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Abstract: EGHB010 is a standardized herbal formula of the rhizome mixture of Paeonia lactiflora Pallas and 
Glycyrrhiza uralensis Fisch. Neovascularization in the retina is a common pathophysiology of diabetic retinal 
microvasculopathy and exudative macular degeneration. In this study, we evaluated the inhibitory effects of EGHB010 
on abnormal retinal angiogenesis in a hyperoxia-induced neovascular retinopathy model. Vascular endothelial growth 
factor (VEGF)-mediated vascular tube formation was assayed in human umbilical vascular endothelial cells (HUVECs). 
Experimental angiogenesis in the retinas was induced by exposing C57BL/6 pups to hyperoxic environment (75% 
oxygen) on postnatal day 7 (P7) and then returning them to normal oxygen pressure on P12. EGHB010 (50 and 100 
mg/kg/day) was administered intraperitoneally for 5 days (P12 - P16). Retinal flat mounts were prepared to measure the 
extent of retinal neovascularization on P17. The incubation of HUVECs with EGHB010 (1-25 μg/mL) resulted in the 
inhibition of VEGF-mediated tube formation in a dose-dependent manner. EGHB010 at doses of 50 and 100 mg/kg/day 
inhibited the formation of retinal neovascular tufts by 31.15±2.28% and 59.83±2.92%, respectively. Together, our results 
indicate that EGHB010 is a potent anti-angiogenic agent and may have potential for the control of abnormal retinal 
vessel growth in patients with ischemic retinopathy. 
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INTRODUCTION 
 
Abnormal angiogenesis in the retinas is the most common 
cause of visual impairment and blindness in the elderly 
(aged > 65 years) (Jager et al., 2008) and is a severe 
complication of retrolental fibroplasia, diabetic retinal 
microvasculopathy and exudative macular degeneration 
(Campochiaro, 2013).  
 
Vascular endothelial growth factor (VEGF) is a well-
known pro-angiogenic and vascular permeability factor 
and is a key mediator in the pathogenesis of these retinal 
diseases (Aiello, 1997). The use of VEGF antagonists to 
inhibit the VEGF signaling pathway was recently reported 
to suppress retinal neovascularization in several 
experimental animal models (Muranaka et al., 2005) and 
human subjects (Eyetech Study, 2003). In numerous 
clinical trials, intravitreally injected anti-VEGF drugs, 
including bevacizumab, ranibizumab and aflibercept, 
notably suppressed neovascularization and stabilized 
vision loss (Campa & Harding, 2011; Frampton, 2013; 
Garcia-Layana et al., 2015). However, the intravitreal 
injection of anti-VEGF agents presents the risk of adverse 
events (Diago et al., 2009; Fintak et al., 2008). Repeated 
intravitreal injections increased the incidence of ocular 
complications, including endophthalmitis, ocular 

inflammation, traumatic cataracts, intraocular pressure 
elevation, retinal detachment, and vitreous hemorrhage 
(Falavarjani & Nguyen, 2013). Thus, interest in the use of 
oral agents has been increasing (Honda et al., 2010; 
Meredith et al., 2015; Takahashi et al., 2008). 
 
EGHB010 is a standardized herbal formula of the rhizome 
mixture of Paeonia lactiflora Pallas and Glycyrrhiza 
uralensis Fisch (ratio of 2:1), which is also known as 
Shaoyao-gancao-tang (Shakuyaku-kanzo-to in Japanese; 
Jakyakgamcho-tang in Korean). This herbal formula has 
been used as an analgesic and anti-spasmodic agent (He et 
al., 2001). 
 
