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ThE content of endogenous melanin in white Balb ¢ and black C-57 BL. mice affected

Zn and Cnh

accumulation, elimination and distribution following intraperitoneal
administration of these ions. Elimination of Co®*

mns was significantly greater in

white mice than in black mice. Accumulation of Zn** was higher than that of Co** and
did not depend on melanin content in mice. The same response was observed upon
administration of exogenous melanin. Both ions accumulated mainly in spleen and

heart irrespective of melanin content.

It is well known that melanin biopolymers
show high capacity to accumulate metal ions in
vivo and to bind them in vitro [1-4]. Both the
model complexes of synthetic melanins and the
melanins isolated from natural sources using
divalent and trivalent metal ions are relatively
stable.

It has been demonstrated that melanin pres-
ent in B-16 or Harding-Passey melanomas im-
planted to black mice mudifses el:mmatmn
velocity and organ retention of Fe and
radionuclides [5, 6]. In our experiments al-
though concentration of *’Fe was higher in
black mice it was eliminated at higher rate than
in white Balb ¢ mice [7]. Administration of
exogenous melanin led to different accumula-
tion of *Fe in mice organs [7].

The aim of this work was to extend our studies
on the effect of endogenous and exogenous
melanin on acmmu]atmnz, elimination and dis-
tribution of Zn?* and Co®* ions in mice.

MATERIALS AND METHODS

Melanin was obtained by oxidative polymeri-
zation of 3,4-dihydroxyphenylalanine (L-
DOPA) in 0.067 M phosphate buffer at pH 8.0,
according to Binns ef al. [8]. For injection, me-
lanin was suspended in 0.9% NaCl containing
0.19% Tween 80, to the final concentration of 4
mg melanin per 1 ml. Experiments were carried
out using male mice (groups of ten), strains
Balb ¢ (white) and C-57 Bl. (black) of 25 + 3 g of
body weight. All mice were injected intraperi-
toneally with 0.5 ml of the metal ion solution in
the following doses:

zinc  [0.05,0.5and 2.0 mg Zn>*/k body weight
(e 1.25,125 and 50.0 pg Zn**/mouse)

cobalt [0.08, 0.8 and 8.0 mg Co®* /kg body weight
|(i.e. 2.0, 20.0 and 200.0 pg Co™* /mouse).

"Th1s work was financially supported by the Silesian Medical Academy,

! Abbreviations: b.w., body weight; mel. melanin.
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The maximal doses corresponded to 1/4th of
the LDsg values of eachion [9]. Aliquots (0.5 ml)
of melanin suspension were administered in-
traperltﬂnea]'l}r in the dose of 80 mg/ kg of bod}r

2§ht (i.e.2.0 mg/mouse). Each day Zn?* and
content in rnm:e was monitored radio-
chemrcally using *°Zn and 50co isotopes,
added in trace amounts (about 3 kBg/mouse)
to the ions solutions just before injections. After
24 days mice were decapitated and fragments
of haired skin, liver, heart, lungs, spleen and
kidneys were weighed and subjected to
radivactivity measurements. The results were
expressed as pug of metal ion/gram of organ.

Melanin localization was visualized by histo-
chemical examination by staining with hema-
toxylin.

For statistic evaluation regression coefficients
homogeneity, Cochran-Cox [10] and Student’s
t-test [11] were used.

The curves illustrating elimination of the ions
out of the organism are described by the func-
tiony =1/(ax +b).

RESULTS AND DISCUSSION

Two classes of independent binding sites of
high and low affinity were 1denl:tﬁed [4, 12]
during interaction of Zn’* and Co®* ions with
either synthetic melanin or with that isolated
from various natural sources. The following
strong (n;) and weak (ny) binding sites repre-
sented by association constants K; and K; for
metal ions — DOPA-melanin complexes were
found [12]:

Mel-Zn®* |K1=59x%10° M}, n =0.048 pmole
Zn/mg mel
K2=49x ‘IDE’ M'1 n2 =0.257 pmole
Zn/mg mel.,

Mel-Co?* |K1=2.5x 10° M™%, g =0.090 umole
Co/mg mel.,
K2 = 6.5% 10° M"Y ng =0.182 pmole
Co/mg mel,,

It is however of interest that despite similar
affinities of bﬂth ions I'.cl meiamn the binding
capacity for Zn?* and Co?* ionsin the organism
appeared to be different.

