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Abstract

Doxil® is a pegylated liposome formulation of the anthracycline doxorubicin. To better explain observed differences in the toxicity?of Doxil
and free doxorubicin in solution, the intracellular metabolism of the formulations after treatment in CCRF-CEM and CEM/C2 human leukemia ce
lines was investigated. Using micellar electrokinetic capillary chromatography with laser-induced fluorescence detection, with a 63%¢pto (10
mole doxorubicin limit of detection, five common metabolites and doxorubicin were detected upon treatment with both of these drug delive
systems. Two unique metabolites appeared with the Bail two unique metabolites appeared with the free doxorubicin delivery systems. For
common metabolites, the relative amount of metabolite generated fromf*Dread approximately 10 times higher than for free doxorubicin.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction leading to increased drug accumulation in tumors and a reduc-
tion of side effects. Benefits of such a system include greater
Despite wide spread clinical utilization in the treatment ofdrug payload to malignant tiss|8]; decreased incidence of
cancer, the efficacy and utility of the anthracycline doxorubicinalopecia, myelosuppression, and cardiotoxi¢®®]; and par-
(DOX) continues to be hampered by the onset of dose-dependetial reversal of MDR phenotypes in in vitro systems due to the
cardiotoxicity and acquired multi-drug resistance (MDE) It high intraliposomal concentrations of DOX200 mM)[2,10].
is believed that the MDR and cardiotoxic phenotypes are linkedVhile clinical studies have provided physiological explanations
with the subcellular metabolism of this drug through enzymatidor differences in the pharmacological profiles of liposome for-
pathways that, to date, have not been fully elucidated, despiteulations compared to free drug in solution, only one study to
extensive study2—-4]. date has been conducted on the metabolism of liposome formu-
Various delivery systems have been explored in an attemgations of anthracyclines in plasrfi8]. Missing in these studies
to better target DOX to malignant tissue and improve therapeus a metabolic explanation for differences in toxicity observed
tic regimens[5], which would lead to decreased cytotoxicity between the liposome and free drug formulations of DOX, par-
to healthy tissue$2]. These include micelles, polymer link- ticularly in the context of intracellular metabolism.
ers[2], prodrugs, microspherd$], and liposomeg7]. Cur- Previous research has implicated the intracellular accumu-
rently, liposomes are being utilized clinically as a chemotherapyation of DOX metabolites in many of the side effects and
agent (DoxiP). Extensive clinical studies have indicated thatdecreased efficacy seen after intravenous treatifddit For
the incorporation of a liposome in the drug formulation hasinstance, one of the primary mechanisms by which DOX exerts
drastically altered the pharmacokinetic parameters of treatmentytotoxic effects is to form a ternary complex with DNA and
Topoisomerase lt, thereby arresting DNA synthesis and result-
ing in cell death[12—-14] However, formation of this ternary
* Corresponding author. Tel.: +1 612 624 8024; fax: +1 612 626 7541, complex with the main metabolite, doxorubicinol (DOXol), and
E-mail address: arriaga@chem.umn.edu (E.A. Arriaga). aglycone metabolites is less stable when compared to that of
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the parent compound, resulting decreased therapeutic efficacged up to 1 month post-preparation. Working solutions were

caused by the decreased stability of the ternary comi/gx  prepared on the day of analysis to prevent repeated freeze—thaw

Furthermore, DOX has been shown to suppress respiration itycles of the stock.

mitochondria; respiration is even further suppressed by agly-

cone metabolitefl6]. 2.2. Cell culturing

Others have investigated the metabolism of DOX in plasma

using HPLC[17-19] However, this approach is limited, since  Passages 17 and 18 of CCRF-CEM and CEM/C2 human

the majority of DOX metabolites are present at concentrationgeukemia cells (American Type Culture Collection (ATCC),

