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Reduction of Inflammatory Reaction of PLGA Using Fibrin; in vivo Study
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Abstract: In this study, we evaluated the effect of fibrin, a natural material, on the local inflammatory
reaction of PLGA in vivo. PLGA degradation products can decrease the pH in the surrounding tissue,
causing local inflammatory reaction. To solve this problem, fibrin/ PLGA scaffolds were implanted in
5—week—old Wister rats. To evaluate the influence of fibrin content on inflammatory cytokine
expression induced by PLGA, RT—PCR analysis was used. Fibrous wall thickness and macrophage
infiltration were evaluated by H&E and ED—1 immunohistochemical staining, respectively. In this
study, we showed that fibrin/PLGA scaffolds reduced inflammatory reaction as compared to PLGA
scaffold. We concluded that fibrin could reduce inflammatory response of PLGA.
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Z Qlaje] AT Uov|1, HAES itsle] AxEaEe] 7t
AF oItk Rag wiglek M T sl Aell ol e A9
PLGA 393} oAU E ] A9 24kedS5A4r o
of e 2M pH7} 1 Yolxithar dejA] gl o) o] &AM
Fo] B3 o B AMAE Eujsl] e g Bugth of
2fst 712] 3R} AR A BARE A8l <lsl A Akek A
AAES Sl Mg} FIuEAel] e vele] &
& Tl she ¢l Rol aE Qlek? ) AP 7
WA} 32 AN BARE 715 13sle, AgAA)2) BAdo]
oL Ht 7Fsd pRAlEla 8 5 gl AR A Hagd o
AR E YAYPlE, i, 917, Ak, 3|42 A
2, 719 5o] e o)F suge AN T EREta B
da7%0) ol F B YA TEARAT BA) Htslo] P mi=
2 Fol] RN XA ol o3 FrE, a5k, WY
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w2b, PLGAR Q18 95-% Zol7] Y3 nge] dgow vn
Y& 2G4} 3190 o] Aol HdAlge! MBS PLGA
o} 38 in vitro HIAES F3t A5 a7E Al o)
E o RE B AT 9EAE 335 PLGA ARAIA S &
=3t aNE i vive HIAES E3) gistux} sk
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Aok A, R 1EAR PLGA (Bl | 5/3eEejo|=
£1] 75/25, Resomer®RG756, Boehringer Ingelheim Chem. Co.
Ltd., Germany) &= Fd#A4¢] 33000 g/mole?] A& ARESIY
o1, PLGA AR|Al]] £3¥8 3183 (Greenplast®) -2 FAI8A} =4
ZloflA AgRigh) HshIEFNaC], Orient Chem. Co., Korea) &
UE A4E4E ARSI, ERAE ARl 9Re) =
180~250 pm= 235} WEdEZelo] = (methylene chloride,
MC, Tedia Co. Inc., USA) 4! ©]9]9] B= gslolgat 178
HPLC 53& AR3isich.

Fibrin/PLGA CI&4 XXM HIZ. PLGA vy AAAR= gul)
An/E FE0e 28 Ao Az XATE Figure 1(a)
o YERIAE” 1 g9 PLGAZ 4 mL} MColl §8i3 3, vhes
X249 NaCle PLGAS] 997} H=2 9 g& #Hr)slar, 27 7
mm ¥ 0] 3 mm2] AglE o) Yar gy AMH-50Y, CAP
50 tons, Japan) 2 ©}8310] ALolA 60 kef/em?e] o7 24
ARE S 7RSIt 24413 § e e Sis) A9 328 34
SR 6AIZMR) wAlEle], 48A17F B9F £2319151 5 mTorr,
=80 T ZxiollN 244171 B9t AR A58l MCE
8] AABE] Aste] Har AFY ol 25 T FF2EoM Hx
AL $- 70% LFel BFste] Bzl 20 pLat I gz Q)
B erls A MHYoR vies E2HS 30 X X
a3t

Fibrin/PLGA CHSM XIX|H OJA. B 742 Y AlEA
el 2L Yoz AlgEglom, 5 % Wister rat(100~150 g,
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Figure 1. (a) Process for fabrication of PLGA scaffolds by solvent
casting/salt leaching method; (b) photographs of PLGA scaffolds.

