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Abstract biochemical mechanisms responsible for the dose-dependent interac-
tion of CrEL with the pharmacokinetics of paclitaxel remain unclear.
It has been suggested that CrEL might interfere with P-glycoprotein-

of Cremophor EL (CrEL), the vehicle used for i.v. drug administration. In met.dlateg blt'ary drug Secret;ont, tdheret_)ydl_nflltjer][(r:llntgdpaCII:aer e“r:.“_
the absence of CrEL, the blood:plasma concentration ratio was nation (7). However, recent studies indicate that drug-transporting

1.07 £ 0.004 (mean= SD). The addition of CrEL at concentrations P-glycoproteins are not essentipér se for normal hepatobiliary
corresponding to peak plasma levels achieved after the administration of Secretion of paclitaxel (8, 9) and that the disposition of CrEL itself
paclitaxel (175 mg/n? i.v. over a 3-h period; i.e., 0.50%) resulted in a limits the potential to modulate P-glycoprotein activityvivo (10)3
significant decrease in the concentration ratio (0.69G= 0.005;P < 0.05). In the present study, we have determined ithevitro and in vivo
Kinetic experiments revealed that this effect was caused by reduced cellular distribution of paclitaxel in human blood in an effort to extend
erythrocyte uptake of paclitaxel by polyoxyethyleneglycerol triricinoleate,  gur insight into the role of CrEL in the pharmacokinetics of paclitaxel.
the major compound present in CrEL. Using equilibrium dialysis, it was
shown that the affinity of paclitaxel for tested matrices was (in decreasing
order) CrEL > plasma> human serum albumin, with CrEL present at or
above the critical micellar concentration (~0.01%). Our findings in the Chemicals and ReagentsPaclitaxel powder and a sterile solution of
present study demonstrate a profound alteration of paclitaxel accumula- - hacjitaxel formulated in a mixture of CrEL and dehydrated ethanol USP (1:1,
tion in erythrocytes caused by a trapping of the compound in CrEL  yy at 6 mg/ml were obtained from the Bristol-Myers Squibb Co. (Walling-
micelles, thereby reducing the free drug fraction available for cellular ford, CT). Stock solutions of paclitaxel at 1 mg/ml in DMSO were stored at
partitioning. It is proposed that the nonlinearity of paclitaxel plasma  _goec and diluted further in methanol-DMSO (1:1, v/v) before use. CrEL,
disposition in patients reported previously should be reevaluated prospec- pre castor oil, and human serum albumin (fraction V) standards were obtained
tively by measuring the free drug fractions and whole blood:plasma  from Sigma Chemical Co. (St. Louis, MO), and Coomassie Brilliant Blue
concentration ratios. G-250 was obtained from Bio-Rad Laboratories (Munich, Germany) as a
concentrated solution in 85% (w/v) phosphoric acid-ethanol (2:1, v/v). Five
Introduction reversed-phase HPLC fractions of crude CrEL, each with progressively in-
. . . . . creased hydrophobicity, were kindly donated by Dr. David Kessel (Wayne
A substantial number of clinical studies with the antineoplastigate University, Detroit, MI; Ref. 11). Miscellaneous chemicals and reagents
agent paclitaxel (Taxol) have been performed to date and have fgre of the highest grade available and originated from Rathburn (Walkerburn,
vealed a nonlinear disposition of the drug, which may have significanhited Kingdom). Purified water was obtained by filtration and deionization
implications in that greater-than-expected increases in systemic expsing a Milli-Q-UF system (Millipore, Bedford, MA) and was used through-
sure may result from a given increase in dose (1). For example, 3.
infusions of paclitaxel at 135 mg/wesulted in a meaf,, ,,2 of 3.3 Experimental Techniques. Samples of human blood were obtained from
um and a mean AUC of 10.aw-h, whereas at 175 mgﬁnthe mean four he_althy volunteers in glass V|aI§ containing Iyoph|I1|zed sqdlum heparin as
C,....and AUC values were 5.9 and 18.8rh, respectively (2). Thus, an anticoagulant and were used withi h after collection. Aliquots of the

a 50% ncrease in cose resls i an €0% ncrease IEigand & U000 e SILEEA o151 o 5000010 )t epae s i
75% increase in the AUC. In line with results from dose escalati

