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Experimental study of EGCG-loaded hydrogel scaffold for the treatment of
periodontitis
Liu Longge, Mao Jing, Zheng Huimin, Li Wei
(College & Hospital of Stomatology, Anhui Medical University, Key Laboratory of Oral Disease
Research of Anhui Province, Hefei 230032)

Abstract Objective To explore the structural characteristics, biocompatibility, anti-
inflammatory and antioxidant properties of hyaluronic acid (HA)/silk fibroin (SF) composite
hydrogel scaffolds loaded with epigallocatechin gallate (EGCG), and to provide a new material
basis for the treatment of periodontitis. Methods  The composite hydrogel scaffolds were
constructed by cross-linking HA and SF and loaded with EGCG. The water absorption rate,

degradation property and material characteristics were detected by scanning electron microscopy.
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The cytocompatibility and anti-inflammatory and antioxidant properties were evaluated by in vitro
experiments. Results The EGCG-loaded scaffolds exhibited a porous network structure and
desirable swelling properties. In vitro experiments demonstrated that the scaffolds possessed good
biocompatibility, along with the ability to inhibit the expression of inflammatory factors and
scavenge reactive oxygen species. Conclusion The HA/SF-EGCG composite scaffolds have
excellent biocompatibility and dual functional activities of anti-inflammatory and antioxidant,
providing a new strategy for improving the clinical treatment effect of periodontitis.

Key words hyaluronic acid; epigallocatechin gallate; hydrogel scaffold; periodontitis; anti-
inflammatory; antioxidant
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F RIS R 9 AT TBL,  BRRTE P A A R A R AR T A, (HR
J TR ¥ i P VS AL I R IR S RS IR A JE T4 (periodontal ligament stem
cells, PDLCs) 554k, &ML MER BN, Hit, FEMRHFEATR S5H
SRR, SRAT B S-S M MG IR, SR B AR (7 2% 33 W T R
(hyaluronic Acid, HA) AEWAHAIELF . AR R ISR, #) iz N H T2 4010518 52 Gk,
(E A7 TE R P 8 A P2 1o PR S 2 P 8 P SR A SR I ), HL B B ] 5 Wk 40 . 1 ¥4 T
I RIS ARAREDY, B O A BT RO HURE LSS . 2R EH (silk fibroin, SF) &N
BEMRARUHEENE, RN A RIS YE . FIORTERESS, 7EARW) B8 5 R 4H 41 TR ATl
HERIMNHE W, REETILARKE TFELES (epigallocatechin gallate, EGCG) & —
FEAPLR . PrEAAE IR, B EGCG BA KB, TR B AL AL
FIPLRNERE,  [FIRT 2 BN A I FE AN A3 46) . ASHE TS B 4K HA 5 SF SIS AR HAJSF K
BRI, 113 EGCG MME GIRIZEM . R GIVTAT 1% 42 M40 A 7 1 B Hxd i -
RDEC I AR, 2 A SR T IR AT VR YT T R

1 MR 5T
L1 AR5
SIS AT M RSB RIR . R B TILRRER TN (3£H Sigma-Aldrich A5,

$95: 53747-1G . E4268-100MG) ; CCK-8 ikjfl&r. LPS R (b Z kSR ARA



A, $%5: CA1210-100T. L8880) ; o-Ftfiliih7FH57%% (a-minimum essential medium, o-
MEM) . AR DURNEL K% /R 85953 (dulbecco modified eagle medium, DMEM) . fiz4:
Mm% (£E Gibco AF], #%5: 12561-049. 11965-118. 10099-141C) ; MEEFH LI (I5
NI FEERHAR AR, 85 C100CL) ; H-HERmREMW. FHHLE AT / il
FImE (Calcein-AM/PI) 4 i 3% P4 55 41 il 5 MEAS I 57 & . — EAL BRI & ( Griess
%)« ABTS Pt iliiE . iR gt sh¥s 7 (phosphate buffered saline, PBS) ( [
ZREVEARFR AT, 5. C0222 . C2015S. S0021S. S0121. C02212A) ; /NELK
ZRYEdmifn (L929 4mfi) /MR ENRAN A 40 (RAW264.7 40/f))  (£[E ATCC, 1%
F: CCL-1. TIB-71) . SKI & OIE KB HAME 7268 (HAHZAR, BT,

HitachiS-4800) . & T4l (3£E Labconco A®), #5: Free Zone 2.5 Plus) . fiFhriX
(Bio-tek 7], H'%5: MQX200) . 5% 7 KF (fE[H Sartorius A, #5: BT25S)

KOG W M s (H AR B A A, A5 . NKON ECLIPSE Cl1 ) .

