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Melanin potentiates daunorubicin-induced inhibition of collagen
biosynthesis in human skin fibroblasts
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Abstract

One of the recognized side effects of antineoplastic anthracyclines is poor wound healing, resulting from an impairment of collagen
biosynthesis. The most affected tissue is skin. The mechanism underlying the tissue specificity of the side effects of anthracyclines has
not been established. In view of the fact that a number of pharmacologic agents are known to form complexes with melanin and melanins
are abundant constituents of the skin, we determined whether daunorubicin interacts with melanin and how this process affects collager
biosynthesis in cultured human skin fibroblasts. Results indicated that daunorubicin forms complexes with melanin. Scatchard analysis
showed that the binding of daunorubicin to melanin was heterogeneous, suggesting the presence of two classes of independent bindin
sites with K, = 1.83x 10° M~ ! and K, = 5.52x 10° M 1. The number of strong binding sites was calculatetias 0.158.mol/mg
of melanin and the number of weak binding sitesmgs= 0.255 pmol/mg of melanin. We have suggested that prolidase, an enzyme
involved in collagen metabolism, may be one of the targets for anthracycline-induced inhibition of collagen synthesis. We found that
daunorubicin induced inhibition of prolidase activity &= 10 wM), collagen biosynthesi§é 16,= 70 wM) and DNA biosynthesis
(ICgo=10 wM) in human skin fibroblasts. Melanit 10Q.g/ml) by itself produced about 25% inhibition of DNA synthesis and
prolidase activity but it had no effect on collagen biosynthesis in cultured fibroblasts. However, the addition of felanig /@i to
daunorubicin-treated celis at §¢ concentralion augmented the inhibitory action of daunorubicin on collagen and DNA biosynthesis
without having any effect on prolidase activity. The same effect was achieved when the cells were treated with daunorubicin at one-fourth
of the 1G5, given at 0, 6, 12 and 18 h during a 24-h incubation. The data suggest that the melanin-induced augmentation of the inhibitory
effects of daunorubicin on collagen and DNA biosynthesis may result ffom: i accumulation of the drug in the extracellula matrix, ii
gradual dissociation of the complex, a0d) iii constant action of the released drug on cell metabolism. The phenomenon may explain the
potential mechanism for the organ specificity of daunorubicin-induced poor wound healing in patients administered ttis2001.
Published by Elsevier Science B.V.
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1. Introduction suggested that the antiproliferative effect of daunorubicin
(Bland et al., 198% as well deficient collagen formation
Daunorubicin belongs to the anthracycline class of anti- (Devereux et al., 1979; Sasaki et al., 1987 may contribute
tumor agents that has the widest spectrum of activity of all to the reduced healing of skin wounds in patients treated
drugs used to treat malignant diseases Casazza,) 1986 with this drug. However, the precise mechanism underly-
The use of anthracyclines is accompanied by several unto-ing the tissue specificity of the daunorubicin-induced re-
ward side effect¢ Calabresi and Parks, 1980 . One of themduction of collagen production is not understood.
is poor wound healing, especially of the skin. It has been Itis known that several toxins and pharmacologic agents
(antibiotics, psychotropic, antirheumatic and anesthetic
agenty may undergo a specific interaction with melanin,
msponding author. Department of Medicinal Chemistry, Medical Igadmg to the accu-mUIatlon -Of these aggnts in melanin-rich
Academy of Bidystok, Kilinskiego 1, 15-230 Bigktok, Poland.’ Tel.: tissues and to an |ncrlease In thel,r tO)_(Idty Sa,ma,’ 19_92 '
+48-85-742-4710; fax:+48-85-742-4907. The symptoms of their accumulation in melanin-rich tis-
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mentation and hearing loss Larsson and Tjalve, 1979;

Larsson et al., 1988 .
In view of the fact that melanin is an abundant con-
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2.3. Preparation of DNR—melanin complex

