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INTRODUCTION

Glaucoma is a chronic disease that causes progressive 
damage to the optic nerve and to retinal ganglion cells 
(RGCs), resulting in visual field damage from the side 
to the center vision.1 This condition is expected to affect 
up to 80 million individuals worldwide by 2020, with 
at least 6–8 million individuals becoming blind in both 
eyes.2,3

Several risk factors have been suggested to play a role 
in the pathogenesis of glaucoma, including intraocular 
pressure (IOP) and mechanical damage to RGC axons,4 
ischemic insults to RGCs axons in the optic nerve head,5,6 
and genetic risks.7

Glaucoma has been classified into specific types, 
including primary open-angle glaucoma and closed-
angle glaucoma. These types are specified by the contact 
between the iris and the trabecular meshwork, which in 
turn obstruct the aqueous humor from the eye. These 
types cause increased IOP in the eye, which is the most 
common risk factor for glaucoma.4 Increased IOP (nor-
mal range 10–20 mm Hg) causes damage to the optic 
nerve head through the mechanical compression of RGC 
axons, and causes axonal transport blockade, thereby 
altering the appropriate nutritional requirements for the 
survival of RGCs.8

Thus, the current therapy for glaucoma is focused on 
the reduction of IOP.9 Topical medications that reduce 
IOP have been used for treatment, including cholinergic 
agonists, cholinesterase inhibitors, carbonic anhydrase 

inhibitors, adrenergic agonists, β-blockers, and prosta-
glandin analogues.3 Some epidemiologic studies have 
shown that reducing IOP is effective in slowing the pro-
gression of glaucoma in approximately 90% of cases.4

Although reduction of IOP is effective in most cases, 
not all patients with glaucoma are protected from disease 
progression with such a treatment.10,11 This is because 
many glaucoma patients have normal IOP, but exhibit 
a decreased blood supply to or a weakness in the optic 
nerve; moreover, not all ocular hypertensive patients 
develop glaucoma.11

According to epidemiologic studies conducted in 
Korea, the prevalence of glaucoma among the population 
of rural Sangju in South Korea was 3.4%. Notably, open-
angle glaucoma with low IOP was found to be the most 
common form, accounting for 94.4% of the total number of 
cases.12 Greater knowledge of the underlying pathogenesis 
of glaucoma has resulted in new therapeutic approaches, 
and the prevention of RGC degeneration rather than IOP 
reduction is the goal of current treatment strategies.13–15

Several putative compounds with neuroprotective 
effects exist for the potential treatment of glaucoma, 
including memantine and brimonidine, which is cur-
rently in application for clinical trials.3 Memantine failed 
its randomized phase III clinical trials in patients with 
glaucoma as it did not show significant efficacy that was 
similar to prior studies.16 This lack of reported efficacy 
may be due to the various modes of action for neuro-
protection in glaucoma, and the difficulty in detecting 
effects with present methodologies.17
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Natural products that possess multiple properties, 
including antioxidant capacity, may provide neuropro-
tection in glaucoma and may potentially be used to pre-
vent or treat such neurodegenerative diseases.18 In this 
chapter, the neuroprotective role of natural products, 
particularly edible wild vegetables, in RGCs is investi-
gated. One of these putative wild vegetables, Gymnaster 
koraiensis, was shown to have antiapoptotic and anti-
oxidant properties in transformed RGCs, and protective 
effects on RGCs in an N-methyl-D-aspartate (NMDA)-
induced excitotoxicity model and a partial optic nerve 
crush (PONC) model in vivo. The potential value of natu-
ral products and the possible application of edible wild 
vegetables as neuroprotective agents for glaucoma are 
summarized and discussed.

NEUROPROTECTION OF RETINAL 
GANGLION CELLS

RGC axons are the output of the eye and integrate 
information from the outer retina to the brain where 
they synapse at the thalamus, the hypothalamus, and 
the superior colliculus.19 Neuroprotection in glaucoma is 
defined by the preservation and functional maintenance 
of damaged RGCs through interference with injury and 
death pathways.20

The reasons why and the processes involved in how 
RGCs actually die in glaucoma are still being investi-
gated, although many studies have been carried out to 
identify the relevant mechanisms of action. The death of 
RGCs in glaucoma was shown to occur by apoptosis in 
various experimental models.21–24

Advances in the area of RGC neuroprotection can 
be achieved using knowledge derived from labora-
tory studies to predict clinical applications. Several 
approaches for the neuroprotection of RGCs have been 
proposed, including stopping or preventing apoptosis, 
preventing tumor necrosis factor activation, stabilizing 
Ca2+ homeostasis, blocking glutamate excitotoxicity, 
normalizing mitochondrial dysfunction, inhibiting nitric 
oxide production, modulating the expression of heat 
shock proteins, supplying neurotrophins, and improv-
ing blood flow to the optic nerve.14,25–27

There is a significant amount of evidence impli-
cating the role of oxidative stress in glaucoma.28  
The mechanisms that have been proposed in RGCs, 
including excitotoxicity, IOP, and ischemia, can induce 
oxidative stress by various insults, resulting in RGC 
death.29

Reduced antioxidative capacity has been shown in 
the aqueous humor of glaucoma cases, and reduced 
glutathione (GSH) and increased malondialde-
hyde (MDA) plasma levels have also been found in 
the plasma of glaucoma patients.30,31 In a clinical 

correlation study in patients with primary open-angle 
glaucoma, IOP elevation was shown to cause visual 
field damage by DNA oxidative damage in the human 
trabecular meshwork.32 This finding may explain why 
oxidative stress is an important factor in the pathogen-
esis of glaucoma.