L . . L . ; %til used. Erythrocyte suspensions were prepared with freshly donated hep-
studies in humans, paclitaxel disposition in mice also increased di$iized blood from which the plasma and buffy coat were removed by
proportionally with doses increasing from 2 to 10 or 20 mg/kg (3hspiration. The cells were washed twice, each time with 3 ml of ice-cold
Subsequent studies have demonstrated that both distribution and efifbsphate buffer containing 0.04 potassium phosphate, 0.187 sodium
ination appeared to be linear processes in the absence of CrEL, d¢hieride, and 2.7 m potassium chloride, in the presence of 0.05% (w/v)
formulation vehicle used for i.v. drug administration (4). Becausgucose at pH 7.4 and resuspended in the same buffer to give the desired
plasma concentrations of CrEL in mice and humans are within the@matocrit. For preparation of platelet-rich plasma, heparinized blood was
same range, it is very likely that CrEL also plays an important role fffntrifuged at 200< g for 20 min at room temperature to pack down the

nonlinear paclitaxel disposition in humans (5, 6). At present, tﬁgyt_hrocytes and leukocytes. The resulting supernatant, W|t_h very low contam-
ination from RBCs and leukocytes, was used as platelet-rich plasma.

. Blood:plasma ratio experiments were conducted using aliquots (2 ml) of the
Received 11/23/98; accepted 2/10/99. ) various matrices, which were placed in a 37°C shaking water bath for 5 min
The costs of publication of this article were defrayed in part by the payment of pa e he additi f i lin th b f CrEL. At th

charges. This article must therefore be hereby maddertisemenin accordance with 'e ore Fj' addition o . paclitaxel in t e. presence or & senge 9 ret. ' t the

18 U.S.C. Section 1734 solely to indicate this fact. time required for maximal cellular paclitaxel uptake at equilibrium, duplicate

* To whom requests for reprints should be addressed, at Department of Medigéijuots of 250ul were withdrawn from the incubation tubes (Eppendorf,
Oncology, Rotterdam Cancer Institute (Daniel den Hoed Kliniek) and University Hospital
Rotterdam, P. O. Box 5201, 3008 AE Rotterdam, the Netherlands. Phone: 31-10-4391112;

We have determined thein vitro and in vivo cellular distribution of the
antineoplastic agent paclitaxel (Taxol) in human blood and the influence

Materials and Methods

Fax: 31-10-4391053; E-mail: sparreboom@onch.azr.nl. 3J. van Asperen, A. Sparreboom, O. van Tellingen, and J. H. Beijnen. Cremophor EL
2 The abbreviations used af@;,,,, peak drug levels; AUC, area under the concentrationmasks the effect of mdria P-glycoprotein on the plasma pharmacokinetics of paclitaxel in
time curve; CrEL, Cremophor EL; HPLC, high-performance liquid chromatography. mice, submitted for publication.
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PACLITAXEL TRAPPING IN CREMOPHOR MICELLES

Table 1 Blood:plasma concentration ratio of paclitaxel in the absence and presence gind calculating the rate of migration, was reached within 15 min of
various concentrations of CrEL, castor oil, and HPLC fractions of CIEL pooling cells and plasma. At this time point, a bIood:pIasma ratio of
Percentage change 1.07 = 0.004 (meant SD) was observed, which was independent of

0 . i 0 b . k .. . .

Compound added (%) _ Blood:plasma ratio _vs. control (%) P the paclitaxel concentration, indicating that the cellular concentration

None 1.07+ 0.004 ; ; i i i

CIEL (0.01) 109+ 0.009 183 0.387 is proportional to the concentration in plasma water. This shoyvs that

CrEL (0.05) 0.990* 0.015 935 0.012 the rate of exchange between blood cells and plasma water is effec-

gEIE gg-égg 8-285 8-8(1); —gg-g g-gggl tively instantaneous on the time scale of paclitaxel disposition and that

r . . . —35. <0. .

