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Regulation of intestinal microenvironment networks by polyamine nanoparticles
and its application to the treatment of inflammatory bowel disease
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Inflammatory bowel diseases including ulcerative colitis and Crohn"s disease

are intractable autoimmune diseases causing diarrhea and bloody stools due to abnormal enhancement
of intestinal immunity. Conventional drug therapies have systemic side effects. We aimed to develop
polyamine nanoparticles that regulate the intestinal microenvironmental networks and apply them to
the treatment of inflammatory bowel disease. Polyamine nanoparticles composed of polyamine and
hyaluronic acid with anti-inflammatory functions were developed. The relationship between molecular
structure and ROS scavenging function was clarified to develop nanoparticles that control the
intestinal microenvironmental networks.
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Figure 1. (a) Schematic illustration of the preparation of polyamine nanoparticles (PANPs). (b)
Scanning electron microscopy (SEM) images of PANPs prepared using different organic
solvents (ethanol, acetone, and 2-propanol) and molecular weights (300 and 600 Da) of bOEI.

PANPs D HLRIEREHE

WST-8 7 B A 12 X 5 T PANPs Ol A7 4 34T L 72 #6537 To PANPs (L, 2.5 mg/mL

PUF CEW il G147~ L7c (Figure 2a), PANPs O FLAERERE

S5 728 . RAW264.7 %

LPS CTiEMAL L, WK ¥ kB (NF-kB) OENBATEZ E& LT, WFLIED NF«B 7 7 I U —I,

p50. p52. RelA (p65). RelB. c-Rel Z &7, IkB (IkB) & RNEMALESIEEZTER L, RENE
DOFEZELFERK T & LU THEIEL T\ D, toll BREFEREZI LI RIES 7 F/UTINE LT, kB ¥
F—+¥ (IKK) #HAEN kB OV Rtz Bt L. NF-xB OBWNERIEZ 50, JEBEEAR 7O

BN D72 5, RIEFHRERIZ
T, PANPs |, RAW264.7 flfaiz
BT 5 NF-xB OiEMAL & BNELT
% KRB ] U 7= (Figure 2b) , 72
PCR Z#HW BB 73BT v & A
\ZX D, PANPs [T A v X —11 A %
-1p (IL-1B) X° TNF-a 72 &', fkx 7
P iE BEE K] - D 38 s 15 Bl & il
T5Z N LMNT -7 (Figure
2¢), BMDM 253 S 115 TNF-a
DFEA % ELISA TEELZEZ A,
100-PANPs 3 J O 140-PANPs (%, =
v b= B IO 340-PANPs LV
% TNF-o pEAZ NI L7z (Figure
2d). LPS I% TLR4 |Z#54 L. NF-
kB OENBITEZIr LT IL-1p X
TNF-a 72 EORIEHET A b A >
DB HB 2 IEVE(LT 5, PANPs
XL B EE 2RI N A O TE R R AT
EFTBHZLI2X D, IKK DOHERE,
IkBa D4y, NF-kB ONBIT.
DNA ~DOfiG#HETHZ & T,
NF-xB OBENBAITZMEI T2 &5
ZHND, TIHOFERRRERIL,
bOEI ZfES & El-e T U Bo
FEREFHBI L TF Y PANPs (280
T% bOEI DHLRIEFERED HERF S 41
TWAZ ERRENT,

PANPs D Z —/77 4 L JHE

»
N
N
S}
o

120 »
= 100 &

40

o
S
S

@
S

Cell viability (%)
s o
s 3

NF-kB activation (%)

—8-100-PANPs
20 | —®—140-PANPs
—8-340-PANPs

—8—100-PANPs
—8—140-PANPs
—8-340-PANPs

N
S

0
0.01 0.1 1 10

Concentration (mg mL1)

o

0.01 0.1 1 10
Concentration (mg mL?)

a

1200

1000

o
S
Z 2
[N
5 1 T
s oTo
20 E 800 o
k4 (=
gt S 600 %ﬂ 000
3 2 L
2 g 400
3 -3
b 200
g -4 o Down regulation -
5 o AP o o —
& 5 4 3 2 -1 0 1 2 &@ & & &
Relative gene expression of control <® @/‘2} Q{Qv Q,‘ZV"
R RS

Figure 2. (a, b) Cell viability and nuclear factor (NF)-xB
activation of RAW264.7 cells exposed to
lipopolysaccharides (LPS; 100 ng/mL) or LPS and PA or
PANPs (n = 3). (c) Scatter plot of the expression levels of
inflammation-related genes in bone marrow-derived
macrophages (BMDMs) exposed to LPS (100 ng/mL) or
LPS and PANPs (1 mg/mL). (d) Secretion of tumor
necrosis factor (TNF)-a from BMDMs exposed to LPS
(100 ng/mL) or LPS and PANPs (1 mg/mL).
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Figure 3. (a) Mice (C57BL/6J) were provided water

T, o, RO~ A TiE, BED
RIEIZ LV BFENIBE L, KIE2E L 72
27275, 100-PANPs (% DSS (T X 2 K5
DFERGEZIHIL T2, 61T, FREL
7= K B#HAE D ELISA T, 100-PANPs #%
H~ g ATRIEWEY A M IATHD
IL-6 D3R ifl STz, 2 b
FERIE. PIRIEMEF D& 5 PANPs % #
H4 252 & T, RIESISHENH S 4v, K
IBFEENIIH SNDZ L A2 R LTV D,
& 51T, HE Y12 X DAk F 003
BOTIX.PBS 5~ 7 2 TIIE Y

or 3% dextran sulfate sodium (DSS)-containing water
for 5 d. After 1 d of providing with water, mice were
orally administered Cy5.5-HA (10 mg/kg) and Cy5.5-
labeled 100-PANPs (10 mg/kg). Tissues were
collected 6 h after administration. (b) Mice
(C57BL/6J) were provided water or 3% DSS-
containing water for 5 d and orally administered PBS,
PANPs (10 mg/kg), and 5-aminosalicylic acid (5-
ASA; 10 mg/kg) on days 5, 7, and 9. (c) Changes in
daily body weight for 10 d (n = 4).

T REE OMEE L RIEMIR ORI NFBD H L7203, PANPs B4~ 7 2 CIERORIES G IR S
N7gnoiz, T, BOEE5 S/ PANPs WRIEZ K Z U7 IBRE BRI RE L, @Rl 7 iE
WBEEZNRACEET D LT, v~ 707y —VORENKIGENH L2 THD EE S
N5, DF D FLRIENME PANPs [Z KGO RIS S Il 226 L Tk 0 | EEERER
BFRICERTHDZ EZRB LTS,

AWFFETIE., IBIEMERIGR ORI L U TR O &G T REZ2 T MR 325 PANPs # B3 L 7=,
EWVERE O LR E N EEE R OR) T IV EaR—R L LT AT 0 ik, RIENE
EROIRFEOTZOOPFRIERE LTHRATH D LIRS D,



Nishiguchi Akihiro Taguchi Tetsushi 11
Inflammation-targeting polyamine nanomedicines for the treatment of ulcerative colitis 2023
Journal of Materials Chemistry B 4005 4013
DOI
10.1039/D3TB00424D
38
2023
Drug Delivery System 379-387
DOI
0
0