1.2 H &8 E G /KB S 48

1.2.1 #il4 HA/SF 7K Bt 2 28

THRIREEN 3% (W/V) 1) HA VIR 228 F/K 5 HA &, JefE 281Kk 50%
fit HA, SRJGAERIRE PR 2 e iR & . FHIRRE 7046 3% SF 1. K@ik 5«
REABEBALBARILE N 812, 614, 515, 4:6. 2: 8K HRIRAEE, REHKKAN 1-
. 3E-3-(3- PSR U 1 38 ) B 30 % 25 R & [1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide
hydrochloride, EDCHEELFIA N-F2IEBEHAFE A% (N-hydroxysuccinimide, NHS) #4457,
T B & TR . BRI, 20 )CHAEGRAE 12 h 5, J8I-70°CH THLE T4
HTE IR, KTERGHE T FEMAh A&,
1.2.2 #l % EGCG 2 H HA/SF X4

¥ EGCG ¥R T Tris-Hel W ECHI AR 6.35 mmol/L ¥, 5 L3 il 4 A /K B fis S 48
R TV BEE PR S 24 h S A AKTEE, 7E-80 °C2& M P4 12 h G ke Z AR TAL
AT 18 48 h, 155 HA/SF/EGCG /KERIR 4, FEITTIgsa .
1.2.3 B RAE

N HTBE I SR O R i 22 5, GBI X 1) 45 1) HAVSF K6 S48 F1 HAISF/EGCG

B 7K RS SR AT TR R T e A s e Ab 3, A B 7 BB (scanning electron

microscope, SEM) LS [FAE S IR IETES, HREX NI G T 582551



1.3 7K Sz ZR BAL i R A )
1.3.1 ok

KW S BRI AR R 25 P Eh 57 (phosphate buffered saline, PBS) o L4 RT & it &
AR 14 75 V2R W S B R K M e o IRV P P AT RRE % ALK B S AR T A ROy WL,
SRIGTE 37 °CH AT PBS HURIE 24 h, HUH HARSCHE, WEHRIMMERZRK, Wk
KJE B ST AT, S 2R RS B AUE IC oy W2, BRARI 3 AMEEA,
JE W IFIME . oK FE=W2/W1.

1.3.2 7T R

1 FH PR AR B A AL R S AR RS P I B &, PRI ERILR N WL, B
Ja, RESCHR R IAE PBS F 0.05% Bl b, WIIA] 2 FsUE I e, DLAR R IAEEA
E, JEEEIES 1. 7. 14 REANTRHT R mUREERT RFE &L, REANRE S 24K Bk 3 5,
FRUHHAT A VRTS8 5 FE RAR BT 0 By W2, fRIlE 3 AMFEAR,
BE RO EE . BT R Z=W2/W1x100%.

1.3.3 FrEALH: REA T

WMENRIE T PBS WA 24 h, WA T E0E & . SERJE: T 5 mL Bao
BN 1 mLBE AN 1 mLIKIE N 0.2 mmol/L () DPPH Z.BEW, MRS E, 15
OEET 37 CREOEHEHEE KM 30 min; RMEEH G, WEREWAE 517 nm K
Wi (absorbance, A) , MIELEFICH A wao MHFEIRMZAET, B 1 mL FERIEEM 1
mL _Fi& DPPH RS ARG EEE N A wes 4 1 mL4iKA 1 mL 3R DPPH IR &
AR A o TAFERM 3HER . H HILIERRE Ropen 5 U : Roppr=1-(A
FeanA ) A 2 L00%07]

