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SUMMARY 

The measurement of intracellular concentrations of the anti-cancer drug doxorubicin 
was performed by the application of a simple cell extraction technique combtied with a 
rapid b&b-performance liquid cbromatogra~hic separation. Quantitation was done by 
fluorescence detection_ The extraction procedure was non-degradative 2nd the mean 
recovery of drug .was 96%. A high drug extraction efficiency was confirmed with 
radiolabeled [“H]doxornbicin. The method is applicable to normal and neoplastic tissue. 

INTRODUCTION 

Quantit@ion of the tissue content of two imporkmt anticancer agents, 
doxorubicin and daunomycin, has been difficult. Assays have been carried out 
us&g either demanding thin-layer chromatography $echniques [1] or 
fluorometric measurem ents that are unable to resolve metabolites of the d-rugs 
PI. 

Measurements of cell levels of these drugs are of potential therapeutic 
importance, since, resistance to these agents has been shown to be related to 
alterations_in drug transport 13--51 irk several experimental tumors. Whether or 
not changes in -drug transpo* are imporhm$ in drug resistance to these agents 
in @man.tumor$ is yet to be demonst+ed. 

.- Recqxtly, high-perfbrmance liquid c~o~tograpkic z (HPLC) techiques 
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have been described for analyzing daunomycin and doxorubicin in urine and 
plasma [S-S] _ The present study describes a rapid tissue extraction method 
modified from Israel et al. [ 73 coupled with a simple HPLC separation that can 
be used to determine cellular drug levels of daunomycin or doxorubicin. The 
extraction efficiency is high and is confirmed by measurement with radio- 
labeled doxorubicin. 

EXPERIMENTAL 

Reagents 
Doxorubicin was obtained from commercial sources (Adria Laboratories, 

Dublin, OH, U.S.A.). Radiolabeled doxorubicin ( C3H J doxorubicin) was a gift 
of New England Nuclear (Boston, MA, USA_‘), specific activity 0.5 Ci/mmol. 
The purification of the labefed material is described below. Doxorubicinol 
and doxorubicinone were prepared from doxorubicin [9]. Daunomycin was 
obtained from the National Cancer Institute (Bethesda, MD, U.S.A.). Methanol 
(distilled in glass) was obtained from Burdick & Jackson Labs., Muskegon, MI, 
U.S.A. R.P.M.I. 1640 was obtained &om Associated Biomedic Systems, 
Buffalo, NY, U.S.A. 

Tissues 
The cells used in experiments were either peripheral blood (PB) mononuclear 

cells obtained from heparin anticoagulated venous blood drawn from normal 
volunteers and then separated on Ficoli-Hypaque gradient (PB lymphocytes) or 
HL-60 cells grown from a stock kindly provided by R. Gallo (National Cancer 
Institute)_ HL-60 is a recently described cell line derived from a patient with 
acute progranulocytic leukemia [lo]. HL-60 cells were grown in R.P.M.I. 
1640 medium supplemented with 20% fetal calf serum, 1 gM glutamine, and 
100 units penicillin per ml and 50 pg streptomycin per ml in Coming T-30 
flasks in 95% air, 5% carbon dioxide. 

Cell incubations 
Cells were suspended at 2 X 106/ml in sterile Dulbecco’s phosphate buffered 

saline (PBS), pH 7.4, at 37°C with drug concentrations and incubation times 
as specified_ Incubations were in screwcapped glass tubes in air. Aliquots of 
HPLC purified, 3H-labeled doxorubicin (1.85 X lo4 disintegrations per second/ 
lo6 cells) were added to incubation mixtures. Tubes were protected from light 
during the incubations. 

