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DESCRIPTION

METHOD OF PURIFYING DAUNOMYCIN

5 Technical Field
The present invention relates to a purifying method for 

obtaining a high purity product of daunomycin which is an anthra- 
cycline antibiotic.

10 Background Art
It is known that daunomycin (called as well daunorubicin) 

is obtained from a culture medium for ray fungus, and it is an 
anthracycline antibiotic which has a wide range anticancer spectrum 
against experimental tumor (refer to U.S. Patent 3,616,242). As a

15 matter of fact, it is widely used as a cancer chemotherapeutic agent 
for a clinical purpose.

Analogous anthracycline antibiotics including daunomycin 
(hereinafter abbreviated as “DM”) are further purified by treating 
products roughly purified from the culture medium described above

20 with a cation exchange resin (for example, Amberlite™ IRC 50) and 
eluting them with a sodium chloride-containing aqueous solution or 
methanol containing sodium chloride (Japanese Patent Publication 
No. 44347/1974 and Japanese Patent Application Laid-Open No. 
15880/1975). Further, published as well are methods comprising the

25 steps of adsorbing the antibiotic described above onto a polymeric ion 
exchange resin (for example, Amberlite ER 180) or a CM Sepha- 
rose resin (for example, Sepharose CHB) and then eluting it with a 
mixture of acidic water and a polar solvent (Japanese Patent Applica
tion Laid-Open No. 118797/1984 and Japanese Patent Publication

30 No. 39476/1992 originating therein, divisionally filed Japanese 
Patent Application Laid-Open No. 252291/1995, and U.S. Patent
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4,861,870 corresponding to them). Further, it is described as well in 
the latter official gazettes that a roughly purified anthracycline 
antibiotic is adsorbed onto an adsorptive porous synthetic resin 
carrier (for example, Amberlite XAD2) at a pre-purifying step

5 before treating with the polymeric ion exchange resin described 
above, and the antibiotic described above is then eluted with a mix
ture of water/methanol (5 : 1) (v/v).

It seems that DM having a fixed high purity can be ob
tained according to the conventional adsorbing and eluting tech-

10 niques described above. However, the more the high purity product 
is tried to obtain, the more the recovery percentage of intended DM is 
reduced. In contrast with this, the more the recovery percentage is 
tried to enhance, the more the purity of the product can not be 
elevated. In particular, when trying to recover DM from a culture

15 medium, purified DM tends to be accompanied with impurities (for 
example, those having a longer retention time than that of DM in 
HPLC analysis which shall be described later) which are difficult to 
be removed at purifying steps including crystallization subsequent 
thereto.

20 Accordingly, an object of the present invention is to pro
vide a purifying method in which high purity DM can be obtained 
from starting crude DM at a high yield in a simple manner.

Disclosure of the Invention
25 The present inventors have found that DM having a high

purity can be obtained at a high yield by using an adsorptive (or 
hydrophobic) synthetic resin carrier which is used at a preliminary 
purifying step prior to treatment using an ion exchange resin (for 
example, Amberlite™ ERI 180) for obtaining a high purity product

30 and by selecting specific elution (or dissolution) conditions. It shall 
be quite surprising that the problems described above can be solved
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only by using a hydrophobic synthetic resin carrier which is merely 
used at a preliminary purifying step where an ion exchange resin is 
inevitably used in order to obtain a high purity product as described 
in, for example, Japanese Patent Application Laid-Open No. 118797/

5 1984 described above.
Hence, according to the present invention, provided is a 

purifying method of daunomycin characterized by eluting dauno- 
mycin from a hydrophobic porous synthetic resin carrier onto which 
daunomycin is adsorbed from crude daunomycin with an aqueous

10 solution which contains a water-miscible organic solvent and which is 
buffered to pH 2.5 to 6 and recovering purified daunomycin from the 
eluent.

Brief Description of the Drawings
15 Fig. 1 A to 1C are graphs showing the recovery rates, the

recovered liquid amounts and the relative purities of DM in Exam
ples 1 to 8.