Recently, the total glycosides of P. lactiflora were 
reported to inhibit the proliferation, migration and tube 
formation of human vascular endothelial cells (Deng et 
al., 2010). Licorice, the root of Glycyrrhiza species, 
inhibited angiogenesis in chronic inflammation (Kimura 
et al., 1991). Based on these reports, we hypothesized that 
EGHB01 may have anti-angiogenic activity. To the best 
of our knowledge, no reports have described the 
inhibitory activity of EGHB010 on retinal pathogenic 
neovascularization. To elucidate this, we examined the 
anti-angiogenic activity of EGHB010 in an oxygen-
induced ischemic retinopathy (OIR) model. We also 
investigated whether EGHB010 inhibited the VEGF-
mediated endothelial cell tube formation. *Corresponding author: e-mail: dvmhyun@jbnu.ac.kr 
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MATERIALS AND METHODS 
 

Preparation of EGHB010 
Standardized EGHB010 was provided by EYEGENE Co. 
Ltd. (Seoul, Korea). Paeoniae radix and Glycyrrhizae 
radix were purchased from CK herb store (Boeun, 
Chungcheongbukdo, Korea) and Gamcho Farming 
Association Corporation (Jecheon, Chungcheonbukdo, 
Korea), respectively. For the preparation of EGHB010, 
200 kg of Paeoniae radix and 100 kg of Glycyrrhizae 
radix were weighed accurately and mixed. Distilled water 
(3,000 L) was added to the mixed herbs, which were 
extracted at 90°C for 8 h. The extract solution was filtered 
and concentrated to yield a 50 kg extract. The extract was 
then mixed with maltodextrin (120 kg) as a carrier and 
stirred to form an aqueous solution. Then, the mixture was 
subjected to spray-drying and filtered through a 400-mesh 
sieve to yield an extract powder of EGHB010 (140 kg). 
The contents of the major components in EGHB010 were 
quantified by high-performance liquid chromatography 
(HPLC) as described previously (Kim et al., 2016). 
 

Cell cytotoxicity  
Cell cytotoxicity was examined using a MTS assay kit 
(Promega, Madison, WI, USA). Human umbilical vein 
endothelial cells (HUVECs, Korean Cell Line Bank, 
Seoul, Korea) were plated (1×104 cells/well) in a 96-well 
plate containing various concentrations of EGHB010 (1-
100 μg/mL). Cell viability was determined at 24 h 
following incubation. The results of the MTS assay were 
evaluated by measuring absorbance using a microplate 
reader (Tecan Group Ltd., Männedorf, Switzerland) at 
490 nm. 
 

Tube formation assay  
Ninety-six-well microplates were coated with 300 μL 
Matrigel (growth factor-reduced, BD Biosciences, San 
Jose, CA, USA). HUVECs were seeded at a density of 
1×106 cells/well and treated with serum-free EGM-2 
media (WelGENE, Inc., Daegu, Korea) containing 
EGHB010 (0-25 μg/mL) and recombinant human VEGF 
(20 ng/mL) for 17 h at 37°C. Capillary-like tube 
structures formed by HUVECs on the Matrigel were 
photographed with a DP71 digital camera (Olympus 
Corporation, Tokyo, Japan). Tube formation was 
determined by measuring the number of capillary tube 
branch points of the capillary-like structures per visual 
field. The experiments were repeated three times 
independently. 
 
Experimental retinal neovascularization in OIR 
Experimental retinal neovascularization was induced in 
C57BL/6 pups, as described previously (Lee et al., 2013). 
Pups (postnatal day 7, P7) with nursing mother were 
maintained in 75% oxygen for 5 days and then returned to 
normal oxygen pressure on P12. The pups were randomly 
allocated to three groups of seven mice each as follows: 
(1) OIR mice; (2) OIR mice treated with EGHB010 (50 

mg/kg body weight); and (3) OIR mice treated with 
EGHB010 (100 mg/kg body weight). EGHB010 was 
administered intraperitoneally for 5 days (P12-P16). The 
mice in the OIR group received an equal volume of the 
vehicle for 5 days. The care and use of the animals were 
approved by the Institutional Animal Care and Use 
Committee of Korea Institute of Oriental Medicine, 
Daejeon, Korea (IACUC approval no. 14-053). All animal 
experiments were performed in accordance with the 
IACUC approved protocol  
 

