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Abstract: Hesperidin, a well-known antioxidant and anti-inflammatory agent, was smartly used for designing efficient
scaffolds for disc regeneration. The scaffolds were synthesized via a salt-leaching method by adding hesperidin (0, 3, 5,
& 10%) to poly(lactide-co-glycolic acid) (PLGA) followed by a cellular behaviors study by seeding annulus fibrosus
(AF) cells. The cellular adhesion, proliferation and phenotypes were further evaluated by SEM, WST and RT-PCR, respec-
tively. Additionally, AF cell behavior was studied by immunohisto-chemical staining in vivo. Results showed that PLGA
scaffold with 5% hesperidin are best suited for disc regeneration, showing good cellular morphology and biocompatibility.

Keywords: hesperidin, PLGA, annulus fibrosus, scaffold.

Qosle #79 eF Fo] Bol
2z ofF vzl AP 417

g3 dAles I 553 93

o o=w 2

M E

(nucleus pulposus, NPYS =2l Qe +22, NP A3 e F v aa dAls 2
e A0 R S FHrete] Wi B A ES slal, AF 7RI QE T3 £dH M *‘5& =4

£ A7 SFS BANIE GUS FoRA B 94 o AR ANS 9% AN A7t Basiho
3 sl ARk 7ss et 53] AF= Al =2 }Jﬂ‘%@ R Argaetat geke] = x4 71se] =]
ASE YR o] ol APFEE Fhaick £49 A7) AL APk Rl BF 4 Uk o]
SR RE, AYRIEE] 2HE A 9f o2 Q1ate], AF7} 213k A5 fleixe A7 Al2e 71838 Sold At
&AEH NP7F 33 2oz dejuel AL 2238 558 O 3xpel FZF QoA H2}, st AT 711 Afe]
s A 2 RS sl sl A3t /\POlE?P"

"To whom correspondence should be addressed %QLJ%\_ e A e ES AT
E-mail: gskhangéchonbuk.ac.kr ' ?} asoh e met 72 M 0= A 7<) ’}]\—7} 2a
©2015 The Polymer Society of Korea. All rights reserved. |, A A3, 1Ak Aol EFRRIS} 2H2 Q1AE,

782



svEde e HElol= SEElE ¥

AA Aot} ©] & —%—8— ZAAY

o] AAAE o] &gk Al v
2]g whso] Ayl Ol* sh= 4
574_78 o E_GH O]—Q—E]E]- 17,18
geto|= FE|Eeto| = FF A poly(lactide- co-glycohc
acid) (PLGAY= AAA A, Aialld = 7he/dol -3t Al

2)E o) oo A o) 9l S W AR TREAR, T
ot 242 7L o] w2 717% AEE Algstal” A
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Alef ¥ ME. AEs)d LA PLGA(ETER| =/ o]
Felol= EH] 75/25, Resomer® RG756, Boehringer Ingelheim
Chem. Co. Ltd., Germany)= *+2AFe] 90000 g/mol}! 7
S A3 Y. 8l 23 2] d(Sigma, USA)S 3 &AM
610.56 g/molR] 78 A}&-513t}. vdAlZZe}o] = (methylene
chloride, MC, Tedia Co. Inc., USA) & ©]9|2] RE 3}5lek=
=} %7 -8-vll= HPLC(high performance liquid chromatography)
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Table 1. Preparation of Scaffolds with Different Hesperidin
Contents in PLGA

(unit: g)
PLGA H3 HS H 10
PLGA 1 1 1 1
Hesperidin 0 0.03 0.05 0.1
Salt 9 9 9 9

4mLe] MCell £33t 5, PLGA 2] 0, 3, 5, 10%7} =
5 7hz} gl2mgldS H71s $(PLGA, H 3, H 5, H 10),
255~350 um2] NaCl 9 g& #718F3th(Table 1). 217 7 mm
2 o] 3mme] AE Bt ¥ Zg 2 (MH-50Y, C AP
50 tons, Japan)E ©]-&-5tod A2ollA] 60 kgflem®e] o=
247178 B It &, @S 8l 2ol S A
FaollAl 6AlZkutt WA se] 4841 7F Bt 3 st
5 mTorr, -80 °Ce] Z70A 2417F 53t &
MEZE 22| & i AF= 4578 93 7
Z*Zdw 2alale] ARSI EVE AN & 59 °
AAS L, Had &8 792 E7]9] HFRES dd
0}04 PBSE oeldl Al¥ & 2585 AAIT H+d
=& Z& AF8ste] AF X3 2] & PBSE THA| AlH 6},
0.25 wt%2] FEAd|o]= A& (Roche, Indianapolis, USA) &
Ao 2 HFaEAS 6AIZF B Mt 22o] 'l &
HS AL 100 ume] Yol & v AE F, AE
= Alo] 75 ZEfT0 B3I}, o|u, Dulbecco’s modified
eagle medium(DMEM, Gibco)Z} F-12 4 Fuj=] &3+
(Ham’s F-12, Gibco), 10% B o} & & (FBS, Gibco) % 1%
YA (100 units/mL HUA >3} 100 ug/mL 2~EZ Enjo] )
7} 365 wjekal o = Hell S tlE & A Zuof ek
o] B350 37°C, 5% CO, ZZANA vkttt vkl &
Ao Al H WA F=AT
SEM. = 22| /PLGA A|AAo] AFAIEES 2x10°
AEZAAA L] FEZ Fgalal 1, 2 B 3 wjdst 5w

