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WARNING!

THIS COMPOUND IS TOXIC ON INGESTION, PARENTERAL INJECTION,
AND ON CONTACT WITH THE SKIN AND EYES. IT IS CARCINOGENIC,
MUTAGENIC, AND TERATOGENIC.

HANDLE WITH EXTREME CARE. AVOID SKIN AND EYE CONTACT AND
BREATHING OF DUST. ON EXPOSURE, WASH SKIN IMMEDIATELY WITH
SOAP AND WATER.

IF INHALED, MOVE TO CLEAN AIR. CALL PHYSICIAN.

DO NOT TAKE INTERNALLY.

A. Background

Daunorubicin (daunomycin, DM) is an antibiotic anthracycline, a
member of the rhodomycin group. It has been isolated from fermenta-
tion broths of Streptomyces caerulorubidus and S. peucetius. Its
hydrochloride, the form in which it is used clinically, is a water
soluble red crystalline compound. It is highly toxic in all
mammalian species tested (parenteral LD50 in the mg/kg range) and
carcinogenic, mutagenic, embryotoxic, and teratogenic in some.
Exposure of skin and eyes may produce vesication. Its ma jor use is
as an antineoplastic, mainly against acute lymphocytic and myelo-
genous leukemias, but it is not promising in adult solid tumors and
not effective in maintenance therapy. In patients the ma jor toxic
effects are on the heart, hematopoietic system, and gastrointestinal
tract. Its mode of action on tumor and normal cells consists of
intercalation and ionic binding to intracellular DNA.

General reviews, of which there are many, include: DiMarco, 1975 a,b;
IARC, 1976; von Hoff et al., 1978; Aubel-Sadron and Londos-Gagliardi,
1984,
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B. Chemical and Physical Data

Note: ALl Jdata 1in the literature are those for daunorubicin
hydrochloride (DM'HCl); 1 mg DM = 1.07 mg DM'HCl

1. Chemical Abstract No.: 20830-81-3 for the free base; 23541-50-6
for the hydrochloride.

2. Synonyms: Acetyladriamycin; cerubidin; daunomycin; DM;
leukaemomycin C; 5,12-naphthacene dione, 8-acetyl-10-[(3-amino--
2,3,6-trideoxy-a-L-lyxo-hexapyranosyl)oxy]-7,8,9, 10-tetra-
hydro-6,8, 11-trihydroxy-1-methoxy-, (8S-cis)-"; NCI-COU693;
NSC-82151; RP 13057; rubidomycin; rubomycin C. Synonyms of
DM*HCl: Daunoblastin, NDC 0082-4155; Ondena.

B

3. Chemical structure® and molecular weight:

Daunomycinone
(aglycone)
H
OH
Daunosamine

free base: Cp7HpgNO1p; m.w. 527.5
hydrochloride: Cp7HogNO1g HCl; m.w. 564
Structures of representative metabolites
H OH 0
I

Daunorubicinol; = C --CH3 instead of —-C-CH3

Deoxydaunorubicin aglycone:

4. Density: No data.

5. Absorption spectroscopy: The ultraviolet, infrared (Bachur
et al., 1974), and fluorescence spectra (Bachur et al., 1970)

AChemical Abstracts name; used for listing in 9th Decennial Index and
subsequently.

BPosition assignments marked in this structure are those commonly used
in the literature dealing with metabolic transformation of DM (see F3);
they differ from the Chemical Abstracts assignments.
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have been published. There is a broad UV absorption maximum in
the 480-495 nm region (Dubost et al., 1963); fluorescent
Spectral data are: JAexe = 470 nm, Aepy = 554, 585nm.

Volatility: No data. DM-HCl may be regarded as essentially
nonvolatile.

Solubility: Solubility in water: 450 mg/ml; soluble in
methanol, insoluble in chloroform, ether, benzene (von Hoff
et al., 1978)

Description: Thin red needles. Dispensed by NCI in vials
containing 21.4 mg DM-HC1 (= 20 mg DM) + 100 mg mannitol. The
aqueous solution (0.1 mg/ml) has a pH of ca. 6.4; its color is
pink at acid pH and blue at alkaline pH (von Hoff et al., 1978)

Boiling point: No data; melting point: 188-190°C with
decomposition. :

Stability: Vials of solid DM-HC1, if protected from light, are
stable for at least 3 years at room temperature (von Hoff

et al., 1978). Aqueous solutions, if kept protected from
sunlight, are stable for one month at 5°C; better than 90% of
original concentration remains after 48 hours at 21°C in a
variety of infusion fluids (Poochikian et al., 1981), although
it is recommended that solutions prepared for therapy should be
used within 8 hours (von Hoff et al., 1978). Solutions of DM ir
buffered or unbuffered solution are unstable on irradiation witt
ultraviolet light; decomposition products include daunomycinone
and a deacetylated derivative (Gray and Phillips, 1981).

