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Inhibition of Melanin Synthesis by Enhanced Cytosolic Delivery of N-glycosylation
Inhibitors Using pH-Sensitive Nano-carrier
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Abstract: Inhibition of the early N-glycosylation process in the endoplasmic reticulum prevents the activation of tyrosinase,
a key enzyme for melanin biosynthesis. This work aims at evaluating the increased activity of N-glycosylation inhibitors in
vitro by employing a nano-sized pH-sensitive liposome as a delivery carrier. Melexsome, a pH-sensitive nano carrier loaded
with glvcosylation inhibitos, was prepared by the hydration method with phospholipids and cholresterol-based amphiphiles.
Inhibitory effects of Melexsome on the N-glycosylation process were evaluated by EndoH & PNGaseF digestion and the
western blotting. Melanin synthesis was also monitored after treatment with Melexsome. Interestingly, Melexsome effectively
increasec the efficacy of N-glycosylation inhibitors. Melexsome was also much more efficiently translocated into the
cytoplasin as observed in CLSM. These results demonstrated that the amphiphilic lipid-based pH-sensitive nano-carriers
could be used as an efficient delivery system for N-glycosylation inhibitor to enhance the effects of skin whitening
cosmetics.
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1. Introduction

It has been known that e« -glucosidase 1 activity is
interfered and glycans are arrested as glucosylated
structures and undergo no further pigmentation process
in the presence of N-glycosylation inhibitors. N-
glycosylation process occurs in early endoplasmic retic—
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ulum of melanocytes. Therefore, N-glycosylation inhibi-
tors should be delivered to endoplasmic reticulum in
order to suppress the maturation of tyrosinase. Melex-
some, a nano-sized and pH-sensitive lipid-based carrier
was designed to efficiently deliver N-glycosylation
inhibitors to the intracellular active site and to
minimize the degraded amounts of N-glycosylation
inhibitors by the endosomal and lysosomal process.
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2. Experiments

Deoxynojirimycin (DN]) and N-butyldeoxynojirimycin
(NB-DNJ) (Figure 1) were used as N-glycosylation
inhibitors. To deliver N-glycosylation inhibitors to
endoplasmic reticulum, a pH-sensitive Melexsome in-
corporated with cholesterol-based amphiphiles was
used. Multi-lamellar vesicles (MLV) were prepared by
the hydration method. Melexsome was composed of the
appropriate  amount of phospholipids and cholesterol-
based amphiphiles. A usually used molar ratio of lipid
and amphiphiles was 3:2. Briefly, a mixture of lipids
in chloroform/methanol (95:5) was dried using a
rotary evaporator under reduced pressure. Dried lipids
were hydrated with PBS containing active compounds
to be loaded. Hydrated lipid films were sonicated using
a bath-type sonicator at room temperature. PEG-5
rapeseed sterol was used instead of cholesterol-based
amphiphiles as a compound of control liposome. pH-
sensitivity of Melexsome was evaluated at various pH
by the measurements of turbidity using their absorb-
ance at 550 nm. Size distribution of the resulted
Melexsome was examined by dynamic light scattering
(Zetasizer 3000 HS, Malvern, UK).

HM3KO, a human melanoma cell line was cultured
with Minimum Essential Medium (MEM) supplemented
with 1% (v/v) antibiotics (streptomycin, 10,000 g/mL;
penicillin, 10,000 TW/mL) and 10% (v/v) fetal bovine
serum (Gibco BRL, Gaitthersburg, MD) at 37C in a
humidified atmosphere containing 5% CO: Pigment-
lightening effects were measured by the method of
EndoH & PNGaseF digestions and the western blotting.
Melanin synthesis was monitored by the absorbance at
490 nm.

Cells grown to 8% confluency were incubated with
the Dextran-rhodamine B (Ex/Em =572/589) loaded
Melexsome and control liposomes containing 1% Fluo-
rescein-DHPE (Ex/Em = 49%6/519) for 1 hr. After the
incubation with liposomes, the cells were washed with
PBS, incubated with 2 g/mL DAPI (Ex/Em = 358/461)
in PBS for 2 min to stain the nucleic acids and again
washed with excess PBS. For the fixation, pre—cooled
methanol at -20C was added to the cells for 5 min.
After removal of methanol, slides were air-dried for 30
min and treated with Prolong Antifade solution
(Molecular Probes, Eugene, OR, USA) to prevent a
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Figure 1. Chemical structure of NB-DNJ.

photo bleaching of fluorescent materials. Mounted slides
were kept in the dark at 4C until microscopic ob-
servation. The cells were examined by using a confocal
laser scanning microscope (CLSM, Radiance 2000/MP,
Bio—rad) to monitor the cellular delivery enhanced by
Melexsome.

3. Results and discussion

The size distribution of pH-sensitive Melexsome was
evaluated by dynamic light scattering as shown in
Figure 2. The mean diameter of the prepared Melex-
some was in the range of 150~300 nm depending on
the concentration of the loaded glycosylation inhibitors.

pH-sensitive characteristics of Melexsome was eval-
uated at various pH by the turhidity measurements
using their absorbance at 550 nm. Turbidity of Melex-
some was suddenly increased below pH 6.0 that is
early endosomal pH in cytoplasm, After then, liposomal
structure of Melexsome was collapsed below pH 50,
lower range of the endosomal pH. Note that a cho-
lesterol-based amphiphile renders the vesicles pH-
sensitive; it stabilizes the lipid vesicles above neutral
pH, while induces Melexsome's structural instability via
its own protonation at acidic pH and even shows a
fusogenic behavior.

As following the examination by the EndoH &
PNGaseF digestions, the western blotting (Figure 4(a))
and the measurement of melanin biosynthesis (Figure 4
(b)), pigment-lightening effects (Glycosylation inhibi-
ting; GI) were efficiently enhanced by the incorporation
of Melexsome. Figure 4(a) shows that GI effects of 50
M NB-DN]J loaded Melexsome was superior to that of
the 50 M intact NB-DNJ. Interestingly, it was found
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Figure 2. Size distribution of Melexsome.
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Figure 3. Turbidity of Melexsome and control liposome at
various pH.

that the pH-sensitive Melexsome effectively increased
the efficacy of N-glycosylation inhibitors. In addition,
with the same drug-loading yield, the inhibitory effects
of the drugs loaded within the pH-sensitive Melexsome
were superior to those of conventional liposomes. The
pH-sensitive Melexsome was also found to much more
efficiently translocat jnto the cytoplasm, as observed in
CLSM studv using fluorescein (Ex/Em =49/519) la-
beled liposomes loaded dextran-rhodamine B (10,000
MW, Ex/Em = 572/539). These results indicate that the
mmproved efficacy of the N-glycosylation inhibitors
within the Melexsomes might be due to the increased
translocation efficiency to the cytoplasm.

4. Conclusions
It was demonstrated that cholesterol-based amphiphiles

incorporated Melexsome could be used as an efficient
delivery system for N-glycosylation inhibitors to target
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Figure 4. Pigment-lightening effects evaluated by the
western-blotting (a) and reduced melanin biosynthesis (b).

cytoplasmic site. Thus, Melexsome has promising po-
tentials as a nano-sized delivery carrier for functional
cosmetic fomulations to enhance the pigment lightening
effects of whitening-active ingredients.
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