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The anthracyclines doxorubicin and daunorubicin- (Fig. 1) are important 
antitumour drugs but show a dose-limiting cardiotoxicity [l, 21; hence, Iess 
toxic anthracychnes are being sought [3]_ Rapid reliable assays are needed 
for in vivo studies on such compounds: here we consider daunorubicin and 
7con-Cmethylnogarol- The former is a “type” compound for the group, 
and an assay for it in the blood of infected animals was needed for investiga- 
tion of its trypanocidal effects 141; the latter compound ,is the most promis- 
ing semi-synthetic derivative of the anthracycline nogalamycin [5] _ 

FIuorescence assay will not distinguish between anthracyclines and their 
fluorescent metabobtes 161, and thin-layer chromatography is also inappro- 
priate since hydrolysis of drug may occur [l] _ High-performance liquid chro- 
matography (HPLC) is the method of choice_ Normal-phase HPLC has been 
reported [7-U] ; but the drug must be extracted into organic phase so there 
may be problems of recovery. Reversed-phase HPLC has also been used [7, 
12-171; iu all cases an extraction (solvent extraction or adsorption on to a 
pre~olumu) was performed, yielding an organic phase which was either evap 
orated or backextracted, so again there are problems of recovery. The pro- 
cedure described here. maximise s recovery of drug and metabolites (irrespec- 
tive of partition properties), and miuimises tmusferences, by precipitation 
of protein from the plasma followed by direct injection of supematant on 
to the HPLC -column_ Whilst -this work was in progress; a similar method 
was reported for doxorubicin by Quattrone and Ranuey [IS]. 

*P&sent ‘.addrekst Department of Phaqnaceutical dhemistry, Sunderland Polytechnic, 
Che&e.rR&d Sund&and Sk 3SD, Great Britain_ 
**Daunorubi&n is the International No&Proprietary. Name for the compound given the 
trivial name daunomycin. 
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Fig_ l_ Structural formulae of doxorubicin, daunorubicin, daunorubiciuol and 7con-O- 
methylnogarol (the stereocheuiistry of the latter compound is not yet fully verified but is 
most probably that shown here [ 51). 

MATERIALS AND METHODS 

Materials 
Daunorubicin hydrochloride and daunomycinone were gifts from Dr. F. 

Arcamone (Farmitalia, M&m, Italy): 7con-O-methyJ.nogarol was a gift from 
Dr. P.F. Wiley (The Upjohn Company, Kalamazoo, MI, K3.A.). Acetonkiie 
was HPLC grade (Fisons, Loughborough, Great Britain) and phosphoric acid 
was analytical grade (BDH, Poole, Great Britain). -Water was doubkdistilled 
before use_ All glassware was silanked to prevent adsorption of drug_ All 
drug solutions were protected from light and were stored refrigerated_ 

Method 
Gene& extraction method. Acetonitr&-O_l M H,PO, (4 : 1) (1 nil) was 

added to human plasma (1 ml) in .a stoppered centrifuge tube; the mixture 
was vortex-mixed for 10 sefz then-centrifuged at 2200. g for 10 min to pellet 
the precipitated protein. The supematant (20 ~1 or 100 ~1) was chromate- 
graphed and the peak height and peak area were compared with those from 
standards prepared by the addition of drug to a centrifuged plasmaaceto- 
nitrilti.1 M H,PO, (5 : 4 : l).mixture. 

High-performance liquid chromatography. A Pye LC-XPD pump was used 
with a six-port rotary injection valve (Rheodyne. 7125) -&nd either .a 20-~1 
or lOO+.d loop, and a 250 X 4-6 -mm I-D, LiChrosorb RP-2 (5 pm) column. 
The mobile phase was 35% acetonitrile in 0.01 M H,PO, at a-.fIow-rak of 
1 ml min-’ (ambient temperature) and detection was with a 25-~1 mirrored 
flow cell. in a. Perkin-Elmer 3000 fluoreqence spectrometer -(Pigs. 2 and 3). 
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Fig_ 2_ Separation of daunomycinol (1, retention time 7-5 min) daunorubicin (2, 9.5 min) 
and daunomycinone (3, 14.0 min) in supematant from precipitated plasma. Stationary 
phase, LiChrosorb RI?-2;. mobile phase, 35% acetonitriIe in 0.01 M phosphoric acid; pres- 
sure, 120 bar; flow-rate, 1.0 ml mid’; fiuorescence detection, excitation 475 nm (15 nm 
slit), e-on 557 nm (20-nm slit). 