NS A 75} PBSE AAF 2.5% FFEILT|slo| =2 24
AIZE e & GAES o] g3t Bl ANESA

th 7t A EE ZE AEd 28N F kRt 29 H
(Emscope, Model SC500K, UK)E ©]-&-3}o] 200 ume] 7
2 WFIAY sl FAPAE R Bio-LV SEM(SN-3000
Hitachi, Japan)2- ©]-8-3}o] 3|2sglde] &k wE 2%
Aol A o] Mxe] FAHEE HI3AT

Water-Soluble Tetrazolium(WST). #-2]¥l AFA|XE= 33
Al Bl gFe & 0.05%2] EFAS o83t AEE FAS)
of, Az HF 2x10° A Z/AAA L] T2 FE3laL bl
S-S FF3ke] 37°C2] 5% CO, A E wid7]olA 1, 3, 7
2 10 %OJ AEE vttt S2E2 g1 WST &
AMS ol gste] Fleioem 1, 3,7, 2 1044 Cell
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Counting Kit-8(Dojindo, Japan)&-<H-& 100 uLA E3L 4A|7F
&< 37°C FHlelE oA kit 2§ 968l AE
S 100 pl¥ EF31aL ELISA Z2°]E2]H (E-max, Molecular
Device, USA)E ©1-§319] 450 nmol|Y 455 =743t

Real-time Polymerase Chain Reaction(RT-PCR). %t
g 3| 292 /PLGA X AA Ol AFM|Z2] EAFAE
A7} oA 15k S1sle] RT-PCRE AAH3Ick ok
NG A AS F Trizol(InvitrogenTM, USA) 1 mLE ¥ 3
g slo] A EES o] EP tubed] ¥ F, FERZEE
(Sigma)e 0.2 mLE 3L 410173tk 22 v 4 °C, 12000 rppm
o 15% Bt AAEE Ak e § 45 0.5mL A4
slo] X 22 EP tubeoll ¥ o] A 2 -2 (Sigma-Aldrich)
0.5 mLEg ¥ o] & F Z2]o}a2 Carrier™(molecular res
center, Inc)E 5uLS A7t 4°Col| 10+ HAstdct 2
U5 4°C, 12000 rppmol] 1037+ YA4lE2]3te] RNAS A3
th. o]2A d-& RNAE one step PCR 7] E(TOPscriptTm
One-step RT PCR DryMIX(+Dye))E ©|-&3}o] z}zhe] =g}
o] ™ (B-actin, collagne-E AlI"$AIA DNA F9S S3FHAIH
th. S$ZF DNAE 1%(w/) o7tz 2220 271952 31
300nm A9 F3}FAF7|(Vilber Lourmat ETX-20,M,
France)= 9, =] HHAAJEE AFsI ). Zefoln=
A =8l (Korea) - ZH-E] +313

ZE| & L. Safranin-O, A% Febd A8 535
21818 W71z in vivo 37301 AX|A| ] Thy SollA] Al
=2 2 ECM X ZEE glstr] flste] Akt
AEZ7F AodE 453 AdF balb-c/nude(25~30 g, T4
&, Korea)Z zoletil 503} domitorE 2:12 &3H3+ &9
PBSE 3]4sto] E7FARS B3k A4l v stol] A=A
t}. Balb-c/nude Z]3}ol] o)A == A A = o2 A 271
AFE 2x10° MEAAA ] T2 gg3ste] A 9] 30|
A 797 ¥iEE 5 balb-c/nude |5l ] 1, 6 F F
HET T 4% X2 (Sigmayg o] 2ZAIZI & gl
EES AZsITE £E52 4 ume] A2 8Esle] PLL 2
g Sgfol=l get &, & st AAE A Safranin-
O, AlIE S A& AAlsisit.
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Figure 2. Observation of scaffolds by SEM (magnification x120,
scale bar=500 pm).
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= 27320 PLGA7F 21549 sl 2se|do] 7hee] A
AA el AZ7E FAbskeE o o2 3 XA
FHAL ATk AlE71do] Hel FAskerldl dF
< T ACE AEHE ©|24, H 5 AAA|7F AFHIEZ ]
23 F2el B85 Fohe AS ERIsAtHFigure 3).
WST. PLGA A|A]A|¢} 8| 23|z tl-& H7Fek A2 H0) u}
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Figure 3. SEM microphotographs of AF cell morphology on
PLGA, H 3, H 5, and H 10 scaffolds after 1, and 10 days (magni-
fication x1000, scale bar=50 um). The white arrows point the AF
cells.

