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Abstract Graphical summary Conclusion

Alzheimer’s disease (AD) is one of the most prevalent neurodegenerative
diseases and a major contributor to dementia. Although the cause of this
condition has been identified long ago as aberrant aggregations of
amyloid and tau proteins, effective therapies for it remain elusive. The
iti of drug devel for AD are often
ded by the imp: ble blood-bi barrier and low-yield brain
dellvery In addition, the use of high drug concentrations to overcome
this challenge may entail side effects. To address these challenges and
enhance the precision of delivery into braln reglans affected by amyloid
aggregation, we p d a transferri nanoparticle-based
drug delivery system The transferrin-conjugated melittin-loaded
Larginine-coated iron oxide nanoparticles (Tf-MeLioNs) developed in this
study successfully mitigated melittin-induced cytotoxicity and hemolysis
in the cell culture system. In the 5XFAD mouse brain, Tf-MeLioNs
remarkably reduced amyloid plaque accumulation, particularly in the
hippocampus.
This study suggested Tf LioNs as a potentlal drug delivery platform and
Tf-MeLioNs as a for p drug targeting of amyloid
plaques in AD. These findings provide a foundation for further
(s ion and ad! in AD th: i

This study demonstrated that Tf-MeLioNs have the
potential to prevent AD development by reducing the A
burden in the hippocampus of 5XFAD mice. Tf-MeLioNs
successfully mitigated the melittin-induced cytotoxicity
and hemolysis in an in vitro cell culture. In the 5XFAD
mouse brain, Tf-MeLioNs were delivered across the BBB
and remarkably reduced amyloid plaque accumulation,
particularly in the hip, p This study

the potential of Tf-LioNs as a delivery platform and that of
Tf-MeLioNs for ameliorating amyloid-related pathologies
in AD and provides a foundation for the use of Tf-
MeLioNs as a promising AD treatment strategy.
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Results

Figure 1. Synthesis and characterization of Tf-MeLioNs. Figure 4. Biosafety profile of Tf-MeLioNs in vivo. Figure7. Analysis of

treatment.
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Mass (miz) Experimental scheme (A). The relative body weight change was recorded weekly during the five weeks.
of Tr-MeLioNs tail vein injection (B,C). Representative hematoxylin-eosin staining images of the mouse
organs (heart, liver, kidney, spleen, and lung) (D). LioNs, L-arginine-coated iron oxide nanoparticles; T
MeLioNs, transferrin-conjugated melittin-loaded LioNs. Scale bar: 50 um.
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Figure 5. Effects of Tf-MeLioNs treatment on the density of amyloid plaques in
the SXFAD mice.
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Transmission electron microscopy (A), scanning electron microscopy (B), and Fourier-transform
inftared spectioscopy () images of the synthesized ThMeLioNs. Schematic structure of the Tl
MeLioNs (D). N d laser fflight spectra of pure trans-ferrin
(E) and Tr-MeLioNs (F). Hydrodynamic size of MeLioNs (G) and Tr-eLioNs (H), as analyzed using
dynamic_light scattering. LioNs, L-arginine-coated iron oxide nanoparticles; Ti-MeLioNs,
transferrin-conjugated melittin-loaded LioNs.
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Representative immunofluorescence images of Iba1 and CD68 staining in the hippocampus of male
mice; scale bar: 500 um (A). Representative 3x zoom images of Panel A (dashed rectangle); scale bar:
500 um (B). Analysis of the staining intensity for Iba1 and CD68 in the entire hippocampus (C,D).
Representative immunofluorescence images of combined staining for Iba1, CD68, and Thioflavin § in
the hippocampal dentate gyrus region showed high expression of Iba1 co-ocalized with CD68 near
the Thioflavin-S-positive plaque (white arrow) (E); scale bar: 100 ym. * p < 0.05 (one-way analysis of
variance with Tukey’s post hoc analysis). Data are presented as mean + standard error of the mean; n
=4-5 per group

Figure 2. Biosafety profile of Tf-MeLioNs in vitro.
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Cell viability test of Tf-MeLioNs and free melittin in RAW 264.7 (A) and C166 (B) cells upon "
treatment for 24 h. Hemolysis test of Tr-MeLioNs and free melittin in the mouse blood (C). In vitro

release profiles of melittin from the Tf-MeLioNs at 37°C and 4C (D). LioNs, L-arginine-coated iron

58,52,48kDa

Representative images of Thioflavin S staining of the hippocampus (A); scale bar: 1000 pm. Quan-

GAPDH
tification of the number (B) and intensity (C) of plaques in the

oxide Tf-MeLioNs, ferrin-conjugated melittin-loaded LioNs.

Figure 3. Brain delivery of Tf-MeLioNs to 5XFAD mice.
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(A) Whole-mouse imaging was performed at various time-points (10 min, 24 h, and 48 h) using the
IVIS® Lumina Ill system, following intravenous administration of Tr-MeLioNs. (B) Representative
images of Prussian Blue staining of SXFAD mice tissues from the PBS- (control) and Tf-MeLioNs-
administered groups. Blue pigments (white arrow) in the DG of hippocampus indicate Tr-MeLioNs.
Scale bar: 50 pm.

Representative images of Thioflavin S staining of the hippocampal dentate yrus (DJ; scale bar: 100 .
Quantification of the number of Thioflavin-S-positive plaques with a diameter between 10 and 30 um (E;
and total number of Thioflavin-S-positive plaques (F) in the dentate gyrus. * p < 0.05 and ** p < 0.0
(one-way analysis of variance with Tukey’s post hoc test). Data are presented as mean  standard error
of the mean. n = 4-5 per group for analysis of the number of amyloid plagues.

Figure 6. Effects of Tf-MeLioN treatment on the number of amyloid plaques in
the early stage of 5XFAD mice.
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Relative body weight change was observed and recorded weekly over five weeks (A-B). Representative
images of Thioflavin S staining of the hippocampus tissues. Scale bar: 1000 um (C). Quantification of
the number of Thioflavin S-positive plaques in the hippocampus (D). *p<0.05 (one-way analysis of
variance with Tukey's post-hoc analysis). Data are presented as mean + standard error of the mean.
n=4-5 per group, for analyzing the number of amyloid plaques
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Representative Westarn blot images of the hippocampal proteins (A). Analysis of the expression of
proteins involved in amyloid degradation (B-E) and production (F-) in the hippocampus. Analysis of
the expression of proteins involved in amyloid influx or efflux i the hippocampus (J,K). * p < 0.05,
and * p < 0.01, (one-way analysis of variance with Tukey’s post hoc test). Data are presented as
mean + standard error of the mean; n = 8-10 per group.




