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Reactive oxygen species damage cellular proteins and lipids or form DNA adducts when
present in high concentration that promotes carcinogenic activities. Plants have been the
primary therapy for such ailments since ancient times. This paper reviews some medicinal
plants having antioxidant activities useful for healing cancer, cardiovascular diseases and
neuro-protection. A brief overview of the use of medicinal plants and their main constituents

effective against reactive oxygen species-based diseases are presented. This overview will
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attract the interest of investigators aiming at the design of novel therapeutic approaches for the
treatment of various reactive oxygen species-based conditions.

1. Introduction

Reactive oxygen species (most commonly H,0,, O,, and OH)
are produced during normal cellular processes that promote
carcinogenic activities. Antioxidants play an important role to
prevent reactive oxygen species concentrations from reaching a
high level within a cell(1]. Antioxidant-based drug formulations
are employed for prevention and treatment of such diseases[2].
Synthetic antioxidants, e.g. butylated hydroxyanisole and tylated
hydroxytoluene, are reported to be the basis of liver damage(3]. This
fright has increased the interest in the role of natural antioxidants. A
plant-based diet safeguards oxidative stress-related diseases. Dietary
plants contain different chemical families and concentrations of
antioxidants[4]. Plants are sources of natural antioxidants and
therefore take on significant part in chemoprevention of diseases(5].

Despite many plants being reported to have antioxidant potential
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by in vitro assays, only a few of these antioxidant activities have
been investigated in vivo. Moreover, several phytochemicals have
been found to have antioxidant activity within in vitro assays.
However, only a few of these have been shown to be therapeutically
useful under in vivo conditions[6-8]. This review aims to enlist the
natural compounds with promising in vitro and in vivo antioxidant

activities.

2. Anticancer activity

Cancer is among one of the most severe diseases in developing
as well as developed countries. Some of the common symptoms
of cancer are oxidative stress, DNA damage and chronic
inflammation(9]. Formal treatment of cancer includes surgery,
psychosocial support, chemotherapy and radiotherapy(10]. Due to
the adverse effect of these treatments, there is a need to discover
anticancer agents from natural resources. Medicinal plants are
potential sources of anticancer compounds[11]. Screening of
anticancer agents in medicinal plaants was started in 1950s with
the discovery of vinblastine, vincristine, Vinca alkaloids and
the isolation of cytotoxic podophyllotoxins[12]. Recently, more
than 3000 plants in the world have been reported for anticancer
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properties. The prevalence of products derived from plants for the
treatment of cancer is from 10% to 40% and this rate now reaches up
to 50% in Asiatic patients[13-15]. Approximately 60% of the drugs for
cancer treatment have been isolated from natural products(16].

Various anticancer compounds have been isolated from plants, e.g.
crocetin is a potential antitumor agent isolated from Crocus sativus
(C. sativus)[17], and eupatoriopicrin isolated from Eupatorium
cannabinum shows anticancer properties on fibrosarcoma cells[18]
and withaferin A from Withania somnifera has a 70% volume
reduction of tumor in mice(19]. There was an increased attention
for the isolation of novel anticancer and therapeutic agents from
natural products over the past 30 years[20,21]. Among these
compounds, flavopiridol and meisoindigo isolated from Dysoxylum
binectariferum and Indigofera tinctoria respectively have been
considered to possess anticancer properties with low toxicity than
conventional drugs(22]. The derivatives of stilbene, cassiagrol A
and resveratrol isolated from Cassia garrettiana exhibit antitumor
activity in in-vivo and in-vitro models through the inhibition of
neovascularization. Two chalcone derivatives from the roots of
Angelica keiskei also inhibited the growth of tumor in tumor-bearing
mice[23]. Various other compounds like hyperforin and hypericin
in Hypericum perforatum (H. perforatum)[24], maslinic acid in
Olea europaeal25] and silymarin isolated from Silybum marianum
contributed to the reduction of cell proliferation. Silymarine
contains flavolignans, silybin A and B (silibinin), isosilybin A and
B, silydianin and silychristin[26,27]. Silybinin is involved in the
activation of apoptotic pathways in response to ultraviolet B-induced
DNA damage(28]. Capillin from Artemisia monospermal29l, 1,8-
cineole from Origanum dayi(30], carvacrol from Origanum dayil31),
cannabinoids from Cannabis sativa(32], epigallocatechin-3-gallate
from Camellia sinensis(33], calotropin from Calotropis proceral34),
curcumin from Curcuma domestical35], schischkinnin from
Centaurea schischkinii, montamine from Centaurea montanal36],
tubeimoside V from Bolbostemma paniculatum(37], salgraviolide-A
from Centaurea ainetensis(38] have been associated with the
induction of apoptosis and growth suppression of cancer cell lines.
Recent advances in the development of chemotherapeutic agents
from plants are the development of a class of molecules called
texanes[39]. In France, elliptinium is now available in the market for
the treatment of breast cancer[40]. It was found that S-allylcysteine
derived from garlic inhibits the growth of tumor in several animal
models[41]. Another important class of therapeutic components is
acetogenins found in graviola. Some acetogenins are considered as
very toxic for different types of cancer cell lines[42] (Table 1).

