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Tuning the Stability of Dioxazaborocanes - A versatile boronic

adduct for biomedical applications

1. Introduction

Generally, classical boronic esters of 1,2- or 1,3-diols suffer
from thermodynamic instability in an aqueous environment. For
this purpose, new boronic adducts have been developed and
their stability under physiological conditions significantly
improved.  Frequently  used boronic  adducts are
salicylhydroxamic acid-phenylboronic acids (SHA-PBA) [1],
[2], oxime-boronates (OB) [3] and

diazaborine (DB) [4] (Figure 1). These compounds can be

iminoboronates (IB)

efficiently formed at neutral pH and readily hydrolyze under
acidic conditions. For that reason, they can be considered as
dynamic covalent bonds with click chemistry features.
Moreover, SHA-PBA, OB and DB can extraordinary tolerate
biological functional groups, like saccharides, glutathione,
lysozyme or human serum. This kind of moieties have been
incorporated into polymers or proteins to form pH-responsive

drug delivery systems, self-healing materials or bioconjugates.

[5-6]
h
@Y N"é/OH N “~oH
i~ ﬂ@ 0
SHA PBA XX" g)z

Figure 1. Boron adducts featuring dynamic click chemistry.

In this report, we investigated dioxazaborocanes (DOAB) as an
alternative type of boron adducts for this purpose. Moreover,
the glucose-responsiveness was analyzed for a potential

application in a glucose-sensitive insulin system.

1. 1

The condensation reaction of non-toxic diethanolamine
(DEA) with boronic acids (BA) leads to the bicyclic DOAB
structure (Figure 2). The neutral moiety consists of a dative

Dioxazaborocanes

N-B bond that thermodynamically stabilize the boron adduct.
They were first described in the mid-1950’s as a practical way
to isolate a boronic acids. Their synthesis is easy to carry out
and high-yielding. In fact, dehydration agents or a Dean-Stark
apparatus is not required, as it is commonly used for boronate
esters of 1,2-diols or methyliminodiacetic acid (MIDA). [7]
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Figure 2. Equ111br1um reaction of DOAB in aqueous solution

and substitution positions.

2. Results and discussion

A variety of different substituted DOABs were prepared by
mixing DEA and BA derivates in organic solvents and then
crystallizing them (Figure 2). The resulting boron adducts were
analyzed by NMR in aqueous solution at different pH values
and their stability and hydrolysis speed was estimated in terms
of the association constant (K.) and the rate constant,

respectively.

2. 1 Tuning the stability

The Ka vs. pH plot revealed a bell-shaped relation which
follows the theoretical maximum (pHmax) calculated by the
median of the pKa values of the corresponding BA and DEA
derivates (Figure 3). Due to this behavior, pHmax could be
precisely shifted in a wide range by choosing different acidic
BA and DEA derivates.

R, = R,= ]
604 = unsubstituted A = unsubsituted B
= substituted 9001 = substitued 1
S =
< = 600
x° X
20 300
0 0

7 8 9 10 7

0
oH value 10 R = unsub- sub-

8 9
pH value situted stituted

Figure 3. K. vs. pH value relation of DOAB for different boron
(A), bicyclic ring (B) and nitrogen (pH 7.4) substituents (C).

We investigated substituents at the boron, the bicyclic ring and
the nitrogen proximity. For instance, more acidic boronic acids
could shift pHmax much closer to the desired physiological pH
value of 7.4. (Figure 3A) and the stability could be doubled.
Substitution of the bicyclic ring result in an overall higher
stability at any pH value (Figure 3B). In fact, the stability at
PHmax was increased up to 200 times. Substitution on the
nitrogen further increased the stability at pH 7.4 around 4 times
(Figure 3C).