Control (pH 2.5), pH 2.5, pH 3.0, pH 3.5, pH 4.0, pH 4.5, 
pH 5.0 and pH 6.0 on the basis of an abscissa in the drawing corre-

20 spond respectively to the results of Examples 1 to 8.
Fig. 2 is a chart showing the result of an HPLC analysis of

low purity DM powder (relative purity: 80.3 %) which is a starting 
material.

Fig. 3 is a chart showing the result of a solution of DM
25 (relative purity: 88 % or more) obtained in Example 5 (present 

invention).
Fig. 4 A to 4C are graphs showing the recovery rates, the 

recovered liquid amounts and the relative purities of DM in Exam
ples 9 to 17.

30 Fig. 5 A to 5C are graphs showing the recovery rates, the
recovered liquid amounts and the relative purities of DM in Exam-
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pies 18 and 19.
Fig. 6 is an HPLC analysis chart of raw material DM 

having a higher purity (relative purity: 95.5 %) used in Examples 9 
to 19.

5 Fig. 7 is an HPLC analysis chart of fractions having a
relative purity of 98 % or more in Examples 9 to 19.

Best Mode for Carrying Out the Invention
The crude daunomycin (DM) used in the present invention 

10 may have any content of DM as long as clusters and other solid
matters are removed from a culture medium containing DM accord
ing to a known separating or purifying method and DM is concen
trated to some extent. The methods introduced as the conventional 
techniques described above are included as well in such separating or

15 purifying method, and DM-containing products having a relatively 
low purity obtained via those methods are included as well. Further, 
a DM-containing treated product accompanying fixed impurities 
obtained through a semi-synthetic process, if it corresponds thereto, 
is included as well in the crude DM used in the present invention.

20 However, the present invention can more efficiently be
applied when DM has a relative purity of about 80 % or more, prefer
ably 80 to 96 %. The “relative purity” used in the present specifica
tion means a proportion of a peak area originating in DM to the 
whole peak areas showing the elution behaviors of the respective

25 components obtained as result of subjecting the sample to HPLC 
analysis which shall be described later.

The hydrophobic porous synthetic resin carrier used for 
adsorbing crude DM may be of any kinds as long as it has functions 
meeting the object of the present invention and includes, to be spe-

30 cific, a porous polymer obtained by polymerizing styrene with divinyl- 
benzene by a specific method. Such porous polymers are different in
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a specific surface area and a pore volume depending on the produc
tion methods but shall not be restricted by those physical properties 
as long as the prescribed effects can be obtained by using them in the 
specific examples of the present invention which shall be described

5 later.
In general, however, the porous polymer having a specific 

surface area falling in a range of 400 to 800 m /g and a pore volume 
falling in a range of 0.650 to 1.5 ml/g can suitably be used. Such 
porous polymer can be selected as well from commercially available

10 products and shall not be restricted. Diaion HP20 (hereinafter 
abbreviated as HP20) or HP20SS (hereinafter abbreviated as 
HP20SS) manufactured by Mitsubishi Chemical Corporation can 
advantageously be used.

As described above, according to the present invention,
15 DM is eluted from the hydrophobic porous synthetic resin carrier 

onto which crude daunomycin is adsorbed by using an aqueous 
solution which contains a water-miscible organic solvent and which is 
buffered to pH 2.5 to 6. The water-miscible organic solvent shall not 
specifically be restricted as long as it meets the object of the present

20 invention and includes methanol, ethanol, isopropanol and acetone as 
a solvent having both a profitability and an elution effect. Among 
them, methanol and acetone are particularly suited. When such 
solvents are used, an optimum mixing ratio of these solvents to the 
aqueous solution is varied depending on the kind of the solvents used

25 and therefore shall not be restricted but, in general, they can be used 
in a proportion of the solvent to the aqueous solution of 80 : 20 to 20 : 
80 in terms of a volume basis. For example, when methanol is used, 
methanol and the aqueous solution can be used in a proportion of 60 
to 80/20 to 40, particularly about 70/about 30, and when acetone is