Therefore, it would be desirable for neuroprotective 
substances for RGCs to also possess antioxidant prop-
erties. Natural products, with their antioxidative prop-
erties, have long been shown to have beneficial effects 
in humans and can be tolerated when taken regularly. 
Thus, natural products may be beneficial in the treat-
ment of a chronic disease such as glaucoma.33

USE OF NATURAL PRODUCTS TO 
PROTECT RETINAL GANGLION CELLS

There have been numerous reports of natural prod-
ucts, mostly from plants, with protective effects on 
RGCs, as summarized in Table 41.1. One of the natural 
products in clinical trials is Ginkgo biloba. Ginkgo biloba 
is a well-known dietary supplement containing many 
different flavonoids, terpenoids, and other polyphenols 
that have proven strong antioxidative properties.73 Two 
well-known pharmacologic applications of G. biloba are 
in the treatment of blood disorders and the enhancement 
of memory.74 Laboratories studies have shown that G. 
biloba enhances microcirculation by improving endothe-
lium-dependent vasodilation,75 which contributes to G. 
biloba acting as a putative substance for the treatment of 
glaucoma.

Notably, G. biloba extracts can increase ocular blood 
flow velocity and have various activities, includ-
ing neuroprotection in RGCs, as shown by clinical 
studies in patients with normal tension glaucoma  
(Table 41.1).54–61

Green tea is an ancient tea from Camellia sinensis, 
and is widely used worldwide. Green tea contains high 
amounts of polyphenols, including (+)-epicatechin, 
(−)-epigallocatechin, (−)-epicatechin gallate, and (−)-epi-
gallocatechin gallate (EGCG).76 Green tea and its main 
constituents have various beneficial actions on condi-
tions such as inflammation and thrombosis, as well as 
age-related neurodegeneration, by increasing learning 
and memory with a particular focus on the hippocampal 
formation.77,78

EGCG, the main constituent of green tea, has been shown 
to have beneficial effects on the neuroprotection of RGCs. 
Orally administered EGCG has been shown to attenuate 
retinal neuronal death in rats, and inhibit apoptosis caused 
by various insults, such as ischemia, oxidative stress, and 
light in transformed RGCs (RGC-5 cells) (Table 41.1).44–48 
EGCG tablets (Epinerve, Sifi, Italy) have been prescribed by 
ophthalmologists to treat glaucoma in Italy.
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TABLE 41.1  Evidence Suggesting Protective Effects of Natural Substances in Retinal Ganglion Cells

Natural Product (Raw 
Materials) Biologically Active Compounds Methods References

Thuja orientalis Isoquercitrin Oxidative stress-induced RGC-5 cell death Jung et al. (2010)33

Carotenoid Zeaxanthin, astaxanthin, lutein Oxidative stress-induced RGC-5 cell death Li and Lo (2010), Nakajima 
et al. (2008, 2009)34–36

Olive oil Squalene Alcohol damage in the chick embryo retina Aguilera et al. (2005)37

Scutellaria baicalensis Baicalin Ischemia–reperfusion injury in retina, 
oxidative stress-induced RGC-5 cell death

Jung et al. (2008)38

Garlic S-Allyl-L-cysteine (SAC) Ischemia–reperfusion injury in retina, 
hypoxia-induced RGC-5 cell death

Chen et al. (2012)39

Phyllostachys nigra Luteolin 6-C-(6″-O-trans-
caffeoylglucoside)

Oxidative stress-induced RGC-5 cell death Lee et al. (2010)40

Lycium barbarum Polysaccharide Ocular hypertension in rat, neuroprotection 
in primary cultured RGCs

Chan et al. (2007), Chiu et al. 
(2009), Yang et al. (2011)41–43

Green tea Epigallocatechin gallate (EGCG), 
epicatechin (EC)

Rotenone-induced RGC-5 cell death, light-
induced cell death in RGC-5 cell, ischemia–
reperfusion injury in retina

Kamalden et al. (2012), 
Osborne et al. (2010), Zhang 
and Osborne (2006), Zhang 
et al. (2007, 2008)44–48

Brazilian green propolis Dicaffeoylquinic acid Oxygen–glucose deprivation-induced  
RGC-5 cell death, NMDA in rat

Inokuchi et al. (2006), Nakajima 
et al. (2007, 2009)49–51

Morus alba – Diabetes and hypercholesterolemia in 
mother rat

El-Sayyad et al. (2011)52

Rhus verniciflua Fustin, fisetin, sulfuretin, butein Oxidative stress-induced RGC-5 cell death Choi et al. (2012)53

Ginkgo biloba – Clinical study for normal tension glaucoma, 
chronic glaucoma model by IOP elevation 
in cautery of three episcleral vessels in rats, 
optic nerve crush in rat

Chung et al. (1999), Hirooka 
et al. (2004), Ma et al. (2009, 
2010), Park et al. (2011), 
Quaranta et al. (2003), Shim 
et al. (2012), Wang et al. 
(2011)54–61

Zuogui pill – Optic nerve crush in rat Wang et al. (2011)62

Annatto (Bixa orellana) Bixin Endoplasmic reticulum stress-induced 
retinal damage, tunicamycin-induced cell 
death in rat

