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Effect of hydrolytic resistance urushiol-modified monomer on
comprehensive performance of light-curing resin composites

YANG Zhengyuan, WEN Yaqing, LIU Lingkang, LIN Qi, ZHU Song
(Department of Prosthodontics, Stomatology Hospital, Jilin University, Changchun 130021, China)

ABSTRACT Objective: To synthesize a hydrolysis-resistant urushiol-modified monomer (UMM) to
improve the hydrolysis resistance of light-cured composite resin, while reducing the volume shrinkage rate
(VS), increasing the double bond conversion rate (DC), and mitigating the potential biosafety concerns of
bisphenol A glycidyl methacrylate (Bis-GMA ) monomer. Methods: UMM was synthesized by modifying
urushiol via an acyl chloride reaction, and its structure was analyzed and characterized using Fourier
transform infrared spectroscopy (FT-IR). Control group was consisted of Bis-GMA/triethylene glycol
dimethacrylate (TEGDMA) without UMM, while 10% UMM, 15% UMM, and 20% UMM groups were
prepared by partially replacing Bis-GMA with UMM at mass fractions of 10%, 15%, and 20%,
respectively. The viscosity of UMM was measured using a rheometer. The DC of light-cured composite
resin in various groups was detected by FT-IR spectroscopy, and the VS was calculated. The contact angle
of light-cured composite resin in various groups was measured using the sessile drop method, and the water
sorption and solubility values were calculated. The mechanical properties of light-cured composite resin in
various groups were tested. The in vitro cytotoxicity of light-cured composite resin in various groups was
evaluated using the cell counting kit-8 (CCK-8) assay. Results: The FT-IR spectra results showed that
the absorption peak of the hydroxyl group at 3 402 cm ™' disappeared, while characteristic absorption peaks
of —C=0 and —C=C appeared at 1 745 and 1 637 cm ', indicating that urushiol successfully reacted with
acryloyl chloride to form UMM. The viscosity of UMM ranged from 25. 14 to 29. 43 Pa*s. Compared with
control group, the DC of light-cured composite resin in 10% UMM, 15% UMM, and 20% UMM groups
was significantly increased (P<C0.05), while the VS was significantly decreased (P<C0.05), both in a
dose-dependent manner. Compared with control group, the contact angle of light-cured composite resin in
109 UMM, 15% UMM, and 20% UMM groups was significantly increased (P<C0.05). Compared with
10% UMM group, the contact angle of light-cured composite resin in 15% UMM and 20% UMM groups
was further increased (P<C0.05). Compared with control group, the water sorption and solubility values of
light-cured composite resin in 10 UMM, 15% UMM, and 20% UMM groups were significantly decreased
(P<<0.05), showing a dose-dependent trend. After 24 h of water immersion, compared with control
group, the flexural strength (FS) and elastic modulus (EM) of light-cured composite resin in
10%9 UMM, 15% UMM, and 20% UMM groups were significantly decreased (P<C0.05), also in a dose-
dependent manner. After 7 d of water immersion, compared with control group, the FS of light-cured
composite resin in 10% UMM group was significantly increased (P<Z0.05), while that in 20% UMM group
was significantly decreased (P<C0.05). Compared with 10% UMM group, the FS of light-cured composite
resin in 15% UMM and 20% UMM groups was significantly decreased (P<C0.05), exhibiting a dose-
dependent trend. Compared with control group, the EM of light-cured composite resin in 15% UMM and
20% UMM groups was significantly decreased (P<C0.05), also in a dose-dependent manner. The relative
growth rate (RGR) of the 1929 cells in control, 10% UMM, 15% UMM, and 20% UMM groups was
above 90% , with no statistically significant differences among groups (P>>0.05) , and all cytotoxicity
results were qualified. Conclusion: A novel low-viscosity monomer UMM is successfully synthesized in
this study. All UMM-containing light-cured composite resin formulations exhibit higher DC, lower VS,