2 . 2 Hydrolysis speed

We investigated the kinetics of the equilibrium reaction of
DOAB in order to get more knowledge about the dissociation
mechanism. 'H NMR technique was used to study the
hydrolysis reaction at different time intervals. Especially
substitution on the bicyclic ring significantly decreased the
hydrolysis rate constant up to a factor of 10%. Interestingly, this
doesn’t result in a very high association constant like it is
common for equilibrium reactions with very slow reverse rate
constants. For this reason, the apparent association constant Ka
(i.e., binding strength at a certain time interval) has a very wide
10% to 10> M™") (Figure 4A), and thus a unique
complex dissociation up to reaching the equilibrium state was

range (Kat =

observed. For example, these DOAB compounds feature a
similar binding strength as SHA-PBA within the first few hours
of hydrolysis and become much weaker up to the equilibrium
state is formed (~2 weeks).

80
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10° l\_e‘sxwo‘ 604
£ BA
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Figure 4. (A) Apparent association constant of Ry-substituted
DOAB at different time intervals. (B) Glucose-concentration
depend DOAB dissociation.

2 . 3 Glucose-responsiveness

We investigated DOAB for their glucose-sensing capabilities.
For this purpose, different amount of glucose was added to an
aqueous solution of DOAB at pH 7.4. The ratio between BA,
DOAB and the formed Glucose-BA complex was estimated by
"B NMR (Figure 4B). Under normal blood glucose
concentration (<5 mM) only few of the DOAB is dissociated
and the Glucose-BA complex mainly result from free BA
formed by the DOAB equilibrium reaction. Upon increasing to
hyperglycemic blood glucose concentration (5-20 mM) DOAB
start to dissociate, however, the BA ratio doesn’t increase,
which means that the formed Glucose-BA complex is caused by
exchange reaction. This result clearly shows the glucose
responsiveness of DOAB, which can be explained by a similar
binding strength of DEA and glucose with BA.

2. 4 Hydrogel with dynamic covalent crosslinks
We were interested in how the dissociation of DOAB can
perform in a polymer network. For that reason, we successfully
functionalized DEA and BA with polymerizable groups and
prepared copolymers with dimethylacrylamide (Figure 5A).
The polymers are highly water soluble and mixing of the DEA-
and BA-containing polymer solutions result in gelation within
minutes. The formed hydrogel was stable under neutral to
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slightly basic conditions, however addition of HCl or NaOH
solutions result in partially decrosslinking and the gel liquified.
This Sol-Gel transition could be repeated many times in each
direction showing the reversible nature of the crosslinked
network (Figure 5B).

crosslinked polymer

4’ « Acid or

Base

Partially decrosslinked

2 Phenol Red was added as a pH indicator

Figure 5. (A) Schematic representation of the dissociation
process of a pH-responsive hydrogel with DOAB crosslinks.
(B) Reversible Sol-Gel transition of the hydrogel.

3. Conclusion and future plan

The stability and hydrolysis rate of DOAB could be further
improved while the reversible nature of the equilibrium reaction
remained. In fact, by placing substituents on certain positions a
70 times higher stability at pH 7.4 compared to the
unsubstituted DOAB could be achieved. The slow hydrolysis
rate of the Ro-substituted DOAB compounds is of potential
interest for a long-term drug release under physiological
conditions. Moreover, it was possible to incorporate DOAB as
dynamic covalent crosslinker between polymer chains and
probe the pH-responsiveness which was macroscopically
visualized by a Sol-Gel transition.
We could demonstrate that DOAB is capable to interact with
glucose under hyperglycemic conditions by an exchange
reaction. This phenomenon is of particular interest for an
application in a glucose-responsive insulin.
Our results suggest that DOAB is indeed a potential alternative
for boron-based biomedical applications. In the future we want
to incorporate the unit into other structures, e.g. proteins or
Tetra-PEG gels.

[ References]
1. M. L. Stolowitz et al., Bioconjugate Chem., 12,229 (2001).
2.P.M.S.D. Caletal,J Am. Chem. Soc., 134, 10299 (2012).
3. A. Bandyopadhyay, J. Gao, Chem. Eur. J., 21, 14748 (2015).
4. O. Dilek, Z. Lei, K. Mukherjee, S. Bane, Chem. Commun.,
51, 16992 (2015).
5. J. P. M. Antonio, R. Russo, C. P. Carvalho, P. M. S. D. Cal, P.
M. P. Gois, Chem. Soc. Rev., 48,3513 (2019).
6. S. Chatterjee, E. V. Anslyn, A. Bandyopadhyay, Chem. Sci.,
12, 1585 (2021).
7. H. Bonin, T. Delacroix, E. Gras, Org. Biomol. Chem., 9,
4714 (2011).