Tsuruma et al. (2012)63

Bilberry (Vaccinium 
myrtillus)

Anthocyanins Oxidative stress-induced RGC-5 cell death, 
NMDA-induced cell death in rat

Matsunaga et al. (2009)64

Crocus sativus, Gardenia 
jasminoides

Crocetin Light-induced cell retinal damage in rat Yamauchi et al. (2011)65

Curcuma longa Curcumin Staurosporine-induced retinal damage in 
mice

Burugula et al. (2011)66

Diosmin Ischemia–reperfusion injury in retina Tong et al. (2012)67

Eisenia bicyclis Phlorotannins Oxidative stress-induced RGC-5 cell death, 
NMDA-induced cell death in rat

Kim et al. (2012)68

Grape Resveratrol Endoplasmic reticulum stress-induced 
retinal damage in RGC-5 cells, ischemia–
reperfusion injury in mice

Li et al. (2012), Yang et al. 
(2012)69,70

– Flavonoids Oxidative stress-induced RGC-5 cell death Maher and Hanneken (2005)71

Aegle marmelos fruit – Water loading and steroid-induced models Agarwal et al. (2009)72

RGC-5: transformed retinal ganglion cells; NMDA: N-methyl-D-aspartate; IOP: intraocular pressure.
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The bioavailability of green tea is poor and small 
molecules, including epicatechin and epigallocatechin, 
have higher bioavailability than large molecules, such 
as EGCG.79 Therefore, increasing the bioavailability 
of EGCG as the active compound in green tea is very 
important for the development of pharmaceuticals or 
dietary supplements.

Carotenoids are tetraterpenoids and can be clas-
sified into two specific classes: xanthophylls and 
carotenes. The chemical structures of carotenoids are 
shown in Figure 41.1. These molecules can absorb blue 
light, which can protect the eye, and particularly the 
macula lutea, from damaging blue and near-ultra-
violet (UV) light. In this regard, oxygen-containing 
carotenoids (xanthophylls) such as lutein and zea-
xanthin have been shown to play an important role in 
the prevention of age-related macular degeneration.80 
Given that humans are not able to synthesize xantho-
phylls, these must be consumed from natural prod-
ucts, including certain fruits, vegetables, and eggs.81 
Several studies have shown that lutein and zeaxanthin 
have beneficial antioxidative properties for neuropro-
tection against oxidative stress-induced RGC damage 
(Table 41.1).34–36

The well-known natural antioxidants resveratrol and 
anthocyanins, which are found in grapes and berries, 
respectively, have been shown to have protective effects 
on endoplasmic reticulum stress-induced retinal dam-
age (Table 41.1).64,69,70 Propolis has also been suggested 
as a putative natural substance for RGC protection, with 
effects shown both in vitro and in vivo (Table 41.1).49–51

Previous studies have shown that several natural 
products and their isolated compounds have protec-
tive effects on oxidative stress-induced RGC death. 
Flavones, such as isoquercitrin isolated from Thuja 
orientalis, were found to be effective at blunting the 
negative influence of oxidative insults to RGCs  
(Table 41.1).33

There are many reports on the biologic effects of Scu-
tellaria baicalensis. Its active compound, baicalin, was 
shown to have neuroprotective effects on ischemia–
reperfusion in the hippocampi of gerbils via antioxida-
tive and antiapoptotic pathways.82 Moreover, baicalin 
was found to attenuate inflammatory reactions 
and cerebral ischemia injury in rats, involving toll-
like receptor 2 and 4 (TLR2/4) and the downstream 
nuclear factor-κB (NF-κB).83 The neuroprotective effect 
of baicalin was also demonstrated by its inhibition 
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of NMDA receptor-mediated 5-lipoxygenase acti-
vation in rat cortical neurons.84 Studies have shown 
that baicalin is a powerful neuroprotectant in RGCs. 
Baicalin attenuated ischemia–reperfusion injury in 
rats and oxidative stress-induced transformed RGC 
(RGC-5) death.38

Black bamboo, Phyllostachys nigra, and Rhus verniciflua 
have also been suggested as possible natural products 
for the treatment of glaucoma (Table 41.1).40,53

It has been reported that the hydroxyl groups of 
flavonoids at the catechol positions are effective in 
preventing microsomal lipid peroxidation and enable 
increased antioxidative properties.85 Many flavonoids 
have catechol moieties and are potentially able to 
scavenge free radicals, including peroxynitrite.86 This 
ability may be due to their strong reactivity with free 
radicals, and their efficient metal chelation and electron 
delocalization.87,88

The neuroprotective effects of isoquercitrin isolated 
from T. orientalis, baicalin isolated from S. baicalensis, 
and luteolin (6-C-6″-O-trans-caffeoylglucoside) iso-
lated from P. nigra appear to be primarily related to the 
antioxidant characteristics of these substances. These 
compounds each have a catechol group, which may 
underlie the protective effects of the above compounds 
on RGCs.

