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<ABSTRACT>
Effect of Chrysin on Experimental Choroidal Neovdadzation in Rats

Ji Hun Song

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Oh Woong Kwon)

Purpose: The aim of this study is to evaluate tffece of chrysin on
laser-induced experimental choroidal neovasculaoagCNV) in rat model.

Methods: Male Brown Norway rats were anesthetizeteteive diode laser
to break the Bruch’'s membrane../8 of 15 mg/ml chrysin was given through
intravitreal injection on 1 week after laser detiveThe development of CNV
was determined by fluorescein angiography perfornoed week 2 and
angiograms were graded into 4 scales.

Results: 2 weeks after administration of laser, itltensity of fluorescein
leakage from the photocoagulated lesions decresigaificantly compared to
the control group K=0.044). When the lesions were categorized into
low-leakage or high-leakage group, there was afsignt correlation between
chrysin treatment and degree of leakaBe(0(028) and the relative risk of
developing high-leakage lesion of the control gromhe chrysin-treated group
was 3.18.

Conclusions: Chrysin exerts an inhibitory effectabioroidal neovascularization
in experimental rat model. It should be furtherleated for its potential as a
therapy for CNV in age-related macular degeneration

Key words : Choroidal neovascularization, ChrysiRluorescein angiography,
Age-related macular degeneration
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I.INTRODUCTION

Age-related macular degeneration (AMD) is the pgat cause of legal
blindness among those over 65 years of age in éveldped countrie§? The
development of choroidal neovascularization (CNV)AMD represents a severe
stage of the disease and usually damages cens@nsf There are limited
choices of treatment for this kind of disease aisdial prognosis in patients with
AMD is still poor, despite current treatment motel such as laser
photocoagulation, photodynamic therapy, maculansiacation.®'® Recently
introduced anti-vascular endothelial growth facf®EGF) antibodies such as
pegaptanib, ranibizumab, or bevacizumab which fidadfel used for AMD, bring
new hope to the treatment of CNV, but these therstjlly have limitations:*
Therefore, there is a need for an alternative tneat modality for this condition.

CNV is a result of pathologic angiogenesis. Angiegss is an invasion process
that requires proteolysis of the extracellular xatproliferation and migration of
endothelial cells, and simultaneous synthesis ofv maatrix component’’
Antiangiogenesis therapies have thus far focusedindnbitors of vascular
endothelial growth factor (VEGE) # and proteolytic enzymes such as matrix
metalloproteinases (MMP$J° An essential element in the growth of CNV is the
rupture of Bruch’s membrane and the proliferatibblood vessels through breaks
in the membrane. As the pathogenesis of angiogebesiomes better understood,
pharmacologic inhibition of angiogenesis becomesaael approach in the
treatment of CNV' and new drug targets are emerging. However, the
pathogenesis of CNV is not completely understgod.



Flavonoids are present in fruits, vegetables, aakiages derived from plants
and in many dietary supplements or herbal reméfi€avonoids have been
described as health-promoting, disease-preveniitgrg supplements and having
activity as cancer-preventive agefftdt was also found that some flavonoids
markedly inhibited the proliferation, and, to ades degree, the migration of
endothelial cells, and capillary formation in viffo Additionally, they are
extremely safe and associated with low toxicityking them excellent candidates
for chemo-preventive agents. Flavonoids compriseersd classes, including
flavones, flavanones, flavanols, and flavans.

Chrysin (5,7-dihydroxyflavone) is a natural flavasi@and commonly found in
fruits and vegetables (Figure 1.). It has been ased dietary supplement and has
become an attractive compound in the cancer rdseamommunity because of its
antitumor propertie?’ Several studies in recent years have shown thgisichhas
multiple biological activities, such as anti-inflamation, anaticancer, and
antioxidation effect§"** The molecular mechanism of chrysin biologic effeets
not well understood, but recently, it was foundttblarysin can inhibit vascular
endothelial growth factor (VEGF) transcriptionaltigation in vitro and it also
inhibits VEGF expression in the human tumor tissagwell as angiogenesis in
nude mice, using the Matrigel ass4y.

OH O

Figure 1.Chrysin is a solid substance with the moleculamida
CisHi0O4. It is also known as 5,7-dihydroxyflavone and
5,7-dihydroxy-2-phenyl-4-1-benzopyran-4-one.



The possibility of using chrysin in treating angtogsis in eye disease has not
yet been tested. In this study, we hypothesizedl ¢haysin may inhibit CNV
because of its inhibitory effect on angiogeness16st this hypothesis, we wanted
to determine whether chrysin can inhibit the antapgic activity of experimental
CNV in rat model.

The objective of this study was to evaluate thecafly of chrysin when
administered by single intravitreal injection inpeximental rat models after
induction of CNV.