Daunorubicin—melanin complexes were obtained as fol-

stituent of the skin, it seems reasonable to suspect that thdows: 5 mg of melanin was placed in a plastic test-tube,

specificity of daunorubicin to inhibit skin collagen biosyn-
thesis may result from its ability to form a complex with

and drug solutions in bidistilled water were added to a
final volume of 5 ml. The initial concentration of daunoru-

melanin, to accumulate in the skin and to have a toxic bicin ranged from 5< 107° to 1x 10~ M. Control sam-
effect on fibroblasts—the main collagen synthesizing cells. ples contained 5 mg of melanin and 5 ml of bidistilled

One of the enzymes involved in collagen biosynthesis is water without drug. All samples were incubated for 24 h at
prolidase[ E.C.3.4.13]9 . The enzyme is a cytosolic ex- room temperature, and then filtered.
opeptidase that cleaves imidodipeptides with a C-terminal
proline (Endo et al., 1989; Phang and Scriver, 1989 . The 2.4. Analysis of daunorubicin binding to melanin
biological function of the enzyme involves the metabolism
of collagen degradation products and the recycling of The concentrations of daunorubicin remaining in each
proline from imidodipeptides for collagen resynthesis filtrate after incubation with melanin were determined
(Chamson et al., 1989 . The efficiency of proline recycling spectrophotometrically, taking the molar absorption coeffi-
from imidodipeptides is about 90% Jackson et al., 2975 . ciente=1.1x 10® M~ ! cm™! at 480 nm. All spectropho-
Therefore, prolidase activity despite collagen gene expres-tometric measurements were made using the UV-VIS
sion may be a limiting factor in the regulation of collagen spectrophotometer JASCO model V-530. The amount of
biosynthesis. Previously, it has been documented that an-daunorubicin bound to melanin, calculated as the differ-
other antineoplastic anthracycline, doxorubicin, inhibits ence between the initial amounts of drug added to melanin
prolidase activity in cultured human skin fibroblasts and the amount of unbound drdg in filtrates after incuba-
(Muszynska et al., 1998 , suggesting a mechanism for thetion) are expressed ipmoles of bound drug per 1 mg
anthracycline-induced reduction of collagen biosynthesis. melanin.

In the present study, we examined the ability of A qualitative analysis of daunorubicin—melanin interac-
daunorubicin to form a complex with melanin, the stability tions was performed using the Scatchard plot of the experi-
constants of this complex and the effect of melanin on mental data according to Kalbitzer and Stelflik 1979 . The
daunorubicin-induced inhibition of prolidase activity, DNA number of binding site¢n) and the association constant
and collagen biosynthesis in cultured human skin fibrob- (K) were calculated.
lasts.

2.5. Fibroblast cultures
2. Materials and methods Normal human skin fibroblasts, obtained by punch
biopsy from an 11-year-old male donor, were maintained
in DMEM supplemented with 10% fetal bovine serum, 2
mmol/l glutamine, 50 Uml penicillin, 50 ng/ml
streptomycin at 37T under 5% CQ in an incubator. The
cells were used between the 12th and 14th passages. The
fibroblasts were subcultivated by trypsinization. Subcon-
fluent cells from Costar flasks were detached with 0.05%
trypsin and 0.02% ethylenediaminetetraacetic &cid EDTA
in calcium-free phosphate-buffered salihbe PBS . For the
experiments, cells were counted in hemocytometers and
cultured at 1x 10° cells per well in 2 ml of growth
medium in 6-well plate¢ Costar . Cells reached confluence
at day 6 and in most cases such cells were used for the
experiments. Confluent cells were treated for 24 h with the
studied drug added to the growth medium.