3. Cardioprotective activity

Cardiovascular diseases are the major cause of death
worldwide[60]. Hypertension is the commonest cardiac disease
followed by ischemic heart disease. Recently, in 2013 it was
estimated by the World Health Organization that 17.3 million people
died from cardiovascular diseases and it was predicted that by 2030
the mortality rate will reach up to 23.3 million[61]. Conventional drug
therapy has been utilized for the treatment of cardiovascular diseases
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such as antiplatelet agents, vasodilators, diuretics, anticoagulants
and B-blockers[60]. Herbal products are used routinely by patients
to treat cardiac complications[62]. Various plant-based extracts have
been approved for the use in developed countries, e.g. use of ginseng
root in Germany, and H. perforatum, Plantago major and Matricaria
chamomilla in France(63]. Herbal medicines contain biologically
active natural products which are used for the preparation of
commercial drugs, e.g. digitoxin from Digitalis purpurea, reserpine
from Rauwolfia serpentina, ephedrine from Ephedra sinica and
salicin from Salix albal64].

Two primary groups of constituents usually found in herbs are
beneficial for cardiovascular diseases, which are triterpenes and
flavonoids. Triterpenes are very important components of ginseng
and have a role in lowering blood pressure and enhancing the
utilization of oxygen and have protective effect for the treatment of
cardiovascular disease and reducing free radical damage. Flavonoids
are the active constituents of two herbs widely used in Europe which
are Crataegus and gingko leaf(65]. Polyphenols are very important
compounds in plants and flavonoids constitute the largest class of
polyphenols. Among the flavonoids, flavonols are widely dispersed
in nature and present in significant amounts in vegetables and fruits.
Flavonols have wide range of biological activity and they may be
potential drug for cardiovascular diseases(66]. Common forms of
isoflavones are daidzein and genistein which possess lipid-lowering
properties, especially in the case of hypercholesterolemial67].
Polyphenols have free radical scavenging activity and help in
reducing the chances of heart diseases[68]. Furthermore, many
antioxidant compounds like vitamins C and E, and B-carotene are
considered as possible therapeutic agents in cardiovascular disorders
and oxidative stress[69]. The metabolites of isoflavones derived from
legumes cis- and trans-tetrahydrodaidzein, dihydrodaidzein and
dehydroequol have been reported as capable of provoking contractile
activity, protecting endothelium and possessing cardioprotective
properties[70]. Some components of pomegranate have been
regarded as very efficacious for the prevention of low density
lipoprotein oxidation and atherosclerosis(71]. Cardioprotective
potential of Bombax ceiba has been reported. The chemical
compounds present in the aqueous extract of Bombax ceiba are
flavonoids, tannins and glycosides[72]. It was found that ginseng
has a potential cardioprotective agent and that’s why it has anti-
arrhythmic property[73.74]. Legumes contain many compounds like
isoflavonoids, flavanoids, coumestans, polyphenols and lignans
which are helpful in reducing the risk of atherosclerosis(75].
Isoflavones are also reported in soybeans and it has a beneficial effect
on the cardiovascular system(76]. Tea is a rich source of antioxidants,
e.g. kaempferol, epigallocatechin gallate, quercetin and marketing
and polyphenols comprise 35% dry weight of tea leaves(76]. In
previous studies, it was observed that higher dietary intake of
flavonoids reduces the occurrence of coronary heart disease[77-
79). Ferulic acid is a nitrite scavenger which is a cardioprotective
agent in hemodynamics and ischemia-reperfusion injury[80.81].
Hydroxysafflor yellow A also protects the heart against ischemia-
reperfusion injury by reducing the mitochondrial permeability
transition pore opening[81]. Medicinal and dietary phytochemicals



826

Table 1
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Natural anticancerous compounds.

