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[(BE] &5 KEBHFAEME (CNV) EFHEHIREGKGIE M EEERE, i XA %Mty
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M FE B-CD AW, A S Al ZXF KRB CNV WMEIER . A& R 0% W 45 fl i % B-CD
£ AU A o il 2R TR I 8 AR W P Rl B R K AR R . R T BB ML S R IE K 32 HSPE G i B A
Brown-Norway K fR 43 0 15 5 X MR A0 %ot MR 2 il jle 28 AL R Jz 8 B-CD 41, A4 8 o SR S ik A
RIS BB i e 2R AL Kbl B 2R B-CD 2K AT IR TR AE CNV BB 400 ) 5 O 56 4 K Ak A 2 3% 4 il j2 R B-
CD 21 A BUE N 43 313 5 20 mg/ kg Aill 2 28 AR [ o o ok B Al Je 38 0 B-CD W& W, B H 1k, 4L 4 JA M
R0 B2 R BRI T 13 4 45 A8 B DMSO, 23 25 15 46 4 Ji) 22 B T i K U A 9¢ O R 5 0 TR I8 A 2R
(FITC-D) , il £ Bk 45 B4 R 00 K RO i B A5 2 K SRS 36 BIR 43 85 1 0 I JIEE €2 36 1 12 ( RPE) — ik 266 IS -
PUBEE AR AR A, 20 9] 5% 52 6 98 )6 5 H PCR J Western blot 2 K I AR 7 20 40 b 1M 3 P9 B2 4 KX 1
(VEGF) R L2 (COX-2) @iARMEMLEE (-3) Wi (PI3K) | 3 B2 1k 22 24 J5 3 16 25 11 ¥ ( p38MAPK) | ik i
& EBE A (MMP) -2 MMP-9 mRNA R HE LW LB, HR ML RS B-CD WH )5 K1
FERLIR 4R T 11,8 £, BTG HEAL bl R R 4 M il f2 R B-CD 41 CNV 18 FH43 51 24 (34. 56+1. 67) ,(20. 90+
1.47) F1(13.20=1.38) x10* pm® , Hli 2 2 41 Ml 2 % B-CD 41K B CNV i AL /N T 408 % B 41, 22 7 94 4
I3 M (1=3.973,P<0.05;:=5.532,P<0.01) ,hl fZ 3 B-CD 41 KBl CNV RN Fhl 2 R 41, 25 7 A Sl
B (1=3.605,P<0.05) . IFH %I BEAL A iz Z AL FIAH i R B-CD AR A4 VEGF ,COX-2 PI3K  p38MAPK |
MMP-2 MMP-9 mRNA J FL7E 14 AH 6 2 35 b B A1 T A8 00 0) IR AL, 25 5 39 S 12 720 L (35 P<0.05) 3 Al 2
# B-CD dlpA 41 4ih VEGF Al COX-2 mRNA K H B [ (M 2k R B AL F i 24, 2 R WA SIT¥ 8
(3 P<0.05), £ MR FE L B-CD 4 5 K M 2 R I, FEXT KR CNV i 3 R A R 2
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Inhibition of naringenin complex with B-cyclodextrin on experimental choroidal neovascularization in rats
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Hospital of Nanjing University of Traditional Chinese Medicine ,Nanjing 210029 , China
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[ Abstract] Background Choroidal neovascularization (CNV) leads to blindness in many fundus diseases.
Study showed that naringenin suppresses CNV ,but it presents with poor bioavailability because of its poor solubility in
water. B-cyclodextrin (3-CD) can increase the water-solubility of drugs, however, whether the inhibitory effect of
naringenin on CNV can be improved after clathrated with B-CD remains unclear.  Objective This study was to
compare the inhibitory effects of naringenin with naringenin/B-CD compounds on CNV in rats. Methods