II. MATERIALSAND METHODS

1. Materials

Chrysin and dimethyl sulfoxide (DMSO) were purctihsem Sigma-Aldrich
(St. Louis, MO, USA) and the purity of chrysin wa86%. Sodium fluorescein
was purchased from Alcon laboratories, Inc. (Fodril, TX, USA).

2. Laser-induced CNV Rat Model

Seven or eight-week old male Brown Norway (BN) ratgighing 200-250 g,
were used in the study, in accordance with the ARSt@ement for the Use of
Animals in Ophthalmic and Vision Research. The ma¢se anesthetized for all
procedures with intramuscular injection of ketamif8mg/kg) and xylazine
(5mg/kg). The pupils were dilated with 1% tropicdmiand 2.5% phenylephrine.
The fundus was visualized with slide cover glastead of Volk super pupil XI
Biomicroscopy Lens, and with 2.5% hydroxypropyl mgtellulose solution
(Methocel: Ciba Vision, Wessling, Germany). Frequedoubled, diode-pumped,
solid state laser (VISULAS 532s; Carl Zeiss Meditdnc., Dublin, CA) with a
wavelength of 532nm was used. Laser parameters 1rem spot size, 100 ms
exposure, and 150mWpower. A pattern of eight lesiwas concentrically placed
at approximately equal distance around the optic of both eyes. Acute vapor
bubbles suggested the rupture of Bruch’s membr@ng; laser spots with bubble
formation were included in the study. If lesionsttwisubretinal hemorrhage
interfered with the evaluation of the lesions, thegre excluded. If adjacent
lesions merged together, they were also excluded &valuation of lesion.

3. Administration of Chrysin and Control

After 1 week of laser delivery, chrysin was disgmhvin DMSO and Balanced
Salt Solution(BSS) at a concentration of 15mg/mider anesthesia, B¢ of this
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solution was given through an intravitreal injeatiith 30 gauge needle in right
eye of all BN rats. 548 of solvent solution alone was injected intravithgah

left eye as control.

4. Fluorescein Angiography (FAG)

Fluorescein angiography (FAG) was performed on 2kseafter laser treatment
with a confocal scanning laser ophthalmoscope (élb&tg Retinal Angiogrph 2,
Heidelberg Engineering, Heidelberg, Germany) tdwate CNV development and
its activity. Each rat was injected with 0.3ml oD% fluorescein sodium
intravenously through the hypoglossal vein and tesHy (<2 min) and late (>7
min) phase angiogram photographs were taken. Theatton of CNV was
evaluated according to the size and the presenedsence of dye leakage. The
lesions were considered as “having leakage” if nfjperescence showed in the
early stage with fluorescein leakage continuingtigh the FAG procedure, and
the size and intensity of leakage increased indteestage. Each photocoagulated
lesion was classified as score 1 to 4 accordingheo intensity of fluorescein
leakage by author. The guideline for CNV scoringswas follows: minimum
leakage or a staining of tissue with no leakagerésd); small but evident leakage
(score 2); moderate intensity and medium sizeds(kbsn 1/2 disc diameter)
leakage (score 3); large evident leakage (scoré 4ypical photograph of each
CNV score is shown in Figure 2. Two examiners jutitfee scores in a masked
fashion, and when the two scores given for a pagidesion did not coincide, the
higher score was used for the analysis. For ththdaranalysis of relationship
between chrysin treatment and degree of angiogtapleiakage, each
photocoagulated lesion was categorized to low gh Ilkakage group. Score 1 and
2 lesions were grouped to low leakage, whereases8oand 4 to high leakage

group.



Figure 2. Typical examples of each CNV scame the fluorescein
angiogram after laser-induced CNV in rat retinactEdaser spot was
scored from 1 to 4 according to the intensity ame size of fluorescein
leakage on the early and late phase angiogram gtagibs. The guideline
of the CNV scoring was as follows: (A) minimum lege or a staining of
tissue with no leakage (score 1, arrow); (B) sniait evident leakage
(score 2); (C) moderate intensity and medium sideds than 1/2 disc
diameter) leakage (score 3); (D) large evidentagek(score 4).

5. Statistical Analysis

Both eyes of each rat were used in the experinveitty, right eye as study eye
and left eye as control eye. The result data wasessed as mean + standard error
(SE) when the mean CNV score was indicated. Theeédtuunpaired test was
used for the comparison of the mean CNV scores.chirgquare test was used for
analysis of categorized groups. For all analysi®SS statistical software
(version12.0; SPSS Inc., Chicago, IL) was udedvalues less than 0.05 were
considered statistically significant.