reduced water sorption and solubility values, improved hydrolysis resistance, and low cytotoxicity. UMM
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can serve as a potential resin monomer to enhance the hydrolysis resistance of light-cured composite resin.
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W A — b UL S AR Ot BTk 52 A A R
WAE MG E S IR A S R, NS T
BefE, BB R4 P RE BL3EW L BFsE
Vo J5 A RET A 2 G W IR G AR R IR R
0.08%~6.30% , &5 VK i) % 1A B it 2 B 22 1 4k Kz
Uil A8 5 R Wy F2 2 R N . PR A6 A A IR P
AE 114 ] B S8 K AT P 543 i 4 28 2 98 B #R L

T 1 PR B R R 8 S AR I R Y A i
Wb, RWTOK 4y, oK SRR PR R A 1 R AT
AR ECRER T A LB AR S E S AL, Stk
HAEWIES kE—ZRIZE, GHEYHEAAL (R
Haon . RE AL Rk Asdk CRARRK )
AH OGS AT ' [T 4k 52 G A% RS A 0 € . BILARC I 8 AN ARE
B T EURE 22 [ Y 25 4 O T U RS2
16 AR WK 5 8 25 5 30 B4k 2 644 B P98 Iz ) #
st o L IR AR Ak AT BRI T & 5T A I S N gk ki e
R, HEMSBBZIRITRM. HRC &8N 7
Z Mo m B2 T O [ AR S A IR 04 T K g Ve RE
A F BV 12 G A8 iR S T B, e PR AR
2L N M R 48 Kk H ol B8 (Bis-phenol A
diglycidylmethacrylate, Bis-GMA) 9 ¥8 3 DL B# fi§
BEAEE AR , DA RS A KT A LA g
FIJG Bk i A 7 45 Bis-GMA AR bt [E b 2 &
JE HE B AR, Hor 1450 i BRI 5 8 g
ZHMAH, fiorisdhz o WG, SEELFE
B, WEREMBER Y, B B Bk
B R HL A B B R KM O AL B A I AR
1 JE A 558 v (9 T QPR 72 A S RS2 . BR Ot =2 Ak
Bis-GMA JK fiff 7= ¥y vl 68 51 2 19 4= 9 % 42 [n) A, 5]
BT e Y e BRI, AR IR
LTI T IE A BT — BT B ZG B AR e
Pk B f&R  (urushiol-modified monomer, UMM) ,
3 o T S I T | TN U R TR R AT, AR BT K R
KBeRess, G5 & W Ao B AE R —Fh KR
B, C N T HRIETRE TR, 2 E T kB
AL P TR R SO UESE T 8B B A B K . B . 4t
BRI RIS B A 25 SR 1 AR A w0 o R
UMM A & 57 80 28 A BTG 450, AR & 1 R
JIG - 28 A Jo RS B 00 ik K AR e M, i BRI AR
Yz vk BErO T B O E LS ARG 0y Af

Water sorption value;

Double bond conversion rate;

KMFFER D o AWETE R ALK UMM, #8453 B
f€ Bis-GMA, il i A Al UMM & & /96 [ b &
AW R, E R R . WUHE L % (degree of
conversion, DC) . & 1 Ik 45 % (volumetric
shrinkage, VS). $Zfilff . WK . WM. HLIK
PEREFNZE W ARZSPE A Ik, PR XG2S B