<1% of the parent compourid0]. While these molecules retain Manassas, VA, USA), cultured at 3€ and 5% CQ in RPMI

native fluorescence, the sensitivity of HPLC would require al640 media (ATCC), supplemented with 10% bovine calf serum

significant increase in the amount of cellular sample. CapillaryInvitrogen Corp., Carlsbad, CA, USA) were used in these stud-

electrophoresis with laser-induced fluorescence detection (Ches. The cells were maintained by splitting every 3—4 days

LIF) offers low injection volume £1nL) and extraordinarily through the addition of fresh media; treatment began 10 h after

low limits of detection (60 zmol or 60 pM for DOX)21] that  splitting. Dosages of 2aM DOX in solution (free DOX) or

will allow for the analysis of these low abundance metaboliteDoxil® (equivalent to 5gM DOX) were determined to have

with relative ease. Previous analyses using micellar electrokieomparable viabilities (i.e. >80% by Trypan Blue exclusion,

netic capillary chromatography (MEKC) with LIF detection has 12 h after the initiation of treatment). For control experiments in

resulted in the detection of as many as 11 sub-attomole DOMvhich cells were not treated, cell culturing protocols remained

metabolites in cultured cel[20-22] identical. Biosafety Level 1 was observed for all culturing and

We are reporting on the use of CE-LIF to probe the impactpreparations.

of drug delivery system (liposomes versus “free” DOX in solu-

tion) on the metabolite formation in whole cell lysate of a parent2.3. Sample preparation

(CCRF-CEM) and derived (CEM/C2) cell line. These pair of

related human leukemia lines are considered to be a better model Cells were pelleted by centrifugation (200 for 20 min.)

than previously used murine cell lines because, due to the specieéth an Eppendorf microcentrifuge (Brinkman Instruments,

specificity of DOX metabolism, they will more closely resemble Westbury, NY, USA) and washed twice by resuspendingsn 1

the drug’s metabolism in the treatment of leukef@i3,24] This ~ PBS buffer following treatment. Cells were then dissolved to a

report provides the first electrophoretic separation of a commewdensity of 2x 10 cells/mL in BS buffer and divided into trip-

cial DOX liposome preparation and the first investigation of thelicates. In addition to its utilization as a MEKC buffer, the BS

impact of drug delivery on intracellular metabolism by CE-LIF. buffer facilitates disruption of cellular membranes, making it
possible to directly sample the lysate was without further prepar-

2. Experimental ative steps.

2.1. Chemicals and reagents 2.4. CE-LIF set-up and analysis

DOX was donated by Dr. A. Suarato (Pharmacia, Nerviano, MEKC of whole cell lysate was performed using a home-
Italy). Doxil® was purchased from Alza (Mountain View, CA). built instrument previously describg@6]. High voltage was
Sodium borate decahydrate was purchased from EM Scien@pplied from a CZE1000R high voltage power supply (Spell-
(Gibbstown, NJ, USA). Sodium dodecyl sulfate (SDS) Ultrapureman, Hauppauge, NY, USA). Samples were introduced by elec-
Bioreagent was purchased from J.T. Baker (Phillipsburg, NJirokinetic injections of +100 V/cm for 5s, and were separated
USA). Methanol (MeOH) was purchased from Pharmco (Brook-at +400 V/cm using uncoated fused-silica capillaries (60
field, CT, USA).y-Cyclodextrin (CD), a stock solution (20 of i.d. and 15Qum o.d.) (Polymicro Technologies, Phoenix, AZ,
phosphate buffered saline (137 mM NacCl, 2.7 mM KCI, 10 mMUSA). Running buffer was changed after each run to minimize
NapHPOy/KH 2Py, pH 7.4) (PBS) and 0.4% Trypan Blue solu- buffer depletion and to reduce the possibility of contamination
tion were purchased from Sigma Aldrich (St. Louis, MO, USA). from one sample to the next. The capillary was conditioned after
All buffers were made using 18 ¥ water obtained from a Mil-  analysis of all the replicates of a given sample by consecutively
lipore water purification system (Billerica, MA, USA). The pH flushing the capillary under constant pressure of 100 kPa for
of all buffers and solutions was adjusted using either 0.1 M HCR min each with MeOH, 0.1 M NaOH, 40, 0.1 M HCI, B0,
or 0.1 M NaOH after the addition of solutes. Following pH BS buffer, followed by three injections of the same sample. The
adjustment, buffers were filtered through a Qu2@ Nalgene last step was necessary to increase reproducibility of peak areas
filter and stored at room temperature for up to 1 month. MEKCand migration times for peaks in subsequent injections of the
buffer consisted of 10 mM borate, 10 mM SDS at pH 9.37 (BSsample. The capillary was not conditioned between injections, as
buffer), above the critical micellar concentration (cmc) of SDSthis was not found to increase reproducibility (data not shown).
in 10 mM borate[25]. CD-MEKC buffer consisted of 20 mM To decrease the background caused by the polyimide coat-
v-CD, 50 mM borate, 50 mM SDS at pH 9.3 (CD-BS buffer). ing, 2 mm of this coating were burned off at the detection end

