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Abstract: Hesperidin (Hes) has known to having some functions like protection of blood circulatory system, anti-tumor
effect, antioxidant effect and anti-inflammatory effect. The goal of this study is to demonstrate the relationship between
Hes and inflammatory through in vitro and in vivo studies using poly(lactic-co-glycolic acid) (PLGA) film including Hes
as a tissue engineered scaffold. To confirm the proliferation of cells on fabricated scaffold, cells (RAW 264.7 and NIH/
3T3) were seeded on PLGA/Hes film then analyzed with MTT and SEM at | and 3 days after seeding. The results from
ELISA, RT-PCR, and FACS for anti-oxident and anti-inflammatory effect showed that inflammatory response of PLGA/
Hes film decreased more than that of PLGA film. Also, in vivo result confirmed that inflammatory response by implanted
PLGA/Hes film decreased more comparing with PLGA film. This is because of anti-inflammatory effect of Hes reducing
induced inflammatory cell and accumulation of fibrous capsule. The results showed that PLGA/Hes film’s capacity on
reducing inflammatory is better than PLGA film because of Hes.
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JS zk= ZEAZA] polyesters, poly(lactic acid)(PLA),
poly(glycolic acid)(PGA), poly(lactic-co-glycolic acid)(PLGA),
poly(&-caprolactone)(PCL) 5°] 22-53h8 AEZ ARSIl
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e ZAgtof| A 27 &4e] dRlow Agur FAE siE
Al 95 Wkl A3l B2 S Fol AlASHE B2
=go] glof gkom 40 dHS ae} ksl ax
7 e HEFEE gk A7F Bol o] FAA| AL Ut
AF7HA] Bl 2RSS AR, FEsgES vE
slo] FefHro|s, Rl St 72 ARSI o)
3] AFEAE 2 Aol AR AEAEE daTEd
(Hes)o.Z=A] f-212] =8 /g ioln Tl me ok
< ue AasigEe|t =2 gikst 7w, XA kst
& Aol ok M, 27, 713e] E4A, =3 A, 3
& 23 T O 7S THRE AlE dHA ooV
olglgt AM S iR E AN e Al ST

s

2l

473

o ofN et o
Mo Hu mQ ol

o 192 ru
Oi-m OIN 2 o

™

A2l PLGA 9% &2 vepe slzvelde dad
2 EYsl] BES olg-sfe] AA| W - el

A ZBIIL o2
4] PLGA®Y 934 f=d 95 vkl i3t v e
qAE Yol ux} it}

Al
=

ok

Alef & ZHE. PLGAEEI|=/2etolEetel= EH] 75125,
Resomer® RG756, Boehringer Ingelheim Chem. Co. Ltd.,
Germany)= HEA#0] 90000 g/moled] 7S AR5} Th
Hesperidin(Hes)S Sigma-Aldrich(USAV A Q310
methylene chloride(MC, Tedia Co. Inc., USA) & o]9]o] &
E 3}steFEs} §7]-8 1= HPLC(high performance liquid
chromatography) 52 AF-3FAH

slamzclg &Rt PLGA slo|E2|=E 8 M=, 3|~
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= 5mLe MCell 8313 &, PLGA %] 0, 3, 5 2 10 wt%
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PLGA/Hes = =
Jaleict. Zzke] BE) 10 uiA

=) =710 = =zao)~=
sl HELE & S T=

olred] &, IE FHoA ] EW&e] Z=E contact angle
goniometer(Tantec™, CAM-PLUS Micro, US)E ©]&3l =
At

slam2|cl WE2F £H. PLGA/Mes 3, 5 % 10%(% 7
lem) BE025E d2d2lde] &2 2mLe| PBS &
o 28L& Yol dEslaL 37°C AFHlolEolN Ba F 1,
39 5UAE #EBATE ZH2Ee] AlEE 100 uL 23 3H
96-well Zd|o|E9]| ¥53+ T ELISA 2]t](E-max, Molecular
Device, USA)E AF&-31e] 310 nmollA 3 =5 A3t