30 used, acetone and the aqueous solution can be used in a proportion of 
20 to 40/80 to 60, particularly about 30/about 70.
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The aqueous solution containing these solvents has to be 
buffered particularly to pH 2.5 to 6. In general, the pH of lower than 
2.5 tends to reduce the relative purity of DM in the resulting product. 
On the other hand, the pH exceeding 6 tends to lower the recovering

5 rate of DM. The buffer agent used for buffering may be any buffer 
agents as long as they do not exert an adverse effect on the product. 
Such buffer agent shall not be restricted but includes potassium 
biphthalate-HCl, glycolic acid-HCl, sodium citrate-HCl, potassium 
eitrate-HCl, potassium citrate-citric acid, succinic acid-Na2B4O7,

10 sodium acetate-HCl, sodium acetate-acetic acid, citric acid-Na2HPO4, 
tartaric acid-sodium tartarate, lactic acid-sodium lactate, aconitinic 
acid-NaOH and succinic acid-NaOH. Among them, sodium citrate- 
HCl is particularly preferred.

The usable concentration of the buffer agent is 0.05M to
15 1M depending on the kind of the buffer agents used, and in a system 

of sodium citrate-HCl which is the preferred example, about 0.1M 
sodium citrate is suitably used.

An operation temperature at which DM adsorbed on the 
resin carrier described above is eluted therefrom may be any temper-

20 ature as long as it does not exert an adverse effect such as degrada
tion on DM or the resin carrier, but it is advantageously in the 
vicinity of a room temperature (10 to 30°C). Further, such resin 
carrier is used usually in the form of a column into which it is 
charged, but the form shall not be restricted thereto.

25 In the preparation of the hydrophobic porous synthetic
resin carrier onto which crude DM is adsorbed, DM may be adsorbed 
onto the resin carrier described above by any method as long as it 
does not exert an adverse effect on the elution described above. To be 
specific, however, it is prepared preferably by contacting a solution

30 obtained by dissolving crude DM in an acidic aqueous solution (here
inafter referred to as acidic water) having a pH of about 1 to 5 with
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the carrier described above to thereby adsorb DM onto the carrier 
and then washing the DM-adsorbed resin carrier with the acidic 
water described above. The acidic water used for dissolving crude 
DM may be the same as or different from the acidic water used for

5 washing the DM-adsorbed resin carrier. The pH of the acidic water 
may be controlled merely with hydrochloric acid but may be con
trolled with such buffer agents as described above. A 0.1M citric acid 
aqueous solution can preferably be used. The pH of the acidic water 
is controlled particularly preferably to the vicinity of about 2.5. Such

10 washing with the acidic water is continued until impurities are not 
found to be present in the washing solution. The presence of the 
impurities in the washing solution can be confirmed by means of, for 
example, a spectrophotometer.

DM purified by the method of the present invention
15 described above may be treated repeatedly, if necessary, by the 

preceding method comprising the same or different structure.
Further, in the recovery of DM from the DM-containing 

fraction purified by the method described above, DM may be recov
ered from a solution obtained by distilling off the organic solvent by a

20 conventionally known extracting method in which chloroform is used. 
However, preferred is a method in which the fractions having a 
relative purity of a fixed value or more are collected; the solution is 
adjusted to a pH of about 8.5 with sodium hydroxide, and about a half 
amount of chloroform based on the amount of the solution is added to

25 extract DM; the organic solvent phase is concentrated and dried 
under reduced pressure, and then a small amount of chloro- 
form/methanol (20 : 1) is added thereto to dissolve it; and then this 
solution is added to an excess amount of hexane to precipitate DM, 
and precipitated DM is filtered, whereby DM having a higher grade

30 can be recovered.
The present invention shall more specifically be explained
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below with reference to specific examples, but these examples are 
provided for the purpose of facilitating to understand the present 
invention and the actions and the effects of the present invention. 
Example 1 (comparative example): purification of low purity DM

5 Low purity DM powder of 500 mg (a DM content of 305 mg
and a relative purity of 80.3 %) was dissolved in 200 ml of acidic 
water (pH 2.5, HCl), and this solution was passed through an HP20 
column (50 ml). After washing the column with 50 ml of the same 
acidic water, DM was eluted with methanol-acidic water (pH 2.5)

10 (70 : 30), and the DM-eluted fractions were subjected to HPLC analy
sis. The DM fractions having relative purities of 86, 88, 89 and 90 % 
or more were sampled respectively, and the recovering rates, the 
amounts of the recovered solutions and the relative purities of DM 
are shown as controls (pH 2.5) in Fig. 1A to 1C.