Stock solutions of DOX were prepared in 100% MeOH atof the capillary. This capillary end was placed in the sheath flow
1.0x 10-3 M. The stock solutions were stored-a20°C and  cuvette of the post-column detection system. The 488 nm line
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of an Argon ion laser (JDS Uniphase, San Jose, CA, USA) wakated mobility by a factor that resulted in matching the mobility

used for excitation of fluorescent analytes. Fluorescence emisf the reference peak in the run to the average mobilities of this

sion from species migrating out of the capillary was collectedpeak in all runs. This correction procedure was based on previ-

at 90 with respect to the excitation beam by ax6@nicro-  ously reported procedures used for correcting migration times

scope objective (Universe Kogaku, Inc., Oyster Bay, NY, USA)in capillary electrophoresi28,29]

[21]. Scattering from bubbles and/or contaminants in the sam-

ples at 488 nmwas further reduced spectrally and spatially with 2.6. Statistical analysis

505 nm long-pass filter (Omega Optical, Brattleboro, VT, USA)

and a 1.4 mm pinhole. A 635 27.5 nm bandpass filter (model A one-tailed-test, assuming equal sample variance, was per-

XF3015, Omega Optical, Brattleboro, VT, USA) was then usedormed using Microsoft Excel. The adjusted mobility values of

to select the emission spectra for DQXL]. all peaks were compared between samples. Fartalits, the
Prior to carrying out any sample analysis, the detector wasull hypothesis “there is no difference in the adjusted mobility

aligned by continuous injection of 18M fluorescein in BS values” was tested at a confidence inter®3ldf 98%. The null

buffer at +400 V/cm and optimizing the position of the capil- hypothesis was rejected whér< 0.02.

lary end relative to the laser and detector in order to maximize

the response of the photomultiplier tube (R1477, Hammamats3, Results and discussion

Bridgewater, NJ, USA) biased at 1000 V. After the alignment, the

limit of detection (S/N = 3) was estimated to be 3 zmol from elec-3.1. Electropherogram reproducibility

trokinetic injections of 1019M fluorescein. A 535 17.5nm

bandpass filter (model XF3007, Omega Optical, Brattleboro, Previous studies have reported that several injections of a

VT, USA) was used instead of the doxorubicin filter describedDOX standard prior to the analysis of the sample improve elec-

above. tropherogram reproducibility20]. The need to include DOX
injections as part of the conditioning protocol prior to sample
2.5. Data collection analysis suggests that the capillary walls also participate in the