CrEL (1.0) 0625+ 0.008 _116 20.0001 the steady-state I_oad on cells r_e_presents approximately ha_If of the total

Castor oil (0.50) 1.23 0.171 +13.0 0.061 blood concentration. The addition of CrEL at concentrations corre-

CrEL fraction 1 (0.50) 1.06- 0.008 —0.94 0.520 sponding to peak plasma levels achieved after the administration of

CrEL fraction 2 (0.50) 0.926- 0.018 -135 0.043 i | ey h iodi %: Ref

CIEL fraction 3 (0.50) 0.763 0.055 _287 0.010 paclitaxel (175_ mg/mi.v. over a 3-_ periodj.e., 0.50%; Ref. 10) _

CrEL fraction 4 (0.50) 0.645 0.051 —39.7 0.003 resulted in a significant decrease in the blood:plasma concentration

CrEL fraction 5 (0.50) 0943 0.039 —11.9 0103 ratio (0.690+ 0.005;P < 0.05). Additional experiments revealed a

2 Paclitaxel was used at an initial concentration ofd/ml and incubated in whole [P H i i _
blood for 15 min at 37°C before fractionation and HPLC analysis. Ratio data are presen e!gar _copc_e_ntratlon dependent. effect of CrEL on this ratio, with max
as mean values SD of (at least) triplicate measurements. Imal inhibition of cellular paclitaxel uptake at a CrEL total blood

® Probability valueversuscontrol (unpaired two-sided Studentest). concentration of 1.0% (Table 1). At this concentration, the blood:

plasma ratio averaged 0.625 0.008, suggesting a distribution of
N ] ] paclitaxel merely outside blood cells, with88% of total paclitaxel
Hamburg, Germany) and kept at80°C for 5 min to achieve complete yoqhciated with the plasma fraction, assuming a mean hematocrit of

hemolysis. The remaining blood fraction was centrifuged, and the supernatani5 Incubation of paclitaxel in whole blood with castor oil, the major
was diluted 4-fold with drug-free human plasma to determine plasma concen- !

trations as described above. component in the CrEL vehicle before polyoxyethylation, showed no

Equilibrium dialysis was accomplished at 37°C in a humidified atmosphe?é"dence of significant alterations in cellular uptake with a mean
of 5% CO, using test cells made from 1.5-ml polypropylene microtubeBlood:plasma ratio of 1.23= 0.17 @ > 0.05). Experiments with
(Eppendorf) carrying a 2504 inside recess in the lids. The experiments weréeversed-phase HPLC fractions of CrEL indicated that the effect of
carried out with 25Qul aliquots of paclitaxel-containing (kg/ml) plasma or the unfractionated vehicle was not observed with the hydrophilic
a 40 mg/ml solution of human serum albumin in 0OMphosphate buffer (bH components present in the first fractions, which mainly contained
7.4) against an equal volume of the same buffer. Spectra/Por 3 dialysis tubiislyethylene glycol and oxyethylated glycerol (Table 1), but is pri-

with aM, 12,500 cutoff (Spectrum Medical, Kitchener, Canada) was soaked,iﬁar”y caused by compounds from fractionedg., polyoxyethylene-
0.9% (w/v) sodium chloride solution before use. The time to reach equilibriulg]

S o ) cerol triricinoleate along with fatty acid esters of polyethylene
was determined in preliminary experiments and ranged between 5 and 2 r¥

depending on the composition of the fluid in the receptor compartment. THeYCOL S . o e .
ratio of drug concentrations measured by HPLC in the buffer and plasma orThe distribution of.paclltaxel within an artificial mixture of yva§hed
serum albumin solution after dialysis was taken as an estimate of the unboithrocytes occupying 45% of the total volume and buffer indicated
(free) fraction of paclitaxel. Because the volume shift during dialysis wddBC:buffer concentration ratios of 3.7 0.061 and 0.64¢- 0.014
negligible (<10%), the results were used directly without applying a correctioft the absence and presence of CrEL, respectively, further indicating
factor. In both the blood:plasma ratio and equilibrium dialysis experiments,that in the latter case, paclitaxel is only distributed in the water phase
was confirmed that the total drug recovery from all of the fractions was equ@dfable 2). The apparent contradiction between the low blood:plasma
to the amount of paclitaxel added to blood, plasma, or buffer mixtures.  ratio and high accumulation into erythrocytes was shown to be due to
Clinical Pharmacokinetics. The patient studied was a 65-year-old femalgpe compensating effect of plasma protein binding, which has been
suffering from recurrent ovarian cancer after earlier cisplatin-containing Che%served previously for a variety of other drugs (for an overview, see
otherapy. She received paclitaxel formulated in CrEL-ethanol at an absolﬁ%f. 14), including paclitaxel (15). This is borne out by the finding