female) ol FEZ AFAES 1) 30[&E £3lste] 150 pl? &
SFAE B3 A vlHsle] A=tk PLGA AXAE 70%
Eheol Gt & PBS) @yt § vHe Nl EFNLE EX3)o]
woly|del oo FE B9l ATHol F4je] ulsle] oflgt
T3R5 B3lelrairh =48 71 flsle] o)A 53 14 5
AFES viFAA oldE ARAAE A& 5 R AT
m22] A7l e S8 mRNA YT 201, Fibrin/PLGA #IA]
Aol thek A5 Alo)EFF12) mRNA 3o R-E dolry] 9|
RT-PCR& 88181t A A4 o]4] 3 54 2 1470l 3¢
Al 1 mLY Trizol(Invitrogen  Life Technologies Co.,
Groningen, Netherlands) & Z7Fsto] 58 %<1 Qo)A 3k ot
2 1.5 mLe EP H-He] Yol 0.2 mLo E22¥E(Sigma)S I
7Fkar 4 T, 12000 gollA 1548 E<F g4E-elsle] mRNAE ¥
2Jal9ic), B2)% RNAE Oligo(dT)12-18 =&l (Invitrogen
5Xfirst strand buffer (Invitrogen™), dNTP (dGTP, dATP,
dTTP, dCTP, Gibco), RNase inhibitor (Invitrogen , Superscript
RNase H gArlEd~z8eo)=(Invitrogen ), DNase/RNase
free water (Gibco) Z 47}8}le] Authorized thermal cycler (TP600,
Takara Bio Inc., Japan) 2 E3}o] cDNAZ ALY o
AN cDNAZ GAPDH, TNF— ¢, IL-18 % IL~-6 PCRE &
IRk PCR$- $ZF DNAE 1.5%(w/v) o7fE2Aol 7]
£2 5 T A W8S SYBR =483 (SYBR™ Green I Nucleic
Acid Gel Stain, Cambrex, UK) ol 2Jall A]2}318131.2™ 300 nm &}
9 ZAP|E ARREE 1) GAPDH, TNF—¢, IL-18 2 IL—6
mRNA Wi=2] HEACE SRIBIITE Zejo|e Al (Korea) &
2HE] F9I8gior Zajoje] 7] L& Table 1] VERAICE
TR M 2M 228k e SJsled 4 FaE/d FEHe
2 ARS PLGA AAA2) fibrin/PLGA AAAE 53}l o)2lgh 3
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597} 14A5of| 8l4=3l0) 109% Z2W(Sigma) £He] A5
oI5 ARAE SH0E AlS sekd B2 07 A28 6 um )
FAZ Zep ujol el wAsodch 24 AHS dulehd AL
A% % H&E A47 ED— 1] thdh welzg) sletod as Ajgisiolr)
H&E G412 A2 Seof] dwlgalzio], Alsde] of eAlo] Gag)=
ROBW AAHE olAleh Kele] AFAEL] Ha-S glsh) sl
Alegstgiet, ED—-12 avidin—biotin peroxidase complex (ABC)
o SRIElon, fej&eel =5 60 T Azl dehas
=Rl & Ao 5871 335]9) dufaln g8 AAAL 100, 95,
90, 80 % 70% olleh&olr 27t 584 Azlslod srsiiet okl
H7E 918 0.01 N HCL 5 mLel] $41 15 mgs 501 2087 4]
2ty 2 Falghaae] 2-4-2 AJAsk] $lste] 3% it
Fhge] 1087 Alst 5, 2ze] Fla) n)Eoly vz ast
S AL 2l8)) 15%7) blocking agent (ultra tech HRP kit protein
blocking agent, Beckman coulter) & *#]s)] gtk U} dFA)<1

Table 1. PCR Primers and Protocol for Thermal Cycling

Species  Protein Primer sequence Protocol Cycles
F 5'-tga acg gga gac tea crg g—3 D=94 T; 30 sec
GAPDH A=60 T:30sec 28
R 5'—ttc acc acc ctg ttg ctg ta—3' E=72 ;1 min
F: 5'—ggc get cec caa gaa gac ag—3' D=94 C; 30 sec
TNF-¢« A=60 G 1osec 28
at R 5'—geg get gat gt gtg gt ga—3' E=75 T, 25 sec
F: 5'—aga agc tgt gge age tac ctatgt=3  D=95 C; 30 sec
IL-18 A=60 C;30sec 28
R 5'—ctctgettgagaggtgetgatg=3  E=72 T I min
F: 5'-gaa atg aga aaa gag ttg tgc—3' D=95 T; 30 sec

IL-6 A=60 C;30sec 28
R:5'-ggaagt tgg getaggaag gac—3  E=72 T Imin
D: denature, A annealing, E: extension.