determination of the electrophoretic mobility. In fact, one of the

The PMT Output currentwas measured across a L0a4is- drawbacks in the anaIySiS of biOlOgical Samples by MEKC is the
tor. As a result, the PMT signal and fluorescence intensities areossible interaction of the biological matrix with the capillary
reported in volts (V). The PMT output was collected at 50 HzWalls, modifying the electroosmotic flow and the interactions of
using a data acquisition board and run with an in-house Labviewhe analytes with the walls. Since it is not known the extent to
(National Instruments, Austin, TX, USA), program and storedwhich cellular components found in the cell lysate modify the
as a binary file. Data were smoothed with a 10 point Median Filcapillary walls and contribute to the observed electrophoretic
ter and 10 point binomial Smoothing in |gor Pro (WavemetriCS,mObilitieS of the various peaks, the use of Sample injeCtionS as
Lake Oswego, OR, USA). A calibration curve was constructed?art of conditioning protocol was investigated. This approach is
using DOX standards in order to estimate the amount of DO)Xconsidered to be more adequate than conditioning with injec-
and metabolites produced in each cell line. While the quanturfions of a DOX standard as previously reporf2d], because it
yield of the metabolites is slightly different than that of the par-decreases the possible exchange of DOX bound to the capillary
ent compound, the similarity in emission spectra and quanturfiurface with sample components and prevents overestimation
yield allows for estimation of metabolites present in a sample byf fluorescent components in the sample resulting from this
comparing peak area to that of a DOX standi@T]. By com- ~ €xchange.
paring DOX molar concentration, [DOX], to DOX peak area, By plottlng relative standard deviation of peak area and

Apox, the following equation was obtained: migration time versus injection number, it was found that repro-
ducibility increased after with subsequent injections (e.g. first
Apox = (1.00+ 0.04) x 10°[DOX] — (2.0 + 0.1) (1)  to third injection) and then it stabilizedFig. 1), indicating that

the capillary wall was fully conditioned for sample analysis.
Further injections did not reveal a clear enhancement in the
reproducibility of these parameters. SDS concentrations higher
than 10 mM did not improved the reproducibility of the sepa-
L? ration (data not shown). It appears that the interaction between
—F (2)  the sample components (e.g. proteins) and the capillary surface
m are strong enough that the used SDS was not able to disrupt this
wherelL; is the length of the capillary, the migrationtime ofthe  interaction. This is not surprising, as protein adsorption to silica
analyte, and is the applied electric field during the separation. surfaces (e.g. capillary wall) is well documented, even in the
From the calculated electrophoretic mobility, a correctedpresence of SDE0,31] Therefore, a correction procedure was
mobility was determined based on a metabolite peak that wassed to further enhance reproducibility.
selected as a reference peak, and that appeared in all the sam-The R.S.D. values for the calculated electrophoretic mobility
ple electropherograms (see Sect®)nFor each run, the elec- of each peakinthe various samplEgy. 2) were as high as 3.5%.
trophoretic mobility axis was corrected by multiplying the calcu- By using peak 6 (cfFig. 1) as a reference, and correcting the

The linear range of this equation was 18 to 10 M with
r?=0.993.
The electrophoretic mobility was calculated as:

Ma =



118 A.R. Eder, E.A. Arriaga/ J. Chromatogr. B 829 (2005) 115-122

3, With the enhancement in reproducibility demonstrated in

Fig. 2 it was possible to compare and contrast the effect of drug
delivery system on the metabolism of DOX, as well as provide a
24 comparison of the effect of Dofltreatments on both cell lines.

A t-test of corrected electrophoretic mobility indicates that all

but two peaks, 5 and 6, were statistically different from each
14 other. Other on-going studies to improve the reproducibility in

migration times and electrophoretic mobilities are the inclusion
of fluorescein as an internal standard for mobility correction, and
0 —_—— the use of protein precipitation and/or saponification to remove

ooz 3 4 s 6T 8 910 cellular materials that might influence micellar properties.
Injection Number(N)