Fluorescein-dextran angiography and isolectin staining 
for neovascular area analysis 
At necropsy (P17), all mice were anesthetized by 
isoflurane inhalation. Fluorescein-dextran (10 mg/kg body 
weight, FD40, Sigma, MO, USA) in sterile PBS was 
directly injected into the heart. At 30 min after cardiac 
injection, the eyeballs were enucleated and placed in 4% 
paraformaldehyde for 1.5 h. The whole retinas were 
isolated and then mounted on microscope slides. The 
whole-mount retinas were observed using a fluorescence 
microscope (BX51, Olympus, Tokyo, Japan). The vas-
obliterated area in the retina was measured using the 
ImageJ program (National Institutes of Health, Bethesda, 
MD, USA). The neovascular tufts in the retina were 
stained with rhodamine-conjugated Bandeiraea 
simplicifolia isolectin B4 (Vector Laboratories Ltd., 
Burlingame, CA, USA). The neovascular areas labeled 
with isolectin B4 were examined using a fluorescence 
microscope (BX51, Olympus Corporation, Tokyo, Japan). 
The sizes of the neovascular tufts were calculated using 
the ImageJ program. 
 

Real-time PCR  
Frozen retinal samples were weighed and the total RNA 
was isolated using TRIzol solution (Invitrogen Inc., 
Waltham, MA, USA). Real-time RT-PCR was conducted 
according to a previously described protocol (Lee et al., 
2016). The primer sequences for VEGF and GAPDH 
were as shown in table 1. The mRNA levels of VEGF 
were determined using the Bio-Rad iQ5 software (Bio-
Rad Laboratories Inc., Hercules, CA, USA). 
 

STATISTICAL ANALYSIS  
 

Group data were analyzed by one-way analysis of 
variance followed by Tukey’s multiple comparison test or 
an unpaired Student’s t-test using Prism 6.0 software 
(Graphpad, CA, USA). A p-value of <0.05 was considered 
to indicate a statistically significant difference. 
 

RESULTS 
 

HPLC analysis of EGHB010 
For the quality control (QC) test, the contents of the major 
compounds in EGHB010 were determined by HPLC 
analysis. The contents of paeoniflorin and glycyrrhizin in 
EGHB01 were 1.50 ± 0.13% and 0.51 ± 0.02%, 
respectively.  
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VEGF-mediated vascular tube formation 
To investigate the cytotoxic effect of EGHB010 on 
HUVECs, we performed an MTS assay using various 
concentrations of EGHB010 (1-100 μg/mL). The viability 
of EGHB010-treated HUVECs was not affected up to 
concentrations of 100 μg/mL (fig. 1). Next, we examined 
whether EGHB010 could inhibit tube formation, an 
endothelial function crucial to angiogenesis, in human 
vascular endothelial cells. VEGF was used as an 
angiogenic factor. Treatment with EGHB010 inhibited the 
formation of extensive capillary-like networks of 
HUVECs in a dose-dependent manner (fig. 2).  

 

Fig. 1: Effects of EGHB010 on the viability of HUVECs. 
The viability of HUVECs was determined by MTS assay. 
Data are expressed as percentage of control. Data are 
expressed as mean ± SEM, n = 4.  

 

Fig. 2: EGHB010 inhibits tube formation in HUVECs. 
(A) Human vascular endothelial cells were treated with 
serum-free media containing HUVECs (0-25 μg/mL) with 
recombinant human VEGF (20 ng/mL) for 17 h. Tube 
formation on Matrigels was observed with a microscope. 
(B) The bar graph represents the quantification of tube 
formation. Data are expressed as mean ± SEM, n = 4, 
*p<0.01 vs. control.  
 
