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Abstract 

·AIM ：T0 investigate the effects of naringenin on laser— 

jnduced experimental choroidal ne0vascuIarizatjon(CNV) 

in rat models．ocular blood flow in rabbit eyes and retinaI 

function recovery after ischemic insults in rat eyes． 

·M ETHODS：Male Brown Norway rats were treated to 

break the Bruch s membrane．Naringenin 10g／L(20mg／kg) 

was given once—daily through intraDerit0neal injection for 4 

weeks after Iaser treatment．The development of CNV was 

determined by fluorescein angiography(FA)performed 

on weeks 2 and 4．The colored microsphere technique and 

electroretinography method were used for the study of 

ocular blood flow and retinaI function recovery． 

respectively． 

· RESULTS： The choroidaI blood flow in elevated 

intraocular pressure(1OP)rabbit eyes was significantly 

increased by 10g／L naringenin solution as compared to 

control group(P<0．05)．The retinal function recovery 

after ischemic insults jn rat eyes indicated significant 

increase of b—wave recovery in treated group， as 

compared to control group(P<0．05)．The intensity of 

fluorescein leakage fr0m the phOt0cOaguIated lesions 

decreased significantly in treated group，com pared to the 

control group(75．8％一95．0％，P<0．01)． 

·C0NCLUSION：Naringenin could prevent the development 

0f CNV on Iaser．induced experimental rat m odels． 

increase the choroida J blood flow in elevated IOP rabbit 

eyes and be beneficiaI on retinaI function recovery in 

ischemic rat eyes． 

·KEYW ORDS：naringenin；choroidal neOvascuIarizatiOn； 

ocular blood flow；age—related macular degeneration 
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I TR0DUC’I’IU 

rip he development of choroidal neovaseularization(CNV) 

i in patients with age—related nmcular degeneration(AMD) 

ofte13 leads to a significant decrease in visual function．Several 

mechanisms have been proposed to explain the pathogenesis of 

CNV，and they include， among others， the presence of 

senescence changes in the RPE—Bruch’s membrane—photoreceptor 

complex， the accumulation of oxidative damage， and the 

development of ischemia of the outer retina．Various therapies 

were tried to reduce the development of CNV， including 

transpupillary thermotherapy ，photodynamic therapy，anti— 

VEGF and anti．inflammation drugs ．Aherations of blood 

flow in the subfoveal choroidal circulation and metabolic 

changes of the retinal pigment epithelium have been suggested 

important i13 the development of neovascular AMD ． 

Choroidal blood flow changes affecting the metabolism of the 

adjacent external retinal layers Icad either to the development 

of atrophic lesions or to subreti13al neovascular lesions l ． 

Furtherm ore，vascular changes in the choroid have potentially 

deleterious effects on the RPE and．i13 addition to metabolic 

changes of the RPE caused by senescence，may induce the 

early clinical findings in AMD． 

Our previous studies have suggested that naringenin can 

increase ocular blood flow。。 ．it was of interest to determine 

the effect of naringenin o13 C experimental models i妇vivo ． 

MATERIALS AND METHoDS 

Materiais N aringenin were purchased from Pfahz and 

Bauer(Waterburg，CT)．Sodium fluorescein and dimethyl 

sulfoxide(DMSO)were purchased from Sigma Chemical(St． 

Louis．MO)． 

M ethods 

Measurement of ocular blood flow in ocular hypertensive 

rabbit eyes New Zealand white rabbits of either sex， 

weighing 2．5-3．0kg，were anesthetized with 35mg／kg ketamine 

and 5mg／kg xylazine intramuscularly．Half of the initial dose 

was ven hourly to maintain anesthesia．An ocular hypertensive 

model was created by raising the intraocular pressure(IOP)of 

the left eye to 40mmHg which reduced the ocular blood flow to 

approximately 1／3 of the norm al values．The left ventricle was 

cannulated through the right carotid artery for the injection of 

microspheres and the femoral artery was cannulated for blood 

sampling．One percent drug solution(5CI )or vehicle(5CI ) 

was instilled topically to the left eye，and the ocular blood 

flow of the ocular hypertensive rabbits was measured with 

colored microspheres at 0，30，60，and 120 minutes thereafter． 
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Table 1 Effects of naringenin on blood flow in rabbit eyes (n=6，元±s，mL／min／g) 

P<0．05 vsRetina 

At each time point，2 million nficrospheres of l O p,m in 

diameter in 0．2mL were injected as a referenee，and blood 

samples were taken from the femoral artery f0r exactly oue 

minute following injection of the microspheres．The blood 

sample was collected in a heparinized tube and the volume 

was recorded．The rabbits were euthanized with an inieetion of 

lOOmg／kg pentobarbital sodium after the last blood sampling． 

The left eyes were enucleated and dissected into the retina
， 

choroid，iris， and ciliary body． The tissue samples were 

weighed． 

The details of sample processing and microsphere counting 

were provided by E—Z Trac(Los Angeles，CA)．The blood 

flow of each tissue at a certain time point was calculated from 

the following equation：Qm =(Cm×Qr)／Cr．where Qm is 

the blood flow of a tissue in terms of mL／mirdg，Cm is the 

microsphere counted per mg of tissue，Qr is the flow rate of 

blood sample in terms of mL／min． and Cr is the total 

microsphere counted in the refereneed blood sample． 

Electroretinogram Electroretinogrmn(ERG)were determined 

to provide assessment of the retinal function prior to and 

following ischemic insult．ERGs were recorded by means of 

Ag／AgC1 electrodes placed in contact with the cornea．One 

stainless steel needle was inserted subcutaneously between the 

two eyes as a reference electrode，and another needle was 

inserted subcutaneously to the neck as a ground electrode．A 

photostimulator(Grass PS22 Flash)was used to produce 

flashes of light five inches from the eye， and the ERG 

potentials were recorded with a polygraph system．The ERG 

machine won purchased from LKC Teehnologie8
，Inc．(Gaithersburg， 

MD)．A single(10 msec duration)，white light stimuli was 

used to elicit ERG a—and b—waves．Peak b—wave amplitudes 

were measured from the trough of a—wave to the peak of the b 

wave．Dark—adapted，female Long—Evans rats(200-250g) 

