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ABSTRACT | Nature has always provided an unlimited source 
of biologically-active compounds. Since the beginning of mankind, 
humans have sought resources in fauna and flora to treat eye 
diseases. However, it was only after the Industrial Revolution 
that extracts of plants and substances of animal origin could be 
used safely, as has been determined by controlled interventional 
studies. Two major challenges faced by ocular pharmacology are 
the following: developing drugs that are able to reduce blindness 
due to glaucoma; and controlling the pain associated with eye 
surgery. The search for a drug that effectively lowers intraocular 
pressure and controls the progression of glaucoma has led to 
the development of various ocular hypotensive agents, such 
as physostigmine from the Physostigma venenosum plant. The 
anesthetic properties of cocaine, extracted from Erythroxylon 
coca, finally enabled surgical procedures in the eye. Several 
new natural compounds have been investigated in an attempt to 
identify substances with the potential to provide additional benefits 
to eye tissue and vision. Emerging evidence of anti-inflammatory, 
wound-healing, antimicrobial, antioxidant, antitumor, and antian-
giogenic properties attributed to plant extracts and animal tissues 
has encouraged more investment in research in this area. Despite 
technological advances in synthesizing drugs, the pharmaceutical 
industry still seeks new active compounds from natural sources 
as well as from revisiting already-established naturally derived 
compounds. Although a large number of naturally-occurring 
compounds is known, this review article focuses on the bioactive 
substances with scientifically-proven benefits for ocular tissues.

Keywords: Nature; Plants, medicinal; Molecules; History of 
medicine; Pharmacology; Eye diseases; Pharmaceutical industry

RESUMO | A natureza sempre se forneceu uma fonte inesgotável 
compostos biologicamente ativos. Desde o início da humanidade, 
os homens buscaram recursos na fauna e flora para tratar as 
doenças oculares. Porém, foi somente após a Revolução Indus-
trial que extratos de plantas e substâncias de origem animal 
puderam ser utilizados com segurança, como foi determinado 
por estudos controlados de intervenção. Dois grandes desafios 
enfrentados pela farmacologia foram: desenvolver drogas capazes 
de reduzir a cegueira pelo glaucoma; e controlar a dor associada 
à cirurgia ocular. A busca por uma droga que efetivamente reduza 
a pressão intraocular e controle a progressão do glaucoma 
levou ao desenvolvimento de diversos hipotensores oculares, 
como a physostigmine da planta Physostigma venenosum. As 
propriedades anestésicas da cocaína, extraídas da Erythroxylon 
coca, finalmente permitiram procedimentos cirúrgicos no olho. 
Vários novos compostos naturais foram investigados na tentativa 
de identificar substâncias com potencial para fornecer benefícios 
adicionais ao tecido ocular e à visão. Evidências emergentes 
de propriedades anti-inflamatórias, de cicatrização de feridas, 
antimicrobianas, antioxidantes, antitumorais e antiangiogênicas 
atribuídas a extratos de plantas e tecidos animais estimularam 
mais investimentos em pesquisas nessa área. Apesar dos avanços 
tecnológicos na síntese de drogas, a indústria farmacêutica ainda 
busca novos princípios ativos a partir de fontes naturais, bem 
como revisita drogas derivadas já estabelecidas. Embora um 
grande número de compostos que ocorrem naturalmente seja 
conhecido, este artigo de revisão concentra-se nas substâncias 
bioativas com benefícios cientificamente comprovados para os 
tecidos oculares.

Descritores: Natureza; Plantas medicinais; Moléculas; His-
tória da medicina; Farmacologia; Doenças oculares; Indústria 
farmacêutica 

INTRODUCTION
The use of herbal extracts to treat ophthalmic condi-

tions dates back to ancient times. The topical use of the 
macerated fruit of Atropa belladonna by the Egyptians 
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is the first known use of a nature-derived agent to treat 
an ophthalmic disease(1). However, the emergence of 
safer and more effective ophthalmic drugs depended 
on scientific studies in the areas of physiology and 
pharmacology as well as on technological developments 
in the pharmaceutical industry during the 19th and 20th 
centuries(2). 

The discovery of drugs capable of reducing intraocu-
lar pressure (IOP), thereby controlling the progression 
of glaucoma, was one of the most important research 
findings that stimulated interest in molecules extracted 
from plants(1). The search for a natural drug capable 
of anesthetizing ocular tissues ran in parallel with the 
discovery of antiglaucoma drugs(2). The discovery of 
the anesthetic properties of cocaine, a milestone in the 
history of ocular pharmacology, only occurred in the 
late 19th century(2). From then on, exponential growth 
in the arsenal of plant-derived drugs has been obser-
ved, partially due to the growth of the pharmaceutical 
industry as it continues seeking new discoveries and 
new markets.

