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Abstract

Chromophor and fluorophor addition reactions involving phenylisothiocyanate (PITC) and dansyl chloride (DC) were
optimized to adapt two high-performance liquid chromatography (HPLC) procedures designed for the accurate determination
of the novel antitumoral agent ES-285 in Beagle dog plasma. ES-285 was reacted with PIT@ato6A5 min in the
presence of triethylamine. The dansyl derivative was obtained by reaction of ES-285 with dansyl chloride in a basic medium
at 80°C for 20 min. Both reactions also worked for ES-299, a compound structurally related to ES-285 which was used as
internal standard. The treatment of ES-285 and ES-299 spiked plasma samples with a basic phosphate buffer and MeOH
permitted the extraction of the drug from the matrix. The purification of the analytes was carried out by solid-phase
extraction followed by precolumn derivatization with PITC and DC. The phenylisothiocyanate adducts were analyzed by
isocratic HPLC with UV detection at 254 nm. The ES-285 and ES-299 derivatives were eluted frogn a C  colubn® at
and~8.1 min, respectively. The eluent ACN—water (95:5, v/v) was delivered to the column at a flow-rate of 1 ml/min and
the analysis was completed in 15 min. The dansyl derivatives were analysed by a two-HPLC column system with
fluorescence detection and gradient elution. The column temperature was maintain€€ afe analysis lasted 55 min
with the elution of ES-285 and ES-299 derivatives~&5.2 and~37.9 min, respectively. The PITC- and DC-based
procedures were characterized by limits of quantification of 20 and 15 ng/ml, respectively. Both procedures were validated
according to the ICH and FDA guidelines. They were selective for ES-285 and provided accurate, precise and reproducible
results. ES-299 was shown to be a suitable internal standard. The HPLC procedure involving derivatization with DC was
more sensitive and permitted to process plasma sample volumes as low ad. 100 the other hand, the PITC-based
procedure characterised by a quite similar LOQ permitted a higher throughput but implied the processing pf plad®a
volume.
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activity and isolated from the marine organism
Spisula polynima [1,2]. ES-285 demonstrated an in
vivo and in vitro selective cytotoxic activity against
solid tumors such as colon, gastric, pancreas,
pharynx and renal [1,2]. It has been postulated that
ES-285 exerts its antiproliferative activity through
the modulation of the function of the GTP-binding
protein Rho [2]. The inhibition of Rho activity could
explain the reduced formation of actin stress fibers
observed when cultured cells were incubated with
ES-285 [2]. Moreover, the chemical structure of
ES-285 (Fig. 1) was shown to be related to lysophos-
phatidic acid (LPA) and sphingosine which are
involved in the regulation of Rho activity and the
prevention of the programmed cell death, respective-
ly [2—4]. The antitumoral activity of ES-285 was

therefore suggested to be the consequence of an

This paper describes two HPLC procedures in-
volving precolumn derivatization reactions designed

for the analysis of ES-285 in Beagle dog plasma.

The derivatizing reagents were phenylisothiocyanate

(PITC) and dansyl chloride (DC), two reagents
especially used in amino acid analysis [5—-10]. Both
procedures were optimized and validated according

to the compliance criteria laid down in the ICH and

FDA guidelines [11-14]. The linearity, accuracy and
intra- and inter-assay precision and accuracy of the
procedures were assessed. The stability of ES-285 in
plasma and of the ES-285 adducts obtained after
precolumn derivatization was also evaluated.

2. Experimental

antagonistic inhibition of receptors involved in the 2.1. Chemicals

regulation of Rho activity [2].

In order to support further pre-clinical studies for
the investigation of the pharmacokinetic behaviour of
ES-285 in laboratory animals, assays based on
chromatographic techniques must be developed to
monitor the plasma levels of the drug after parenteral
administration. The assay must be fit for purpose, i.e.
the accurate quantification of ES-285 levels in
plasma samples proceeding from administered ani-
mals. Since ES-285 is a new drug under pre-clinical
development, little is known about its analytical
behaviour in biological samples. As can be seen in
Fig. 1, the lack of chromophore by ES-285 prevented
the development of a quantitative bioassay involving
high-performance liquid chromatography (HPLC)