2.1. Materials

Glycyl-proline (Gly-Pro, bacterial collagenade type
VII), trypsin, bovine serum albumin, 8- 4,5-dimethylthia-
zole-2-y) -2,5-diphenyltetrazolium bromide MJT and
3,4-dihydroxyphenylalanine(L-DOPA) were purchased
from Sigma( USA , as were most other chemicals used.
Dulbecco’s minimal essential medium DMBM and fetal
bovine serum used in cell culture were obtained from
Gibco(USA . Glutamine, penicillin and streptomycin were
obtained from Quality Biologicalé USAL-5>H] proline
(28 Ci/mmol was purchased from Amershatm WK .
Daunorubicin was a gift from Prof. G. Grynkiewicz
(Pharmaceutical Institute, Warsaw{> 1 H thymidite 6.7
Ci/mmol) was obtained from NEN USA .

2.6. Collagen production
2.2. Preparation of melanin

Incorporation of radioactive precursor into proteins was
measured after labeling of confluent cells in growth
medium with various concentrations of daunorubicin,
melanin or both for 24 h with[8 H proline &Ci/ml, 28
Ci/mmol as described previously Oyamada et al., 3990 .

Synthetic melanin was obtained by oxidative poly-
merization of L-DOPA solution( 1 mg'ml) in 0.067 M
phosphate buffe¢ pH 8)0 for 48 h, according to Binns et
al. (1970 .
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Incorporation of tracer into collagen was determined by viability of fibroblasts cultured in the presence of daunoru-
digesting proteins with purifiedC. histolyticumcollage- bicin, melanin, or both, was calculated as a percentage of
nase according to the method of Peterkofsky et al. 1982 .that of control cells.

Results are shown as combined values for cell plus medium

fractions. 2.9. DNA biosynthesis assay
2.7. Determination of prolidase actty To examine the effect of the studied substances on

o . . ) fibroblast proliferation, the cells were seeded in 24-well
The activity of prolidase was determined according t0 jisse culture dishes at > 10° cells/well with 1 ml of

the method of Myara et al. 1982 , which is based on the growth medium. After 48 K 1.6 0.1x 10° cells/well)
measurement of proline with Chinard's reagént Chinard, o bjates were incubated with various concentrations of
1952 . Briefly, the monolayer was washed three times with 1q|anin or daunorubicin with or without melanin and 0.5
0.15 M NacCl. Cells were scraped off and suspended in wCi of [°H] thymidine for 24 h at 37C. Cells were rinsed
0.15 M NaCl and qentrlfuged at low speed 20@); the three times with phosphate-buffered saline PBS , solubi-
supernatant was discarded. The cell peflet from 2 wells ji;q \ith 1 ml of 0.1 M sodium hydroxide containing 1%

was SUSpendEd in 0.3 ml of 0.05 M TriS—HCl, pH 78, and sodium dOdecyI Sulfaté SDS , scintillation ||qu(d 9)fn|

sonicated three times for 10 s &M Samples were then a5 aqded and radioactivity incorporated into DNA was
centrifuged( 18,00& g, 30 min at 4C. Supernatant was  aasured in a scintillation counter.

used for protein determination and for the prolidase activ-
ity assay. Activation of prolidase requires preincubation
with manganese, and therefore 0.1 ml of supernatant was

incubated with 0.1 ml of 0.05 M Tris—HCI, pH 7.8 con- ] o
taining 20 mM MnC}, for 2 h at 37C. After this preincu- In all experiments, the mean values for six independent

bation, the prolidase reaction was initiated by adding 0.1 €XPerimentst standard deviationé Sp. were calculated,

