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Effects of proanthocyanidin on human retinal capillary endothelial cells
proliferation and VEGF expression in high glucose environment
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Abstract: To explore the effect of proanthocyanidins on proliferation and VEGF expression of human retinal vascular
endothelial cells cultured in high glucose environment. The proliferation of HRCECs was detected by MTT colorimetric
assay and the expression of VEGF was detected by immunoblotting. The results show that compared with the low glucose
group, the number of HRCECs in the high glucose group was significantly increased. Different concentrations of proanthocy-

anidins (200,400,600,800 pg/ml) could inhibit the proliferation of HRCECs and the expression of VEGF in the high glu-

cose group in a concentration and time dependent manner. The results showed that proanthocyanidins could inhibit the pro-
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liferation of HRCECs induced by high glucose in vitro.

Key words: procyanidin; diabetic retinopathy;

W PR G A2 — i U 08 P , LN FRUE R R

8. 5% , HH PRI 9% 42 (diabetic retinopathy , DR)
HH WIT RAE Z —, 2 35% W R B 52 H
i), 7% AR R0 7 2 BB . DR D R 4 0k R
DR R 1ML p 72E , — 3R 1) A 3L AR A0 AN ASLXT AR o) B s
(s b 2 B M. BR T A I BRI
I A PR BB A= I 3 3 A AL R ) OB 5 4
R R B BE K b ( DME ) 5 2 B U 95 400 090 5595 25 1)

oS B #1:2019-08-29 ; & B B #7:2019-12-30
* #{E1E4& , E-mail : penghuican@ qq. com.

human retinal vascular endothelial cells;

VEGF

— IR, B AR A I S A T, D R
A2 L ISR SO0 0 A4 i AP 1Y SRR KT
RES L JFEAET Z (procyanidin, PC) JE 1K
BrhEENZmARY) I, BA S & K P B
HNL IR PR EZAERD . R, RAEE R
AL A P9 R AR 4 P ( Vascular endogrowth
factor, VEGF) {55 & 5" |1 VEGF I Jl 3 i & 4=
B TEMG & & FMZH BB 0548 52 5 7 vhy X 8 6
A A BB BGER E 2OCH ZE R/ 7R R e R
H, R IR K & S 80 2 AR R R
VAT, B A O I R 2 4077 A 8 S A Fn AR



156 Medical Science Journal of Central South China,March 2020, Vol. 48, No. 2

WA TEE TR A D RE AT | S8 AT A Bk A2 4K 5)
(9 VEGF 73 WA 35018 FIAH 22 240 i 04 T O 2B 1L 4
LI 388 375 4 e, MTRT 3 20 DR AH OGO R AE
M2 T IR P 45 25 B i N B AR KT (At
VEGF) AIA7 L 1 57 0 7 45 3 P M DR B 190 I g
AR b HR B DR 95 B BE K I (DME ) ', I it i
VEGF 25l BAIK DR GBI A A 38 HA I A8 A
AT AE AR L LIRS h A BIESC T AR A
FEH FARE S DR A HIL ], A 5246 I 57 14
HMEERIR AR AL T 28 X A D 15 37 089 AL 190 1T
BN B A0 ) 5 AR 5T R YT DR 2SI
ARIE

I ARG %

1.1 FERA

G2 LVE A H - sigma 23\ 5 JRAE T A H AR DI
A R R RS W Pt N VEGE 14K B-
Actin LR RHTA vWF BB Alexa-fluor 14 H
Proteintech 2 7] ; R 2K F B B 32 [E sigma A Al 5 &
Wi SR (High glucose DMEM) I H Gibco 2 ; €
WA (MTT) A1 — B S5 R ( DMSO) 1 H Solarbio 2
F); RIPA 20 H 2 = KRAEYA R w5 SDS #
5xSDS REZE mirg e F i AR T A9 TREAS RS
Al VIR F- A0 R B R BT AR B Proteintech 23 ] ;
PVDF il [ At FIRHE AR AR A F]
1.2 Hi&
1.2.1 HRCECs #93% 5~ THFRZHRG A
BERA G HE R IR R , 1Y 2 38 36 - 17 89 FFHR 8K, 76 2
TS T, {68 FH S B o e ) OO ) S o 22 22, 42
THAL BYRE 2105 DE AT U8, 20k Ak I B0, i
LML, A 2B MR SR (AT 10% Ji 4 i3
100 uw/mL FH 8K 50 w/ml K KER) IR, /T
RSN B HE T 5% CO, 37 CHEFRAE NG I 40
L, AR B 200 e A A T DA, 29 1 ~ 2 KA 1
WK, T2 A0 T O I A8 PN B A R 5 R T
W R A A R R A T 4 e s B TR K T 80%
7 B SR
1.2.2 HRCECs #9 %2 i 5] E AH 25 1 {0 0L
%X HRCECs B4 KAFME DL OB BHRIE B8 KR ES
R4 A0 20 A 5 W R B 24 4. 510" 4~/ mL
{14 240 M BRI, K JE P 3 B T 24 FLAR DY, AL
il mL, EIEFEA SR FrAEEIC B A S PBS
EEVRANAE 2 3, A 4% 2B B EEE 2 30 min, PBS
TEUE 3 3l JE I ASE VI 7 A0 PR b ik, & T 4 C