Even 155 years after the introduction of physostig-
mine as the first herbaceous drug with ocular hypoten-
sive activity, the pharmaceutical industry still considers 
nature an inexhaustible source of new substances with 
therapeutic potential(3,4). Despite technological innova-
tion that allows the synthesis of new drugs, biologica-
lly-active molecules extracted from plants and animal 
tissues continue to stimulate extensive research and 
investment. However, many of these naturally-occurring 
compounds have yet to be rigorously investigated for 
activity in ocular tissues. Therefore, in this current 
review, we have selected natural compounds with a 
substantial body of evidence in the current scientific 
literature from controlled studies supporting their use 
in ophthalmology.

HISTORICAL PERSPECTIVE

Physostigma venenosum and glaucoma

Glaucoma is the leading ophthalmic disease that sti-
mulates the search for new nature-derived drugs. In 
1622, Richard Bannister associated vision loss in glau-
coma with elevated levels of IOP. In 1885, Adolf Weber 
postulated the concept of glaucoma as an optic neuropa-
thy. Since then, a number of drug candidates with ocular 
hypotensive properties have been investigated5. 

In 1864, physostigmine, the first herbal remedy against 
the progression of glaucoma, was identified(3). This alkaloid 

was isolated from Calabar beans, seeds of the plant P. 
venenosum(5). Also referred to as eserin, physostigmine is 
an acetylcholinesterase inhibitor. After instillation in the 
eye, it induces miosis by increasing the activity of free 
acetylcholine on the pupil sphincter, leading to accom-
modation by contraction of the circular portion of the 
ciliary muscle. The ocular hypotensive effect reported by 
Laqueur and Weber in 1876 was due to increased drai-
nage of the aqueous humor from the trabecular pathway 
that resulted from the contraction of the longitudinal 
portion of the ciliary muscle, as well as from traction on 
the scleral spur and expansion of the iridocorneal angle 
(Figure 1)(5). The isolation of physostigmine represents 
the initial step toward the creation of a class of ocular 
hypotensive agents also called miotics. However, phy-
sostigmine causes several side effects after instillation in 

Figure 1 A) Parasympathetic nerve terminal. AcCoA, acetyl-CoA; Ach, 
acetylcholine; AchE, acetylcholinesterase; m3, muscarinic acetylcholine 
receptor; Ph, physostigmine; Ca+2, calcium ion. B) Sagittal section of the 
eye, showing the effect of Ph in the pupillary constrictor and pupillary 
dilator muscles. C) Iridocorneal angle. Co, cornea; S, sclera; L, longitudinal 
portion of the ciliary muscle; f, aqueous humor flow; Sp, scleral spur (Dr. 
Francisco Irochima).
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the eye, including headache, spasm of accommodation, 
blurred vision due to miosis, increased risk of retinal de-
tachment, and inflammation of the conjunctiva, cornea, 
and iris. Therefore, it has been replaced by safer, more 
effective drugs with fewer side effects(3,4).

Pilocarpine, the second miotic drug with the ability 
to reduce IOP, was introduced by Weber in 1876 as the-
rapy for glaucoma. Isolated from the leaves of Pilocarpus 
jaborandi, a shrub found in subtropical regions of Brazil, 
pilocarpine acts directly on the muscarinic receptors of 
the pupil sphincter and on the ciliary muscle (Figure 2)(5). 
By comparison with other parasympathomimetic drugs, 
pilocarpine has more tolerable side effects, so its use has 
continued to the present.

Erythroxylon coca and topical ocular anesthesia

The side effects of E. coca, considered a divine plant 
by the indigenous people of Peru, aroused the interest 
of Europeans during the conquest of Peru by Francisco 
Pizzaro in 1530. The stimulant effects of chewing E. 
coca leaves were evident among the indigenous people, 
who referred to it as Kok. In 1850, the Austrian Carl von 
Scherzer took a considerable amount of the plant to Eu-
rope for a more detailed analysis by the chemists Albert 
Niemann and Wilhelm Lossen. In 1860, Niemann was 
finally able to isolate the alkaloid from E. coca, which 
he named cocaine(2).