15
HPLC analytical conditions:

Column: ULTRASPHERE ODS, 250 X 4.6 mm i.d. (Beckman) 
Moving phase: water-acetonitrile (62 : 38), pH adjusted to

2.2 ± 0.2 with phosphoric acid
20 Flow velocity: 1.5 ml/min.

Detection: 495 nm

Example 2 (present invention): purification of low purity DM
Low purity DM powder of 500 mg (a DM content of 305 mg

25 and a relative purity of 80.3 %) was dissolved in 200 ml of acidic 
water (pH 2.5, HCl), and this solution was passed through the HP20 
column (50 ml). After washing the column with 50 ml of the same 
acidic water and 100 ml of a 0.1M citric acid buffer solution (pH 2.5), 
DM was eluted with a methanol-0.1M citric acid buffer solution (pH

30 2.5) (70 : 30), and the DM-eluted fractions were subjected to HPLC
analysis. The DM fractions having relative purities of 86, 88, 89 and
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90 % or more were sampled respectively, and the recovering rates, 
the amounts of the recovered solutions and the relative purities of 
DM are shown as pH 2.5 in Fig. 1A to 1C.
Example 3 (present invention): purification of low purity DM 

5 Low purity DM powder of 500 mg (a DM content of 305 mg
and a relative purity of 80.3 %) was dissolved in 200 ml of acidic 
water (pH 2.5, HC1), and this solution was passed through the HP20 
column (50 ml). After washing the column with 50 ml of the same 
acidic water and 100 ml of a 0.1M citric acid buffer solution (pH 3.0),

10 DM was eluted with a methanol-0.1M citric acid buffer solution (pH 
3.0) (70 : 30), and the DM-eluted fractions were subjected to HPLC 
analysis. The DM fractions having relative purities of 86, 88, 89 and 
90 % or more were sampled respectively, and the recovering rates, 
the amounts of the recovered solutions and the relative purities of

15 DM are shown as pH 3.0 in Fig. 1A to 1C.
Example 4 (present invention): purification of low purity DM

Low purity DM powder of 500 mg (a DM content of 305 mg 
and a relative purity of 80.3 %) was dissolved in 200 ml of acidic 
water (pH 2.5, HC1), and this solution was passed through the HP20

20 column (50 ml). After washing the column with 50 ml of the same 
acidic water and 100 ml of a 0.1M citric acid buffer solution (pH 3.5), 
DM was eluted with a methanol-0.1M citric acid buffer solution (pH 
3.5) (70 : 30), and the DM-eluted fractions were subjected to HPLC 
analysis. The DM fractions having relative purities of 86, 88, 89 and

25 90 % or more were sampled respectively, and the recovering rates,
the amounts of the recovered solutions and the relative purities of 
DM are shown as pH 3.5 in 1A to 1C.
Example 5 (present invention): purification of low purity DM

Low purity DM powder of 500 mg (a DM content of 305 mg
30 and a relative purity of 80.3 %) was dissolved in 200 ml of acidic 

water (pH 2.5, HC1), and this solution was passed through the HP20
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column (50 ml). After washing the column with 50 ml of the same 
acidic water and 100 ml of a 0.1M citric acid buffer solution (pH 4.0), 
DM was eluted with a methanol-0.1M citric acid buffer solution (pH 
4.0) (70 : 30), and the DM-eluted fractions were subjected to HPLC

