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INTRODUCTION

Over the last decade there has been an unexplained 
increase in the number of neurodegenerative diseases, 
especially prototypical neurodegenerative disorders, 
which include Alzheimer’s disease (AD), Parkinson’s 
disease (PD), Amyotrophic lateral sclerosis (ALS) and 
Huntington’s disease (HD) that appear to go beyond the 
normal ageing of the population.[1] Neurodegenerative 
disorders are a heterogeneous group of diseases of the 
nervous system, including the brain, spinal cord and 
peripheral nerves that have many different etiologies. 
Many are hereditary, some are secondary to toxic 
metabolic processes and others result from infections. 
Due to the prevalence, morbidity and mortality of 

the neurodegenerative diseases, they represent a 
significant medical, social and financial burden on the 
society. Neuropathologically, these are characterized by 
abnormalities of relatively specific regions of the brain 
and specific populations of neurons. The degenerating 
neuron clusters in the different diseases determine the 
clinical phenotype of that particular illness. Recent 
investigations in medical genetics have identified 
specific genes for various neurodegenerative disorders, 
and specially bred animal models have begun to be 
used to study the aetiological factors and underlying 
pathogenic mechanisms.[2]

Neurodegenerative disorders are characterized by 
progressive and irreversible loss of neurons from 
specific regions of the brain. Even though the pathology 
and the pathogenesis are distinctly different, they 
share a common pathogenic mechanism in the process 
of neuronal cell death and degradation. The common 
mechanisms include: (a) selective vulnerability, 
characterized by the exquisite specificity of the disease 
processes for particular types of neurons; (b) genetic 
predisposition, playing an important role in the 
aetiology of neurodegenerative disease; infectious 
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agents and environmental toxins have also been proposed 
as aetiological agents; (c) neuronal injury resulting 
from the presence of excess glutamate in the brain; (d) 
energy, metabolism and ageing; (e) oxidative stress, 
where neurons depend on oxidative metabolism for 
survival, a consequence of this process is the production 
of reactive compounds such as hydrogen peroxide and 
oxyradicals;[3] and (f)  inflammation, due to increased 
levels of pro‑inflammatory cytokines (Interleukins ‑ IL‑1, 
IL‑2, IL‑6), Interferon‑γ (INF‑γ), Proteases, Complement 
proteins, S100β, Tumour necrosis factor‑α (TNF‑α) and so 
on. These agents, other than the mediators, can lead to DNA 
damage, peroxidation of membrane lipids and neuronal 
death. Stress, hypoxia, ischaemia, metabolic alterations 
like atherosclerosis and diabetes and neuro‑humoral 
changes, like hypertension, are also implicated in  
neurodegeneration.[1,4]

The aetiology of neurodegenerative diseases remains 
enigmatic; however, for defects in energy metabolism, 
excitotoxicity and for oxidative damage it is increasingly 
compelling; it is likely that there is a complex interplay between 
these mechanisms. A defect in energy metabolism may lead to 
neuronal depolarization, activation of N‑methyl‑D‑aspartate 
(NMDA) excitatory amino acid‑receptors and increase in 
intracellular calcium, which are buffered by mitochondria. 
Mitochondria are the major intracellular source of free 
radicals, and increased mitochondrial calcium concentrations 
enhance free radical generation. Mitochondrial DNA is 
particularly susceptible to oxidative stress, and there is 
evidence of age‑dependent damage and deterioration of 
respiratory enzyme activities with normal ageing. This 
may contribute to the delayed onset and age dependence 
of neurodegenerative diseases. Potential therapeutic 
approaches include glutamate release inhibitors, excitatory 
amino acid antagonists, strategies to improve mitochondrial 
functions, free radical scavengers, and tropic factors. All these 
approaches appear promising in experimental studies and 
are now being applied to human studies.[5]

Inflammation occurs in multiple neurodegenerative 
diseases, where each disease has a unique pathology and 
symptoms. It has become increasingly evident that there 
are diverse triggers through which microglia are activated 
to exert their neurotoxicity. Interestingly, while these 
diverse toxins elucidate several mechanisms of microglial 
activation, Nicotinamide adenine dinucleotide phosphate 
(NADPH) oxidase activation is also a common pathway 
through which microglia exerts neurotoxicity that is shared 
across these toxins. These diverse triggers of microglial 
activation include immunological insult, such as LPS,[6‑8] 
environmental toxins,[9‑11] endogenous disease proteins[8,12] 
and neuronal injury.[13‑16]