ES-285.HCI| and ES-299.HCI (internal standard)
were provided by PharmaMar (Madrid, Spain).
HPLC-grade acetonitrile and methanol were obtained
from SDS (Peypin, France). HPLC-grade water was
used (CIDA, Barcelona, Spain). Phenylisothiocyan-
ate (PITC) was purchased from Fluka (Switzerland).
Analytical-grade K HHPO and 85% orthophosphoric
acid were purchased from Panreac (Barcelona,
Spain). Analytical grade Nag HPQ .2H O was ob-
tained from Merck (Darmstadt, Germany). Triethyl-
amine and dansyl chloride (5-dimethylaminonaph-
thalene-1-sulfonyl chloride) 95% were purchased
from Sigma—Aldrich (Madrid, Spain).

with ultraviolet or fluorescence detection. Nonethe- 2.2. Preparation of standards stock and working
less, ES-285 possesses a primary amino functional solutions

group in position 2 of the hydrocarbon skeleton
which was considered for chromophore or fluoro-
phore labelling. Precolumn derivatization was there-
fore explored to render feasible the detection of

Stock solutions A and B of 0.5 mg/ml of ES-285
were prepared in ACN/MeOH (4:1, v/v). The
working solutions of 25, 5, 2, 0.5, 0.2 and 0.02

ES-285 by ultraviolet and fluorescence detection. pg/ml were prepared from the stock solutions in
ACN/MeOH (4:1, v/v). The working and stock
solutions were stored at-25+5°C. The stock
solution A and its derived working solutions were
used to prepare the calibration standards while the
stock solution B was used to prepared the quality
control samples. The stock and working solutions
were freshly prepared for each validation assay. A

stock solution of 0.5 mg/ml of ES-299 was prepared

OH
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Fig. 1. Chemical structure of ES-285.
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in ACN/MeOH (4:1, v/v). The ES-299 working
solutions of 25 and 2.g/ml were prepared from the
stock solutions in ACN/MeOH (4:1, v/v).

water (4:4:2/w/'v). Then 50l were injected into
the HPLC system.

2.3.3. Determination of the ES-285 derivative by
reversed-phase high-performance liquid
chromatography

The analysis of ES-285 was carried out using a
o HPLC system consisting of a Waters Alliant&690
2.3.1. Sample pretreatment and purification separation module (Waters) equipped with a dual

Two milliliters of K,HPO, 30 nM pH 9.0 were \ayelength ultraviolet detector 2487 from Waters. A
added to 500ul of Beagle dog plasma previously ¢ HpLC precolumn from Tracer (Teknokroma,
transferred to a test-tube. The mixture was vortex- Spain) was coupled to a 250 mt#.6 mm |.D.

mixed for 30 s. Then 30Q.] of MeOH were added. Symmetry Shield ¢, HPLC column (m) from

The mixture was vortex-mixed and left to stand at \yaters, The detection wavelength was set at 254 nm.
room temperature for 10 min. Solid-phase extraction The mobile phase used was ACN—HPLC-grade
(SPE) clean-up was automated using the vacuum

2.3. HPLC procedure with precolumn
derivatization with PITC

manifold Vac-Elut SPS 24 (Varian, Harbor City, CA,
USA). An SPE cartridge coated with 30 mg of
polymeric sorbent (Oasis HLB, Waters, Milford,
MA, USA) was conditioned with 1 ml of MeOH and

1 ml of water. The extract was applied onto the
cartridge. When the extract loading was completed,
the cartridge was washed consecutively with 1 ml of
water adjusted at pH 2.5 with 85%,H RO , 1 ml of
water and 2 ml of H O-ACN (95:5, v/v). The
cartridge was subsequently dried by air aspiration.
ES-285 was eluted with 1 ml of MeOH. The
methanolic fraction was evaporated to dryness at
50°C in a Zymark' TurboVap nitrogen evaporator
(Zymark, Hopkinton, MA, USA).

2.3.2. Precolumn derivatization

ACN/MeOH (180 pl, 4:1, v/v), 70 pl of ACN,
20 pl of triethylamine (dilution 1:100 in ACN) and
20 pl of the 25 pg/ml solution of ES-299 were
added to the test-tube containing the dried metha-
nolic fraction obtained after SPE clean-up. Then 10
wl of phenylisothiocyanate (1:10 dilution in ACN)
was finally added. The phenylisothiocyanate solution
was freshly prepared just before the derivatization
step. The test-tube was vortex-mixed for 30 s. The
derivatization was carried out at 80 for 15 min in
a water-bath. After reaction, the test-tubes were
cooled down in a water-bath at°@. The mixture
was evaporated to dryness at ®D in a Zymark
TurboVap nitrogen evaporator (Zymark). The dry
residue was redissolved in 1Q0 of MeOH-ACN-—

water (95:5, v/v). The flow-rate was set at 1 ml/min.
The injector and column oven temperature were set
at 4 and 30C, respectively. HPLC analysis of the
samples was carried out in 15 min.

