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Design of Synthetic Polymer Nanoparticles Specifically Capturing Indole for
improvement of uremia symptom
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Synthetic polymer hydrogel nanoparticles (NPs) capable of capturing and/or
releasing target biomacromolecules are of interest as alternative bio-affinity ligands. In the
present study, we focused on the developing NPs that adsorb indole in the intestine for chronic
kidney disease (CKD) therapy.

NPs were prepared by an aqueous dispersion copolymerization of NIPAm, various hydrophobic monomers,
and a cross-linker. Indole adsorption rates were significantly changed by varying the structure and
percentage of the hydrophobic monomers in the NPs. However, NPs did not adsorb the indole analogs.
NP inhibited intestinal absorption of indole not only in vitro but also in the biological milieu.
These results suggest that usability of NPs as an epoch-making oral absorbent.
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Do T, FIROMAERZBRT 2 Z LICX 0 BENEZ I EoXT T RICBRED & 588
DANLHICEHEIARE CTH D EEZEZX LN TS, BxIXINOHAEEHEZERNTHERD T Z
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YRV EEIR LU, A R=T BYMPICEEND N T T 7 U BIBNMIEIC LD SRk
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BRICAS To 0N IR L 0 PRt S5 28, CKD BEFICB W T, B2 V7 7 ADIK T
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NPs /% NIPAm Z 5 & U, 286G & L C Bis, BKMEE / ~—& L TlE N-tert-butylacrylamide
(TBAm). N-Phenyacrylamide (PAA). % L < (% 2,3,4,5,6-Pentafluorophenyl acrylamide (S5FPAA)
ZHAWE, AEME ~—& LTIt Acrylic acid (AAc)., IEEME / ~—& L Tk, N-G3-
Aminopropyl) methacrylamide (APM) #% H\ 7=, NIPAm. Bis., AAc., APM [Tiffi/K, TBAm %
T4 /) —/b. PAA, SFPAA II7 & M UCHEMRE LT, BB/ v —IREN 65mM &7 25 & 5 (ZHRR
% . SDS ¥k (2mg/mL) Z Wil LEFREH L7z, £ D%, Ammonium persulfate (APS, &k
FE ;200 ug/mL) ZFINL., ZEHEEFE T 65°C T3 MG S T2, £72. APM 212 7285413,
SDS @ X # ¥ |Z Hexadecyltrimethylammonium bromide (CTAB). APS ® X o ¥ 1T a,0-
Azobisisobutyronitrile (AIBN) % H\\\7=, REILDE /) ~—A4 Y I~ —{X, BHT (Spectra/Por 4,
MWCO 12-14kD) (= L W 2% L7= (1 B 2. 4 AL L),
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R FRITEIRYYEHGELYE (dynamic light scattering, DLS) . 3% M #5713 B8 S Uk B G BOGELIR ELIZ £ W
KOz, BITHRORY ~ @K 20 uL Z 8K 980 uL TH L. ZetaSizer Nano-ZS (Malvern
Instruments, Malvern, Worcestershire, UK) % T, KL 7£8, 20864 (polydispersity index, PdI)
BLORBEMZ 25+0.1°C [ZTHIE L7,
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25 mM U UEEREER (pH 7.4) FIZTA » R—/L L NPs % 10 =R TRA LT (f ¥ F—
JU 5 85uM, NPs ; Smg/ml), Z Dk, i LLERIZ XY NPs & NPs & A > R— /L OBEERE L
MeEH7-, RiGICE-7- NPs IZHEA L TWARNWT U —0DA > R— /LB EE L, S50 AT e 3
ZRWVT 279 nm OWSEEZRIE L, K7z, £/, NPs DA > R— LIk 2R8I, 1 v
F—=nE ke e LT R 7 N7 7 (BIKMSD ), U 7% I BREMES T pKa=10.2),
A v R— VG (FPESy 1. pKa=4.75), ¥ 7/ a7 Iy (O FBOKE 724y 1, vitamin B12,
VB12) Z{EMH L7z,
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Caco-2 fifaz =15 —4 L a— bk LA »¥— FIZ 2 x 10° cells/insert & 72 % K 5 (Z#KfE L 7=,
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[MCI=EREA > K —/L (43 nmol/400 pL 50 kBq/400 uL) & TF-NP5, TE-NP5-n & %\ (% TF-NP5-
p R HEIRE 5 mg/400 pL) &~ o ZRE A G- L, 1 REREI RIS iR, Pl Bl o BOrE i 4
T LT,
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NIPAm, Bis {212 CENENDOBKMEE /<~ —DFIEA 20, 40, 60, H L<I1L80%E 75D L
SUZFE 12 FiJE NPs 2453 L. Control NPs (NP0O) %, NIPAm 98%. Bis2%% 7=, &Rk L7z
NPs O%i 1-£¢, PDI, A% Table 1 {2k L7z, EOMABIZEBWTY, M TH—72 NPs D
IREAIR DS DT, ZZ D NPs ORL{£81X Control NPs, T-NPs, P-NPs, F-NPs DJIEIZ /]
L7720 RUBUKMEE , ~—% B - NPs [Tk, BiKME ) ~—DOHIEZOTI1E SR 1
B LT,