ml of the preincubated mixture to 0.1 ml of 94 mm unless otherwise indicated.
glycyl-proline (Gly-Pro to a final concentration of 47
mM. After an additional incubation for 1 h at 33, the
reaction was terminated with 1 ml of 0.45 M trichloro- 3. Results
acetic acid. In parallel tubes, the reaction was terminated at
time “zerd’ (without incubation . The released proline was The ability of melanin to bind daunorubicin is presented
determined by adding 0.5 ml of the trichloroacetic acid in Fig. 1A. The results demonstrate that the amount of
supernatant to 2 ml of a 1:1 mixture of glacial acetic acid: daunorubicin bound to melanin increased with increasing
Chinard's reagent 25 g of ninhydrin dissolved af@0n initial drug concentration. It can be seen from the binding
600 ml of glacial acetic acid and 400 ml of 6 M orthophos- isotherm that the amount of daunorubicin bound to the
phoric acid and incubated for 10 min at°@ The amount  melanin polymer reached a plateau at about @i8ol
of proline released was determined colorimetrically by daunorubiciymg melanin, which reflects an initial con-
reading absorbance at 515 nm and calculated by using acentration of the drug equal toX610~* M. The data were
calibration curve for proline standards. Protein concentra- analyzed by constructing a Scatchard plot Fig.) 1B to
tion was measured by the method of Lowry et(@l. 1951 . determine the binding sites and the number of relevant
Enzyme activity was calculated as nanomoles of releasedbinding classes. Analysis of daunorubicin—melanin binding
proline per minute per milligram of supernatant protein.  showed that the Scatchard plot was curvilinear with an
upward concavity, indicating that at least two classes of
2.8. Cellviability assay independent binding sites are implicated in complex for-
mation ( Larsson and Tjalve, 1979; Larsson, 1993 . The
The assay was performed according to the method of calculated binding parameters for the interaction of
Carmichael et al( 1987 using(3- 4,5-di-methylthiazole-2- daunorubicin with melanin were as follows: strong binding
y)-2,5-diphenyltetrazolium bromide( MTT . Confluent sites with the association constakt = 1.83x 10° M~*
cells, cultured for 24 h with various concentrations of and weak binding sites with the association constant=
studied substances in 6-well plates, were washed three5.52x 10®° M 1. The number of binding sites were; =
times with phosphate-buffered salite PBS and then incu-0.16 andn, = 0.25umol daunorubicipymg melanin.
bated for 4 hin 1 ml of MTT solutiof 0.5 m¢ml of PBS Confluent human skin fibroblasts were used to test the
at 37C in 5% CQ, in an incubator. The medium was effect of daunorubicin on prolidase activity and collagen
removed and 1 ml of 0.1 M HCI in absolute isopropanol biosynthesis. The rationale for the use of confluent cells in
was added to the attached cells. The absorbance of conthe experiments was that prolidase activity Myara et al.,
verted dye in living cells was measured at a wavelength of 1989 and collagen biosynthegis Makela et al., 2990 are
570 nm with background substraction at 650 nm. The dependent on cell density and increase when the cell

2.10. Statistical analysis



142
1.0 |
_ A
‘80
g 0.8
e
= 06
£
=
— 04 4
0.2 p
0 2 4 6 8 10 12
Co [104 mol x dm '3]
20 A B
16 -
H
S 12
"E
<
S 8
< x
S
E
4
0 1 2 3 4

r [ 107 mol x mg™]

Fig. 1. Binding isotherm( A and Scatchard plot) B for the daunoru-
bicin—melanin complexg,—initial concentration of daunorubicirr,—
amount of daunorubicin bound per 1 mg melargg,—concentration of
unbound daunorubicin.

density increases. Prolidase activity and collagen biosyn-
thesis were measured in fibroblasts treated for 24 h with
different concentrations of daunorubicin and melanin. The

drug decreased collagen biosynthesis in confluent human
skin fibroblasts in a dose-dependent manger Fig. 2 . The

IC;, for collagen biosynthesis was about @®1. Melanin
had no significant effect on the process.
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Fig. 2. Collagen biosynthesi6 measured 4 5 H proline incorporation
into proteins susceptible to the action of bacterial collagenase in conflu-
ent human skin fibroblasts incubated for 24 h with different concentra-
tions of daunorubicin or melaniA—Melanin concentration was reported
as n.g/ml of growth medium. Mean valuesS.D. from six independent
experiments are presented.
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Fig. 3. Prolidase activity in confluent human skin fibroblasts incubated

for 24 h with different concentrations of daunorubicin or melanin.
& _Melanin concentration was reported pg,/ml of growth medium.
Mean values-S.D. from six independent experiments are presented.