5 analysis. The DM fractions having relative purities of 86, 88, 89 and 
90 % or more were sampled respectively, and the recovering rates, 
the amounts of the recovered solutions and the relative purities of 
DM are shown as pH 4.0 in Fig. 1A to 1C. The HPLC analysis charts 
of low purity DM used as the raw material and a solution obtained by

10 sampling the DM fractions having a relative purity of 88 % or more 
are shown in Fig. 2 and Fig. 3 respectively.
Example 6 (present invention): purification of low purity DM

Low purity DM powder of 500 mg (a DM content of 305 mg 
and a relative purity of 80.3 %) was dissolved in 200 ml of acidic

15 water (pH 2.5, HC1), and this solution was passed through the HP20 
column (50 ml). After washing the column with 50 ml of the same 
acidic water and 100 ml of a 0.1M citric acid buffer solution (pH 4.5), 
DM was eluted with a methanol-0.1M citric acid buffer solution (pH 
4.5) (70 : 30), and the DM-eluted fractions were subjected to HPLC

20 analysis. The DM fractions having relative purities of 86, 88, 89 and 
90 % or more were sampled respectively, and the recovering rates, 
the amounts of the recovered solutions and the relative purities of 
DM are shown as pH 4.5 in Fig. 1A to 1C.
Example 7 (present invention): purification of low purity DM

25 Low purity DM powder of 500 mg (a DM content of 305 mg
and a relative purity of 80.3 %) was dissolved in 200 ml of acidic 
water (pH 2.5, HC1), and this solution was passed through the HP20 
column (50 ml). After washing the column with 50 ml of the same 
acidic water and 100 ml of a 0.1M citric acid buffer solution (pH 5.0),

30 DM was eluted with a methanol-0.1M citric acid buffer solution (pH 
5.0) (70 : 30), and the DM-eluted fractions were subjected to HPLC
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analysis. The DM fractions having relative purities of 86, 88, 89 and 
90 % or more were sampled respectively, and the recovering rates, 
the amounts of the recovered solutions and the relative purities of 
DM are shown as pH 5.0 in Fig. 1A to 1C.

5 Example 8 (present invention): purification of low purity DM
Low purity DM powder of 500 mg (a DM content of 305 mg

and a relative purity of 80.3 %) was dissolved in 200 ml of acidic 
water (pH 2.5, HC1), and this solution was passed through the HP20 
column (50 ml). After washing the column with 50 ml of the same

10 acidic water and 100 ml of a 0.1M citric acid buffer solution (pH 6.0), 
DM was eluted with a methanol-0.1M citric acid buffer solution (pH 
6.0) (70 : 30), and the DM-eluted fractions were subjected to HPLC 
analysis. The DM fractions having relative purities of 86, 88, 89 and 
90 % or more were sampled respectively, and the recovering rates,

15 the amounts of the recovered solutions and the relative purities of 
DM are shown as pH 6.0 in Fig. 1A to 1C.
Example 9 (comparative example): purification of raw material DM 

having a higher purity
Raw material DM powder of 500 mg having a higher

20 purity (a DM content of 463 mg and a relative purity of 95.8 %) was 
dissolved in 10 ml of acidic water (pH 2.5, HC1), and this solution was 
passed through the HP20 column (50 ml). After washing the column 
with 50 ml of the same acidic water and 100 ml of water, DM was 
eluted with methanol-water (70 : 30), and the DM-eluted fractions

25 were subjected to HPLC analysis. The DM fractions having relative 
purities of 96, 97 and 98 % or more were sampled respectively, and 
the recovering rates, the amounts of the recovered solutions and the 
relative purities of DM are shown as controls (H20) in Fig. 4A to 4C. 
Example 10 (comparative example): purification of raw material DM

30 having a higher purity
Raw material DM powder of 500 mg having a higher
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purity (a DM content of 463 mg and a relative purity of 95.8 %) was 
dissolved in 10 ml of acidic water (pH 2.5, HC1), and this solution was 
passed through the HP20 column (50 ml). After washing the column 
with 50 ml of the same acidic water, DM was eluted with metha-