Chemical reactivity: Acid hydrolysis results in production of
daunomycinone and daunosamine as indicated in B3. The
anthracycline ring is subject to reduction, e.g., with sodium
borohydride. From the physiological point of view the most
important reaction of DM is that with DNA by intercalation of
two DM molecules in the double helix and hydrogen bonding
(Calendi et al., 1965; Quigley et al., 1980). Enzymatic
reduction by daunorubicin reductase yields daunorubicinol, a
major metabolite (Felsted et al., 1974).

Flash point: No data.
Autoignition temperature: No data.

Explosive limits in air: No data.

ire, Explosion, and Reactivity Hazards

DM is likely to be inactivated under conditions of fire. Because
of its vesicant action it is recommended that fire-fighting
personnel wear protective clothing and face masks.



2. Flammability is likely to be low.

3. Conditions contributing to instability are acid, elevated
temperature, and exposure to ultraviolet light.

4., Hazardous decomposition products on heating are fumes of
nitrogen oxides and hydrochloric acid.

Operational Procedures

The NIH Guidelines for the Laboratory Use of Chemical Carcinogens
describe operational practices to be followed when potentially
carcinogenic chemicals are used in NIH laboratories. The Guidelines
should be consulted to identify the proper use conditions required
and specific controls to be implemented during normal and complex
operations or manipulations involving DM.

DM°HC1 solutions penetrate PVC gloves (Laidlaw et al., 1984). This
factor should be taken into account when handling DM-HCl.

1. Chemical inactivation: Validated methods have been reported
(Castegnaro et al., 1985).

2. Decontamination: Turn off equipment that could be affected by
DM or the materials used for cleanup. If more than 1 g has been
spilled or if there is any uncertainty regarding the procedures
to be followed for decontamination, call the NIH Fire Department
(dial 116) for assistance. For details of procedures, see
Castegnaro et al. (1985).

3. Disposal: It may be possible to decontaminate waste streams
containing DM before disposal. For details, see Castegnaro
et al., (1985). No waste streams containing DM shall be
disposed of in sinks or general refuse. Surplus DM or chemical
waste streams contaminated with DM shall be handled as hazardous
chemical waste and disposed of in accordance with the NIH
chemical waste disposal system. Nonchemical waste (e.g., animal
carcasses and bedding) containing DM shall be handled and
packaged for incineration inaccordance with the NIH medical-
pathological waste disposal system. Potentially infectious
waste (e.g., tissue cultures) containing DM shall be disinfected
by heat using a standard autoclave treatment and packaged for
incineration, as above. Burnable waste (e.g., absorbent bench
top liners) minimally contaminated with DM shall be handled as
potentially infectious waste and packaged for incineration, as
above. Absorbent materials (e.g., associated with spill
cleanup) grossly contaminated shall be handled in accordance
with the chemical waste disposal system. Radioactive waste
containing DM shall be handled in accordance with the NIH
radioactive waste disposal system.

4. Storage: For information on storage stability see B10. Solid
DM may be stored at room temperature in the dark.



. Monitoring and Measurement Procedures Including Direct Field Measure-

ments and Sampling for Subsequent Laboratory Analysis

1. Sampling: No data.

2. Analysis:

a.

Sample extraction and preparation: Advantages and
disadvantages of various extraction procedures have been
evaluated (Schwartz, 1973). Extraction with butanol
(Finkel et al., 1969) is adequate for blood and urine but
not for tissues; ethanolic HC1 (Bachur et al., 1973)
results in variable hydrolysis to the aglycone and
therefore cannot be used in metabolic studies. More recent
methods involve extraction with organic solvents of tissue
homogenates (Cradock et al., 1973) or of plasma (Hulhoven
and Desager, 1976) or direct introduction of urine samples
into an HPLC system (Sepaniak and Yeung, 1980; Andrews

et al., 1980). Treatment of tissue homogenates with silver
nitrate solution releases DM from linkage with DNA and
therefore gives a truer picture of total tissue DM
(Schwartz, 1973).