W Rk, R LR EVE IR, A T HUR AR
JE BV R, WA LRI R ERIE
1.2.3 Z%pi ARSI LN TL 4.
ECME XS REZH (RS MR A 1 g/1) s TH 41 e
TR (B N 4.5 g/1) s T1 2H ; mifE+200 wg/
mL [JEAETE R ;T2 4. ® B +400 we/mL 1AL
THRA;T3 4. & hE+600 pg/mL 1Y AET R 4H ;T4
4H . EBE+800 we/mL HYJFEALTE K4,

1.2.4 MTT %+ HRCECs ¥  BU% I R IFRY
A, 355 BIEWE A 0MA 1 mL SRS R 1
mlL AR 25 W, T A 40 A A8 V5 5 HL 3 Rl T 96 fL
M, 6L 200 L, 4 40 5x10° 4~ RILEIAE 6
Ao AR S AN EAL,96 fLAR B S L H
AREFRIAE R 2s AT B DAE V&l Wi 28 %, 1%
S U B B 35 % 5 R, B TRE I 4 1 SR AR T R B
FH i W % R TR S0 T 0 R B e S8 A AL n 24
TL ZHEfLINA 200 WL fEBER SR TH A AfLIA
200 wL EHERE SR T1-T4 20 4% 18 P v W 05 35 W e
FEUF 0 JFAETT R U2 43391 A (200,400,600 800 g/
mL) fITA 96 fLH , 5541 200 WL, BFHAkSE 5 555 53
%24 h 48 h 72 h, FFAEAFLINA 20 pL () MTT #
RIS, AR S35 F7 4 h B G TR SR 5 ] PBS ik
3, B EFLINA 20 L 4 DMSO %W, 8% 10
min ZH 58 055 Al Al 5 96 FLARI A Tl 5K 562 i
TS, BEFEIE K H 490 nm , 10 55 45 5 5 A 4 2 3t
AT R = S 4H (T1-T4 4H) F-25 0D fi/ %}
HEZH (TL TH 2H) F-34 OD 18 x 100% ; 2 H 417 41 % =
(1-3C5654H OD fE/ X B2 OD {H) x100% , VA b4
R IR A R R A

1.2.5 &8 % & 7 i % ( Western Blot) #& |
HRCECs # VEGF &k MU0 IAE R T vk, 5

O PR L 7 2 0 W 3 ol v 3 % R AR
WS FR IR 25 Bk BE N 4. 5x10* 4/mL 19 20 i &
W, BT 6 FLAR, B AL 2 mL, 5535 BANAUBE . TL
21 FUIAIOBERE F2 3 TH 20 A &5 0 1 205 T1 -
T4 214 B A6 T 2 Uk B2 49 51 >4 (200,400,600 , 800
peg/mL) M SRS FR 0, A4 2 R AL, 557
%24 h 48 h 72 h JFHGEHTHEE M, HEAFE
s FE o AL 1 R R TR ) — MDA 5L 20 L,
FH—FLIMA S L mark M 15 pL {RE W AE Miric,
LI 80 V H R HLIK 2 30 min & mark ZL BhRic g
P, B LR AR 150 VLK 30 min EARICLE]
TREEIE T S o LAAR 11 43T AH G O A, o s 7
SRR G S B PVDF JETF 8 1% T TBST
IR B TRERD , P 5 5% Wilg 4= W5 19 TBS



P EFHERE2020 43 A% 48 EH2 M

PR ZE b MRS 52 2 /N L PVDF 4
1A TR —PUCE 4 CURFE IS 5 — RBUT
A TBS FHEIR FigHE 3 ¥, AKX 10 min; FERRBUH
WIS A ST EIR TS 1 /D, E T 40
() PVDF A TBS WUk 3 ¥k, AR 10 min, 7E#EGA
PF TR RN e HE A8 G 1 RS2 P, FT T Image
lab B THCE B W5 IR AE B F
1.3 Sit=4biE

fliH SPSS 22. 0 RGEHATH I BT, A LI EL
LA xxs T, Lh P<0.05 REZEF A G I E L,
FIHT LSD 5 ik bb 4 21 18] ¥ %, 50 R R J7 22 o
(One-way ANOVA) b Z 4 [ %K