B 4 PERE Y
1 HBEH®

L1 e #H 2 XAANE L2940 (H
PR A 1T B B A0 B S B & fE i) o Bis-GMA |
=4 B W N M B2 BR - (triethylene glycol
dimethacrylate, TEGDMA ) | #% it fif} ( camphorquinone,,
CQ) . 4- = H e & X W M B (Ethyl 4-
dimethylaminobenzoate, 4-EDMAB)., =2 . ™
J BE S (Acryloyl chloride) F13- ( = H & 5 H &E
) W AW R WA [3- (Trimethoxysilyl)
propyl methacrylate] ( -1 Aldrich A &) ) o & M
(RWEEARAF), LA MmE (E2
AN R, A8l R & 8 (cell couting
kit-8, CCK-8) ikl & (L3 = REYHAAR
ANED,, B4  (fetal bovine serum, FBS) (3
[ Gibeo 24 Al), JBZE 1§ A DMEM 3557 5 (5S¢
Hyclone /A H]), @l-fi-—4fkkE (Ba-Al-SiO,) (H
#0.1~10.0 pm) (VLR & B M6 AR AR o
WA (TEEIKA2AW), TRgikmbl (34
Shimadzu A ), WAL (FE TANGAH), %
fil fA 0 B AL (H A Kyowa A Al), HF 408 K1
(b R T QB AR AR ), LED ] W% [E 1k
T (BUN O 5 2 7)), B To0 R CREAR I & ) B
ARARD, ST A (BRI ERRE) ),
HERER E RV (EITHBEMSARAA), ME
AR e o2 Ah O 5
spectroscopy, FT-IR) ¥ (f#[E Bruker A d]), [
AL (35 Biotek X &8 2A w) ,  — SRS AL AN L %5
AN GRINIP BB A A .

1.2 UMM # & Ao g A2 il AE TR0 800 <1 6
A BE SR T 0 °C 2RI N 2 = e 53 B iR &
Yo, e BCA G ) 5 A 09 = 58S e B R
12h, AARY . NG, XY irisg .

(Fourier transform infrared
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Urushiol Acryloyl chloride

afifb, ff A FT-IR &A% UMM #1743 B Fil 3
ik, WHE 1,

\/Nv
N

0°C,12h

Bl UMMARER
Fig. 1 Synthesis route of UMM

1.3 ## A ABLESHBHE Dal
7: 3 Bis-GMA/TEGDMA 4 4% 1E Jy X B8 41,
10% UMM 4 . 15% UMM 41 1 20 % UMM 4 i i
fdi H UMM # 43 BUft Bis-GMA ,  H b UMM 78 K g
HE 5T i BT 4 B4 i 1006 1506 FN20%6 . #%
AR I E T ROLE R, I TR PR b
WOEH PSR, HERGHNER. M5, K
60% Ba-Al-SiO, (fEREfLRYE) 0% 45 410 g 2
B, M AR BN B SR AN R IR A
JIT A 20 3 ¥4 O v FE M A O AE A FH A7 AR R
WA, AR GWIR A R L 1.

xRl FARSWIRHR

Tab. 1 Compositions of resin composites in various groups

(m/g)

BisGMA/

Group UMM CQ/4EDMAB Ba-Al-SiO,
TEGDMA B

Control 2.8/1.2 0 0.05/0.05 6

10% UMM 2.4/1.2 0.4 0.05/0.05 6

15% UMM 2.2/1.2 0.6 0.05/0.05 6

20% UMM 2.0/1.2 0.8 0.05/0.05 6

1.4 R EAMXUMMEE R G SO L

UMM HARFEEE, il P AT ARIe 2 (25 mm, 274k ;
A B . 800 um) T 25 CHEE F gEfriiat .
fii . Pa.s,

1.5 FT-IR st 3# Bk m & 20 5% B 4L 844 g DC
et FH A e 04 S5 B 1 F T -TR D 15 50K T 45
HIFEE S WIEDC. T A AR FT-IR G T
JEREG R BHAC % . AL 4 em 14 BE