Standard Deviation

Fig. 1. Change in the standard error for the migration time with consecutive . .
injections. CCRF-CEM cells were treated with free DOK) énd DoxiP ()~ 5:-2- Comparison of electrophoretic profiles
as indicated in Sectio Only a peak arbitrarily assigned as #6 is represented.
Fig. 3 trace (i), shows a representative electropherogram of

the Doxil® preparation. Prior to analysis, the D&iformula-
electrophoretic mobility scale by a factor that resulted in matchtion was solubilized in BS buffer for 1 week at@, followed
ing this peak’s electrophoretic mobility to the average value irby sonication. Other attempts at solubilizing the D8xibr-
all the analyzed samples, a corrected electrophoretic mobilitjnulation with BS buffer for 48 h prior to analysis resulted in
was calculated for each peak in each sample. The R.S.D. fgoor migration time, peak intensity, and peak area reproducibil-
these corrected electrophoretic mobilities are showhign 2, ities. The need of the extended solubilization period prior to
and demonstrate that, overall, R.S.D. has decreased. In sora#aining reproducibility is in agreement with the high stability
instances, there was no clear improvement when this correctiosf Doxil® [34] that typically requires hyperthermia, sonication,
was applied (i.e. metabolites 1 and Zig. 2A and metabolites an acidic environment, or a combination of all three environ-
8 and 10 inFig. 2D). This is expected because the same corments to facilitate liposome disrupti¢®,35,36] DOX has been
rection factor may not be adequate when different mechanisnshown to form aggregates in the aqueous intraliposomal region,
contribute differently to the migration time of these compo-which is stabilized byr—r" interactiong37,38]. Furthermore,
nents in the sample. If an adequate fluorescent micellar markddOX has been shown to form stable complexes with a variety of
excitable at 488 nm were available, this marker would heldipids and protein$39,40] These interactions may explain the
further refine the procedure for correcting the electrophoreticomplex profiles observed iRig. J(i) (peaks 1-6). The peak
mobility by taking into account the variations in the elec-at 2.9x 10~%cn?V—1s1is associated with free DOX, while
trophoretic mobility of the micelles. Unfortunately, previously peaks -6 may be associated with the DOX-phospholipid com-
reported micellar markers are either non-fluorescent (e.g. Sudarexes[41,42].

Red II)[32] or its fluorescent properties (e.g. Halofantrif&3)] A r-test comparing the corrected electrophoretic mobilities of
are not appropriate for the detection conditions described in thihe peaks in the electropherograms of the Dosilandard and
work. the lysate from CCRF-CEM cells treated with D&{Fig. (i)
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Fig. 2. Mobilities for free DOX (A and B) and Doxil (C and D) are shown for metabolites found in CEM/C2 (A and C) and CCRF-CEM (B and D) lysates. The
x-axis refers to an arbitrary numbering system used for identification purposes in these studies. Three replicates are included in this study.
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Fig. 3. Comparison of DoXfl formulation and treatments. (i) Dofilformu- Fig. 4. Comparison of free DOX metabolism and free DOX in media. (i) CCRF-

lation was solubilized by BS buffer for 1 week at@, followed by sonication ~ CEM cells were treated with 36M free DOX for 12 h. (ii) A control of free
(peaks 1-6). (i) Doxil® treated CCRF/CEM cell lysate (peaks 1, 2, 4, 6-10). DOX after 12 hincubated in sterilized media without cells. (iii) Untreated CCRF-
(iii) Untreated CCRF/CEM cell lystate. Treatment of cells with DBxbnsisted ~ CEM cell lysate. DOX from incubated media was injected for 5s at +50 V/cm.
of a 12 h treatment with an equivalent dose of®® drug. Separation was per- Otherwise, injection and separation conditions can be fouibira. Traces (i)
formed at +400 V/cm in an uncoated capillary. D&samples were injected for ~ and (i) have been offset in theaxis for clarity.