2 &% R

2.1 HRCECs RIEHFMEE

J7A% HRCECs 7£ 5% CO, 37 °C FREz (55 3744 N
KEFR— R UL 240 6L T G W B A A A £
BT A] L Ry e AR AR IR A 2 R e B A
R 40 A PRS- DA, 17 A M 45 5 — ZE G )]
IF, 2% R B Bk /b HRCECs 524l 1% 1 R i 6
FEFRMUEHE (1 1), I B M 3 i o IR %,
JFAC HRCECs T LA 1.2 HBIBLEIFR1E10, 29 1 ~2
R LA, O B0 1 I 40 i A 1 550, R ¢
SR bRIC 5 VA A B B R 0 & 5 1 A0
DO JBS 1117657 PAY B 240 D 1) 4 3% v AT DL B A (1 5T, TR
R MR, A LA BRIE A (181 2) o IR KRR K
A HRCECs 83,

1 HRCECs % ZE 14 X (200x%)

2.2 HRCECs i3
¥ HRECEs 4004280 T 96 fLARIE I, Bkl 5

157

B2 HRCECs ®EKHEE(100x)

Xof BRZH (AW 20 ) =2 1] P, Tl — 3% 77 sk ) g, AIRb
2 HRCECs £t #/N T i 20, HPR 40 WO 2 (i W
(#1.1) ;HRCECs 441 24 h 48 h 72 h ¥ 35, A
[vi] e B2 J AE 5 K (200,400,600 800 pg/mL) + =5 4
AN TRV ) Z 0] W 9 L35, B 2 T AL T 25V B T i
X HRCECs il A= 54 n, 25 % HoA W5 M 22 5%
(P<0.05) ; HAZ A — ¥ B2 iy IR AL T R T HisE 3R 1y
HRCECs , HC A i 10 ] 52 it 45 245 ) 1 350k 18] 1249 38 Jon
T TEe , HAEANMOG R (S A im0 (R 1) o

®1 FREIRER PCIMEINBHEINE FHEFREH

HRCECs 138 850 (n=5)

A490 ﬁ
415

24 h 48 h 72 h
TL4  0.4038+0.141  0.4286+0.004  0.4576x0.007
THZL  0.6274+0.009°  0.6598+0.004*  0.6934x0.006
T1ZH  0.5798+0.007"  0.5498+0.004>  0.5244+0.007"
T2 20 0.4828+0.013"  0.4386+0.002"  0.4062+0.009"
T341  0.4290+0.062"  0.4014x0.005"  0.3602+0.006"
T4 41 0.3965+0.004"  0.3688+0.003"  0.3114x0.006"

5 TL 44 He#8,*P<0.05 ;5 TH 414, P<0. 05

2.3 AEREPCHEIISHERETEFTHN
HRCECs 1 VEGF RiZ IS0

o FH A 5T B 28 B3 7 ( Western: Blot ) A il 4%
SCHG AN[A] 43 41 HRCECs ' VEGF B R E BN 1)
HRCECs 283 [A] — I} [a] 35 77 J5 , & i 41 HRCECs
VEGF B3Rkt KB & TR AL, FL8 (1 4541 K 2 A
B AMEREAREER, AGRITFE L (P<
0.05) ;2) HRCECs 7£ [d]— 55 3R I E] R, A [7] 9 8 Ji
£ % (200,400 600,800 g/ ml.) + 5B 2H A [7] e



158 Medical Science Journal of Central South China,March 2020, Vol. 48, No. 2

JEE 326 1] 9 L #5, HRCECs 1 VEGF 136 i 12 Fifi
FIRACTH R T E AR, 25 R B B R
(P<0.05), HAZ R —REM AT R T 571
HRCECs, H: VEGF (31K it 45 254 T Tihst i) fry 3
ImiREAR, (&3 ~5,%2)