Naringenin/B-CD clathrate compounds were prepared with saturated solution, the solubility of naringenin in water was
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calculated based on standard curve. Thirty-two male Brown Norway rats were randomized into normal control group,
model control group, naringenin group and naringenin/B-CD group. Laser-induced CNV models were created in the
right eyes of rats from the model control group, naringenin group and naringenin/B-CD group. Naringenin and
naringenin/B-CD clathrate compounds were intraperitoneally injected at a dose of 20 mg/kg in the rats of naringenin
group and naringenin/B-CD group since the day after modeling, respectively, once per day for 4 weeks, and equal
volume of DMSO was injected in the same way in the model control group. Fluorescein isothiocyanate dextran ( FITC-
D) was injected via rat hypoglossal vein for the preparation of flatmounts of choroid in the fourth week,and the areas
of CNV were measured and compared among the groups. The retinal pigment epithelium ( RPE) -choroid-sclera tissues
were isolated from the rats, and the relative expression levels of vascular endothelial growth factor ( VEGF),
cyclooxygenase-2 ( COX-2) , phosphatidylinositol-3-kinase (PI3K) , p38mitogen-activated protein kinase ( p38MAPK) ,
matrix metalloproteinase ( MMP) -2, MMP-9 mRNA and their proteins in RPE-choroid-sclera tissue were detected
using real-time PCR and Western blot.  Results The solubility of naringenin in water increased by 11. 8 folds after
encapsulated with 3-CD. The CNV areas in the model control group, naringenin group and naringenin/B-CD group
were (34.56x1.67),(20.90+1.47) and (13.20+1.38)x10’ p,mz ,respectively, showing significant reduces in the
naringenin group and naringenin/B-CD group compared with the model control group (¢=3.973,P<0.05;:=5.532,
P<0.01) ,and the CNV area in the naringenin/3-CD group was significantly smaller than that in the naringenin group
(t=3.605,P<0.05). The relative expression levels of VEGF,COX-2,PI3K,p38MAPK,MMP-2, MMP-9 mRNA and
their proteins were significantly declined in the normal control group,naringenin group and naringenin/B-CD group in
comparison with the model control group (all at P<0.05). In addition, the expression levels of VEGF mRNA and
COX-2 mRNA and their proteins were significantly lower in the naringenin/g-CD group than those in the naringenin
group (all at P<0.05).

Conclusions The naringenin/B-CD clathrate compounds can improve the water solubility

of naringenin and enhance their inhibitory effect on rats CNV. The inhibitory effect of naringenin on rats CNV probably

is associated with anti-inflammatory pathway.
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TISEE R (H A BAKE 2w s SMA4000 55 4/
A WG E BT (S Merinton A H] ) .
1.1.2 £ SPF 2% 4 5 IfE P Brown-Norway K
PR (b 4 d F) A 28 w] ) 32 L R it & 150 ~ 180 g 5K
56 8 Wy ) i F A SR BEDE ARVO
1.2 ik
1.2.1 iR B-CD 45 Wi il 8 B /K ¥ fife 2 0l
M R B-CD & EE R LG 1 1Y Lo ME R AR, S48
Al B2 T £ WV L G480 A S JEE R iR B-CD
TR RIK I W 2B+, T 60 °C R 44 30 min, 455 11
POk RE S h, B RKEIR G 4 CYe L 7 ,0. 45 pm
AL DB AT 8 o DRI V8 VR TR L T4 24 h )5 153 3
RlE R B-CD By Aol ith £ 00 7E 475 90 v il B¢
RAEK PR
1.2.2 R CNV BRI a2y RATREHLECTY 3=
T8 R0 g 1E R BR AL SSRGS B2 el g < 4L A
KR B-CD 4, 8 H o BB XS B4 il e 2% 20 %
Mg R B-CD KB, 4% 50 mg/kg 1Y 77 it 54 1% 7 AL Y
TE SRR, LAAS IR Ry S 36 R, ] BT 45 43 %K 0. 5% 4Gk
¥ 55 R R 2% AU B U R T S BT A T AR O S IR B e
K K 568 nm (9 50 B OL, 76 120 D & ] Hi & 52
LB 2 ~ 4 AL EAR A A I IR i A (1] R 8 AR
FOCEES AL, EREE ARy 100 pm , BESGIF[E] 0. 1s, 2
150 ~ 200 mW, Brach 5 # 5 @ J5 7 2B /N I AL
A ROCEE R, PR G EE T A LI IR Ik 2 1535 3 5 4% i
LA R B I 2 Bk b 7 A I K R B o Al Bz 3R 4 A A B
2R B-CD 2K BT R R B GEE G 2 5l T 1 M T 5 Jo it
IR 2% Ml B R 2% Al B2 R OB-CD (L & ¥ (B LU
DMSO Jg ¥ I8t ) , 57 5 240 20 mg/kg, 52 78 %05 18 20 K B
LRI 7 S 3 25 2 i DMSO 45 FI 425 1 3K, He S8 4
254 4
1.2.3  Jk# G R AN & CNV mAR s 4
S & AT 3 KRR, & T # Bk U T 5T & 4y 5K
10% FITC-D 0.2 ml, {04} 1 h Ji5 3 &R ik A 52 K B
FHRBUIRER , T B 7 B 4% 2 R W R BT EEL he
TR G T U5 IR BRI B BT T MR 3K, 25 B IR A Y 4
21, AL I J5E b 22 b R U RO R R (S R B R
(retinal pigment epithlium , RPE) —Jlik 2% I - I & & 14
PRAS, LA 22 2 vhons s AR B9 T B RPE i ) &
TRERI LR B BT 40 5906 BRE T 0
IR A G BE AT IR, T Tmage 1800 B 17 (56
[ [ 7 DA R ST Be ) AT 0 A
1.2.4 2ot & PCR AR I 45 4 R B AL 0 i ik
P HRRER RS SAEER2 AR, 5