Fig_ 3_ Separation of 7con-0-methylnogarol (4, retention tie 8.3 min) in supernatant 
from precipitated plasma Conditions as for-Fig_ 2, except excitation 471 nm (15-nm slit), 
emission 550 nm (20-nm slit). 

Euaiuation of fluorescence enhancement_ Solutions containing daunorubicin 
(500 ng ml-l) -were prepared in mixtures of p&ma and acetonitrile+l.Ol M 
H,PO, (4 :. 1) in ratios from 25 : 75 to 75 : 25, This was repeated using wa- 
ter in place of plasma All solutions were vortex-mixed for 10 set then cen- 
trifuged at 100,000. g for 2 h, The fluorescence of each solution was deter- 
mined at. 3O”C, with the excitation monochromator at 475 nm (5-nm slit) 
and- the emissiim monochromator at 557 nm (lo-nm slit). 

RESULTS 

The method developed here for the assay of daunorubicin in plasma uses 
precipitation of proteins from the plasma by addition of an equal volume 
of .acetonitrilfl.l iW H,POs (4 : I), so avoiding losses during solvent extrac- 
tion and. d&kg. transferences: An aliquot. of the. supernatant is then chro- 
mat@raphed;--Since fluorescence detection was used, it was necessary to 
verify that there is-no .change in the fluorescence properties of the drug when 
It is: &plied. to the. column in- this -form compared to a solution in water- 
F&i&nary. -experiments showed that .the fluorescence of drug detected on 
elution fkom .the column: is. enhanced in *Ihe-..treated plasma s+nple compared 
to the. -k&r standards. This change is presumably. due ,to co-eluting material. 
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This enhancement of daunorubicin fluorescence was further investigated 
by det ermination of the fluorescence of daunorubicin (500 ng ml-‘) in cen- 
trifuged n&&ues of plasma and acetonitrile-O.1 M H3P04 (4 : 1) and in 
centrifuged mixtures of distilled water and acetonitrile-O.1 M H,PO, (4 : 1). 
The fluorescence of daunorubicin in those samples containing water was in- 
dependent of the ratio of water to acetonitrile-O.1 M H,PO,. In samples con- 
taining plasma, the fluorescence of daunorubicin increased as the ratio of 
plasma\ to acetoni~e-O.1 M H3P04 (4 : 1) increased, and the fluorescence 
was enhanced compared to the samples containing water (for example, at a 
35 : 65 ratio of plasma to acetonitrile--0.1 M H3P04 the fluorescence was 
104% of that in samples containing water, whereas at a 65 : 35 ratio it was 
122% of that in the watercontaining samples). The relevance of this fluores- 
cence enhancement to the HPLC assay was next evaluated by comparison 
of the peaks from standards of daunorubicin in distilled water to which an 
equal volume of acetonitrile-O.1 M H,PO, (4 I 1) was added, with those 
from solutions prepared by addition of d??morubicin to treated plasma (that 
is, plasma to which an equal volume of ac&mitrile-O.l M H,PO, (4 : 1) 
had been added, followed by centrifugz&_m). Hence, in the first case, the 
concentration of daunorubicin in wat~r-acetonitrile-O-0.1 M H3P04 (5 : 4 : 1) 
was accurately known, and in Se second case the concentration of dauno- 
_rubicin in centrifuged plasma--acetonitrile-+l M H,PO, (5 : 4 : 1) was ac- 
curately known, The vaIues of peak height for the daunorubicin in the “plas- 
ma’* samples were consistently 10% higher than the corresponding values 
for “the “water” samples. Colxequently in all further work, drug standards 
were always prepared in plasmaacetonitrile-O.1 M H,P04 (5 : 4 : 1). Stan- 
dards typically gave calibration curves with a correlation coefficient of 0.998. 

The efficiency of recovery of the assay method was next assessed by trip- 
licate assay of spiked plasma samples containing between 10 ng ml-’ and 
5 pg ml-’ daunorubicin, The plasma was treated by addition of an equal volume 
of acetonitie-O.1 M H3P04 (4 : 1) and centrifugation. The recovery of 
daunorubicin in the 100 ng ml- ’ to 5 pg ml-’ range was 99.1% (s = 1.24, 
n = 5) and for the whole range, 10 ng ml-’ to 5 fig ml-‘, was 92.3% (s = 12.3, 
n = 8). The procedure was repeated for the aglycone (daunomycinone); for 
the 100 ng ml-’ to 5 pg ml-’ range the recovery was 96.6% (s = 5.82, n = 5) 
and for the whole 10 ng ml-’ to 5 pg ml-’ range was 95.0% (s = 5.44, n = 8). 
For 7conGmethylnogarol there was excellent recove-ry over the whole range 
from 10 ng ml-’ to 5 pg ml-’ (98.5%, s = 1.12, n = 5). 