Almost three decades had passed since the introduc-
tion of cocaine for clinical use when Sigmund Freud, in 

his treatise Über Coca, discussed the anesthetic proper-
ties of cocaine(6,7). However, it was Karl Köller, a young 
Austrian physician colleague of Freud’s at the Royal 
General Hospital of Vienna who undertook the first use 
of cocaine for topical ocular anesthesia in 1884. This 
introduction of ophthalmic anesthesia opened the way 
for ocular surgical procedures(7,8). 

As a local anesthetic, cocaine acts by blocking the 
sodium channels in the membranes of nerve endings, 
which prevents nerve transmission. In addition, by 
inhibiting norepinephrine reuptake at the synapses, 
cocaine acts as an adrenergic agonist, causing mydriasis 
and conjunctival vasoconstriction (Figure 3). Cocaine 
hydrochloride was formulated in 1% and 4% aqueous 
solutions, yielding complete corneal anesthesia 20 min 
after instillation. The effect lasted 1 to 2 h. However, co-
caine was highly toxic to the corneal epithelium, leading 
to its abandonment for this purpose(6,7). 

Despite cocaine’s rapid rise and abrupt fall, the pio-
neering studies into its properties prompted the phar-
maceutical industry to develop new, safer, and better 
tolerated local anesthetics for ophthalmic use, such as 
tetracaine, proparacaine, and lidocaine(2).

OPHTHALMIC PRODUCTS OF HERBAL AND 
ANIMAL ORIGIN

Research into compounds from a variety of flora and 
fauna that might serve as drug prototypes for treatment 
or prevention of various ophthalmic diseases has conti-
nued (Table 1). 

Figure 2. Inhibition of norepinephrine (NE) reuptake by cocaine in the 
synaptic cleft at adrenergic nerve endings. Na+, sodium ion; MAO, mo-
noamine oxidase; α1, alpha 1 adrenergic receptor of the iris dilator muscle 
(Dr. Francisco Irochima).

Figure 3. Anthocyanin as a pigment for chromovitrectomy and corneal 
cross-linking (Dr. Francisco Irochima).
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Aloe vera

A. vera (also called A. barbadensis Miller), a plant 
na tive to tropical climates, has juicy leaves and a crown 
arrangement. Its taxonomic name has become its com-
mon name in English, referred to simply as aloe vera. It 
belongs to the Liliaceae family and has a variety of phar-
macologic properties, such as wound-healing, bacteri-

cidal, immunomodulatory, antiviral, anti-inflammatory, 
antioxidant, and antifungal effects(9). Extracts of A. vera 
contain a number of compounds, including flavonoids, 
anthraquinones, phenolic acids, enzymes, and vitamins. 
Investigating these effects of these extracts on human 
corneal cells, Worzniak and Paduch showed that ethano-
lic and ethyl acetate may be of benefit in inflammatory 

Table 1. Summary of substances of natural origin with their corresponding activity in ocular tissues

Natural source Active compound Site of action Pharmacologic properties in ocular tissues Supporting studies

Aloe barbadensis Miller Aloe vera Cornea Wound healing Curto et al.(9)

Anti-inflammatory Wozniak et al.(10)

Immunomodulatory 

Atropa belladonna Atropine Ciliary body Decrease myopia Chia et al. (100)

Coffea arabica Caffeine Lens UV protection Kronschläger et al.(12)

Retina Antiangiogenic Zhang et al.(15)

Cannabis sativa Δ9-THC Ciliary body Ocular hypotensive effect Hepler et al. (18)

Retina Neuroprotection Kokona et al. (19)

Curcuma longa Curcumin Cornea Anti-inflammatory Chen et al. (27)

Anterior chamber Anti-inflammatory Lal et al. (29)

Retina Anti-VEGF Mrudula et al.(28)

Gingko biloba EGb761 and LI 1370 Retina and optic nerve Neuroprotection Cybulska-Heinrich et al. (31)

Propolis CAPE Cornea Antiangiogenic To.tan et al.(39)

Lens Anticataract Doganay et al.(40)

Anterior chamber Anti-inflammatory Yilmaz et al.(37)

Retina Antioxidant Shi et al.(41)

Euterpe oleracea (Açaí) Anthocyanin Retina Dyeing Peris et al.(23)

Cornea Cross-linking Bersanetti et al.(22)

Linum usitatissimum (linseed oil) omega 6 (γ-linoleic acid) 
and 3 (α-linoleic acid)

Cornea Anti-inflammatory Pinheiro et al.(42)

Heliotropium indicum Linn Alkaloids Ciliary muscle Ocular hypotensive effect Kyei et al.(45)