ME B, 23]of) ARgEl F DA E (mouse leukaemic
monocyte macrophage cell line: RAW 264.7, KCLB40071)
2} F wjo}Ad f-oFA 32(NIH/3T3 mouse embryo fibroblast,
KCLB21658)= g 32528 (KCLB, Seoul, Korea)llA] A
FHEQkTE, RAW 264.7 Al X += Dulbecco's modified Eagle
medium(DMEM, &% FFHL2 Gibeo)oll 10% $-Efo}
& A (Gibeo), 1% FAYA(100 units/mL 3|2 A3} 100 pg/
mL AE#HErjo|aly} ShE el o = NIHAT3E RPMI
1640(roswell park memorial institute medium)ll 10% -$-El
o}s%, 1% &HAYA) (antibiotics/antimycotics)7} SH+ B k<l
o= S v $ AlEuj STk 58k 37°C,
5% CO, 2210l A ujFskiet.

MZE BAME EH. A5 ol AZAE 5898 5
ezl flell MTT(HH PR oF&-2-4 -2, 5-H 7 dH| EglEe]
& BRwlel=, Sigma-Aldrich) #41H& Ald)ate] dhaas
A% Ak AlzE PLGA 5 % PLGA/Hes H&ol
F wlopd o] NIHAT3S 1x10° A2 E T2 3t
ZFste] 7)o mjel oz A wjgsisict. vl 1, 394}l
! WA & MTTA <5 mg/mL stock in PBS(phosphate
buffered saline)ye 100 uL¥ F il 447k F<t 37°C A5Hl
olEol|A wiksiitt. 2 § ®ep AAo] AYEH S
A& ol A dimethyl sulfoxide(DMSO, Sigma-Aldrich,
USA) €95 1 ml¥ Yol AHo] &3] =& w7k 2%
I AH7IZ2 AZE S 83le T 96-well EH|o|Eo]] 83
H AEE 77 100 uL® 53] ELISA 2 Y (B-max,
Molecular Device, USA)YE AFE-3}o] 570 nmolA S35
=483

MZ22 HEZHE. PLGA/Hes D50l NIH/AT3S] 52
¥d ¢ dste FeE g<2U38taLAF SEM(scanning electron
microscopy; S-2250N, Hitachi, Japan)©.2 23} thzt A
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AAT n=2). sl LS H7FekA] e @52 PLGA 2
E3 sl dE H7138 PLGA/Hes 252 1.5 em(71Z,
Mz ZH2E 1.5 cm)E 22k Al EZ vl SE 24-wellol] A2 EE
=2 yPANHY 97]9] NIHATIE 1x10° A2 E2] %
2 9getal 39 Bt videt & wFS A|A AL PBSE
A H &t ©]2 2.5%2] glutaldehyde(Sigma-Aldrich)Z 24
AIZE FQF Aol A g & oekE ui-8-24(50, 60, 70,
80, 90 2! 100%)< ol-8-3t 74z} 304 Yrgh & 7d=xst
ATk AlEHo] Lolstes A|AUS et AlEdte] A
71 &, o237k sl Eek2et 23 E] (Emscope SC500K,
London, UK)E o]-&3led Mgy & z}zfe] A|R5 1000
o] vj&=2 HJUT).

mRNA 8T &0l. PLGA 45 PLGA/Hes d5ol| ol
Sk 95 Ale]EFIC1S] mRNA HdARE 27g3517] fl3l o
AL F3Fa An-S(reverse transcription-polymerase chain
reaction, RT-PCR)S =331Sith Al w5 & 1, 5]l 3
T Z 3o 1mLe Trizol(Invitrogen™, Life Technologies
Co., Groningen, Netherlands)2 %7}t TR 1.5 mL FHol ¥
o] 02mLe¢] chloroform(Sigma-Aldrich)S 3 7}3l32 4°C,
12000 rpmellA] 152 &<t AAE2lst] mRNAS #2138k
o} E£2]¥" RNAE Oligo(dT)12-18 =Z&}o]H(Invitrogen™),
5x 58 M(first strand buffer, Invitrogen™), dNTP(dGTP,
dATP, dTTP, dCTP, Gibco), RNA £l &4 <] A #|(RNase
inhibitor, Invitrogen™), SAAEMN T HE|o]=(Superscript™
RNase H reverse transcriptase, Invitrogen™), DNase/RNase
free water(Gibco)S H718te] 538 4487 (authorized
thermal cycler, TP600, Takara Bio Inc., Japan)E& % 3}<
cDNAZ GAA}SISI T AZ2HE cDNAES 7|WES 2 GAPDH,
IL-182 1L-6 primerS o]8315] PCRS 48511t} PCRE:
SZH DNAE 1.5%(wh) o722 A7]95S 3 &,
744 HE-S SYBR 543 F(SYBRTM Green I Nucleic
Acid Gel Stain, Cambrex, UK)oll 2|3 A]Z}3}st3l o
300 nm A4 ZAPIE o|W|AE g53te] GAPDH, IL-18
2 IL-69] mRNA Wi=2] 3 Hreg els3]r)