2.4. HPLC procedure with precolumn
derivatization with dansyl chloride

2.4.1. Sample pretreatment and purification

The same sample pretreatment process described
in Section 2.3.1 was applied to 100 of Beagle dog
plasma excepting that 25l of the 2 wg/ml solution
of ES-299 was added to the plasma prior to buffer
addition. The 30 mg Oasis HLB (Waters) SPE
cartridge was used for sample clean-up and con-
ditioned as described in Section 2.3.1. When the
extract loading was completed, the cartridge was
washed consecutively with 3 ml of HPLC-grade
water and 2 ml of H O—-ACN (95:5, v/v). The
cartridge was subsequently dried by air aspiration.
ES-285 and ES-299 were eluted with 1 ml of MeOH.
The methanolic fraction was evaporated to dryness at
50°C in a Zymark TurboVap nitrogen evaporator
(Zymark).

2.4.2. Precolumn derivatization
The dry residue was redissolved in 100 of
MeOH~Na HPQ .2H O M0(1n1, v/v). Buffer
pH was adjusted to 7.0 with 85% H PO . Dansyl
chloride (3Qul, 20 mM) in ACN was also added.
Then 20of ACN was finally added to obtain a
final volume of 150ul. The mixture was vortex-
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mixed. The derivatization was carried out at “8D obtain the calibration standards and the quality

for 20 min in a water-bath. After completion of the control samples. The calibration standards used for
reaction, the test-tubes were cooled down in a water- the UV-HPLC procedure were prepared at concen-
bath at £C. Then 25ul was injected into the HPLC trations of 20, 50, 200, 500, 1000 and 2000 ng/ml.
system. The corresponding quality control samples were

prepared at concentrations of 20, 200 and 1000
ng/ml. The calibration standards used for the fluo-

2.4.3. Determination of the ES- 285 derivative by rescence HPLC procedure were prepared at con-
reversed-phase high-performance liquid centrations of 15, 50, 100, 250, 500 and 1000 ng/ml.
chromatography The corresponding quality control samples were

The analysis of ES-285 was carried out using a prepared at concentrations of 15, 100 and 1000
HPLC system consisting of a Merck—Hitachi ternary ng/ml. Five independent replicates were prepared at
HPLC pump L-6200A (Darmstadt, Germany), a each quality control sample concentration for each
Kontron autoinjector (Kontron, Italy), a Waters procedure and for each validation assay. The lowest
column oven and a Waters 474 fluorescence detector. concentration corresponded to the limit of quantifica-
A 125x4.0 mm |.D. LiChrosphet 100 HPLC tion (LOQ). The LOQ is defined as the lowest
column (5pm) from Merck (Darmstadt, Germany) concentration of the analyte which can be detected
was connected to a 250 mt@.6 mm |.D. Terra and quantified with a precision (coefficient of vari-

