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The Ultraviolet B Protection Effects of Topicélly
Applied Melanosomes onto Human Skin

Sungbin Im, Sungnack Lee, Seung Kyung Hann' and Yoon-Kee Park

Melanosome is a cellular organelle that is composed of a melanosomal matrix and a brown biochrome, mel-
anin which is formed by tyrosine-tyrosinase reactions. The melanosome is formed within the melanocyte and
transferred to the surrounding keratinocytes through dendritic processes. )

Human skin color is related to the number, size, type and distribution of melanosomes, and the major role of
melanosomes is to prevent skin from injurious nonionizing ultraviolet radiation. .

Controlled NaOH hydrolysis and centrifugation of human hair make it possible to isolate large amounts of
melanosomes which are synthesized within the follicular melanocytes and transferred to hair matrix cells.

In this study, the sun protection factors of topically applied melanosomes isolated from human hair were
evaluated using ultraviolet B phototesting. Topically applied melanosomes increased the minimal erythemal
doses. And the sun protection factors of each 50% and 25% melanosomal preparation were 12.3%5.5 and 3.1
+1.3 respectively, and these ultraviolet B protection effects showed statistically significant differences from 10
9%, 5% and 1% melanosomal preparations and vehicle.

Form these results, the dose-related photoprotective role of melanosomes was confirmed.
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Human skin color is related to the number, size,
type and distribution of cytoplasmic pigment parti-
cles called melanosomes, which contain a brown
biochrome, melanin.

Melanin has an important role in preventing the
skin damage from nonionzing ultraviolet radiation
(Blios, 1966). The racial differences of skin color
and response to ultraviolet radiation are dependent
on melanosomes (Hashimoto et al. 1979). Dark
black skin has a minimal erythemal dose (MED) 33
times that of the Caucasian. The black skin also
contains the greatest density of pigment, and has
the largest melanosomes, all singly dispersed (Olson
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et al. 1973). Black skin has more melanin in the epi-
dermis than in white skin, thus approximately five
times less UVB and UVA reach the dermis of blacks
as compared with whites (Kaidbey et al. 1979).
Melanosomes are intracellular organelles which
are formed by melanocytes and transferred to
keratinocytes, and thus provide the protective role
to ultraviolet radiation.
- To investigate the photoprotective role of mela-
nized melanosomes, we isolated these organelles
from human black hair and applied them at varying
concentrations onto the skin of human volunteers
to determine their ‘protective factors against UVB
radiation.

MATERIALS AND METHODS

Materials

Black hairs from Korean males in their twenties
were collected as a source of melanosomes.

Isolation of melanosomes

Hairs were washed with cold acetone for 10 min-
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utes and diethyl ether for 10 minutes and dried in
room air. These were treated with 1 N NaOH for
15 hours at 37°C in a shaking incubator. The sus-
pension was centrifuged at 2,500 X g for 10 min-
utes. The first supernatant was centrifuged at 3,500
x g for 10 minutes. The second supernatant was
centrifuged at 7,800 X g for 10 minutes. The pre-
cipitate was suspended with normal saline, and this
suspension was centrifuged at 7,800 X g for 10
minutes. The precipitate was melanosomes. All cen-
trifugation procedures were performed at 0°C (im
et al. 1991).

Electron microscopic examinations of melanoso-
mes !

For transmission electron microscopy, the diluted
pellet of melanosomes was prefixed in a mixed so-
lution of 2.5% glutaraldehyde and 1% paraformal-
dehyde and postfixed with osmium tetraoxide. After
dehydration with graded ethanols, the sample was
embedded in Epon, cut into several ultrathin sec-
tions, and stained with uranyl acetate followed by
lead citrate. The sections were examined by a
Hitachi H-500 electron microscope.

For scanning electron microscopy, the diluted
pellet of melanosomes was prefixed in a mixed so-
lution of 1% glutaraldehyde and 1% paraformal-
dehyde. The prefixed melanosomes were filtered
through a 0.4 ¢m nucleopore membrane filter. The
filtered melanosomes were arrayed in a single layer
and washed with phosphate buffer (pH 7.4), fol-
lowed by 1% osmium tetraoxide. Following osmi-
tation, the sample was dehydrated through graded
ethanols, transferred to isoamyl acetate, dried with
a critical point drier (Hitachi 1CP2), mounted on
stubs, coated with gold in a sputter coater, and
viewed through a Hitachi H-450 scanning electron
microscope operated at 20 kV.

