factor values between 0.85-1.15 were judged acceptable.

We evaluated the selectivity of the method by running
drug-free plasma samples from six different pools and by
examining the chromatograms for visible evidence of
interfering endogenous compounds with the com-
pounds of interest.

2.6 Method validation

The within-day and between-day precision and accuracy
of the method were validated by analyzing QC samples
against a calibration curve. Determinations were per-
formed with six replicates per QC on the same day as

www.jss-journal.com
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well as each day for 817 separate days. In order to test
whether it was possible to apply the described method to
samples whose rat plasma concentrations were higher
than the last calibration point, a QC sample containing
2400 pg/L of EAPB0503 and 1600 ug//L of EAPB0603 was
prepared, diluted fivefold with blank drug-free rat
plasma in order to bring concentration within the range
of calibration curve and analyzed six times against a cali-
bration curve. The CV served as the measure of precision.
The accuracy was evaluated by means of recovery assays
and was calculated as [mean found concentration/nomi-
nal concentration] x 100.

The absolute extraction efficiencies for EAPB0503 and
EAPB0603 were determined based on the comparison of
the peak areas of extracted QC samples with those
obtained by direct injections of the same amount of both
compounds (n = 3 per concentration) dissolved in the ace-
tonitrile-water—formic acid mixture. The extraction
efficiency of the internal standard was also calculated.

The lower LOQ was defined as the lowest drug concen-
tration that could be determined with a precision =20%
and a recovery of 80-120%.

2.7 Stability assays

The stability of EAPB0503 and EAPB0603 in frozen
plasma samples (-80°C), and in processed samples left at
room temperature (20°C) and at 4°C in the refrigerator
over 6 h was studied at the concentrations of QC samples
The freeze -thaw stability was evaluated for two cycles of
thawing at room temperature followed by re-freezing to
-80°C for 24 h. QC samples were analyzed against a cali-
bration curve immediately after preparation (reference
values) then after storage. Each determination was per-
formed in triplicate. A drug was considered stable if at
least 85% of the intact drug was retained at the end of
the study period. The potential influence of the evaporat-
ing step was also tested. Run-time stability of processed
samples in the autosampler was determined at 4°C for
48 h for each calibration point. N

—

2.8 Hematological toxicity and pharmacokinetic
study

This research adhered to the “Principles of Laboratory
Animal Care” (NIH publication (#85-23, revised 1985).
The animal study was approved by the local animal use
committee.

Rats were randomly distributed in three experiment
groups. In the first group, five rats received intravenous
administrations of EAPB0503 (3 mg/kg dissolved in
100 puL DMSO) into the tail vein, once a day for five con-
secutive days. This dose was chosen according to the 50%
lethal dose in rat, 8 mg/kg. In the second group, 3 rats
received the vehicle (100 pL DMSO) once a day for 5 con-

© 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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secutive days. The last group corresponds to three
untreated rats (control group). All rats were examined at
least twice a day so as to record any signs of ill-health or
behavioral changes. The bodyweight was controlled
daily; the quantity of food and tap water consumed was
measured daily. To evaluate possible bone marrow toxic-
ity, blood samples (0.5 mL, collected in EDTA polypropy-
lene tubes) were drawn by cardiac puncture just prior to
drug administration, then 4 and 7 days after the begin-
ning of treatment. The following hematological param-
eters, platelet count, red blood cells count, white blood
cells count, hemoglobin and hematocrit, were deter-
mined.

The method was used to quantify EAPB0503 and
EAPB0603 in Sprague Dawley rat plasma following single
intravenous administrations of 5 mg/kg of EAPB0503
into the penis vein. Blood samples (one sample per rat)
were drawn in heparinized polypropylene tubes at the
following time-points (three animals per time-point),
before administration, then 5, 10, 30 min, and 1, 2, 4, 8,
12, 24, and 36 h after drug administration. Blood sam-
ples were collected after sacrifice of the animal by sec-
tion of the carotid artery. Two minutes prior to sam-
pling, animals were anaesthetized with sevoflurane.
Blood samples were centrifuged at 4°C (4000 x g for
10 min). Plasma samples were transferred into polypro-
pylene tubes and stored at —80°C until assay.