5 nol-acidic water (pH 2.5) (70 : 30), and the DM-eluted fractions were 
subjected to HPLC analysis. The DM fractions having relative 
purities of 96, 97 and 98 % or more were sampled respectively, and 
the recovering rates, the amounts of the recovered solutions and the 
relative purities of DM are shown as controls (pH 2.5) in Fig. 4A to

10 4C.
Example 11 (present invention): purification of raw material DM 

having a higher purity
Raw material DM powder of 500 mg having a higher 

purity (a DM content of 463 mg and a relative purity of 95.8 %) was
15 dissolved in 10 ml of acidic water (pH 2.5, HC1), and this solution was 

passed through the HP20 column (50 ml). After washing the column 
with 50 ml of the same acidic water and 100 ml of a 0.1M citric acid 
buffer solution (pH 2.5), DM was eluted with a methanol-0.1M citric 
acid buffer solution (pH 2.5) (70 : 30), and the DM-eluted fractions

20 were subjected to HPLC analysis. The DM fractions having relative 
purities of 96, 97 and 98 % or more were sampled respectively, and 
the recovering rates, the amounts of the recovered solutions and the 
relative purities of DM are shown as pH 2.5 in Fig. 4A to 4C.
Example 12 (present invention): purification of raw material DM

25 having a higher purity
Raw material DM powder of 500 mg having a higher

purity (a DM content of 463 mg and a relative purity of 95.8 %) was 
dissolved in 10 ml of acidic water (pH 2.5, HC1), and this solution was 
passed through the HP20 column (50 ml). After washing the column

30 with 50 ml of the same acidic water and 100 ml of a 0.1M citric acid 
buffer solution (pH 3.0), DM was eluted with a methanol-0.1M citric
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acid buffer solution (pH 3.0) (70 : 30). The DM-eluted fractions 
having a relative purity of 98 % or more were sampled and subjected 
to HPLC analysis. The DM fractions having relative purities of 96, 
97 and 98 % or more were sampled respectively, and the recovering

5 rates, the amounts of the recovered solutions and the relative 
purities of DM are shown as pH 3.0 in Fig. 4A to 4C.
Example 13 (present invention); purification of raw material DM

having a higher purity
Raw material DM powder of 500 mg having a higher 

10 purity (a DM content of 463 mg and a relative purity of 95.8 %) was
dissolved in 10 ml of acidic water (pH 2.5, HCl), and this solution was 
passed through the HP20 column (50 ml). After washing the column 
with 50 ml of the same acidic water and 100 ml of a 0.1M citric acid 
buffer solution (pH 3.5), DM was eluted with a methanol-0.1M citric

15 acid buffer solution (pH 3.5) (70 : 30), and the DM-eluted fractions 
were subjected to HPLC analysis. This experiment was carried out 
twice. The DM fractions having relative purities of 96, 97 and 98 % 
or more were sampled respectively, and the recovering rates, the 
amounts of the recovered solutions and the relative purities of DM

20 are shown as pH 3.5 in Fig. 4A to 4C.
Example 14 (present invention): purification of raw material DM

having a higher purity
Raw material DM powder of 500 mg having a higher 

purity (a DM content of 463 mg and a relative purity of 95.8 %) was
25 dissolved in 10 ml of acidic water (pH 2.5, HCl), and this solution was 

passed through the HP20 column (50 ml). After washing the column 
with 50 ml of the same acidic water and 100 ml of a 0.1M citric acid 
buffer solution (pH 4.0), DM was eluted with a methanol-0.1M citric 
acid buffer solution (pH 4.0) (70 : 30), and the DM-eluted fractions

30 were subjected to HPLC analysis. This experiment was carried out 
twice. The DM fractions having relative purities of 96, 97 and 98 %
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or more were sampled respectively, and the recovering rates, the 
amounts of the recovered solutions and the relative purities of DM 
are shown as pH 4.0 in Fig. 4A to 4C.
Example 15 (present invention): purification of raw material DM 