In neuroinflammation, microglia and astrocytes play a 
critical role. Microglial cells are ubiquitously distributed in 
the central nervous system (CNS) and comprise up to 20% 
of the total glial cell population in the brain.[17,18] Although 
the ontogeny of microglial cells has long been debated, 
recent studies using monoclonal antibodies specific 
for microglial cells indicate that these cells are closely 
related to monocytes and macrophages.[19] As the primary 
immune effectors cells in the CNS, microglial cells migrate 
to the site of tissue injury or inflammation, where they 
respond to the invading pathogens or other inflammatory 
signals.[13,20] Similar to monocytes / macrophages, 
they also secrete inflammatory cytokines and toxic 
mediators, which may amplify the neuroinflammatory 
responses.[21,22] Astrocytes form an intimately connected 
network with neurons in the CNS, and they provide 
mechanical and metabolic support for the neurons.[23] The 
critical role of these cells in ion buffering and clearance 
of neurotransmitters is also well‑established.[24,25] Upon 
inflammatory stimulation, astrocytes proliferate and 
produce diverse intercellular mediators such as nitric 
oxide (NO) and TNF‑α.[26‑28] There is growing evidence 
that the inflammatory mediators produced by activated 
astrocytes may be involved in the pathogenesis of 
various neurodegenerative diseases.[25‑29] Thus, the 
activation of astrocytes and the ensuing production of 
toxic inflammatory mediators may need to be tightly 
regulated. Activation of inflammatory cells in CNS 
(microglia or astrocytes) may be intended to initially 
protect neurons. More frequently, however, activation of 
these neuroglial cells and inflammatory products derived 
from them has been implicated in neuronal destruction, 
commonly observed in various neurodegenerative 
diseases.[22] Thus, our understanding of the pathogenesis 
of neurodegenerative diseases may be enhanced by the 
elucidation of a molecular mechanism that is underlying 
the regulation of neuroglial activation. Among many 
endogenous or exogenous factors that regulate neuroglial 
activation and result in neuroinflammation,[30] herbal 
medicine has recently drawn much attention, due to its 
potent inhibitory effects on inflammatory responses and 
neuroprotective activity.[31,32] A central role of microglia 
and astrocytes in neuroinflammation (and potentially 
neurodegeneration) and a regulatory effect of herbal 
medicine on the inflammatory activation of the neuroglia 
will be discussed in this review.

In general, dying or damaged neurons have the potential 
to activate microglia, regardless of how the neurons were 
damaged (environmental toxin, endogenous disease 
protein, or reactive microgliosis) or the neurodegenerative 
disease in question. Figure  1 depicts the relationship 
between neuronal damage and microglial activation, 
and characterises how the damaged neurons activate 
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microglia to initiate a self‑propelling cycle of neuron‑death. 
Previously, inflammation was viewed only as a passive 
response to neuronal damage. However, increasing reports 
demonstrate that inflammation is capable of actively 
causing neuronal death and damage, which then fuels a 
self‑propelling cycle of neuronal death. Thus, while the 
triggers of various neurodegenerative diseases are diverse, 
inflammation may be a basic mechanism driving the 
progressive nature of multiple neurodegenerative diseases. 
Several cell types have been listed as contributors to 
inflammation‑mediated neurodegeneration, but microglia 
are implicated as critical components of immunological 
insult to neurons. In the following review, we discuss 
the role of microglia in neuronal death and describe the 
evidence implicating microglia as a critical mechanism 
driving the self‑propelling nature of neurodegenerative 
disease.

Inflammation and Tissue Injury

Injury, trauma, or infection induce a series of complex 
and interconnected reaction sequences, initiated at the 
site of tissue damage.[33,34] This sequence of reactions 
serves to contain and destroy the infection or damaging 
agents, and to prevent continued tissue damage and 
initiate repair processes to restore normal function. This 
rapid response is known as acute inflammation.[35] The 
toxic reactions, which are employed to destroy infectious 
organisms or protect the host, also paradoxically have 
the capacity to injure the host tissues. If these toxic 
responses are not tightly regulated, tissue injury may 