T1 TH T1 T2 T3 T4
VU - - - — 71
p-actin ..“m 42kDa

B3 ARREIRE PC X SHERE TiE5E 24 /B
HRCECs # VEGF Xi%x

TI TH TT T2 T3 T4
VEGE s QD G s @ w7 kDa

B-actin g G el amen o a2 kDa

B4 ARREIRE PC X 5HERE TiE5E 48 /IE
HRCECs H VEGF Xki%

Tl TH Tl T2 T3 T4
VEGF 4 4 A M e am )7 | Da

p-actin s SN . a— — — ) D

B 5 ARIRE PC W EHERE TS 72 /At
HRCECs 1 VEGF EA XX

R2 REBFRXSHE 24.48.72 /N TRSMEFRH

HRCECs 1) VEGF Fix (n=5)
VEGE HyAEX B BE
415
24 h 48 h 72 h
TL 0.31520. 003 0.32120.001 0.33520.002
TH 0.718+0.006°  0.818+0.005*  0.891x0.010*
T1 0.6940.004">  0.643+0.003"  0.588+0.006"
T2 0.662+0.003"  0.570=0.009"  0.489+0.008"
T3 0.418+0.007"  0.355+0.004"  0.276+0.003"
T4 0.346+0.020"  0.264+0.004">  0.185+0.001"

5 TL #H H#,*P<0.05; 5 TH 41 4, P<0. 05
3w #®

DR 9 % L 18 oA 56 42 15 4E , e LW 2 4R )
L HERBINER AR B 70 T LR DT ST R R
KB DR WY R A K 52 Z P55 T, AR AL B
SRS LR AT MR 22 R S C O |

2R % ) 3 B BTG L A0 IR T A R R B 4
Hop VEGF J2 /5 A 8000 42 148 A= ml 4 it B 7,
VEGF 19335 iR, al 5587 A= 18 B 38 i
BB FECW MR LB ROR R i A )
TE A B B ek 2 AR DR Y & A & R it R
AEWHEEWIEN, TG, RAE T 5P
W PRI HL R S 2% ( PDR)) |, 50% 1 5B 30 7E W02 5
SAEP BRSO, X PDR MR ST B AR Lk &
2. Pt VEGF 25%) H i &5 Y7 DR Jf & 4E DME }
A HR RS A 1 A 3 AR A A v 24, T L i af,
BEWNEAERK AT (VEGE) M{E 5145 iF S imeE
W AIEIE T . ABFFRFIH PC T RS 37 5 b
RS AP0 5 PR s 440 i %5 7 ol R, L8 HL ] g ok
DR MIIRIT R

OISR T MU S - B L R BT i 2
FT, 7 A o 0 76 P 280 (ROS ) |, 3 35040 il 75 % A1
SR AT A A 400 90 BB 200 i I 2 PR
SN P AR DR s R D) B A 1) A K R vl
WA TEVF 22 55 08 DRI AL 19X S5 28 2 R A O 1Y
SH e AR T AL E N B PR AR
WSS 1 ROS 38 T s 3441 46 200 B PR 7 B4 il , A1
W T Z2 T 30 % 1) A AR ) R [R] )5 350
IR J5 A 2 40 463 4, e L 7B 0 o A 4 0, 9% E AR AL
RAE ALY TR AR | 1 2L 5 E 4 AL -5 P Kz 41 i A4 0
1 8 Al 0 200 i =2 ) % AR S A EVE ]
1 A 1] 53 A 5 A% T i AR O U5 o A 23 A 0
I fi & A AR 5 PC AT LUE i 8 ROS Byt
JE A, R v A S L P U LA A T
BA RSN A b fbe s st mF5E &k 81 PC
A ELEEA ] i 7 A= K PR 32 AR-2 S 1 3 1 BN
B At A AR R PR 2 A A o R TR AL R
TR T A1 20 I A A, 0 i L A5 P B 4 e
HFE RS S T 2F . NF-kB 55 H B AEE T
Z U AL F3E 78 09 o F2 v, PC 3B R I NF-kB
(2R K ] NF-wB A5 5388 5% A 005 248 1 410 i)
MMAI " A ST R AL W T
HRCECs i i i 554 fin 5 B 52 [7]— & B2 1 )5 A8 5
K537 1) HRCECs, H A0 i 3 4 i & 259+
U (] A3 i A, X HRIR PC XS FAARS =
RN E 519 HRCECs B9FE AT M VE A, HL 22 A ] -k
JFEHCHSE: .

5—J71H , VEGF [P 5 2R 22 500
JERI Y bR B, AL ERERET,
HRCECs 1 VEGF & 1k X Ho AR R85 0 8 354 i, i
5GERAE PDR T, m BES R F) VEGE /K- T



PHEFHFERE220 3 AF 48 EE 2 8

Sfel S A LA A T AR R A R R — A
BN E A8 B T R0 i A A i, VEGE 1l fiE
WS g oeitED ) JE— L fE % DR B E M
J1. L, VEGF J2I897 DR K £ 5 25 B+ Fill it #1
AT ARSI A BB HRCECs 7 ] — 8% 33 I 7]
T, VEGF My3ik bl I AL 75 22 Vi BE T M B AR
H Az [l —ue B i I 4675 2= T 4% 572 1) HRCECs, H:
VEGF 3% 3k i B 25 245 ) 1 100 1% BsF 1] £ 38 o iy
ik, BB PC AT LA w155 7 1) VEGF YR58,
A GEVE A —FhPT VEGF 25925 DR AT .