RP18 HPLC column (5.m) from Waters. A Terra ation, RSD) of not more than 20% and a deviation
RP18 HPLC precolumn from Waters was coupled to not more than 20% from the nominal value for
the first HPLC column. The excitation and emission accuracy [13,14].
wavelengths were set at 350 and 550 nm, respective-
ly. The column temperature was maintained at@0
The mobile phase solvent A was HPLC-grade water, 2.5.2. Linearity, accuracy, precision and specificity
the solvent B was MeOH and ACN was the solvent  The validation of each analytical procedure was
C. A gradient elution was used to elute ES-285, carried out over 3 days. The linearity of the ana-
ES-299 and late-eluting compounds from the column lytical procedure was evaluated by plotting the
(0—3 min, 100%A- 50%A, 40%B, 10%C; 3—8 min,  detector response (analyte/internal standard height
50%A, 40%B, 10%C, 15%A, 60%B, 25%C; 8—25 ratio) versus the nominal concentration of ES-285
min, 15%A, 60%B, 25%C, 15%A, 85%B; 25-36 present in the plasma sample. The processing of
min, 15%A, 85%B; 36.1-38 min, 100%B; 38.1-55.1 chromatograms, the calculation of correlation co-
min, 100%A). The analysis lasted 55 min. A gradient efficients ) and of values for the calibration curve
flow-rate was also used (0—8 min, 1.1 ml/min; 8—25 slope and intercept were carried out using the
min, 1.1-1.5 ml/min; 25-36 min, 1.5 ml/min;  Millenium®* chromatography manager (version 3.2,
36.1-38 min, 1.7 ml/min; 38.1-55, 1.71.3 ml/ Waters). The concentration ranges studied were 20—
min; 55.1 min, 1.1 ml/min). The mobile phase was 2000 ng/ml for the UV-HPLC procedure, and 15—
initially delivered to the column at a flow-rate of 1.1 1000 ng/ml for the fluorescence HPLC procedure.
ml/min. The flow-rate was increased during the run The precision (RSD) of the analytical procedure was
in order to reduce the gradient time. evaluated by determining the intra- and inter-day
coefficients of variation. The intra-day precision is
defined as the repeatability of the assay while the

2.5. Validation inter-day precision is defined as the intermediate
precision of the assay [11-15]. The accuracy of the
2.5.1. Calibration standards and quality control analytical procedure is the extent to which the test
samples results generated by the procedure and the true value
Plasma samples proceeding from untreated Beagle agree [11-15]. The accuracy is expressed as the

dogs were spiked with various amounts of ES-285 to relative error of measurement (RE%):
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RE (%)= 3. Results and discussion

(Mean calculated concentratientrue concentration)
True concentration

3.1. Precolumn derivatization with PITC and

% 100 dansyl chloride

The intra- and inter-day accuracies were evaluated. The chromatographic analysis of the new anti-
The intra-day accuracy and precision of the de- tumoral agent ES-285 was a major challenge due to
termination should not be above 15% for the quality the drug chemical structure. As can be observed in
control sample concentrations other than the LOQ Fig. 1, the marine compound lacks a chromophore
[13,14]. The selectivity of the procedure was evalu- precluding the use of the traditional ultraviolet

ated by analyzing daily non-spiked plasma samples detection for HPLC analysis. Precolumn derivatiza-

from various untreated animals. tion was therefore envisaged to adapt a HPLC
method for ES-285 analysis. Chromophore and
2.5.3. Evaluation of the absolute recovery fluorophore additions were considered to enable

Peak heights were used for recovery calculations. HPLC analysis by ultraviolet and fluorescence de-
The ES-285 amount recovered from the spiked tection. The Edman’s reagent or phenylisothiocyan-
plasma sample was determined by comparing the ate (PITC) was tested for chromophore addition. The
response (peak height) of the extract with the derivatisation reaction must be carried out in a basic
response of the corresponding external standard medium to ensure a complete yield [16—19]. Phenyl-
dissolved and derivatized as described in Sections isothiocyanate reacted with ES-285 to form an
2.3.2 and 2.4.2. For each analyte concentration, adduct which was easily detected at 254 nm. The
duplicate reference samples were prepared and thereaction was complete when ES-285 was mixed with
mean response was used in order to assess thePITC in the presence of triethylamine at €D for 30