Anterior chamber Anti-inflammatory Kyei et al.(46)

Lens Anticataract Kyei et al.(45)

Carotenoids Lutein/zeaxantin Retina Anti- AMD AREDS 2.(51)

Scutellaria baicalensis Georgi Flavonoids Cornea Wound healing Hurst and Bazan.(53)

Lens Anticataract Li et al.(54)

Anterior chamber Anti-inflammatory Nagaki et al.(55)

Retina Anti-inflammatory Maher and Hanneken(57)

Squalus acanthus Squalamine lactate Retina Anti-VEGF Bhargava et al.(59)

Rooster comb/microbial 
fermentation

Hyaluronic acid Cornea Endothelial protection Balazs.(78)

Exoskeleton of crustaceans Chitosan Cornea Mucoadhesive character Basaran et al.(75)

Lycium barbarum Polysaccharides Retina Neuroprotection Wang H et al.(81)

Lens Antioxidant Qi et al.(82)

Vaccinium myrtillus Anthocyanosides Lens Anticataract Bravetti et al.(89)

Cornea Antioxidant Riva et al.(90)

Anterior chamber Anti-inflammatory Yao et al.(91)

Retina Neuroprotection Matsunaga et al.(92)

UV= ultraviolet radiation; Δ9-THC= delta-9-tetra-hydrocannabinol; CAPE= caffeic acid phenethyl ester; AMD= age-related macular degeneration; AREDS= age-related eye disease 
study 2; VEGF= vascular endothelial growth factor.
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ocular diseases, as they have low toxicity and immuno-
modulatory activity(10). In another in vitro study, Curto 
et al. observed that aloe vera solution may have the 
potential to accelerate re-epithelialization and decrease 
fibrosis in superficial corneal lesions(9). Similarly, Atiba 
et al. showed that aloe vera eye drops (60 mg/mL) three  
times a day for three days led to better re-epithelializa-
tion and a less intense inflammatory response in a rat 
cornea model of an alkali burn(11). 

Caffeine

Caffeine is an alkaloid consumed worldwide in coffee(12). 
Coffee powder comes from roasting and grinding beans 
from two main species of plants: Coffea arabica and C. 
canephora. Caffeine solution in the form of eye drops is 
very stable and resistant to photodynamic degradation. 
It has therefore been tested for the prevention of cata-
racts by providing ultraviolet (UV) protection. Varma et 
al. demonstrated both in vitro and in vivo that caffeine 
reduced the development of cataracts in the rat crystalli-
ne lens(13,14). Similarly, Kronschläger et al. showed that 
administration of caffeine eye drops with 0.9% hydro-
xypropylmethyl cellulose had a protective effect against 
cataracts induced by UV-B-type radiation exposure in 
rats(12). A different property was demonstrated by Zhang 
et al., who found a protective effect of caffeine against 
oxygen-induced retinopathy in mice(15). Caffeine added 
to drinking water ingested by lactating females and 
the pups themselves selectively attenuated pathologic 
hypoxia-induced angiogenesis without interfering in 
the normal development of retinal vascularization. Chen 
et al. reviewed the experimental evidence for caffeine’s 
action as a non-selective antagonist of the adenosine 
receptors A1R, A2AR and A2BR, which are involved in 
oxygen-induced retinopathy(16).

Cannabinoids

The genus Cannabis includes C. sativa (marijuana), 
C. indica, and C. ruderalis. Several biologically active can-
nabinoids such as Δ9-tetrahydrocannabinol (Δ9-THC), 
cannabichromene, cannabigerol, cannabinol, and 
cannabidiol are isolated from glands (trichomes) in the 
flowers of female plants(17). The interest in cannabinoids 
in ocular physiology began when Hepler and Frank 
demonstrated in the 1970s that patients who smoked 
marijuana had a reduction in IOP(18). The mechanism by 
which this occurs has not been completely elucidated. 
However, there is some evidence suggesting that it is 
related to a decrease in blood pressure and/or its effect 

on CB1 and CB2 receptors in the ciliary body and tra-
becular meshwork, acting to reduce the production of 
aqueous humor and increase its drainage(17,19). Smoking 
marijuana or the oral or intravenous administration of 
cannabinoids induces an approximately 25% reduction 
in IOP lasting 3 to 4 h(18,20). Although a reduction in IOP 
and an absence of major toxic effects after topical use 
of synthetic cannabinoids such as WIN 55,212-2 has 
been reported in rats and in patients with glaucoma, its 
administration as eye drops has not yet shown consistent 
results(17). Therefore, while there is some evidence sup-
porting the use of cannabinoids to treat elevated IOP, 
further controlled studies are needed to ensure its safety 
and efficacy(21). 