predominate over tissue protection and repair, thereby, 
leading to inflammatory diseases. The characteristics of 
the inflammatory response include localized changes 
within the damaged tissue, such as: (1)  the release of 
preformed inflammatory mediators from the intracellular 
stores; (2) the initiation of a reaction cascade through the 
activation of soluble plasma components; (3) the new 
synthesis of inflammatory mediators such as eicosanoids 
and cytokines and (4) resolution of the inflammatory 
response. The acute inflammatory response is beneficial 
to the organism, in that, it helps to deal with potentially 
dangerous microorganisms. However, inflammation does 
cause some degree of damage to the surrounding tissues. 
Reactive oxygen species (ROS), reactive nitrogen species 
(RNS), prostanoids, leukotrienes and hydrolytic enzymes 
produced by neutrophils, macrophages and monocytes may 
all play a role in mediating inflammation. Persistence of 
infection or defective resolution of inflammatory reaction 
results in chronic inflammation, where severe tissue 
damage may occur. Although inflammation is normally 
a self‑limiting event and its benefits outweigh the minor 
tissue damage it causes, abnormal activation of the immune 
or inflammatory system has the potential to provoke a 
devastating response.[36] Other striking consequences of 
the abnormal inflammatory response are autoimmune 
diseases, such as, systemic lupus erythematosus (SLE), 
rheumatoid arthritis (RA), autoimmune vasculitis 
(AV), dermatomyositis, chronic autoimmune gastritis 
and myasthenia gravis. Tissue‑damaging chronic 
inflammatory response may also occur in CNS, where 
the main inflammatory cells are microglia and astrocytes, 

Figure 1: Reactive microgliosis is a self‑propelling cycle of neuronal damage. Regardless of the initial toxic insult (immunological insult from microglia or direct neuronal 
toxicity), dying or damaged neurons activate microglia to produce neurotoxic factors, which are toxic to the surrounding neurons, resulting in perpetuating toxicity. As 
neuronal death is a common denominator across multiple neurodegenerative diseases, microgliosis may be the common thread responsible for the ongoing microglial 
activation and the progressive nature of many neurodegenerative diseases
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instead of monocytes / macrophages or neutrophils, in the 
periphery.[37‑39]

Neuroglia (Microglia,  Astroc ytes), 
Neuroinflammation and Neurodegeneration

Microglia and astrocytes are essential for ensuring the proper 
functioning of the neurons. They are quick to intervene when 
neurons become injured or stressed. As they are sentinels of 
the neuron well‑being, pathological impairment of microglia 
or astrocytes could have devastating consequences on the 
brain function. Nevertheless, there is still a debate over 
neuroprotective and neurotoxic functions of these neuroglial 
cells.[37,40] It is assumed that neuroglial activation is largely 
determined by neuronal signals. Acute injury causes the 
neurons to generate signals that inform the neuroglia about 
the neuronal status. Depending on how severe the degree 
of neuronal injury is, the neuroglia will either nurse the 
injured neurons into regeneration or kill them if they are not 
viable. These types of neuroglial responses are considered 
to represent normal physiological and neuroprotective 
responses. In contrast, some processes that are chronic in 
nature persistently activate neuroglia, eventually causing a 
failure in their physiological ability to maintain homeostasis. 
This could have detrimental consequences and may lead to 
bystander damage due to neuroglial dysfunction. In this 
scenario, the neuroglia exerts neurotoxic effects through 
the secretion of a variety of toxic inflammatory mediators. 
Thus, although activation of neuroglial cells may be intended 
to protect neurons, inflammatory products derived from 
activated neuroglia may also be implicated in neuronal injury, 
potentially leading to neurodegenerative diseases.[22] These 
deleterious effects of neuroglial activation may be exacerbated 
by failure of the auto‑regulatory mechanisms of neuroglia. 
In recent times, activated macrophages, whose functions are 
closely related to microglia, have been shown to undergo 
apoptosis.[41‑43] It has been suggested that the apoptosis 
of activated macrophages is one mechanism, whereby, 
an organism may regulate immune and inflammatory 
responses involving macrophages.[43] It has been recently 
demonstrated that a similar regulatory mechanism also exists 
for microglial cells[44,45] and astrocytes[46]. Microglial cells and 
astrocytes undergo apoptosis upon inflammatory activation, 
in a manner similar to activation‑induced cell death (AICD) 
of lymphocytes.[45,46] AICD is an active process. The T and 
B lymphocytes that undergo AICD as an autoregulatory 
mechanism for the body to remove unwanted activated cells, 
after making appropriate use of them,[47] are not well studied 
in this respect. Now, as results in this and other laboratory 
studies have indicated that neuroglial cells may be under the 
control of a similar regulatory mechanism,[44‑46,48‑52] further 
investigation is warranted, to better understand the molecular 
mechanism(s) of neuroglial AICD and its physiological 
significance.

