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Abstract

In the present investigation, the binding of roscovitine (100, 500 and 1500 ng/mL) to plasma proteins was studied at 2& doyd 37
ultrafiltration and equilibrium dialysis methods. Drug stability in plasma was assessed during a 48 h at 4, 25@ndHe7 effect of
thawing and freezing on drug stability was studied. TKa pf roscovitine was measured using capillary electrophoresis coupled with mass
spectrometry. Roscovitine was quantified utilizing liquid chromatography and tandem mass spectrometry. Roscovitine is highly bound to
plasma proteins (90%). Binding of roscovitine to human serum albumin was constant (about 90%) within concentration range studied while
the binding tax1-acid glycoprotein decreased with increasing drug concentration indicating that albumin is more important in clinical settings.
However,a1-acid glycoprotein might be important when plasma proteins change with disease. Protein binding was higi@canfiared
to 37°C. The results obtained by equilibrium dialysis were in good agreement with those obtained by ultrafiltration. Roscovitine was stable
at all temperatures studied during 48 h. Roscovitine hasaags 4.4 showing that the drug mainly acts like a weak mono-base. The results
obtained in our studies are important prior to clinical trials and to perform pharmacokinetic studies.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction and solutions of plasma proteins including albunaifh;acid
glycoprotein &1-AGP) and lipoproteinf2,5,8,9]

After administration, drugs may accumulate into blood The Capacity to bind to p|a3ma proteins is an important
components, bind to plasma proteins, and a fraction may beparameter that influences the pharmacokinetic and pharma-
dissolved in plasma water being able to diffuse and accu- codynamic properties of the drugs. The amount of unbound
mulate in tissues, reach the site of action, bind to specific drug fraction may influence its volume of distributiovig},
receptors and cause pharmacological effects. The binding ofdrug clearance (Cl) and thus its final concentration at the site
drugs and other xenobiotics to blood components and tissuesf action[9,10]. Thus, changes in plasma binding may alter
have been extensively investigat¢t-4]. Ultrafiltration, the drug pharmacokinetics and consequently its pharmaco-
ultracentrifugation, equilibrium dialysis, gel filtration, and |ogical effect. In this context, the ratio of unbound/bound
circular dichroism[2,4-8] are the most commonly used drug in plasma has been described to differ in renal, liver,
methods to determine the protein-binding. Additionally, neoplastic diseases, pregnancy and[ag®11-13]
drug binding is often studied using whole blood, plasma  The concentration of plasma proteins that contributes to

protein binding varies in different physiological and patho-
* Corresponding author. Tel.: +46 8 585 83862; fax: +46 8 585 83810.  l0gical conditions. It has been reported the concentration
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and hepatic diseases, malnutrition and canedrAGP
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and performed as described previougBr7]. Briefly, a

levels have been shown to be affected in liver dysfunction, gradient HPLC was used, the mobile phase A was 0.1%
neoplastic diseases, infections, rheumatoid arthritis, age,formic acid in acetonitrile/ water, 10:90 (v/v) and the mobile

pregnancy and burns (for review, s¢@-12]). Changes

phase B contained 0.1% formic acid in acetonitrile/ water,

in lipoprotein concentrations have not been extensively 80:20 (v/v). The gradient started from 0% of phase B up
documented, though variations of these proteins has beerto 80% from 1 to 5min and then at 6.1 min phase B was

observed in hyperproteinlipidemi§s.

set at 0%. The retention times were 5.5 and 4.8 min for

Roscovitine is a low molecular weight drug that has been roscovitine and the internal standard (olomoucine), respec-
described as a selective inhibitor of cyclin dependent kinasestively. Olomoucine was used throughout the study with a

(Cdks) by competing with the ATP binding site of the cy-

concentration of 300 ng/mL. The column used was Zorbax

clin [14,15] Several investigations support the potential use SB-C8, 3.5um (50 mmx 2.1 mm) obtained from Agilent

of this purine analog in cancer therapeufit6—21] The in

(CA, USA) and the flow rate was 190./min and sample

vivo and in vitro effects of roscovitine were reported in solid volume was 3@L. The mass spectrometer consisted on a
tumors including colon, cervix, brain and breast tumors and triple quadrupole mass Micromass Qll Z-spray (Manchester,

in hematological malignanci¢$6—18,20—22]The drug was

UK) equipped with a Z-electrospray interface operated in

also shown to be effective in the treatment of proliferative positive ion mode. The parameter settings used were de-