2,2°- Bk - XU -3- £, 35 7K 1 168 ML bk -6- fiff 752 [ 2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid), ABTS]is &l FSRASIBH 25 7 H B35 bR . 55— 8 ABTS BRI, HUAHF
&P ABTS 7, S5EAFULIERSIAR R /MRS, WG E T IO &M R M 12~16 h,
RIVEERGEAR . T—% ABTS BERZATRRRAE, i 287K 8 Ik,
ZHE 734 nm K RO (A 7R L 0.740.02 (R, ACHIA3E] ABTS TAEW. 25T
JEFER, B3 mL ABTS TAEW, M 1 mLEESER, SRR E G B T#EIRE RN 6
min, e FABERRSOR IR AV VT 734 nm JKARTROG RS, 45 RiDFN A e FIRBE S
AR, DL 1 mL SRR BK B HbE SR, 5 3 mL ABTS LAEWRIR A, (EA[F M
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AT EWICEFCN A wro BIGKIFATN (A 26-A ja JA 2¢>100%, THEAHFHE T
EREEE St

1.4 KBRS IR A M A P <A A

1.4.1 0 BUAETE R MG TH

NERURAF 4RSI (L929 41D )iz N T4 M B AR I, AR FUR A R A A
FREXT 1929 4 i i) 4715 S R B (I o 4 3% L /K BB I S R AE T R 2% A T 45 4 il 3 [
7& 1. 3. 5K 3N AT, F B TTHERT IR A B4 &7 10% CCK-8 Huta TAER B 7R 2k,
BEFRA AR TR 3 he RIS AR FREMBE 96 FUIR, 4L 100 uL, FIEGAROONE
450 nm AERIBOGREE A fH. DLERAEIR 58 i SR B E e A . AR A i AF T = (A
e Azan) | (Asias Azan) x100%7 KT SN BAFE 2 .

BOS SRR L929 4, K H BRI S 2x10* Y mL J5 8T 24 FLEG IR, 5
FOREF 9%, BRI A5 1. 3. 5 K. HREWEE MG, Hokin & 158 b
Calcein-AM I Pl TAE# . 2Bk 24 LR IIHEE 7R 2L, FH PBS PeikfLiR 2 k5, Bl 76k
A N EFLIIA 250 pL Calcein-AM AW, ZFiREFE 15 min. %5 56505 78 5 4
WOFH] PBS ek 2 I BESLIFINA 250 pL ) PILAEW, FESIRECKAT THE 2 min 5
W R FLAS A 9B P PBS ek 2 IR, B 2SR F ¢ M Sk Ut x5 2E 4 i 11 e £ 485 AT S 4k
WG ROV, JERERR, USRI AR5 6E T -

1.4.2 AR B

2 LPS i 3/ B R AT R ML RS B R RAEF . T 6 fLER R 4Fl 1x10°
AM/mL ) RAW264.7 Aifiil. 5557 12 h, 4HNRNGEE I8 IR BN EH 0.2%FBS ) DMEM
BRIV AL 24 h, ERIEFRELAEE LPS WK 6.67x10° mmol/L #E RAEMAY . 5
HA/SF %1 . HAISFIEGCG #H /K %t ik 3 B 7E o B 4 A T I N LA, L B 3% 1 &
RAW264.7 40l 24 h, XFHRZAA AR, 24 h J5HC S0 pL 40035320 T 96 LA+, A 50
uL NO FMl7 & 1) Griess W71 A (EEHRD RE, ZiR &M 5 min, FIA 50 pL
Griess A7 B (N-1-Z55 4 i, BEGRN 10 mine 555 {8 ARG 540 nm K
AbHT AME, [EIEF DL NaNO, ZefilbrE i 2, 1+ 5 EiGmH NO I E .

1.4.3 qQRT-PCR A ] #OREAE R 2 R R IE
W BE SR A o0 HRZH A, SR A SEI 50 sE B PCR J7ik, i i it B 27 24CT g,

Far I 55 58 RE AH 25 B RS TR FE IR - T--0. (tumor necrosis factor-a, TNF-o). 558 —& B &1
5



(inducible nitric oxide synthase, iNOS). H4HMI/N3-6 (interleukin-6, IL-6) JERF[FFRIA
B, NEREEEAERTE, H AR R R K DUE 53 GAPDH #EATFRIEALIZIE, Bk
SMFINZETE.