However, the presence of NO‑independent cytotoxic 
mechanism has been also suggested.[53,54] Elimination 
of activated neuroglial cells by apoptosis could be an 
important mechanism, whereby, undesirable effects 
of long‑term neuroglial activation can be minimized. 
Inflammatory mediators that are produced by activated 
neuroglia in CNS may have harmful effects on the neurons 
or other neuroglial cells that they originally intended to 
protect.[21,22] Thus, in various neurodegenerative diseases 
involving chronic neuroglial activation, the neuroglial 
functions seem to play a more significant role in mediating 
diseases than in the protection of neurons. According to the 
model of activation‑induced apoptosis of neuroglial cells, 
inflammatory signals that activate neuroglia may also initiate 
an internal death program.[53,55] One interesting question 
that can be raised then is how neuroglial cells can survive 
inflammatory activation. It should be kept in mind that 
neuroglial cells in vivo are heterogeneous and interact with 
other neuroglial cells as well as neurons. There is also growing 
evidence that activated neuroglial cells proliferate in vivo as 
one way of replenishment.[17] Thus, not all neuroglial cells 
may respond to the inflammatory signals in the same fashion. 
Upon inflammatory activation, individual neuroglial cells in 
the heterogeneous population may either undergo AICD or 
return to the resting state via other regulatory mechanisms, 
depending on the specific microenvironment under which 
they react to the signals. Although many of the activated 
neuroglial cells may be eliminated, some would survive to 
be deactivated. Whatever the mechanism of downregulation 
may be, this may be an excellent auto‑regulatory system for 
neuroglial activation. One can easily imagine pathological 
situations where this type of auto‑regulatory mechanism 
goes wrong. Failure of auto‑regulation of the ‘over‑activated’ 
neuroglial cells may result in the pathological destruction 
of the bystander cells (neurons and other neuroglial cells) 
exposed to toxic mediators, produced by activated neuroglia. 
Recently, upregulated Bcl‑xL expression has been detected in 
the reactive microglia of patients with neurodegenerative 
diseases.[56] Authors have proposed that a high level of 
Bcl‑xL protein may render microglia more resistant to 
cytotoxic environment, such as, areas of neurodegeneration. 
Expression of anti‑apoptotic Bcl‑2 protein has also been 
associated with an aged brain and neurodegenerative 
diseases.[57] The importance of the physiological regulation 
of neuroglial activation by AICD is supported by these 
previous reports.

Recent studies have focused on the possible role of neuroglia 
in causing neurodegeneration. Convincing evidence from 
in vitro studies point to the neurotoxic role of neuroglia during 
traumatic or ischemic brain injury[13] and AD pathogenesis.[58] 
Supernatants obtained from neuroglial cell cultures kill 
the cultured neurons. Such supernatants contain various 
neurotoxic substances, which include, glutamate, NO, 
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ROS, inflammatory cytokines, as well as, yet unidentified 
neurotoxins.[59,60] Production of these neurotoxins by 
neuroglia is enhanced by treatment with inflammatory 
stimuli such as LPS and / or IFN‑γ. Paradoxically, other 
investigators have shown that neuroglia‑conditioned 
media promote neuronal survival.[61] Thus, the balance 
of the neurotoxic and neurotrophic effects of neuroglia 
appears to depend on the nature of the experimental 
paradigm used. In traumatic brain injury where neuronal 
regeneration may occur, neuroglial secretory products 
may help to promote regenerative efforts by  injured, 
but surviving, neurons. However, the situation may be 
different in neurodegenerative diseases such as AD or 
human immunodeficiency virus (HIV)‑associated dementia, 
where functionally compromised neuroglia may produce 
neurotoxins, thereby resulting in neuronal damage. There is 
considerable evidence from postmortem examinations of AD 
brains that auto‑destructive mechanisms are at work, which 
may in part be responsible for the neurodegeneration.[62,63]