Drug extractions 
Samples of cells were extracted following incubations. Cells were centrifuged 

at 225 g for 5 min. The supematant incubation medium was removed and 
cells were washed twice in 0.5 ml PBS. The incubation medium and all the 
washes for each sample were combined and subsequently handled for 
extraction in the same manner as the cell pellet. The washed cell pellet was 
resuspended in 1 ml PBS. One extract was prepared from the resuspended cell 
pellet and another from the pooled washes and incubation medium for each 
sample. These extracts were obtained by adjusting the pH with 200 ~1 Tris 
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buffer, pH 8.4, then extracting twice with four volumes of chloroform- 
methanol (9:l). The organic phase was removed, evaporated on a Buchi 
Rotavapor (Brinkmann Instruments, Westbury, NY, U.S.A.) over a 40°C water 
bath and the residue redissolved in the HPLC mobile phase for injection as 
described below. All steps in the extraction procedure were conducted in 
reduced room light. Samples redissolved in mobile phase were stable when 
stored at -20°C for at least 1 week. 

High-performance liquid chromatogmphy 
The chromatographic separations were accomplished on a DuPont Model 

850 liquid chromatograph (DuPont, Wilmington, DE, U.S.A.) equipped with a 
30 cm X 3.9 mm I.D. PBondapak C I8 column of 10 pm particle size (Waters 
Assoc. Waltham, MA, U.S.A.). An isocratic solvent system (mobile phase) was 
used consisting of 0.05 M Na&PO~-methanol (3565, v/v). Solvent was 
degassed by continuous helium sparging. The flow-rate was 1.5 ml/min and the 
column oven temperature was 36°C. 

Ultraviolet absorption was monitored with a DuPont Model 850 fixed wave- 
length absorbance detector set at 254 nm. Fluorescence was measured with a 
Model SF-970 liquid chromatography fluorometer (Schoeffel Instrument, 
Westwood, NJ, U.S.A.). The excitation wavelength was 482 nm (tungsten 
lamp) and the emission wavelength was 580 nm (Schoeffel filter No. 2-73, 
low cut-off at 550 nm). 

Triangulation of the peak area (UV or fluorescent detector) was used. for 
quantitation. The standard curve was linear to at least 100 ng (185 pmol) with 
a correlation coefficient of 0.9998. The lower limit of sensitivity for accurate 
quantification was 5 ng per injection. 

Radioactivity was measured using 10 ml/vial of Beckman Ready Solv HP 
scintillator in a Beckman LS150 liquid scintillation spectrometer. The 3H 
counting efficiency was 30-40%. Counts were corrected by reference to a 
quench curve derived from external standard ratio measurements. 

The [3H]doxorubicin supplied by New England Nuclear was purified by 
collection of &&ions corresponding to the fluorescent peak on HPLC 
injection. On re-injection the material was determined to be 94% pure. The 
c3H] doxorubicin required periodic (approximately every 2 weeks) purification 
before experimental use. 

RESULTS 

HPLC sepam tion 
Injection of a mixture of daunomycin, doxorubicin, and two compounds 

reported to be metabolites of doxorubicin, namely doxorubicinol and 
doxorubicinone, showed excellent resolution of native drug from metabolites 
(Fig. 1): The compounds were recovered in the sequence doxorubicinol, 
doxorubicin, doxorubicinone, and daunomycin with retention times of 3.4, 
3.9,4.7, and 5.6 min, respectively. 

Tissueextraction studies 
In studies employing cell incubation with drug, the cell pellets were 

extracted and the washes were pooled with the incubation medium for 





143 

as the drug concentration was increased during incubation in HI-60 cells 
(Table II). 

The close agreement in both. sets of experiments of drug assay by HPLC 
fluorescence measurement and by 3H-label_scintillation counting supported the 
obsenration that the extraction procedure did not result in loss of ‘H label. 
The mean total drug recovery .was 95% in these experiments. The efficiency of 
total drug recovery in these experiments indicates that but little of the cellular 
content of drug might have been unexk&.able. Hence, the use of an internal 
standard, Such as [3H]doxorubicin added prior to the extraction, can be 
justified. 

Carefui analysis of the HPLC patterns in repeated runs and the recovery 
data revealed no significant evidence of drug metabolite formation with these 
cell types under these incubation conditions. 