NPs (2L %54 v R—VIREREZ R L7z

Table 1. /R FEHEMRTHE/ Y, HFE.PDI. REEH

& :- 5 N Eﬂé7j‘< ‘I\i% / ~ OD%IJ/EI\ 2&-‘) i’%j‘]u é ﬁ Hydrophobic monomer feed .
- N . PN (mol%) E‘I‘; ‘:Z?;”&T;; Pd Z-potential (mV) Yield (%)
HZETA Y R— )V RERNEINL - TBAm  PAA  5FPAA
NPO 1717 £184 0030 126 £53 92
(Figure 1), Control NPs (NPO)?D 1 > R—/L NP1 20 1518 =178 0009  -24.1%94 82
TNP2 40 1370 £167 0033  -323 %39 80
&R 10%LL T EE< O NIPAm 131~ K T-NP3 60 1224 £27.4 0033  -36.6* 60 92
AL ORBEMERICEECRN EAHD e a7 e11 oo asoste
T o T, BUKMEE ) v —% S0%MAIA oo % srer oo ssere e
ATE NPs IZBI L TIE, F-NP4 78 NP4, #  toen Y oioses oo sisiss 15
L<IEPNP4 LB L TR B @A > F—  rane % saes oo dirzes &
A ERE R L. LinL. BikiE ) < F-NP4 80 635+30 0021  -369%32 87
— % 20%FAA3A A TZ NPs [l CH 95 &, T-
50 1
NP1 73 P-NP1 # L <IL F-NP1 & g LT XV
A v R VR E R R R LT, e ]
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AIFFETHWTW D BUKMEE ) ~—, Table2. + /i FEHB T 2T/ Y —4H. K72, PDI. REEH
TBAm & SFPAA [3E 7 26T 1 Hydrophobic monomer

_feed(motk) __ MHUOIATS py CROSHEL vigg ()
VRV EHEER LTS, Z0 Tean  srpaa  demeter (om) ™

TF-NP1 20 20 752 9.6 0.105 -393*14 91

2 OOMHEERAEZMAGHOED Z & TA TF-NP2 20 40 801£169 0046 -327%101 93
e L SH TE-NP3 20 60 791%141 0033 40044 79
¥ R AT S B B O TE-NP4 40 20 782160 0071 -383%37 87
TRWMNEHEERLZ, 2 C. ZOIRM TF-NP5 40 40 765+ 100 0087 -398%+17 81
SIS 57 %, TBAm & SFPAA OO TF-NPE 60 20 716+41 0037 -403%44 85
i PIA TR A L A v F—b
EOBFMEERR LT,

AR L7z NPs ORi-F&, Pdl, ZKifi AT, "
I, £ v —kARIABIRIX Table 2 |2
L7z, TBAm & 5FPAA % i A AGA A T2

BT-NP4 BFNP4 @TFNP5 OTF-NPG

% Captured

)
S

NPs DKL -# R EEAM 1L, TBAm, of o e

S5FPAA EL L — G2 2 AA T o L8 v . ;
ryptophan  Indoleacetic acid ~ Tryptamine ~ Cyanocobalamin Indole

NPs & KFERN-> Tz, 2 FEADOBKMEE / Figure 2. F/HF (254K — L RUZOBBHOBALE

~— & klAIA A TS NPs (TF-NPs) &, TB-
NPs X° FP-NPs & [FIEEIZ, BUKMETE ) v — ORI AIALIRPIE X D12 8 A 0 R — VWG RGN
L 7= (Figure 2), F7=, BKMTE ) v — DRHAAALETHKR T H &, BkEE/ ~—% | D
FHFAIIA /T2 NPs (TB-NPs, FP-NPs) X 0 & & > R— VRS REE /R LT,

ZNE TT, TBAm % 40 mol%. 5FPAA % 40 mol%#H7xiA A 72 NPs (TE-NP5) 781  K—/L(Z
L THRbEWERMMELZHET L2 RN ST,
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T-NP4, TF-NP5, TF-NP6 |1 > R—/VEHLULEM OWAEFEN 10% L FTHH . T bidA v K
—VOWERLY LAEITE -2 (Figure2), 2D Z &6, NPsdA v F—/L &2 K BEICR
BELEDZEDBHONIoT, F720 F-NP4IX MY 72 I A L THEN 2R L BIFMEEZ R L
72H3, TE-NP5, TE-NP6 O b U 7% I W3R F-NP4 & el L CHEICIE» -7, ZHLIED
BEHE, 4> F= U L TiRbEWBIIMEZ A L, A > F—VELELE I3 28D
A A > 72 TF-NP5 %2 IV CTiT- 72,
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WIZ, A v R= Ut 20Kk b > 72 TE-NPS [ZHET /) ~—ZfATe Z & T,
A R ~OFFWE L Fe B Eom L2 B Lz BT/ ~—& LCiL, EEWEZ AT 5 APM,
HLLIFAEBMEAT D AAc Z V=, Gk L7z NPs DY ERAEE % Table 3 (278 L7=, APM
R0 AAc DILISATZRL . FURTEMERIE L <132 T O H NV EABIIEH OBV IR FRICK X R8s
Bz 5z Li3mholz,

TF-NP5 DA > R —=/VIZH T D Tables. +/HFAHATHE/Y—HrK. HTFE. PDI. REEH
BIAMEIX APM A AGA R K D3

B 1, A AR L o A T R
= N 7 TF-NP5 40 40 76.5+10.0 0.087 -39.8 1.7 81
MM S LT (Figured). —h, T b @ wsews on e n
A v F=HPLEWIIHT 5

BAIMEIX, MEE / ~—OfA

ABIZ LD kx< B L T B TF-NP5 B TF-NP5p B TF-NP5n

(Figure 3), TF-NP5-n (X h U 7% 50

IV LTEWBIMEEZSRL 8 40

7=DIZxt L, TE-NPS-p i34 > F §30

—VEERRICHR L TR R R s 3 2

o ts, H. PBEORE T " o

TF-NP5, TF-NP5-p, TF-NP5-n % Tryptophan Indo;i?getic Tryptamine VitaminB12 Indole

LTV,
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%) L/ < 51 TF-NP5-n z& Significant differences; *** (P < 0.001, Dunnett's test subsequent to ANOVA).
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