IR AR BE | 43 5 SE B HR RPE - ik 4% 5t - LI &2 & 1R O
K Trizol 42 BUE RNA SR 4841/ 0 WL 2 6 6
TR E RNA 2B A2 5, F 5070 %0 2% SR Bl BE I
RLUK A I mRNA 58 85 il M-MLV ¥ 5% 5% g iE 17
Wi St LAARAS cDNA, LI eDNA Sy Az, i A1 514
(2 D) ECHI AR & (2 % SYBR Premix Ex Taq 10 pl,
Forward Primer ( 10 pmol/L) 1 pl, Reverse Primer
(10 wmol/L) 1 wl,cDNA 8, & 20 wl), Jz W &4 K-
50 °C 2 min G UNG B ZBRERAR 17 W75 44 ;95 C 1l
2EPE 10 min;95 CAEYE 155,60 C iR K S AL AH 1 min,
540 DMEH . BB G R G RETOUE T, 2 hilE
fip 2R, SR A 27T H IR G A X Rk R
FEAEA I A 3 U, MR

x1 BWERSIWFT

I 5149157 51 PP BE (bp)

B-actin F:5’-CCCATCTATGAGGGTTACGC-3’ 436
R:5’ -TTTAATGTCACGCACGATTTC-3’

COX-2 F.5’-TACGAAGACCCTGCCTACGA-3’ 295
R:5’ -GTTGGTGGCAAGTGAAGCTG-3”’

VEGF F:5’ -CTTGCAGATGTGACAAGCCAAG-3’ 332
R:5’ -GGTGTGGTGGTGACATGGTTA-3’

PI3K F.5’-CAGCACCTCGTATGGCTCAAT-3’ 223
R:5’ -GTCCTCACTCTTGATCCCCAG-3’

MMP-2 F:5’-CCGTTATGAGACCCTGAGCC-3” 369
R:5’ -CAGACCAATCGTGCCTCCAT-3”’

MMP-9 F.5’-CGGATCCCCCAACCTTTACC-3’ 205
R:5-AGCCAGCTGAGTTCAATCCC-3”

P38MAPK F:5’ -GTTGTCCTCCCTCCTCGTTC-3’ 636

R:5’ -GTTACCGCTCGACTTGTGCT-3”
 : COX: 3R AL Rl s VEGF : 1 4 P9 % A4 1 I 15 PI3K: % ik At AL A%
(-3) P hlE s MMP - B8 Ji 6 % 8 111 Al s MAPK . i 3 240G 46 28 11 e

