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In quest of alternate, extradermal path of melanin transfer from skin to the visceral organs, we
suggested that some portions of such melanin may be deposited in the spleen, which in young
black C57BL/6 mice is often melanized. Here, we confirm these observation using young C57BL/6
female mice (up to 17 weeks) and show that this phenomenon cannot be observed in old animals
where the hair cycle is not synchronized any more. The experiments were carried out both on
spontaneous and depilation-induced hair cycle. We have checked it as a side-observation over
many other experiments carried out on young and old C57BL/6 female mice (up to 2.5 years of
life). The presence or absence of melanin in the spleens was checked macroscopically, and histo-
logically by Fontana-Masson (FM) staining, and synchronization of the hair cycle — by standard
histomorphometric analysis of the back skin hair follicles. In about 40% of old spleens black
FM-stainable “debris” could be found under closer histological examination. This study shows
that, at least in part, the phenomenon of splenic melanosis in C57BL/6 mice can be correlated
with the synchronized skin melanization parallel to the hair cycle progress, and that splenic mel-
anin undergoes gradual degradation during the mouse life.
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INTRODUCTION

The pigmentation synapse is the fourth known
type of synapses besides neurological, phagocytic
(engulfment) and immunological ones (Van den
Bossche et al., 2006). It enables melanocytes to trans-
fer melanin to the target epidermal or hair follicle
keratinocytes, which indicates the relation of this
process to the better known processes of exo-, endo-
and, perhaps, autophagocytosis (Schraermeyer, 1991;

Izumi et al., 2003; Palumbo, 2003; Van den Bossche
et al., 2006). However, there may exist an alternate,
extradermal path for melanin transfer to the visceral
organs (Wasserman, 1967), e.g. the spleen, which in
black mice can reveal melanosis (Weissman, 1967).
On the other hand, there is a strong correlation be-
tween the activity of the immunological system and
the hair follicular system: the proliferatory activity
of splenocytes depends on the phase of the hair cy-
cle (Slominski et al., 1997), and the hair cycle, includ-
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ing its melanogenic aspect (Slominski et al., 1991), is
regulated by immunological mechanisms (Paus et al.,
1999; Stenn & Paus, 2001; Schneider et al., 2009).

The phenomenon of splenic melanosis in
young C57BL/6 animals has been known for over 40
years (Weissman, 1967), but its biochemical, physio-
logical and genetic basis remains poorly understood.
The black pigment was found mainly in the extracel-
lular space of the red pulp or in macrophages (Ven-
inga et al., 1989), in the dorso-cranial part (anterior
pole) (Van der Heijden et al., 1995) or the posterola-
teral aspects of the spleen (Weissman, 1967). Some
authors identify the melanin-bearing splenic cells as
“melanophores” (Van der Heijden ef al., 1995) akin
to melanocytes. The occurence of splenic melanosis
varies between particular reports (10-21%, Weiss-
man, 1967; 8-34%, Crichton et al., 1978; 15%, Veninga
et al., 1989; 23%, van der Heijden et al., 1995; 14-80%,
Plonka et al., 2005b) but rarely exceeds 30% (34% for
female C57BL/6] and 31% for female C57BL/IOScSn,
Crichton et al., 1978; 50-80% for female C57BL/6 in
late catagen/early telogen, Plonka et al., 2005b). As
the reason of this pigmentatory effect some authors
suggested haemosiderins (Veninga et al., 1989) or
lipofuscin (Crichton et al., 1978), but most of them,
starting with Weissman (1967) and followed by Sun-
dberg (1991), van der Heijden et al. (1995), and re-
cently by us (Plonka et al., 2005b), insist that mela-
nin is the pigment responsible for the phenomenon.

A few years ago we confirmed by electron
paramagnetic resonance (EPR) spectroscopy that the
splenic pigment is of the eumelanin type (Plonka et
al., 2005b). We also found a correlation between the
occurrence of the phenomenon and the hair cycle,
and reported the presence of as many as 50-80%
melanotic spleens in mice in late catagen (the invo-
lution phase of the hair cycle) or early telogen (the
“resting” phase in the hair cycle), i.e. very shortly af-
ter macroscopically appreciable anagen (the growth
phase of the hair cycle), while in mice in deep telo-
gen the percentage of melanotic spleens was about
15% (Plonka et al., 2005b).