Neuroglia as a Target of Pharmacological 
Intervention

Considering neuroglial activation as a common feature 
in many neuropathologies, and keeping in mind that 
over‑activation of neuroglia can have neurotoxic outcomes, 
it is reasonable to assume that manipulation of neuroglial 
activation could serve future clinical approaches. Although 
the treatment of the primary events in neurodegenerative 
diseases would still be the preferred intervention, this may 
not always be possible. Brain or spinal cord injury is a sudden 
event that is followed by secondary cascades of destruction. 
Invading macrophages and intrinsic neuroglia in the brain 
may carry a significant portion of these cascades of reaction. 
Thus, it is of great interest to find a means to modulate 
neuroglial activation and CNS inflammatory responses for 
therapeutic interventions against these neurodegenerative 
diseases. Based on the understanding of intracellular 
signaling pathways that are specific for activated neuroglia, 
a temporary inhibition of signaling molecules or protein−
protein interaction associated with signaling pathways, may 
probably allow for a rather selective effect on the activated 
neuroglia, while the respective functions in other cell types 
are unaffected. Elucidation of the intracellular key events 
that drive neuroglial activation could provide new routes for 
drug development.[64] Alternatively, the potentially harmful 
products of neuroglia could be neutralized, to limit the 
undesired consequences to CNS cells and tissues. Whether 
it is a direct inhibition of neuroglial activation or indirect 
suppression of neuroglia‑derived toxic inflammatory 
mediators, a better understanding of neuroglial biology 
and selective manipulation of neuroglial activation 
processes represent a promising goal for developing novel 
neuroprotective strategies.

Herbal Medicine against CNS Disorders: 
As Neuroprotective Agents

Over the last decade, renewed interest has been shown 
toward these bioflavonoid compounds, with some 4000 
having been isolated so far.[65] Only a handful have been 
extensively studied for their medicinal properties. In the 
plant kingdom, they function as special pigments designed 
to prevent sunlight and toxin‑induced free radical damage. 
Recent studies have shown some rather remarkable 
medicinal properties of flavonoid compounds. For example, 
some have been shown to have anticancer properties,[66] 
antiviral and antibacterial activity,[67,68] and immune 
stimulating qualities,[69] as well as, offering protection against 
strokes and heart attacks.[70,71] In this article, we will explore 
a new property of the flavonoids: Protection of the nervous 
system from neurodegeneration. It is estimated that nearly 
25% of the modern drugs directly or indirectly originate from 
plants.[72] There are more than 120 traditional medicines in 
use for the therapy of CNS disorders, in Asian countries. 
Some of their therapeutic effects have been confirmed by 
recent clinical studies. An ethno pharmacological approach 
has provided a potentially rich source for drug discovery and 
development.[73] Many drugs currently available in Western 
medicine were originally isolated from plants. Although a 
large number of compounds have been isolated, most of 
these resources have not yet been fully characterized for 
pharmacological purposes.

The medicinal properties of plants have been investigated 
in the light of recent scientific developments throughout 
the world, due to their potent pharmacological activities, 
low toxicity, and economic viability. Ayurveda has a clinical 
specialty called rasayana, which prevents diseases and 
counteracts the ageing process by means of optimization 
of homeostasis. It has been reported that the rasayanas 
are rejuvenators, nutritional supplements, and strong 
antioxidants.

In Ayurveda, many herbs have been reported as nerve tonics 
or memory enhancers. On this basis, a number of herbs 
have been studied and validated for their neuroprotective 
properties. The most promising medicinal plants with 
CNS‑activity in traditional Indian medicine are the 
following: Acorus calamus, Azadirachta indica, Acanthopens 
radix, Bacopa monniera, Butea frondosa, Camellia sinensis, 
Centella asiatica, Celastrus pahiculatus, Clitoria ternatea, 
Convolvulus pluricaulis, Eclipta alba, Emblica officinale, Mucuna 
pruriens, Sida cordifolia, Vitis vinifera, Wadelia calandulacae, 
Withania somnifera, Ocimum sanctum, and so on.[74‑77] Ginkgo 
biloba and Panex ginseng used traditionally in Chinese 
medicine have been extensively screened and reported 
to possess diverse therapeutically beneficial properties.[78] 
While some of these need to be investigated in depth, 
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Table 1: Known effects of flavonoids on living systems 
as related to neurodegeneration
Neuroprotective effects of phytochemicals and flavonoids
Powerful free radical scavengers for many radicals
Iron and copper chelation
Direct interaction with cell membranes (improves fluidity)
Increases glucose uptake by neurons
Regeneration of other antioxidants
Restoration of cellular glutathione
Reduced excitotoxicity (NMDA receptor blockade)
Inhibition of LOX and COX enzymes
Inhibition of phospholipase A2
Anti‑inflammatory properties
Restoration of blood–brain barrier
Microvascular stability and improved blood flow

some have already been studied extensively. More recently, 
drug discovery techniques have been applied to the 
standardization of herbal medicines, to elucidate analytical 
marker compounds.