L 
G 010 - 

m 

z 

g 

/ 
i I’ 

Q 005 - 

/ 

corr. Coeff OS97 

0’ 
3 
= 

g 
0’ 

/ 
* 

e c 

E 
3 

3 - I I I 

0.4 08 i2 46 

DOXORUBICIN in Medium (pg/rnl) 

Fig_ 2. Intracehlar doxorubicin concentration in HL430 cells. The recovery of intracellular 
doxorubicin following l-h incubation of HL-60 cells with increasing concentrations of the 
drug in the incubation medium. 

TABLE IL 

DOXORUBICIN RECOVERY FOLLOWING INCUBATION WITH HI.-60 IN 0.5 ml PBS WITH 
INCREASING QUANTITIES OF C-1 DOXORUBICIN FOR 1 h AT 37OC 

Meanof4repnxentativeespehnenta. 

Dnrg CelIulardrugcontent<ng) Drug3nmedhmand Total drug recovered 
srdded w=hes<ng) 
0%) Murrurrdby Mesurcdby Measuredby- Measuredby 

flU-lm: ladi- ~uolrescenee %I flue-ence radiolabeling 

az 46 ng % 

296 iit.3 28 142.0 164.2 172.0 83 192.2 93 
340 67.1 256.7 259.6 323.0 95 316.7 93 
382 76 75.1 298.3 285.6 374.3 97.9 369.6 94.3 
843 160.2 165.3 593.3 605.2 753.3 89.3 770.5 91.3 



DISCUSSION 

In the therapy of cancer in man the most effective drum currently available 
are doxorubicin and daunomycin. Techniques providing accurate measurement 
of intracelMar doxorubicin content and capable of detecting metabolites are 
therefore potentially important in exploring mechanisms of drug resistance in 
hums tumors and for understanding the effect of agents that may modify 
the toxicity of doxorubicin 

The analytic procedures were modified from those of Israel et al. [7], who 
studied drug content in biological fluids. Their systems were not applicable 
to tissues, because they resulted in drug degradation and poor recovery. These 
problems led to the present extraction and analytic steps. 

The present study shows that using highly purred 3H-labeled doxorubicin 
Ft-e can confirm the efficient, non-degradative extraction of doxorubicin from 
cells and its reliable measurement in a HPLC system. 

The results with HL-60 cells and peripheral blood lymphocytes show that, 
under these incubation conditions, cells rapidly concentrate doxorubicin. 
Brief incubation of HL-60 cells in doxorubicin in the range of drug concentra- 
tions used does result in inhibition of growth. Therefore, this technique 
provides the opportunity to determine cellular drug concentrations for 
correlative analysis with target cell cytotoxicity, 

ACKNOWLEDGEMENTS 

This work was supported by NIH Grants 18132 and 23115, the Heddens- 
Good Foundation, and the McDermott Foundation- 

REFERENCES 

1 !.X_ Chan 2nd P.A_ Harris, Res. Commun. Chem. Pathol. Pharmacol., 6 (1973) 447. 
2 H.S. Schwartz, Biochem. Med., 7 (1973) 396. 
3 X_ Dana, S_ Frederiksen and P. Helhmg-Iarsen, Cancer Res., 32 (1972) 1307. 
4 M_ Inaba and RX_ Johnson, Biochem. Pharm., 27 (1978) 2123. 
5 D. K-1, V. B&t&Ii 2nd I_ Wodinsky, Cancer Res., 28 (1968) 938. 
8 R. Baurain, D. Deprez-De Campeneere and A_ Trouet, Anal. B&hem., 94 (1979) 112. 
7 M_ Israel, W.J. Pegg, P.M. Wilkinson and M.B. Gamick, J. Liquid Chromatogr., l(l978) 

795. 
8 d.J. -gone, H. Van Vunakis and N.R. Bachur, Biochem. Med., 12 (1975) 283. 
9 N-R. Bachur, J. Pharmacol. Esp. Ther., 177 (1971) 573. 

10 R_ G&zgher, S_ Col!.ins, J_ Trujillo, K. McCredie, M. Aheams, S. Tti, R. Metzgar, 
G. AuIakh, R. Ting, F. Ruscetti znd R. &ilo, Blood, 54 (1979) 713. 