Apart from the hypotensive ocular effect, cannabi-
noids also exhibit antioxidant, anti-inflammatory, 
and neuroprotective activities(17,19). The discovery of an 
endogenous cannabinoid system in retinal cells of the 
retina indicates a potential activity of cannabis in retinal 
tissue homeostasis. Neurodegeneration remains one of 
the main causes of visual impairment despite the use of  
inhibitors of vascular endothelium growth factor (VEGF) 
and anti-inflammatory drugs to treat ischemic retinopa-
thy. There are as yet no effective therapeutic alternatives 
to ameliorate this condition. However, in vitro and in 
vivo experimental models of induced retinal excitotoxi-
city have shown strong evidence that endocannabinoids 
and synthetic cannabinoids have a neuroprotective 
effect on various diseases through a direct effect on the 
CB1 receptor(19).

Euterpe oleracea (Açaí)

Açaí (E. oleracea) is a palm tree found in northern 
Brazil. It produces a rounded fruit that has been exten-
sively used in the Brazilian diet and cuisine(22,23). The 
fruit’s purple color is due to large amounts of anthocya-
nins, which are flavonoid pigments(22-25). Açaí tincture 
has been used to dye the posterior hyaloid membrane, 
facilitating its separation from the internal limiting 
membrane during chromovitrectomy(25). In 2013, Peris 
et al. suggested the use of anthocyanins from açaí fruit 
as a promising alternative for dyeing membranes during 
vitreoretinal surgery(23). This use was corroborated by 
Chen et al. using the tincture in human cadaver eyes(25). 
Caiado et al. studied the toxicity of three concentrations 
of açaí tincture in chromovitrectomy in rabbit eyes, and 
suggested that a 10% or 25% might be safe and effective 
for use in human eyes(24). Addressing potential uses in 
corneal disease, Bersanetti et al. demonstrated that açaí 
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extract was effective in corneal cross-linking in rabbit 
corneas (Figure 4)(22).

Curcumin

Curcumin (diferuloylmethane) is a water-insoluble 
orange powder extracted from the rhizome of long cur-
cumin. It is widely used in Indian cuisine but has also 
been shown to possess anti-inflammatory and antitumor 
properties(26). In vitro studies have shown that curcumin 
reduces cytokine production in cell culture models 
designed to simulate dry eye conditions(27). In rats, 
Mrudula et al. demonstrated that a diet enriched with 
0.01% curcumin or 0.5% long curcumin reduced VEGF 
expression in an induced diabetic retinopathy model(28). 
Clinical studies have reported a reduction in relapse 
rates of chronic uveitis and improvement of idiopathic 
inflammatory orbital pseudotumors in patients treated 
with oral curcumin(29,30).

Gingko biloba

G. biloba leaf extract has been used for hundreds of 
years by Japanese, Chinese, and Korean people to treat 
circulatory disorders, asthma, and vertigo(31). The main 
chemical entities present in G. biloba leaf extract, EGb761 
and LI 1370, are responsible for its neuroprotective 
effect(31). G. biloba has been shown to increase ocular 
blood flow velocity in healthy adult volunteers, suggesting 
its potential to improve circulation to the optic nerve 
head, protecting retinal ganglion cells in patients with 
glaucoma(32). Evidence from in vitro and clinical studies 
for the use of G. biloba as an adjuvant in the treatment 
of normal pressure and high pressure glaucoma that is 
resistant to other treatments has been reviewed(31,33). 

Propolis

Propolis is a resinous substance produced by the inte-
raction of honey bees’ saliva with plant resins, beeswax, 
and pollen collected from flora(34). Among its biologi-
cally-active compounds, caffeic acid phenethyl ester 
(CAPE) has shown promising anti-inflammatory, immu-
nomodulatory, and antibacterial activity(34-36). Previous 
reports have demonstrated the beneficial role of CAPE 
in ocular tissues, whether in cell cultures or animal mo-
dels(34-39). Totan et al. demonstrated that instillation of 
CAPE solution in rat corneas has an effect similar effect 
to that of topical dexamethasone in inhibiting neovas-
cularization(39). Doganay et al. reported that subcu ta-
neously-injected CAPE suppressed the formation of 
selenite-induced cataract in rats(40). In addition, CAPE 
has shown promising anti-inflammatory effects in bac-
terial endophthalmitis and lipopolysaccharide-induced 
uveitis in rabbits(35,37). Turkos et al. suggested an inhibi-
tory effect of CAPE on proliferative vitreoretinopathy in 
rabbits(39), while Shi et al. demonstrated the antioxidant 
properties of CAPE as well as its ability to reduce apop-
tosis in a rat model of retinal injury (41). 

