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* A study of polyvinyl alcohol hydrogel simulating hu-

.

. man vitreous body

* FENG Song-Fu,CHEN Han,LU Xiao-He, GAO Qian-Ying

: [ Abstract] Objective To screen a kind of polyvinyl alcohol ( PVA) hydrogel
¢ with similar physical properties to human vitreous body as to provide basis for exploring
new vitreous substitutes. Metheds Different concentrations (1% ,3% ,7% ) PVA so-
lution were crosslinked by v-irradiation ( Co® ) ,and 1% ,3% and 7% PVA hydrogels
were harvested. Then PVA hydrogels with similar properties to natural vitreous were
+ screened by detecting the physical and optical properties ( density, water content, light
. transmittance , refractive index,pH value, swelling property) and rheological properties
and cytotoxicity of PVA hydrogels. Results As for the physical and optical properties
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: B B #9:2017-11-01 g of the hydrogels, the water content, refractive index, light transmittance, pH value and
L AXEE P 3 density of 1% ,3% and 7% PVA hydrogel was 98.90% wvs.98.10% wvs.93.50% ,1.3355
S SEATE. HEH KRB 2SS L vs.1.336 1 vs. 1.342 5,94. 80% wvs. 93.20% wvs. 88.20% ,7.22 vs.7.25 vs. 7. 41 and
+ B (45 .81500722) .1003.9g-L " vs. 1014.4 g - L™ vs. 1114.7 g - L™'  respectively. Finally,1% and 3%

. YEZ BT .510280 J AR MTH, . PVA hydrogels had the similar physical and optical properties to the human vitreous. As
o BMJTERMRSEERILEE BE IR (1344 + for rheological properties, the storage modulus (G') of the three PVA hydrogels was
o 16, WRE BEBEA) 5510060 T4+ larger than the loss modulus (G”) ,indicating that these three hydrogels were viscoelas-
' V T, Lok L R e (g ’ tic gel,and the elastic properties was greater than the viscosity. 1% PVA.G’ was (3.2 =
s BINL) *1.1)Pa,G" was (0.8 +0.5)Pa;3% PVA.G’ was (6.1+1.3)Pa,G" was (1.3 +0.9)Pa;
. Received date: Aug 30,2017 * 0 , W . ..

+ Accepted date: Nov 12017 ¢ 7% PVA.G' was (106.5 +18.6)Pa and G” was (18.3 +12.8) Pa. Accordmg to resili-
+ Foundation item: National Natural ’ ence,the hydrogels can be ranked as follows:7% PVA >3% PVA >1% PVA;in terms of
. Science Foundation of China ( No: . creep,3% PVA >7% PVA >1% PVA. Additionally, MTT colorimetric assay showed that
+ 81500722) + there was no significant difference in A values among the three groups by cells culture
. +in 1% ,3% and 7% PVA for 72 hours (all P>0.05) ,suggesting that all the three hydro-

+ gels showed no obvious cytotoxicity and had good biocompatibility. Conelusion 3%
¢ PVA hydrogel has similar optical,,physical and rheological properties to the human vitre-
’ ous,and shows good biocompatibility , which can be one of vitreous substitutes.
! [Key words] polyvinyl alcohol ; hydrogel ; vitreous substitutes
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: [{HZE] HB ks A ABIBRME RN F T8 B2[ poly (vinyl alcohol ) ,PVA ] /K %
O, AR R FRATG IR IRE R IAIRIE , FiE ORA y-HE(Co”) fa BT E] 1%

. PVA KEEIZ 3% PVA KEIZ T%PVA KENL, Eittm PVA REIR I SRk
hikl BRI IBIRPEAR ARG PVA KB ER ., &R (1)

1% PVA KB ARFE R RIGH ERFE pH A LTS A 4 98.90% 1.335 5.94.80% .7.22.,1003.9 g -

'53% PVA Kt I 8 &35 47 o A A 98.10% (1. 336 1,93.20% ,7.25.1014.4 g -
93. 50% ,1.3425.88.20% ,7.41.1114.7 g - L™
KB PVA KRB AR E (C) M K TR E (C"), KA =AY R H A A