Botanical names Common name Family Chemical constituent(s) Reference
Aegle marmelos Bael Rutaceae Lupeol [43]
Agapanthus africanus African Lily, Lily of the nile Agapanthaceae Isoliquiritigenin [44]
Ailanthus altissima Tree of heaven, China sumac, Simaroubaceae Ailanthone [45]
varnishtree
Allium cepa Garden onion Liliaceae/Alliaceae  Allicin alliin, diallyl disulphide, quercetin [43]
A. sativum Garlic Liliaceae Alliin, allicin alliin, alliinase, S-allylcysteine, [46,47]
diallyl disulphide, diallyl trisulphide, methyl allyl
trisulfide
Aphanamixis polystachya Rohituka tree Meliaceae Amooranin [43]
Apium graveolens Wild celery Umbelliferae Apigenin [48]
Azadirachta indica Neem tree Meliaceae Limonoids, limbolide [43]
Bauhinia variegate Orchid tree, camel's foot tree, kachnar Caesalpiniaceae Cyanidin glucoside, malvidin and peonidin, [43]
glucoside, kaempferol
Berberis vulgaris Barberry Berberidaceae Berberine [43]
Bleekeria vitensis - Apocynaceae Ellipticine [12]
Brucea antidysenterica Nux vomica Simaroubaceae Bruceantin [12]
Camptotheca acuminata Tree of life Nyssaceae Campothecin [12]
Catharanthus roseus Madagascar periwinkle Apocynaceae Vinblastine, vincristine, alstonine, ajmalicine and [12,49,50]
reserpine
Cephalotaxus harringtonia ~ Yew Cephalotaxaceae Homoharringtonine [12]
Diphylleia grayi Umbrella leaf Berberidaceae Diphyllin [12]
Dysoxylum binectariferum Black bean Meliaceae Rohitukine [12]
E. officinalis Gooseberry Euphorbiaceae Ellagic acid, gallic acid, quercetin, emblicanins A [43]
and B
Fragaria vesca Woods strawberry Rosaceae Borneol, ellagic acid [43]
Morinda citrifolia Great morinda, Indian mulberry Rubiaceae Damnacanthal, rubiadin 1-methyl ether, alizarin, [43]
morindone and anthragallol-2,3-dimethyl ether,
damnacanthol
Nigella sativa Black cumin, black caraway Ranunculaceae Thymoquinone, dithymoquinone [43]
Ocimum sanctum Holy basil Lamiaceae Eugenol, orientin and vicenin [43]
Oldenlandia diffusa Snake needle grass Rubiaceae Ursolic acid [43]
Prunella vulgaris Self-heal, common selfheal Lamiaceae Ursolic acid, oleanolic acid [43]
Psoralea corylifolia Babchi, bakuchi Fabaceae Bavachinin and psoralen, psoralidin [43]
Rubia cordifolia Indian madder Rubiaceae Rubidianin, rubiadin, rosemary acids, purpurin, [43]
alizarin, xanthopurpurin
Saussurea lappa Costus, kut root Asteraceae Cynaropicrin, costunolide dehydrocostus lactone, [43]
shikokio
Tinospora cordifolia Heart-leaved moonseed Menispermaceae Berberin, tinosporin, giloin, giloinin [43]
Viscum album Mistletoe Viscaceae Lectin, propionyl choline, lupeol, viscotoxin, [43]
digallic acid
Annona glabra Pond apple Annonaceae Acetogenins [51]
Aralia nudicaulis Wild sarsaparilla Araliacea Sarsasapogenin, smilagenin, smilasaponin, [52]
smilacin, sarsaparilloside
Taxus brevifolia Pacific yew tree Taxaceae Taxol [53]
Xanthium strumarium Cocklebur Asteraceae Xanthatin, xanthinosin [54]
Taraxacum officinale Dandelion Asteraceae Inulin, caffeic acid [55]
Pyrus malus Apple Rosaceae Quercetin, catechin, phloridzin and procyanidin [56]
Lantana camara Lantana, tick berry Verbenaceae Camerine, isocamerine, micranine, lantanine, [57-59]

lantadene

A. sativum: Allium sativum; E. officinalis: Emblica officinalis.

play an important role in reducing the incidence of cardiovascular
disease[82]. The estrogenic activity of isoflavones is because of their
structural similarity to steroidal estrogens(83]. Endogenous steroidal
estrogens have been considered as a potential cardioprotective agent,

e.g. 17b-oestradiol acts as a vasorelaxant[84.85] (Table 2).