1.2.5 Western blot 5l £5 25 K 5 ik 45 F5 AR ) i 41 21
THMEANRE SFAEEER3I HKRR, THAE
4 Jil it i RREE R AL AT, 43 B S R IR RPE — JJk 45 JiE - I 1B
AR, 100 mg AZUH A 1 ml PBS, 5] 3 258 BF Ji&
BIo e R B, BCA Bl e Bl E Wk T . ;K
50 wg B 1T SDS-PAGE HLJk 73 85, % 3 F B0 &2
PVDF i 51 5 40 %0 10% [ fig 0% % & £ 2 b, i i —
P4 CHEF L, TBST EE % 3 W, &K S min; fill AAH
N 40,37 C A 1 h, ] TBST #E¥% 3 3k, K
5 min; {5 AOGE R 8 BRI, U
B-actinf [ FT/EN Z M, Fi] Quantity One BEE IR AL 3 F
GEHATAS RO BT, AR R I 3 K, O BE .
1.3 Gitsorik

S FH SPSS 15. 0 4iit %44 (SPSS Inc. , Chicago, IL,
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USA) AT GE i o3 T o AW 5 v D00 6 45 B 1) B34 B2 R4
#¢ Shapiro-Wilk 1650 UESE4F & IE &5 201, UL vxs HoR
] K K22 Bartett £ 50 UESEJ5 22 5 R I o€ e BlAL
o PR R T TDU K S B T T R R R X
HRAH Al fe A Al B2 3 B-CD 41K BL CNV [ #1 . RPE -
K 2% 1 - LR A2 & P v 25 i i TR % 2 1 R X 35k
YRR 2E S LB SR R R 7 = i, Al 2
H IR R LSD- £ . P<0.05 22 5 L it

2 R

2.1 iz FE A K I D

1 Bz 2R B TE 7K R I U A% Dl 71,85 pg/ml, B-
CD 345 J5 Tl B2 38 (R0 iff 2 Oy 846. 28 g/ ml, 75 fiff i 4
Y118 5,
2.2 FAKE CNV EAEY A

TE ) B R B 45 RS o L Jk 246 BE it 47 43 A
Y57 GE AT 6 5 AR R BEZE AT e 2% 4 ikl B % B-CD
2K SRR A A 7 P 24T UL B CNV B (B 1)
O B4 R (34.56 £1.67) . (20.90 £ 1.47) F
(13.20£1.38) x10° pwm’ ,3 /4 4[] CNV [ fH 3 44 L %%
ZRAGIITFENL(F=4.115,P<0.05) , il fz = 2H A
B2 % B-CD 4 KL CNV [ BB /N AR B4, 22
S E G N (1=3.973,P<0.05; ¢ =5.532,
P<0.01) ,#il1 £ % B-CD 41 K Bl CNV (1 BN Al &=
H,ZRAGIE X (1=3.605,P<0.05) (& 2),

50 pm

B1 BAXBKERER(FITC-D R =50 pm) A IE#H X R
2K Bk 2% L o, A7 3 WA, TG CNV JE B B < AR XoF 2 B RT D 1
WA CNVIEIR (k) CoMli B 3240 K Bl CNV X AR/ T 2 )
ML (Hik) D= B-CD 4l KR CNV X FA /N (Hi k)

B2 HHKRKERER
HECNVHEBENEWR
Lk F=4.115,P<
0. 05. 5545 71 %t FR 41 L
i ,"P<0.05,"P<0.01;
S RA i, P<
0.01 (B[R 724
Mr,LSD-t #35 ,n=3)