Analytical methods: The three methods used in the analysis
of DM and its metabolites in tissues and biological fluids
are fluorimetry, high performance liquid chromatography
(HPLC), and radioimmunoassay (RIA), either singly or in
combination. Each has its advantages and disadvantages,
and these have been critically reviewed (Sepaniak and
Yeung, 1980; Brown et al., 1981). Fluorimetry (which does
not distinguish between DM, daunomycinone, and metabolites
unless coupled with TLC [Cradock et al., 1973]) has been
used in plasma and urine (Finkel, 1969) and tissue analysis
(Bachur et al., 1970), with a lower detection limit of
0.05-0.5 ug/g for the latter. HPLC is particularly
applicable to the study of metabolite distribution and has
been coupled with fluorimetric (Sepaniak and Yeung, 1980;
Andrews et al., 1980) or electrochemical detectors Akpofure
et al., 1982). Detection limits are of the order of 10
ng/ml plasma or urine. RIA, with a lower limit of
detection of 1 ng/ml plasma or urine (van Vunakis et al.,
1974) is the most sensitive procedure but requires
expensive counting equipment and collection of chromato-
graphic fractions. The antisera cross react with doxoru-
bicin and doxorubicinol (Bachur et al., 1977).

Stability of tissue preparations: Several authors stress
that tissue samples should be kept cool and protected from
light during work-up for analysis.



r.

Slological Effects (Animal and Human)

1.

Absorption: DM is absorbed and produces biological effects
after parenteral (intravenous [the usual clinical method] and
intraperitoneal) injection, and by ingestion. It acts as a
vesicant and may produce contact dermatitis as a result of
handling or by extravasation due to needle slippage during
treatments; however, there is no evidence whether systemic toxic
effects are produced by this route.

Distribution: Intravenously injected DM is rapidly cleared from
the bloodstream (half time in the hamster = 15 minutes [Mhatre
et al., 1972]) and is transported into tissues, where it crosses
cell membranes rapidly by an active process, against a
concentration gradient (Bachur, 1975). Highest concentrations
are found in kidney and lungs, lower amounts in heart, spleen,
and liver in the rabbit (Hulhoven and Harvengt, 1982). DM
apparently does not cross the blood-brain barrier, presumably
because of the charged nature of the compound, in animals and
man (DiFronzo and Bonadonna, 1969).

Metabolism and excretion: The metabolism of DM in mammalian
tissues has been reviewed (Loveless et al., 1978). Initially,
it proceeds via two pathways: reduction to daunorubicinol, and
reductive glycosidic cleavage to deoxydaunorubicin aglycone (see
B3 for structures). These steps are followed by further
hydrolyses, reductions, demethylation at the Y4-position, and
conjugation with glucuronic acid and/or sulfate at positions 4
and 13. Schemes of metabolic pathways can be found in
publications by Asbell et al. (1972) and Takahashi et al.
(1975), among others. Excretion of unchanged DM and its
metabolites is via urine and bile, with daunorubicinol as the
ma jor-excretion product in urine, and glucuronide conjugates of
DM, daunorubicinol, and aglycones in bile. It appears that the
metabolism of DM is geared towards production of compounds of
higher polarity (Cradock et al., 1973).

Toxic effects: The acute LD50s of DMA by the intravenous or
intraperitoneal route are in the range of 4-25 mg/kg for mouse,
rat, guinea pig, hamster, rabbit, and dog (Dubost et al., 1963;
Maral and Jouanne, 1981). The subcutaneous LD50 in the mouse is
47 mg/kg (Dubost et al., 1963) and the oral LD50s of DM-HCl in
mouse and rat are considerably higher (205 and 290 mg/kg,
respectively [RTECS, 1983]) and its physiological action by this
route is slight. The "highest non-toxic dose" in the monkey
(i.v.) is 0.5 mg/kg (Prieur et al., 1972).

Are is not clear whether toxicity figures in the literature are in terms

of mg DM-HCl/kg or have been recalculated as mg DM/kg. Since only
ranges are given here the difference is not significant for parenteral
administration and probably also not for oral toxicity.



Toxic effects of DM vary greatly with species and dose. In the
mouse and rat, intraperitoneal injection produces mainly
diarrhea and other gastrointestinal symptoms (von Hoff et al.,
1978) with nephrosis noted in rats (Sternberg 1970). High doses
of DM i.v. result in fatal respiratory depression in the guinea
pig (Herman et al., 1969). In most species the effects are
cardiopulmonary: tachypnea, dyspnea, and hypotension leading to
cardic arrhythmia in hamsters, dogs, and monkeys (Herman and
Viok, 1970; Mhatre et al., 1972) and other cardiomyopathy in the
rabbit (Bachur et al., 1974).

