
A high-performance Iiqtid chromato_@-aphic method for the measurement of 
daunomycin and its main metabolite, daunomycinol, at iow concentrations in plasma 
is described. 

Quantitative determinations were obtained by the use of atiarnycin, another 
CyStOStatic a&XaCycfine antibiotic, as an internal standard. The SepaIX&OQS were car- 
ried out on a 5+-x1 silica microsphere cofumn with a quaternary solvent mixture as 
etuenti The components in the eluted peaks were detected by visible absorption at 
490 nm and there were no interfering peaks. The advantages of the method are spe- 
c&z&y, sensitivity, minimal pre-ana@sis sample work-lip and small sample Size. The 
method is Sensitive for plasma fevels of daunomycin and daunomycinot above LO 
cg/d- 

Experimental animal data are presented to illustrate the application of the 
method. 

Daunomycin (Rubidomycizr or daunorubicin), a cytostatic antibiotic produced 
by SO-eptornyces peucetim, is used in acute leukaemias and malignant lymphorras. 
The a.@ of this work was to study the kinetics and metabolism of daunomycin in 
plasma, bile and urine by a rapid and reliable method. The quantitative determination 
~of drrrgs and their EnetaboIiteS in biological fitids is needed for correlating pharrna- 
cologitii activity. Variolrs methods involving pre-purification have been described 
and are time consuming when operated So as to ensure the sensitivity and spe&city 
requii-ed to give accurate data on a drug’s metabolism. Total fluorescence of the 
bio&$+aI exacts is very sensitive but not speciW, whereas thin&yet chromate- 
,Qphy followed by scraping ofF the fluorescent spots and &orimetric dosage is a 
spe&C method2 (Fig. I). 



tiHt h 

DAUNOMYCIN 

ADRIAMYCIN 
Fig. 1. Structural formulae of daunomycin, daunomyciriol znd adriamycin. 

Recently, high-perfcrmance liquid chro~atogmphy (HPLC) ws.s introduced 
for the separation of adriamycin and its main metabolites in urines. Quantitation has 
also been performed by a radioimmunozssa~. Considering the instzbility znd very 
low voktility of daunomycin, HPLC w2s thought to be the optimal method, zs for 
several other antibiotics (penicillins, cephafosporins, tetracyclines)5. 

_A method of dosage of dzunomycin in plasma by HPLC is described here. 
After a single extmction, in the presence of zn internal standard (adriamycin), the 
drug and its reduced metabohte, &unomyc&ol, ares determined simuitaneousEy 
down to 2 level of LO r&ml. 

Pure szzmples of daunomycin and daunomycinol hydrocbIodde were obtained 
from Rhone-Poulenc-Speck (Paris, F_mnce). Adriarnycin hydrochloride wzs provided 
by Fzrmitaha (Milan, Italy). The p&q of these three sarnpks was checked by thin- 
layer chromatography in various chro~to~phic systems. No agiymne moiety 
could be detected. Methanol, methyiene chidride (Merck, Darmstadt, G-F-R.) and 
isdpropanof @JCB, Brussels, BeIgium) Were of analytkai grade and were not 
purikd further- 
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S&k sdMions of the three drugs were prepared as required by dissolving 
about l0mg in I mf of water plus 9 ml of methanof and making up the vofume to 
1oQ ml with methyzene chloride. A I:100 dlfution in methylene chloride-isopropanol 
(9253, v/v) was used for datmomycin and daunomycinol. For the internal standard 
(adriamycm), 1 mI of the stock solution was diluted to 100 ml with pure methylene 
chloride,~2&ml aliquors of the diluted solution -were evaporated to dryness using a 
Rotavapor atid the residue was kept at -20” until required for use. 

These procedures overcame problems linked to the instabihty of the molecuIes. 
The Mibipore filters used with the 1225 sampling manifold were made of Mitex (10 
pm) or FEuoropore (0.2 pm). 

High-perjirmance liquid choma:ography 
We used a DuPont series 848 pneumatic amplifier pump at 4500 p.s.i. with no 

pulse dampener. The detector was a DuPont series 837 spectrophotometer (2OU-6QO 
nm) tied at 490 nm with a sensitivity of 0.02 or 0.04 absorbance unit. 

The system was equipped with a stainiess-steel analytical column (250 x 2.1 
mm) packed with Zorbax SE, a totally porous silica microsphere packing of particle 
diameter 5 pm. 

A six-port Rheodyne rotary injection valve fitted with a 200~,~l loop was mounted 
between the pump and the column. Ah separations were carried out at room tempera- 
ture. 

The flow-rate of the mobile phase, methyiene chloride-methanol-25% am- 
monia-water (90:9:0.1 :O.S) was 0.9 ml/mm. The retention times of daunomycin, 
adriamycin (internal standard) and daunomycinol were 2.5, 5 and 7 min, respectively, 
with this solvent system at 4500 p.s.i. 

Extraction procedure 
To a IZ-ml stoppered tube were added successiveIy I ml of plasma, 1 drop 

(0.04 mi) of 0.1 N sodium hydroxide solution, 1 m! of internal standard (adriamycin, 
I.0 pg/rnl) and 4 ml of extraction mixture (methylene chloride-isopropanol. 92:8). 

After manual extraction for 1 min, the tube was centrifuged at 2300 g for 
5 min. The lower layer was transfered on to a Milhpore filter iu order to remove 
suspended proteins and 2 ml of the extraction mixture were added to the residue. 
After a second extraction for 30 set followed by centrifugation, the lower layer was 
transferred on to the same filter and fiitered with a slight vacuum. The fiber was 
rinsed with 1 ml of extraztion mixture. The filtrate was evaporated to dryness in a 
60-ml Bask u&g a RO~ZV~~OF ted 30”. Just before injection, the dry residue was 
solubihzed with 1 ml of the elution mixture and 200,~1 were injected rapidly. The 
syringe and loop were rinsed with elutioa solvent between injections. 