Linum usitatissimum 

L. usitatissimum, known in Brazil as linhaça, is a small 
plant belonging to the linseed family. Its oilseeds, com-
monly called flaxseeds in English, are rich in essential 
fatty acids such as omega 6 (γ-linoleic acid) and omega 3 
(α-linoleic acid)(42). Pinheiro et al. demonstrated the be-
nefits of L. usitatissimum in reducing ocular inflamma-
tion in a controlled study of patients with Sjögren’s 
syndrome treated daily with 1 g or 2 g of flaxseed oil vs. 
those receiving a placebo(42).

Figure 4. Viscosurgery, with hyaluronic acid acting to maintain the anterior 
chamber and protect the endothelium (Dr. Francisco Irochima)
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Heliotropium indicum Linn

The extract of H. indicum Linn (in the Boraginaceae 
plant family) is widely used in Ghana and other African 
countries as a natural remedy for various diseases(43,44). 
Several pharmacologically active alkaloids have been iso-
lated from H. indicum such as indicine, acetyl-indicine, 
indicinine-N-oxide, heleurine, heliotrine, supine, supi-
nidine, and lindelofidine(44). In 2015, Kyei et al. inves-
tigated the activity of an aqueous extract of H. indicum 
in rabbits’ eyes and identified a significant hypotensive 
effect in addition to anti-oxidant and neuroprotective 
effects(45). In 2016, the same authors also demonstrated 
that oral administration of H. indicum extract in rabbits 
with lipopolysaccharide-induced uveitis has an anti-in-
flammatory effect, which they attributed to the extract’s 
ability to significantly reduce levels of mediators of the 
inflammatory cascade(46). In the same year, Kyei et al. 
reported a delay in galactose-induced cataractogenesis 
in rats treated with an aqueous extract of H. indicum(47).

Carotenoids

Xanthophylls (lutein and zeaxanthin) are antioxidant 
carotenoids present in retinal macular pigments(48). The-
se pigments are responsible for protecting the retina 
against harmful photochemical reactions and for dela ying 
the progression of age-related macular degeneration 
(AMD), one of the leading causes of blindness in older 
adults(48,49). Spinach, kale, and orange pepper are the 
major sources of xanthophylls (Table 2)(48,49). Cohort 

studies and clinical trials have been carried out to es-
tablish the role of these carotenoids in both preventing 
and delaying the progression of AMD(50,51). Other reports 
have shown that daily supplementation with β-carotene 
(15 mg), vitamin C (500 mg), vitamin E (400 UI), zinc 
(80 mg), and copper (2 mg) decreases the progression to 
more advanced forms of AMD by 25%, as confirmed by 
Age-Related Eye Disease Study 1 (AREDS 1)(50). However, 
β-carotene was associated with a risk of lung cancer in 
ex-smokers, so it was replaced in AREDS 2 with 10 mg 
of lutein and 2 mg of zeaxanthin. The new formulation 
was also able to reduce progression of AMD to more 
advanced forms (51).

Scutellaria baicalensis Georgi 

S. baicalensis Georgi is a plant rich in flavonoids that 
has been widely used as a medicinal plant in Asian 
countries such as China. Several bioactive flavonoids, 
including baicalein (5,6,7-trihydroxyflavone), baica-
lin (5,6-dihydroxy-7-O-glucuronide), and wogonin 
(5,7-dihydroxy-8-methoxyflavone) have been extracted 
from its roots(52). These compounds reportedly have  
anti-inflammatory, antioxidant, and antiangiogenic pro-
perties when applied to ocular tissues(53-56). Hurst and Bazan 
demonstrated that baicalein reduced the production of 
platelet-activating factor, a substance responsible for de-
layed corneal healing in bovine eyes(53). In a rat cataract 
model, Li et al. demonstrated the inhibitory activity of 
baicalein and baicalin on the enzyme aldose reductase, 
which plays a role in cataract formation(54). In a rabbit 
uveitis model, intravenous injections of baicalein, bai-
calin, and wogonin as well as ophthalmic instillations of 
baicalein and baicalin reduced the inflammatory reaction 
in the anterior chamber of the eye(55,56). The benefits of 
flavonoids on the retina seem to relate to their antilipoxy-
genase activity in the inflammatory phase of AMD as well 
as to protective effects on several layers of the retina(57).