diseases such as glomerulonephfii3]. Currently, roscov-
itine has entered clinical tria[24]. Preclinical studies of the

scribed elsewherf@7]. The scan mode was multiple reaction
monitoring (MRM) using precursor ion at (M+1mz:

binding to plasma proteins are essential before roscovitine 355.3 and 299) and after collisional dissociation the product
can be used judiciously, particularly if the total drug level is ions 233 and 91 were used for quantification of roscovitine
related to likely toxicity. It can also help in designing an ap- and the internal standard (olomoucine), respectively. The
propriate dose regimen. In addition, data on drug stability are data were collected and processed using MassLynx version
required for pharmacokinetic and pharmacodynamic studies.3.4, and all calculations were based on peak area ratios. The
In the present paper, we investigated the protein binding LC-MS—MS method was validated during three independent
of roscovitine at three different concentrations (100, 500 and assays.
1500 ng/mL) by both equilibrium dialysis and ultrafiltration,
We studied also the stability of the drug at the concentrations 2.3. Determination of the pKa of roscovitine
of 120 and 350 ng/mL in plasma at different temperatures
(4, 25 and 37C) and after storage at20°C by repeating The Ka of roscovitine was measured by a recently
thawing and freezing of the samples. Lastly, we assessed thalescribed technique that consists of capillary electrophoresis
pKa of roscovitine. In all studies, the samples were analyzed coupled with mass spectrometry (CEM28]. Briefly, the
using liquid chromatography and tandem mass spectrometrysample was dissolved with a mixed solvent containing water/
(LC-MS—-MS) method that was developed and validated for ethanol, 80:20 (v/v). Further, a group of reference standards
quantification of roscovitine utilizing olomoucine as internal (codeine, lidocaine, atenolol, quinidine, pilocarprine, propra-
standard. nolol and nicotine) was added to yield a final concentration of
10M. The compound and reference standards were simulta-
neously measured under the same condition (accuracy within
0.2 units). The conditions for CEMS were the followings. A
series of 13 buffers with the same ionic strength of 0.025 M in
the range of pH 2.5-10.5 were used. Fused silica capillaries
(50pm i.d. x 50 cm) were pretreated by flushing with 1 M
Dimethylsulfoxide (DMSO), olomoucine, human serum NaOH for 30—60 min, followed by purified water for 10 min.
albumin andx1-AGP were purchased from Sigma, Sweden. All measurements were carried out from an analytical se-
Roscovitine was obtained from LC Laboratories, USA and quence consisting of 10 CE methods (corresponding to 10 dif-
was prepared as a stock solution in DMSO (5 mg/mL) and ferent pHs) and the run orders of these methods were set from
stored at—20°C. All other chemicals and solvents were of high pH to low pH to minimize the effect of carbonate. Total
analytical grade and purchased from Merck, Germany. cycle time of 10 runs from a sequence was less than 150 min.
Human blood and plasma were obtained from one healthy The ion trap mass analyzer was scanned from 70#820
volunteer. Pooled plasma from healthy individuals, obtained For positive detection, sheath liquid compositions were 5 mM
from the blood and transfusion center at the Karolinska Uni- ammonium formate in methanol/water, 50:50 (v/v). For nega-
versity Hospital, Huddinge was stored-a20°C until use. tive detection, sheath liquid compositions were 5 mM ammo-
nium hydroxide in methanol/water, 50:50 (v/v) using benzyl
alcohol as neutral marker. However, when positive and neg-
ative switching modes were applied, DMSO was used as the
neutral marker for both modes. Sheath flow was 0.3 mL/min
with a split of 1:100; drying gas: 5 L/min; nebulizer gas: 5 psi,

2. Experimental

2.1. Chemicals and biological material

2.2. The LC-MS-MS method

The LC-MS-MS method used in this study was cal-
ibrated, validated following standard guidelingzs,26],
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drying temperature: 15CC. The electrophoretic effective  was calculated according to the equation:

mobility at different pHs was calculated by the corresponding Crot — C
migration times of the roscovitine using DMSO as a neutral Fp(%) = = Y4100
marker. Ciot

The Ka was obtained by a non-linear regression fit of WhereCy is the total drug concentration in plasma at zero
the effective mobility of roscovitine versus the pH. The ef- time.
fective mobility was calculated according to the following All experiments of protein binding in blood, plasma, al-

equation: bumin andx;-AGP were run in five different determinations
and the results are expressed as mean vah&®.
Mt — _ _ LtotLeit (i _ i) Preliminary experiments were carried out in phosphate
eff = Mobs — Meof = . . .
14 fobs  leof buffer (pH 7.35) in order to determine adsorption of the drug

to the dialysis membrane, however, no considerable differ-
ences in the concentration of roscovitine in both sides after
equilibrium were observed.