dose of 256 mg supplemented with 1Qi of [G-*H]paclitaxel (specific that in th f ol tei lul fitioni f i
activity, 2.4 Ci/mmol; radiochemical purity, 99.7% by HPLC; Moravek Bio- atin the presence of plasma proteins, celluiar partitioning or pacii-

chemicals, Inc., Brea, CA). The majority of the tritum is in the and t@xel in erythrocytes was markedly impaired (Table 2). Surprisingly,
p-positions of the aromatic rings, with minor amounts in the 10-, &nd 2- Paclitaxel accumulation in platelets was less affected by CrEL than
position of the taxane ring system. The dose was administered as a 3-h @kythrocyte uptake (Table 2), with a platelet:plasma ratio in the order
infusion in 500 ml of sterile and isotonic sodium chloride, after a standaf ~300, taking into account the low total platelet volume in blood

premedication comprising dexamethasone (10 mg, i.v.), clemastine (2 mg, if~)4 ul/ml blood). As suggested recently by Wigd al. (16), this high

and ranitidine (50 mg, i.v.). Blood samples§ ml) were obtained in glass degree of platelet uptake likely reflects a tight binding of paclitaxel to

tubes with lyophilized sodium heparin at the following time points: immedithe intracellular tubulin/microtubule system and has previously been
ately before dosing; at 0.5, 1, 1.5, 2, 2.5d&hh after start of infusion; and at

5, 15, 30, and 45 min and 1, 2, 4, 6, 8, 12, and 24 h after end of infusion.
Aliquots (1 ml) of whole blood were immediately stored frozen-&0°C, and

the remaining blood was centrifuged at 400@ for 5 min to separate plasma.
The clinical protocol was approved by the Rotterdam Cancer Institute Ethies
Board, and the patient gave informed consent before study entry. Concentra-
tions of paclitaxel were measured using an isocratic reversed-phase HRLC

Table 2 Distribution of paclitaxel in artificial binary mixture systems of the main
blood fractions in the absence and presence of GrEL

Percentage change
Binary system CrEL (%) Total:extracellular ratiovs. control (%) pb

method with UV detection at 230 nm, as described previously (12). ThE"throcytes/buffet '\éosn(f 036319; 8'8?}1 e ~0.001
analytical procedure for CrEL was based on a colorimetric dye-binding assgfyinrocytesiplasnfa  None 1.03+ 0.021 ’ ’
using Coomassie Brilliant Blue G-250 (13), with modifications as described 0.50 0.664+ 0.007 —35.5 0.002
(6). Platelets/plasn% None 1.33+ 0.037

0.50 1.26+ 0.024 —5.26 0.018
Results @ Paclitaxel was used at an initial concentration ofid/ml and incubated in whole

blood for 15 min at 37°C before fractionation and HPLC analysis. Ratio data are presented
In Vitro Partition in Blood Fractions. The time to equilibrium of as mean values: SD of (at least) triplicate measurements. ’
paclitaxel between whole blood and plasma, as determined by Meas-fmaen. o qe. oo (npaired two-sided Studentsest).
uring the concentration on blood cells at several time points at 37°C" Platelet count~750 X 10°/L.
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shown to occur with other tubulin-interactive drugs, such ad/ihea Table 3 CrEL concentration-dependent blood:plasma ratio and unbound paclitaxel

alkaloids (16). fraction in plasma of a patiefit

Binding Interactions. To gain insight into the mechanism under- _ Time (hf’ CrEL (%) Blood:plasma ratio Unbound fraction
lying this phenomenon, equilibrium dialysis was used to determine the 0.50 0.039 1.02 0.076
effects of CrEL on the fraction of unbound paclitaxel. Preliminary 12 9122 P oot
experiments verified that CrEL could not cross the semipermeable 2.0 0.215 0.749 0.028
dialysis membrane, as indicated by the absence of detectable levels in 2-5 0.300 0.737 0.022

. . . . 3.0 0.335 0.623 0.016
the buffer compartment after dialysis. As predicted by earlier exper——— = — :
Paclitaxel was administered as an i.v. infusion over a 3-h period at an absolute dose

iments (5), paclitaxel was found to bind extensively to human plasrggysg mg to a single female with advanced ovarian cancer.