PLGA/Hes ZE0IM EMMA X M|3zollA] AFE Al
W g 2k (reactive oxygen species, ROS)E dichlorofluo-
rescein(DCF)E ©]8-3t fAl2 248 &3t 43t
RAW 264.7 A5 PLGA/Hes 59l 75 $ 3450 =74
SISt TS HEol T5:$k AlEd lipopolysaccharide
(LPS, Sigma-Aldrich)yE 37t Szt Al za)
SHA A MEE ¥] 43 T Dichlorodihydro-fluorescein
diacetate(DCFH - DA, Sigma-Aldrichy= ROS2S 243171
sto] Al w5 T ekl 20 uM, 40% %23 5 FACS
(fluorescense activated cell sorter, Benton-Dickson, US)& ©]
st St

AZ AO|EFIQl MES| PLGA &0l dlzw=d A7t

o) & dFe] Aot Al & FHjEe A vzl A
o] E7IRIQ] TNF-#] F55 SA4sle] vlaAshr| 98 &
2HAZAKTNF-a ELISA set (BD optELA™)E A|3)3}%]
Th RAW 264.7 A 25 1x10° A Z/EEQ] T2 T35
73719] vkl o 2 A wiFetiThzt XA AG n=2). =4
202 delo] RAW 264.7 NS w3l om, <
A dzo = o] RAW 264.7 Az} 95 F2
¢l LPSE H7ksted wikatditt. v 1, 59 5 ikl
Hale] AEE](10000 rpm, 157)6t] Ao AF=els g
ZZ700M A8 BE AEE F5 F 96-well ZE0|E
oA} ELISA plate readerg ©|-8-3l> 450 nm3pgo= 574
Els=g

T M 2N, 2T HUHE 9ty 7R GE]
Wister rat(100~150 g, 3A 355, Koreays FU= 3152
™, 70% olehS2 3k ¥ PBSE A|A 3 sl 2v2d §F
T DE(6x6 mm)yS TG YxHo] FE Ko Q=
Aol F21¢] malo] o]t o2lgt BES TYF 28
dz}ol 3451 10% F=2(Sigma-Aldrich) &2l 1727
st 1 % IES SHOE A9 e EE0 2 AlZtst
o] ¥FA 7] (microtome, Thermo, USA)E ©]&3t] 5 ume| ¥+
AR et Sgo|=o IAsIT 24 HduS guleld 7
e AR F HES o2 7919 FEAE HES B
3171 93l H&E 94 (Hematoxylin and Eosin staining)yS Al
3 5} 94 th. ED-1(mouse anti-rat CD68 monoclonal antibody,
abcam®)2 avidin-biotin peroxidase complex(ABC) WHOo =
Rl on, fejsetel= ol &3 3| AxEo] 9l
= RS 60°C Ax7]0lAM =4 & AL oz 5871 3
3]e] guteial #-S AXIL 100, 95, 90, 80 H 70% gt
ZollA 2tz 5E4 A ste] shreksinh 3 HE Sl
0.01 N HCI 5 mLell =131 15 mge o] 20827 A2k
oh 24 W IIsta ] 28-S AAlE] flste] 3% At
shrdeell 1027 Mg &, 24 el 33 v 5ol4 o
WAATS AA 57| AF 1557 blocking agent(ultra tech
HRP kit protein blocking agent, Beckman coulter, France)E
A2 a ek Y2F ¢l ED-12 antibody diluentS ©]-8&-3}
of 1:902= 3]438te] 1A17F 304 FF FAAZ] - PBSE
A& 31T}, Biotine] F-2F% o] 2} (biotinylated secondary
antibody)ll 3027t RESAI] U PBSE A% 5 o] FedA ol
F2kEo] Sl= biotin?t A o+ = streptavidin peroxidase
regentE 307+ A 23k th T2 chromogen substrate
(ultra tech AEC kit AEC substrate : ultra tech AEC kit AEC
chromogen, 1:50, France)E ©]&3}o] 5E7F vF-g-A|71 &
Mayer's hematoxylin® 2 th GAsle] 84 B9A=Z 5
AdatArt.
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T FetHIo|EA A Fo] Fehlks widAIR Suled
HE o]83te] PLGA ¥ dl=H2dS $73 PLGA Z+&
S AxsReH AxE BE5H BAEE Figure 19 YER
Aot Az s 2sede] H7FE PLGA/Mes 3, 5 2 10%
e slavelde] WEHS 1] St Z7zhe] €
5 37°Co|A PBSE(pH 7.4)8] Ao ZA3 AL
Figure 25 3l YERATE sl 2wzd g wp
o] Afol= YEFHAAITE Al7tko] Al wEt BE *‘6&%011 1
s]]i\_ﬁ]atlo] Oﬂ] ;G o7 H 1:40401:::] H %%}: ] 27]_0].,*
e g 1o}°ﬂt‘r Figure 3& PLGA &3} 3|2wg|de]