The stability of roscovitine during the incubation time was
determined in phosphate buffer by comparing the concentra-
tion of the drug at zero time by the concentration after 5h
incubation at 37C.

wheremgs; is the effective mobility of the analytengps is
the apparent or observed mobility of the analybeys is the
mobility of the electroosmotic flow (neutral markeb)ot

is the total length of capillaryl.ef is the effective separa-
tion length from injection to detectoY, is the applied high
voltage,tops is the observed migration time of the analyte,
teof IS the observed migration time of the neutral marker
(DMSO).

The calculation of ga was done according to the equa-
tions described above using an in-house written program
based on an algorithm developed by Nelder and Mead, fit-
pKa, which was employed to evaluatégvalues for a num-
ber of compounds simultaneously in a rapid manner.

2.6. Ultrafiltration

Ultrafree-MC centrifugal filter units (Millipore Corpora-
tion, Bedford, USA) consisted of a low-binding regenerated
cellulose (30,000 NMWL) ultrafilter and a microcentrifuge
tube for filtrate collection. This devise is designed for rapid
N S separation of the unbound fraction of the drugs in small
2.4. Stability of roscovitine in plasma volumes of plasma, albumin ar;-AGP solutions. In our

N ) ) . ) experiments, an aliquot of 0.4 mL sample was introduced in

Roscovitine dissolved in DMSO was mixed with plasma  {he sample reservoir and allowed to equilibrate at@%or
(pH 7.4) to give final concentrations of roscovitine of 120 19 min. The samples consisted of spiked plasma, albumin
or 350 ng/mL (I_DMSO conc_entration was kept <0.01% in (40g/L in plasma water) andi-AGP (0.9g/L in plasma
plasma). The mixtures were incubated at4, 25and3and  \yater) with roscovitine to give a final concentration of
at appropriated times (2, 4, 6, 8, 24 and 48 h), samples werej g 500 or 1500 ng/mL. The ultrafilrate was obtained by
withdrawn and stored at20°C until analysis. In parallel, the sample centrifugation at 5000g for 30 min at 25 orG7
stability of roscovitine after repeated thawing and freezing of ¢, plasma samples and 3C for albumin anda;-AGP
plasma (from-20°C) samples at 8, 12, 24, 36 and 48 h was samples.
assessed. All samples were analyzed in duplicates and stored The concentration of the unbound drug in the filtrate was

at—20°C. Quantification of roscovitine concentrations was qetermined by LC-MS—-MS method and the bound fraction

performed by LC-MS-MS. was calculated as described above for equilibrium dialysis.
Roscovitine (100 and 1500 ng/mL) in plasma water was
2.5. Equilibrium dialysis run together with the samples to assess the bound of the drug

to the membrane, with a recovery higher than 95%.
Equilibrium dialysis was performed as described else-  All experiments were run in triplicate and the results are
wherg[5,8]in cells with acompartmentvolume of L mL. Prior  expressed as mean value$.D.
to use, dialysis membranes (solufane) were soaked overnight
in distilled water.
Blood, plasma, albumin (40 g/L) ar1-AGP (0.9 g/L) was 3. Results and discussion
mixed with roscovitine to give final concentrations of 100,
500 or 1500 ng/mL. Five hundred microlitres of the sample  The physicochemical properties of a drug such as

were introduced in one side of the cell, 500 phosphate lipophilicity, stability and Ka are important factors that af-
buffer (pH 7.35) were added on the other side of the mem- fect its binding to plasma and tissue proteins and thus its
brane. Equilibrium dialysis was carried out for 5 h at'&7 pharmacokinetic behavior. Roscovitine is a newly introduced