In man, antineoplastic treatment with DM results in effects on
the hematopoietic system (leukopenia, thrombocytopenia), nausea,
vomiting, anorexia, diarrhea, phlebitis, and alopecia and
cardiotoxic symptoms which may lead to congestive heart failure
(Bonadonna and Monfardini, 1969; von Hoff et al., 1978).

Carcinogenic effects: The literature through 1975 has been
summarized (IARC, 1976). Mammary fibroadenomas and adenosar-
comas (Marquardt et al., 1976; Solicia et al., 1978) and renal
tumors (Sternberg et al., 1972) are induced in rats by
intravenous DM (Bucciarelli, 1981) but not in BALB/c mice
(Bucciarelli et al., 1982). Subcutaneous sarcomas have been
noted in several species at the point of subcutaneous or
intraperitoneal injection.

Mutagenic and teratogenic effects: DM is mutagenic in the Ames
test (Benedict et al., 1977; Marzin et al., 1983). Terato-
genicity has been noted in the rat (Thompson et al., 1978) and
chick (DeBernardi et al., 1967). DM does not appear to be
teratogenic in the rabbit but produces a high incidence of
spontaneous abortions (Maral and Jouanne, 1981).

ergency Treatment and Medical Surveillance

Skin and eye exposure: For skin exposure, remove contaminated
clothing and wash with soap and water. For eye exposure,
irrigate immediately with copious amounts of warm water or boric
acid solution.

Ingestion: Give milk or sodium bicarbonate solution to reduce
gastric irritation.

Inhalation: Remove to clean air and avoid further contact.

Medical Surveillance: Preemployment and periodic surveillance
should include liver and kidney function tests, hematological
work up, and cardiovascular examination. It is recommended that
personnel with preexisting dermatitis and cardiovascular
symptoms, as well as women during the first three months of
pregnancy, not be exposed to DM except in very small amounts.



The treatment of skin dermatitis due to extravasation during
injection, as well as accidental exposure of laboratory workers,
has been reviewed (Ignoffo and Friedman, 1980; Cox, 1984).

References

Akpofure, C., C.A. Riley, J.E. Sinkule, and W.E. Evans. 1982.
Quantitation of daunorubicin and its metabolites by high-
performance liquid chromatography with electrochemical
detection. J Chromatogr 232:377-383.

Andrews, P.A., D.E. Brenner, F.-T.E. Chou, H. Kubo, and N.R. Bachur.
1980. Facile and definitive determination of human adriamycin
and daunorubicin metabolites by high-pressure liquid
chromatography. Drug Metab Dispos 8:152-156.

Asbell, M.A., E. Schwartzbach, F.J. Bullock, and D.W. Yesayr. 1972.
Daunomycin and adriamycin metabolism via reductive glycosidic
cleavage. J Pharmacol Exp Ther 182:63-69.

Aubel-Sadron, G. and D. Londos-Gagliardi. 1984. Daunorubicin and
doxorubicin, anthracycline antibiotics, a physicochemical and
biological review. Biochimie 66:333-352.

Bachur, N.R. 1975. Adriamycin (NSC-123127) pharmacology. Cancer
Chemother Pharmacol 6(3):153-158.

Bachur, N.R., M.J. Egorin, and R.C. Hildebrand. 1973. Daunorubicin
and adriamycin metabolism in the golden Syrian hamster. Biochem
Med 8:352-361.

Bachur, N.R., R.C. Hildebrand, and R.S. Jaenke. 1974. Adriamycin
and daunomycin disposition in the rabbit. J Pharmacol Exp Ther
191: 331-340.

Bachur, N.R., A.L. Moore, J.G. Bernstein, and A. Liu. 1970. Tissue
distribution and disposition of daunomycin (NSC-82151) in mice:
Fluorometric and isotopic methods. Cancer Chemother Pharmacol
54(1):89-94,

Bachur, N.R., C.E. Riggs Jr., M.R. Green, J.J. Langone, H. van
Vunakis, and L. Levine. 1977. Plasma adriamycin and dauno-
rubicin levels by fluorescence and radioimmunoassay. Clin
Pharmacol Ther 21:70-77.