BRRTIRAL Y R M RAR-CDAL  ONV R4S KT 4 i 4 5
B-CD: B-Bf Hi

2.3 FUIKE RPE-Jk4s -T2 & (b 4 B i 3t
PR 1) A X 2 3k

4 >4 6] RPE-fik 2% i - D B &2 & 1k VEGF |
COX-2 PI3K .p38MAPK MMP-2 MMP-9 mRNA #f%} 3
RN SRR E R ARG E L (F=4.637,
5.231.4.954 3.846 .3.675.3.702,% P<0.05); 51F
B HRZ LU, B A 45 H 1Y 3 ) mRNA B AH XT38 58
TS, 2R A G L (VEGF: P=0.009;
COX-2: P = 0.008; PI3K: P = 0.009; p38MAPK; P =
0.009; MMP-2; P =0.039; MMP-9; P =0. 011 ) ; 5 £ 7
X BAL LA, il 2 R AL 45 H 1 36 B mRNA (1 FH % 2% 35
IR N, 2R A G R L (VEGF: P=0.048;
COX-2: P = 0.046; PI3K: P = 0.010; p38MAPK; P =
0.047 ; MMP-2; P =0.049; MMP-9; P = 0. 048 ) ; 5 fli jz
ZU B, 2 E B-CD 41 VEGF mRNA J COX-=2
mRNA X RAEH B EHEMK, ZR AR I E X
(P=0.048 .0.049) (%£2).

®2 HBAKRR RPE-REKR-TEESEH
EBEMEERMHEREE (xs)

VEGF COX-2 P3K p38MAPK  MMP-2 MMP-9

A5 73 mRNA mRNA mRNA mRNA mRNA mRNA
EFFBA 4 0.4320.04* 0.28:0.04" 0.290.02* 0.44£0.03" 0.5320.06" 0.4420.03"
BA R4 4 1.00£0.00 1.00£0.00 1.00£0.00 1.00£0.00 1.0020.00 1.0040.00
&l 4 0.71£0.06" 0.6220.04" 0.580.07" 0.6720.06" 0.72£0.08" 0.7020.06"
BiEZB-CDAL 4 0.55:0.04° 0.4120.04° 0.49£0.03 0.64£0.05 0.7220.06 0.70+0.06
F 4.637 5.031 4,954 3,846 3.675 3.702
P 0.038 0.033 0.035 0.045 0.048 0.047

T4 BB B AL 4,0 P<0. 01,7 P<0. 05 ; 5 45 [ il B %
Y LEEE,“P<0. 05 (FARFR 7 22 40 B, LSD— K 3 )  RPE. #l o 2 3% -
B s VEGF . IfiL 45 A Bz A 1K B 75 COX: B 4 Ak i 5 PI3K : i ot JUL A% (-3)
WA s MAPK . {2 4) 25U AL 3 1 3B s MMP . JE it 4 J8 4 1 55
B-CD: B-FA MG

2.4 HUUKM RPE-JKR-JLRE &K+ HryEH
FHX 238 4 1Y LA

TERE R B AL R Y Xk B2 Al Bz B 4L R Al B R
B-CD4 (] RPE - ik £% % - L5 &2 3 M b VEGF 2 9 A
XA B LB 22 S A G A L (F=5. 173
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5.245 4.751 4.396 .3.542 4.196,3) P<0.05) , Hh
1E % % B 20 VEGF,COX-2 , PI3K , p38MAPK ., MMP-2 |
MMP-9 Z5 A 2R3k 5 B B AR TR B % R4, 22 5 1y
Gt 5% X (P=0.008.0.009 .0.007 .0.037 .0. 046
0.031) ; SHIRY XS B4 bh A, il f R Mol e R B-CD 4
VEGF ,COX-2 PI3K .p38MAPK .MMP-2 fil MMP-9 % ]
X RBFEHUE TE, ZERBAERIT¥YEX
(VEGF: P =0.034.0.007; COX-2: P =0.048 0.009;
PI3K:P =0.041.0.040; p38MAPK; P = 0. 040 ,0. 042 ;
MMP-2 ;P =0.049 .0.048 ; MMP-9: P = 0. 041 ,0.040) ;
5l R A BB, il 2 & B-CD 4 VEGF fil COX-2 4
HAX R EI B EMK, Z5RASEIHT 2R L (P=
0.048.0.049) (K 3,3 3),