After equilibrium, samples were withdrawn from both cham- Cdk inhibitor that entered clinical trials in cancer therapy and
bers and stored at20°C. The concentrations of roscovitine  glomerulonephritis recent[{t9,24] However, pharmacolog-
in plasma C) and dialysis buffer (Cu) were measured by ical and biochemical information about roscovitine are still
LC-MS-MS. The percentage fraction of bound drieig(©6)) very limited.
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Inthis study, we investigated a number of these parameters 2.5

including [Ka, stability and plasma protein binding that are =~ Efectivs mobilny L P
important for clinical studies. 21 |
# NF N\
151 o I
3.1. The LC-MS—-MS method HNT N N
14 Kasd A H.C > HC /kCH
Fig. 1describes representative chromatograms of plasma PINASH g 7
water spiked with roscovitine 50 ng/mL and olomoucine as 0.5 et
internal standard. Olomoucine was chosen as internal be-
cause it is analogue to roscovitine and has similar chemical 0 ‘ , ——
properties. The calibration curve was within the range 0.5t0  2° %0 620 80 10.0 pH
2000 ng/mL and was described by the equation: 0.5
Y = —ax2 +bx+ c Fig. 2. Determination thekoa of roscovitine using the effective mobility as
a function of the pH.
The calibration curve had a correlation coefficient of . e
0.9994 (=3). 3.3. Stability of roscovitine in plasma

The lower limit of quantification (LLOQ) was 1 ng/mL. . _ . .
The precision (C.V.%) defined as [(S.D.)/mean valdj00 Instability of the drugs, mainly anti cancer drugs is one
and accuracy defined as [(measure value—nor,ninal of the limiting factors for pharmacokinetic and pharma-

value)/inominal valuek 100, were calculated for qual- codynamic studies. The stability of roscovitine (120 and
ity controls (8, 250 and ’1200 ng/mL) and LLOQ. The 350 ng/mL) was studied in plasma at different time points.
precision and accuracy values for the quality controls were As shown inFig. 3a, roscovitine was stable at 4, 25 and'&7

in all cases 1f=18) <7.2 and <7.5%, respectively. For the

LLOQ (n=6), precision and accuracy values were 5 and =
10%, respectively. sl
The presentLC-MS—-MS method provides higher sensitiv- 4007 | | -
ity and selectivity compared to previously published method %, L S < S e i
[29]. < 300/
c
-% 250
3.2. Determination of the pKa of roscovitine £ 2001
(1)
S 1504 5 ~
The Ka value was obtained by a non-linear regression & mw =S e -2
fit of the effective mobility of roscovitine versus the pH, as 5
shown inFig. 2 Due to the conjugations of all six double 5
and single nitrogen bonds, only on&a (4.4) was clearly fi P o %0 . &
observed for this compound (mono-base). (a) Time (hours)
400
100- Roscovitine 5.50 MRM °f2cgas'%r_'§lf 5385 l
1.84e5 ~ 350 —--—"l-.§ _______ -——————— - _ %
% _E\) 3004
< 2501
0 c
Q
. MRM of 2 Channels ES+ = 2004
100 4 Olomoucine 4.84 299 > 91 ©
(1) 1.56e6 -E 150+
3 e, @@ 3
= % 1 2 1001
[=]
0 (8] 50
100- 4.84 MRM of 2 Channels_ﬁ%+ 0 : : : : .
1.66e6 0 10 20 30 40 50
% ] (b) Time (hours)
0 N I 5:‘9 e Time Fig. 3. Stability of roscovitine in plasma: (a) the stability of roscovitine at
1.00 2.00 3.00 4.00 500 6.00 7.00 8.00 4°C (W), 25°C (a) and 37 (O) °C was assessed during 48 h; (b) the effect of

repeated thawing and freezing20°C) of the samples was studied during
Fig. 1. Representative chromatograms of plasma ultrafiltrate spiked with a period of 48 h for roscovitine at the concentrations 120 ng/m)_gnd
roscovitine (50 ng/mL) and olomoucine (300 ng/mL) as internal standard. 350 ng/mL @&-).
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Table 1
Percentage of the bound fraction of roscovitine to plasma proteins, albuminjaacid glycoprotein ¢1-AGP) determined by equilibrium dialysis and
ultrafiltration methods

Concentration (ng/mL) % Bound fraction (equilibrium dialysis) % Bound fraction (ultrafiltration)
Plasma Albumin a1-AGP Plasma Albumin a1-AGP
100 91.8+ 1.3 89.0+ 0.5 90.1+ 4.5 83.8+ 0.7 90.7+ 0.4 80.0+ 4.3
500 90.2+ 0.5 87.2+ 1.3 82.9+ 35 85.8+ 0.6 89.7+ 0.7 78.4+ 2.9
1500 87.7+ 0.5 90.0+ 0.5 57.0+ 2.22 86.3+ 0.4 90.1+ 0.6 48.6+ 4.8