Splenic eumelanin observed by EPR dif-
fered from the pigment found in the skin (follicular
melanocytes and hair shafts). Its power saturability
and line width betrayed heterogeneity of paramag-
netic centres as compared to the normal skin pig-
ment, which suggested a partial degradation or other
kind of metamorphosis of the pigment (Plonka ef al.,
2005b). At the same time we confirmed a stochastic
and a yes-or-no character of the phenomenon which
means that without laparotomy only the probability
that a spleen reveals melanosis can be determined,
and no gradual change in the saturation of the black
(from light gray to deep black) but instead a varia-
bility in the area of the black spots can be observed.
In neither of the cited papers it was clarified wheth-

er melanin is produced in spleens de novo, whether
this production is synchronized with any physiolog-
ical signal of a systemic range which might at the
same time control hair cycling, or whether melanin
is transferred from other sites of the organism (per-
haps from skin with hair follicles) to be stored in the
spleen.

Most of the cited authors together with us in
our early study dealt with young mice up to 10-15
weeks after birth, and so far no study of old animals
(over 1.5 year) has been performed. It is of great in-
terest to check whether the phenomenon of splenic
melanosis persists throughout the mouse life and
whether it is somehow correlated with consecutive
hair cycles. The fate of melanotic spots observed in
the spleens of young animals is also very intrigu-
ing — does the melanosis remain to the end of the
animal’s life? If so, the fraction of pigmented spleens
in old animals should be similar to that in young
animals. And if the spleen is a place of storage of
melanin coming from hair follicles in consecutive
anagens — the fraction of melanotic spleens should
even increase over the life period.

However, from the EPR properties of the
pigment (Plonka et al., 2005b) we expect a gradual
degradation of the splenic melanin. Starting with
3rd hair cycle after birth, transformation of hair fol-
licles according to subsequent stages of the hair cy-
cle becomes asynchronous (Dry, 1926; Chase & Ea-
ton, 1959; Militzer, 2001; Young et al., 2003; Plikus &
Choung, 2004; 2008). If the phenomenon of splenic
melanosis remains somehow related to hair cycling,
then de-synchronization of hair follicles in old ani-
mals should be associated with less pronounced
splenic melanosis. However, if the spleen serves as
a place of storage, but not degradation of melanin,
it should remain pigmented, or even the pigmenta-
tion should increase during the lifetime. As synchro-
nized hair cycling co-exists with spleen melanosis in
young C57BL/6 mice, we presume that in the case
of a de-synchronized hair cycle in very old animals
the presence or absence of spleen melanization will
be a valuable clue concerning the origin and fate
of splenic melanin and potential cross-talk between
hair cycling and splenic melanosis.

MATERIALS AND METHODS

Animals. Young female C57BL/6 mice (about
6-7 weeks old) were purchased from the Animal
Breeding Facility of the Silesian Medical Academy
in Katowice — Ligota (Poland). Nos3 knockout mice
in C57BL/6 background were a generous gift from
Professor Stefan Chlopicki (Jagiellonian University
Medical College). Several groups of mice (for de-
tails see Tables 1 and 2) were kept from 7 to 133



Vol. 56

Lack of spleen melanosis in old C57BL/6 mice

345

Table 1. Spleen melanosis in young (up to 9 months) female C57BL/6 mice in control groups of various experiments.

Total number of

Age (weeks) Genotype

Number of

Pigmented spleens  Average pigmented area

spleens pigmented spleens (%) (%)
9* wt 11 4 36.4 41.3
8-11* Nos37~ 14 5 35.7 245
10* wt 49 23 46.9 41.7
11* wt 9 2 222 20
12* wt 20 4 20 20.6
13* wt 10 5 50 20.8
16* wt 1 0 0 0
17 wt 7 2 28.6 40
36* Nos3~~ 3 0 0 0
Total 124 45 36.29
Mean 25.51 23.05
+S.D. 19 17.12

Nos37~, Nos3 knockout mice; *depilated 7-8 weeks after birth.

weeks, i.e. about 2.5 years, over a 4-year period of
activity of the Trichology Group at the Department
of Biophysics, Jagiellonian University, and served to
execute observations described here as side-obser-
vations made during other on-going experiments.
The animals were kept in the animal facility, under
standard conditions, in community cages and a 12-
h day/night regime, with continuous access to food
and drinking water. They were monitored for any
dermatological changes which were photodocument-
ed. Permission to carry out the animal study was
granted by the 1st Local Committee for Animal Re-
search in Krakow (15/OP/2004).