5sat +50 V/cm. Cellular samples were injected for 5 s at +100 V/cm. BS buffer

was used as the running buffer and sample buffer. Trace (i) has been reduced in ® .
intensity by 25% in order to keep trace in scale. Traces (i) and (ii) have beel?OXil™ treatment leads to the appearance of metabolites (1, 2, 4,

offset in they-axis for clarity. 6, 7,9 and 10)Kig. Jii)). These metabolites are clearly different
from the profiles resulting from the analysis of DOX standard or
the Doxil® preparation aloneFigs. 4(ii) and 3(i) respectively).

and (ii), respectively) reveals that there are no coincident peakphe same metabolic profiles after treatment with free DOX or

between the two samples at the 98% confidence interval, indpoxil® was observed for the CEM/C2 cell line (data not shown).

cating that peaks in the profile of treated cell lysate cannot bghese data clearly show that metabolism is dependent on the

attributed to the Dox® formulation. The same conclusions were method of drug delivery.

draWn from the treatment Of CEM/CZ Ce” |ineS Wlth DC@(" The two de”very systemg:(g_ 5) ShOW five common peaks

(data not shown). It is interesting that the peaks associated withissociated with metabolism (peaks 1, 2, 4, 6 and 7) in the
the Doxil® formulation are not detectable in the electrophero-

grams of Doxif treated cellular samples. Itis possible that, upon
entering the cell via pinocytosis, Do%ilcomponents are fully
solubilized by the low pH associated with acidic organelles. This
explanation is consistent with the observation that liposomes
destabilize and solubilize after pinocyto$#3]. Therefore, it
can be assumed that the remaining peaksiin 3, trace (ii),
except for peak 8, are likely the result of DOX metabolism.
Before identifying metabolite peaks resulting from treating
either CCRF-CEM or CEM/C2 cells with one of the two drug
delivery systems, a control consisting of untreated cells was ana-
lyzed by MEKC-LIF. Peak 8 was detected at an adjusted mobility 0.10 —
of 4.3x 10~4cm?V~1s1in the untreated control$ig. Jiii)
or Fig. 4(iii))). While previous research has not detected the 0.05 —
presence of autofluorescence in this pair of cell lifi23],
comparison of this control with other traces corresponding to 0.00 I I I B
treated sampled-{gs. 3(ii) and 4(i) indicated that peak 8 is the 3.0 3.5 4.0 45 50x10
result of autofluorescence of cellular components and not from
metabolism.
Upon treatment with of the CCRF-CEM cell line with free Fig. 5. Free doxorubicin vs. Dofilmetabolism. CCRF-CEM cells were treated

® . with (i) 25uM free DOX (i) 50uM (equivalent DOX) DoxiP for 12 h. The
DOX or Doxil™, transformation of the parent DOX prOdUCt was metabolite numbering system has been indicated above traces (i) and (ii). Peak

observedFigs. 3(ii) and 4(i) respectively). Free DOX treatment 7 gisplayed high variability in this separation system. Traces have been offset
leads to the appearance of metabolites (1-7). On the other handhey-axis for clarity. Separation conditions can be founéig. 3.
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electrophoretic profiles resulting from metabolite formation in 7

CCRF-CEM cells.Fig. 5 also shows the differences in pro- 6 - (&)

files resulting from the treatment with free DOX (trace (i)) and 5

Doxil® (trace (ii)). Metabolites 3 and 5 were present in free .

DOX treated cells but not present in DdXitreated samples; R

metabolites 9 and 10 were present in D8xiteated cell but o

absent from free DOX treated cells. Statistical analysis of the - 27

corrected mobilities revealed that metabolites 5 and 6 were not £ ' ] ﬂ D il

statistically different at the 98% confidence level, as were the $ 0 A = -

remaining metabolites. Therefore, peak identification of these ‘;

metabolites relied on both corrected mobility, peak position, and Q 71

shape. 86 A (B)
Doxorubicinol (DOXol) has been considered the primary 5

metabolite of DOX in human plasma and urifg17]. This 4]

metabolite cannot be resolved from DOX in the BS buffer sys-
tem used for the other metabolites. On the other hand, use of .
the CD-MEKC system than can separate DOXol from DOX, ]
demonstrated that the CCRF-CEM and CEM/C2 cell lysates, ! ﬂ ﬂ ﬁ i
from cell treated with DOX and Do, did not have detectable 0 L % . : 6 7 s o 1o
DOXol (data not shown). T MetboliteNumber