The results are expressed as mean values from five different determinatobs

during the time period studied. After repeatedly freezing and methods Table ). These results indicate that both albumin
thawing cycles, the drug remained stabitgy( 3b). anda1-AGP are important for roscovitine protein binding. As
it is observed that the binding to albumin did not change with
increasing concentration while the binding to AGP decreased
with increasing concentration. This behavior has also been
observed for other drugs such as alpha 1-adrenergic blocking
dagent prazosifid4] and 2-chloro-2deoxyadenosine (CdA)
435]. Roscovitine will be present mainly in unionized form
at pH 7.4 (Ka 4.4) which may not explain the role of the
ionic forces that bind roscovitine to AGP. One explanation
for roscovitine binding tax;-AGP is because of it basic char-

3.4. Protein binding of roscovitine

Pharmacokinetic parameters including distribution
volume, clearance, hepatic metabolism, renal excretion an
membrane transportrates are influenced by the amount of fre
drug in the body{10]. This is important since the unbound
fraction can easily reach the target organs while the bound

fraction have more difficulties to pass the blood capillary I~ . :

[30]. Ultrafiltration and equilibrium dialysis are two widely acter. 'I_'he binding ml_AG.P decrea_seq by increasing con-
used methods for the determination of protein binding. Both _centratlon of the_drug_, which may indicate that roscovitine
methods have advantages and disadvantages; the ultrafiltra’>, tk;]oE_nc:]to speC|f|ctS|i_es (mll,;AGP thatt bg ccihme:\{ fﬁtuggtz_d
tion system is favorable because of its simplicity and relative with higher concentrations. 1t seems to be that he binding

fast generation of the ultrafiltrate. The equilibrium dialysis of trosc;pvmlne tlo a_ltlrl?_uTrl]n IS non-stpetqflc ?ng. déd not reach
is a simple technique and can be easily operated at different>aruration level within the concentration studied.
As shown inFig. 4, the binding of roscovitine to plasma

temperatures, the disadvantage is the time required for theprotein was higher at 2& compared to 37C (ratio F
drug to reach the equilibrium, which can be associated with X .. b
ug quirbrium, whi ! " 37°C/Fp 25°C=0.94). In this respect roscovitine does

a volume shift from the dialysate to the plasma side as . ;

was described by Lima et al. and recently by Banker et al. not differ from many other drugs such as local anesthetics

[31,32] (ropivacaine, bupivacaine, mepivacaine, prilocaine and
I’n our study, no adsorption of the drug to the filter or to lidocaine) that have also lower protein binding at higher tem-

the dialysis membrane was observed. Moreover, the resultsperatu_res that causes bond breakage and hence Iowe_r b_inding
obtained by ultrafiltration were in good agreement to these capacity[7]. This may be c_zlue to the_ fact that the bmo!mg
observed by equilibrium dialysis indicating that the volume force decreases with an Incréase In temperature. Similar
shifts which may occur for the long time required for equilib- _re§ults were also reported with |pr|fI:_;1vone, methotrexate,
rium did not have any significant effect on roscovitine binding imipramine, theophylline and bumetanic,37] However,

to plasma proteins.

The binding of roscovitine to the two main human serum 1.004
proteins, albumin and;-AGP was investigated by two dif- 0.90-
ferent methods. Human serum albumin is the most abundant  ¢.g0
plasma protein that acts as a protein storage component. This

e 0.70
protein can transport and bind several different compounds % 0.60
such as metal cations, fatty acids, amino-acids and a variety § |
of drugs influencing their distribution, free fraction and =@ 0‘40_ o2s5°c
metabolism[33]. Of the exogenous compounds, albumin § 0‘30 m37°C

readily interacts with acidic drugs with high affinity, though
basic compounds may bind to the protein with low affinity. 0.20
a1-AGP accounts for 1-3% of plasma proteins and it is a 0.104
major binding protein for neutral and basic drugs because of  0.00
its high drug affinity[11]. 100 S 1500

The overall binding of roscovitine to albumin found in Roscovitine (ng/mL)
this study was about 90% anddg-AGP WQS above 78% at Fig. 4. Effect of the temperature on roscovitine binding to plasma proteins
100-500 ng/mL and 53% for concentration of 1500 ng/mL studied using equilibrium dialysis technique. The results are expressed as
as measured by both ultrafiltration and equilibrium dialysis mean values from five different determinatiah$.D.
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no significant differences were observed between results [6] J. Seetharamappa, B.P. Kamat, Chem. Pharm. Bull. (Tokyo) 52

obtained by dialysis and ultrafiltration.

(2004) 1053.