xR 151975
Tab.1 Primer sequences
Gene Primer sequence (5'-3")
GAPDH F: CCTCGTCCCGTAGACAAAATG

R: TGAGGTCAATGAAGGGGTCGT

INF-o. F: CCCTCACACTCACAAACCACC
R: CTTTGAGATCCATGCCGTTG
iNOS F: CAACAGGAACCTACCAGCTCACT

R: AGCCTGAAGTCATGTTTGCCG

1L-6 F: CCCCAATTTCCAATGCTCTCC
R: CGCACTAGGTTTGCCGAGTA

1.5 Giit s At

Py SER AT 25/ 3 RS, BTSSR SPSS 27.0 et Bt A s s b . 4
(6] P L AR e A s, 20 2 K ] LU BOR Y B R R SO A 3R 7 22041, >R Dunnett's t £
LRI ) 5 AR S BT ELEL,  P<0.05 AERA ST ER

2R

2.1 BB ST 20l %
AH7EiEE EDCINHS AL AT I 4 HAISF /KEER 248, B 1R T ASE EL
“H HAJSF SCZEI KBS . 5 H R BAR LA, (E2 AR AR AHALL

B 1 KBRS AR ISP

Fig.1 Macroscopic appearance of hydrogel scaffolds in each group



22 A MERNER

i CCK-8 TG I L929 £ M 7E %5 LH /K IR SC AR H P A7 3. (1 2A) i
FEfE L (B 2B) , R EIR, RiIRE 5 RN 4R A7FIE KT E A 83.44%43.58% £
105.8%+17.97%, Fifa LA 7GR >80%, "ol A dstk; A [F 20 1B 40 f A7
IR ZE B AT Gii 27 L (F=14.40, P<0.01) . %5 5 RANMIAZHE R Dunnett’t 556 &
N, 5 6/4-HAISF 4HAHLL, 2/8-HAJSF. 4/6-HAISF. 5/5-HA/SF K 8/2-HA/ISF ZH40 17 i%
KR FH K (g=14.84. 11.70. 4.31, 13.28, P<0.05) . 4HJIFE G, FEE B IR A 4E
K, SHMBH A H OB B BT, Ui T IR A K, B
7R BA SR X (F=53.51, P<0.05) . % 5 K4HAUIGSEE L Dunnett 355 K560 27
Y5 6/4-HAISF 41EL#:,  2/8-HAISF. 4/6-HA/SF. 5/5-HA/ISF [ 8/2-HA/SF 4H [t 4 i 4 5 15
MR ERRL (g=18.33. 14.32. 2.69. 23.17, P<0.05) . Fik&EFEH, HAUKE Y
B B BT E A A, b 6/4-HAISE ZH 7K I S 48 R 4T A7 35 28 5 S B e T 3
PET HoAt 2

&l 2 1L929 ZHIAEA R L] HA/SF KB SZ IR HIAAE R (A) FFFEEA (B)
Fig. 2 Survival rate (A) and proliferation status (B) of L929 cells in hydrogel scaffolds with
different HA/SF proportion

“P<0.05, "P<0.01, ""P<0.001 vs 6/4-HA/SF group.

2.3 MRk M5 R
K 3 BIRS KGR ST 2R BA BT ok, BTSN 6.520.30 & 18.3740.38 %,
B A K AR RS2 R (F=171.0, P<0.05) . Dunnett’t 3 /5% & LR 56 SR,

5 6/4-HA/ISF HAHLL, 2/8-HA/SF. 4/6-HA/SF. 5/5-HA/SF }% 8/2-HA/SF 21 (M K 1t & 25 1%



ik (q=27.63. 11.64. 3.57. 6.75, P<0.05) . Zi&r% /KB S22 WK ME S5 A YA 21k

AW FIERE 6/4-HA/SF HAE NN BARH T J54: EGCG 1 53k M A REVEAN

B 3 IR STER B WK
Fig. 3 Water absorption of hydrogel scaffolds

ek

*P<0.05,""P<0.01, " P<0.001 vs 6/4-HA/SF group.
2.4 TESRGER

AR (B 4 BIR, SHRBR S B R AR 2 fLE M . X FhE
PR AP CHRFE . — 2 20 R RS, R RANEE. EWARE NI i 22
e, VLRAMRRI G E SR A T AR IR .