Pharmacokinetic parameters were calculated by com-
partmental analysis from the average concentration val-
ues at each time point using the Pk-fit software [19, 20].

3 Results

3.1 Mass spectra and chromatography

From the fullscan spectra (Fig.1), EAPB0503 and
EAPB0603 were evidenced by the protonated molecules,
[M + HJ*, at m/z 305.2 and 291, respectively. The internal
standard was characterized by the protonated molecule
[M + HJ]" at m/z 303.2. The representative chromatograms
in Fig. 2A-C show drug-free human plasma spiked with
EAPB0503 and EAPB0603 at the lower LOQ, drug-free rat
plasma spiked with the two analytes at the lower LOQ,
and rat plasma obtained 5 min after intravenous admin-
istration of EAPB0503 (5 mg/kg), respectively. The reten-
tion times of EAPB0503, EAPB0603 and internal standard
were 6.7, 4.5, and 8.6 min, respectively (CVs, 1.0-2.3%,
n = 30). For both EAPB0503 and EAPB0603, quadratic cali-
bration curves gave the best fit based on the statistical
analysis results [21] and precision and recovery of QC
samples. CV values on the slope b were <30% in human
and rat plasma (Table 1). Mean back calculated concen-
trations are presented in Tables 2 and 3. For each analyte
and for each matrix, the goodness of fit between back cal-
culated concentrations and nominal concentrations was
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Figure 2. Typical chromatograms of
drug-free plasma spiked with EAPB0503
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plasma; (B) rat plasma; and chromato-
gram of a treated rat 5 min after
EAPB0503 administration of 5 mg/kg;
(C): EAPB0503, 3.0 mg/L; EAPB0603,
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(EAPB0502) of EAPB0503 was detected
at m/z291. It was formed after loss of the
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For LC-MS conditions see instrumenta-
tion section.
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statistically verified (Student's t-test). The mean relative
predictor error calculated from the difference between
back calculated and nominal concentrations was not
statistically different from zero.
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3.2 Validation

The six different lots of human and rat plasma, commer-
cially procured, were chromatographically screened for
interfering substances and did not show significant
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1. Mean parameters of the quadratic equation (Y= aX? + bX +c)
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Figure 3. Chromatograms of blank
human (A) and rat (B) plasma. For LC-MS
conditions see instrumentation section.
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Table 2. CVs and recoveries, calculated from back calcu-
lated concentrations, from calibration curves performed in
human plasma

J. Sep. Sci. 2009, 32, 1363-1373

Table 3. CVs and recoveries, calculated from back calcu-
lated concentrations, from calibration curves performed in rat
plasma

Nominal CV, % (Recovery, %) Nominal CV, % (Recovery, %)
concentrations concentrations
(ug/L) EAPB0503 EAPB0603 (ug/L) EAPB0503 EAPB0603
Low calibration curves Low calibration curves (n = 8)
Within-day (n = 6) 5 5.4(96) 11(93)
5 13(105) 3(109) 75 14(103) 7.9(100)
7.5 5.5(111) 9(107) 10 11(104) 9.9(101)
10 6 0 (99 1(102) 20 2.9 (100) 3.6(94)
20 8(93 7(91) 50 43(106) 7.6(107)
50 9 9 (97) (102 100 4.0(101) 3.4(99)
100 1.6 (100) 8(99 300 3.7(102) 1.7 (100)
300 0.24 (100) 0 70 (100)
High calibration curves (n = 8)
Between-day (n=17) - 100 6.4(99) 14(95)
5 9.8 (100) 11(91) —150 4.9(104) 14(101)
7.5 6.4(103) 9.0 (104) 200 5.2 (104) 11(110)
10 5.4(97) 7.0 (98) 600 3.2(102) 3.4(107)
20 5.7 (100) 8.9(101) 800 5.8(102) 4.6(97)
50 6.7 (100) 4.6(101) 1000 4.0(103) 7.2 (106)
100 4.4(99) 5.8 (98)
300 2.5(100) 0.58 (100)
High calibration curves were not statistically different over the range of concen-
Within-day (n = 6) trations studied. For both compounds, the lower LOQs
100 5.7 (103) 2.7(93) were 5 pg/L in the two matrices. These quantitation lim-
o 11(85) et ) its were confirmed by quantifying QC samples at the
400 1.9(106) 4.3(106) : yequatitilyimg 125
600 3 9(97) 2.3 (96) lower LOQ against a calibration curve; precision was
800 6(100) 8.2 (104) <16% and recovery was 91-111%.
1000 70(100) 2.9(103)
Between-day (n =17) sis
100 6.0 (94) 7.2 (95) 3.3 Stability assays
150 14(103) 5.6 (104) ; '
400 2.5 (100) 6.0(100) Stock solut}ons of EAPB0503, EAPBO§03 and 1nterpa1
600 9 9(101) 4 2 (100 standard did not reveal any appreciable degradation
800 4(96) 2(99 after 2 months of storage at 4°C.
1000 7 7(100) 5 5 (93) In human and rat plasma, stored at —80°C, EAPB0503