concentration of the analyte in the extract. min. At high pH values, ES-285 is under its non-
ionised form, which favours the electrophilic attack
2.5.4. Sability of the phenylisothiocyanate on the primary amino
Plasma samples spiked with ES-285 concentra- functional group of the drug.
tions of 200, 1000 and 2000 ng/ml were stored at Dansyl chloride was the reagent which gave the
—25+5°C for 1 month. Three independent repli- best results for fluorophore addition to ES-285. The
cates were prepared for each concentration. The primary amino functional group of ES-285 reacted
same was carried out to assess the stability of ES- with dansyl chloride under alkaline conditions to
285 spiked plasma samples frozen-a25+5 °C for give a highly fluorescent derivative. The fluorogenic
1 month and submitted to three freeze/thaw cycles. reaction was found to give maximum yield when
These stability quality control samples were pro- carried out &iC3@r 30 min. Dansyl chloride is
cessed and derivatized as described in Sections 2.3.1 hydrolyzed during the reaction to produce a 1-di-
and 2.3.2. ES-285 was analyzed as reported in methylaminonaphthalene-5-sulphonic  acid  [20].
Section 2.3.3. The ES-285 concentrations and ac- Fluorescamine, 9-fluorenylmethylchloroformate
curacy were assessed as described in Section 2.5.1 (FMOC-CI) and fluorescein isothiocyanate (FITC)
and 2.5.2. were also tested but gave no satisfactory results. It
The stability of the ES-285 derivatives obtained was not possible to detect a derivative under isocratic
after PITC and dansyl chloride derivatization was conditions nor under gradient elution.
evaluated in processed ES-285 spiked plasma sam- ES-299, an ES-285 structurally related compound
ple. Calibration standards and quality control sam- (Fig. 2), was also effectively derivatized by PITC
ples were left in the autoinjector and were analyzed and dansyl chloride. ES-299 was therefore expected
after 24 h of incubation. The accuracy values must to correct the possible variability due to the de-
comply with the criteria defined in Sections 2.5.1 and rivatization processes and was used as an internal

2.5.2. standard.
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Fig. 2. Chemical structure of ES-299.

3.2. Sample pretreatment, drug purification and
chromatographic conditions

The physicochemical properties of ES-285 compli-
cated the extraction and purification of the drug from
the plasma. The structural similarity with lipid
constituents of the cell membrane (e.g. LPA, sphing-
osine) suggested complex interactions with am-
phiphilic constituents of the plasma, therefore hin-
dering the extraction and purification of the drug
from the matrix. Liquid—liquid extraction (LLE)
with chloroform was characterized by poor repro-
ducibility, lack of selectivity and low recovery (e.g.
20% using CHC] ). Moreover, ES-285 was poorly
soluble in organic solvents like hexane and ethyl
acetate, therefore limiting the application of the LLE.
We found that the pretreatment of the sample with a
basic phosphate buffer and MeOH permitted to
extract the drug from the plasma. The alkaline
conditions likely disrupted interactions between ES-
285 and matrix components, which favoured drug
recovery in the order of or higher than 50%. Solid-
phase extraction with the hydrophilic—lipophilic
balanced sorbent Oasis permitted to purify ES-285
and provided an extract free of major interferences.
The major part of the plasmatic interferences and
contaminants were removed by washing the cartridge
with acidified H, O and a mixture of H O and ACN.
The washing step with acidified water was not
necessary in the case of the procedure involving the
derivatization with dansyl chloride. ES-285 was not
recovered from the plasma when the sample was
treated with acidic buffers (pH4), suggesting that
ES-285 must be under its neutral form to be effi-
ciently extracted and purified from the matrix.

HPLC in the isocratic mode with a mobile phase
of ACN and H,O (95:5, v/v) permitted to elute
ES-285 and ES-299 PITC derivatives as sharp peaks
at ~6.9 and ~8.1 min, respectively (Fig. 2). The
latter mobile phase was found to provide the best
selectivity when the purified extract was chromato-

graphed on the Symmetry Shield reversed-phase
HPLC column. No major interferences coeluted with
the analytes of interest (Fig. 3). The plasma samples
were analyzed in 15 min (Fig. 3). The PITC-based
HPLC procedure permitted to achieve a LOQ of 20
ng/ml for ES-285 and for an initial plasma sample
volume of 500pul.

The chromatography of the ES-285 and ES-299
dansyl derivatives was rather complicated. It was
impossible to detect the dansyl derivatives in the

isocratic mode. The peak of unreacted dansyl chlo-
ride overlapped the derivative. A liquid—liquid ex-
traction step to remove the excess reagent was
discarded due to the lipid-like structure of the anti-
tumour agent which caused the derivative to be
recovered in the organic phase along with unreacted
dansyl chloride. Dansyl-ES-285 was finally analyzed