were anesthetized with 35 rag／kg ketamine plus 5 rag／kg 

xylazine intramuscularly． Half of the initial dose was given 

thereaffer at one hour intervals to maintain adequate 

anesthesia．The pupils were dilated with l％ tropicamide plus 

100g／L phenylephrine(50 L)for ERG experiments．Retinal 

ischemia was produced by occlusion of the central retina and 

posterior ciliary arteries by means of a ligature placed around 

the optic nerve and the posterior ciliary artery．The ligature 

was then tightly drawn for 30 minutes to occlude the retinal 

vessels．The retinal ischemia was released and the retinal 

arteries were allowed to reperfuse．ERGs were then measured 

at 0，30，60，90，120，180 and 240 minutes thereafter． 

Naringenin (20mg／kg) and vehicle were administered 

2 

intraperitoneally．Drug was administered immediately prior to 

occlusion of the central retinal arteries． 

Laser-induced CNV rat mode／ Brown Norway rats， 

weighing 150—200g，were anesthetized for all procedures with 

an intraperitoneal(ip)injection of chloral hydrate(1Omg／kg)． 

The pupils were dilated with mixture of 0．5％ tropicamide and 

5 g／L phenylephrine．The fundus was visualized with a VOLK 

super pupil XI biomicroscopy lens(Keeler Instrument Inc．， 

Broomall，PA)．A krypton laser(Lumenis Inc．，Santa 

Clara，CA) with a 532一nnl wavelength was used．Laser 

parameters were 200txm spot size，0．2-s exposure，and 150— 

200roW power．A pattern of eight lesions was concentrically 

placed at approximately equal distances around the optic nerve 

of both eyes． Acute vapor bubbles suggested the rupture of 

Bruch’s membrane． Only laser spots with bubble formation 

were included in the stud)'． If lesions with subretinal 

hemorrhage interfered with the evaluation of the lesions，they 

were excluded． 

Fluorescein angiography FA was performed on weeks 2 

and 4 post laser with a digital fundus camera(Heidelberg 

Engineering GmbH，Dossenheim，Germany)．Ten miligrams 

of sodium fluorescein was injected intravenously (iv) 

through the hypoglossal vein．Both early(under 2 minutes) 

and late(over 7 minutes)fluorescein phases were captured． 

CNV fonnation was determined with fluoreseein angiogram．Each 

photocoagulated lesion woo classified as ”leaky” or ”not 

pronounced leaky”，according to the intensity of fluorescein 

leakage by observers(XXR and JJ)． 

Administration of drugs Naringenin was given once—daily 

through an intraperitoneal(ip)injection after laser treatment 

at 20mg／kg／d for 4 weeks as a positive contro1．DMSO alone 

was used as a negative contro1． 

Statistical Analysis Each group has 1 5 rats．Both eyes of 

each animal were used in the experiment．A chi—square test 

was used for the analysis of FA．A Student’s t test was used 

for other experiments． 

RESULTS 

Choroidal Blood Flow in the Rabbit Eyes The choroid 

blood flow was significantly increased by l0g／L naringenin at 

30 and 60 minutes after drug jnstillation as compared with 

corresponding controls(Table 1)． On the other hand， 

naringenin did not show any effect on the retina blood flow at 

any time point after drug instillation(Table 1)．Since the 
retina of albino rabbits is vascular。the drug is hard to show 

any effects on it． 

Retinal Function Recovery in Rat Eyes Th e retinal function 
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摘要 

目的：研究柚皮素对激光诱发 大 鼠脉 络膜新生血管形 

成(CNV)、高眼压兔眼血流和缺血大鼠眼视网膜功能恢 

复的作用。 

方法：选择雄性棕色挪威大鼠，采用激光诱发Bruch膜破 

裂后，予l0 L(20mg／kg)柚皮素，1次／d，持续4wk；光凝 

后 2，4wk分别做 眼底 荧光血管造影，评估 CNV的形成。 

采用彩色微球技术、眼电生理技术检测兔眼血流和大鼠视 

网膜功能恢复。 

结果：与对照组比较，10 L柚皮素能明显增加高眼压兔 

眼脉络膜血流(P<0．05)，能明显增加缺血大鼠眼视网膜 

功 能恢 复(P<0．05)，能 明显减轻 光凝 点荧光素渗 

漏 (75．8％ ～95．0％ ，P<0．01)。 

结论：柚皮素能抑制激光诱发大鼠络膜新生血管形成；增 

加高眼压兔眼脉络膜血流；增加缺血大鼠眼视网膜功能恢复。 

关键词：柚皮素；脉络膜新生血管；眼血流；年龄相关性黄 

斑变性 