EGHB010 inhibits retinal neovascularization in OIR 
The mice subjected to ischemic retinopathy showed 
vascular loss with non-perfused areas and abnormal 
angiogenesis. Newly formed neovascular tufts were 
visualized by immunofluorescence staining with isolectin 

B4. OIR mice treated with EGHB010 exhibited a 
significant decrease in these retinal vascular changes that 
occur during proliferative retinopathy. As presented in fig. 
3, treatment with EGHB010 did not significantly alter 
vascular loss. However, EGHB010 inhibited the 
formation of neovascular tufts by 31.15±2.28% and 59.83 
± 2.92% at concentrations of 50 and 100 mg/kg/day, 
respectively (fig. 4). These results indicated that 
EGHB010 treatment significantly reduced the size of 
neovascular tufts. 

 
Fig. 3: Effects of EGHB010 on vascular obliteration of 
the central retina in OIR mice. (A) The retinal blood 
vessels were visualized via fluorescein angiography using 
FITC-dextran. (B) The quantification results are 
expressed as the percentage of the central nonperfused 
area within the total retinal area. The bar graph values 
represent the mean ± SEM, n = 7, *p < 0.05 vs. OIR mice. 

 
Fig. 4: Effects of EGHB010 on retinal neovascularization 
in OIR mice. (A) The retinal neovascular tufts were 
visualized using isolectin B4 staining. (B) Quantification 
results are expressed as neovascular tufts on the retina 
surface. The bar graph values represent the mean ± SEM, 
n = 7, *p<0.05 vs. OIR mice. 
 
EGHB010 downregulates VEGF mRNA expression  
To examine the changes in VEGF expression in the retina, 
we measured the expression levels of VEGF mRNA using 
real-time PCR. As predicted, the VEGF mRNA levels 
were markedly decreased by EGHB010 during ischemic 
retinopathy compared with that of the OIR group (fig. 5). 



Anti-angiogenic effect of EGHB010, a standardized herbal formula of Paeoniae radix and Glycyrrhizae radix 

Pak. J. Pharm. Sci., Vol.33, No.1, January 2020, pp.129-134 132 

DISCUSSION 
 
Pathogenic angiogenesis is the primary cause of severe 
vision loss in several retinal degenerative diseases, 
including diabetic retinopathy and wet form AMD (Gehrs 
et al., 2006). VEGF and its receptors serve an important 
role in the development of these retinal disorders (Aiello, 
1997), and inhibiting angiogenesis by targeting VEGF has 
become a major focus in drug development (van 
Wijngaarden & Qureshi, 2008). In this study, we aimed to 
demonstrate the effect of EGHB010 on abnormal 
neovascularization in an OIR model. To the best of our 
knowledge, our work was the first to show that EGHB010 
inhibits tube formation in HUVECs in vitro through a 
VEGF-mediated mechanism. In addition, EGHB010 
significantly suppressed retinal neovascularization and 
VEGF mRNA expression in a mouse model of 
experimental OIR. Taken together, these results indicate 
that the inhibitory effect of EGHB010 on retinal 
neovascularization primarily stems from its potent anti-
VEGF activity. 

 

Fig. 5: Effects of EGHB010 on VEGF mRNA expression 
in OIR mice. Real-time PCR analysis of VEGF mRNA 
levels in OIR mice. VEGF mRNA expression was 
markedly reduced after EGHB010 treatment. The data are 
shown as the mean ± SEM, n = 7, *p<0.05 vs. OIR mice. 
 
VEGF is a well-known vascular permeability and 
angiogenic factor that activates endothelial cell 