~ A 7 a=— NV ELET vt 20 L

ARG T A0 U T 22 At D TR

1. IC®HIC

AKr7a Pzl NCIR NI —ARENE BT 5 ENT
FNERANWC~A 7 u=—RKLEEKL. A RA) v &a
HERIREBTREICEET S Z & T B - RIS
ARV CEBRET D RS 720 N TR OB IZEY
MATE R, 70 b FIA T L LTHT—TARAERT A
AEAERR L. HERIRE T /L~ 7 A2 BT 5 It E) B4
BB L TN, v 7 a=—RATF A AT A
P ZHETATOOME L TR 2 mNid 5058
NhHD, TNOEFEBR L, holESRLm L2 AL L
T, RERICL D@D T NWERIEERAL TWS, 44
FEIZ N E TS LTS VR R LT~ A 7 o
=— RSO H B 2D S & &b, METROKIEL
E L EMEOTEEBICH Y FATE,

2. ERLER
v A47a=—FLTNA4 2%EHE O KEL
TIZUNT I RE/) v —RESEBEE R ED TV
Rz FE LT h 100% D= THEEGE X 2 D1 Tidz
WD RIEDE ) v =@y AL Lo Te R ) v —
TR AZ ) —REGTRIRITIRIE L CHf T 2 ER H 5,
FNRRFORa VT )~ =K A F ) —EHT
B2, THE TIIPEERO pH % FEEICYEe A 2 5% E
Lo, BARBIICIE, BEEBRALARFZIE pH 1% 5.9~6.0 T
HDEN, WKW EED IR LRSS, pH64 Ll EIZ72 5%
T5-7 A OB ZIT->C& T, £ C, WRT DT 7
UNT 2 REER(LT D Z LT, AR 222 2T
W s L L bz, MUREEHIR O EEZ R AT,

PR LIk « A X ) — VIRAER AL L, =
NL—F—% W THREB A L, EA Z ) —VICH A,
RERER LR A3 A 38 & O C BRI R O & A DR
EAToTe, 20D F AT D<A 7 0 =— RLT/NA RO
WCRRT AT o 7o 3. Wb P E 2 B URICIEE /=
— R —EHREPFFHITET 52 L3bnol
(B1), 7 AV W RMEEMLF (FDA) DHAEICLD L,
T IUNT I ROAEKRTREIL 0.36 ngkg body weight/day
LINTHY, (KE 70kg THET 5 & 252 ug/day £ 725
TENDY, PE3 HE CESRICET D Z LRSI
Too Fi2, T VAT I R EECREEORE D 5
FHEATWD P, RFEMEZ T 2720 OFFAEIT 40
pg/kg body weight/day LA, 8 Y X 713 2.6 ng/kg body

40

MK B 7200 N T 2y = 27 b
g =/ 7

weight/day LI F &322 LIRS TEY ), Wiy
RO RN LV Th DI L PR TXT,

Type A

180 r 6000

160
B 140 1 —e—Monomer I 5000 o
~ —o—Polymer %
@ 120 - L 4000
© 5]

100 >
gm L 3000 3
g @
S 60 - L2000 @
g o7 —— [ 1000 &

20 f=m= ==

0 . o ly
0 1 2 3 4 5 6 7 8
Accumulated washing time (day)

180 1 Type B r 6000
__ 160
B 140 | —eo— Monomer - 5000 p
2 120 | —o— Polymer | 4000 5
£ 100 3000 =
5 80 3
gm- - 2000 2
S 40 &
Em- L 1000 =

0 0
0 7 8

1 2 3 4 5 6

Accumulated washing time (day)
1. EkERPOE/N—EELL
RYR—[FE/I—DFETHREL, FR FDA [ZLDHR
ANKE T0kg) DT VT IRERFRE

