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SUMMARY

The concentration of adriamycin and its metabolites in serum and tissues was
determined by high-performance liquid chromatography (HPLC) with a lapse of
time after a single intraperitoneal administration to Ehrlich carcinoma-bearing mice.
HPLC was carried out by using Zorbax Sil as the stationary phase and 3.8 sodinum
acetate in isopropanol as the mobile phase, at an excitation wavelength of 470 nm
and an emission wavelength of 585 nm. Extraction of adriamycin using chloro-
form-methanol (4:1) gave recoveries of 98 % from serum and 66-96 9, from tissues.
Adriamycin rapidly disappeared from the serum, and the content of adriamycin per
gram of tissue decreased in the order liver, ducdenum, kidneys, spleen, lung, heart
and tumour, and a high tissue retention occurred in the spleen and heart. The main
metabolites of adriamycin were adriamycinone and adriamycinol, and other minor
metabolites were detected.

INTRODUCTION

Adriamycin is an anthracycline antibiotic used extensively for the treatment
of leukaemia and various malignant tumours!. Adriamycin in biological tissues has
been determined by bioassay?, fluorescence methods®7, isotope methods*5-1° and
high-performance liquid chromatography (HHPLC)'*-4, The mechanism of action of
this antibiotic indicates that it has an especially strong affinity with DNA and tissue
proteins's-!S, and there are still many problems to be solved in the methods for its
determination in biological materials owing to its inactivation? and low recovery rate.

We have examined the method of extraction of adriamycin from biological
tissues and determined the concentration of adriamycin and its metabolites in the
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serum and tissues of Ehrlich carcinoma-bearing mice by HPLC with a Iapse of time
after intraperitoneal injection.

MATERIALS AND METHODS

Ehrlick ascites carcinoma (5-10° cells per animal) was inoculated on the backs
of ddN female mice (body weight 20-25 g, 6 weeks old) and the animals were sub-
mittad to the treatment after 20 days. The animals had free access to diet and water.

Adriamycin hydrochloride, adriamycinone, adriamycinol and daunomycin
were kindly donated by Farmitalia (Milan, Haly). Adriamycin hydrochloride was
dissolved in sterilized saline solution and administered intraperitoneally to mice at
a dose of 8 mgfkg, and there were three mice in ¢ach group. At definite intervals
(20 min, 60 min, 5 h and 24 h afier the administration), blood was collected from the
cervical artery and diluted 10-fold with 10 mAM phosphate-buffered saline (pH 7.8).
Liver, kidneys, spleen, duodenum (with contents), lung, heart and tumour tissues
were excised, washed with sterilized saline solution and cut into small pieces in 2 ml
of 10 mM phosphate-buffered saline (pH 7.8). The pieces of the organs were homog-
enized with a Polytron homogenizer to make 5-109, homogenate, and the homog-
enates were stored at —20°C until taken for measurement. The procedure for the
extraction of adriamycin from the serum and tissues is shown in Fig. 1.

1 ml of diluted scrum and 5-109%; iissuc homogenate in 10 mAM phosphate-buffered saline (pH 7.8)
J 4 5 ml of chloroform-methanol (4:1)
Extract by shaking for 10 min at rocm temperature

:éentrifuge at 3000 rpm for 10 min
]v;ower organic phase

It‘ilter with Millipore filter (0.45 gm)
Evaporate to dryness under vacuum

¥
Dilute with chromatographic elution mixture (Z00-500 zI)

¥
Inject 5 gl with microsyringe

¥
HPLC analysis
Fig. 1. Procedure for extraction of adriamycin.

High-performance liquid chromatography

A Hitachi Model 635A high-performance liquid chromatograph was con-
nected to a Hitachi Model 650-10S high-sensitivity fluorescence detector, and the
results were recorded on a Hitachi Model 056 recorder. The stationary phase was
Zorbax Sil (5 um) packed in a stainless-steel tube (150 X 4.6 mm [.D.). The mobile
phase was 3.8 % sodium acetate (pH 4.5) in isopropanol at a flow-rate of 1.0 ml/min.
Measurements were made by the method previously described'” at am excitation
wavelength of 470 nm and an emission wavelength of 585 nm, using the ratio of the
peak area to that of an internal standard (daunomycin).
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Recovery of adriamycin

To 1 m! of mouse serum and 5107 tissue homogenates were added 50 il of
a solution contzining 1, 5 or 50 ug of adriamycin hydrochloride. Adriamycin was
exiracted from the serum and tissuc homogenates as shown in Fig. 1, and deter-
mined by HPLC, and the recovery rates of the antibiotic were calcalated.