5 having a higher purity
Raw material DM powder of 500 mg having a higher 

purity (a DM content of 463 mg and a relative purity of 95.8 %) was 
dissolved in 10 ml of acidic water (pH 2.5, HCl), and this solution was 
passed through the HP20 column (50 ml). After washing the column

10 with 50 ml of the same acidic water and 100 ml of a 0.1M citric acid 
buffer solution (pH 4.5), DM was eluted with a methanol-0.1M citric 
acid buffer solution (pH 4.5) (70 : 30), and the DM-eluted fractions 
were subjected to HPLC analysis. This experiment was carried out 
twice. The DM fractions having relative purities of 96, 97 and 98 %

15 or more were sampled respectively, and the recovering rates, the 
amounts of the recovered solutions and the relative purities of DM 
are shown as pH 4.5 in Fig. 4A to 4C.
Example 16 (present invention): purification of raw material DM 

having a higher purity
20 Raw material DM powder of 500 mg having a higher

purity (a DM content of 463 mg and a relative purity of 95.8 %) was 
dissolved in 10 ml of acidic water (pH 2.5, HCl), and this solution was 
passed through the HP20 column (50 ml). After washing the column 
with 50 ml of the same acidic water and 100 ml of a 0.1M citric acid

25 buffer solution (pH 5.0), DM was eluted with a methanol-0.1M citric 
acid buffer solution (pH 5.0) (70 : 30), and the DM-eluted fractions 
were subjected to HPLC analysis. This experiment was carried out 
twice. The DM fractions having relative purities of 96, 97 and 98 % 
or more were sampled respectively, and the recovering rates, the

30 amounts of the recovered solutions and the relative purities of DM 
are shown as pH 5.0 in Fig. 4A to 4C.
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Example 17 (present invention): purification of raw material DM 
having a higher purity

Raw material DM powder of 500 mg having a higher 
purity (a DM content of 463 mg and a relative purity of 95.8 %) was

5 dissolved in 10 ml of acidic water (pH 2.5, HC1), and this solution was 
passed through the HP20 column (50 ml). After washing the column 
with 50 ml of the same acidic water and 100 ml of a 0.1M citric acid 
buffer solution (pH 6.0), DM was eluted with a methanol-0.1M citric 
acid buffer solution (pH 6.0) (70 : 30), and the DM-eluted fractions

10 were subjected to HPLC analysis. The DM fractions having relative 
purities of 96, 97 and 98 % or more were sampled respectively, and 
the recovering rates, the amounts of the recovered solutions and the 
relative purities of DM are shown as pH 6.0 in Fig. 4A to 4C.
Example 18 (present invention): purification of raw material DM

15 having a higher purity
Raw material DM powder of 500 mg having a higher

purity (a DM content of 463 mg and a relative purity of 95.8 %) was 

dissolved in 10 ml of acidic water (pH 2.5, HC1), and this solution was 
passed through an HP20SS column (50 ml). After washing the

20 column with 50 ml of the same acidic water and 100 ml of a 0.1M 
citric acid buffer solution (pH 4.0), DM was eluted with a metha- 
nol-Ο.ΙΜ citric acid buffer solution (pH 4.0) (70 : 30), and the DM- 
eluted fractions were subjected to HPLC analysis. The DM fractions 
having relative purities of 96, 97, 98 and 99 % or more were sampled

25 respectively, and the recovering rates, the amounts of the recovered 
solutions and the relative purities of DM are shown in the form of a 
black bar in Fig. 5A to 5C.
Example 19 (present invention): purification of raw material DM 

having a higher purity
30 Raw material DM powder of 500 mg having a higher

purity (a DM content of 463 mg and a relative purity of 95.8 %) was
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dissolved in 10 ml of acidic water (pH 2.5, HC1), and this solution was 
passed through he HP20SS column (50 ml). After washing the 
column with 50 ml of the same acidic water and 100 ml of a 0.1M 
citric acid buffer solution (pH 4.0), DM was eluted with an acetone-

5 0.1M citric acid buffer solution (pH 4.0) (30 : 70), and the DM-eluted
fractions were subjected to HPLC analysis. The DM fractions having 
relative purities of 96, 97, 98 and 99 % or more were sampled respec
tively, and the recovering rates, the amounts of the recovered solu
tions and the relative purities of DM are shown in the form of a void

10 bar in Fig. 5A to 5C.
The HPLC analysis charts of raw material DM having a 

higher purity used as the raw material and a solution obtained by 
sampling the DM fractions having a relative purity of 98 % or more 
are shown in Fig. 6 and Fig. 7 respectively.