In a recent study investigating the effects of seaweed 
on RGCs, the ethanol extract of Eisenia bicyclis was found 
to protect RGCs from NMDA-induced excitotoxicity 
in rat retinas and oxidative stress-induced RGC death. 
These protective effects on RGCs are due to the anti-
oxidative properties of the extract, with phlorotannins 
being the likely active compounds (Table 41.1).68 The 
beneficial effects of E. bicyclis may also be due in part 
to fucoxanthin (Fig. 41.1), a derivative of carotenoids 
that was isolated from E. bicyclis by centrifugal partition 
chromatography.89

Other suggested natural products that have been 
demonstrated to be effective in various experimental 
models are shown in Table 41.1.

USE OF WILD VEGETABLES TO PROTECT 
RETINAL GANGLION CELLS

Wild vegetables grown in Korea are consumed as 
healthy food, and several species have also been used 
as fermented food, particularly Kimchi. It is known that 
wild vegetables contains higher levels of minerals and 
vitamins than cultivated vegetables.90 Moreover, it has 
also been reported that wild vegetables have higher car-
otene and calcium concentrations than locally cultivated 
species.91 This may be because wild vegetables are under 
the constant stress of harsh conditions, including compe-
tition with other plants and with insects.

In recent years, the multiple roles of wild vegetables 
as both food and medicinal sources have been widely 
documented. Despite several publications on the impor-
tance of edible wild vegetables used in Korea, data have 
not been collected systematically and detailed biologic 
studies have not been conducted.

Research has investigated whether edible wild veg-
etables grown in Pyeongchang, Korea, exhibit any bio-
logic activities (Daegwanryeong project), including 
neuroprotective effects in transformed RGCs (RGC-5). 
In particular, studies have focused on the family of 
Compositae; the list of vegetables belonging to this fam-
ily is shown in Table 41.2. In total, 50 wild vegetables 
from the Compositae family consumed in Korea were 
tested for protective effects on oxidative stress-induced 
RGCs. Among the vegetables investigated, Gymnaster 
koraiensis N. showed the highest protective effect, and 
additional studies were carried out to further clarify 
this effect.

Protective Effect of Gymnaster koraiensis on 
Oxidative Stress-Induced Retinal Ganglion Cells

Gymnaster koraiensis N. (Compositae) (Fig. 41.2) is a 
wild vegetable that grows in Korea and has been used 
as a source of food in this country for many years. The 
reported biologic activities of G. koraiensis include inhibi-
tory activities on AKR1B10 to prevent cancer,92 on osteo-
clast formation by suppressing NFATc1 and DC-STAMP 
expression,93 on aldose reductase and advanced glyca-
tion end-products,94 and on nuclear factor of activated T 
cells (NFAT) transcription factor,95 as well as hepatopro-
tective effects.96

The chemical constituents of G. koraiensis have been 
reported to include polyacetylenes, benzofurans, ter-
penes, squalenes, and several flavonoids 14,94,97–99  
(Fig. 41.3), as well as dicaffeoylquinic acids. Brazilian 
green propolis also contains high amounts of dicaf-
feoylquinic acid, which has been shown to have signifi-
cant neuroprotective effects on oxidative stress-induced 
retinal damage.49 Therefore, dicaffeoylquinic acid may 
be the chemical constituent underlying the neuroprotec-
tive effects of G. koraiensis.

Many glaucoma risk factors lead to the overproduc-
tion of reactive oxygen species (ROS), which may play 
a major role in the demise of RGCs, as discussed in the 
‘Introduction’ section.100 It is clear that oxidative stress 
distorts intercellular homeostasis and that reducing 
oxidative stress in target tissues is a strategy worthy of 
consideration for the treatment of glaucoma. Gymnaster 
koraiensis has antioxidative properties that were shown 
to significantly reduce the production of ROS caused by 
different sources of oxidative stress, such as hydrogen 
peroxide (H2O2), O2

∙−, or ∙OH.99 These findings indicate 
that G. koraiensis is effective in reducing ROS in RGCs.
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TABLE 41.2 L ist of Compositae