The Role  of  Pl ant Fl avonoids  in 
Neurodegeneration

There has been a recent explosion of interest by research 
scientists in the flavonoid compounds, witha multitude of 
medically useful properties having been demonstrated in 
experimental, as well as, clinical studies of flavonoids. For 
instance, flavonoids have been shown to act as powerful free 
radical scavengers for a multitude of free radical species, 
even the powerful peroxynitrite radical.[79] In addition, 
several flavonoids have shown powerful metal‑chelating 
properties, especially for iron and copper, two of the most 
potent‑free radical catalysts.[80] Of equal importance are 
several studies that have shown that flavonoids interact with 
cell membranes, improving their fluidity, thereby protecting 
them from lipid peroxidation.[81,82] Along these same lines 
is the protection of microvessels in the nervous system by 
specific flavonoids from free radical damage.[83] This not 
only prevents leakage of such vessels, but has been shown 
to preserve the blood–brain barrier as well.[84] There is also 
evidence that several of the flavonoids can inhibit platelet 
adhesiveness, thereby preventing strokes.[85] Finally, some 
of the flavonoids have the unique ability to inhibit certain 
enzymes, such as the COX‑2 enzyme.[86]

Flavonoids and Inflammation

Neuroinflammation plays a vital role in neurodegenerative 
diseases and its inhibition by neuroprotective herbs, the 
antioxidant activity of herbal extracts is certainly another 
important aspect of neuroprotection.[87,88] A variety of herbal 
extracts and their components have been demonstrated to 
exert neuroprotective effects associated with antioxidant 
activities, either by directly stimulating antioxidant 
response genes or by potentiating the bodies’ own natural 
antioxidant defence systems. This is supported by the 
findings that many herbal extracts and their components 
with neuroprotective activities exert both anti‑inflammatory 
and antioxidant effects at the same time.[89‑92]

One of the more useful properties of flavonoids is their 
ability to prevent inflammation via their interaction, 
with various steps, along the eicosanoid pathway. For 
example, certain flavonoids, such as the flavones and 
hesperidin, in high concentrations, can directly inhibit 
the release of arachidonic acid from the cell membrane.
[93] Others, such as quercetin, myricetin, kaempferol, 
naringenin, and hesperidin, can inhibit activation of 
phospholipase A2, which initiates the release of arachidonic 

acid from the cell membrane. Certain flavonoids have 
been shown to either inhibit lipo‑oxygenase (LPO) 
(hesperidin) or the cyclo‑oxygenase‑2 [(COX)‑2] enzymes, 
or even both (quercetin).[94] Pycnogenol is known to inhibit 
LPO, but not COX.[95] There is at least some evidence 
that prostaglandins can inhibit glutamate uptake, 
thereby increasing neurodegenerative excitotoxicity.[96] 
Knowing that Alzheimer’s patients have elevated levels of 
eicosanoids prostaglandin D2 (PGD2) and thromboxane‑B2 
(TXB2), it seems reasonable that flavonoids that inhibit 
the enzymes known to contribute to this abnormal rise in 
inflammatory substrates, should at least slow the progress 
of neurodegeneration or even prevent it. This appears to 
be the case in the clinical studies cited earlier in the text.