QFNET vy MlRBEERR

<A 7 a=— R)LTNA RTEDS NI & o TR RE
TR EMBENICBEIND D, FAZ T Ly RERN
THlREwERBR 21T o7, ¥V ¥ 7 Ly M & MO05 Kig%iR
HIZ 37°CC 24 RFRIFRE L=, 3 ozt v
T V79 Bl e Az a e =— BB 21T 72, W
SR BN AL B O FE R = v = — BRI, 6.25, 12.5,
25.0.50.0, 75.0 X 100% D BB W T, ZhEh 101,
99, 95, 94, 102 BTN 96% & FEMERRE (100%) K UatE
St FRATEHI HIBALEREE (100%) ER%THh-7= (K 2),
BB 1T a0 2 1 = — Rk B 50%LL T
EERNRD Lo ToZ LD, MR EIETRE 2~
ICso (%) IR B2 oT,

FEALBRRFEIC BT D ar =—FakAE (1.01) X 0.70 LAk



BRI S AT L TR Y . BRI R ¢ HhiiR
LFRRED o n = —JEBRRE (1.01) 1ZFEHEO o v =—JF
HE (1.01) LR%THD I L 2R LI, Bttt skt
A FHHERALFRRE T ICs0 25 1.04%& 7%, B PExT RRHS
BF B i IR ALELEE TIE ICs0 28 74.8% & 80% KM TH 0 ik
BRI E D12 ICso 2 T LEUM T2 L, BSOS BILR
LRO LN END RBRITEYNC I/ Sz b o & f
Wraiz ARy VI —F8r ¥—), LEOFRE
ME, FAFT Ly ME VT BT V79 1ok LT,
Mtz S v EiEmST oz,

BEAIR
it V7 ‘
Mk :mci ok | | ISR
HIETLyb |
RERE
JEm | pat HERYIT (%)
e MR 6.25 12.5 25.0 50.0 75.0 100
J0=-
FERRER (%) 100 100 101 99 95 94 102 96
2. RS HRROBES IV IO —HEE

B~ A 7 v =— F)URERE MR

Tx= VAR VBTN~ A T a=— RILTF N, R B
BRI L1236 O RIERIEMEICSW T, HAR A A
M (Tla:JW) ZAVWTHRR Lz, MEBLEZTHFXS
VEOE IS 2 T, 7 4 EETORF RS GRAT A,
B, C. D) #&&F. ¥BAL A K O'D ITIFHEBmE (w171
=— RVH) %, %QB&UC ﬁ%kbf)/hﬁ%
%n%MJ4ﬁW%HLtO&5%T(%H%£)L
48&072%%%&&%&5%@%L\Boﬁ%F?%y
VZFEHR S N B S BUS DR & AT BITHE - TRRE—IR
T 2 R L 7=,

SRR CIBIESIM 28 U WP hoBic b g
BOSIERRD B 7253, %%%E&@%&K%mT\
B G T 1 REEIZICATEE GER 1 £72122) 23 373 4,
E(ﬂﬁlitiﬁﬁnamfmbaﬂtoﬁﬁ%TM
WERIAZICIIAEE REsL 1 F72032) 2323 6, v#IE (REA
1) 228 BITRD I, BT 48 8 LU 72 WFi##
WITALBE G 1D 28 23 BTl biuiz, Lk, KX
JRIEREBICEIR L, 57 A% ETICT_TlE L,

BeHH&T 24, 48, 72 W% OFER D 5 LT 5R Y
BB L ORI E I 1T D RB— IRAIE R0 ) R
FENEN 10RO THY , TDEIT 1.0(0.5-1.9)Th-
2 enh, RIERIGHT IV —1% 8] LFHMIs Nz
(AR Y Y Y — %‘E‘/éﬂ—)o INHENLFED LI
TG E., R BERSGICL 2BV X, <
A7 v =— RLORANER Lf:'zﬂtf“;% 5 RTREEN R
%Xz,

