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SUMMARY

A method is given for the determination of daunorubicin and its main
metabolite, daunorubicinol, in plasma from leukemic patients after administration of
daunorubicin as the free drug or as a complex with DNA. Daunorubicin and
daunorubicinol are extracted from 2 ml of plasma (pH 8.1) using a mixture of chloro-
form and 1-heptanol (9:1). After re-extraction into phosphoric acid (0.1 M), the
separation is performed as reversed phase liquid chromatography on a LiChrosorb
RP-2 (5 xm) column with a mobile phase of acetonitrile—water, acidified with phos-
phoric acid. The precision, by quantitation with a photometric detector, was better
than 29/ within the range 20 ng/ml to. 200 ng/ml. Some determinations of plasma
levels of daunorubicin and daunorubicinol are presented.

INTRODUCTION

Daunorubicin (Fig. 1) is an antraquinone glycoside widely used for the treat-
ment of acute leukemial. It is extensively metabolized to daunorubicinol (Fig. 1) with
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Fig. 1. Structural formulae. R = ~COCHj; (daunombicin); ~CH(OHCH; (daunombiqinol).
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_similar cytotoxic activity?. Cardiac irregularities and myocardiopathy are the most
“serious side effects from treatment with daunorubicin®*. The cardiac toxicity has, in
animal models, been found to decrease significantly by administration of daunorubicin
as a complex with DNAS,

A sensitive and selective method for the determination of daunorubicin and
daunorubicinol in plasma from leukemic patients after administration of daunorubicin
as free drug, or as complex with DNA, would be of a great value for comparative
pharmacokinetic studies. Plasma levels of daunorubicin and its metabolites have
previously been determined by measurement of total fluorescence afier extraction
with acidified ethanol® or after separation by thin-layer chromatography (TLC) . High-
performance liguid chromatography was used for the separation and guantitative
determination of daunorubicin and daunorubicinol after extraction from alkalized
rabbit plasma8. Recently a comparision of plasma daunorubicin levels by fluorescence
and radioimmunoassay has been presented®.

This paper gives a method for the determination of plasma levels of
daunorubicin and daunorubicinol comprising extraction with chloroform and 1-
heptanol and separation by reversed-phase liquid chromatography with a photometric

detector.
EXPERIMENTAL

Apparatus
This consisted of an Aminco-Bowman 4-8202 B spectrofluorimeter and an

Orion Research Mcdel 701/digital pH meter equipped with an Ingold combined
electrode type 401.

Glass equipment
All glass equipment, with the exception of micro pipettes, was silanized before

use, by treatment with dichlorodimethylsilane (59 by volume) in toluene, followed
by washing with dry methanol.

Chromatographic system

The two detectors used were the LDC Spectromonitor I (500 nm) and the
Altex Model 153 (253.7 nm). Both were equlpped with cells of 10 mm path lengih and
volume 8¢l

The pump was of the LDC 711 Solvent Dehvery System type, and the columns
were of stainless steel (length 150 mm, I.D. 4 mm, O.D. 1/4in.). The column end
fittings were modified Swagelok connectors. A Rhecdyne (Model 70-10) injection
valve with a sample loop of 300 ul was used.

. The LiChrosorb RP-2 support (E. Merck, Darmstadt, G.F.R.) had a mean

diameter of 5 gm, and the chromatographic system was thermostated to 25.0 - 0.1°.

Chemicals Y

Daunorubicin and daunorubicinol were obtained from Pharma Rhodia (Stock-
holm, Sweden). Desipramine was supplied by AB Hiissle (Molndal, Sweden). The
mobile phases were prepared from acetonitrile (Méarck, Uvasol), phosphoric acid
(Merck p.a.) and distilled water. All other chemicals were of analytical grade and
were used without further purification. e -
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Chromatographic technique

The columns were packed by the balanced density slurry technigue'® with
tetrachloroethylene as the suspending medium. The columns were washed with n-
hexane and acetone (100 ml of each) before use. The mobile phase was passed through
the chromatographic system until constant retention of the solutes was obfained.

Usually less than 50 m! were required.

Drug administration

Administration of daunorubicin as free drug. Daunorubicin (0.70-1.5 mg/kg
body weight in 200 ml 0.9 %, NaCl solution) was given as an intravenous infusion for
45 min.