(89.1 = 0.595%, meant SD; n = 3) in the absence of CrEL, with  ® Sample collection time point after the start of a 3-h i.v. infusion of paclitaxel.
human serum albumin accounting for approximately 50% of the total

binding. In the presence of CrEL (0.50%), however, a clear and

statistically significant decrease in the free (unbound) drug fraction gfscussion

up to 66% P = 0.013) and 92%K = 0.002) was seen for plasma and

human serum albumin, respectively. Interestingly, equilibrium dialy- In the present study, we have shown that CrEL, the formulation
sis experiments performed with CrEL in the absence of any plasighicle used for i.v. drug administration, causes a profound alteration
proteins revealed that at a spiked concentration of 0.50%, a free dRfgoaclitaxel accumulation in erythrocytes by reducing the free drug
fraction of only 0.044 was observed, suggesting that paclitaxel affinifiaction available for cellular partitioning. This effect was also ob-
for CrEL is substantially greater than that for either plasma or hum&grved in the absence of plasma proteins, indicating that it was not
serum albumin. This binding affinity for CrEL was distinctly concencaused by altered protein binding or an increased affinity of paclitaxel
tration dependent, with no change in the free fraction of paclitaxel & protein dissociation products that are produced by the action of
CrEL concentrations below 0.01%.d., the amount of surfactant CrEL on native lipoproteins (11, 18). The data indicate that erythro-
corresponding to the critical micellar concentration in aqueous sokites form a secondary transport system in whole blood, which
tions (17)] and maximal binding (at a free drug fraction-€3.017) in becomes less significant as the CrEL concentration increases, and
the presence of CrEL at a concentration of 1.0%. Equilibrium dialysi¢nce, the free drug fraction decreases. Current data suggest that drug
of paclitaxel-containing plasma against a buffer with CrEL resulted ff@Pping occurs in micelles composed primarily of polyoxyethylene-
a virtually quantitative shift of drug (90.% 1.09%) to the receptor glycerol triricinoleate and that these micelles act as the principal
fluid, further pointing to a preferential binding to the surfactant. ~ carrier of paclitaxel in the systemic circulation.

In Vivo Pharmacokinetics. Fig. 1 shows the logarithmic concen-  The findings of extensive RBC uptake of paclitaxel at low CreL
tration-time curves of paclitaxel in whole blood and plasiine. (the ~!€vels and the high binding to plasma proteins and CrEL micelles may
unbound ultrafiltrate fraction plus the protein/CrEL-bound blood fradiave & substantial impact on the interpretation of the drug’s pharma-
tion; Fig. 1A) and of CrEL in plasma (Fig.B) after an i.v. dose of 256 cokmetlc bt_ahavp_r th_at ha_s not been fully appreciated. Previously,
mg was administered to a female patient with advanced ovariBfclitaxel disposition in animals and humans has been reported to be
cancer. Similar to ouin vitro partition experiments, a distinct CreL Nonlinear, with disproportional relationships between changes in the
concentration dependency was noted for the whole blood:plasH%,se and _the rgsultlng plasma AUCs and peak plasma concentrations.
concentration ratio and the unbound drug fraction (Table 3). ThIdiS nonlinearity has been speculated to result from two separate
suggests that erythrocytes form a secondary transport system in Wmﬁgjrqble processes, one in dlstr!but!on and one in elimination (both
blood, which becomes less significant as the CrEL concentratidfiScriped by Michaelis-Menten kinetics), based on the usefulness of
increases; hence, the unbound drug concentration decreases. Incgmplex mathematical pharmacokinetic models to accurately describe

these data appear to indicate that CrEL micelles act as the principi@Sma Profiles of paclitaxel over a wide dosage range (1, 2). The
carrier of paclitaxel in the systemic circulation. authors have generated estimates of the maximal processi.gte (