interference at the retention times of the three analytes
(Fig. 3). No matrix effect was observed (Fig. 4); the mean
matrix factors ranged from 88 to 101% in human plasma
(CVs, 7-9%), and from 93 to 101% in rat plasma (CVs,
6.0-7.0%). Precision and accuracy values were within
acceptable limits ([18, 21], US Food and Drug Administra-
tion. Guidance for industry. Bioanalytical method valida-
tion. http://[www.fda.gov/cder|/guidance/index.htm);
results are presented in Table 4. Dilution showed no
influence on the performance of the method. After a five-
fold dilution, precision on the results was <2.0%. The cor-
responding accuracy values were 90% for EAPB0503 and
98% for EAPB0603.

From human plasma, the mean extraction efficiencies
were 85.7% (CV, 5.0%) for EAPB0503, 79.5% (CV, 14.0%) for
EAPB0603, and 78.6% (CV, 10.2%) for the internal stand-
ard. From rat plasma, they were 91.7% (CV, 6.1%), 72.4%
(CV, 10.9%), and 82.3% (CV, 12.0%), respectively. They

© 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

and EAPB0603 at the concentrations of QC samples were
stable for at least 3 months. After bench-top storage at
room temperature for 6h, recoveries were >99% in
human plasma and >87% in rat plasma for EAPB0503;
and >89% in human plasma and >90% in rat plasma for
EAPB0603. At 4°C recoveries were >91% in human and
rat plasma for EAPB0503; and >89% in human plasma
and >91% in rat plasma for EAPB0603. Reconstituted
extracts in the acetonitrile-water-formic acid mixture
were stable in the autosampler at 4°C for 48 h. Two
freeze-thaw cycles did not affect the stability of
EAPB0503 and EAPB0603.

3.4 Pharmacokinetic study

After repeated administrations, the treatment was well
tolerated without weight loss or decrease in food and tap
water consumed. There were no hematological toxicities
or treatment associated deaths.

www.jss-journal.com
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Figure 4. Matrix effect: (A) human
plasma; (B) rat plasma. EAPB0503 (e);
EAPBO0603 (m).
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After single intravenous administrations, no side
effects were observed. Semilogarithmic plots of the mean
(+SD) EAPB0503 and EAPB0603 plasma concentration -

600

time profiles are shown in Fig. 5. In rat, EAPB0603 is the\:\__

main metabolite of EAPB0503. EAPB0603 has in vitro
cytotoxic activity 2.5 times lower than the parent drug.
On the chromatogram presented in Fig. 2C, a second
peak with a retention time of 5.8 min was observed at
m/z291. It could correspond to a second metabolite
(EAPB0502, 1-(3-methoxyphenyl)imidazo[1,2-aJquinoxa-
lin-4-amine) formed from EAPB0503 after loss of the CHs
moiety on the aminomethyl group. Another metabolite
(1<(3-hydroxyphenyl)imidazo[1,2-ajquinoxalin-4-amine;

EAPB 0602) with a retention time of 3.56 min was
detected at m/z 277; it could be formed from the parent
drug after loss of the two CHs moieties. The structures
and a potential activity of these two last metabolites will
be confirmed after synthesis. Pharmacokinetic param-
eters were: i) EAPB0503: total clearance, 2.2 L/h/kg;

© 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

700 800

steady-state volume of distribution, 5.6 L/kg; area under
curve, 2.31 mg x h/L; and terminal halflife, 1.76 h, and ii)
EAPB0603: area under curve, 0.439 mg x h/L; and termi-
nal halflife, 4.7 h.