Administration of daunorubicin as complex with DNA. Daunorubicin (100 mg)
was added to 500 ml of 0.99] NaCl solution containing 2.34 mg herring sperm
DNA/ml. The mixture was given as an intravenous infusion (160 mi/h) with a total
dose of 0.70-1.5 mg daunorubicin/kg body weight.

Plasma samples from leukemic patients

Blood samples (5-7 ml) were collected in 16 ml glass test tubes (Vacutainer)
containing 250 I.U. heparin (freeze dried) immediately before, and at appropriate
times after, the start of drug administration. The samples were immediately cooled
in an ice bath and centrifuged at 4080 g for 10 min at 0°. The plasma fraction was
carefully aspirated and frozen at —20° until assay.

Spiking of plasma samples

The accuracy and precision of the method was studied as follows: (i)
Daunorubicin and daunorubicinol dissolved in 0.1 M phosphoric acid (50 ul/ml
plasma) were added to drug free plasma. After neutralization with 0.1 M sodium
hydroxide solution of the spiked plasma samples were treated as described under
Analytical method. (ii) Daunorubicin, daunorubicinol and herring sperm DNA
(1:1:24, w/wjw) dissolved in distilled water (30 zl/ml plasma) were added to drug
free plasma. The spiked plasmausamples were treated as described under Analytical
method.

Spiking plasma samples with daunorubicin and daunorubicinol (25-200 ng of
each per ml plasma) dissolved in distilled water (no DNA present) gave recoveries
within the range 30-80%;, the recovery being increased with increasing concentration.
These results are probably due to adsorption to glass surfaces. No similar effect was
observed on addition of daunorubicin and daunorubicinol as DNA complexes dis-
solved in distilled water.

ANALYTICAL METHOD

Extraction procedure

A 2.00-ml sample of plasma is mixed with 0.2 ml phosphate buffer pH 8.1,
# = 1.0 and extracted with 10.00 ml chioroform—1-heptanol (9:1) for 10 min. After
centrifugation, 7.00 ml of the organic phase is extracted with 0.400 ml phosphoric
acid 0.1 M containing 5 pg/ml of desipramine for 10 min. The aqueous (upper) phase
from the extraction procedure is transferred into a centrifuge tube with a tapered base
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(0.2 ml) containing 2 ml of hexane and centrifuged. (This step is included to facilitate
the transfer of the aqueous phase into the chromatographic column without contami-
natiop with organic phase.) .

Liquid chromatographic isolation and quantitation

Part of the aqueous (lower) phase, 0.050-0.300 ml, is injected into the chro-
matographic column (suppori: LiChrosorb RP-2, 5 um; mobile phase: acetonitrile—
water-0.1 M phosphoric acid, (25:65:10); mobile phase speed: 0.8—-1.0 ml/min). The
absorbance of the eluate is measured at 253.7 or 500 nm. Quantitation is based on
peak area measurement and molar absorptivity of the migrating compounds.

RESULTS AND DISCUSSION

Metabolic activity in whole blood samples

Daunorubicin has been reporied to convert into daunorubicinol under the
influence of human hematological components, while no conversion was detected in
cell-free plasma'l. However, no detectable amount of daunorubicinol (<3 ng/ml) was
found after incubation of heparinized blood with daunorubicinol (200 ng/ml) at 4° for
30 min.

Extraction procedure
The extraction of daunorubicin and daunorubicinol using chloroform and 1-

pentanol as the organic phase has been extensively studied, and is reported elsewhere!2,
The degree of extraction is strongly dependent upon the pH of the aqueous phase
as illustrated in Fig. 2. Optimum extraction is obtained at pH 8.0 for daunorubicin
and 8.1 for daunorubicinol with an extraction degree of 97 and 919, respectively
(equal phase volumes). Quantitative extraction (>989%) of daunorubicin and
daunorubicinol is obtained by using a volume ratio organic phase:aqueous phase of 5.