41

®. RS RICOFFHEMT T X T L

ALBE R U 2 DT AR
R 2 A 0
FRICIEEDIHE (1059 LTHBITEB) rerrrrnrriencnns 1
SRR/ RO et 1 | S 2
HHASEE 70N U ERTHE  wvvvrvrrrrnrrnrencenctonnsininnsns 3
FAEATEED & D DR O (TERHUEET) <vvveeeens 4
[ 4 A7)
RO
JERE/R L wevvevoronrennannaaeeeenaaateeeeiaaaaeaeanaas 0
HHIBEEDRIE (955 LTHAITED) wvreeereeromnnns 1
MREEVEIE (2o X 0 L7clZREIC K 2R SmBIc& 2) - 2
ASEFTZRE (I TmmOBERE) cvvvrrerrenrernneiienneiiinan, 3
BT (1mmEA b ONZRE & BRI AR T IEAID) e e et
[Fmm 4 r—ﬂ
[ALBE - ik & OVRREO A3 RO R A 8 A

3. BERVASHORBE

AEFEOHFHZI LY v 4 7 u=— RT3 20 HE
ITRRIC BT DIEEEIC L » TRIFE / ~— 2R S H,
LRI ET 2 WA AMIC 2o T, YeiFIiRO pH
FU P NR—=NEDA R REMICE B 5 2 5]
BEMERH D SBEHT B 1 R VRIFIE OMBE DY
THRMH RV HIH OREBLETH D,

F 7o BRI E AV isaEERBRs LY i
B RS R BRI BT WP R BRIV &#%
WTE T, B, 74&E*%erﬂ42 TEAERITE A
BT L, BENIZER L= 56 0 B2 U FICB W\ TRt
LCWb, A7z Mxﬁ?a?“74’ Ja=—RLFN
A AT ER AR E AR & L C oMl & | RN & RS
ZEAET A EREIR L LTOMIENH Y | BERIS I
T VT T HREPEBLEAAET 50, BRMEOREERIX
NEFHZHEA TNWD, A% EBITA R Y &2 TR LI2REE
TOREMEZRALE L FERFE T VB & O 7= R 72
MmpgE= > b e — A REREF L T FETH D,

(&2 30#k]
1. Matsumoto A, Tanaka M, Matsumoto H, Ochi K,
Moro-Oka Y, et al. Synthetic “smart gel” provides

glucose-responsive insulin delivery in diabetic mice. Sci
Adv 3: eaaq0723, 2017.

2. Abt E, Robin LP, McGrath S, Srinivasan J, DiNovi M, et
al. Acrylamide levels and dietary exposure from foods in
the United State, an update based on 2011-2015 data. Food
Addit Contam Part A Chem Anal Control Expo Risk
Assess. 36: 1475-1490, 2019.

3. Tardiff RG, Gargas ML, Kirman CR, Carson ML,
Sweeney L, et al. Estimation of safe dietary intake levels
of acrylamide for humans. Food Chem Toxicol 48:

658-667, 2010.



DR ReE & ZHLME & WIS T 5

RY =F U R BT~ A 7 b =— RILOREEL

1. Ui

~A 7 r=—FR/L (MNs) &, REZOICERBIGEIEDE %
BATEDLZENG, KT IT IR = AT HELT
DOERABHFFIN TV D, FEERIZ, MNs VW TREIC
HAINBEASNTEY ALk LTOFMMERHER SN
TWh, LnLns, EFEMLE LTOHIZHT TIEE
FZHANZEANT D2MERH Y . MNs OS2 HIBREE D)
ESRETH D,

—J5 T, JIFENRHEOENT. MNs OFEEIZ T T A
7 R DRERG I L D2 FUE MNs OBRFERED ST
Do TNETIZ, B BHCHM BN D D~ A 7 1k
FEBERE S D Z L T MNs O ZRREZ & D, ZOM
BRICHEAI 2 NE 25 2 & CTREZM e SR EZ fREIC L
TWb, LnLBns, BRFEDO~ A 7 m R I3@s s & <
B)— 2 BB R REETH Y | SFORIEESCTRE MRV Z &
DETH D, 2T, A TIE, @O IR AR
Vx=F L (PE) v A7 vahi T4 S5 & THIL
M MNs (PE-MNs) Z#8 L7z (B1), @A E<Hy—
RELBR N CE 2 2 L& DD AR TR O [7) 23 BifF &
N5 —FH T, WERBEBCL Y ZHMENMETT D2 ENT
HEND ), BERICR T 2 INEEER 2 folfk L, RS L
72 MNs O F)ER TR Z FLME 2 34l L 7=,