Benedict, W.F., M.S. Baker, L. Haroun, E. Choi, and B.N. Ames. 1977.
Mutagenicity of cancer chemotherapeutic agents in the
Salmonella/microsome test. Cancer Res 37:2209-2213.

Brown, J.E., P.A. Wilkinson, and J.R. Brown. 1981. Rapid high-
performance liquid chromatographic assay for the anthracyclines
daunorubicin and 7-con-O-methylnogarol in plasma. J Chromatogr
226:521-525.

Bonadonna, G. and S. Monfardini. 1969. Cardiac toxicity of
dauno-rubicin. Lancet 1:837.

Bucciarelli, E. 1981. Mammary tumor induction in male and female
Sprague-Dawley rats by adriamycin and daunomycin. JNCI 66:
81-84.

Bucciarelli, E., M. Providenza, M. Testarella, and F.M. Bianco. 1982.
Lack of oncogenic activity of doxorubicin and daunorubicin in
BALB/c mice. Tumori 68:1-3.

Calendi, E., A. DiMarco, M. Reggiani, B. Scarpinato, and L.
Valentini. 1965. On physico-chemical interactions between
daunomycin and nucleic acids. Biochim Biophys Acta 103:25-49.



Lastegnaro, M., S.C. Adams, M.-A. Armour, J. Barek, J. Benvenuto,
Confalonieri, U. Goff, S. Ludeman, D. Reed, E.B. Sansone, and
Telling, eds. 1985. Laboratory Decontamination and Destruct
of Carcinogens in Laboratory Wastes: Some Antineoplastic
Agents, IARC Scientific Publications No. —__. World Health
Organization, Geneva, Switzerland.

Cox, R.F. 1984. Managing skin damage induced by doxorubicin hydr
chloride and daunorubicin hydrochloride. Am J Hosp Pharm
41:2410-2414,

Cradock, J.C., M.J. Egorin, and N.R. Bachur. 1973. Daunorubicin
biliary excretion and metabolism in the rat. Arch. Int.
Pharmacodyn Ther 202:48-61.

De Bernardi, F., M.L. Cigada, R. Maci, and S. Ranzy. 1967. On
protein synthesis during the development of lithium-treated
embryos. Experientia 25:211-213.

Di Fronzo, G. and G. Bonadonna. 1969. Preliminary studies on the
distribution and excretion of tritiated daunomycin in men.
Tumori 55:263-275.

Di Marco, A. 1975a. Adriamycin (NSC-123127): Mode and mechanism
action. Cancer Chemother Pharmacol 6(3):91-105.

Di Marco. A. 1975b. Daunomycin (daunorubicin) and adriamycin.
Chapter 60 in Antineoplastic and Immunosuppressive Agents, Pt.
II. Handb Exp Pharmakol 38/2, Pages 593-614 Sartorelli, A.C.
and D.G. Johns (eds). Springer, Berlin.

Dubost, M., P.G. Anter, R. Maral, L. Ninet, S. Pinnert, J.
Proud'homme, and G.-H. Werner. 1963. Un nouvel antibiotique
propriétés cytostatiques: la rubidomycine. [A new antibiotic
with cytostatic properties: Rubidomycin.] C R Acad Sci
257:1813-1815.

Felsted, R.L., M. Gee, and N.R. Bachur. 1974. Rat liver dauno-
rubicin reductase. J Biol Chem 249:3672-3679.

Finkel, J.M., K.T. Knapp, and L.T. Mulligan. 1969. Fluorometric
determination of serum levels and urinary excretion of
daunomycin (NSC-82151) in mice and rats. Cancer Chemother
Pharmacol 53(1):159-164,

Gray, P.J. and D.R. Phillips. 1981. Ultraviolet photoirradiation
daunomycin and DNA-daunomycin complexes. Photochem Photobiol
33:297-303.

Herman, E.H., P. Schein, and R.M. Farmar. 1969. Comparative cardi
toxicity of daunomycin in three rodent species. Proc Soc Exp
Biol Med 130: 1098-1102.

Herman, E.H. and J.A. Vick. 1970. The acute pharmacological actio
of daunomycin in the dog and monkey. Pharmacology 3:291-304,

Hulhoven, R. and J.P. Desagar. 1976. Quantitative determination o
low levels of daunomycin and daunomycinol in plasma by
high-performance liquid chromatography. J Chromatogr 125:369-
374.

Hulhoven, R. and C. Harvengt. 1982. Distribution of daunorubicin
intravenously injected or intravenously infused as free drug o
as complex with DNA in rabbits. Pharmacology 24:253-260.