Hair cycle control. To achieve a perfectly
synchronized anagen development over the whole
back skin area, hair shafts of the back fur coat of
mice with all follicles in telogen (pink skin) were de-
pilated using a warm mixture (1:1) of beeswax (Al-

drich, Milwaukee, WI, USA) and gum rosin (Sigma,
St Louis, MO, USA) according to Paus et al. (1990).
The procedure was done on young animals (7-8
weeks) in deep ketamine anaesthesia (Ketanest 50;
Parke-Davis GmbH, Berlin, Germany; i.p. 0.75 mg/
mouse, in PBS). To obtain skin in synchronized cata-
gen animals were treated with topical dexametha-
sone (0.8-1 ml dexamethasone-21-acetate in propyl-
ene glycol; Sigma, St Louis, MO, USA) since day 10
after depilation (Paus et al., 1994). 1-Methylnicotin-
amide (MNA, chlorate; 15 mg/100 ml drinking wa-
ter; Dr. Jan Adamus, Institute of Applied Radiation
Chemistry, Technical University, £.6dZ, Poland) was
administered continuously starting with week 30
after birth. To disrupt normal hair cycle, cyclophos-
phamide (CYP; Endoxan, ASTA Medica AG, Frank-
furt, Germany; in saline or in PBS) was given in a
single dose of 120 or 150 mg/kg body mass i.p. on

Table 2. Lack of splenic melanosis of various treated and untreated groups of old (over 1 year) female C57BL/6 mice.

Total number of  Number of pigmented

Treatment Genotype Age (weeks) spleens spleens
Untreated wt 60 2 0
untreated Nos3~~ 60 3 0
MNA Nos3~~ 60 4 0
MNA wt 60 4 0
untreated Nos3~~ 77 6 0
CYP 120 mg/kg* wt 83 1 0
CYP 120 mg/kg* wt 87 5 0
CYP 150 mg/kg* wt 87 6 0
untreated*® wt 114 1 0
MNA* wt 133 2 0
CYP 150 mg/kg* wt 133 1 0
CYP 150 mg/kg, MNA* wt 133 2 0
Total 37 0
Total untreated 13 0

Nos37, Nos3 knockout mice; MNA, 1-methylnicotinamide 15 mg/100 ml in drinking water; CYP, cyclophosphamide; *depilated 7-8 weeks

after birth.
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day 9 after depilation (Paus et al., 1994; Hendrix et
al., 2005).

Macroscopic observations and photodocu-
mentation. The presence and area of spleen melano-
sis was estimated shortly after animal sacrifice, dur-
ing necropsy. After fixation in formalin pictures of
spleens and skin specimens were taken using Nikon
Digital Camera D80 with Af-S Nikkor 18-70 mm
1:3.5-4.5G ED lenses or an analog Pentax camera ad-
justed for macrophotography.

Because of the de-synchronization of hair
growth in old animals, only the percentage of the
back skin area between anagen Illc—catagen V could
be judged by the size and number of black spots in-
dicating active melanogenesis and the presence of
melanin granules in the region of hair follicle or in
the hair shaft above the keratogenous zone (Mueller-
Roever et al., 2001). It was checked after skin fixa-
tion.

Preparation of skin and spleen sections.
Animals were sacrificed by cervical dislocation af-
ter shawing (Braun animal shaver) in deep keta-
mine anaesthesia (see, Hair cycle control). Skin
was separated from the body on the level of the
subcutis by scissors, and spread on a piece of
cardboard, whereupon spleen was removed, and
both organs immediately fixed in buffered (pH
7.4) 5% formalin (POCh, Gliwice, Poland) (Paus et
al., 1990).

For histology, formalin-fixed skin samples
of the middle regions of the back, and spleens
were dehydrated, embedded in paraffin (Histo-
plast, Thermo Shandon, Runcorn, UK) and stained
by haematoxylin (Mayer haematoxylin, Stamar,
Dabrowa Goérnicza, Poland) and eosin (POCh,
Gliwice, Poland) according to Romeis (1991) and
Shirai et al. (2001) (skin) or by sodium thiosul-
phate and silver nitrate (V), followed by neutral
red (all: POCh, Gliwice, Poland) according to Fon-
tana (1912), Masson (1914) and Bancroft & Stevens
(1982) (Fontana-Masson (FM) staining of spleens).
The tissues were sliced using a manual microtome
Finesse 325 (Thermo Shandon, Runcorn, UK) with
MX35 Plus Premier (Thermo Electron Corporation,
USA) knife and embedded using Consult Mount
mounting medium (Thermo Shandon, Pittsburgh,
USA). The thickness of slices varied between 8-10
pm for skin and 1-3 pum for spleen.