[l.RESULTS

1. The Mean CNV Score

Fluorescein angiography, using sodium fluoresceishowed early
hyperfluorescence of the laser lesions, which iasee in size and intensity in the
late phase. The leaky spots were considered a®gmagihically defined CNV.
Each photocoagulated lesion was scored as 1 tocdrding to the intensity of
fluorescein leakage, and number of laser lesionsagh 1-4 CNV scores in both
groups is shown in Table 1 and Figure 3. As shouguré 4, the mean CNV
scores in chrysin-treated and contriol (vehiclexee) eyes were 2.40 + 0.21 and
2.97 = 0.18, respectively. There was a statisycsijnificant difference between
these two groups (P = 0.044, unpaired t test)

Table 1. Number of laser lesions and the mean Cbdresof chrysin-treated and
control group

CNV score The mean
1 2 3 4 Total CNV score
Chrysin-treated group 9 7 7 7 30 2.40+0.21
Control group 5 4 12 13 34 2.97+£0.18
P« value 0.044

! Data was expressed as mean =+ standard error (SE).
« Student unpairetitest



B Chrysin—treated O Control

10

Number of laser spots

score 1 score 2 score 3 score 4

CNV score

Figure 3. Number of laser lesions of each 1-4 CN¥uras in chrysin-treated
and control group.

The mean CNV score

CNV score

Chrysin-treated Control

Figure 4. Effect of chrysin on CNV score on 2 weeliter laser induced CNV
in rat retina. The mean CNV score in chrysin-trdadéed control groups ,
P<0.05 compared with control group.
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2. Analysis of Categorized Groups

When each photocoagulated lesion was categorizeldvioor high leakage

group, such as grade 1 or 2 lesions to low leakagegrade 3 or 4 to high leakage
group, number of laser lesions of each group isvshim Table 2 and Figure 5.
Analysis of chrysin treatment and degree of angipbic leakage was performed

with chi-square test. After 2 weeks after laser mistration, the number of

lesions which belonged to low leakage group wasiiaantly more in the

chrysin-treated groupPE0.028). Relative risk of control group for develup

high leakage lesion to chrysin-treated group wd$8 395% confidence interval,

1.12-9.04).

Table 2. Number of lesions in each categorized grou

Low leakage High leakage Total
group group
Chrysin-treated group 16 14 30
Control group 9 25 34
P« value 0.028

! Relative risk (control/chrysin-treated) = 3.18
95% confidence interval, 1.12-9.04
“ Pearson chi-square test
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‘l Low leakage O High leakage ‘

30 r *

Number of laser spot
o

Chrysin-treated

Control

Figure 5. Number of laser lesions of low leakageal dmngh leakage in

chrysin-treated and control groupP < 0.05 with Pearson chi-square test
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V. DISCUSSION

AMD is a leading cause of irreversible blindnessoam people who are 50
years of age or older in the developed wdtill. The neovascular form of the
disease usually cause severe vision loss and isadieazed by the abnormal
growth of new blood vessels under or within the ntacthe central portion of the
retina responsible for high-resolution vision. Tét®logy of AMD is obscure and
the age-related changes that stimulate pathologéovascularization are
incompletely understood, but vascular endotheliadwgh factor (VEGF) — a
diffusible cytokine that promotes angiogenesis a&adcular permeability — has
been implicated as an important factor promotingviascularizatiori®*®

Vascular endothelial growth factor (VEGF) is thendamental regulator of
angiogenesis and plays an important role in devetoy and progression of CNV.
Increased expression of VEGF was noted in botlrdasiced experimental CNV
and CNV in AMD patient. Vascular endothelial growtittor (VEGF) is mainly
regulated by HIF-d at transcriptional levét.

Hypoxia-inducible factor-1(HIF-1) is a heterodintertranscriptional factor
composed oft andP subunits. HIF-1 is overexpressed in many humarmceah
and the levels of its activity in cells correlateittw tumorigenicity and
angiogenesi&® HIF-1a is induced by hypoxia, growth factors, and oncegéh “®

HIF-1 activates the transcription of many genesluiding VEGF. It activates
the expression of the VEGF gene by binding to thipokia response element
(HRE) in the VEGF promotéef. HIF-1 is over-expressed in many human cancers
and experimental CN¥ *° and levels of its activity in cells correlated hvit
tumorigenicity and angiogenesfs.

Therefore, an antiangiogenic therapy that targetdsHIF-1lo/VEGF system is a
promising strategy for the treatment of CNV. Thecdivery of a new agent that
targets HIF-& and VEGF is a potentially effective chemotherajgetieatment for
CNV in AMD.