To avoid an interfering peak in the chromatogram caused by l-pentanol,
chloroform with addition of 1l-heptanol was used for the quantitative extraction of
daunorubicin and daunorubicinol. It is not likely that this modification affects the
extraction profile presented in Fig. 2 (c¢f. ref. 13). No influence on the extraction degree
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Fig. 2. Distribution ratio and pH of the aqueous phase. Organic phase: chloroform-1-pentanol
(9:1); aqueous phase: bufier solution (ionic strength 0.1). I = Daunorubicin, II = daunorubicinol.
D = distribution ratio = (total concentration in the organic pbase)/(total concentration in the
aqueous phase) (equal phase volumes). The curves are calculated from constants given in ref. 12,
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due to formation of DNA complexes was observed by the extraction of daunorubicin
and daunorubicinol (200 ng/ml) in buffer solution pH 8.1 containing 1.0-5.0 gg/ml of
herring sperm DNA using chloroform—1-heptanol (9:1; equal phase volumes) as the

arcanice nhace Nannarnhicin and dannarmhicinnal ara cenarated fram aslucaneg
Vipailiv pPladwe I/GUIIUVIWGUIVILE GIIU UAUILUR GULVIIIUE Qi SUPGLIGLWS RIVIIE GoLlYLULLIWD,

formed as metabolites', by re-extraction into a small acidic aqueous phase.

Conditions for quantitative re-extraction can be calculated from determined
constants'?. A phase volume ratio, organic phase:aqueous phase of 20 makes it ne-
cessary to use an agueous phase of pH < 1.7 for quantitative transference of dauno-
ribicin and daunorubicinol from the organic into the aqueous phase. In practice,
however, quantitative re-extraction was not obtained under the calculated conditions,
probably as a result of adsorption phenomena. This assumption is supported by the
fact that the yield from plasma samples, spiked with daunorubicin and daunorubicinol,
was considerably higher than from spiked buffer samples, i.e. adsorption was to a
great extent prevented by masking of adsorption sites by coextracted plasma comi-
ponents. The effect of the adsorption phenomena could completely be eliminaied by
the addition of a secondary amine, desipramine (5 gzg/ml), to the small acidic aqueous
phase's. Transference of liquid phases was to a significant extent simplified by silaniza-
tion of glass equipment. Both daunorubicin and daunorubicinol were stable at pH
1.7 (25°) for at least 7 days as confirmed by liguid chromatography.

Chromatographic isolation

Reversed-phase liquid chromatography of daunorubicin and daunorubicinol
has been studied with respect to selectivity and retention'®. Highest performance of
the chromatographic system was obtained using LiChrosorb RP-2 as the support
with a mobile phase coataining 20-30 % (v/v) of acetonitrile in water, acidified with
phosphoric acid. ]

The retention of daunorubicin and daunorubicinol is strongly dependent upon
the concentration of acetonitrile, Fig. 3'. In our method a mobile phase containing
259, acectonitrile is used, giving a complete separation of daunorubicin and
daunorubicinol within 10 min. Minor deviations from this concentration may some-
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Fig. 3. Retention time and concentration of acetonitrile in mobile phase. Support: LiChrosorb RP-2
(5 um); sample: daunorubicin (@) and dauaorubicinol (O), 2.5 nmoles of each in 100 z! of mobile
phase; mobile phase: phosphor acid (1072 M) in water—acctonitrile; mobile phase speed: 0.90
mi/min.
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times be necessary when monotoring the eluate at 253.7 nm to increase the resolation
between daunorubicin and daunorubicinol and other coextracted UV—absorbmg dmgs

and metabolites.

Detection selectivity and sensitivity

The chromatographic system used showed a high selectnnty in the separation
of anthraquinone glycosides with minor differences in substitution of the side chain®S.
A chromatogram of drug free plasma samples showed no interfering peaks when
measuring the eluate at 253.7 nm. An increase in the detection selectivity may some-
times be necessary, and can be obtained by measuring the eluate at 500 nm. This
results, however, in a 3-5 times lower detection sensitivity caused by a combination
of lower molar absorptivity (see below) and higher noise level of the detector.

Quantitative determinaticn
Quantitation is based on peak area measurement, eqn. 1.

M=YXuXxbxel ’ ¢))]

Where M = amount of sample in mmoles, ¥ = peak area in mm?, #u = ml/mm chart
paper, b = absorbance/mm chart paper and ¢ = molar absorptivity of the migrating
compound'’. The molar absorptivity of daunorubicin and daunorubicinol were found
to be identical (7.89 x 10® at 500 nm, and '1.92 X 10* at 253.7 nm). From eqn. 1, it
follows that the peak area is independent of chromatographic parameters such as
column efficiency and capacity factors of the solutes, as well as of length and diameter
of the used chromatographic column. Hence, once the molar absorptivity of the solute
has been determined no calibration graph has to be constructed.