As can be seen from Fig. 1, when Zn®* and
Co®* were given to Irul:e at the maximal ion
mncentrahnn (2.0 mg Zn® { kg of b.w. and 8.0
mg Co®*/kg of b.w.). Co®* was eliminated
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Fig.1. Time course of Zn** and Co’* elimination in
Balb ¢ and C-57 Bl. mice following intraperitoneal

administration of the ions.
The initial metal ions mrucml;rahon 20 mg 7nz+;"kg of
body weight or 8.0 mg Cu ,.-"kg of body weight.
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Fig. 2. Elimination of Zn’* and Co®* in treated by
melanin and control groups of mice.

ThE initial metal ions concentration: 2 Ongn *or8.0mg
Co™*/kg of body weight.
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Table 1
Statistic evaluation (test for r _gressmn coefficients homogeneity) of the f:ﬁer! of endogenous melanin on
Zn®* and Co?* elimination in black and white mice

Initial Zn*" concentration G fﬂ.':?:.w.'] 0.5 bw) i ,,i'ﬁ bive)

Mice strain Balbc | C-57BL Balbc | C-57BL_| Balbc C-57BL__
Test statistic value F E=0.004 F =19.675 F=3.516

Critical value Iy = Fp(95,1,22) = 4.301

Initial Co®* concentration (m D};thJ I.’mgfl,'::s - ng-ﬁb.w.

| Miice strain Balb fLF C-57 BL Balbc | C-57Bl Balbe | C-57BlL_|
Test statistic value F F=104.303 F = 57.866 F =157.319
Critical value Fy F:(95,1,30)=4.171
*b.w., body weight.
more efficiently than Zn®": after 4 days fullow— After 24 day exposure, the highest Zn>* con-

ing ion administration about 10% of Co** and
as much as 60% uf Zn®* remained in mice.
Elimination of Co’* was slightly higher in
white Balb ¢ mice than in black C-57 Bl. mice
and differences in Co’* elimination were signi-
ficant (Table 1): F values were 14 to 40 times
higher than the critical F, value At the same
time the differences between Zn>* elimination
in black and white mice were mmgmhcant

Data on distribution of Zn>* and Co?" in mice
organs demonstrate organ differentiationinac-
cumulation of these ions (Table 2).

centration was found in spleen and the lowest
in liver. Also in each organ accumulal:lun of
Zn** was always l'ugher than that of Co2* , con-
centration of both ions in particular organs
being the higher the higher was the dose. How-
ever, as can be seen from Fig. 2, administration
of EXOgenous melanin significantly affected
Co?* elimination velocity in either mice strain.
The F values were 6 to 53 times higher than the
critical Fyvalues (Table 3), but also as in the case
with endogenous melanin the interstrain dif-

Table 2

Distribution of Zn>* and Co* in organs of black and white mice

Metal mfe]:ja??\:lm Mice Metal ion content (mg/g of organ) £5.D.
e CONC. strain Skin Liver Heart Lungs Spleen Kidneys
mf“ﬁc Balbc | 0.087:+0,008 | 0.035+0.015 | 0.11740.009 | 0.067+0.004 | 0.13940.037 | 0.05140.006
b s |C-57 Bl 0.02520.005° | 0.018:0.005° | 0.09240.013" | 0.061+0.011 | 0.12630.011 | 0.049:0.007
20 | (oo ke | BalbC [ 041920068 | 0.423£0.143 | 146720125 | 0.608:0.073 | 1.497:0.326 | 0.65610.105
”;?wiﬁ C-57 Bl | 0.27430.048" | 0.170:0.043" | 1.183+0.124" | 0.658+0,059" | 1.20340.184 | 0.43240.054°
{mlf,]k Balbe | 1.45420.211 | 0.887£0,411 | 4.43440.709 | 2.6930.264 | 4.094+0.459 | 1.79040.199
boe)> | C-57Bl| 170040232 0.96140.150 | 5.267+0.548° | 3.15310.242" | 4.891:0.821° | 2.19940.210"
{mﬂ*?k Balbe | 0.019£0.008 | 0.030£0.010 | 0.030+0.014 | 0.04640.025 | 0.06210.026 | 0.043+0.017
; b{q }5 C-57 Bl | 0.023:0.013 | 0.040+0.017 | 0.064+0.029' | 0.04240.017 | 0.036+0.018 | 0.06320.019