S0k

[1] POCHOPIEN M, BEIDERBECK A, MCEWANP, et al. Cost-ef-
fectiveness of fluocinoloneaceto-nide implant (ILUVIEN (R)) in
UK patients with chronic diabetic macular oedema considered in-
sufficiently responsive toavailable therapies[ J]. BMC Health Serv
Res, 2019,19(1) :22.

[2] SHAH CP, CHEN C. Review of therapeutic advances in diabetic
retinopathy[ J]. Ther Adv Endocrinol Metab, 2011,2(1) :39-53.

[3] LIU D. Effects of procyanidin on cardiomyocyte apoptosis after my-
ocardial ischemia reperfusion in rats[ J]. BMC Cardiovasc Disord ,
2018,18(1) :35.

[4] WANG A, LEONG D J, HE Z, et al. Procyanidins mitigate osteo-
arthritis pathogenesis by, at least in part, suppressing vascular en-
dothelial growth factor signaling[ J]. Int J Mol Sci, 2016,17(12)
:€2065.

[5] BANDELLO F, LATTANZIO R, ZUCCHIATTI I, et al. Patho-
physiology and treatment of diabetic retinopathy [ J ].
ActaDiabetol, 2013,50(1) :1-20.

[6] PANDEY SK, SHARMA V. World diabetes day 2018 battling
the emerging epidemic of diabetic retinopathy[ J]. Indian J Oph-
thalmol, 2018,66(11) :1652-3.

[7] VARMA R, BRESSLER NM, DOAN QV, et al. Visual impairment
and blindness avoided with ranibizumab in hispanic and non-

hispanic whites with diabetic macular edema in the United States

[J]. Ophthalmology, 2015,122(5) :982-9.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

159

MENG W, SHAH KP, POLLACK S, et al. A genome-wide asso-
ciation study suggests new evidence for an association of the NAD-
PH Oxidase 4 (NOX4) gene with severe diabetic retinopathy in
type 2 diabetes[ J]. Acta Ophthalmol, 2018,96(7) :e811-9.
FOGLI S, MOGAVERO S, EGAN CG, et al. Pathophysiology
and pharmacological targets of VEGF in diabetic macular edema
[J]. Pharmacol Res, 2016,103:149-57.

KUKAT A, DOGAN SA, EDGAR D, et al. Loss of UCP2 attenu-

ates mitochondrial dysfunction without altering ROS production and

uncoupling activity[ J]. PLoS Genet, 2014,10(6) :e1004385.

DURAISAMY AJ, MISHRA M, KOWLURU A, et al. Epigenetics

and regulation of oxidative stress in diabetic retinopathy [ J].

Invest Ophthalmol Vis Sci, 2018,59(12) :4831-40.

SANTIAGO AR, BOIA R, AIRES ID, et al. Sweet stress: coping

with vascular dysfunction in diabetic retinopathy [ J ]. Front
Physiol, 2018,9:820.

WANG L, ZHU LH, JIANG H, et al. Grape seed proanthocya-
nidins attenuate vascular smooth muscle cell proliferation via
blocking phosphatidylinositol 3-kinase-dependent signaling path-
ways[ J]. J Cell Physiol, 2010,223(3) :713-26.

ALAAELDIN AH, GEHAN HH, HANAN ME, et al. Molecular
characterization of the grape seeds extract’ s effect against chemi-
cally induced liver cancer: in vivo and in vitro analyses[J]. Sci
Rep, 2018,8( 1) : 1270.

ABRAHAM S, YEO M, MONTERO-BALAGUER M, et al. VE-
cadherin-mediated cell-cell interaction suppresses sprouting via
signaling to MLC2 phosphorylation[ J]. Curr Biol, 2009,19(8) :
668-74.
LV J, CHEN MM, MU ZH, et al. Intravitreal bevacizumab in-
jection attenuates diabetic retinopathy in adult rats with experi-
mentally induced diabetes in the early stage[ J]. J Diabetes Res,
2018,2018:9216791.
VED N, HULSE RP, BESTALL SM, et al. Vascular endothelial
growth factor-A165b ameliorates outer-retinal barrier and vascular
dysfunction in the diabetic retina[ J]. Clin Sci (Lond), 2017,
131(12) :1225-43.

(AL%p5 . ReF)