Representative sections were used for pho-
todocumentation with microscopes Elipse TS 100
(Nikon Corporation, Tokyo, Japan) (magnification
2x, 10%, 20x) equipped with a digital camera SSC-
DC 54AP (Sony, Japan), and Leica DM IRE2 (Leica
Microsystems, Wetzlar, Germany) with Nomarski
interference contrast (NIC), equipped with a digital
camera DC 350FX (magnification 100x, Leica Mi-
crosystems, Wetzlar, Germany).

Statistical analysis. Macroscopic observa-
tions of spleens were pooled for every independ-
ent experiment, and means +S.D. were calculated
both for the percentage of melanotic spleens and
for the areas of macroscopic melanosis. Histomor-
phometry was executed according to Mueller-Ro-
ever et al. (2001) evaluating 20-100 hair follicles
per skin area per mouse and calculating the per-
centage of hair follicles in particular hair cycle
stages. The data are shown for selected animals
without pooling.

RESULTS AND DISCUSSION

Our results indicate that in C57BL/6 mice a
cross-talk exists between mechanisms of synchro-
nized hair cycling and splenic melanosis, suggesting
that this organ is a site of transient storage and deg-
radation of the pigment. It can be concluded from
the following observations:

1. Splenic melanosis is present in young ani-
mals with synchronized hair cycle and the percent-
age of melanotic spleens correlates with the progress
of the hair cycle (Plonka et al., 2005b),

2. Macroscopic splenic melanosis is absent in
old C57BL/6 mice with de-synchronization of the
hair cycle,

3. Microscopically appreciable FM-stainable
“melanin debris” is present in some old, macro-
scopically non-pigmented spleens, and in pigment-
ed spleens in their non-pigmented parts, but not in
young non-pigmented spleens.

Splenic melanosis in young C57BL/6 animals with
synchronized hair cycling

As it can be seen in Fig. 1, it is easy to syn-
chronize hair cycling in the whole back skin of
young C57BL/6 mice by depilation in telogen of
the second postnatal hair cycle (Paus et al., 1990;
Mueller-Roever et al., 2001). The mice reveal a
uniform pink colour of back skin which changes
in parallel to the progress of the hair cycle. Simi-
larly, pre-mature but synchronous catagen can be
induced by topical dexamethasone when applied
since day 10 p.d. (Paus et al., 1994). The synchro-
nization of hair cycling can be appreciated on
macroscopic pictures (Fig. 1A-C) where the back
skin colouration has been revealed by skin depila-
tion, on histological skin sections (Fig. 1D-F) with
hair follicles representing morphology typical of a
given hair cycle stage (Mueller-Roever et al., 2001),
and on histomorphometry histograms (Fig. 2)
where hair follicles in particular stages present
clearly distinguishable groups. In such animals,
spleens may reveal melanosis (Fig. 2B and C, Ta-
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Figure 1. Synchronization of the hair cycle in young (7-9
weeks old) female C57B1/6 mice.

Macroscopical pictures (A-C), and corresponding histolog-
ical skin sections (D-F, H & E staining). Telogen (A, D),
early anagen VI (B, F) and even catagen (C, E) skin can
be easily distinguished by the difference in shade, which
illustrates high synchronization of the hair cycle. In the
case of C — dexamethasone-induced pre-mature catagen
skin is shown, to obtain a more uniform gray skin shade
associated with this hair cycle stage, than in the case of a
spontaneous catagen. The skin was depilated again to dis-
play its gray shade. Note the difference in skin thickness.
Scale bars, 0.1 mm.

ble 1) in the dorso-cranial part (Fig. 2B), but some-
times even in the middle, in the form of a black
spot (Fig. 2C). Besides melanotic ones, spleens of
a normal phenotype devoid of black pigmentation
can be found in all the experimental groups (Fig.
2A, Table 1).

These observation can serve as a supple-
ment to our previous report where we studied the
C57BL/6 mice spleens with EPR spectroscopy and
suggested that the splenic melanosis might be re-
lated to the hair follicular melanogenesis (Plonka et
al., 2005b). It must be emphasized that in this model
(Paus et al., 1990; Slominski & Paus, 1993; Slomin-
ski ef al., 1991; 1994; 2004) all truncal skin melano-
cytes are confined to hair follicles and no melano-
cytes are present in the truncal skin epidermis of
mature C57BL/6 mice (Chase, 1954). If, therefore,
their splenic melanosis is really correlated with
skin melanin production, such correlation must au-