Poly(ethylene) (PE) Microparticles

Skin penetration
Interstitial fluid extraction

1. xHROHE

2. ERLIER
(1) PE-MNs ® i 36 X VIR B &

PE-MNs OFHEUIRY P AF Lot (PDMS) &
WMEHNTIT2 -7 (B2A), BAEBIIZIZ, 25 pm D PE

42

MAED 720 N THe) 7= = 7 b
iR

~A 7 vhiT-% PDMS $RLZIRML, A —7 > Thgd
5 Z LTRSS LTz, BERRICHAIZITV, BER I B D
HEY HFZ & TPE-MNs M5 bz, 55417z PE-MNs
DEFO AL A LT M S L OV &R B M
(SEM) ZHWTBIZER Lz & 25, $tomnR - -etn
BonkZ nmisiniz (B2B,C), LoT. MUz
XV PE~A 7 ahiT-HRR L, WEZIZEHFR ORI
STEET 22 & THORBHERE £ o7 2 ENRBI
iz,

PE Microparticles

2. (C) SEM 2.

2.(A) PE-MNs 38 8%, (B) X FSAME
(2) PE-MNs DO FRBIE O B E L X O H ZH KD
#F 4

FA~OIEFEANZBWTIEEHOEN MNs VLR
TH Y SRR DS BRI\ — 77 T B~ O SA %
W TS O EWV MNs Z W2 RERH D | 1R
FEOHKNHECTH S, T 2T, PE-MNs &HE~x DOJNEE;
MCTHEL, AN RT7TAZ =% AWTHRKISHERE LD
ZRPREOIEE L L7z (B8A), + OfEF. INEEER o
ML 5 e RIS DR DRSS AL, BEfRS DR IZEE S



FIRHRE OB R AR S (B8B), £72. K%
h U R T N—THett LTz~ 7 AZJEIZ PE-MNs % Bt
Lzt Z A (E3C), MEFERIA 15 43® PE-MNs

(PE-MNsis) TIZEAND N U R T —RHER S e o
Je—J5 T, INEREEAS 30 4> (PE-MNs3o) B XET 180 47

(PE-MNs1g0) @ MNs TIZEND b U R0 70— DA
Wiz Z s IR EE O LE 5 BRI AMEDHE K
RSN (B3D), ko T, MBI 30 3Ll BT
$5Z LKV PE-MNs O )R\ ETE 52 L
PRIE ST,

o
g 8 B

=8

z
£
2
H
£
g
|

50
o

E3. (A) NENBEQHEE. (B) MMHMORESL S
PE-MNs OB XitA. (C) EERAM DML, (D) B4
O ANRES 1 < 48 L 7= PE-MNs o 5 1§ I A #.

50

S
o

w
=]
L

Porosity [%]
8

-
o
L

Gas with T
different pressure

o
n

15 30 90

Time [min]

180

PE-MNs,5

E4.(A) KEEAZOHEE. (B) MBABMORLS
PE-MNs OSAE. (C) BFRBBHOEME. (D) 2D
ME I THESL LT PE-MNs O 0—4 = VKBRS

(3) PE-MNs @ §f B ik D&k b3 & U fL4%k o FE Al

JIHVRED B X 0 N EARER 23 il (LT & 72— 5
TOBE OB LB SAMDE TR TREN S, 2 2T,
PE-MNss % il % OB TR L, AKGUEAIZ L VR
RERE LT (B4A), TORE, MR O8I

43

9 [ILE OB BRER S, R, INEWERI 2 90 43 LA
L PE-MNs TIIRAENRKEL B L @4B), F
7o, v — & I L /KERTR % PE-MNs (27 T L BEMMEE B2 217
7eol=& 2% (B4C), PEMNsy CTidr—4 2 U KIAK
DIRBITERR SN 7e—J5 T, PE-MNsis0 CIXIRIEA LR EIC
JRELTWD 2 & 3R S, KALEOWUD L S kiR
BEOK TR RSN (B4D), Lo T, MEWFH%
30 WLATFICT 5 Z 12XV PE-MNs DOZ AL A fERF T &
DT ENTRBEINT,