Va0 @nd the paclitaxel concentration associated with 8.%/,,,,
(i.e., K,) and observed that th&,, estimate for the distribution
process is much smaller than that for elimination. This suggested that
“? A 0507 B distribution should be the first process to exhibit saturation. Our
) present data indicate that the resulting disproportional accumulation
% 0.40 of paclitaxel in plasma, which is most pronounced with the drug
%

administered by the 3-h infusion schedule (1), is related to a CrEL-
;‘ mediated alteration of drug distribution within the circulation during
" paclitaxel infusion. This is exactly what is observed clinically in our
patient and is supported by our previous finding that, in spite of
nonlinear paclitaxel kinetics in plasma, tissue levels of the parent drug
T and its known mono- and dihydroxylated metabolites in mice have a
. I A —— linear relationship with the dose administered (3). The paradox of
T 0.10) disproportional increases in plasma concentrations and linear distri-
bution processes in tissues is likely caused by the fact that the plasma
1 comprises a relatively small fraction of the total volume available for
0.05 T T T T | 0.00 T - T T — h . ) .
0 5 10 15 20 25 30 0 s 10 15 20 25 30 paclitaxel distribution and that, simultaneously, the CrEL-drug com-
plex is not stable enough to substantially reduce the amount of drug
that exists in the body in the active, diffusible, unbound form. In

( Fi?. l.d Concentr;t)iowe:sustimg)cua/es of piclitaxe(;in whole bll)oodDI ;nd plasma Iaddition, it is also possible that the equilibrium between blood and
®; A) and of CrEL W) in plasma B). Pharmacokinetic data were obtained from a female; . . . .
patient receiving the drug formulated at 6 mg/ml in a mixture of CrEL-dehydrated ethaﬁ&?sues is not based SOIEIy on paclltaxel dissolved in the plasma water

USP (1:1, v/v) at an absolute dose of 256 mg. phase but also on direct drug transport from loaded erythrocytes to
1456
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tissues (14). This hypothetical transport may be of great importanée Gianni, L., Kearns, C. M., Giani, A., Capri, G., Vigano, L., Locatelli, A., Bonadonna,

for paclitaxel in cases of low concomitant CrEL levels that are C: and Egorin, M. J. Noniinear pharmacokinetics and metabolism of paclitaxel and
. . its pharmacokinetic/pharmacodynamic relationships in humans. J. Clin. Oh8ol.,
associated with low dose schedules. Regardless of the uptake pro-gg_190, 1995.

cesses of the tissues, our current findings indicate that the operationfSparreboom, A., Van Tellingen, O., Nooijen, W. J., and Beijnen, J. H. Tissue

Michaelis-Menten kinetics. the postulated cause of nonlinear pacli- distribution, metabolism and excretion of paclitaxel in mice. Anticancer Drgs,
. . " . - 78-87, 1996.
taxel disposition in plasma, is not related to saturable tissue binding gr Sparreboom, A., Van Tellingen, O., Nooijen, W. J., and Beijnen, J. H. Nonlinear

disproportional elimination kinetics but appears to be an artifact pharmacokinetics of paclitaxel in mice results from the pharmaceutical vehicle
caused by paclitaxel dose-related levels of CrEL in the blood. We are Cremophor EL. Cancer Re&6: 2112-2115, 1996.

| ivel | . he i . f l | oh . Sparreboom, A., Van Tellingen, O., Nooijen, W. J., and Beijnen, J. H. Preclinical
currently prospectively reevaluating the linearity of paclitaxel phar- pharmacokinetics of paclitaxel and docetaxel. Anticancer Draig$-17, 1998.

macokinetics in humans using different infusion schedules by meas- Brouwer, E., Verweij, J., Hauns, B., Loos, W. J., Nooter, K., Mross, K., Stoter, G.,
uring free drug fractions and blood:plasma ratios, based on the ex-and Sparreboom, A. Linearized colorimetric assay for Cremophor EL: application to

. ) . . . harmacokinetics after 1-hour paclitaxel infusions. Anal. Bioch@®l,: 198202,
pectation that if the fraction of drug that is bound changes appreciably 2998. P -

with concentration in the concentration range of interest, then the Gianni, L., Vigano, L., Locatelli, A., Capri, G., Giani, A., Tarenz, E., and
AUC of free (unbound) paclitaxel should be a linear function of the Bonadonna, G. Human pharmacokinetic characterizationimndtro study of the
dose administered interaction between doxorubicin and paclitaxel in patients with breast cancer. J. Clin.
. : i . i Oncol.,15: 1906-1915, 1997.
The existence of CrEL in blood as large polar micelles with &. Sparreboom, A., Van Asperen, J., Mayer, U., Schinkel, A. H., Smit, J. W., Meijer,
h|gh|y hydrophobic interior also raises the poss|b|l|ty of additional D. K. F., Borst, P., Nooijen, W. J., Beijnen, J. H., and Van Tellingen, O. Limited oral