% Hair Follicles

Figure 2. Association of macroscopic splenic melanosis
with synchronous hair cycling in young C57BL/6 mice.
The phenomenon appears in a stochastic mode — besides
normally pigmented (A), some spleens reveal melanosis
(B, C). C, atypical melanosis as a spot in the middle of the
dorsal part of the spleen. Scale bars, 5 mm. D, histomor-
phometry of hair follicles in the middle part of the back
skin of young mice. D0-D18, day after anagen induction.
A1-A6, C1-C8, T, stages (uppercase letters) and sub-stag-
es (Arabic numbers and lowercase letters) of hair cycle.
A, anagen; C, catagen; T, telogen. Note the clustering of
graph bars in groups corresponding to stages of synchro-
nized hair cycling.

tomatically be limited to the hair follicular melano-
genesis strictly coupled with the hair cycling. While
in the cited paper (Plonka ef al., 2005b) we focused
mainly on telogen after a spontaneous hair cycle,
here we have included more results from depila-
tion-induced hair cycle, and our results are similar,
as for the percentage of melanotic spleens (Table 1).
Here we do not correlate melanosis with particular
stages of the hair cycle; these results only serve as
a positive control to show that splenic melanosis
exists in young animals where the hair cycling is
more or less synchronized (Dry, 1926; Chase, 1954).

We synchronized the hair cycle by depila-
tion, but even in the spontaneous hair cycling
in such young animals the hair cycle is synchro-
nized (Dry, 1926), though not in the whole back
skin. Waves of anagen are formed and transferred
across the back skin according to well-defined pat-
terns (Dry, 1926; Chase & Eaton, 1959).
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Hair cycle de-synchronization and lack of macro-
scopic splenic melanosis in old C57BL/6 mice

Mice are rarely kept in laboratories for a long
time, unless a long follow-up observation is neces-
sary, which was the case for our long-term experi-
ments done for other reasons. In Fig. 3 we show
such an old mouse with spotty back skin being
a mosaic of dark, black and pink areas devoid of,
or covered with hair coat (Fig. 3A). The bald areas
which emerge probably due to weaning are typi-
cal of C57BL/6 mice, and are described as “idiopat-
ic dermatitis” in “a subpopulation” of this mouse
strain (Sundberg & King, 2000). Beside such, some
old mice revealed macroscopic telogen, as judged by
the pink colour of their back skin.

We observed spleens both in non-depilated
and in depilated old animals (depilation, however,
took place at least 2 years before spleen harvesting),
in untreated and also in tested mice. In particular,
we checked this phenomenon after a long-time treat-
ment with MNA (Bryniarski et al., 2008), and after
a single dose of CYP, in normal and Nos3 knockout
mice. We decided to include these treated animals
in this report because of the general shortage of old
animals in professional animal facilities, and a lack
of observations of such mice, and because of the
perfect homogeneity of the results (0% macroscopic
melanosis).

The influence of pharmacological factors and
nitric oxide on the splenic melanosis in young mice
is a subject of different on-going experiments and
their analysis would only complicate interpretation
of the present study. However, we observed strong-
er or weaker splenic melanosis after treatment with
MNA or CYP (or both), sometimes even stronger
than in the control young animals (not shown). Con-
sequently, we do not expect that the additional treat-
ment might have negatively influenced our observa-
tions of the old mice. NOS 3 has not been reported
to be engaged in the regulation of hair follicular
pigmentation, but there are reports on such engage-
ments of NOS 1, which in human cells may stimu-
late melanogenesis via protein kinase G (PKG) path-
way (Roméro-Graillet et al., 1996; 1997; Slominski et
al., 2004). Moreover, while knockout of Nos3 might
theoretically decrease melanogenesis, the percent-
age of melanotic spleens in young Nos3”~ animals
is similar to that in wildtype C57BL/6 (Table 1). In
a separate study we found that MNA does not af-
fect follicular melanogenesis (not shown). Actually,
we tried here to induce melanosis in old spleens us-
ing MNA (in vain — see Table 2). CYP transiently
impairs follicular melanogenesis (Kostanecki et al.,
1967; Paus et al., 1994), but this process is followed
by regeneration of properly pigmented hair coat
within two hair cycles following CYP administra-

tion (Paus ef al., 1994; Hendrix et al., 2005), while in
our study CYP was administered once, 9 weeks af-
ter birth, i.e. over 2 years before observation. Not in
a single mouse out of the observed animals (n=37)
coming from 12 groups was macroscopic splenic
melanosis ever found (Fig. 3B, Table 2).