3 7% PVA 7K % ik 09 & 45 4F 2 51 %J
3% PVA A2 1% PVA K #tic 5 B ﬁzgz;zz;,ﬁ:ﬁﬁawéﬁjb?#hiﬁz Mg, (2) %%
b o 5 AR ﬂ}?iﬁ«li«}iﬁ%ki‘-gﬂ;

PEPERE . 1% PVA.G' G"5 314 (3.2+1.1)Pa (0.8 £0.5)Pa;3% PVA.:G . G"5 A #4(6.1+1.3)Pa . (1.3£0.9)Pa;7%PVA.G'.
G557 A (106.5 £18.6)Pa (18.3 £12.8)Pa, AN & ,7% PVA >3% PVA >1% PVA; E¥E % 7 & ,3% PVA >7%
PVA>1% PVA, (3)wmpe At MTT )b & 20h 2 R R T@ I 1%PVA 3% PVA T%PVA 12 8& P35 72 h j5 , X408 9B % &
(A B 2 FH ARG FEL(H A P>0.05) , AW = KRB LA R m 50, WA RGO AEDMEE, it 3%
PVA KRB EA 5 8 KILIBARAINGG S DB AR T AL A4 B0 AN SR HAEN § R IL B R e B4k,
(k82RO RE i SRR AR

[FESHEE] R776

N B SR A — R e (5 378 W] ) BE AR, 1 HIR
BRIRTRI 475, th 99% H)/K 5 1% R TCHLER i S5

125 W SRR AR I, B DT 4 5 = 4k IR 25 4, G b B
BEYRIREE 2N, Jn# RE S KR K> T 455, N
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POBR S BERCIR o BRI A 322 A BRIy e 2 S
PO JEE MR JeE D' . 4 i e B L R R AR R PN ARG A
M T B SRR R 2R, 24 A 3 I A A0 I e
I, A0 < O 20 D) ISt 348 A A 3 3 A R R g A
(proliferative vitreoretinopathy, PVR) | 3 A= %4 FR J5
AR i 975 7% ( proliferative diabetic retinophathy , PDR)
s IR RIS, T AT B IS AU RIR U)E 3 SR B3 14
IR, SCHEAL R0 L, £ 3k 400 o0 e i 751 52 o1,
FAEINRE, B LR BRI ZE 45

B (RS 32 254 T PR UK VEEK B
(silicone oil,SO) \F SO FI/KEE " . FHF IR
(SR ST EE A MR N AERR I [R) 8, 25 2 R i, B A %%
Gy B RAE . BT LA, R R 3% BN T3 8 A B
AR} B U b T —FP P MEIE R 1 H A . FKEE IS
HEA RAFROGSE P S PERE A= YA A1 s
EPE, ARG I RAE D, REARUF AU B SR 3% 3 AR 1)
Vi, W A N TR iR e &

AHIE ST N 308 2ok 58 R AR AT AN Rk B 1) 2R 0 1t
[ poly (vinyl alcohol) ,PVA | /K EERZ , (ARZMGI PVA 7K
FER DGR AR VR RE , PG HAE A A
VR EET N B ARSI R M RE 1Y — FlOKEEIE, IR N
SR S

1 HREH®

L1 ## PVA BREHME. L W RE R
(ethylene diamine tetraacetic acid, EDTA) g F 3%
Sigma 23, SO W TR E AR 24 A, B % BBk
B T L7 T A R T 2 R | /N BB 2R
AL (1929 ) W T Hp LU K 2= 41 i 22, DMEM 1 57 &
4T3 E Gibeo 28w, ff A4 ML W T AU 10 2= A
A, H/BE A T35 [ Hyclone AW,
1.2 FHi&
1.2.1 PVAKERBIFIE MEPVAKEN 1%
3% 1% (1) PVA JKIE, b B B 2 ARV i Wy o, FBI A
BEEL R, P y SR (Co™ R BRI 7 kGy , 7 &
N2 kGy - h™ )N AR AR A BRA D) 6 R
THEAAT 1% 3% T% =Fh PVA KBRS . WK EEIR
BRAZEE KPR 48 h, BRERSCHL PVA H
[LNERE =g
1.2.2 FeE¥BiaEm  iEE%: PVA JKEER ©
Sy IG SR AM-R] WL 43 5601 FE AN 55 7K 36 G 1) 355
TR PEARAE Y 380 ~700 nm, DL X B 7K AN R
Wi 3 U, BUAME,