" . . . . ... bioavailability and active epithelial excretion of paclitaxel (Taxol) caused by P-
complexities in case of combination chemotherapy regimens with glycoprotein in the intestine. Proc. Natl. Acad. Sci. US#4; 2031-2035, 1997.

paclitaxel. For example, fluorescence studies on the interaction be- schinkel, A. H., Mayer, U., Wagenaar, E., Mol, C. A., Van Deemter, L., Smit, J. J.,
tween anthracycline drugs and different surfactants indicated thatVan der Valk, M. A., Voordouw, A. C., Spits, H., Van Tellingen, O., Zijlmans, J. M.,

‘L ; o . . Fibbe, W. E., and Borst, P. Normal viability and altered pharmacokinetics in mice
daunorubicin, although relatively hydrophilic with an octanol:water lacking mdr1-type (drug-transporting) P-glycoproteins. Proc. Natl. Acad. Sci. USA,

partition ratio of ~3.5, is readily incorporated into CrEL micelles  94: 4028-4033, 1997.
(17). Thus, in the systemic circulation, micellar incorporation of0. Sparreboom, A., Verweij, J., Van der Burg, M. E. L., Loos, W. J., Brouwer, E.,

: . P : _ Vigano, L., Locatelli, A., De Vos, A. I, Nooter, K., Stoter, G., and Gianni, L.
anthraCyC“neS may result in altered cellular distribution and a con Disposition of Cremophor EL in humans limits the potential for modulation of the

comitantly increased plasma concentration. In this regard, it is inter- muitidrug resistance phenotyjie vivo. Clin. Cancer Res4: 1937-1942, 1998.
esting to note that both paclitaxel (in the clinical formulation) andl. Kessel, D., Woodburn, K., Decker, D., and Sykes, E. Fractionation of Cremophor EL

; : delineates components responsible for plasma lipoprotein alterations and multidrug
CrEL alone strongly affect the plasma pharmacokinetics of another resistance reversal. Oncol. Re& 207212, 1995.

anthracycline antineoplastic agent, doxorubicin, in both rodents ap sparreboom, A., De Bruijn, P., Nooter, K., Loos, W. J., Stoter, G., and Verweij, J.
humans (7, 19). Similarly, CrEL is known to decrease etoposide Determination of paclitaxel in human plasma using single solvent extraction prior to

; Si sl ; i+1a isocratic reversed-phase high-performance liquid chromatography with ultraviolet
clearance in rats (20), and preliminary findings in humans treated with detection. J. ChromatogiZ05: 159164, 1998,

a combination of paclitaxeE175 mg/nf over a 3-h period) and i.v. 13, Sparreboom, A., Loos, W. J., Verweij, J., De Vos, A. I., Van der Burg, M. E. L.,
etoposide confirmed these observatifnst present, we are investi- Stoter, G., and Nooter, K. Quantitation of Cremophor EL in human plasma samples

ing th ff f micellar incorporation on th iodistri ion an using a colorimetric dye-binding microassay. Anal. Bioche2b5: 171-175, 1998.
gating the effects o cellar incorporation on the biodistribution a ql Highley, M. S., and De Bruijn, E. A. Erythrocytes and the transport of drugs and

pharmacokiqetics of doxprubicin an_d e_toposide and the_role of CrEL endogenous compounds. Pharmaceut. Res. (NL¥)186—195, 1996.
as a determinant of the increased incidence and severity of hemato-Kumar, G. N., Walle, U. K., Bhalla, K. N., and Walle, T. Binding of Taxol to human
Iogical toxicity in clinical trials (7) with a combination of paclitaxel plasma, albumin and,-acid glycoprotein. Res. Commun. Chem. Pathol. Pharmacol.,

dd bicir? 80: 337-342, 1993.
an oxorupicirn. 16. Wild, M. D., Walle, U. K., and Walle, T. Extensive and saturable accumulation of

paclitaxel by the human platelet. Cancer Chemother. Pharm&€ol1—44, 1995.
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