No. Code Scientific Name Parts

1 D-002 Saussurea pulchella (Fisch.) Fisch. Whole plant

2 D-011 Gymnaster koraiensis (Nakai) Kitam. Leaves, stem, and flower

3 D-014 Cirsium nipponicum (Maxim.) Makino Leaves and stem

4 D-015 Aster glehni var. hondoensis kitamura Leaves

5 D-016 Solidago virgaurea subsp. gigantea (Nakai) kitam Leaves and stem

6 D-021 Atractylodes ovata (Thunb.) DC. Leaves and stem

7 D-026 Achillea alpina (Ledeb) Leaves and stem

8 D-027 Lactuca indica L. var. laciniata (O.Kuntze) Hara Leaves, stem, and flower

9 D-037 Lactuca indica L. var. laciniata Hara Leaves and stem

10 D-039 Adenocaulon himalaicum Edgew. Whole plant

11 D-041 Youngia sonchifolia Maxim. Leaves, stem, and flower

12 D-043 Youngia denticulata Kitamura Whole plant

13 D-044 Taraxacum officinale Weber Whole plant

14 D-050 Artemisia dubia Wall. Leaves

15 D-058 Ligularia fischeri (Ledeb.) Turcz. Leaves and stem

16 D-060 Ligularia fischeri var. spiciformis Nakai Leaves and stem

17 D-061 Ligularia fischeri (Ledeb.) Turcz. Leaves and stem

18 D-062 Cirsium setidens (Dunn) Nakai Leaves and stem

19 D-066 Lactuca indica L. var. laciniata (O.Kuntze) Hara Leaves

20 D-067 Ligularia fischeri (Ledeb.) Turcz. Leaves, stem, and flower

21 D-068 Aster scaber Thunberg Leaves, stem, and flower

22 D-076 Taraxacum coreanum Nakai Leaves

23 D-080 Carpesium abrotanoides L. Whole plant

24 D-082 Artemisia gmelini Weber ex Stechm Leaves, stem, and flower

25 D-083 Aster tataricus L.f. Whole plant

26 D-084 Sonchus brachyotus DC. Whole plant

27 D-090 Cirsium japonicum var. maackii Cirsium japonicum  
var. ussuriensis (Kitam)

28 D-094 Synurus deltoides (Aiton) Nakai.

29 D-099 Cirsium pendulum Fisch. Ex DC.

30 D-102 Syneilesis palmata (Thunb.) Maxim

31 D-103 Crepidiastrum chelidoniifolium (Makino)

32 D-110 Erigeron canadensis L.

33 D-111 Erigeron canadensis L.

34 D-112 Erigeron annuus L.

35 D-122 Solidago virgaaurea var. asiatica Nakai Leaves and shoot

36 D-135 Breea segeta Kitam. Leaves and shoot

37 D-136 Carpesium macrocephalum Fr. Leaves
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Studies by Wei et al. showed that nuclear factor ery-
throid 2-related factor 2 (Nrf2) is cytoprotective against 
neuronal and capillary degeneration in a model of reti-
nal ischemia–reperfusion injury. The authors suggested 
that Nrf2 could be a new therapeutic target for retinal 
diseases.101

The author’s previous studies investigated the 
cytoprotective effects of isolated compounds from G. 
koraiensis on oxidative stress-induced cytotoxicity in 
HepG2 cells.96 Gymnasterkoreayne B, a polyacetylene 
derivative isolated from G. koraiensis, was shown to 
induce detoxification enzymes through the nuclear 
translocation of Nrf2, which is known to regulate anti-
oxidant responsive element (ARE)-driven phase II 
detoxification genes.102 Thus, these data suggest that 
the neuroprotective effects of G. koraiensis in RGCs 

may be due to both direct and indirect antioxidant 
mechanisms.

Online high-performance liquid chromatogra-
phy (HPLC)–2,2′-azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid) (ABTS+), an online rapid screening 
method, was used to identify the antioxidative com-
pound in G. koraiensis (Fig. 41.4). The detection of anti-
oxidative compounds from complex extracts is possible 
by the online coupling of HPLC separation. The HPLC 
separation eluate is mixed with a stabilized solution 
of ABTS+ radicals from different HPLC pumps, and 
the mixed solution is detected with a UV/Vis detec-
tor monitoring absorbance at 734 nm. The ABTS+ radi-
cals scavenging detection chromatogram is detected as 
a negative peak on the absorbance profile. The more 
rapidly the absorbance decreases, the more potent the 
antioxidant activity of the compound in terms of hydro-
gen-donating ability.103

Figure 41.4 shows the online HPLC–ABTS+ analysis of 
an extract of G. koraiensis. From the combined UV (posi-
tive signals) and ABTS+ quenching (negative signals) 
chromatograms, one major compound was identified 
as showing the highest free radical scavenging activity. 
The major compound was isolated from the ethyl acetate 
fraction of G. koraiensis (EAGK) using Diaion HP-20 and 
preparative HPLC, and the chemical structure was eluci-
dated by spectral analysis as 3,5-di-O-caffeoylquinic acid 
(3,5-DCQA).99 Both the EAGK and the isolated 3,5-DCQA 

p0180

p0185

p0190

p0195

No. Code Scientific Name Parts

38 D-142 Parasenecio auriculata var. kamtschatica (Maxim.) 
H.Koyama

Leaves and shoot

39 D-147 Saussurea macrolepis (Nakai) Kitam. Leaves and shoot

40 D-148 Saussurea seoulensis Nakai Leaves and shoot

41 D-153 Synurus excelsus (Makino) Kitam. Leaves

42 D-156 Lactuca triangulata Maxim. Leaves and stem

43 D-164 Carpesium cernuum L. Leaves and stem

44 D-167 Parasenecio auriculata var. kamtschatica (Maxim.) 
H.Koyama

Leaves and stem

45 D-168 Syneilesis palmata (Thunb.) Maxim. Leaves and stem

46 D-169 Ixeris repens (L.) A.Gray Leaves, stem, and root

47 D-175 Xanthium strumarium L. Stem and fruit

48 D-176 Picris hieracioides var. koreana Kitam. Leaves, stem, and flower

49 D-187 Helianthus tuberosus L. Leaves and stem

50 D-189 Sigesbeckia glabrescens (Makino) Makino Leaves, stem, and flower

Fifty wild vegetables of Compositae were collected from 2007 to 2010 in the vicinity of Gangneung, Korea, and the voucher specimens were deposited at the  
Herbarium of KIST Gangneung, Korea.