JE G5 %L ( refractive index, RI) : 3% F] Abbe #7¢:
T, R 37 °C I 3 R, BUAE

TKETNEIKEE K — =/ PVA KEER R A
WEHR 37 CEBEF KPR hFREE - KEE
Jr i AR A 1k, B A B0 P A s ) B i (0o
m,) o SRR TV K E K EEC A 95 °C k4R Hh
P fEE, PR H PR (2 my) o I =0,

T, KR K = (m.—my)/m, x 100% ,
IKEERL TSR = (m, = my)/m, x100% .

pH A I 72 3% 72 i B 37 °C, R Sartorius HL,
pH THIU &, I & 3 K, BOP A . b R T L Ef
D ey D0, S T e L TR EE (322 my ) L
PVA JKEERFF AL S A LL B, IR B A 37 “CoKif
30 min, 5 B 204 BERE FE , PR IS L EORARE S
E R (N m,y) , SR )G F8 0 e T L, 8] — 5
DA RARFRZE K, I HH & (0 m, ) , 1% 1]
TRARIE  WLE = (my —my)/(m, —m,) x 10’
g " L o
1.2.3 RT3 E TA 24 F] AR-
ES-RFS Jit A8, ¥ £ B2 0 50 mm [ FH , 24P %
FER0.053 mm, A IRAS I EBOE Ry 37 C

A4 - R ] DstmSwpTest 2 5, 46 7647 %
MIHRBIAIAN 1 He T, Bl 35 W A8 I M 385 1, 1 A
(1% 3% 1% PVA JKEERE, SO, iEWIFTIR ) Bt A7
fi g (the storage modulus, G') K #E 145 i (the loss
modulus,G")

RSN BTY) Sy - K] DireqSwp Test F2)7 , A 4l Eid
DA R PR I R], e sy Y) 18 i 1. 0%
SNSRI F B E S 0. 01 ~10. 00 Hz, 6 4
A AR Y AR R, Bl iR A8 4k, H 67 67
A4 . S HTRESR Y G R G" LA e bk R A% ( re-
silience ,R) ,R =1 =277 tan §,tan §(FEHRZK) =G/
G,

IG5 A2 I3« 7 1) [R5 BT A, XA o it o —
MEEBIY ] 0y (0 =0. 1 Pa) K AL G BE A BTV
JI AT L 7 A8 A A O, A i 15 5 1R F s
[ 500 s, # BT R A X IHE . WAL J(1) =
v/ oo,y HEYI i
1.2.4 S HERE  Hl& PVA KEERE I
FEARST M3 240 (1% PVA 3% PVA 7% PVA) ¥+
G transwell Mz b %, F % 3 AT DMEM
gk, 3 iR 24 h 48 .72 h 4RI A .
MTT Lt a3 - O B0 K0 1929 4 i, il 1% B2
5x10° L1 20 i B, 2 70T 96 FLIS 374, B AL
100 pL, AR ELZSLS 1~ MM EE T CO,
EEFRAR R R 12 h, F 0 M0 BE JS, I AREAS (1%
PVA 3%PVA 7% PVA) R 200 wL, [F] 8% & 25
FIXS REZH (DMEM 41) , #BE et s Tl B 37 °C R
TR EL 5% CO, BiFeffirh , 25 5% 24 h 48 h.72 h
J& LN 20 wl(5 g - L71) MTT 3K, 4k 88555 4
ho /NGO R 3% 552 W, B LM DMSO 150 plL, 2248
P R4 S i IR AR A T 570 nm KR
D7 IR G BE (A) {HLo
1.3 SR T SPSS 13.0 SeHHARPEIE T
B, B it R X80 = drifE 22 38R . MTT Ho
R, AR EF] 5 OD B K AN 2H 1] OD fH LR
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AT MR N R T 25007, P <0.05 HERA
Gt AR