Recavery and precision

The recovery aand precision of our method at various drug levels are presented
in Table 1. It shows that daunorubicin and daunorubicinol can be determined with a
precision better than 29 at plasma levels >20 ng/ml.

TABLE1
RECOVERY AND PRECISION
Measuring wave length: 500 nm.

Plasma level Recovery (%) Added as
(ngfml) — I
) Daunorubicin Daunorubicinol

25 933 + 1.1* 93.6 + 2.1 Free drug**
100 996 + 1.6 99.7 + 0.9 Free drug
200 1000 &- 03 103.5 + 1.8 Free drug

20 993 + 1.7 99.7 - 1.8 DNA complex*”

70 999 + 1.5 99.0 4 1.2 DNA complex
200 995+ 1.2 1010 =038 DNA complex

*Relative standard deviztion (z = 8). T
** See text for details. .
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Plasma samples from leukemic patients

A typical chromatogram of a plasma sample from 2 levkemic patient treated
with daunorubicin is shown in Fig. 4. Examples of plasma levels of daunorubicin
and daunorubicinol after administration of daunorubicin as the free drug and as a
DNA complex to leukemic patients are presented in Fig. 5. Further pharmacokinetic
studies are in progress.
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Fig. 4. Chromatogram from leukemic patient plasma containing daunorubicin and daunorubicinol.
Chromatographic conditions as given in the text (measuring wave length: 500 nm); plasma sample
taken after infusion of 1.4 mg daunorubicin/kg for 45 min; plasma concentrations found: daunc-
rubicin 370 ng/ml: daunorubicinol 90 ng/ml.
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Fig. 5. Plasma levels of daunorubicin and dasnorubicinol after intravenous infusion of daunorubicin:
@ = daunorubicin; O = daunorubicinol. Administered dose of daunorubicin: 1.30 mg/kg as free
drug (2); 0.81 mg/kg as DNA complex (b).



218 S. EKSBORG, H. EHRSSON, B. ANDERSSON, M. BERAN
ACKNOWLEDGEMENTS

Our thanks are due to Miss Ingrid Andersson and Mtss dlla. Léaroth for their
skillful technical assistance.

REFERENCES

1 J. Bernard, R. Paul, M. Boiron, C. Jacquillat and R. Maral (Editors), Rubidomycin. Recent Results
in Cancer Research, Springer, New York, 1969,
2 M. A. Asbell, E. Schwartzbach, I. Wodinsky and D. W. Yesair, Cancer Chemoiher. Rep., 56 (1972)
315.
3 E. Herman, R. M. Mhatre, I. P. Leg, J. Vick and V. S. Waravdekar, Plzarmacolag;v, 6 (1971) 230.
4 A. C. Gilladoga, C. Manuel, C. T. C. Tan, N. Wollner, S. S. Sternberg and M. L. Murphy.
Cancer, 37 (1976) 1670.
S5 A. Langslet, 1. Ove and S. O. Lie, Acta Pharmacol. Toxicol., 35 (1974) 379.
6 D. S. Alberts, N. R. Bachur and J. L. Holtzman, Clin. Pharmacol. Ther., 12 (1971) 96.
7 D. H. Huffman, R. S. Benjamin and N. R. Bachur, Clin. Pharmacol. Ther., 13 (1972) 895.
8 R. Hulhoven and J. P. Desager, J. Chromatogr., 125 (1976) 369.
9 N. R. Bachus, C. E. Riggs, Jr., M. R. Green, J. J. Langone, H. van Vunakis and L. Levine, Clin.
Pharmacol. Tker., 21 (1977) 70.
10 R. E. Majors, Anal. Chem., 44 (1972) 1722,
11 D. H.. Huffman and N. R. Bachur, Carncer Res., 32 (1972) 600.
12 S. Eksborg, J. Pharm. Sci., (1977) in press.
13 B. A. Persson, Actac Pharm. Suecica, 5 (1968) 343.
14 S. Takanashi and N. R. Bachur, J. Pkarmacol. Exp. Ther., 195 (1975) 41.
15 H. Brotell, H. Ehrsson and O. Gyllenhaal, J. Chromatogr., 18 (1973) 293.
16 S. Eksborg, J. Chromatogr., 149 (1978) 225.
17 S. Eksborg and G. Schill, Anal. Chem., 45 (1973) 2092.