4 Discussion and conclusion

We develop imidazo[1,2-ajquinoxaline drugs with inter-
esting antitumoral activity against lymphoma [15] and
melanoma [16]. On melanoma, the first lead compound
(EAPB0203, ICso=1.57 uM) has an in vitro activity 110
times higher than fotemustine (ICso=173 uM) and 45
times higher than imiquimod (ICso = 70 uM) used as refer-
ences [16]. In mice model, EAPB0203 is more potent than
fotemustine. The structure of EAPB0203 has been modu-
lated and a newly synthesized compound, EAPB0503
(ICso = 200 nM), showed in vitro cytotoxic activity on mela-
noma cancer cell line 7-9 times higher than EAPB0203.

www.jss-journal.com



1372 S. Khier et al.

J. Sep. Sci. 2009, 32, 1363—-1373

Table 4. Within-day and between-day accuracy and precision of the method

Nominal concentrations

Precision, % (Recovery, %)

L
= Human plasma Rat plasma Human plasma Rat plasma
EAPB0503 EAPB0603
Low calibration curves
Within-day (n = 6)
15 2.8(106) - 2.2(113) -
75 8.7(101) - 4.2 (109) -
200 3.2(94) - 7.8(94) -
Between-days (human plasma, n = 17; rat plasma, n = 8)
15 7.5(104) 8.1(102) 11(101) 6.3(102)
75 7.1(92) 8.5(102) 7.4(104) 14(110)
200 7.2(96) 5.3 (100) 8.4 (94) 10(98)
High calibration curves
Within-day (n = 6) =
300 6.2 (98) - 16.(106) -
500 8.0 (95) - 8.5(97) -
775 5.0 (96) - 9.2(98) -
Between-days (human plasma, n = 17; rat plasma, n = 8)
300 6.7(97) 5.2 (106) 6.9 (105) 7.0(110)
500 5.9(98) 6.6(103) 6.2(99.5) 42(112)
775 6.0 (98) 3.9 (100) 10 (100) 4.8(98.7)
10000 the main active metabolite (ICs,=0.52 uM) of EAPB0503
in rat. Under the same chromatographic conditions, two
P other metabolites, EAPB0502 and EAPB0602 have been
= detected. Their structures will be confirmed after synthe-
El sis. We performed two calibration curves to cover the
E W possible wider range of concentrations to minimize the
:g . number of unknown samples to dilute. The method has
SuoiP been used for the analysis of samples from a pharmacoki-
5 netic study carried out in rats as part of a future develop-
. ment of EAPB0503 and would also be useful in clinical
trials at a later stage.
5 @ 3 4 . i i . i Part of this work was suppotted by the “Ligue Nationale de Lutte
Time (h) contre le Cancer”, Montpellier, France.

Figure 5. Mean (+SD) plasma concentration versus time
curves after a single intravenous (5 mg/kg) administration of
EAPBO0503 in rat. EAPB0503 (e); EAPB0603 (m).

This drug also had interesting in vitro activities in other
types of tumor (data not shown). In this study, we vali-
dated a LC-MS method to quantify EAPB0503 in human
and rat plasma. This method involved protein precipita-
tion followed by solid-phase extraction. It has been
reported that a protein precipitation procedure prior to
solid-phase extraction was the least affected by matrix
effects [22, 23]. The LC-MS method described here pro-
vides sensitive, accurate, precise, reproducible and rela-
tively fast simultaneous determinations of EAPB0503
and EAPB0603 in rat and human plasma. EAPB0603 is

© 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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