Preparation of topically applied melanosomes

Isolated melanosomes by differential centrifuga-
tions were mixed with hydrophilic ointment base in
the concentration of 50%, 25%, 10%, 5%, 1%
(weight/weight).

Phototesting

Phototesting for the MED of ultraviolet light in its
B range was performed with a bank of fluorescent
lamps (FS 36 T12-UVB-HO lamp, Elder Co., Ohio).
The irradiance of light source -was measured with
appropriate radiometer and probe (il 442 Radiome-
ter, International Light Inc., Georgia). For determi-
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nation of the protective effect of melanosomes, the
above melanosomal preparations and hydrophilic
ointment base, 8% homomenthyl salicylate (E.
Merk, Darmstadt, Germany) as an internal standard
were applied onto the back skin of 12 healthy Ko-
rean males in their twenties who did not have sun
exposures at least for 4 months. They were all- ap-
plied to the same subjects at the rate of 2 u/cm?
and were spread carefully to ensure complete, uni-
form coverage at the test sites.

Treated sites were then permitted to air dry at
least 15 minutes before proceeding to the next
step. The untreated, normal test site (1 cm? was ir-
radiated by graded increments of UVB doses; 10,
20, 30, 40, 50, 60, 70, and .80 (m)/cm?). The treat-
ed test sites (1 cm?) were also irradiated by graded
increments of UVB doses; 60, 90, 120, 150, 200,
400, 600, and 800 (m)/cm?).

The MED is defined as the smallest ultraviolet B
dose that produces minimally perceptable erythema
approximately 24 hours after ultraviolet exposure.
The MED of untreated and treated test sites was
evaluated and the sun protection factor (SPF) of
each preparation was calculated as follows;

MED of treated skin
MED of untreated skin

SPF=

Statistical analysis

Resultant SPF was expressed as mean= standard
deviation and using the analysis of variance
(ANOVA), the statistical significance was deter-
mined.

RESULTS

On the transmission electron microscopic exami-
nation, the isolated melanosomes showed a lower
degree of degradation and less contamination of
keratins (Fig. 1).

On the scanning electron microscopic examina-
tion, the global structures of melanosomes with var-
iable sizes and shapes could be observed (Fig. 2).

The MED of the Korean young male was 54.2+
13.8 mJ/cm?. The erythemal responses of the appli-
cation site of the above melanosomal preparations
were variable according to the concentration of the
melanosomes. The preparation of 50% melanoso-
mes in hydrophilic ointment base appeared black in
color and represented SPF values of 12.315.5. The
SPF of 25% melanosomal preparation revealed 3.1
+1.3. These values showed statistically significant
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Fig. 1. Transmission electron microscopic findings of iso- Fig. 2. Scanning electron microscopic findings of isolated
lated melanosomes. Lower degradation of melan- melanosomes. The global structures of melano-
osomes or less contamination of keratins are somes are observed (X 14,000).

noted (x 12,200).

Table 1. Evaluations of minimal erythemal doses (MED) and sun protection factors (SPF) 24 hours after ultraviolet B

exposure
Subject MED (m)/cm’) SPF
Normal skin 50%M 25%M 10%M 5%M 1%M H-base 8%HMS
30 20 2 2 3
40 15 2.3 2.3 5
70 29 1.3 1.7 29
4 40 20 1 3.8 3.8 2.3 2.3 3.8
5 50 16 3 24 1.8 1.8 1.8 4
6 50 4 3 24 1.8 1.8 1.8 4
7 70 8.6 2.1 1.3 1.3 1.3 0.9 5.7
8 50 16 1.8 1.2 1.2 1.2 1.2 4
9 60 10 2 1 1 1 1 33
10 70 11.4 5.7 2.1 1.3 1.3 1.3 29
11 70 11.4 29 2.1 2.1 1.7 1.3 29
12 50 12 4 1.2 1.2 1.2 1.2 4
Mean 54.2 12.3 3.1 1.9 1.7 1.5 1.5 3.8
SD 13.8 5.5 1.3 0.7 0.8 0.4 0.5 09
N 12 12 9 12 9 9 12 12
M : melanosomes in H-base (w/w)

H-base : hydrophilic ointment base
HMS : homomenthyl salicylate
SD : standard deviation

N : number of subjects
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Fig. 3. SPF values for each preparation.