2 #R

2.1 XFEESYIEBMRE EL y-FTE R IR
ilAS =R B PVA JKEBERE , Hot2 Ay P g iy
Kozt B i35 1,1% PVA 3% PVA Fll 7% PVA = i
JKEERE pH (H 5 B AR BEIE AR ML, (B 2M T
1% PVA F13%PVA IKEERE, 7% PVA JKEEE R, L H
HBICR T B R PEIER S5, 5 K R 2 )
INFERBEIER, 1% PVA F1 3% PVA /K EETE &
JKF RIGEIEH pH E 4 7 mi#hiz i T A H
SRIFTE AR . VAR SE 510, 1% PVA K8 5, Hivk
3% PVA JKEEE, 7% PVA KEEIE /N o
2.2 I
2.2.1 G'FG" 1% 3% 7% PVA KEEE, 17 W i
FRENFN SO FrlAS i G'Fl G" W3 2, £ T35 %3
N, 1% 3% F117% PVA JKEERE TN R 6" ¥R T
G'(El1A) ,G" KT G"FRUY) it R HEAEE T

SO 1) 6" KT G, SO Fhtkrk e KT sk PERg,
R SO 2 DAZE BRI AR M B T Ak, BEAk, 75 BA i

FREAEY G = T 67, BRI ¢'-6" B — A
AR ESE G 6" KT G/ (JE 1B) o

®1 =T PVA KERK BAKBERLZEWE

P aE

Rl CESRBEEKLT 19 PVA KK 3% PVA KBS 7% PVA KK
Bk % 98.00 ~99. 00 98.90 98.10 93.50
Ik 2365 2017 1749

RI 1.3345~1.3348  1.3355 1.336 1 1.3425
B/ % >90 94.80 93.20 88.20

pH {§ 7.00 ~7.40 7.22 7.25 7.41
HE(p/g-mlL~") 1.0033~1.0089  1.0039 1.0144 1.1147

%2 1%PVA 3%PVA.7%PVA 7K5RE, ERKRER
$hA0 SO BWEH G'F1 G

FE& G'/Pa G"/Pa

SO 2.4+1.6 44.8 +28.3
75 W SR R 4 155.2 £147.2 92.9 £49.1
¥ Bl 1 A (2 2.8+0.9 0.7+0.4
1% PVA /K#EEI 3.2+1.1 0.8+0.5
3% PVA IKEEI 6.1+1.3 1.3+0.9
7% PVA KEEIK 106.5 +18.6 18.3£12.8

BEl1 1£0.01~10.00 Hz $% 37 CIET A 6’5 "o A:1% PVA 3% PVA M1 7% PVA REEIRE G'HIRT 6", 478 ZFbhR N
PERTRTEMBERAEYI BT B - B8 B DR A TEARIIR I 6-C" I B — B TEACUT G T 6 32735 W DR 412 S Ik 90 46 25 4
TR RE 32 2R DL 5 2008580 1Y GVR T 67, 3R] SO ZRTER T3, AR IR TERT N 32

2.2.2 tand —FUKEER B I FER AN SO Y tan
8 HHRM AU 2A Fin, KIGEEFME R =1 -
27 tan &, 5 AE R 2 AIG, Ll oy Rk s . PR, AR
I 813 S K /N 7% PVA >3% PVA > 1% PVA
2.2.3 SETSMAE  —AUKBERAVIGAS IR J (o) WK
2B iR o J (o) (EBGEA R K BRI (1) (BRI Sk T AR e
F7) e, WA 285 S 0] LA Y, 3% PVA 7K EER 1 I3k
BB IE AR RE S =5 T 1% PVA 1 7% PVA JKEEIL
LEO AR =K IS, 3% PVA K EEIS A %5 B AT
(RG24 TER R RIS, ZE 80 5 I g s A e
SETFT I 1% PVA 7% PVA JKERIEHE HE FIFE 4 A
SRYGESIRVERE , BE T Ar b ASE4Dl F SRBEBEIAR M DI RE
PEAN XL 19 54T 3k v 5 I 4 7K R IS P — IR
PEATRI , 25 5 % B 5 3% PVA /KEEIR G /Y G F