B 4 6/4 HRFE EGCG A MK L 24 WA HE s sE 21



Fig.4 Macroscopic appearance and morphology under scanning electron microscope of the

hydrogel scaffolds in the 6/4 group and the EGCG-loaded group

2.5 7K ST BRI FE At e

2E LR KB SCRAE PBS (& 5A) P IRFFE A M A Reue v, 7658 14 R4
TK BRI S SR PR R T A ZRAE 92.47%40.39% % 94.65%40.63% 2 [8], F&MEZEIN/INT 10%; Hrh,
57 R 14 KBS, 6/4-HAISFIEGCG ZH ¥ B fif e 42 % i 2 = T 6/4-HAISF 2 (g=6.25.
6.23, P<0.01) . 7E 0.05%E A (& 5B) ¥R HEBAF I FRMEIE, TE5 14 R
PILL KB IR SO B PR AT A R AE 62.78%22.27% % 64.97%+1.69% 2 ], WA ERAHE, %
W] EGCG WIMFIEAN R & FUMA B s )15 TAECHEH) PBS Mk, EGCG W& LAk
58 SR R i 72

Bl 5 AKBERRSTHRTE PBS ' (A) RITE 0.05% R E A EHEET (B) 7RI Ay i R f i
RE R
Fig. S Mass remaining ratio of hydrogel scaffolds after degradation at different time points
in PBS (A) and 0.05% trypsin solution (B)
**P<0.01 vs 6/4-HA/SF group.
2.6 FrEfLERAR S5 R
Wi ABTS (K 6A) Fil DPPH (& 6B) Jiikfs M RHTEALRE 1, S5 R B bR AR

Bl ittt . ABTS £l 6/4 41FHES T H HEEH R3Oy 51.77%42.45%, A EGCG J&
RFRFRARTT A 72.33%41.80%, ZRA G FREL (=11.71, P<0.001) ; DPPH H HFiHkk
R 6/4 40N 62.01%+.90%, 113 EGCG JaifFrF AN 76.43%32.86%, %5774t X

(=727, P<0.01) . FlIL'5 6/4 4UMIEL, 513 EGCG Ja Al # bt BT AL P fE «



B 6 ABTS¥: (A) fiI DPPH ¥ (B) KllATBH A1
Fig.6 Antioxidant properties of the materials detected by ABTS method (A) and DPPH
method (B)
*P<0.01, ©*P<0.001 vs 6/4-HA/SF group.

2.7 5138, EGCG X #4H A= WA A4 i M

Wit CCK-8 Kl L929 AMHrE 6/4-HA/SF F01 6/4-HAISF-EGCG /Kt i S 2832 # Hh 1)
FiEE (B 7A) FIEBETE L (B 7B, 45 SR RRTE P4 /KB e SO i 3 B el 1)
G FIIESE, B EGCG MIAEAEA G KBRS AE VIR AR (5 5 R& /KBRS 4
HH YT AE S N 91.00%+2.79% % 93.03%42.95%) . il Calcein-AM/PI Jett (& 8) W%
B RKERE AR 1929 MMIAESS 1. 3 AN 5 RN/ MALITEE L, 45 R ER G4 is
L929 M fsE fE, A 113k EGCG /KB SC AL BA R UF I AEVIAH A

Bl 7 1929 4HEAE & HKBBR TR P IFAER (A) FEFEREMR (B)
Fig. 7 Cell viability (A) and proliferation status (B) of 1929 cells cultured in different

hydrogel scaffolds
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& 8 I VEFEHL LRI 1929 4 HITE & 4L /KB ST BE H iy 43 A
Fig. 8 Distribution of L.929 cells in each group of hydrogel scaffolds

2.8 MRS R

N EEST AR LPS S, K44 NO Bt (& 9A) SR qPCR #4541
XF N R E L K IE (B 9B C. D) , #H] NO BRikEAEREE ER (F=164.9,
P<0.001) : Dunnett’t £ H LRI Box, 55X WAME, 6/4-HASF 4 6/4-
HA/SF/IEGCG 4H[) NO F&iitE 3% F4 % (9=16.93. 38.55, P<0.001) . [, gPCR #:ill
FHRGER T EKE (TNF-o. INOS. IL-6) MERZE, FAMERWABSIT%E XL
(F=42.44. 94.43, 92.44,P<0.05) . Dunnett % & LAk ss, SxTREZAAHLL, 6/4-HAISF 20
HIRRER 722k % N (g=5.21. 6.19. 7.83, P<0.05) , 1 6/4-HA/SFIEGCG 41 45k
Rl 1 ik AP o B4 B 2 BRI ( g=12.64. 21.80. 20.05, P<0.001) , FH] EGCG K

NBFERR T E A KB P R E .