WM 32 W HM Ik, WiERGHEFE#E (C=C,
WEE 1637 cm ') WS UEE S8 B (9 AR AT DC, IR
P (UEMH 1608 e ) S AR, 6 il 4 2H WO J (A)
. DC= [1— ([Efk)5 1 637 Wi fL A 4/ F k)5
1608 WML A(E) / CREME 1 637 W LA A /K
Bk 1 608 WM AL A fE ) 1 X 100% o & 41 FE & il
5RO .
1.6 BAXBEMEAREVS FEH—RE
W25 4D E A R AR TS %, TR %
MG A GRIE VS, s B AL FT 2 5 . (R L
FEEM E AR IR, R S mL LE, B
SEAE LT T ROF AR B A, I0AE ml; PR
R P9 2R R K S AT AR, eAE m2; N R
% 0 UK B AR B O FR i, 10 /E m3. TFRE AR
Puew= (M3—m1) / (m2—ml) Xp,, ML
WAL, Hod, o, IR FOKAE . W
P [ A5 % B K IR A BIE AN H (d=
15mm, h=1mm) iRk, BiZRE, fif
JH TSRS H BR Y T 2R o AR i T R OK R, R
Co i3 N e o [ i ) S S I o - N VASIS
VS= [ (e Puncurea) /Oeurea) X100%0,  0oea N HE
it KI5 3 BE L Ounenred FE B0 [T AL T 25 B2 0 g 2H AE
s £ 5 B H41A
1.7 B# kb &8k B 6408684 A
it FLBKAL Fo e AR (42 fih A 0 A ok B
A I 45 21 O [ A 5 G B R 4 fid f o B LR
IKAE R, AR R 2.0 pl, AR AL RE I A
5T .

FRAE 1SO4049: 2019 A i e 25 W K A N it 1
PIREAS B RE AR 7 B BB 1 (d=15. 0 mm,
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h=1.0 mm, n="5), ¥ E TSN T,
HE HFREREE (£0.01mg), MWFEEIEHN
ml. ZJa, WG MKFNERMEE, kG
HARFL (V)5 BT R A 37 CRIZEIB K 7d,
SR PR & DL AR AS m2o B IR A R G T R A
PLEBRAK Sy, JF B RPR aL, 20 H 0 AR e
FE, MR GAR  m3, A S DR E L E AW iR
W AKAH A A . WKMEH (pgemm™) = (m2—
m3) /V, %M (pgrmm™’) =(ml—m3)/V,
ZH A I £ 5 B 41

1.8 MXZARELELESHIRGIMER I
1SO4049: 2019 4R #E, & 4% 4k 52 & Wi i #L
W RE  BE M 58 (flexural strength, FS) ik
i (elastic modulus, EM) iR #4514 (1=
25.0 mm, b=2.0 mm, h=2.0 mm, »=10). f£
MR AT, — BT 37 CHEMWAKT RN 24 h, —
e PF i 2R A K I 7 d . fl T AE R 56 L LA
1 mmemin ' A E E IR R BT, TS A
)6 [ 4k & 4 W g FS #1 EM., FS (MPa) =3FL/
2bh*, EM (Gpa) =F,L°/4fbh’, H i F Ry Wi 2 5
MR (N), LR 20 mm (B BB, bl 5E
B, h iR B, F O R BRI AR — A
TR (N), DhfEEAMF, FREEE (mm).
1.9 CCK-8 k4 im &40 5%, Bl 1 5 &M B 4k 5t 2m o &
MR ADE R R A W R A R E A Y 15 mm
JEEEN 1T mm (1AL R 400 mm?) (1 FE 1,
24 WAR AN IR . (8 6 FLAN M 5 3 A, 42 BR
Fm A (em?) @ B3E® (mL) A 1.25: 1YL,
A& 10% FBS s DMEM 85 3% # . 14 T 37 °C.
5% CO, M4k 28 th R 72 h, # ik 1F 12 BUK &5
0.22 pm T U8 &% L U8, A6 T —4 CUKAE .
L9294 T 37 °C. 5% CO.MAh i3 2~3d, H
T IR 2/3, BEJE LA 3 B b AL
o, ERHMMERKRE. K& 10% FBS 1
DMEM #5 7 ¥ 1 8 000 mL " ¥ 1.929 41 it 2 77 W ,
IF A I3 A & 96 L 40 M 5 SR AR b, B AL A
200 pL 20 M A VE W, diBf T 37 °CL 5% COL Mk
R 24 h, R 40 MG RE, 2B DMEM B 5 ),
10% UMM 4 . 15% UMM 41 Fil 20 % UMM 41 Jin A
KA MR BOR, X4 A DMEM K5 32 . ffL
200 pl., B4 5L, 5 L9204t [ 5 9% 24 h, %
FH B AR AT P K 450 nm 4B 52 A B . T3 40 g AR
X} 18 5 >R (relative growth rate, RGR) . RGR=(5Z5§