The abundance of DOX metabolites in the two drug deliv-
ery systems was also compared. Average metabolite abundarfde- 6. Relative abundance of metabolites in free DOX and Baxéated cells.

for each delivery systems and cell line can be found@ahle 1 Metabolite accumulation is expressed as percent DOX peak area for DOX treated
ack) and Doxil treated (gray) CCRF-CEM (A) cells and DOX (black) and

. bl
Bas_ed on pealg area, the abso'“_te metabolite abun_dance Shov%ﬁ) il treated (gray) CEM/C2 (B) cells. Error bars represent the standard devi-
no differences in at the 98% confidence level for a given metabogion of three replicate injections.

lite in comparisons between drug delivery system for a given cell
line (i.e. Doxil® treated CCRF-CEM versus free DOX treated cells may be an indication that the enzymatic pathways involved
CCRF-CEM), In contrast, the amount of DOX accumulating inin DOX metabolism are saturated under free DOX treatment
Doxil® treated cells was significantly lower than in free DOX [44]. It could also be that the majority of DOX metabolism
treated cells. The relative (percent) metabolite abundance witis occurring in acidic organelles, as opposed to the cytosol as
respect to total DOX abundance in the two delivery systems igreviously believed (e.g. carbonyl reductase, NADH dehydro-
shown inFig. 6. These data reveal that, in both cell lines, the per-genase]2]. Based on the reportedk for DOX, it is possible
cent metabolite concentration is significantly higher in DBxil to calculate that approximately 9% of free DOX is taken up
treated cells than free DOX treated cells. through pinocytosis, while the remaining drug is taken up by
Similar absolute amounts of metabolites for both drug delivcells through passive diffusiofi,45]. Conversely, liposomes
ery systems and higher relative abundance for the Barelated only deliver their drug payload to a cell when taken up by

Table 1
Average electrophoretic mobilities and abundance in moles per cell as determined by peak area for metabolites resulting from treatment of COREMIERI o
cells with either free DOX or DoxX®! (n=3)

Metabolité* Mobility® Moles per ceft

CCRF-CEM free DOX CEM/C2 free DOX CCRF-CEM DoXil CEMI/C2 Doxif®
1 3.21+0.06 0.60+ 0.01 0.60+ 0.02 0.72+0.03 0.72£0.01
2 3.29+0.05 0.59+0.01 0.60+0.05 0.74£0.04 0.74+0.02
3 3.33£0.04 0.60+ 0.01 0.60+0.01 N/A N/A
4 3.56+0.06 0.5740.01 0.63:0.01 0.7/ 0.04 0.75£0.002
5 3.67+£0.04 0.5A0.002 0.58:0.01 N/A N/A
6 3.75+0.06 0.64+ 0.002 0.63:0.01 0.89£0.03 0.90+0.01
7 4.12+0.18 0.58+0.01 0.6 0.01 0.69+0.01 6.95-0.11
gd 4.33+0.08 0.520.01 0.59+0.01 0.73£0.02 0.71+0.03
9 4.63+0.04 N/A N/A 0.680.01 0.68:0.01
10 4.79£0.04 N/A N/A 0.68+0.003 0.6A40.01
DOX 3.14+0.03 141.59 4.45 119.96:1.91 15.99+0.31 16.19-0.32

a Metabolite numbering system is the same aBim 5. Data correspond to the average of triplicate injections. Variation is represented in standard deviation.

b Electrophoretic mobility/10* (cm? V—1 s~1); average mobility calculated from individual electrophoretic mobilities from every injection in every sample.

¢ Metabolite amount was calculated from the average peak area, the DOX calibration curve, and the total numbere6ls%210° cells/mL). Estimated content
per cell (1019 determined from Eq(1).

d Detected in untreated (blank) cell lysate; therefore, this peak is not considered to be the result of metabolism.
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