Bl 9 RA7KBE SRS MR ik BEA Tl

Fig. 9 In vitro anti-inflammatory properties of composite hydrogel scaffolds
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A: NO release amount; B-D: Gene expression of inflammatory factors; *P<0.05, " P<0.01,

**P<0.001 vs control group; #P<0.01, #*P<0.001 vs 6/4-HA/SF group.

3t

JF i R AR NP A R R I R, B RO A R A A A R N KR RS A R A
Getbpcim, BT B 00 D R R SRR R, DO R A S D s R R, 1%
T3 R TR R R SR 5 R RIS M RE . 5 2R R G MR AE R, AR T ER L, 1
SRR, RS P ILE R ATER FRER, HER Ra S AIIE I T e T R,

OF BRI AR e AR KB E i, SUREANI, BRI A A
TBEAE N R TUA LR, RETBBRIEIEE A B, 0B EIRI, RS RERb R Eah
FeAE RS TE R O, N SRERA . IERYVA YT IR0 E AR R R B . BRI A O,
TRAE RN JeDhe, oes S AR a e, Mg I AEAA T G EEA . R A FIR
M40 BEETR RO BB 5 A, X TR JA AN A2 % i 1) 45 vy DX 3 2 T Vs B T 47
FEJRIPR o B IRARF JA 98 B8 3 w7 S ARG T VDT U, R R R, Rk
TR AL, TERRAS N BEBE . o SO IS, AR REE S TR . (R B A BRI,
ARG RIBIIERIE, 5 MBLFARBORAEBEZ K. Bk, AREEHIARE R ZAE . R AL
PLAAs EHEF RSB A, SR ERTH I i 297 R R

HA FI SF AE N RIRAEVIMIRL, AEVAHZEVE . PTREMAE . DUBRE RE A4 i 1 42 58 0 8
I S ) A5 R KBRS B FLAR G & B, WU ST, RIAFRIFEMAAIVA IR RE, Aededt
KA E SR A AL . EGCG HAAHT R M HT A MG, HTR &85 4 )
T «B (NF-xB) FIZZ 5050 B I (MAPKD 545538 B R (2 4 K7 I AR B
FFURT RAEAN SR RN RS . Pl ELRETE BRIE TR, I 9R LA 5T A B 1% A
) LA LR S S 16T

AW FH EGCG 5 HA. SF &, A & -HUa b F 4% Th e K BB S 4L,
ST RE BAN SRR 2SRRI 5 RS ) 3. HA FI SF Bk BAT RIFI A= YA
AE. FTREMYEAIUME RS, PRARHER KU EGCG A R PUEM I Oy, FRARX
e R IA 7RI B om P A B PR LU B BRI PES, P R T B0 SOE - A BB S T A
ARG LIN . BHAERN, A A E AR T AN 280 BN
JE HBIGTT w RFT I R, RA BRI IR S B (E A7 RBRE: BRSNS R I H

@, (HEAES K D ER S PRI ENE . SREal 15 PUE RN DAL 75 vl (g it 4
12



GUERSE A Rt — B FOIE. BAh, BERF RO ZE REBUOR, MR /5 5 2k
Wt

gi BRI, AR T fE EGCG 1 HA/SF /KBRS AL, i bt 4 -Hu b b
Rl L], A MBI X SO S Ik A BN, 3T R SRR - A B B TR A
NAHHELRME R AR RUFAEE, I AR B AR S5 1% Grin )T T Bofy 20 B TR
MIERTEE S, NE R A 2 B RIG T R T8 B, HAS IR SEIR AT S S IR

SR
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