proliferation and angiogenesis (Shweiki et al., 1992). In 
OIR mice, VEGF expression was suppressed during the 
hyperoxic phase (P7-P12) (Stone et al., 1996). Once 
hyperoxia was terminated (P12-P17), hypoxia-driven up 
regulation of VEGF was observed even under normoxic 
conditions (Ashton, 1957; Ashton, 1966). Furthermore, in 
ischemic retinopathy, such as that present in diabetic 
retinopathy and neovascular AMD, the robust up 
regulation of proangiogenic VEGF expression leads to the 
activation of angiogenic signaling pathways and triggers 
neovascularization (Hoeben et al., 2004). Numerous 
studies have suggested that VEGF has a key role in retinal 
vasculopathy, and its inhibition significantly blocks the 
pathogenic alterations in the retinal vasculature (Aiello et 
al., 1994; Dorey et al., 1996). Anti-VEGF agents were 
recently reported to exhibit beneficial effects in patients 
with proliferative diabetic retinopathy and neovascular 
AMD (Campochiaro, 2013; Dhoot & Avery, 2016).  
 
In our study, there was no positive control (anti-VEGF 
drug) group. In several previous studies, anti-VEGF 
drugs, including ranibizumab and aflibercept, notably 
suppressed retinal neovascularization (Campa & Harding, 
2011; Frampton, 2013; Garcia-Layana et al., 2015). 
However, these anti-VEGF agents are humanized 
recombinant protein drugs designed for intraocular use. 
Thus, these agents are not the apt choice for a positive 
control drug. 
 
EGHB010 is a standardized herbal extract. To the best of 
our knowledge, our study demonstrated the anti-
angiogenic effects of EGHB010 in vitro and in vivo for 
the first time. Several studies have reported that certain 
crude herbal extracts and phytochemicals can inhibit 
pathogenic neovascularization in tumorigenesis (Ruma et 
al., 2014; Yance & Sagar, 2006) and retinal neovascular 
diseases (Cao et al., 2010; Hua et al., 2011; Kumar Gupta 
et al., 2013; Tanaka et al., 2012). In traditional east Asian 
medicine, Paeoniae radix has been used to nourish blood, 
regulate menstruation, and alleviate pain. Glycyrrhizae 
radix has been used to suppress cough and detoxify 
several toxic substances. EGHB010 has been used to treat 
muscle contraction and cramps (Bensky et al., 2004). It 
contains two major compounds (paeoniflorin and 
glycyrrhizin). Paeoniflorin prevented oxidative stress-
induced apoptosis in human RPE cells (Wankun et al., 
2011) and reduced VEGF levels in the synovium of rats 
with arthritis (Zheng et al., 2007). Glycyrrhizin inhibited 
neovascularization during tumor progression in mice 
(Kim et al., 2013). It decreased VEGF generation in 

Table 1: Primer sequences for real-time PCR analysis 
 

Genes Primers Sequences 
Forward 5′-TCCTCCTATCTCCACCACCTATCC-3′ 

VEGF 
Reverse 5′-GACCCAGCCAGCCATACCC-3′ 
Forward 5′-AACGACCCCTTCATTGAC-3′ 

GAPDH 
Reverse 5′-TCCACGACATACTCAGCAC-3′ 
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retinal ganglion cells treated with advanced glycation end 
products (Lee et al., 2012). In addition, glycyrrhizin has 
been known as a selective inhibitor of high-mobility 
group box-1, a potent proangiogenic molecule, and it 
attenuated ischemia-induced retinal neovascularization 
(Lee et al., 2013). Although the detailed action 
mechanism of EGHB010 as a VEGF inhibitor is still not 
clear, it is suggested that the anti-angiogenic activity of 
EGHB010 may be due to the synergistic effects of 
paeoniflorin and glycyrrhizin. 
 
CONCLUSION 
 
This is the first study to provide evidence that EGHB010 
inhibits experimental retinal neovascularization in 
ischemic retinopathy in vivo. In addition, in vitro studies 
showed that EGHB010 inhibits VEGF-induced tube 
formation in HUVECs. Further studies may be required to 
determine the feasibility of using EGHB010 for the 
treatment of patients with ischemic retinopathy. 
 