by gradient elution. Optimum resolution from inter-

fering peaks was achieved by performing the gra-
dient elution in a two-HPLC column system (Fig. 4).
Best results were obtained by coupling a 125 mm
4.0 mm Lichrospher column to &4260mm
Térra RP18 column. The strength of the mobile
phase increased with time to reach 100% MeOH
after 35 min of analysis (see Section 2.4.3). The type
of solvents used and the column temperaf@¥ (40
allowed a maximum pressure of 170 bars over the
entire run. Under these conditions, ES-285 and ES-
299 derivatives were separated from unreacted
dansyl chloride and interferences and eluted as sharp
peaks3at2 and~37.9 min, respectively (Fig. 4).
Elution of strongly adsorbed compounds and column
re-equilibration was carried out during the remaining
20 min of the gradient. A limit of quantification of
15 ng/ml was achieved for the analysis ofi.ll6D
ES-285 spiked plasma samples. The LOQ corres-
ponded to 250 pg of derivatized ES-285 injected
onto the two-column system which is twenty-fold the
quantity of PITC-derivative injected onto the Sym-

metry Shield column. The procedure involving de-

rivatization with dansyl chloride was therefore more
sensitive than the PITC procedure. Although a much
lower amount of derivatized ES-285 injected onto
the column was detected using the fluorescence
procedure, the limit of quantification characterizing
both procedures was quite similar. This latter fact is
explained using a smaller plasma sample volume in
the case of the analysis of the dansyl derivative.
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Fig. 3. HPLC-UV analysis of ES-285 in spiked plasma samples. ES-285 and ES-299 (1.S.) were detected as PITC derivatives.

Therefore, dansyl chloride derivatization achieved a isocratic mode was shorter, i.e. the analysis was
similar limit of quantification by processing only 100 completed in 15 min while the HPLC analysis with
wl of plasma sample instead of the 500 used in gradient elution lasted 55 min. Higher throughput

the PITC-based HPLC procedure. Nonetheless, the would therefore be achieved using the UV-HPLC
HPLC analysis of the ES-285 derivative in the procedure.
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Fig. 4. Determination of ES-285 by HPLC with fluorescence detection. ES-285 and ES-299 (1.S.) were detected as fluorescent derivatives

obtained after derivatization with dansyl chloride.

3.3. Validation

obtained for the other quality control samples were

below 15%. These results complied with the criteria

Tables 1 and 2 show the results obtained for the
evaluation of the linearity, the accuracy and the
precision of the analytical procedures developed for
the quantification of ES-285 in Beagle dog plasma.
The calibration curves were characterized by a
coefficient of correlation higher than 0.99. The intra-
and inter-day accuracy and precision for the quality
control samples spiked with the LOQ were not
higher than 20%. The accuracy and RSD values

defined by the FDA [13,14]. Both HPLC procedures
were selective for ES-285. Figs. 3 and 4 illustrate
that ES-285 was separated from interfering peaks.
Tables 3 and 4 show the absolute recovery values
obtained for ES-285. Lower mean recoveries were
obtained for the HPLC procedure with UV detection
probably due to the cartridge wash with acidified
water. The acidic conditions could have enhanced
the loss of adsorbed drug when the cartridge was
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Table 1
Evaluation of the linearity, accuracy and precision of the HPLC procedure with phenylisothiocyanate precolumn derivatization
Calibration curve 20 ng/ml [LOQ] 200 ng/ml 1000 ng/ml
Mean Accuracy RSD Mean Accuracy RSD Mean Accuracy RSD
(ng/mi) (%) (%) (ng/mi) (%) (%) (ng/mi) (%) (%)
Day 1 y=1.040—0.149 ¢ =0.9998) 20.73 3.65 5.47 190.95  -452 717 950.97 -4.90 248
Day 2 y=1.12%-0.430 ¢ =0.9996) 20.43 2.15 5.18 186.86 -6.57 2.29 902.14 -9.79 13.32
Day 3 y=1.07&—0.242 ¢ =0.9995) 21.49 7.48 1.77 19330 -3.35 1.84 987.08 -1.29 1.64
Inter-day precision
and accuracy 20.99 493 4.40 190.37 -4.82 4.40 949.91 -5.01 7.31

Beagle dog plasma sample volume was %00 LOQ, limit of quantification; RSD, relative standard deviation. Five quality control
samples were evaluated at each concentration. The assay was repeated on 3 days to obtain inter-day precision and accuracy values. ES-2¢
was used as the internal standard.