TABLE 41.2 L ist of Compositae—cont’d

FIGURE 41.2  Gymnaster koraiensis. The G. koraiensis was collected 
in 2009 from the vicinity of Gangneung, Korea, and the voucher speci-
men (voucher no. D-011) was deposited at the Herbarium of KIST 
Gangneung, Korea.
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were found to protect RGC-5 cells against H2O2-induced 
oxidative stress in a concentration-dependent manner 
(Fig. 41.5a–c).99

H2O2-induced cell death in RGC-5 cells involves 
changes in the expression of various apoptotic pro-
teins: cleaved poly (ADP-ribose) polymerase (PARP), 
apoptosis-inducing factor (AIF), and cleaved cas-
pase-3 (Fig. 41.5d). EAGK and 3,5-DCQA were shown 
to attenuate the upregulation of cleaved PARP and 
cleaved caspase-3 proteins caused by exposing cul-
tures to H2O2.99 Moreover, H2O2 is known to cause  
AIF nuclear translocation. However, EAGK and  
3,5-DCQA were found to significantly reduce the upreg-
ulation of AIF proteins in a concentration-dependent 
manner.99

Glutamate neurotoxicity caused by excessive excit-
atory neurotransmitter glutamate has been shown to 
cause glaucoma.104 Excessive glutamate binds to the 
NMDA receptor and to other receptor subtypes, and 
is thought to activate an intracellular Ca2+ influx that 
increases ROS production and causes neurotoxicity.105 
Therefore, blocking glutamate neurotoxicity by inhib-
iting the NMDA receptor and/or decreasing gluta-
mate release is a target strategy for neuroprotection in 
glaucoma.

Exposure to NMDA causes thinning of retinal thick-
ness in the inner plexiform layer (IPL) of the retina and 
the apoptosis of RGCs, as shown by terminal deoxynu-
cleotidyl transferase dUTP nick-end labeling (TUNEL) 
in the ganglion cell layer (GCL) (Fig. 41.6). EAGK and 
3,5-DCQA were found to have protective effects on the 
thinning of the IPL and an increased number of TUNEL-
positive cells in NMDA-induced rat retinas.99 The neu-
roprotective effects of EAGK and 3,5-DCQA may be 
due not only to their direct antioxidative-mediated anti-
apoptotic effects, but also to their role in modulating the 
downstream signaling pathways involved in NMDA-
induced excitotoxicity.

PONC is commonly used in the study of glaucoma 
and has been shown to cause chronic glaucoma that 
has been well characterized by optic nerve transections. 
PONC can be carried out by clamping the optic nerve 
for several minutes after surgically exposing the optic 
nerve.106 PONC is known to induce the generation of 
ROS, causing the slow, chronic, and synchronous death 
of RGCs.107

To determine whether the EAGK has a neuropro-
tective effect in the retina, the PONC model with ret-
rograde labeling using Fluoro-Gold into the superior 
colliculus was used (Fig. 41.7). Fluorescence in the 
Fluoro-Gold-labeled RGCs was observed 1 week after 
PONC. As shown in Figure 41.7, the average density of 
RGCs was significantly decreased by PONC; however, 
pretreatment with EAGK significantly decreased the 
loss of RGCs.

p0200
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p0210

p0215

p0220

FIGURE 41.3  Chemical composition of Gymnaster koraiensis. Several 
compound derivatives have been isolated from G. koraiensis, including 
polyacetylenes, terpenes, squalenes, caffeoylquinic acids, and flavonoids.
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FIGURE 41.4  Online high-performance liquid chromatography (HPLC) 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS+) analy-
sis of the ethyl acetate fraction of Gymnaster koraiensis. The column conditions were as follows: an Eclipse SB-C18 Rapid Resolution column 
(150 mm × 4.6 mm inner diameter, 3.5 μm, Agilent) was used; the column temperature was maintained at 25°C; and the mobile phase consisted of 
0.1% trifluoroacetic acid (TFA; solvent A) and acetonitrile (solvent B) with a flow rate of 0.7 mL/minute. The gradient program conditions were as 
follows: 0–5 minutes, 10% to 20% B in A; 5–15 minutes, 20% B; 15–30 minutes, 20% to 35% B; 30–35 minutes, 35% B; 35–43 minutes, 35% to 100% B; 
43–45 minutes, 100% to 10% B; 45–55 minutes, equilibration at 10% B; diode array detector at 254 nm (positive trace) prior to reaction with ABTS+ 
radicals and the analysis of antioxidant potential at 734 nm (negative trace); 5 mg/mL sample concentration; and 10 μL of injection volume. Source: 
Unpublished data.

f0025

CONCLUSIONS

The neuroprotective effects were investigated of 
edible wild vegetables collected from Pyeongchang, 
Korea, in transformed RGCs. Among them, G. koraien-
sis and 3,5-DCQA were found to possess potent neu-
roprotective effects both in  vitro and in  vivo. These 
effects may be due to their antiapoptotic properties by 
preventing the activation of caspase-3, PARP, and AIF 
(Fig. 41.8). The neuroprotective effects of G. koraiensis 
and 3,5-DCQA may also result from their antioxidant 
properties and involve the replenishment of the intra-
cellular reduced GSH (rGSH):oxidized GSH (GSSG) 
ratio and the detoxification of H2O2 by stimulat-
ing antioxidant enzymes such as catalase and Gpx-1  
(Fig. 41.8).99

It has been reported that excessive NMDA induces 
neurotoxicity in RGCs. A clinical study has shown 
that the level of glutamate in the vitreous body of  
glaucoma patients is two-fold higher than that 
observed in a control population of patients with only 
cataract.108

The NMDA receptor has a relatively high per-
meability to Ca2+ ions, which increase the produc-
tion of ROS. Moreover, calcium overload changes  

mitochondrial membrane potential and induces apop-
tosis in the retina.109,110 Intravitreal injection of NMDA 
caused a decrease in the levels of antioxidant proteins, 
such as Cu/Zn superoxide dismutase (SOD-1), cata-
lase, and glutathione peroxidase-1.99 However, the 
decreased level of antioxidant proteins was found 
to be attenuated by EAGK and 3,5-DCQA,99 which 
may be explained by their ability to block the NMDA  
receptor or by indirectly reducing ROS produc-
tion caused by the excessive activation of NMDA  
(Fig. 41.8).