ACKNOWLEDGMENTS 
 
This research was supported by Korea Institute of 
Oriental Medicine (grant No: K17810) and Korea 
Institute of Planning and Evaluation for Technology in 
Food, Agriculture, Forestry and Fisheries (IPET) through 
Agri-Bio industry Technology Development Program, 
funded by Ministry of Agriculture, Food and Rural Affairs 
(grant No: 116081-03-2-CG000) 
 
REFERENCES 
 
Aiello LP (1997). Vascular endothelial growth factor and 

the eye: Biochemical mechanisms of action and 
implications for novel therapies. Ophthalmic Res., 
29(5): 354-362. 

Aiello LP, Avery RL, Arrigg PG, Keyt BA, Jampel HD, 
Shah ST, Pasquale LR, Thieme H, Iwamoto MA and 
Park JE et al. (1994). Vascular endothelial growth 
factor in ocular fluid of patients with diabetic 
retinopathy and other retinal disorders. N. Engl. J. 
Med., 331(22): 1480-1487. 

Ashton N (1957). Retinal vascularization in health and 
disease: Proctor Award Lecture of the Association for 
Research in Ophthalmology. Am. J. Ophthalmol., 44(4 
Pt 2): 7-17. 

Ashton N (1966). Oxygen and the growth and 
development of retinal vessels. In vivo and in vitro 
studies. The XX Francis I. Proctor Lecture. Am. J. 
Ophthalmol., 62(3): 412-435. 

Bensky D, Clavey S and Stoger E (2004). Chinese Herbal 
Medicine: Materia Medica. Seatle, USA: Eastland 
Press. 

Campa C and Harding SP (2011). Anti-VEGF compounds 
in the treatment of neovascular age related macular 
degeneration. Curr. Drug Targets., 12(2): 173-181. 

Campochiaro PA (2013). Ocular neovascularization. J. 
Mol. Med. (Berl.), 91(3): 311-321. 

Cao L, Liu H, Lam DS, Yam GH and Pang CP (2010). In 
vitro screening for angiostatic potential of herbal 
chemicals. Invest. Ophthalmol. Vis. Sci., 51(12): 6658-
6664. 

Deng H, Yan C, Xiao T, Yuan D and Xu J (2010). Total 
glucosides of Paeonia lactiflora Pall inhibit vascular 
endothelial growth factor-induced angiogenesis. J. 
Ethnopharmacol., 127(3): 781-785. 

Dhoot DS and Avery RL (2016). Vascular Endothelial 
Growth Factor Inhibitors for Diabetic Retinopathy. 
Curr. Diab. Rep., 16(12): 122. 

Diago T, McCannel CA, Bakri SJ, Pulido JS, Edwards AO 
and Pach JM (2009). Infectious endophthalmitis after 
intravitreal injection of antiangiogenic agents. Retina, 
29(5): 601-605. 

Dorey CK, Aouididi S, Reynaud X, Dvorak HF and 
Brown LF (1996). Correlation of vascular permeability 
factor/vascular endothelial growth factor with 
extraretinal neovascularization in the rat. Arch. 
Ophthalmol., 114(10): 1210-1217. 

Eyetech Study G (2003). Anti-vascular endothelial growth 
factor therapy for subfoveal choroidal 
neovascularization secondary to age-related macular 
degeneration: Phase II study results. Ophthalmology, 
110(5): 979-986. 

Falavarjani KG and Nguyen QD (2013). Adverse events 
and complications associated with intravitreal injection 
of anti-VEGF agents: Preview of literature. Eye (Lond), 
27(7): 787-794. 

Fintak DR, Shah GK, Blinder KJ, Regillo CD, Pollack J, 
Heier JS, Hollands H and Sharma S (2008). Incidence 
of endophthalmitis related to intravitreal injection of 
bevacizumab and ranibizumab. Retina, 28(10): 1395-
1399. 

Frampton JE (2013). Ranibizumab: A review of its use in 
the treatment of neovascular age-related macular 
degeneration. Drugs Aging, 30(5): 331-358. 