The mice included in the present experiments
were carefully checked for de-synchronization of
hair cycling, which manifests itself macroscopically
(Fig. 3A). About 16+7% of back skin was of black
colour indicating anagen/early catagen, while the
rest — 85% was probably in telogen/late catagen/
early anagen. However, in the skin of old animals
the pigmented spots might develop in a similar way
as in humans, due to deposition of poorly degraded
melanin or lipofuscin (Kent, 1976; Crichton et al.,
1978; Goyarts et al., 2007). Therefore — a histologi-
cal examination of skin was performed to show that,
indeed, in old mice various hair follicles were in dif-
ferent stages of hair cycling.

Histological sections revealed irregular pres-
ence of hair follicles of all hair cycle stages in the
investigated skin (Fig. 3C). Another indicator of
de-synchronization of hair cycling in these animals
is variable skin thickness (Fig. 3C — arrowheads),
which is highest during anagen VI, and lowest
in telogen (Hansen et al., 1984; Plonka et al., 1995;
2005a; 2008 Mueller-Roever et al., 2001). In histo-
morphometric histograms particular hair cycle stag-
es did not form any clearly distinguishable group
(Fig. 3D). It must be emphasized that in old, spotty
mice histomorphometry is strongly arbitrary, due to
high irregularity of black spots present in skins of
old animals (Militzer, 2001). If the histological sam-
ples were taken from other parts of skin, the result-
ant histomorphometry might look different. How-
ever, a synchronization of hair cycling, like that in
young animals would never be observed. Even in
the telogen skin of old animals, anagen may begin
as randomly distributed round spots (Militzer, 2001)
rather than a wave which spreads across the back
skin. This gradual de-synchronization of hair cycling
in ageing mice of the C57BL/6 genetic background
has also been reported by other authors (Dry, 1926;
Chase & Eaton, 1959; Militzer, 2001; Young ef al.,
2003; Plikus & Choung, 2004; 2008).

Melanin and “melanin debris” in spleens of young
and old mice, as revealed by FM staining

While non-melanotic spleens of young animals
almost never revealed histological melanin (Fig. 4A,
D), black spots of melanotic spleens in young ani-
mals (Fig. 4B, E) examined using Fontana-Masson
staining revealed clusters of melanotic tissue with,
at least in part, extracellular localization of amor-
phous pigment (Fig. 4E). Sometimes these clusters
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Figure 4. Histological examination of spleens of young and old C57BL/6 mice.

Figure 3. Association of a lack of macroscopic splenic
melanosis in old C57BL/6 mice (60-133 weeks) with de-
synchronized hair cycling.

A, areas of variable pigmentation and baldness can be
found in the back skin, which betray de-synchroniza-
tion of hair cycling (white arrow — anagen, gray arrow
— catagen, pink arrow — telogen region). B, spleens of
such old C57BL/6 mice never reveal macroscopic mela-
nosis (the dorsal and ventral region of the same spleen,
scale bar — 5 mm). C, histological skin section througt a
melanotic spot (H & E staining). Note the presence of hair
follicles in distinct hair cycle stages (a, anagen; ¢, catagen).
Arrowheads indicate differences in skin thickness between
the anagen (black) and catagen region (white arrowheads).
Scale bar, 0.1 mm. D, histomorphometry of hair follicles in
the middle part of the back skin of old mice (age in weeks
and ml-m4, individual mice of 60-week group). Al-A6,
C1-C8, T, stages (uppercase letters) and sub-stages (Arabic
numbers and lowercase letters) of hair cycle. A, anagen;
C, catagen; T, telogen. Note the dispersion of graph bars
corresponding to particular stages of the hair cycle, which
betrays its de-synchronization.

Fontana-Mason staining. A, young mouse, spleen without melanosis; B, young mouse, spleen with melanosis, the spot
region; C, old mouse, fragment of spleen revealing melanin debris. D-F, corresponding pictures of A-C spleen sections,
under large magnification in Nomarski interference contrast. G, bright region of a melanotic spleen (B) revealing mela-
nin debris. H, the same spleen as (B) — lower magnification reveals the border between pigmented (on the right) and
non-pigmented regions of the organ. I, spleen of old mouse (C), section from region without melanin debris. Note extra-
cellular localization of melanin (E, F). Arrowheads, melanin. Black scale bars — 0.1 mm, white scale bars — 0.02 mm.
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covered quite large areas of spleen tissue (Fig. 2B
and C). The border of the melanotic spot could also
be found on histological sections (Fig 4H), but no
characteristic histological structures could be associ-
ated with such a transition region.