(4) PE-MNs O 3 8 ik O 5 (s & O — % @ FE A

F1ER R & 2L & fREEIC PE-MNs O INEAERRE] % f
WLz & 2 A, B Z 30 4y &35 2 & THFNF
P EZHNMEEMNCTE D PE-MNs PMERITE 5 2 L 0VHE
ENT, L LAans, 30 Ll kol L v KfLE
DRE WD Lie—FC. JIFHFREIT —ETH Y, MNs
O L HEOBBROMHANEE TH H, T T, A D
JNEERR CESL L 7= PE-MNs O/ ME&E % SEM ¥EIC L D
Bl Uiz, ZOREE, MERER OB L k- o MR
DAL=l TND Z BRI (BABA), 7=,
REREAIEIZ L0 22L& e Lz & 2 A INEMRER o
BEIMZ X0 ZBHADIEN - TWD Z LR Sz (K
5 B), PE-MNs3 TIXILE i TRV AN LIS F153%)
—f5iET D 7T, PE-MNsigo CIIILEN A —TH D
RO R Z IR EIIC BN TR TIERBRAET D720 INEL
R 28 ML CH I ERREREE LR o728 B XD
N5, To7T, W—MOENEZAE MNs Z{ER+ 2% Z &
T, SRR & ZFLEOMNL L7z MNs Z#45ETE 5 2
LRI T,

—30min

@

(meg]

Log differential pore surface area o
g
o
o

1 0

1
Pore size (um]

5.(A) INEBERIDRL S PE-MNs #/MEED SEM {%.
(B) B DOMEEM THE LI PE-MNs DZH.4 7.

3. BERUSHKOBHE

AMFFETIX, B O IR PE ~ o 7 vk 1% Bifk
S5 L TELIE MNs Z/ER L, BEfF0 MNs OFE#E T
3o T2 SRR & LD TS A B L7-, MNs R
BRI DR b EERERTH DMERERICEH L, /1221
W & RALRE RIS Rl b 24T o 1o, MR X OVRALER
TR R L O L, 30 4 OINEARER] 23 Fciii ©
BB ENFERENT, T 2T, MNs ORSEMRITIZLY
LEOH—MENEETHL I ENRBRENTZ, L-oT, Z
AUH OFEFRIT . MNs OFfiE & D BRIEEZ B ST L,
AERISHIZIANT 72 MNs OBR%Z S HIBESESH DT
b5,



(R wmC]
(&R ##)

1.Tachihara Yoshihiro, Yasuhiro Nakagawa, Takuya Miyazaki,
Yasutaka Anraku, Horacio Cabral, Nano Select, 3(8), 1242-
1251(2022)

2.Rumi Hachiya, Miyako Tanaka, Michiko Itoh & Takayoshi
Suganami, Inflammation and Rgeneration, 42(13), 198
(2022)

3.Pengwen Chen, Wenqgian Yang, Tachun Hong, Takuya
Miyazaki, Anjaneyulu Dirisala, Kazunori Kataoka, Horacio
Cabral, Biomaterials, 288, 121748(2022)

4.Takuya Miyazaki (Shaoyi Chen, Stelios Florinas, Kazunori

Yamasoba, Ze-Qi
Xu, Herren Wu, Changshou Gao, Kazunori Kataoka, R.
James Christie, Horacio Cabral, ACS Nano, 16(8), 12290-
12304(2022)

5.Hideki Fujisaki (Akira Matsumoto, Yuji Miyahara, Tatsuro
Goda), Science and Technology of Advanced Materials, 4(1),
525-534(2022)

6.Chizumi Abe (Ohki Higuchi, Akira Matsumoto,
Miyazawa), Analyst, 2022, 147(12), 2640-2643

7.Wengian Yang, Takuya Miyazaki, Yasuhiro Nakagawa, Eger
Boonstra, Keita Masuda, Yuki Nakashima, Pengwen Chen,
Lucas Mixich, Kevin Barthelmes, Akira Matsumoto, Peng Mi,