G'ICMI B . WSS GEHI (6.3 £0.9) Pa 32 /i
FREE(6.1+1.3)Pa, i G"H1 (1.2 +0. 8) Pa 23 4%
JNZ (1.3 £0.9) Pa, #2785 3% PVA 7K BEIE 203 415
HAER T 0 2 R

2.3 QREE AR FE 72 h 5, W5
1929 /INERBLET - A0 L () 25 K T 285 R 3« 5 25 %) IR
AL, 3 A (1% PVA 3% PVA 7% PVA ) X 24
MBS T W5 (8 3) o MTT L @S850 245 R 2
N, BEE R SR I R Y SE (24 h 48 h .72 h) ,3 HFEM
A IR B A (BB WE I (42 P <0.05) , 3%
B 2 M 2500 B 2 A AR 4G (32 3) 5 TIFE 24 h (48 h 72
h, &2 6] A (H R 22 R TG L (¥ P >
0.05,%3),%M 1% PVA 3% PVA 7% PVA /KEEIE
XoF AT A R, B RN R AT AR AR
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B2 1£0.01~10.00 Hz % 37 CIRET , FEA R [l J{MERE S MG ZVEREXS Lo A:1% PVA 3% PVA 7% PVA KRBT I W BIREH |
SO MR R 2o WUFE BRI FBAIG, L [0 3 DU sy , U ECHTLAR P BB AR o B:1% PVA 3% PVA 7% PVA JKBERCIRAL St , I WG] 384

FHAERETT,3% 1) PVA JKEEWBAL T 1% PVA H17% PVA JKEE

B3 Sz ExEA(A) AL, A 1% PVA(B) 3% PVA(C) 7% PVA(D) #HEHRZIEIHILRSR 72 hJ5 , %524 1929 /) BT 4E AN 2544 00

B34 A A IR AT A2 A ] (% 200)

£33 AEEEAX L929 /R AL YA RIEE R MBI R E (A) B

ﬁ’gﬂ n A24 h A48 h A72 h ’:j E"quﬂjﬁ F {E P {E

25 N R ZH 5 0.370 +0.047 0.998 +0. 135 1.342 £0.201 0.904 +0.437 86.924 0.000
19%PVA 4 5 0.327 £0. 064 1.012 +0. 098 1.289 0. 191 0.876 +0.435 112.089 0.000
3%PVA 41 5 0.336 £0. 036 1.032 £0.028 1.379 +0. 164 0.916 +0.458 568.910 0. 000
7%PVA 41 5 0.324 +0.077 1.021 =0.081 1.262 0. 149 0.869 +0.424 102. 106 0. 000
PEN RS aLlEN 0.330 +0.074 1.010 £0.098 1.320 0. 148

F {4 1.319 0.302 0.510

Py 0.234 0.894 0.789

3 Wi BB PYA KU A o5 AR TR E O R g

FAR PO BB AR B B LR RERE 2 (1)
RAFHDEATERE. (2) DIBEVERE . B IRIE T A AR BE
B, AR SRR PN FK, HoA T 51 SR A
(RS, LA SCRERL I, i 2000 I 5 114 A ) 52 7
XSS IR e o (3) R P RE - YEBURRE , T
A 25 55 T RE 5 REAS T 52 HOCCBE S v B , T I ]
TESFEANIEE . (4) EFRIRE  BEL s R Y
TR A LE R IR N RS AR S 5 . (5) A9
FilE B RAFAE YA AN 5 R SORI i Lk
FHRIETEMEA . (6) Z4RAFE TR figd 1 1 Y
DYTESTEAHR P, ELE S 5 R AN B2 ) 4 2
P B ATE

