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Received_November 20, 2019 Abstract Quercetin is one of flavonoids widely distributed in the plants and well known
Revised_December 05, 2019 to have antioxidants, antiinflammatory, antimicrobial properties. In this study, alginate
Accepted_December 13, 2019 gn4nge containing quercetin-encapsulated nanocapsules was prepared by miniemulsion
polymerization, dyring/crosslinking method and their bioactive characteristics were in-
vestigated. Alginate sponge containing quercetin-encapsulated nanocapsules were eval-
uated using a field emission scanning electron microscope(FE-SEM), a high performance
liquid chromatography, cell viability, DPPH radical scavenging activity and antibacterial
activity. The study indicates that alginate sponge containing quercetin-encapsulated
nanocapsules had significant antioxidant, antiinflammatory and antibacterial activities.
This study suggested that alginate sponge containing quercetin-encapsulated nanocap-

sules can be a potential candidate for medical materials.
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2.1 N2 & A

2 AFolA e FFFAAE AAT Lol
(Styrene, Dae—jung Chem., Korea)A| oS THEFA|
B E Ao, PaeaA = AAE
(Quercetin hydrate)t 7k A = AHE-H (Divinyl-
benzene, Sigma—Aldrich, USA)9] A&, 313
A2 AH2-% n-hexadecane(Alfa Aesar, USA)2] A|
F= AHESHTE, RtEARA = v ol AHEAA QL
SDS(Sodium dodecyl sulfate, Dae—jung Chem.
Korea)& AF&3l 3l 7HAI A= AIBN(2,2—azobi-
sisobutyronitrile, Junsei, Korea), 4% S1j2
24 ZHF<=(Milipore, Mili-Qplus, France)E A-4-3}%1
o}, AEA] A 2ol = GIAEE(Sodium alginate,
Viscosity 376mPa.s, pH 6.7, Nanjing Xiang—
shengtai Industry CO., LTD., China)¥} 7} Al
¥ 3}zH<(Calcium chloride, OCI Company Ltd.,
Korea)< AHE-sH3I Tt

2.2 Lics HE

AAE Y=lao 7|24 <l g Az
Table 1 ¥ Figure 1o YW ATEH, FF=ol Al
A SDSE 22 ASHE 60TlA 1A%
300rpmol| A W RFAIZ T}
n-hexadecane ¥ DVBE ¥ B&

o
Al7F 59F 300rpm e &2 WHHAIZ] & A-g-Hof H7ls

[
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=
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Table 1. The standard recipe for the preparation of nanocapsule

A solution B solution Initiator
DI Water SDS Quercetin  n—-hexadecane Styrene DVB AIBN
(9) (mol) (9) (mol) (mol) (mol)

80 0.8x10* 1 1.1X103 0.173 2.0x107° 2.0x1078

é]‘;%ﬁéﬁ"7}—g—§L§];{/ ZJ/ 31 _71_‘_] X']/ 4%
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B.
Quercetin hydrate
+ n-Hexadecane
+ Styrene monomer
+ DVB

Mixing

Homogenizing

343

Agitator
Reflux
Nitrogen

Polymerization

Figure 1. Experiment procedure of emulsion polymerization.
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Figure 2. Images of alginate sponges containing quercetin—encapsulated nanocapsules.
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Emission Scanning Electron Microscope, FE—

SEM)S 53] SHelsigict. Aee Quse ¥ 133
Z7]0] 4 AZAT BRE Agsgon E ArE
w3 me F B,

2.6 &0  LIEJE

AN B4 A0t WEAES A 95
UV-Visible Spectrophotometer(Shimadzu Co.,
UV-1700, Japan)& AH&-8te] &by 2l 5=
of W& FEHFAS AdshHth. 123 80mLe
PVA glof Az ¥ dAH|o|E 2¥AE Y& F 300

7,}7—3, °=% 0, 4mL’” XH-r] ngh performance
liquid chromatography(HPLC, Younglin, UV730D,
Korea)& AHg-sto] AAE SA43 oA Yt &4
v 3.0] W& vl A A vlaste] BEEE
ERIFe 2N WEA TS dobH it

2.7 ==Y 2

H7rol Ag-E 9 A obAl E(Human skin fi-
broblasts, ATCC® CRL-2522)+ 10wt% FBS(fetal
bovine serum)®t 1wt% penicillin—streptomycin
S 3 MEM(Minimum Essential Medium Eagle)

oA 37C, 5wt% CO:2 2718t AlchuFsto] AHg-3t
ATk, MEME|A| o[ A A H[0] E AHA] A|RE 244
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S A A7 SF3IA] A 314 Al 4%

2—(4-sulfophenyl)-2H-tetrazolium,inner salt)
20uLe} vi 2] 80uL, & 100uL¥-& Foiakal 3709
z70 stoll QlpHl o el ol A 3AIZE 54k v %F = ELISA
reader(MultiskanTM FC Microplate Photometer,
Thermo ScientificTM, USA)& 490nmo| A &4 =
& 245,