Epidemiologic studies have suggested that the mjiatstake of fruits and
vegetables can reduce incidence of many typesrafefd ™" and regular dietary
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intake of antioxidants was associated with lowaridance of AMD and slow
progression to advanced AMD.* The preventive effects of plant-based diets
on tumorigenesis and other chronic diseases haea beell documentetf.
Flavonoids, which are present in many fruits angetables, were found to
inhibit VEGF transcriptional activation and VEGFpegssion recently. It also
inhibits endothelial proliferation and migrationncathus is proved to inhibit
angiogenesis in tumor tisstfe® >

Chrysin, a common flavonoid, has been proposednaangtumor agert.>®
This study evaluated the effect of chrysin on ekpental CNV in rats and the
possibility of using chrysin as a pharmacologic vergive or treatment
modalities in CNV in AMD. Using laser-induced CNV ontel, the
chrysin-treated group had significantly less flismence leakage compared with
the vehicle-treated group on fluorescein angiogyafiine results demonstrated
that, compared with controls, the chrysin injects@s had a lower CNV score
(P=0.044). There was a significant relationship bemvehrysin treatment and
lower incidence of high leakage lesid?=0.028).

In this study, chrysin could inhibit the fluorestdeakage after 2 week of
laser delivery and, 1 week of chyrsin treatmentisTsuggests that chrysin
interferes with the procedure of CNV developmenowsdver, the molecular
mechanisms involved have been not well understood.

As mentioned earlier, vascular endothelial growdlctér (VEGF) plays a
fundamental role in development CNV in AMD and VEGFmainly regulated
by HIF-1a at transcriptional level. Recent studies demonstrated that chrysin
inhibits VEGF expression in tumor tissue at thens@iptional level through
HIF-1a expression. Expression of HIktlis regulated via degradation and
protein synthesis. A most recent study showed ¢hatsin reduced the half-life
of HIF-1a and HIF-1. stability>* Chrysin inhibited the binding of HIFelto
Heat shock protein (HSP) 90, suggesting that chriydiibits HIF-k. expression
via interfering with the interaction between HIk-and HSP 96°

This study demonstrated here for the first timet tlshrysin inhibits
experimental CNV in rats. This novel finding proes new insight into the
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possibilities of the anti-angiogenic propertied abfrysin. Based on the daily
dietary consumption of flavonoids, the concentratimf chrysin used in this
work is nontoxic and physiologically relevant inrhans®® Molecular targeting

of the VEGF by chrysin may be a useful and novelatsgy for

pharmaco-prevention and/or treatment of CNV in AMD.

In this study, the score for CNV was determinedngsifluorescein
angiography. A presence or absence of CNV couldclearly determined.
However, fine grading of CNV lesion was difficulthis is consistent with the
scoring system used by other investigafor€. Although efforts to minimize the
bias involved in scoring each CNV lesion were maaane confounding factors
in this procedure might confuse results of thisdgtuFurthermore, relatively
small sample size and using only one dosage ofstigated drug are obvious
limitations of this study. The inhibitory effect ohrysin on experimental CNV is
expected to be due to inhibition of expression &fF-Ho and VEGF. However,
the mechanism of the effect of chrysin was not @atald in this study.
Succeeding research is scheduled to investigateuimhistochemical stain of
HIF-1a and VEGF in chrysin-treated CNV compared with cohgroup. It
should be also investigated whether inhibitory effis dose-dependent or not,
using multiple dose of chrysin.

Current treatment options for AMD are limited arad date have had little
impact on the progression of visual loss. The tesol this study suggest that
chrysin, a common natural flavonoid, may be a cdatgi of pharmacologic
treatment modality for CNV in AMD. Moreover, prevan of CNV formation
may be important in maintaining visual function. r@nt preventive advice
includes a suggestion for not to smoke, and possifiormation regarding
various supplementations; however, further preversirategies are needed. The
data of this study also suggest that the use ofsahrcould be helpful in
preventing CNV development in AMD patients. Furtlesaluations of chrysin
seem justified to definitely address the questibthe effect on CNV in AMD.

It is exciting to find that chrysin can reduce trggiographic leakage of CNV
in laser-induced rat model. These results indi¢ch#&t chrysin could be a drug
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candidate to inhibit ocular neovascularization iMB. Further study on the
possible mechanism of effect of chrysin in CNV depenent is needed. Its
anti-angiogenic effect in CNV rat model may be tethto decreased HIFzl

expression and, thus inhibition of VEGF. Furthesearch on the efficacy and
the mechanism of this compound is warranted.
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V.CONCLUSION

Chrysin, a member of the flavone family that isgmmt at high levels in many
vegetables, may have its priority in the treatmehpatients with AMD. It can
inhibit the angiographic leakage, namely, the d@gtiof CNV in laser-induced
animal models. Furthermore it is relatively safel aiready available, such as
dietary component. Thus, the role of chrysin invprdion or treatment of AMD
warrants further investigation.
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