IARC, International Agency for Research on Cancer. 1976. Daunomyci
IARC Monographs 10:145-152,



ignoffo, R.J. and M.A. Friedman. 1980. Therapy of local toxicities
caused by extravasation of chemotherapeutic drugs. Cancer Treat
Rev 7:17-27.

Laidlaw, J.L., T.H. Connor, J.C. Theiss, R.W. Anderson, and T.S.
Matney. 1984. Permeability of latex and polyvinyl chloride
gloves to 20 antineoplastic drugs. Am J Hosp Pharm 41:
2618-2623.

Loveless, H., E. Arena, R.L. Felsted, and N.R. Bachur. 1978.
Comparative mammalian metabolism of adriamycin and daunorubicin.
Cancer Res 38: 593-598.

Maral, R.J. and M. Jouanne. 1981. Toxicology of daunorubicin in
animals and man. Cancer Treat Rep 65:9-18.

Marquardt, H., F.S. Philips, and S.S. Sternberg. 1976. Tumorigen-
icity in vivo and induction of malignant transformation and
mutagenesis in cell cultures by adriamycin and daunomycin.
Cancer Res 36:2065-2069.

Marzin, D., C. Jasmin, R. Maral, and G. Mathe. 1983, Mutagenicity
of eight anthracycline derivatives in five strains of Salmonella
typhimurium. Eur J Cancer Clin Oncol 19:641-647.

Mhatse, R.M., E.H. Herman, V.S. Waravdekar, and I.P. Lee. 1972.
Distribution and metabolism of daunomycin, adriamycin and
N-acetyldaunomycin in the Syrian golden hamster. Biochem Med
6:445-453,

Poochikian, G.K., J.C. Cradock, and K.P. Flora. 1981. Stability of
anthracycline antitumor agents in four infusion fluids. Am J
Hosp Pharm 38:483-486.

Prieur, D.J., D.M. Young, and R.D. Davis. 1972. Daunomycin
(NSC-82151) preclinical toxicological evaluation of single daily
i.v. injections in monkeys for 3 days followed by a 3 day no.
treatment period (15 treatments). U.S. NTIS, P.B. Rep. 1972,
No. 211673; Chem Abstr 78:66900k.

Quigley, G.J., A. H.-J. Wang, G. Ughetto, G. van der Marel, J.H. van
Bloom, and A. Rich. 1980. Molecular structure of an anti-
cancer drug - DNA complex: Daunomycin plus d(CpGpTpApCpG). Proc
Natl Acad Sci USA 77:7204-7208.

RTECS. 1983. Registry of Toxic Effects of Chemical Substances.
1983 Supplement to the 1981-1982 Edition. DHHS (NIOSH)
Publication No. 84-101.

Schwartz, H.S. 1973. A fluorometric assay for daunomycin and
adriamycin in animal tissues. Biochem Med 7:396-404.

Sepaniak, M.J. and E.S. Yeung. 1980. Determination of adriamycin
and daunorubicin in urine by high-performance liquid chromatog-
raphy with laser fluorometric detection. J Chromatogr 190:377-
383.

Solicia, E., L. Ballerini, O. Bellini, L. Sala, and C. Bertazzoli.
1978. Mammary tumors induced by adriamycin and daunomycin.
Cancer Res 38:144L4-1446,

Sternberg, S.S. 1970. Cross-striated fibrils and other ultra-
structural alterations in the glomeruli of rats with daunomycin
nephrosis. Lab Invest 23:39-51.

Sternberg. S.S., F.S. Philips, and A.P. Cronin. 1972. Renal tumors
and other lesions in rats following a single intravenous
injection of daunomycin. Cancer Res 32:1029-1036.



lakanashi, S5. and N.R. Bachur. 1975. Daunorubicin metabolites in
human urine. J Pharmacol Exp Ther 195:41-49.

Thompson, D.J., J.A. Molello, R.J. Strebing, and I.L. Dyke. 1978.
Teratogenicity of adriamycin and daunomycin in the rat and
rabbit. Teratology 17:151-158.

van Vunakis, H., J.J. Langone, L.J. Riceberg, and L. Levine. 1974
Radioimmunoassay for adriamycin and daunomycin. Cancer Res
34:2546-2552.

von Hoff, D.D., M. Rosenzweig, and M. Slavik. 1978. Daunomycin:
anthacycline antibiotic effective in acute leukemia. Adv Pha:
macol Chemother 15:1-50.