Garcia-Layana A, Figueroa MS, Araiz J, Ruiz-Moreno 
JM, Gomez-Ulla F, Arias-Barquet L and Reiter N 
(2015). Treatment of Exudative Age-related Macular 
Degeneration: Focus on Aflibercept. Drugs Aging, 
32(10): 797-807. 

Gehrs KM, Anderson DH, Johnson LV and Hageman GS 
(2006). Age-related macular degeneration-emerging 
pathogenetic and therapeutic concepts. Ann. Med., 
38(7): 450-471. 

He JX, Akao T, Nishino T and Tani T (2001). The 
influence of commonly prescribed synthetic drugs for 
peptic ulcer on the pharmacokinetic fate of glycyrrhizin 
from Shaoyao-Gancao-tang. Biol. Pharm. Bull., 
24(12): 1395-1399. 

Hoeben A, Landuyt B, Highley MS, Wildiers H, Van 
Oosterom AT and De Bruijn EA (2004). Vascular 
endothelial growth factor and angiogenesis. 
Pharmacol. Rev., 56(4): 549-580. 



Anti-angiogenic effect of EGHB010, a standardized herbal formula of Paeoniae radix and Glycyrrhizae radix 

Pak. J. Pharm. Sci., Vol.33, No.1, January 2020, pp.129-134 134 

Honda S, Nagai T, Kondo N, Fukuda M, Kusuhara S, 
Tsukahara Y and Negi A (2010). Therapeutic effect of 
oral bisphosphonates on choroidal neovascularization 
in the human eye. J. Ophthalmol., 2010. 

Hua J, Guerin KI, Chen J, Michan S, Stahl A, Krah NM, 
Seaward MR, Dennison RJ, Juan AM, Hatton CJ, 
Sapieha P, Sinclair DA and Smith LE (2011). 
Resveratrol inhibits pathologic retinal 
neovascularization in Vldlr(-/-) mice. Invest. 
Ophthalmol. Vis. Sci., 52(5): 2809-2816. 

Jager RD, Mieler WF and Miller JW (2008). Age-related 
macular degeneration. N. Engl. J. Med., 358(24): 2606-
2617. 

Kim J, Kim CS, Kim YS, Lee IS and Kim JS (2016). 
Jakyakgamcho-tang and Its Major Component, Paeonia 
Lactiflora, Exhibit Potent Anti-glycation Properties. J. 
Exerc. Nutrition Biochem., 20(4): 60-64. 

Kim KJ, Choi JS, Kim KW and Jeong JW (2013). The 
anti-angiogenic activities of glycyrrhizic acid in tumor 
progression. Phytother. Res., 27(6): 841-846. 

Kimura M, Kimura I, Luo B and Kobayashi S (1991). 
Antiinflammatory effect of Japanese Sino medicine 
‘Keishi-ka-jutsubu-to and its component drugs on 
adjuvant air pouch granuloma of mice. Phytother. Res., 
5(5): 195-200. 

Kumar Gupta S, Kumar B, Srinivasan BP, Nag TC, 
Srivastava S, Saxena R and Aggarwal A (2013). 
Retinoprotective effects of Moringa oleifera via 
antioxidant, anti-inflammatory and anti-angiogenic 
mechanisms in streptozotocin-induced diabetic rats. J. 
Ocul. Pharmacol. Ther., 29(4): 419-426. 

Lee JJ, Hsiao CC, Yang IH, Chou MH, Wu CL, Wei YC, 
Chen CH and Chuang JH (2012). High-mobility group 
box 1 protein is implicated in advanced glycation end 
products-induced vascular endothelial growth factor A 
production in the rat retinal ganglion cell line RGC-5. 
Mol. Vis., 18: 838-850. 

Lee YM, Kim J, Jo K, Shin SD, Kim CS, Sohn EJ, Kim 
SG and Kim JS (2013). Ethyl pyruvate inhibits retinal 
pathogenic neovascularization by downregulating 
HMGB1 expression. J. Diabetes Res., 2013 245271. 