No substantial differences were observed in the fraction [7] M- Abdel-Rehim, G. Carlsson, M. Bielenstein, T. Arvidsson, L.G.

of bound roscovitine to plasma and blood from one “healthy

volunteer” determined by equilibrium dialysis. The determi-
nation in plasma and whole blood was performed by five

Blomberg, J. Chromatogr. Sci. 38 (2000) 458.
[8] H. Ehrsson, M. Hassan, J. Pharm. Pharmacol. (1984) 694.
[9] G.M. Pacifici, A. Viani, Clin. Pharmacokinet. 23 (1992) 449.
[10] G.R. Wilkinson, Drug Metab. Rev. 14 (1983) 427.

replicates at concentrations of 100, 500 and 1500 ng/mL of [11] S. Kishino, A. Nomura, S. Itoh, T. Nakagawa, Y. Takekuma, M. Sug-

roscovitine (data not shown). This data indicate that the ma-

jor protein binding of roscovitine is to plasma proteins rather
than to blood cells.

4. In summary

awara, H. Furukawa, S. Todo, K. Miyazaki, Eur. J. Clin. Pharmacol.
58 (2002) 621.

[12] P.J. McNamara, J. Alcorn, AAPS Pharm. Sci. 4 (2002) 4.

[13] M.D. Hill, F.P. Abramson, Clin. Pharmacokinet. 14 (1988) 156.

[14] L. Meijer, A. Borgne, O. Mulner, J.P. Chong, J.J. Blow, N. Inagaki,
M. Inagaki, J.G. Delcros, J.P. Moulinoux, Eur. J. Biochem. (1997)
527.

[15] W.F. DeAzevedo, S. Leclerc, L. Meijer, L. Havlicek, M. Strnad, S.H.
Kim, Eur. J. Biochem. (1997) 518.

Several diseases and physiological states have been dg1g) |.N. Hahntow, F. Schneller, M. Oelsner, K. Weick, I. Ringshausen,

scribed to be associated to significant decrease or increase of

F. Fend, C. Peschel, T. Decker, Leukemia (2004) 1.

the plasma proteins that may result in changes in free drugl17] L. Maggiorella, E. Deutsch, V. Frascogna, N. Chavaudra, L. Jeanson,

concentration, and thus affect treatment efficacy and toxic-
ity. In the present study, roscovitine was found to be bound to

both albumin and;-AGP. However, albumin concentration
in plasma is 60@.M compared to 2@M of a1-AGP which
may indicate that albumin is more relevant for roscovitine
protein binding in clinical settings.

The protein binding of roscovitine was higher at°Z5
compared to 37C. The results obtained by equilibrium

F. Milliat, F. Eschwege, J. Bourhis, Cancer Res. 63 (2003) 2513.

[18] S.J. McClue, D. Blake, R. Clarke, A. Cowan, L. Cummings, P.M.
Fischer, M. MacKenzie, J. Melville, K. Stewart, S. Wang, N. Zhelev,
D. Zheleva, D.P. Lane, Int. J. Cancer 102 (2002) 463.

[19] L. Meijer, E. Raymond, Acc. Chem. Res. 36 (2003) 417.

[20] L. Vitali, J.S. Yakisich, M.F. Vita, A. Fernandez, L. Settembrini, A.
Siden, M. Cruz, H. Carminatti, O. Casas, V. Idoyaga Vargas, Cancer
Lett. 180 (2002) 7.

[21] J.S. Yakisich, J. Boethius, 1.O. Lindblom, L. Wallstedt, V.I. Vargas,
A. Siden, M. Cruz, Neuroreport 10 (1999) 2563.

dialysis were in good agreement with these obtained by [22] M. Mihara, S. Shintani, A. Kiyota, T. Matsumura, D.T. Wong, Int.

ultrafiltration.
Roscovitine was stable during 48h at different tem-

peratures in plasma; this is an important observation to

be considered when handling the samples. THa for

J. Oncol. 21 (2002) 95.

[23] D. Gherardi, V. D’adati, T.T. Chu, A. Barnett, A. Gianella-Borradori,
I.H. Gelman, P.J. Nelson, J. Am. Soc. Nephrol. (2004) 1212.

[24] S. de la Motte, A. Gianella-Borradori, Int. J. Pharmacok. Th. 42
(2004) 232.

roscovitine is 4.4 showing that the drug is acting like a weak [25] V.P. Shah, K.K. Midha, J.W. Findlay, H.M. Hill, J.D. Hulse, 1.J.

base. The LC-MS-MS method validated for determination
of roscovitine is sensitive, selective and rapid which makes

it suitable for kinetic studies of the drug.
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