Thin-layer chromatography

Thin-layer chromatography (TLC) was carried out on plates coated with a
250-um layer of silica gel 60 (Merck, Darmstadt, G.F.R.), using as solvent systems
chloroform-methanol-acetic acid—water in the proportions (1) 100:50:14:6 and
(2) 100:100:14:14. After chromatography the fluorescent areas were detected under
253.7-nm light.

RESULTS

The determination of adriamycin in biological samples by HPLC with a
fluorescence detector, at an excitation wavelength of 470 nm and an emission wave-
length of 585 nm, was found to be subject to the least effect of the contaminating
blank, and the separation of adriamycin, adriamycinone, adriamycinol and dauno-
mycin was good (Fig. 2).

Detector response

U\

0O 2 46 8 V121416

Minutes

Fig. 2. High-performance liquid chromatogram of 2 standard sample mixture obtained with a Hitachi
Model 635A high-performance liquid chromatograph with a Zorbex Sil columa (150 X 4.6 mm LD.)
at room temperature. Mobile phase, 3.8 sodium acetate in isopropancl; flow-rate, 1 mi/min; de-
tector, Hitachi Model 650-16S fluorescence spectrophotometer (excitation, 470 nm; emission, 585
am); seasitivity, 10; fine, 6; pen range, S mV. Peaks: 1 = adrizmycinone; 2 = daunomycin; 3 =
adriamycin; 4 = adriamycinol.

The recoveries of adriamycin from serum and tissues using the procedure in
Fig. 1 were calculated, and were 98.1 X 249 from serum, 90.4 - 8.8%; from the
hver, 88.5 -+ 5.5% from the kidmeys, 75.7 & 8.3% from the spleen, 66.6 - 8.0%
from the duodenum, 87.5 2 4.1% from the lung, 96.0 & 3.0% from the heart and
92.1 + 4.6% from the tumour tissue (n = 6, mean - standard deviation).



466 S. SHINOZAWA et al.

Tissue distribution T

Total adriamycin equivalents (the concentration of adriamycin plus its metab-
olites in the serum, after its intraperitoneal administration to Ehrlich carcinoma-
bearing mice, disappear rapidly and the peak appears 10 min after administration.
At that time, the peak level in serum was higher than that in all other tissues examined,
but the level declined rapidly thereafter until 120 min. A slight elevation was seen at
5 h but the level was low (0.27 gg/ml) at 48 h (Fig. 3). The distribution of total adria-
mycin equivalents per gram of tissue was high in the liver, duodenum and kidneys.
The antibiotic was present in highest concentration in the liver, the maximum level

G 26 €0 1205 24 28
(min) ()

Time after injection

Serum levels of total adriamycin equivalents (ug/mi)

Fig. 3. Serum levels of total adriamycin equivalents in Ehslich carcinoma-bearing mice after a single
intraperitoneal injection, examined by HPLC.

being 31.97 ug/g 20 min after administration, and the high level was maintained until
120 min. A two-peak distribution was seen in the liver duodenum and kidneys, there
being bhigh peaks at 20 and 120 min (livcr, duodenum) and at 20 and 60 min
(kidneys). The highest concentration of adriamycin (2.5 zg/g) in the lung appeared
30 min after administration and the antibiotic disappeared gradually thereafter. The
concentration of adriamycin in Ehrlich solid tumour was much lower than in other
tissues, the highest value being 0.25 gg/g 20 min afier administration. The tissue
affinity of adriamycin was high in the heart and spleen, and transitory increases wese
seen at 48 h (Fig. 4). Although a high concentration of adriamycin was seen 48 h after
its administration in the spleen, this is due to diminution of the spleen tissue, and the
content per organ as a whole is decreased (Fig. 5).

Metabolites

Typical examples of HPLC and TLC analyses of serum are shown in Figs. 6
and 7. Peaks 1-6 (P1-P6) in Fig. 6 represent adriamycin-related compounds. P3
could be identified as adriamycinone and P6 as adriamycinol, but it was not clear
what metabolites P1, P2, P4 and PS were. P1, when examined by HPLC and TLC,
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Fig. 4. Tissue levels of total adriamycin equivalents in Ehrlich carcinoma-bearing mice after a single
intraperitonezl injection, cxamined by HPLC.
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Fig. 5. Changes of spleen weight and total adriamycin equivalents of spleen in Ehrlich carcinoma-
bearing mice after a single intraperitoneal injection, examined by HPLC.

showed a fiuorescent compound, but it was not clear whether it was due to a tissue
blank or an adriamycin metabolite. PS5 was detected at the same position as dauno-
mycin when examined by HPLC and TLC, but represented only a trace amount.
Therefore, F1 and PS5 equivalents were not included in the total adriamycin equivalent
values.