T

ol whE FERHe] 58 54 Il sk ZJ%
7+ 245 34 108§ 73401]/\15 A BT H|
SEAHSA 2718 Beloy slisEdo] H7kE HEolA
= =

= PLGA Z5HT} Bk J57hE nlom s2gzd 59
10% 7k Aglto] PLGA A3+ th}‘}ié o] 304

< 7130 = woll HA HEZo] HolxSS Rl
q} 40%-0] HAS o =T o] 10% x3hE d8e] HE
7H(18°)°] PLGA 52| HE7H41.3°)2 BlaLste] F 50%

oo-8 - %

=

PLGA Hesperidin MC
(90K) (3.5, 10%)

PLGA+MC+Hesperidin

PLGA/Hesperidin film

Figure 1. Schematic diagram of the fabrication of PLGA/Hes films
by solvent evaporation method.
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Figure 2. Release behaviors of hesperidin from the PLGA/Hes 3, 5
and 10% films (n=3).
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Figure 3. Water contact angle of PLGA film and PLGA/Hes 3, 5
and 10% films (n=3) angles.
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Figure 4. Cell proliferation of NIF/3T3 on PLGA and PLGA/Hes 3,
5 and 10% films on 1 and 3 days after cell culturing (*p<0.5,
**p<0.01).
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At o] Axtel wet PLGA TR T+
PLGA/Hes %J% l FxlstE o] gk Ao dkEm A
o] AAE Zalo|| 953 Aoz At HT}

MZ SAZ/SEM &4, PLGA ZE3 dl2wljg|de] g
o] W2 PLGA/Hes Z& FHolA NIHAT3S 271532 =9}
T4 s o AFsp] flste] SEM 242 st
°§\0U1] 1 AFE Figure 5ol YERNRATH AX 35 143]90

E AddollA M7 F2E NS PLGA ZEM Eih=

PLGA

lday

3days
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Aol PLGA ZHEH2 AE7F 7Eo= TS B,
sl=slgido] H7he PLGA ZEFHNA = A frotalEe]
AAQ MEe Hejz ME7) 7] g oz ARHS g
1EHATh?! 53] PLGA/Mes 5% ZE3x™o] AlE7F HAA
o2 ol HAslen F4o] Thiek 202 YEht
PLGAHes E&2| itst A E¥E &3 0.9 HO.=
EFshe BATEROS)E AR A&A 02 A=A
2k AHA Ao A o FH o} T Ad, ik

SOl 448 opr|git 2> ol s 2w|g|del] it kst &
A= dolr 7] st A ZH PLGA/Hes € EoA4 RAW

264.7 AIZE wsled ROS 42 sl &4stEl RAW
264.7 A|EZ2] ROSE &74317] $I5le] DCFH-DAES ©|-&3]
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Figure 5. SEM microphotographs of NIH/3T3 cell morphology on PLGA/Hes films after 1 and 3 days (magnification with x1000, scale bar