4. Neuroprotective activity

Neuroprotection is a mechanism within the central nervous system

which protects neurons from apoptosis in case of acute brain injury
and chronic neurodegenerative diseases[102]. Various neuroprotective
compounds have been isolated from plants and are considered to
be very effective in neuropathic condition. Polyphenols have a
therapeutic potential for neurodegenerative diseases, e.g. curcumin
is a natural polyphenol found in curry spice turmeric and plays an
important role in various neuronal disorders. Resveratrol is another
polyphenol in grapes and red wines, which has pharmacological

effects and is helpful to release neurotrophic factors[103]. Ginseng
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Table 2
Natural cardioprotective compounds.
Botanical names Common name Family Chemical constituent(s) Reference
Aesculus hippocastanum ~ Horse-chestnut Hippocastanaceae Hydroxycoumarin [86]
A. sativum Garlic Liliaceae Allicin [87]
Camellia sinensis Tea Theaceae Catechins [88]
Cinnamomum tamala Malabar leaf Lauraceae Cinnamaldehyde [89]
Commiphora wightii Guggal Burseraceae Guggulipid, guggulsterone [90]
Crataeva nurvala Varuna Capparaceae Lupeol [91]
C. sativus Saffron Iridaceae Crocin and safranal [92,93]
Digitalis purpurea/lanata ~ Foxglove Plantaginaceae Digitalis, digitoxin, digoxin [94]
E. officinalis Amla Euphorbiaceae Vitamin C, gallic acid [91]
Erythroxylum coca Coca plant Erythroxylaceae Cocaine, tropacocaine, cinnamoylcocaine [86]
Ginkgo biloba Ginkgo Ginkgoaceae Ginkgolides A and B, bilobalide [95]
Glycine max Liquorice Papilionaceae Protein, lecithin, saponins [86]
Hordeum vulgare Barley Poaceae Vitamin C, B-glucan-enriched fraction [86]
Nelumbo nucifera Lotus Nelumbonaceae Quercetin, luteolin [96,97]
Psidium guajava Guava Myrtaceae Quercitin [91]
Punica granatum Pomegranate Punicaceae Punicalagin, punicalin, ellagic acid [91]
Raphanus sativus Radish Brassicaceae Caffeic acid [98]
Rosa damascene Rose Rosaceae Lycopene, rubixanthin, zeaxanthin, quercetin, kaempferol, cyanidin [86]
Stachytarpheta jamaicensis Blue snakeweed Verbenaceae Friedelin, stigmasterol, ursolic acid, hispidulin, scutellarein, choline [99]
Tinospora cordifolia Guduchi Menispermaceae Columbin, chasmanthin, palmarin, tinosporon, tinosporic acid, tinosporol [100]
Vitis vinifera Grapevine Vitaceae Procyanidin [101]
Table 3
Natural neuroprotective compounds.
Botanical name Common name Family Chemical constituent(s) Reference
Acorus calamus Sweet flag Acoraceae A and B-asarone [121,122]
Achillea millefolium Yarrow Asteraceae Borneol [123]
Allium cepa Onion Amaryllidaceae Allicin [124]
A. sativum Garlic Amaryllidaceae Allium [124]
Bacopa monnieri Brahmi Plantaginaceae Bacosides A and B [125]
Centella asiatica Manimuni Apiaceae Asiaticoside, centelloside, madecassoside, asiatic acid [126]
Coffea spp. Coffee Rubiaceae Caffeine [127,128]
Cornus officinalis Japanese cornel Cornaceae Ursolic acid, p-coumaric acid, gallic acid [129]
Corydalis ternata Papaveraceae Protopine [130]
Crinum jagus Christopher Lily Amaryllidaceae Lycorine, vitattine [131]
C. sativus Saffron Iridaceae Crocetin, dimethylcrocetin, crocin [132-134]
Curcuma longa Turmeric Zingiberaceae Curcumin [135]
E. officinalis Amla Phyllanthaceae Vitamin C, phyllemblin [136]
Evolvulus alsinoides Dwarf morning glory Convolvulaceae Betaine, sankhapushpine, evolvine [137]
Ginkgo biloba Ginkgo Ginkgoaceae Bilobalide [138]
Panax ginseng Ginseng Araliaceae Ginsenosides [139-141]
Glycyrrhiza glabra Liquorice Leguminosae Glycyrrhizin [142]
Hippophae rhamnoides Sea buckthorn Elaeagnaceae Polyunsaturated fatty acids [143]
Huperzia serrata Club moss Lycopodiaceae Huperzine A [144,145]
H. perforatum Saint John's wort Asteraceae Quercetin, biapigenin, hyperoside [145-148]
llex paraguariensis Yerba mate Aquifoliaceae Chlorogenic acid caffeine, theophylline, theobromine quercitin, [149]
kaemferol
Lavandula angustifolia Lavender Lamiaceae Linalool [150]
Lepidium meyenii Maca Brassicaceae Macamides [151]
Magnolia officinalis Magnolia bark Magnoliaceae 4-O-Methylhonokiol, honokiol, magnolol [124]
Morinda citrifolia Noni Rubiaceae Rutin, scopoletin, quercetin [152]
Morus alba Mulberry Moraceae Cyanidin-3-0-b-d glucopyranoside [153]
Olea europea Olive Oleaceae Oleuropein [154]
Polygonum cuspidatum Japanese knotweed Polygonaceae Polynapstilbene B [81]
Ricinus communis Castor plant Euphorbiaceae Ricin, ricinine, undecylenic acid [155,156]
Scutellaria baicalensis Baikal skullcap Lamiaceae Baicalein, baicalin, wogonin [157]
Solanum nigrum Black nightshade Solanaceae Caffeic acid [158]
Uncaria rhynchophylla Gambir vine Rubiaceae Rhynchophylline, corynoxine, isorhynchophylline, [124]
isocorynoxiene
Withania somnifera Winter cherry Solanaceae Sitoindosides VII-X, withaferin, withanoside IV [159,160]
Zingiber officinale Ginger Zingiberaceae Gingerol, shogaol, zingerone [124]
Zizyphus jujube Ennab Rhamnaceae Spinosin [161]
Zizyphus spinosa Jujube Rhamnaceae Jujubosides A and B [124]