Igarashi, Yu Matsumoto, Tatsuya

Taiki

Satoshi Uchida and Horacio Cabral, Science and Technology
of Advanced Materials, 24(1), 2170164(2023)
8. Pengwen Chen, Wengian Yang, Koji Nagaoka, George Lo
Huang, Takuya Miyazaki, Tachun Hong, Shangwei Li,
Takeda,
Kakimi,Kazunori Kataoka, and Horacio Cabral, Advanced
Science, Early view, 2205139(2023)

Kazunori  Igarashi,  Kazuyoshi Kazuhiro

[# ]

1.Taiki Miyazawa (Chizumi Abe, Gregor Carpentero Burdeos,
Akira Matsumoto, Masako Toda),
"Food Antioxidants and Aging: Theory, Current Evidence and
Perspectives",
Nutraceuticals, 2022, 2(3), 181-204.

[mERER]

LRSI, “Ru @By aIsH Lz TRES 720 N T
i) PHFE DA, Medtech Japan, ~ZEfKEEH T3k
[FWFFEHL IR O f Fem R R AT DRI ~, AT A >,
2022 4-6 A 10 H.

2.Kevin Barthelmes, (Keiichiro Yaginuma, Hidenori Otsuka,
and Akira Matsumoto)
pH-responsive Hydrogel formed by mixing Polymers with
dynamic covalent Crosslinks based on Dioxazaborocanes,

44

13th International Gel Symposium, 2022 4% 9 A 3 H, Atif
E
3.Akira Matsumoto
"Borono-lectin" platform for smart drug delivery systems
SBPMat Brazil-MRS, 2022 4% 9 A 28 H, Foz do Iguacu
4.Michiko Itoh, Takayoshi Suganami
Altered cholesterol metabolism in macrophages triggers
profibrotic phenotypic changes in metabolic syndrome. &5

26 [A] A A N3 R 2 ke 2, 2022 45 10 A
12 A, 58
5. I,

FHIBH T w7 7 A V2 BHAEICRDI~ A 7 n=—
RINZ R DT 7 F R OMGE
i 29 [ T2 582, 2022 47 10 A 25 H, A
74

6.Barthelmes Kevin, #HABEE—RR, it
Tuning the Stability of Dioxazaborocanes - A versatile group
for biomedical applications
55 29 [ ARE TERFIE2, 2022 4210 H 25 A, A
74

THRER A, AATEL, @S, QIR HHHE,
SRR, NIER, EEEFE
a7y VIR L REAMEEICER L
NASH JEJERAE O fE
5595 Al A AR L E R RS, 2022 45 11 A 10 B, 45

8.Barthelmes Kevin, #HH BE—H8, K& %8, A
5
pH-responsive Hydrogel formed by mixing Polymers with
dynamic
NIMS WEEK 2022, 2022 4 11 H 14 H, Kt
covalent Crosslinks based on Dioxazaborocanes

9.0t 1, IHbRER, BIOMR, EPER, NIEZ,
B
NASH IZBUI D~/ n7y =0l Y Y — hEREEE
AR BIR) B AR ORI, 5 43 [a] B AR A
2, Wi, 202245 12 A 3 A

104480050, “Au /Lo F 7 2Bl U AR FERL N
A A= =717, NIMS WEEK 2022, HA{, 2022
£ 11 H 14 A.

11.Michiko Itoh, Takayoshi Suganami
Altered lipid metabolism in macrophages as a novel
molecular mechanism of non-alcoholic steatohepatitis,
100 [A] A AEEHI 2R R, AU, 2023 423 4 15 H

12.Michiko Itoh, Miyako Tanaka, Takayoshi Suganami
Lysosomal cholesterol overload triggers macrophage
phenotypic changes and promotes liver fibrosis in
nonalcoholic steatohepatitis, Keystone symposium-Metabolic
and Molecular Mechanisms of NAFLD/NASH. Canada, 2023
F3H21H



[%35F]
(DENFFFFHIE 3 7
Q)IEIFRFFRFHIRE 11

45



	目次（有望シーズ展開事業）
	★連結_松元
	02-2様式.（リーダー用）松元
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