2.8 BIAMSIA Ty}

AR eSS BhE 2
Abs S-S A 517] 918 DPPH(2,2—diphenyl—
1-picrylhydrazyl) assay & A A8t ch, F4] 5
DPPH €945 10mLA HAE Hiefi&S H-ohAl
%2 control Eﬂﬁ}oﬁ 247) Aol A skl on,
FAY T HAEL ImM FEZ DMSOo| 43 4]
71 & 1mM #AE 500uLel DPPH §-9 9500uL.E
AelstAt, 183 HAE Y vehicle control® A
500ul. DMSO9] u}zk7}2] 2 DPPH §9 9500ul&
Aelsteltt, AeH AR 90=7E A9 o] 72
oAl H-E-AIZ1 3 96-well plateso]l BH-A1Z1 &
50ul® %713 95% o eH-&2S 150uly H7hsk H
microplate readerg ©]-€39 517TnmolA SFE
£ =43sla ofel & (1) & DPPH radical

scavenging activity S A4S

Aujol= AT o] 7

2 H
Mo M

DPPH radical scavenging activity(%)=
1-(0.Dsi7 of A) «
O.Dsi7 of B

where,
O.Dsi7 of A Absorbance of samples
O.Ds17 of B @ Absorbance of control

A AHEA Y A Yeglso] 7HA = 3
= %}"é% Z=43517] 93l nitric oxide assay S A
Aletth, HA FReol 30%= 3 A% ofA EAL
300mLel 1-naphthylamine 3g, sulfanilic acid
2g2 &3 A7l Griess A& &1, A=
91 AAEF controld EgHSH ZF A2 DMSOE
A7rskal Ao A 2087 A $ 100ulX e-tube
of %711 2.5mM, pH 1.22 %3 NaNOs£H S
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Figure 3. FT-IR spectra of quercetin—encapsulated nanocapsules, styrene monomer and quercetin hydrate.
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Figure 4. Particle size and distribution of quercetin— = o FEHE Yehd Ao 2N H&o wvt Sk
encapsulated nanocapsules. of uwjz} A R|Y|o|E AHA| FHo| tleko] 20| 3}
Hof Sl A skt

3.2 ¥E, YXHO|E AHK| Hel & 7& =0l 3.3 #so WENAS Zut
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Z19] SEM 4 A3HE Figure 50l YR AT, ofn] E7%S goti 7] $l5te] UV-Visible 23F=AE
Ao A & 4 Q5o A A9 Fol MUY F  olgstol 4B AN S4 S Flstgict
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‘ ; ) : ; X
Q4 5.0kV x50.0k '1.00pm | ST 500um
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Figure 5. SEM images of (a) quercetin—encapsulated nanocapsules, (b) 0.5 wt% alginate sponge, (c) 1.0 wt%
alginate sponge and (d) 1.5 wt% alginate sponge.
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Q52 5.0kV x10.0k

QS4 3.0kV x10.0k 5.00um

QS7 3.0kV x10.0k 5.00um QS8 3.0kV x10.0k 5.00pum QS93 OK\;XWU Ok 5.00pum

(9) (h) (i)

Figure 6. SEM images of 0.5 wt% alginate sponges containing (a) 1.0 wt% (b) 3.0 wt% (c) 5.0 wt% quercetin—
concapsulated nanocapsules, 1.0 wt% alginate sponges containing (d) 1.0 wt% (e) 3.0 wt% (f) 5.0 wt% quercetin—
concapsulated nanocapsules and 1.5 wt% alginate sponges containing (g) 1.0 wt% (h) 3.0 wt% (i) 5.0 wt%
quercetin—concapsulated nanocapsules.
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35 40

|
B
8

Figure 7. HPLC chromatogram for quercetin hydrate.
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Figure 8. Cumulative release(%) of 1.0 wt% quercetin—

encapsulated nanocapsules from (A1) 0.5 wt%, (B1)
1.0 wit% and (C1) 1.5 wt% alginate sponge.
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Figure 9. Cumulative release(%) of 3.0 wt% quercetin—
encapsulated nanocapsules from (A2) 0.5 wt%, (B2)
1.0 wt% and (C2) 1.5 wt% alginate sponge.
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Figure 8~Figure 10& 53| %?——l?} ‘QX] ylo]
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Figure 10. Cumulative release(%) of 5.0 wt% quercetin—
encapsulated nanocapsules from (A3) 0.5 wit%, (B3) 1.0
wt% and (C3) 1.5 wit% alginate sponge.
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Figure 11. Cell viability of control(cell) and alginate sponges containing quercetin—encapsulated nanocapsules

on human skin fibroblast.
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Z/VETE BE 52 E 402 radical scaveng—
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o] 7} ol A% A o] GAE S Bl

st

8

DPPH radical scavenging activity (%)

Control Al A2 A3 B1 B2

B3

a c2 c DMSO  50pM
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Figure 12, DPPH free radical scavenging ability of control(alginate sponge only) and alginate sponges containing

quercetin—encapsulated nanocapsules.
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Figure 13. Nitric oxide scavenging activity of control(alginate sponge only) and alginate sponges containing

quercetin—encapsulated nanocapsules.
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Figure 14. Antibacterial activity of alginate sponge containing quercetin—encapsulated nanocapsules against
S.aureus.
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Figure 15. Antibacterial activity of alginate sponge containing quercetin—encapsulated nanocapsules against
K.pneumonie.
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