A calibration graph for each compound in the range O-3 ,~g/mi was obtained 
by assaying plasma containing known amounts of daunomycin and daunomycinol. 
By~pIotting the amount of drugs added against the ratio of pee height x retention 
time (in dknetres) (daurmomycin versus internal standard and daunomycinoi versus 
internal standard), Fig. 2 was obtained. The peaSr height x retention time r2tio of 

daunomycin to internal standard was calculated for each sample and the amount of 
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Fig. 2. Calibration gzphs for daunomycin (0) md dzun~xycin~l ( X) in rabbit plarnz at 490 MI. 

Pe.& ra?io = 
pezk height-retention time (mm) of dug 

peak height-retention time (mm) of internal stvdard 
- mm 

daunomycin determined by reference to the calibration graph. The same procedure 
was followed for daunomycino!. 

The _=producibtity and accu_mcy were found to be 3.5 f 1% and 2 & CS%, 
respectively. The sensitivity on an expanded scale was about 10 q/ml and the 
recovery was 90 + 3 oA for both drugs. 

RESULTS AND DISCXJSSION 

With UV detection at 235 and 254 nm, high peaks -were obtained but they 
were disturbed by many unknown substances. With a view to increasing the selectivity, 

a spectrofluorometric detector was tested at 475 nm for excitation and 550 nm for 
cletection; the selectivity was improved but not the sensitivity. However, using the 
spectrophotometric detector fixed at 490 nm, no pre-purification was needed, no 
interference was found 2nd tie sektivity was optimized. Typical chromato,wms 
obtained with rabbit plasma are shown in Fig. 3. 

The elution system proved to be suitable when used with the Zorbax SIL cof- 
umn, is demonstrated by the efficiency of 8ooO theoretica piates per 1Ocm for 
daunomycin at a pressure drop of 4500 p.s.!. and a flow-rate of 0.9 ml/n&. Th.e 
Caction of 25% ammonia in the mobile phase must be carefully controled in order 
to obtzin the results shown in Fig. 3. The analysis is rapid md the peaks are shztp, 

contzz to the results obtained with adriamycin analyzed an a reversed-phase col- 
umn w&J1 an ehition gr2dient3. 

It proved to be su&ient to extract the sample twice and the addition of sodium 
hydroxide generated the free bases. Sample loss was corrected by *using the internal 
standard. For quantitation, instezd of the pe& height ratio of daunomycin or 
daunomycinol to adriamycin, ‘rhe retention time was taken into account for the 
caIculationL This correction was introduced beca&e we have observed slight va.riatiqns 
in the retention times. Indeed, we did not work at eqrrili&itim and the a&y& was 
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Fig. 3. Typic& chromatognms of rabbit p’as;nz zt 490 nm: (1) blank; (2) 1 ~zg of daunomycin and 1 
pg of dmutomycinol added to a blank; (3) experimental sample containing 320 ng/mi of dzunomycin 
a.xxd 920 ng/ml of daunomycinol. 

performed within two or three hours. Also, some unknown and undetected sub- 
stances must play the role of a stationary phase by partly coating the silica micro- 
spheres of tie column, so increasing the retention times. 

The 200~~1 injection loop permits the direct detection of 10 r&ml of each drug 
in plasma. For 2 kinetic study, this sensitivity is usually sufficient. Although raiio- 
immunoassap* is more sensitive (0.15 pg/ml), it must be coupled with 2 separation 
method in order to overcome its lack of specificity towards drugs and metabolites. 

The datz obtained after a single intravenous injection of 5 mg/kg of damo- 
mycin in four rabbits are reported in Table I. The values obtained are in the range of 
those reported elsewhere’. 

We intend to apply our method to the quantitative determination of adria- 
mycin and reduced metabolite in biological flnids. 

TABLE I 

PLASMA LEVELS AFTER TPI;TRAVENOUS INJEC.TION OF 5 mg/kg OF DAUNOMLCIN IN 
FOUR RABBRS 

Res&s are mean values & standard errors of the ma. 

5 405*x3 
15 243 9 24 
30 141 & 14 
60 752 6 

I20 369 5 
180 32s 4 
24a 245 5 
3m 245 2 
360 21 i-5 

1.850 * 310 
542 * w 
347 & 47 
184 f 15 

135 * 10 
125& 9 
116& 6 
130 + 12 
121 i 27 



We are grate&i to Professor C.~ Ekvengt and Professor G. Sol& for thkir 
slrpport and interest in this investigation. Thanks are due to ?+m&dia (Milan, ftdy) 
snd Specia (Paris, France) for geenerorrs @ffs of pure s_ampies. The prelimina@woik 
with RPLC was perf‘ormed at DuPont by J. C. ChsnS& and FL A. Par&. 

L D. HI. Hufhsn, R. S. Senjamin and N. R. Bachr, C&L Pharnracd Tim., 13 (1972) 895. 
2 N. R. Bachur, FL C. EUdebrznd 2nd R S. Jaecke, J. Plramra~-oi. ~Exp. Ther.. 191 (1974) 331. 
3 J. J. Langone, H. van Vunakis aad N. R. Bashw, Bimiiem. M&i., 12.(19X) 283. 
4 H. van Vunakis, J. J. Lugone, L. J. Riceberg and L. Levine, Cmcer Kes., 34 (1974) 2546. 
5 E. FL White, M. A. Caoll, J. E. Zcembo md A_ D. Reader, .I_ An&W, 2g (1975) 20% 