HABE - FTHAAME) / (HHAAHE A4
AfH) X100% . A4 RGR 45 5 %5 4 M 235 1 4 4% .
1%, RGR M 75%~99%; 2%, RGR A 50%~
74%;5 39, RGR N 25%~49% ; 4% , RGR N
1%~24%; 5%, RGR<<1%; Hromk1%m A
G, 2% U E R RIESY, TEGH
U A Ve o/ RISl s el A
3~S M I AEHE

1.10 %t F o4 K SPSS 26. 048 i1 4 i 47
Giil . S4B E SGMIEDC. VS, # il
. KA . WM. FS. EM M RGR £ 0F &1k
B WA IES M, MlatsFR, Z4HmEEEA
BB BRI o 22 00T, A IRDRE A X 50 5
FL R H LSD-2 K56 . Lh P<<0.05 M 2254 48112

2 & B

2.1 UMM #& Akt 15 UMM [ FT-IR %
P, W AE 3 402 em AR XN — OH 3 F A W% i 04
WA, ARBRIEC KAERN; 1745 cm ' Ab i 1 )
HK T —C=0#nryMaiiRsl, 1637 cm "&b
—C=C Yy PRahige . W I I [m] TE 52 4 m v i) 7 5k
CRT S EESE R N, P& R T UMM, &
UMM B ET-IR Y61 WL & 2.

Transmittance( 7/% )

— Urushiol
—— Urushiol-modified monomer(UMM)

—C=0
1 | | 1 | s |

3500 3000 2500 2000 1500 1000 500

Wavement(cm ')

B2 UMM FT-IR 3%
Fig. 2 FT-IR spectrum of UMM

2.2 UMM#E UMM % (25. 14~29.43 Pa. s)
A+ F Bis-GMA (600~1 000 Pa. s) 5 TEGDMA
(0.05Pa.s) =z,

2.3 BHREALEAREDCHRVS XL
B, 10%UMM#4] ., 15% UMM 41120 % UMM 4%
62 SR8 DC I W s (P<<0.05), VS
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WAL (P<<0.05), HEFIEMKBITE., WE2,

#2 HAXFELEEHIEDCHVS
Tab.2 DC and VS of resin composites in various groups
(n=5, x+s, /%)

Group DC VS
Control 62.7040.38 2.9740.02
10% UMM 64.42+0.16" 2.8440.02"
15% UMM 66.34+0.23" 2.7540.02""
20% UMM 68.5040.29""* 2.6540.03""%

'P<C0.05 compared with control group; “P<<0.05 compared with
10% UMM group; "P<<0.05 compared with 15% UMM group.

24 ZARBENRISHIRERA BREFER
B H5XTIE4 iR, 1040UMM4 . 15% UMM 4
F120 % UMM 4 [ 4k 52 4 B i 22 e 71 359 B db 348 K
(P<<0.05); 5 10% UMM 4 lb#, 15% UMM 41
120 % UMM 4% [ 4k 52 6 B B 2 ik 71 359 1] db 38 K
(P<<0.05); 15% UMM 415 20% UMM 4 H % 2%
FEG ¥R X (P>0.05) ., 5 XM A b,
10% UMM 4 . 15% UMM 4 1 20 % UMM 41 ¢ &
1k 52 G W Re WK (8 S % i (8 3 W] B R AIR (P<<
0.05), JfFEMEHgmdE. W3R 3.