PVA J2 i SRR I £ T 7 A 1T Jl ) — T K o

SEVERE KPR IR AR T )32 T IS 2 40
DN Q=0 = INE2SE 7/ k= A NN 1 N O e
A RE AW BE 2 21 PVA KR SR
A KRR, BTG P AR VA T 0 AR M B
POIRBLOT 97 5 75 B, TR SR BB R & 1>
[ B} IR A A e A A S A AR PN 309 38 70 1) B
Rz,

AW T y-514 (Co™ ) 7 HATL S 15 3 = Fh
PVA JKBEERE o 38 Kt Fb & B, 1% PVA 7K EE e Al
3% PVA JKBEIAE £ /K % 35 6% R pH {8 LA & 1
)5 RPN S BT, TR A
REJT T, G Ao B B M i 25, 6P AR
BEEPERENSE, G RTF G R R B R
Jit. 1% PVA /KEERH 3% PVA KEEREHT G' ¥R T
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G WLAKEEIR R T IV BB, I8 F 1% ik = 2 R 4%
SCHR LR , T 3K — 2H 118) 6 Je DA o 2 e o 1) B
BRI EE M T, B RN G5 i =
T G ARSI G -G B — 38 s, R LG
G"RKT G B YIRGEN T L2 8 T 958 M 25 5544 4T
SREUABEYE S 1L BT L, MBS B 7 TR R
SO Filizs W ot R M 35 A J2 47 1) B8 38 A B A i ik
8k

PAFER 2R (tan &) UFRIFE A, S S e o] 3 14 11
FEPRZ —o FFE R 28, [l M /N 4506 R 25
1%, FEmI g Pk iR o 17 1% PVA 1 3% PVA K EEIE
FHELHE 3% PVA ZKEERE 1 [ 88 E A0 F 1% PVA 7K &
JIE , — A4 v [ 5L P b ARk A B B AR K R A
HOHLBRIERE "

IR TERE R R S 45 T —E MR B E, B
RHETCAR K EE A — K T AL B L 7
LIPS 7 — A BRI Sk K A2 R 2218 R &R o
Wk o e e 7 = R 3 Ao 3R S W 43 [ A S A A
JIRBE IS B L ST I £ A b T, 7 A
FEMIBTYIN J1 T, GRS sk i 1 5 e e — A
LIRS PR R o J (o) 1R R K S 1) Ik ) 5
PEBRLT, B 3% PVA K BE S ) #4E & F 1% PVA F
7% PVA JKEEIE 5 FH I 3, 2% 18 53U i 1o 1) 4 52 1) (1]
FE, UGS B (A e ) s el st AT 2 3%
PVA JKEERE I 2P B2 4 F 1% PVA 7% PVA /K
BERS . VE MBI AR Y, EANFEA R
B ) B ok S AL IR R 1977 L 400 X B 5, ] B s 22
A H T BRI SE R B 1 1 b, K R kR
IFEH

2 T W A T SOk AT B AR N I T R
IREERL Zead B Sk TR 5 I 2SI X 45 1) S Bk A 23 R i il
NGRS TCE B R A Y £, S BUKEER S
FREIR , B P B R K BRI, FRATTHRF 3% PVA 7K
B2 19 5 SO B3k v 4t 5 Bkl & H 6" fn 67,
3% PVA IKBEIEAS 25 R 1 G 3 SOH 254 1) K IR
0™ B 450 T LR R

TEAE YRR S T T, A A 3 T A0 e 4t A A 40 e
BEPEIIRER 3% PVA 7K BE TG BH 08 5 58 41 i ) 1E
SEHRE) TG S A 40 ) 1 B D A, R R
RIS . RIL, 25 HOR 2 BRI A 2F
TEBE,3% PVA JKEECH A 5 B 8 3% 55 R AR L 1) 2%

JE EER RLIA RIS XARE T K, B
A SR AR HERE LA 2 B SR 58 1A iy 75 1 S A
R, MIERNIF R — T 3% PVA JKEEIR
VE R BEES R 1) 28 Pk A ROvE Fnfe e PR 4R 1L
WA

&% 3k
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