Gymnaster koraiensis has long been used as a 
source of food and medicine in East Asia. Therefore, 
a major advantage of its use is that it is known to 
be well tolerated, even when considerable amounts 
are consumed. Edible wild vegetables, including G. 
koraiensis, may have a potential role in the preven-
tion of glaucoma by inhibiting the overproduction 
of ROS. Most active compounds in natural products 
are phenolic compounds because of their antioxi-
dant properties. 3,5-DCQA, the active compound in  
G. koraiensis, is also a phenolic compound and may 
serve as a biologically active compound template for 
standardization in the development of natural product 
medicines.
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FIGURE 41.5  (A) Cell viability assay of the transformed retinal ganglion cells (RGC-5) exposed to 300 μM hydrogen peroxide (H2O2). The 
viability of the RGC-5 cells that were exposed to H2O2 was concentration dependent, with 300 μM H2O2 causing death in approximately 50% of 
the cells. The ethyl acetate fraction of Gymnaster koraiensis (EAGK) at 1 μg/mL and 10 μg/mL (as well as 50 μM epigallocatechin 3-gallate (EGCG)) 
significantly attenuated H2O2-induced cell death. Experimental values are expressed as the percentage of viable cells, with error bars indicat-
ing ± SEM from four independent experiments. *P < 0.05, **P < 0.01, and ***P < 0.001 indicate statistically significant differences compared with 
the cells exposed to H2O2 alone. (B) Microscopic analysis of RGC-5 cells using propidium iodide (PI) and Hoechst 33342 double staining. The 
RGC-5 cells were incubated with EAGK before exposure to 300 μM H2O2 for 24 hours, and then examined using fluorescence microscopy after 
staining with Hoechst 33342 and PI. Early apoptotic and necrotic cells were stained with PI (red), whereas apoptotic cells, having condensed and 
fragmented nuclei, were stained with Hoechst 33342 (blue). Control cells (A), and cells treated with 300 μM H2O2 (B), 300 μM H2O2 plus EAGK 
(0.1 μg/mL) (C), 300 μM H2O2 plus EAGK (1 μg/mL) (D), and 300 μM H2O2 plus EAGK (10 μg/mL) (E) clearly showed that EAGK blunted the 
negative effect of 300 μM H2O2, resulting in fewer red-stained cells. PI-positive cells were counted using a cell counter under a fluorescence 
microscope at 100× magnification, and four representative images were used to estimate the percent of PI-positive cells out of the total cell 
numbers (a minimum of 200 cells/well were counted), as shown in (F). The scale bar represents 50 μm. Experimental values are expressed as 
PI-positive cells, with error bars indicating mean ± SEM from three independent experiments (**P < 0.01, ***P < 0.001).
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FIGURE 41.5 Cont’d  (C) Effect of 3,5-di-O-caffeoylquinic acid (3,5-DCQA) isolated from EAGK on the viability of RGC-5 cells exposed to 
300 μM H2O2 for 24 hours in culture, as measured by the MTT assay. Clearly, 1 μM and 10 μM 3,5-DCQA (as well as 50 μM EGCG) dose-depend-
ently attenuated H2O2-induced cell death. Experimental values are expressed as a percentage of viable cells, with error bars indicating ± SEM 
from four independent experiments. *P < 0.05, **P < 0.01, and ***P < 0.001 indicate statistically significant differences in the cells exposed to H2O2. 
(d) Evaluation of the levels of various apoptotic proteins (poly (ADP-ribose) polymerase (PARP), apoptosis-inducing factor (AIF), and cleaved 
caspase-3) in RGC-5 cells exposed to 300 μM H2O2, with or without either EAGK or 3,5-DCQA treatment. Representative Western blot shows the 
expression levels of the apoptotic proteins in the total lysates, nucleic fractions, and cytoplasmic fractions isolated from the RGC-5 cells exposed 
to 300 μM H2O2, with or without either EAGK or 3,5-DCQA treatment. The Western blot densitometric analysis of apoptotic protein levels in 
the RGC-5 cells is shown. Protein level values are expressed as mean ± SEM from three independent experiments. Source: Data from Kim et al. 
(2011).99 Reproduced with permission from Elsevier.

TAKE-HOME MESSAGES

	•	 �Natural products may be putative substances for the 
prevention and treatment of glaucoma by enabling 
retinal ganglion cell (RGC) neuroprotection.

	•	 �Numerous reports have been published 
demonstrating the protective effects of natural 
products on RGCs.

	•	 �Gymnaster koraiensis prevents RGC death caused by 
oxidative stress.

	•	 �Gymnaster koraiensis has potent direct and/or indirect 
antioxidant activities.

	•	 �Gymnaster koraiensis protects against retinal 
degeneration caused by N-methyl-D-aspartate and 
optic nerve crush in vivo.