2.5 ZAXBREASMEBIMMEE KEHW24h
&, SXFREA R, 10%UMME4 ., 15% UMM 41 I

R3 KECEALE AR A A TR A A
Tab. 3 Contact angle, water sorption, and solubility of resin

composites in various groups (n=5, x=%5)
Contact angle Water sorption Solubility
Group ) N 5
(6/°) (pg-mm™") (pgemm™)
Control 77.3441.47 16.3140.58 1.5340.03
10% UMM 94.34-+0.66" 12.54+0.15" 1.2440.03"
15% UMM 98.064-0.38""  11.6440.24'" 1.1440.03""
20% UMM 99.1640.50""  10.214£0.37""  1.044-0.03"""

'P<C0.05 compared with control group; “P<0.05 compared with
10% UMM group; "P<<0.05 compared with 15% UMM group.

20% UMM 400 B AL A W IR F'S AT EM ¥ 8 5 B
(P<<0.05), JFEfMEAREME. KEW7dE, 55X
A L, 10X UMM 415 [ b & & # BE FS 1
BIE (P<<0.05), 20% UMM 4% E L2 & W g
FS I B (P<<0.05), 15% UMM 416 [ b &
AWRFSEZR LHEIT¥E XL (P>0.05); 5
10% UMM H#, 15% UMM 415120 % UMM 41 56
L5 A MR FS H B B AL (P<<0.05), Jf&
FEARB . KB 7dE, 53 B4 LLE,
15% UMM 4 Fl 20 UMM 41 5% [ 1k B & W g
EM ¥ 8] & FE A% (P<<0.05), I 52 7 &8 4 #i 1,
1020 UMM 416 EE &2 & IR EM 22 5 4t 12 &
X (P>0.05), W4,

F4 BANEMESWIEFSFEM

Tab.4 FS and EM of resin composites in various groups (n=5, x+s)
FS(P/MPa) EM(P/GPa)
Group
Water immersion for 24 h Water immersion for 7 d Water immersion for 24 h Water immersion for 7 d
Control 144.36+2.82 113.09-+4.88 9.3840.24 7.5840.29
10% UMM 137.12+2.11° 123.78+1.22° 8.1940.52" 7.4540.30
15% UMM 128.38+1.51"" 115.37+£3.00" 7.4440.24"2 6.79+0.34""
20% UMM 114.20+4.84"4* 102.57+£2.31"4* 6.3640.27"4* 5.6140.234*

"P<C0.05 compared with control group; “P<C0.05 compared with 10% UMM group; “P<C0.05 compared with 15% UMM

group.

2.6 BAXBARILASHERGR X410, UMM
4. 150UMM 4 fil 2000 UMM 41 1929 40 Jfi RGR
PIFE 9006 Ui b, A B ER ISR R (P>
0.05), ANMIREYEY N A, ILIET 3,

3 3

TE [ IR R A N, B X R A RN Bl
JiE g E W EEE . 5 Bis-GM L&, UMM A

TR HAUH LA m NI ZS F R 3R . Ah, Bk
P ot 6 M0 B 7 — o AR B I A 2 AR IR B Dy U 11 vk
£, Bt UMM % 3 B i &5 2 . Bis-GMA
FE7E W 558 1) LY ARG T i SRR ) Y2 3, R
MR
DCR2MERARMIERNEZESE, KRBT
BRI R AR ROR . XL E AL E AR
HUARPE R . WK R M M BB S A & RS 1 —
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100

80

RGR (/%)

201

Control 10%UMM 15%UMM 20%UMM

B3 HALEAEARAE RGR

Fig. 3 RGR of resin composites in various groups
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