Table 2
Evaluation of the linearity, accuracy and precision of the HPLC procedure with dansyl chloride precolumn derivatization
Calibration curve 15 ng/ml [LOQ] 100 ng/ml 1000 ng/ml
Mean Accuracy RSD Mean Accuracy RSD Mean Accuracy RSD
(ng/ml) (%) (%) (ng/ml) (%) (%) (ng/ml) (%) (%)
Day 1 y=0.96+0.277 ( =0.9996) 16.56 10.38 7.20 94.19 -5.81 421 1072.29 7.23 4.89
Day 2 y=0.898+0.490 ¢ =0.9996) 17.03 13.53 7.48 107.23 7.23 11.81 1065.12 6.51 10.33
Day 3 y=0.908&+0.473 ¢ =0.9993) 17.42 16.13 11.07 94.95 -5.05 431 1118.90 11.89 8.40
Inter-day precision
and accuracy 16.99 13.23 8.81 98.79 -121 9.78 1085.44 8.54 791

Beagle dog plasma sample volume was 100 LOQ, limit of quantification; RSD, relative standard deviation. Five quality control
samples were evaluated at each concentration. The assay was repeated on 3 days to obtain inter-day precision and accuracy values. ES-2¢
was used as the internal standard.

further washed with the mixture of H O and ACN both HPLC assays. The mean ES-299 absolute

(95:5, v/v). A higher variability was observed for the recoveries were in the order of 65 and 90% for the
absolute recovery values when compared with the DC- and PITC-based HPLC procedures, respectively.
precision of the corresponding concentrations Table 5 reports the results obtained for the stabili-
(Tables 1-4). This latter fact demonstrated that ES- ty of the derivatized samples. The dansyl derivatized
299 was a suitable internal standard for the accurate samples were stable for a least 24 h when left in the
quantification of ES-285 in Beagle dog plasma, autosampler at ambient temperature (Table 5). The
essentially contributing to improve the precision of accuracy and the precision of the assay were not
Table 3

Absolute recovery of ES-285 from spiked Beagle dog plasma samples using the HPLC procedure with phenylisothiocyanate precolumn
derivatization

Absolute recovery

20 ng/ml (LOQ) 200 ng/ml 1000 ng/ml

Mean (%) RSD (%) Mean (%) RSD (%) Mean (%) RSD (%)
Day 1 60.49 10.38 71.89 7.53 71.45 9.24
Day 2 55.24 13.00 49.10 5.81 57.69 16.01
Day 3 67.27 8.49 72.22 6.47 55.10 13.68

LOQ, limit of quantification; RSD, relative standard deviation.
®The mean absolute recovery for each concentration was calculated from five ES-285 spiked replicates.
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Table 4

Absolute recovery of ES-285 from spiked Beagle dog plasma samples using the HPLC procedure with dansyl chloride precolumn
derivatization

Absolute recovery

15 ng/ml (LOQ) 100 ng/ml 1000 ng/ml

Mean (%) RSD (%) Mean (%) RSD (%) Mean (%) RSD (%)
Day 1 97.36 11.26 79.43 4.75 69.10 3.43
Day 2 71.87 15.71 71.06 2.57 71.52 14.99
Day 3 97.99 13.64 70.64 6.27 76.00 10.48

LOQ, limit of quantification; RSD, relative standard deviation.
®The mean absolute recovery for each concentration was calculated from five ES-285 spiked replicates.

Table 5
Stability of ES-285 derivatives after precolumn derivatization of extracted plasma samples

Parameter
Phenylisothiocyanate precolumn derivatization®
Calibration curve y=1.06%—0.563 (=0.9997)
% deviation of the back-calculated concentrations
20 ng/ml —-0.98
50 ng/ml 0.40
200 ng/ml 3.73
500 ng/ml 13.99
1000 ng/ml -7.39
2000 ng/ml 4.73
Accuracy of the quality control samples
20 ng/ml —9.35
200 ng/ml —13.54
1000 ng/ml —-12.42
Dansyl chloride precolumn derivatization®
Calibration curve y=0.9685%+0.290 ¢ =0.9980)
% deviation of the back-calculated concentrations
15 ng/ml 14.02
50 ng/ml —13.29
100 ng/ml —8.48
250 ng/ml 4.42
500 ng/ml 2.92
1000 ng/ml 2.82
Accuracy of the quality control samples
15 ng/ml 9.20
100 ng/ml —-8.38

® Processed ES-285 spiked plasma samples (quality control samples and calibration standards) were derivatized with PITC &ad left at 4
for 24 h.

® Processed ES-285 spiked plasma samples (quality control samples and calibration standards) were derivatized with dansyl chloride and
left at room temperature for 48 h.
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