Squalamine

Squalamine lactate (Evizon; Genaera, Plymouth Meeting, 
PA, USA) is a biologically active amino sterol extracted 
from the cartilage of the dogfish shark. It has shown 
promising antiangiogenic properties suitable for the  
treatment of neovascular AMD and diabetic macular ede-
ma(58,59). Its mechanism of action involves the blocking 
of an endosomal isoform of the sodium pump, there-
fore disrupting ionic transport and altering endothelial 
metabolism, with the end result of inhibiting neovascu-

Table 2. Lutein and zeaxanthin levels found in foods48

Food
Lutein Trans 
(µg per 100g)

Zeaxanthin Trans 
(µg per 100g)

Asparagus, cooked 991 0

Spinach, raw 6603 0

Spinach, cooked 12,640 0

Kale, cooked 8884 0

Green beans, cooked 306 0

Orange pepper, raw 208 1665

Lettuce, romaine, raw 3824 0

Broccoli, cooked 772 0

Parsley, raw 4326 0

Corn, cooked 202 202

Pistachio nuts, raw 1405 0

Whole egg, cooked 237 216

Egg yolk, cooked 645 587

Whole egg, raw 288 279

Egg yolk, raw 787 762

µg= microgram; g= gram.
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larization(58,60). Squalamine may also block the expres-
sion of VEGF when interacting with calmudulin(58,60). 
Unlike most anti-VEGF therapies, squalamine is adminis-
tered intravenously and is ineffective intravitreally(58,60). 
Ciulla et al. reported that squalamine partially reduced  
laser-induced development of choroidal neovasculariza-
tion membranes in rat retinas(61). In another animal mo-
del of retinopathy designed by Higgins et al., squalamine 
significantly reduced retinal necrosis(62). 

Hyaluronic acid 

The isolation of uronic acid from the bovine vitreous 
in 1934 by Karl Meyer and John Palmer gave birth to 
the term hyaluronic acid (HA) from hyaloid (vitreous) 
and uronic acid(63,64). HA was later found to be present 
in the cornea, iris, and crystalline lens, as well as in the 
extracellular matrix of several tissues(65,66). In spite of its 
natural origin, the initial extraction of HA from bovine 
eyes or rooster combs was an expensive and laborious 
process. Contamination with foreign proteins caused al-
lergic reactions, toxicity, and even anaphylaxis. A larger 
scale, less expensive method was developed to produce 
highly pure HA by bacteria such as Streptococcus equi 
and S. zooepidemicus(64-66). The first product tested for 
ocular toxicity, immunogenicity, and metabolism was 
Healon (avg. MW 3 million, 1%, manufactured by Bio-
trics, Inc., Arlington, MA, USA), which was injected into 
the eye chambers of monkeys(66). The term viscosurgery 
was first introduced in the 1980s. Healon was injec-
ted to maintain the anterior chamber and protect the 
endothelium during cataract surgery with intraocular 
lens implantation (Figure 5)(66-69). Due to its beneficial 
properties, HA has been successfully used in other ocu-
lar surgical procedures. It is also an adjunct therapy for 
dry-eye syndrome or scarring of the eye surface and is 
used as a drug delivery system(70-73).

Chitosan

The observation that the ocular mucosal surface has a 
negative electrical charge due to the presence of sialic acid 
in the mucin layer has led to consideration of adhering 
positively-charged polymers to the cornea’s surface(74-79). 
Such a cationic polymer could deliver drugs to the cor-
nea by adhering to it(74). Chitosan was a good candidate 
for this use because of its biocompatibility, lack of to-
xicity, antimicrobial activity, wound-healing properties, 
and mucoadhesive character (Figure 6)(74,75). This natural 
polycationic polymer is obtained by the deacetylation of 

Figure 5. Mucoadhesive character of chitosan, illustrating the interaction 
between protonated amine groups of chitosan with the negatively-char-
ged sialic acid residues present on the mucin layer of the cornea (Dr. 
Francisco Irochima).

Figure 6. Mechanism of action of atropine. AcCoA, acetyl-CoA; Ach, ace-
tylcholine; m3, muscarinic acetylcholine receptor (Dr. Francisco Irochima).
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chitin, which is extracted from the exoskeleton of crusta-
ceans. It is the second most abundant polysaccharide in 
nature, after cellulose(75,80). Its protonated amine groups 
allow chitosan to interact with negative charges on the 
surface of the cornea and conjunctiva and therefore play 
an excellent role in ocular drug delivery(74,75). Whether 
in the form of gels, implants, or micro- or nanoparticles, 
chitosan represents one of the main lines of recent research 
in the delivery of ocular drugs(74,75).