3  Western blot % #& Il & A
KR RPE-BXERE-TIEE & &
HRAPEMNEANENREE

1 2 3 4
MVP-9

MMP-2

p3SMAPK [
PI3K - ——

COX.) — D S
VEGOF D S —
B-actin ——

LR AT IR 2. BRI X IR 20
3.l 4 MK B-CD 4
VEGF: Ifil 8 N £ K [/ F; COX:
P4 A0 Tl PI3K: 9 IS Mt JUL A (-3)
Wt s MAPK 2 43 250G L TR A

W s MMP . 36 42 IR 2 11

*®3 KBHEAAR RPE-FRZE-INESES T

BEHEAEMRIEER (xzs)
45 HAE  VEGF 0X-2 PBK  p3SMAPK  MMP2 MMP-9
TR R4 6 0.6420.06" 0.30£0.02" 0.430.02" 0.7920.06" 0.3620.02" 0.630.05"
(R R4 6 L71:0.12 1.29£0.08 1.57£0.09 1.43:0.08 0.89+0.06 1.32:0.08
flig 4l 6 1.15:0.08" 0.8920.07" 0.9720.06" 0.83£0.06" 0.57:0.04" 0.7620.07"
M Z BCDA 6 0.69+0.06™ 0.54£0.05" 0.940.05" 0.860.06" 0.470.03" 0.7120.06"
F 5.173 5.245 4.751 4,396 3.542 4.196
P 0.034 0.033 0.036 0. 040 0.047 0.042

545 HRIBETL XS BB AL H 4,0 P<0. 01,7 P<0. 055 5 45 [ 1 il 1 3%
L HE%E, “P<0. 01 (B I 3 J5 22 43 Bt , LSD-¢ £ 55 ) 5 RPE - 4 Jog i ¢ 3K I
B2 ; VEGE : il A8 N Bz A2 K X 7 5 COX « 3 48 AL il ; PI3K . e i ot WL 7 (-3)
O s MAPK £ 73 R0 46 48 F 308 ; MMP - 2 it 6 J& 4 H 8§ 5 B-CD:
B-FR IS

3 itig

il e 2R R R 2R B, ) AR AE TAT R A A
T RS N B A B BT R B AL BT 3D Bk o A A
b BrE SIS . FRATH RTINS WoR Al R BE
A K 2 T 3, A k] COX-2 Aigs 3 AL — F AL A B K
fif# (inducible nitric oxide synthetase ,iNOS) [t ¢35 , MM
T VEGF Ry ik, 0 CNV A9 >, (L gz 2 9
IKEVEZE AR AR . POMIRG 2> 7 B W ey
K 2 T RS K P B A BE ST i AR 25 W0 40 T I 2R
A, e MR 2590 53 1Y 7K 1 25 R AR E M 25 SF BRI . ST

2 ORGSR B, FIBE N /RN HE-B-CD S I fiE
VR R O B RSO PR L PR
KBS RS R, B R TR RN TR Y R
W5li-1,3- i 5 — H JE-8-CD JE B & W5 , H Mk
AR S R . SRR 2 B 5 R B R /)N
BERK 22 2 9 5 -B-CD 45 J5 76 /1N v il W i 4 252 8 4
KATRE B FZ B S R o ) 5. 31 A 5,05 4%,
Shulman 25" B 55 45 H. W 7R , ¥4 75 3E-B-CD A1 4 i Al
Fe RV R BEAR T 400 £, %5 Caco-2 40 %412 fig SR 7
L1 A% 78 K BRAA P 9 A 9 1) R ) I 4 v o AR 98 B
AR RS B-CD il 45 ML G 1 5 FE 7K Hh R v i R 4R
1L 8 % (HJE % B B AR B2 R B-CD B & YK
P R4 EAE X B2 Al B BRI 2, T % 5%
B-CD L& XAl B RAEW TG E Z . A58 R %
300 o Y FE O BRAE O G — U R OGS R
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