Ao e] A3 F2lo] BE 7 delA thE AAA o v
slo] 9RalQITh 1YAREE] 1,502 1459 142 7k¢] H 39}
H 10 AAA] ghHch A4 Yepdarl, UHR] S o= o
AAA ZE =4 YERTh 10834 = BE AR A 2
A E0] HAaAE YERSIAIRE H 5 XA A 9] S2)&vto
19302 1 =4Ue] el 1.973 ¥|wsle], 4w e
== Xlﬂiﬂoﬂ Hl P o 3] UA e, OE
o w3l 7Fg & YeRASITE 3, H 10 AXA1E 3
2H s ﬂ o}Zl 22 PLGA AAA S| ME F2] 54
# vzl veb=d], ol o Aol ol g2
o] 10wt% ©)d H7FIA AlES24]o] Haslhe At U
|8t} 312 wlgba] PLGAOY dll2H2|do] 10 wt% )3 XE3sF
S, AFA|ES] Sl mg-d 4] Gethe 202 AR
Hh(Figure 4).

RT-PCR. &3 01]/\!1]?/]“4 A A A A AFS] mRNA 2
Aol = YIS GRlslr] sl Z2ke] Ax|Aol Alx2s vt
T F 39 1 °‘ XMl RNA £2] 3 RT-PCRE 3513
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Figure 4. Cell proliferation of AF on PLGA, H 3, H 5, and H 10
scaffolds on 1, 3, 7 and 10 days after cell culture (*P<0.5,
**P<0.01).
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Figure 5. Gene expression of mRNA levels of AF on PLGA, H 3,
H 5, and H 10 scaffolds using RT-PCR.
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39zt H 5 AAAAA 2 gho] 2982 7HF A JEbs:
o} A2 10L3P %, H 5 AAA ] ko] 4.78% th2
AR A2} vlaste] 2 gho] Y538 =3kh AT H 10 A
AA= PLGA A XA} vlaste] 2 gho] Ae] Zpo]7h =]
Fsith. o]# % Aae WST #4937 mix7 R 2 dl 2 2d
o] dA S d7IH, AFAES] FHE A9 7150l
Z fAEA] e oz AgHY VR E RE Y
o] Zkol &A| L}E‘r‘)r PLGA AA A= AFME2] X3E &
119} 7152 & FAHA] Bk Ao E YET wEtA H

R A A= AFHL_«] T8 A L Axe 7es &
11’5]»‘: Ao 2 AFE ¥ HFigure 5).
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Figure 6. Safranin-O (a) and Collagen-II (b) stained histological section of tissue at PLGA, H 3, H 5, and H 10 scaffolds after 1 and 6 weeks

of implantation in vivo (scale bar=200 pm).

Ao} K&t )7F e x|, sl ol oz o] AztE o]
ZIt}. Safranin-O FA-& AAgH A7 (Figure 6) AAA| St
Al Alaze] 7148 ghas] ER1E = AT 53] 154 H 5
A A e] 739, MAEL] 71-o] AAA thg- Alo]E AFS] Al
29| 71d2 2EAY Ak AL s Bk gt
6 H 5 XAA QellMe s 2437t Sdtkes A4S 2
oAk AT H 10 AAAQ] A$- 159} 65 Afolol] ¥
ThE xpo] S WAEA] gkt gk weh 37 2E|a 7
I 22 8 A7)e] =2 Collagen-Il e 53l &
2] A ER15ISItE. Collagen-11 Y41 %= Safranin-O &
A Axpel iR &, BE Al Collagen-119] L&
< How, 53] 15}l H 5 AAA = the <toll F2
o] W o] A} Hojrks BES B AN, AA
Ale] mgE 2 FA7F HATE 3 67toll= AAA Qe
U7 2437} Ho] v AR} BlasilE o, Collagen-
I o] sl Yelsth olfs 432, H 5 AAA =
AFAIE9] 1FAls B A ZAAYel a3Hd AR Alsd
t}(Figure 6).
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A7 AAE 717 PLGAY 0, 3, 5, 10%2] sl2=Flgde 3
7tete] &l ANEH A FEHOE ARAAE AE, AFNES
7£3ke] SEM, WST, RT-PCR 28] 3 in vivo 2ol A %3]
F8H2 712 AAEATE SEM 404 = BE XX A9
A AFAIE7} 2710l e B P22 YERGA|RE, 10Y 4}
A AAA QoA AFHI 7L S2]8te] XEdol2 YElyt
a1, MlaEe] Fok = Bol UERSITh S AF A2 52
< 913 WST &4 Z3}, =% H 5 AX|A 2] F4]o] 7P =
Al vebsdth 383 2415 918k RT-PCR 22, 104 x}0llA]
H 5 AAA|2] mRNA Z&A=7}F 78 =74 Yt olzgh
A=, AFAZS] F2of 7H) =g = 2wt §
g 5% o, 2 g3t st tjaAe] AAS 918 A
AANZA 3HH o= 288 FA o=z AlFHT}.

#HAS] 2: o] =2 ATAIT BR2IZHAN, &
AR ER 7162193} X941 (814005-03-1-HD020), A8
HAR] 71470 AR (112007-05-3-SB010)e] | Q-8 kol 4=
PE A7 el ofste] o]Fojx OB Z o]o TAL=HUTE
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