DISCUSSION 

Reversed-phase HPLC was chosen as the method here since it gives the op- 
portunity to develop an assay where manipulation of a biological sample 
is minimised, LiChrosorb RP-2 was used since it has been shown previously 
[12 3 that selectivity of the assay is not affected as the chain length of the 
bonded group is altered; RP-2 gives shorter retention timei than octylsilyl- 
and octadecylsilyl-bonded phases. Isocratic elution with a solvent similar to 
that of Eksborg et al. 1131 gave good separation of daunorubicin, dauno- 
rubicinol- and daunomycinone, so allowing assay of parent drug and these 
metaholites. 
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An evaluation of the effect of the assay procedure on the fluorescence 
properties of the drug was necessary since the quantum yield of a drug (and 
hence fluorescence intensity) is sensitive to changes in factors such as solu- 
tion composition. It was found that fiuorescence was enhanced, so standards 
should always be prepared in a solution of the same composition as the sample, 

The assay method developed here is very rapid and is carried out in a single 
tube, thus minimising losses. It will extract metabolites as well as parent 
drug. The recovery for all compounds evaluated (daunorubicin, daunomyci- 
none and 7con-O-methylnogarol) was 96% or greater for the 100 ng ml-’ to 
5 pg ml-’ range, As concentration of drug was reduced, recovery of dauno- 
rubicin and daunomycinone decreased but recovery of 7con-O-methylnogarol 
remained at 98.5%. The method is thus a very rapid, reproducible assay for 
anthracyclines and their metabohtes in plasma, and the sensitivity compares 
well with that of other reported methods We have also extended the assay 
to determination of anthracyclines in homogznised cell samples, 

REFERENCES 

7 

8 
9 

10 
11 

12 
13 
14 
15 

T. Skovsgaard and N.I. Nissen, Dan. Med. Bull., 22 (1975) 62. 
H-L,. Davis and T.E. Davis, Cancer Treat. Rep., 63 (1979) 809. 
J.R. Brown, Prog. Med. Chem, 15 (1978) 125_ 
J. Williamson and T.J. -Scott-Firmigan, Antimicrob. Ag_ Chemother., 13 (1978) 735. 
P.F_ Wiley, J; Nat. Prod., 42 (1979) 569. 
N.R. Bachur, C.E. Riggs, M.R. Green, J.J. Langone, H. Van Vunakis and L. Levine, 
Ciin_ Pharmacol. Ther., 21(1977) 70. 
M. Israel, W-J_ Pegg, PM_ Wilkinson and MB. Garnick, J. Liquid Chromatogr., l(l978) 
795. 
R_ Hulhoven and J.P. Desager, J. Chromatogr., 125 (1976) 369. 
S. Shinozavva, Y. Mimaki, Y. Araki and T_ Oda, J. Chromatogr., 196 (1980) 463. 
J.H_ Peters and J-F_ Murray, J. Liquid Chromatogr_, 2 (1979) 45_ 
R_ Baurain, D_ Deprez-De Campeneere and A_ Trouet, Cancer Chemother Pharmacol. 
2 (1979) ll_ 
S. E&bog, J_ Chromatogr, 149 (1978) 225 
S. Eksborg, H. Ehrsson, B. Andersso n and M. Bemn, J_ Chromatogr, 153 (1978) 211. 
S. Eksborg, H. Ehrsson and I_ Andersson, J. Chromatogr., 164 (1979) 479_ 
P.A. Andrews, D.E_ Brenner, F--T-E_ Chou, H Kuho and N-R. Bachur, Drug Metab. 
Dispos., 8 (1980) 152_ 

16 J. Robert, J. Liquid Chromatogr., 3 (1980) 1561. 
17 R.N. Pierce and P-1. Jatlow, J. Chromatogr., 164 (1979) 471. 
18 A.J. Qua&one and D-F. Ranney, J. Anal. Toxicol., 4 (1980) 12. 