	•	 �3,5-Di-O-caffeoylquinic acid is the active compound 
in G. koraiensis.

	•	 �Edible wild vegetables may have a potential role in 
the prevention of glaucoma through inhibition of the 
overproduction of reactive oxygen species.
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FIGURE 41.6  (A) Representative photomicrographs showing the histologic appearance of the retina induced by an intravitreous injection of 
N-methyl-D-aspartate (NMDA; hematoxylin and eosin staining, 400×). Non-treated (A), NMDA-treated (B), NMDA (5 nmol) plus the ethyl ace-
tate fraction of Gymnaster koraiensis (EAGK, 2 μg/mL)-treated (C), and NMDA (5 nmol) plus 3,5-di-O-caffeoylquinic acid (3,5-DCQA; 10 nmol)-
treated (D) retinal cross-sections after 7 days with or without NMDA are shown. The scale bar represents 50 μm. (F) shows the thickness of the 
inner plexiform layer (IPL). The results shown are the mean values with error bars indicating mean ± SEM from six independent experiments 
(*P < 0.05, **P < 0.01). (B) Antiapoptotic effect of EAGK or 3,5-DCQA demonstrated by the terminal deoxynucleotidyl transferase dUTP nick-
end labeling (TUNEL) assay (400×). Retinal damage was induced with an intravitreous injection of NMDA. Non-treated (A), NMDA-treated 
(B), NMDA (5 nmol) plus EAGK (2 μg/mL)-treated (C), and NMDA (5 nmol) plus 3,5-DCQA (10 nmol)-treated (D) retinal cross-sections after 
24 hours with or without NMDA are shown. The arrows indicate TUNEL-positive cells (brown stain). The number of TUNEL-positive cells 
increased after NMDA injection, but NMDA (5 nmol) plus EAGK at 2 μg/mL and 3,5-DCQA at 10 nmol decreased the NMDA-induced reti-
nal damage. The scale bar represents 50 μm. (F) shows the TUNEL-positive cells. The results are the mean values with error bars indicating 
mean ± SEM from six independent experiments (*P < 0.05). Source: Data from Kim et al. (2011).99 Reproduced with permission from Elsevier.
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FIGURE 41.7  Fluoro-Gold-labeled retinal ganglion cells (RGCs) in the mouse 1 week after partial optic nerve crush (PONC). Retrograde-
labeled RGCs of mice with uninjured and injured optic nerves are shown. RGCs were labeled by injecting 3% Fluoro-Gold into the superior col-
liculi of the brain. The figure shows representative micrographs of normal retina (A) and damaged retina 12 days after PONC with (C) or without 
the ethyl acetate fraction of Gymnaster koraiensis (EAGK, B). The scale bars in (A), (B), and (C) represent 500 μm. Low-magnification (200×) images 
of labeled RGCs designated by the dark red boxes in (A), (B), and (C) are shown in (D), (E), and (F). The scale bars in (D), (E), and (F) represent 
100 μm. High-magnification (400×) images of (A), (B), and (C) are shown in (G), (H), and (I). The scale bars in (G), (H), and (I) represent 50 μm. 
The results showed a significant increase in RGC survival after EAGK treatment compared with vehicle treatment. (J) Experimental values are 
expressed as the percentage of surviving RGCs with error bars indicating mean ± SEM from three independent experiments (***P < 0.001). Source: 
Unpublished data.
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FIGURE 41.8  Proposed mechanisms of action under-
lying the protective effects of Gymnaster koraiensis on 
oxidative stress-induced retinal damage. Gymnaster 
koraiensis can attenuate oxidative-stress induced retinal 
ganglion cells by inhibiting apoptotic proteins such as 
caspase-3, poly (ADP-ribose) polymerase (PARP) and 
apoptosis-inducing factor (AIF), and by inhibiting radical 
species and lipid peroxidation. Bcl-2: B-cell lymphoma 2; 
CAT: catalase; EAGK: ethyl acetate fraction of Gymnaster 
koraiensis; GPx: glutathione peroxidase; GSH: glutathione; 
GSSG: oxidized glutathione disulfide; NMDA: N-methyl-
D-aspartate; NO: nitric oxide; NOS: nitric oxide synthase; 
RGCs: retinal ganglion cells; ROS: reactive oxygen spe-
cies; SOD: superoxide dismutase.
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Abstract
Progressive degeneration and death of retinal ganglion cells (RGCs) is a major risk factor for glaucoma. Increased intraocular pressure 
(IOP) is also known as a major risk factor and an underlying mechanism in the pathogenesis of glaucoma. Therefore, reduction of IOP is 
a primary target in glaucoma treatment. However, alternative approaches are needed because reduction of IOP is not always effective in 
patients with glaucoma (e.g., normal-tension glaucoma). One possible way to prevent or treat glaucoma is to protect RGCs by inhibiting 
the apoptotic cascade. Oxidative stress also plays an important role in the pathogenesis of glaucoma, and natural products such as natural 
antioxidants may be putative substances for preventing and treating glaucoma via neuroprotection of RGCs. This chapter summarizes 
the available data on natural products with potential neuroprotective effects for RGCs, and discusses the use of edible wild vegetables, 
which may have a role in the prevention of glaucoma by inhibiting the overproduction of reactive oxygen species.

Keywords: apoptosis; edible wild vegetable; glaucoma; intraocular pressure; natural product; neuroprotection; retinal ganglion cell.
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