A similar effect of daunorubicin on prolidase activity
and DNA synthesis was found. The drug decreased fibrob-
last prolidase activitf Fig.) 8 and DNA synthesgis Fig. 4
in a dose-dependent manner. The concentration of the drug
required for 50% inhibition( IG,) of prolidase activity
was about 1QuM. In both experiments, Ig; values were
calculated on the basis of the daunorubicin concentration
in the medium of cultured cells. Melanin also induced
inhibition of both processes. However, at 10@,/ml of
melanin, the processes were decreased only by about 25%
of control.

Since daunorubicin was found to form a complex with
melanin, we determined the effects of both compounds
added simultaneously on prolidase activity, collagen and
DNA biosynthesis in confluent fibroblasts. In these experi-
ments, the drug was used at C concentrations for the
respective processes together with 10§/ ml of melanin.

As can be seen from Fig. 5, the addition of melanin to
daunorubicin-treated cells was without an effect on proli-
dase activity in fibroblasts. In contrast, collagen biosynthe-
sis (Fig. 8 and DNA biosynthesis Fig) 7 were signifi-
cantly decreased.
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Fig. 4. DNA biosynthesi¢ measured Bs ] H thymidine incorporation into
DNA) in semiconfluent human skin fibroblasts incubated for 24 h with
different concentrations of daunorubicin or melafia-Melanin concen-
tration was reported agg/ml of growth medium. Mean valuesS.D.
from six independent experiments are presented.
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Fig. 5. Prolidase activity in confluent human skin fibroblaéts comtrol  Fig. 7. DNA biosynthesis in semiconfluent human skin fibrobldsts con-
cultured for 24 h with 1Q.M daunorubicin( DNR , 10Q.g/ml melanin trol) cultured for 24 h with 10uM daunorubicin( DNR , 100.g,/ml
(MEL) or both (DNR+ MEL) or with 10 wM daunorubicin given in four melanin (MED or both( DNR-MEL) or with 10 wM daunorubicin
dosed 2.5.M) at the start of the experiment and after 6, 12 and 18 h of given in four dose$¢ 2.5.M) at the start of the experiment and after 6, 12

incubation( DNR, dose divided in growth medium. Mean valy&sD. and 18 h of incubatiorf DNR, dose divided in growth medium. Mean
from three independent experiments done in duplicate are presented. valuest S.D. from three independent experiments done in duplicate are
presented.

In order to elucidate the mechanism underlying this King | hat the eff ¢ th )
phenomenon, we hypothesized that the daunorubicin— Taking into account that the effects of the studied

melanin complex formed during the incubation may subse- SuPstances on collagen and DNA biosynthesis may be a
quently dissociate and that the released daunorubicin may/€Sult of drug cytotoxicity, we assessed cell viability after
addition of different concentrations of daunorubicin,

constantly affect metabolism. If this were the case, than

the addition of the same concentration of daunorubicin 10 melanin, or bOI,h' Cell viability Was_ measureq by the
wM) to the cells, but divided into several doses given method of Carmichael et . 1987 using tetrazolinum salt.

during the time of incubation, would produce similar ef- Because of the possibility that daunorubicin interacts with

fects as the daunorubicin—melanin complex. The results (€ tetrazolinum salt, the control te6t non-specific reac-
presented in Figs. 6 and 7 support this hypothesis. TheF'On) was performed with both reagents incubated f_or 24 h
addition of 10..M daunorubicin, given in four doses at 0, n cgl[—free s;_/stem. Va!ue;_ were corrgcted for this non-
6, 12 and 18 h of incubation, produced a similar inhibition SPECific reaction. The viability of cells incubated for 24 h
of collagen and DNA biosynthesis as the daunorubicin— with the. indicated concentrations of daunorubmn is pre-
melanin complexX Figs. 6 and 7 . Moreover, daunorubicin sented in _Table 1. As can be seen, daunor_ublcm at a
added in divided doses caused a stronger inhibition of the concentration of 5G.M (the concentration at which colla-
processes than the same total concentration of the drug?®" and DNA biosynthesis were strongly inhibited pro-
given in one dose. Prolidase activity was not affected

either by the daunorubicin—melanin complex or by Table1

daunorubicin given in divided dosé€s Fig. 5 . Viability of confluent human skin fibroblasts treated with different con-

centrations of the indicated substances
Mean valueg: S.D. from six independent experiments are presented.