Flavonoids as Free Radical Scavengers

The flavonoid compounds have two properties that make 
them especially useful as antioxidants. First, many are 
powerful, primary free radical scavengers against a wide 
variety of radicals, including singlet oxygen, superoxide, 
peroxyl, hydroxyl, and the peroxynitrite radicals.[81] Second, 
several are known to be very effective metal chelators.[97] 
Most flavonoids are present in plants as glycosides. In the 
intestines, this moiety is cleaved off, leaving the aglycone 
form of the flavonoid.[98] It is the aglycone form that is 
thought to have the highest antioxidant activity in biological 
systems. There is experimental evidence that hydrogen 
peroxide accumulation occurs during the process of 
catecholamine catabolism, making it especially important 
in PD.[99] Recent evidence also indicates that H2O2 plays an 
important role in the toxicity of Alzheimer’s plaques. As we 
have seen, iron accumulation within neurons is characteristic 
of ageing of the nervous system, but is especially high in the 
case of neurodegeneration. A multitude of phytochemicals 
have specific properties that make them especially useful 
in combating neurodegeneration, and a list of nutrients 
that stimulate energy generation, primarily through the 
mitochondrial system, are shown in Tables 1 and 2.
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Of the flavonoids acting as iron and copper chelators, the 
most powerful, in order of decreasing potency, include: rutin, 
hesperidin, quercitin, and naringenin.[81] Rutin, interestingly, 
was found to reduce lipid peroxidation in normal liposomes 
only slightly, but reduced it by 75% in the same process in 
iron‑overloaded macrophages.[100] This would mean that 
rutin would not interfere with normal macrophage function 
during infections, but would reduce the pathological 
states of macrophage activation. There is new evidence to 
indicate that persons with PD disease have a defect in iron 
metabolism.[101] In iron‑induced oxidation only, they vary in 
order of potency. There is also evidence that other cellular 
antioxidants measured in the brains of persons having PD, 
HD, progressive supranuclear palsy, and multiple system 
atrophy, had total iron levels that were elevated in the 
brain in all of these disorders, but only in PD there was a 
generalized reduction of brain ferritin. Ferritin is the normal 
chelating protein of iron, which keeps it from catalyzing 
the hydroxyl ion production. There is also evidence of iron 
accumulation in the motor neurons of ALS patients.[102]

Quercetin and epicatechin gallate have been shown to 
be very effective scavengers of the superoxide radical.[103] 
Remember, it is the superoxide that is the basic substrate 
for the formation of two of the most powerful free radicals 
responsible for neurodegeneration, the hydroxyl and 
radicals. Flavonoids are also very efficient scavengers of 
singlet oxygen (comparable to α‑tocopherol), an oxidant 
that can oxidize proteins, lipids, and DNA bases.[79] Both 
myricetin and quercetin strongly scavenge the hydroxyl 
radical. Recent evidence indicates that the peroxynitrite 
radical plays a pivotal part in neurodegenerative diseases. 
Flavonoids are known to powerfully scavenge this 
radical.[104] These phytochemicals can also inhibit free 
radical injury to neurons by inhibiting glutamate toxicity 
in a dose‑dependent manner,[105] and they are also known 
to spare tocopherols, both of which significantly reduce 
excitotoxicity.[106]

It has been shown that kampferol and quercetin are excellent 
membrane antioxidants. In fact, quercetin, being more 

hydrophilic than vitamin E, blocks lipid peroxidation at 
the initiation stage, making it a more efficient membrane 
antioxidant than vitamin E.[107] Catechins can also inhibit 
lipid peroxidation. Flavonoids are known to interact at the 
polar regions of the phospholipid bilayers. As stated earlier, 
one of the by‑products of lipid peroxidation is the production 
of a destructive compound called 4‑hydroxynonenal, which 
can inhibit key metabolic enzymes, inhibit glutamate 
uptake, decrease membrane fluidity, interfere with 
neuronal G‑receptor proteins, and inactivate glutathione 
reductase.[108] The only antioxidant system that inactivates 
this destructive compound is glutathione.[109] In PD, one of 
the earliest events is a drastic reduction in the glutathione 
levels in the neurons of the substantia nigra. This makes 
these neurons especially vulnerable to 4‑hydroxynonenal 
as well as to other reactive oxygen and nitrogen species. By 
inhibiting lipid peroxidation, these flavonoids will prevent 
the accumulation of 4‑hydroxynonenal.

In the case of autoxidation of cerebral membranes, that 
is, in the absence of an iron or copper catalyst, it has been 
demonstrated that several of the flavonoids are very 
protective. These include, in decreasing potency: quercitin, 
rutin, hesperidin, and naringinin.[79] You will note that these 
are the same flavonoids that are most protective against 
iron‑induced oxidation, only they vary in order of potency. 
There is also evidence that other cellular antioxidants play 
a vital role in protecting the brain from neurodegeneration. 
In one study, it was found that recall, recognition, and 
vocabulary correlated significantly with vitamin C 
and β‑carotene levels.[110] The study was controlled for 
education level and age. Those participants beyond age 
65 demonstrated a close correlation between high ascorbic 
acid and β‑carotene levels and better memory performance. 
This is consistent with the finding of significantly low levels 
of vitamins A, E, and β‑carotene in a group of Alzheimer’s 
patients. β‑carotene and vitamin E levels were also 
significantly low in multi‑infarct dementia.