M : melanosomes in H-base (w/w)

H-base: hydrophilic ointment base

HMS : homomenthyl salicylate

SD  : standard deviation

N : number of subjects

UVB protection than the hydrophilic ointment base
(P<0.05). The 10%, 5% and 1% melanosomal
preparations showed less degree of UVB protection
which was not statistically significant. The SPF of
the internal standard (8% homomenthyl salicylate)
in this study was 3.8+0.9 and the reproducibility of
this test was assured (Table 1, Fig. 3).

DISCUSSION

Melanosomes and melanin are the major deter-
minants of skin color among individuals and the
major sun-protecting agents of skin from nonioni-
zing ultraviolet radiation (Blios, 1966).

The-«disorders which are related to the melano-
cytes, melanosomes, and melanin are albinism (King
and.- Witkop, 1976), vitiligo (Lerner, 1971), Ota’s
nevi (Fitzpatrick, 1981), nevocellular nevi (Eady et
al,, 1977) and malignant melanoma (Flerning et al.
1975).

The important role of melanosomes in the sun-re-
lated skin disorders such as sunburn, freckles, len-
tigines (Weiss and Zelickson, 1977), and skin aging
is now a primary focus of interests for dermatolo-
gists. .

Photoreactions involving photosynthesis, vision,
vitamin D synthesis, killing of pathogen, photother-
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apy, and photochemotherapy (Giese, 1976) are
considered good and beneficial, but the sunburn,
skin cancer, phototoxic and photoallergic reactions
(Ramsay and Obershkova, 1974) are recognized as
harmful. These harmful effects of ultraviolet radia-
tion depend upon the length and the frequency of
exposure, the intensity and the wavelength of sun
light, and the skin type of the individual.

The solar radiation spectrum which affects the
human skin at the earth’s surface is ultraviolet A
(320~400 nm) and ultraviolet B {290~320 nm). Ul-
traviolet A induces skin tanning and ultraviolet B in-
duces erythemal skin response. Thus damage of
skin is mostly dependent on the ultraviolet B radia-
tion (Pathak, 1982). But the skin itself has naturally
produced defense mechanism for ultraviolet radia-
tion including changes of distribution of melano-
somes and new melanogenesis. (Parrish, 1982). The
photoprotective role of melanosomes and melanin
is related to one or more of the physical and bio-
chemical properties; scattering and degrading radia-
tion to heat, absorption and immediate oxidation of
radiation, and quenching of free radicals (Pathak
and Fitzpatrick, 1974).

The concept of SPF was originally proposed by
Greiter (1974), and this has been a valuable param-
eter of sunscreens. The SPF of the melanized skin
depends upon the skin type from 1.0 (skin type I). .
to 5.0 (skin type VI) (Pathak and Fenselow, 1983).
Dark black skin has a MED 33 times that of the
Caucasian, contains the greatest density of pigment,
and has the largest melanosomes, all singly dis-
persed (Olson. et al. 1973). Consequently, approxi-
mately five times less UVB and UVA reach the der-
mis of blacks as compared with whites (Kaidbey et
al. 1979). In contrast to. this, the skin of vitiligo and
albinism is more sensitive to sunburn. These res-
ponses are determined according to melanin and -
melanosomes. ‘

Melanosomes are the small organelle which are’
dispersed in the melanocytes and keratinocytes.
However, the isolation of melanosomes from the
keratinous structures is difficult because of the
resistance of keratin to chemical agents (Filson and
Hope, 1957; Borovansky and Hach, 1972). Boro-
vansky and Hach (1986) performed very excellent
isolation of melanosomes without causing severe
structural damage to the melanosomal protein. By
modification of the methods of Borovansky and
Hach (1986), we isolated the large amount of
melanosomes from human hair with minimal con-
tamination and degradation (Im et al. 1991).

Electron microscopy is the best means for the
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evaluation of the isolated melanosomes. Transmis-
sion electron microscopic examination is useful in
observing the internal structures of melanosomes.
However, it is not adequate to evaluate the global
morphology of melanosomes because it exhibits
variable features determined by the direction of the
cross-section. In this study, using the scanning elec-
tron microscope, the global structure of melano-
somes and the size variations could be observed.

With the utility of large amount of pure and less
degraded melanosomes, we could performed the
direct photoprotective effect of melanosomes in
vivo. The 50% and 25% melanosomal preparations
showed remarkable concentration-related UVB pro-
tection.

These results are in accord with the skin type-re-
lated ultraviolet protection effects, and the photo-
protective role of melanosomes are confirmed. But
jt remains unclear whether the melanin or the
melanosomal protein alone are in contribution to
the photoprotective effects.

Through this study, the dose-related photopro-
tective role of melanosomes was confirmed.
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