et r——r

{ms‘f,'k Balbe | 0.22440.116 | 0.181£0.062 | 0.367+0.154 | 0.3730.110 | 0.894+0.381 | 0.29040.144
iﬁw 15 C-57 Bl | 0.26140.118 | 0.748+0.325" | 0.57140,344 | 0.428+0.142 | 0.85940.392 | 0.701+0.194°

*b.w., body weight, a =P <0001, b=FP<0.00l,c= P <0005, d=P<00l,e =P <0.02, f= P <003
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ferences between Zn’* elimination measured
in the whole animal were ln.?.lgruﬁcant

Data on distribution of Zn** and Co%* in mice
organs of melanin treated and control groups
(Fig. 3 and Fig. 4) cnnftrm the differences in
organ distribution of Co®* in both black and
white mice, which were even more pronounced
in the latter. It has been demonstrated that
exogenous melanin has no effect on Zn** con-
tent in the analyzed mice organs, except for skm
and liver of Balb c strain. The analysis of Co**
distribution in mice organs has shown that stat-
istically significant differences between the
mice treated with melanin and controls can be
demonstrated for liver, heart and kidneys of
Balb ¢ strain.

Zn*"content (1 g/g organ)£S.D.

- - Melanin treated

Histopathological evaluation of slides ob-
tained from mice organs has proved that intra-
peritoneal injection of exogenous melanin to
mice causes accumulation of this biopolymerin
liver and spleen of both C-57 Bl. and Balb ¢
strains in the form of melanin “capsules”. The
presence of exogenous melanin in hair and hair
follicles was demonstrated only in C-57 BL
mice.

The effect of exogenous melanin on distribu-
tion, elimination and accumulation of the metal
ions in mice and localization of exogenous me-
lanin in the form of capsules on the liver and
spleen surfaces might suggest that application
of melanin may be used for detoxification of
metal ions in mice.

Fig. 3. Zn** dis-
tribution in mice
organs of melanin
treated and con-
trol groups.

Co, initial Zn®*

doses: E‘HJEiIJ .5 and
20 mg Zn"" kg of

body weight.
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Co**content (pg/g organ)+S.D.

i
b
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- Control

R

B - Vielanin treated

Table 3
Statistic evaluation (test for regression coefficients homogeneity) of the effect of exogenous melanin on
Zn®* and Co®* elimination in mice

Balb ¢

ki

1mh &l I { B
¥ ¢ F o P

p0.001%

Fig. 4. Co** dis-
tribution in mice
organsof melanin
treated and con-
trol groups.

Co, initial Co**
doses: 0.08, 0.8 and
8.0 mg Co?*/kg of
body weight.

Initial Zn>* concentration g g 2.0
{mg/kgb.w.") {mg/ kg bow.) (mg/ke b.w.)

| Mice strain Balb ¢ C-57 Bl Balbc C-57 Bl Balbe | C-57BL

Test slatistic value F 0542 | 6.021 4.473 1.392 3.664 0.510

Critical value Fy F; (95,1,22) = 4301

Initial Co®* concentration (m gf?l‘;gﬁb.w.B | i _&;b.w.} i fi: _

Mice strain Balbe | C-57 Bl Balb ¢ C-57 Bl Balb ¢ C-57 BlL.

Test statistic value F 188.177 107.996 85.411 71.009 212.286 23.609

Critical value Fy Fi (95,1, 30) = 4.171

*b.w., body weight.
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