Interestingly, tiny FM-stainable particles were
found in macroscopically non-melanotic spleens
of old animals (Fig. 4C, F). However, not in every
region (Fig. 4I), and only in about 40% of spleens.
Such debris could also be found in spleens of
young animals but only in the non-melanized parts
of some melanotic spleens (Fig. 4G), not in nor-
mal non-melanotic spleens (Fig. 4A, D). Although
the intrinsic ability to reduce silver (I) ions cannot
be exclusively attributed to melanin granules and
melanotic cells (Grimelius, 2008), both the localiza-
tion and the intensity of staining did not differ from
the FM-stained melanin depositions of the melanotic
regions, therefore we are strongly convinced that
the described particles represent melanin. We must,
nevertheless, emphasize that it is very difficult to
analyze the whole spleen in search of such “melanin
debris”, and it is quite probable that this phenom-
enon may be more frequent both in old and young
animals.

Cross-talk between synchronized hair cycling and
splenic melanosis

The phenomenon of splenic melanosis is re-
lated to the pigmentation phenotype and genotype
of mice. If lipofuscins or products of non-enzymat-
ic autooxidation and polymerization of degraded
tissues were responsible, the phenomenon would
also be present in albino mice. Wasserman (1967)
and Crichton et al. (1978) examined various mouse
strains and found no splenic melanosis in mice other
than black. Crichton et al. (1978) report additionally
splenic melanosis for inbread “Wr” and outbread
“Q” strain. “Wr” mice are probably congenic wu/wu
mice (Wobbler mice), where the wu (wobbler) muta-
tion causing some neurological impairments can be
introduced on various genetic backgrounds includ-
ing C57BL/6 (Ishiyama et al., 1997). “Q mice” are
probably randomly breeding outbread mice of vari-
ous phenotypes (West & McLaren, 1976). Unfortu-
nately, Crichton et al. (1978) do not give any details
concerning the pigmentation phenotypes of their
laboratory animals. In a pilot study we did not find
splenic melanosis in amelanotic mice but we did in
some young agouti ones (not shown). This phenom-
enon needs, therefore, a thorough screening in the
context of the popular genotypes and phenotypes of
mice.

Only in young animals, whose hair cycle is
synchronized, the melanotic spots can be found in
spleens. Their appearance is partially correlated with

the progress of the hair cycle (Plonka et al., 2005b),
and they cannot be found in old animals with a de-
synchronized hair cycle. As ectopic melanin present,
e.g., in the dermal papilla and in the outer root
sheath is quite a frequent phenomenon in normal
hair cycling (Tobin, 1998; Tobin et al., 1998), it may
be the source for splenic melanin in young animals.
Another source are apoptotic bodies from catagen-
coupled apoptosis of follicular melanocytes, which
are initially phagocyted by Langerhans cells (Tobin
1998; Tobin ef al., 1998; 1999). Their further fate re-
mains unknown, but already in 1967 Wasserman
suggested that there may be an alternate path of
melanin transfer from skin and hair follicle melano-
cytes to the visceral organs with an engagement of
phagocytic cells of the immune system (Wasser-
man, 1967). In aged mice, the mechanism of mela-
nin scavenging may become imperfect, just like the
general mechanisms of skin and hair pigmentation
(Tobin & Paus, 2001; Wulf et al., 2004). As a result
— melanin cannot be transferred to other regions of
the body and remains in the skin as melanotic spots
(Kent, 1976; Goyarts et al., 2007). The de-synchroni-
zation of the hair cycle, however, may strongly de-
crease the total amount of melanin to be scavenged
and deposited in the visceral organs. In both cases,
hair follicles can be suggested as a source of splenic
melanin, indicating the mutual dependence of both
phenomena. If melanin were produced in spleens
in situ, without any relation to the hair cycle (and
the related melanogenesis) synchronization, it would
be very difficult to explain why it is not visible in
the spleens of old animals, in which anagen-coupled
melanogenesis (Slominski & Paus, 1993; Slominski
et al., 1991; 1994; 2004; 2005) takes place, but is not
synchronized over large areas of the skin.

Melanin degradation in C57BL/6 animals

The presence of “melanin debris” in non-
pigmented spleens of old C57BL/6 animals may be
a clue to answering the question about the fate of
melanin in these spleens which do reveal melanosis
in young age. The presence of “melanin debris” in
old spleens is not a rule, but it appears in about 40%
of animals, i.e. as frequently as does pigmentation of
young spleens (Table 1). Melanin collected during
subsequent hair cycles in spleens may be, therefore,
gradually degraded to the “melanin debris”, perhaps
even more rapidly than the slow in-flow of new por-
tions of melanin from de-synchronized hair follicles
in catagen (Tobin et al., 1998, Tobin & Paus, 2001).