ED—1 (mouse anti—rat CD68 monoclonal antibody, abcam®
1:90)% 1AIRE 308 5t #2412 5 PBSE A8kt Biotin
o] Fakg o)x}8kA (bio—tinylated secondary antibody) ol 30E3}
F-A17) Ui PBSE A F- oxRlef] H-&k=o] Q1= biotin A

T

F

3kal 5= 9= streptavidin peroxidase regentE 3053+ A&isisick

T

32 chromogen substrate (ultra tech AEC kit AEC substrate :
ultra tech AEC kit AEC chromogen, 1 : 50) & o}&5] 587k
L A7) 3 Mayer's hematoxylin®2 thz ojaisio] ~gadiaolxz
T3t

3. 2+ J8le] BAEA 222 student's #testE Al P
el 0.05 vk ) FAFoE fo)dt AR st

i
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Fibrin/PLGA CHEA KIXIH| ®MIZE. 40 A28/ F340
Z% PLGA AA A E&5S Figure 1(b)ell YRR
A3} e AE S geel 24 dojxlom 5, HEH
TS 719 7Y 9 ofg} Aol gl A ow HEET A
PLGA AAAE 453 H298S AX 70% Lol Ed ¥
2l 20 pLt EFRIE 30 ub¥ =Ea)Tich

RIXIH SOIBE, Fibrin/PLGA ARAZ 012 F 543} 149 &
ol AZ31%0aL o1& Figure 24 YeRSITE St o2 A7} o
o] PLGA AA]4] ¥} 98-S -3 PLGA AAA7E a4 £
A7h o woPehg ERIg = QIolth ol FlBo] XA 4 |
Hafloll 329l Jere T3] Wil Al ETh B fibrin/
PLGA AAA2Fe 2] PLGA AR A B d3lo] TEl=)
ol 9% AAA o] & oo ERE] Alo|ETRIO] ¥
Zxlo] AMHBEAYY] ATAAR A7) gEO R Al

mRNA 2| U RT-PCR. ¥Ed A7lo] k2 PLGA v A
2ol dzel B A TE mRNA Aol dolu il Figure 3(a)
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Figure 2. Gross morphlogy for explanted scaffolds. (a) 5 days after; (b) 14 days after implantation.
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Figure 3. Gene expression profiles of GAPDH, TNF—a, IL—1 gand IL—6 as analyzed by RT—PCR on day 5 and 14: (a) The result
of agarose gel electrophoresis. Normalization of (b) TNF—a; (¢) IL—1 g; (d) IL—6 by GAPDH.

v AAA HE & GFARIEIRIQI TNF—¢, IL-148 IL-6 ¥
GAPDH mRNA 2&oiR-E 2 Aot} Figure 3(a)ell VR
R o] BE A87o)4 house keeping gene®l GAPDH7} 24
e A Uik =3 SR} 14UAel] A]EFIRIS) mRNA
o] W v)ws) 2 ) ©5e] PLGARC HBEAS $735H PLGA
ARAA] Wi=2] w77} oBsiRl= Aoz Hot ulHle] H7lge| ul
2} GSAlo|EFIRIS Bt AaEe ER1E 4= Q1Sick GAPDH
2 e 2 32313 Figure 3(b) 2 B3 14980 5 1
FRF GFAIETRIY) B} RS BR1E £ ISt
o= &7o= PLGA S EahHE2] Alactic acid, glycolic acid) ©.
2 A&l 7419 pH7t RolA|A =i @52 st Ak
o] 32 T PLGAZ} Aol 2al=iia) EF Wheo)] Eoie 2
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2 288 8l e & F lth

ZTREY F7L AR A} 220 FeAE-S B ITHE
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Figure 4. (a) Histological sections of implants stained by H&E
(magnification, x40); (b) H&E and ED—1 immunchistochemistry
staining of PLGA and fibrin/PLGA scaffolds after 5 and 14 days of
implantation 1z vivo(magnification, x200).
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