15 Example 20 (present invention): recovery of purified DM
DM was recovered from the solution obtained by sampling 

the DM fractions having a relative purity of 98 % or more in Example 
18. The sampled solution was adjusted to a pH of 8.5 with 4N sodium 
hydroxide, and about a half amount of chloroform based on the

20 amount of the solution was added to extract DM. The organic solvent 
phase containing DM was concentrated and dried under reduced 
pressure, and then a small amount of chloroform/methanol (20 : 1) 
was added thereto to dissolve it. This solution was added to an 
excess amount of hexane, and precipitated DM was filtered and dried

25 at 40°C under reduced pressure for one night. In this case, the 
resulting DM powder had a yield of 242 mg.

It can be found from the examples described above that 
according to Fig. 1A to 1C, the method of the present invention can 
provide the products having a higher relative purity at a higher

30 recovering rate as compared with those of the controls (comparative 
examples). To be specific, in the comparative example, the fractions
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having a relative purity of 89 % or more (black circles and rhomboids) 
are not obtained, and the fraction having a relative purity of 88 % or 
more (black quadrangles) has as low recovering rate as 10 % or less, 
but in the method of the present invention, for example, pH 2.5, the

5 fraction having a relative purity of 88 % or more has a recovering 
rate exceeding 65 %, and the fraction having a relative purity of 89 % 
or more also has a recovering rate exceeding 10 %. Further, in pH 
5.98 according to the present invention, even the fraction having a 
relative purity of 90 % or more (black rhomboid) has a recovering

10 rate exceeding 15 %. These tendencies are observed likewise when 
acetone is used as the water-miscible organic solvent (refer to Fig. 5A 
to 5C).



18

CLAIMS

1. A purifying method of daunomycin characterized by 
eluting daunomycin from a hydrophobic porous synthetic resin 
carrier onto which daunomycin is adsorbed from crude daunomycin 
with an aqueous solution which contains a water-miscible organic 
solvent and which is buffered to pH 2.5 to 6 and recovering purified 
daunomycin from the eluent.
2. The purifying method as described in claim 1, wherein the 
hydrophobic porous synthetic resin carrier onto which crude dauno
mycin is adsorbed is prepared by contacting a solution obtained by 
dissolving crude daunomycin in an acidic aqueous solution having a 
pH of about 1 to 5 with the hydrophobic porous synthetic resin 
carrier to thereby adsorb daunomycin on said carrier and then 
washing the resin carrier adsorbing daunomycin with said acidic 
aqueous solution.
3. The purifying method as described in claim 2, wherein 
said acidic aqueous solution used for washing the carrier adsorbing 
daunomycin is buffered.
4. The purifying method as described in any of claims 1 to 3, 
wherein the buffered aqueous solution containing the organic solvent 
is buffered with a citric acid buffer solution, and said organic solvent 
is at least one solvent selected from the group consisting of methanol, 
ethanol and acetone.
5. The purifying method as described in claim 4, wherein 
said buffered aqueous solution containing the organic solvent has a 
volume ratio of the organic solvent to the aqueous solution of 80 : 20 
to 20 : 80.
6. The purifying method as described in any of claims 1 to 5, 
wherein crude daunomycin has a relative purity of 80 to 96 %.
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ABSTRACT

The present invention relates to a method in which dauno 
mycin is eluted from a hydrophobic porous synthetic resin carrier 
onto which daunomycin is adsorbed from crude daunomycin with a 
buffered aqueous solution containing a water-miscible organic sol
vent to recover purified daunomycin. Daunomycin (daunorubicin) is 
purified efficiently.
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