The ratios (%) of adriamycin, adriamycinol, AD-NE metabolite (P2 metab-
olite -I- adriamycinone) and P4 metabolite to total adriamycin equivalents in serum,
liver and tumour tissue are given in Table I. The proportion of AD-NE metabolite
was about 509/ in serum and more than 509 in the liver and tumour tissue. P4
metabolite was detected in serum in every examination, but in the liver and tumour
tissue it was hardly detectable. Adriamycinol was detected in the serum and liver in
every examination, but hardly in tumour tissue.
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Fig. 6. High-performance liquid chromatogram of adriamycin and its metabolites. Peaks: P3 =
adriamycinone; P6 = adriamycinol. HPL.C was carried out as in Fig. 1.

Fig. 7. TLC of adriamycin and its metabolites. Solvent system (1): chloroform-methanol-acetic acid—
water (100:50:14:6); (1) adriamycin (Rr 0.70), (2) adriamycinone (ca. 0.93), (3) adriamycinol (ca.
0.59), (4) daunemycin (ca. 0.78), (5) serum sample. Solvent system (2): chloroform-methanol-acetic
acid-water (100:100:14:14); (1) adriamycin (R 0.24), (2) adriamycinone (ca. 0.86), (3) adriamycinol
(ca. 0.16), (4) daunomycin (ca. 0.32), (5) serum sample.

TABLE 1

RATIO (%) OF ADRIAMYCIN AND ITS METABOLITES TO TOTAL ADRIAMYCIN
EQUIVALENTS IN SERUM, LIVER AND TUMOUR TISSUES IN EHRLICH TUMOUR-
BEARING MICE AFTER A SINGLE INTRAPERITONEAL INJECTION, EXAMINED BY
HPLC

Results are means - standard deviations (7 = 3).

Tissue Substance Time after administration
20 min 60 min S5h 24h

Serum AD-NE* 46.2 - 4.5 50.6 X 15.8 420 +70 57.0 + 329
P4 metabolite 12.3 + 238 18.4 +-46 20.7 + 7.7 147 + 16
Adriamycin 36.6 + 15.9 184 + 50 20.7 + 28 164 +16
Adriamycinol 49 1+ 3.7 12.6 3- 5.1 16.6 + 2.1 11.9 - 40

Liver AD-NE* 76.8 1+ 19.1 834 1269 579 4+ 238 67.1 + 16.1
P4 metabolite N.D.** N.D.** N.D.** N.D.*"
Adriamycin 19.3 = 11.5 11.7 = 4.9 347 + 39 213 + 6.8
Adriamycinol 39+26 49 1+1.9 75 +29 11.6 +- 8.4

Tumor AD-NE* 70.7 + 34.2 65.0 4 29.1 83.3 347 80.6 X+ 28.6
P4 metabolite 19.5 +- 0.5 Trace Trace Trace
Adriamycin 9.8 + 2.6 175 4 1.7 16.7 £ 122 19.4 4+ 159
Adriamycinol Trace 175+ 16 Trace Trace

* P2 metabolite + adriamycinone.
** Not detected.

DISCUSSION

Adriamycin binds strongly with DNA and tissue proteins'®'°, and its extrac-
tion from tissues had been difficult. Since Hulhoven and Desager!! reported a method
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for its extraction from L1210 cells, that was applicable to tissue homogenate, good
recoveries were obtained. The maximal serum concentration of total adriamycin
equivalents after intraperitoneal administration in mice, as measured by the present
method with HPLC, appeared 10 min after administration, but disappeared rapidly
thereafter. This agreed with previous reports on adriamycin in rats®-®, rabbits? and
humans®~. Kimura et al.> and Rosso ef al.® observed a rebound in the adriamycin
level in serum 8 and 24 h, respectively, after administration. OQur experiments also
suggested such a rebound in serum 5 h after administration. The total adriamycin
equivalent level was high in the liver, ducdenum and kidneys from 20 to 120 min
after administration.

With respect to tissue retention of adriamycin in the heari, a high retention
of adriamycin may be possible because adriamycin is structually similar to quinone
compounds present in animal tissues, and can enter coenzyme Q and related enzyme
systems!S, The tissue retention of adriamycin may be related to the diminution of
splenic tissue and the appearance of immunosupressive effects of this antibiotic'®.

For the identification of the metabolites of adriamycin, there 1s no established
opinion, and they have been reported as aglycones®-3°, adriamycinol'® and six metab-
olites (containing adriamycinol)®!, but in some work no metabolitesS-® could be
detected. In our experiments, the main metabolites in serum and tissues were adria-
mycinone and adriamycinol, and unidentified minor metabolites were also detected.
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