40 Substance: Daunorubicipmol /1) Cell viability (% of contro)
OcControl 0 100
s 10 92.69+3.3
S £ 30 T @DNR 50 83.2+4.1
o O B
8. J. SVEL 100 53.3+3.1
S e
£ ‘-.Z 20 - M DNR-+MEL Substance: Melanif.g,/ml) Cell viability (% of contro)
O -
£ x I BIDNRdose divided 0 100
g€ 7 10 99.5+0.4
=g 10 / I 50 98.2£0.7
= % = 100 95.2+1.3
0 % Substance: Daunorubicinmelanirf Cell viability( % of contral
Fig. 6. Collagen biosynthesis in confluent human skin fibroblésts con- (#mol/Dor (ug/mh?
trol) cultured for 24 h with 10uM daunorubicin( DNR , 100u.g/ml 0 100
melanin (MED or both( DNR-MEL) or with 10 wM daunorubicin 10+ 1007 97.2+1.8
given in four dose$¢ 2.p.M) at the start of the experiment and after 6, 12 50+ 1007 89.6+2.6
and 18 h of incubatiorf DNR, dose divided in growth medium. Mean 100+ 100? 83.0+4.3

valuest S.D. from three independent experiments done in duplicate are
presented. #Melanin concentration reported asy,/ml of growth medium.
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duced only about a 17% reduction of the viability of these M) divided into four doseg 2.p.M each added to the
cells. This suggests that the strong inhibitory effect of growth medium at the start of the incubation and 6, 12 and
daunorubicin( at 5QuM) on collagen and DNA biosynthe- 18 h later produced about 80% inhibition of the process
sis cannot be exclusively due to the cytotoxicity of this after 24 h of incubation. A similar effect was found with
drug at the indicated concentrations. Melanin, even at arespect to collagen synthesis. The data suggest that the
high concentratio 10GQ.g/ml), produced only about a mechanism of the melanin-dependent potentiation of the
5% reduction in cell viability. The addition of melanin effects of daunorubicin on cell metabolism involvés: i the
(100 pg/ml) to daunorubicin-treated cells at all indicated ability of melanin to form a complex with daunorubicin,
concentrations significantly decreased the cytotoxicity of (ii) the accumulation of the drug in the extracellular ma-
daunorubicin. This suggests that the melanin-induced trix, and(iii) the gradual release of daunorubicin from the
potentiation of the daunorubicin-dependent inhibition of complex so that it exerts a constant inhibitory action on
collagen and DNA synthesis is not a result of increased collagen and DNA biosynthesis. Since melanin is an abun-
cytotoxicity. dant constituent of the skin, the phenomenon may explain
the organ specificity of the poor wound healing seen in
patients administered this drug.
4. Discussion Another interesting point arises from the data, namely,
whether the melanin—daunorubicin complex serves as a
One of the recognized side effects of antineoplastic pro-drug with a prolonged duration of action. If this is
anthracyclines is poor wound healing, resulting from an true, one would expect that similar therapeutic effects of
impairment of collagen biosynthesis. The most affected daunorubicin would be achieved with lower doses of the
tissue is skin. The mechanism for the organ specificity of melanin—daunorubicin complex.
the side effect of anthracyclines has not been established. Although melanin potentiated the inhibitory effect of
In view of the fact that a number of pharmacologic agents daunorubicin on collagen biosynthesis, it had no effect on
are known to form complexes with melanins and melanin the potentiation by daunorubicin of prolidase activity in
is abundant constituent of the skin, we determined whetherfibroblasts. The biological function of prolidase involves
daunorubicin interacts with melanin and how this process the metabolism of collagen degradation products and the
affects collagen biosynthesis in cultured fibroblasts. The recycling of proline from imidodipeptides for collagen
data presented here show that melanin forms complexesresynthesid. Chamson et al., 1989; Jackson et al., 1975;