Lee YM, Lee YR, Kim CS, Jo K, Sohn E, Kim JS and 
Kim J (2016). Cnidium officinale extract and 
butylidenephthalide inhibits retinal neovascularization 
in vitro and in vivo. BMC Complement. Altern. Med., 
16: 231. 

Meredith EL, Mainolfi N, Poor S, Qiu Y, Miranda K, 
Powers J, Liu D, Ma F, Solovay C, Rao C, Johnson L, 
Ji N, Artman G, Hardegger L, Hanks S, Shen S, 
Woolfenden A, Fassbender E, Sivak JM, Zhang Y, 
Long D, Cepeda R, Liu F, Hosagrahara VP, Lee W, 
Tarsa P, Anderson K, Elliott J and Jaffee B (2015). 

Discovery of Oral VEGFR-2 Inhibitors with Prolonged 
Ocular Retention That Are Efficacious in Models of 
Wet Age-Related Macular Degeneration. J. Med. 
Chem., 58(23): 9273-9286. 

Muranaka K, Yanagi Y, Tamaki Y, Takahashi H, Usui T, 
Ohashi K, Matsuoka H and Senda T (2005). 
Suppression of laser-induced choroidal 
neovascularization by oral administration of SA3443 in 
mice. FEBS Lett., 579(27): 6084-6088. 

Ruma IM, Putranto EW, Kondo E, Watanabe R, Saito K, 
Inoue Y, Yamamoto K, Nakata S, Kaihata M, Murata H 
and Sakaguchi M (2014). Extract of Cordyceps 
militaris inhibits angiogenesis and suppresses tumor 
growth of human malignant melanoma cells. Int. J. 
Oncol., 45(1): 209-218. 

Shweiki D, Itin A, Soffer D and Keshet E (1992). 
Vascular endothelial growth factor induced by hypoxia 
may mediate hypoxia-initiated angiogenesis. Nature, 
359(6398): 843-845. 

Stone J, Chan-Ling T, Pe'er J, Itin A, Gnessin H and 
Keshet E (1996). Roles of vascular endothelial growth 
factor and astrocyte degeneration in the genesis of 
retinopathy of prematurity. Invest. Ophthalmol. Vis. 
Sci., 37(2): 290-299. 

Takahashi H, Tamaki Y, Ishii N, Oikawa N, Mizuguchi E, 
Francis JH, Inoue Y, Iriyama A, Obata R and Yanagi Y 
(2008). Identification of a novel vascular endothelial 
growth factor receptor 2 inhibitor and its effect for 
choroidal neovascularization in vivo. Curr. Eye Res., 
33(11): 1002-1010. 

Tanaka J, Nakamura S, Tsuruma K, Shimazawa M, 
Shimoda H and Hara H (2012). Purple rice (Oryza 
sativa L.) extract and its constituents inhibit VEGF-
induced angiogenesis. Phytother. Res., 26(2): 214-222. 

van Wijngaarden P. Qureshi SH (2008). Inhibitors of 
vascular endothelial growth factor (VEGF) in the 
management of neovascular age-related macular 
degeneration: a review of current practice. Clin. Exp. 
Optom., 91(5): 427-437. 

Wankun X, Wenzhen Y, Min Z, Weiyan Z, Huan C, Wei 
D, Lvzhen H, Xu Y and Xiaoxin L (2011). Protective 
effect of paeoniflorin against oxidative stress in human 
retinal pigment epithelium in vitro. Mol. Vis., 17: 3512-
3522. 

Yance DR Jr and Sagar SM (2006). Targeting 
angiogenesis with integrative cancer therapies. Integr. 
Cancer Ther., 5(1): 9-29. 

Zheng YQ, Wei W, Zhu L and Liu JX (2007). Effects and 
mechanisms of Paeoniflorin, a bioactive glucoside 
from paeony root, on adjuvant arthritis in rats. Inflamm. 
Res., 56(5): 182-188. 

 
 