= 50 pum).
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Figure 6. Antioxidant activity of PLGA/Hes films. The flow cytometry analysis shows the effects of PLGA/Hes films on the generation of
ROS (A: TCP; B: cell cultured PLGA film; C: cell cultured PLGA/Hes 3% film; D: cell cultured PLGA/Hes 5% film; E: cell cultured PLGA/

Hes 10% film; F: TCP+LPS).
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FAE A= S5t Alxy SRS FFE) 519
t}. Figure 62 dl2=w2|He] ksl 345 Yol r] S8
ekl Zoz A tixFo R Hjdklo] RAW 264.7 Al E
ak wjoFalar, o RO R Hjoklo] RAW 264.7 Al &}
LPSE X7}sto] wiFaldict. gk 7242 x75tell4 PLGA,
PLGA/Hes 3, 5 2 10% ZE9|A = RAW 264.7 A EZ uj
sk DCFH-DAS A 2|3kt A2y ROS A4S #Al
3 2247144 DCF &3 Al71el oJs) AR ==t =
oAl 7H Fst DCF 33341718 YeplIar Aoz
oA+ LPSel 2Js] AHEZ7} EA3lE o] ROSE ABAEHAL o]
Zlo] 74st DCF 402 U2 & 4 ot 24d=x
T FP Atoldll YeRfolxl PLGA EE53 PLGAC]
gt slavEld P 2958 A5k & o PLGA 2§
# PLGA/Hes 3% Z 514 9] ¥ A X th= PLGA/Hes 5,
10% BE52] 927} 54 thxtel 7Pk AU of
e Ao Ho} g|2Ede] gkt a2 <lste] ROS
7 ZE AT B ¢ S o]lE Fste] F3aLEARe] Al
AP (apoptosis)] LU= ZHE-5= ROSS| &7 &
7} sl|lzse]do] 2Rg-grkar VFERARE PLGA/Hes 3% ¥
o BTh= PLGA/MHes 5, 10% 250141 ROS 427 2180
o $A Uehd 2102 Hel PLGAd w2 dlzsllede] A
Arrox Aoz Pikst 28-S she=A] RIS =
ATk

RT-PCR. IL-14, IL-6 5 9%/ AP EFIRICE A&
Zhol| Faatgo] e Aoz Yehiy dF ko] e
M E7} 8 M Eelt) WY vk AS WS F
T3he GFU Alel B9 IL-14 The Jxe1S
FHIAIA MEZA] 2 Mxe] 718 F98 251714, IL-
= &5o], WY Wkge] 7158 $Hh® PLGA EE3} PLGA/
Hes 5o t2AEE viYste] AESA AlolE7IR1e]
S gelstrat mRNA FoA Lolrgiet, 1Lt} 59
212 RT-PCRS 53] GAPDH, IL-18 % IL-62] & W=
o] =& 43t -2 71§42 GAPDH= %5
31 A Figure 79 YERRATE 19219} 593} 25 LPSE
ATl M EM = thEFe] ADTA Aol E7RI0] f
o} =& 718 Yeh= vhH PLGA 253 PLGA/Hes ¥
FollME w2 e YRSl B3 SR F oF EF
PLGA/Hes ZE°A HAF Aol E71] W go] THay
< ERIEIA. o] AxzE HFdl| Tofshs HAFTA AllE
7111 IL-15 IL-6°] Al7ko] Aol whe} wé o] 7hast
o= Ho} gl avgde] FAF Tt IS ERIT U
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Figure 7. Gene expression of GAPDH, IL-6 and IL-1/, as analyzed
by RT-PCR on 1 and 5 days. Normalization of GAPDH expression
by IL-6 and IL-15 (*p<0.5).
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Figure 8. Effects of hesperidin on the production of TNF-a by

RAW 264.7 cells cultured on PLGA film and PLGA/Hes 3, 5 and
10% films (***p<0.001).
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Figure 9. Hematoxylin & Eosin stained hlstologlcal section of tissue at PLGA films and PLGA/Hes 3, 5 and 10% films after 1 and 4 weeks

of implantation (magnification with %200, scale bar = 100 pum).
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Figure 10. ED-1 immunohostological stained section of tissue at PLGA films and PLGA/Hes 3, 5 and 10% films after 1 and 4 weeks of

implantation (magnification with %200, scale bar = 100 um).
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