Some authors question the actual nature of
the splenic pigment. Hemosiderosis (Veninga et al.,
1989) is a less probable reason of splenic pigmen-
tation (Weissman, 1967; Sundberg, 1991; Van der
Heijden et al., 1995). There is also controversy be-
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tween melanin and lipofuscin — pigments of dif-
ferent characters and origin (Kent, 1976; Double et
al., 2008). Melanin is produced in melanosomes of
melanocytes (Slominski et al., 2004; 2005), and lipo-
fuscin — probably as a product of lipid oxidation
and degradation by lysosomes (Crichton et al., 1978;
Double et al., 2008). Here, however, the analogy
between the development of melanosomes and au-
tophagosomes should be mentioned (Schraermeyer,
1991; Palumbo, 2003), as well as the hypothesis on
the origin of lipofuscins, at least in part (melano-
lipofuscin), from degraded melanosomes, includ-
ing their lipid membrane structures, and even from
melanin itself (Kayatz et al., 2001; Rozanowski et al.,
2008). The process of melanosome degradation takes
place both in the target keratinocytes (Borovansky &
Elleder, 2003; Slominski et al., 2004), and, probably,
in melanophages (Langerhans cells), which partially
degrade melanin phagocyted in catagen, and trans-
fer it further to subsequent cells and visceral organs
(Tobin, 1998; Tobin et al., 1998; 1999).

Melanin degradation is an important final step
of the melanogenic pathway in mammals (Sulaimon
& Kitchell, 2003), which in human but not in mice
appears primarily as degradation of melanosomes
in epidermal keratinocytes (Borovansky & Elleder,
2003; Slominski et al., 2004) removed subsequently
from the organism together with the shed epider-
mis. Hair shaft melanin is probably not degraded,
but disposed in toto in exogen — the shedding stage
of the hair cycle (Tobin & Paus, 2001; Milner et al.,
2002; Slominski et al., 2004; Plonka et al., 2008). But,
whatever is the real source of melanin in melan-
otic spleens of C57BL/6 mice, the pigment must be
degraded there over the lifetime, as it is present in
young and absent (or present only as “melanin de-
bris”) in old animals. If melanin were only stored in
the spleens or synthesized de novo, but not degraded,
the percentage of melanotic organs would increase
over the lifetime, or remain on a stable level of at
least 10-30%.

The main way of melanin degradation is oxi-
dative degradation by NADPH oxidases (Borovan-
sky & Elleder, 2003). The impact of this phenomenon
on the viability of the organism may be considerable
when it takes place in the internal compartments of
the organism due to the potential toxicity of prod-
ucts of melanin and melanolipofuscin degradation
(Hill & Hill, 1987; Korytowski et al., 1987) and the
possibility of releasing other substances “caged” in
the structure of the polymer: toxins (e.g. drugs; Wilc-
zok et al., 1990; Slominski et al., 2009) or metal ions
(e.g. iron with its ability to drive Fenton reaction)
(Sarna & Plonka, 2005; Swartz et al., 2005; Shamoto-
Nagai et al., 2006, Rozanowski et al., 2008).

Anyway, it is not possible to unambiguously
state whether the “melanin debris” of the old ani-

mals appears only in the “post-melanotic” spleens,
or it can be present as the only manifestation of
melanosis in some other, macroscopically non-melan-
otic spleens. Accordingly, another interpretation of
our experiments is possible — one of the long-term
experiments was performed initially on about 48 an-
imals, and only 5 animals survived 133 weeks (Ta-
ble 2), which makes about 10% of the initial number,
and which is much less than the 30-40% of mela-
nosis found in young animals. Their non-melanotic
spleens may, therefore, not necessarily indicate that
melanin is degraded over the mice lifetime, but in-
stead that only animals without macroscopic splenic
melanosis survive for so long.

CONCLUSIONS

Old C57BL/6 animals do not reveal macro-
scopic spleen melanosis, and do not reveal synchro-
nized hair cycle, in contrast to young C57BL/6 mice.
The mechanisms of hair cycle regulation (synchroni-
zation) appear to act in a systemic way, influencing
the activity of various organs distant from the skin.
Splenic melanosis, in the context of hair cycling in
C57BL/6 mice, is an attractive and unique phenom-
enon to investigate mechanisms of ageing and mela-
nin degradation in vivo.
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