with daunorubicin and that at least two classes of indepen-Yaron and Naider, 1993 . It is evident that an absence of
dent binding sites are implicated in complex formation. prolidase will severely impede the efficient recycling of
The two calculated binding sites in the daunorubicin— collagen proline( Goodman et al., 1968 . However, en-
melanin complex may be due to a different accessibility of hanced liver prolidase activity was found during the fi-
the melanin binding sites. This may be explained by brotic process( Myara et al., 1987 . This suggests that
differences between the surface and the interior of the prolidase, by providing proline for collagen biosynthesis,
melanin polymer with regard to steric hindrance and may regulate the turnover of collagen and may be a
physico-chemical conditions, as was earlier suggestedrate-limiting factor in the regulation of collagen produc-
(Larsson and Tjalve, 1979; Larsson, 1993 . Melanins are tion. Recently, collagen production and prolidase activity
polyanions with a relatively high content of carboxy groups were found to be associated in cultured human skin fibrob-
and o-semiquinoneq Ito, 1986; Prota, 1992 , which are lasts treated with anti-inflammatory drugs Miltyk et al.,
negatively charged at physiological pH. Substances with 1996, during experimental aging of these célls/kRadt
cationic propertie§ e.g., metal ions, some djugs are thusal., 1996 , fibroblast chemotaxis ARal et al., 199Y and
bound to melanin mainly by ionic interaction, which also cell-surface integrin receptor ligatioh /Ral and Phang,
may be strengthened by other forces such as van der Waald4997 . Our results confirmed the previous observation of
attraction, charge-transfer reactions and hydrophobic inter-anthracycline-dependent inhibition of prolidase activity and
actions( Larsson and Tjalve, 1979; Larsson et al., 1988 . collagen biosynthesis in cultured fibroblaéts Muszynska et
The ability of melanin to bind daunorubicin was accom- al., 1998 . However, unlike collagen biosynthesis, the inhi-
panied by the melanin-dependent potentiation of the in- bition of prolidase activity by daunorubicin was not aug-
hibitory action of daunorubicin on collagen and DNA mented or affected by melanin. The discrepancy between
biosynthesis. One possible explanation for this phe- the melanin-dependent potentiation of the inhibitory effect
nomenon is that the daunorubicin—melanin comgglex which of daunorubicin on collagen biosynthesis and the lack of
had a relatively low stability constant gradually dissoci- an effect on prolidase activity is being intensively studied
ates during the 24-h incubation of cultured cells and that in our laboratory.
the released daunorubicin constantly affects the metabolism The data suggest that the ability of daunorubicin to
of the cells. Although 10uM daunorubicin produced form a complex with melanin may contribute to the accu-
about 50% reduction in DNA synthesis in fibroblasts mulation of the drug in melanin-rich tissués e.g., epider-
during a 24-h incubation, the same total concentrafion 10 mal tissué , with the subsequent slow dissociation of the
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complex, leading to the release of daunorubicin and aug- Larsson, P., Larsson, B.S., Tjalve, H., 1988. Binding of aflatoxjn B to

mentation of its inhibitory action on collagen and DNA

biosynthesis in dermal cells. The phenomenon may explain

melanin. Food Chem. Toxicol. 26, 579—586.
Lowry, O.H., Rosebrough, N.I., Farr, A.L., Randall, .R., 1951. Protein
measurement with the Folin reagent. J. Biol. Chem. 265, 193.

the organ specificity of the poor wound healing seen in \akela, J.K., Vuorio, T., Vuorio, E., 1990. Growth-dependent modula-

patients administered this drug.
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