is a Chinese medicine which contains active constituents such

as polysaccharides, ginsenosides and peptides with beneficial

effects. It plays a neuroprotective role in neuroinflammatory

processes, regulation of synaptic plasticity and release of
neurotransmitter(104]. Hesperidine is a flavanone mostly occurring

in citrus plants. It is isolated from the peels of Citrus sinensis (sweet
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orange), Citrus aurantium, Citrus unshiu and has a significant
neuroprotective activity[105,106]. A novel neuroprotective compound,
1-methoxyoctadecan-1-ol has been identified in Uncaria sinensis.

Phenylpropanoids were isolated from medicinal plants and
they have a neuroprotective mechanism. Caffeic acid[107], E-p-
methoxycinnamic acid, buergeriside Al and ferulic acid[108]
were isolated from Scrophularia buergeriana and have a role in
inhibition of calcium influx and B-induced neurotoxicity. Caffeic
acid phenethyl ester was obtained from the extract of propolis and
has a neuroprotective role[109,110]. Echinacoside from Cistanche
salsa plays an important role to inhibit caspase-3 activity[111].
Verbascoside from Syringa vulgaris is a neuroprotective agent[112].
Coumarins are another group of neuroprotective agents e.g.
osthol from Cnidium monnieri[113] and decursin, decursinol, 4"-
hydroxydecursin, (2"S,3"S)-epoxyangeloyldecursinol, (2"R,3"R)-
epoxyangeloyldecursinol and 4"-hydroxytigloyldecursinol from
Angelica gigas provide neuroprotection against excitotoxicity[114].
Lignans also have a neuroprotective role. Licarin A, isoguaiacin,
meso-dihydroguaiaretic acid and (+)-guaiacin from Machilus
thunbergii have significant neuroprotective activity[115,116].
Sauchinone from Saururus chinensis(97] and sesamin from
Sesamum indicum[117] act as a neroprotective agent. Stilbenoids
and other phenolic compounds were also obtained from medicinal
plants and have a neuroprotective mechanism. Curcumin and
Z-ligustilide were isolated from Curcuma longa and Angelica
sinensis, respectively[118,119]. Cell-based assays were also performed
for the identification of compounds in plant extracts to treat
Alzheimer’s disease. A potential alkaloid vocamine was isolated
from Voacanga africana and had a neuroprotective activity[120]
(Table 3). Reactive oxygen species based ailments are leading
cause of deaths all worldwide. Mostly ROS induced diseases are
associated with lethal cancers, brain and heart associated disorders.
As bioprospecting based approach particularly in drug development
along agrochemicals has been the focus of mankind since ancient
times, plants remained to be the main focus in both cases. Today,
there is plethora of literature reporting antioxidant properties of
thousands of plants. Many isolated compounds are also cited in
various research studies. Plants discussed in current review exhibited
significant antioxidant activity. Potential isolated compounds
of antioxidant activity are also discussed. It is now suggested to
evaluate the synergistic effects of natural known antioxidants. Dose
standardization and dosage regimen may contribute crucial role in
mankind therapeutics.
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