Lycium barbarum (goji berry or wolfberry)

Goji berry or wolfberry is a fruit extracted from L. 
barbarum or L. chinense that has been used for centu-
ries in traditional Chinese medicine for the treatment of 
eye diseases and hepatic disorders. It has antioxidant, 
neuroprotective, anti-inflammatory, and immunomo-
dulatory properties(81,82). These have been attributed 
to the presence of polysaccharides, which constitu-
te about 40% of the composition of L. barbarum(81). 
Studies in rats have demonstrated a neuroprotective 
effect after ingestion of L. barbarum extract in expe-
rimental models of retinal ischemia and optic nerve 
section(81,83,84). The substance has also shown pro tection 
against oxidative and apoptotic effects in cultures of 
human lens epithelial cells(82).

Vaccinium myrtillus (bilberry)

Bilberry is a rounded purple fruit produced by a shrub 
of the Ericaceae family found in the mountainous 
regions of Europe and the northern United States(85). 
Anthocyanosides present in extracts of V. myrtillus have 
antioxidant, neocollagenesis, and anticoagulant proper-
ties(86). Bilberry extract improves night vision, pro moting 
greater adaptation to the dark and faster restoration of 
visual acuity after exposure to glare(87). In addition, it has 
been reported that fermented bilberry extracts inhibited 
the development of form-deprivation myopia induced in 
guinea pigs(88). In a clinical study, Bravetti et al. demons-
trated that 180 mg twice a day of a 25% anthocyanoside 
extract delayed the progression of senile cortical cata-
ract(89). Riva et al. demonstrated in a placebo-controlled 
trial that oral administration of bilberry extract increa-
sed tear production and improved dry eye symptoms, 
which was attributed by the authors to its antioxidant 
properties(90). Yao et al. reported that the use of 100 and 
200 mg/kg/day of bilberry extract for five days reduced 
inflammation in endotoxin-induced uveitis in mice(91). 
Other in vitro and in vivo studies have reported antioxi-

dant, anti-inflammatory and antiapoptotic effects of V. 
myrtillus in a visible light-induced retinal degeneration 
model(92,93).

REINTRODUCTION OF AN OLD TREATMENT IN 
OPHTHALMOLOGY

Atropine is an alkaloid extracted from A. belladonna. 
It has been marketed in sulfate form as eye drops in 
concentrations of 0.5% and 1% to achieve mydriasis 
and cycloplegia(1), respectively. The compound is a com-
petitive antagonist of acetylcholine in the muscarinic 
receptors present in the sphincter of the iris and in the  
ciliary muscle(1,94). The marked increase in the prevalen-
ce of high myopia observed in the past three decades, 
especially in Asia, has motivated the search for pharma-
cologic agents to address the issue(94-97). Johannes Kepler 
postulated the accommodative theory as a cause of pro-
gressive myopia, a concept that has brought back the 
use of atropine(98). In 2006, the clinical trial Atropine in 
the Treatment of Myopia demonstrated that atropine 
eye drops slowed the progression of myopia in Asian 
children(99). In 2016, Chia et al. reported that a lower 
daily dose of 0.01% atropine eye drops delayed the 
progression of myopia with less rebound and side 
effects compared with commonly-used larger doses(100). 
Other already established molecules have been chemi-
cally modified to modulate their clinical efficacy, route 
of administration, and mechanisms of action in an 
attempt to solve problems such as the high prevalence 
of side effects.

FUTURE PERSPECTIVES IN CLINICAL RESEARCH
Since the use of physostigmine as the first herbal 

product having an application in ophthalmology, nature 
remains an important source of substances with proven 
benefits to ocular health. However, while there has 
been an exponential increase in the number of natural 
compounds reputed to have ocular activity, most have 
not been sufficiently studied to prove their safety and 
efficacy. Therefore, scientific support is lacking, despite 
the promotion of a growing number of such compounds, 
including those for which patents are pending.

On the other hand, continued research may enhance 
the ability to synthesize new compounds based on natu-
re-derived prototypes, giving rise to new pharmacologic 
options with additional properties. In addition, alrea- 
dy-established molecules may be refined to optimize 
their pharmacokinetics or improve drug delivery systems, 
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ul timately leading to therapies with fewer side effects 
and greater efficacy.
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