Even as the antioxidant effects of flavonoids may override 
their pro‑oxidant effects, there is some concern about 
DNA damage. For example, myricetin, querecitin, and 
kaempferol, when tested on isolated rat liver nuclei, 
have resulted in concentration‑dependent DNA damage, 
concurrent with lipid peroxidation, stimulated by iron and 
copper.[111,112] This may indicate that the chelating activity 
of flavonoids can be toxic to DNA. Yet, experiments using 
whole biological systems indicate that albumin prevents 
this pro‑oxidant action of phenolic compounds.[113] In fact, 
a recent study using human lymphocytes has found that 
quercetin and myricetin both protect DNA against strand 
breaks and oxidized pyrimidine bases induced by H2O2.

[97] 
They have also found that none of the flavonoids tested, 
quercetin, myricetin or norsilymarin, are themselves 

Table 2: Nutrients that stimulate energy generation, 
primarily through the mitochondrial system
Nutrients increasing neuronal metabolism
Coenzyme Q10
Acetyl L‑carnitine
α‑lipoic acid
Vitamin K
Nicotinamide
Riboflavin
Pyridoxine
Folate/B12
Thiamine
Magnesium
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genotoxic. Interestingly, neither α‑tocopherol nor β‑carotene 
have decreased DNA breakage.

The standardized extract from the herb Ginkgo biloba 
(Egb‑761) contains 24% flavonoids (ginkgo‑flavone 
glycosides) and 6% terpenoids (ginkgoides). It also contains 
numerous other flavonoids, including rutin and quercetin. 
This extract has been shown to have some very useful 
medicinal properties, which include, clastogenic effects, 
powerful scavenging of superoxide, hydroxyl, peroxyl, 
and peroxynitrite radicals, chelation of iron and copper, 
inhibition of lipid peroxidation in a dose‑dependent manner, 
preservation of vitamins E, C, and β‑carotene, reduction of 
cardiac arrhythmia, anti‑inflammatory and anti‑allergy 
properties, antagonization of the platelet activating 
factor (PAF), prevention of cerebral edema, prevention of 
stroke‑induced uncoupling of mitochondrial respiration, 
reduction of intraneuronal calcium, increase of cerebral 
blood flow, maintenance of neuronal ATP levels during 
ischaemia, prevention of diabetic retinal damage, potent 
inhibitory effects of the nitric oxide system, and protection 
of the heart and brain during ischaemia‑reperfusion 
injury.[114]

Pycnogenol and grape seed extract are also a group of 
flavonoid compounds that hold promise in combating 
neurodegeneration and microvascular brain disease. Both 
are high in catechins, which are known to inhibit lipid 
peroxidation in various models and to powerfully scavenge 
the superoxide and hydroxyl radicals.[115] Pycnogenol 
contains various other flavonoids that can inhibit lipid 
peroxidation and scavenge powerful free radicals. These 
include taxifolin, caeffic acid, protocatechin, gallic acid, 
ferulic acid, and vanillin.[116] Pycnogenol added to cultures of 
rat brain cells has been shown to significantly protect them 
from amyloid β‑protein toxicity.[117] This may be secondary 
to its scavenging of the hydroxyl radical, produced by 
amyloid plague‑activated hydrogen peroxide. In mouse 
hippocampal cell cultures, pycnogenol’s flavonoids 
were protective against glutamate excitotoxicity, in a 
dose‑dependent manner.[118] Another useful property of 
flavonoids in preventing the changes seen with CNS ageing 
and neurodegeneration, is their ability to enhance the 
capillary strength, most likely as a result of their high affinity 
for collagen and elastin. As mentioned previously, catechin 
protects collagen against degradation by collagenase, and 
elastin from destruction by elastase.

This unique property would be important in protecting 
the cerebral microvessels from chronic free radical 
damage. This type of microvascular damage is known 
to occur with ageing, and is especially severe in the case 
of neurodegenerative disease, especially Alzheimer’s 
dementia.[119] Protection of microvessels would prevent the 

breakdown of the blood–brain barrier and transport systems 
(glucose transporter), commonly seen with ageing and 
neurodegeneration. As stated earlier, pycnogenol has been 
shown to inhibit the ‑LPO enzyme, but not the COX enzyme. 
This would be important in preventing the accumulation of 
thromboxane and leukotrienes within the brain. In addition, 
pycnogenol inhibited in a dose‑dependent manner, 
epinephrine‑induced platelet aggregation that was seen 
with stress and smoking.[120] It has been shown that platelet 
reactivity was significantly reduced after a single dose of 
100 mg of pycnogenol. This could be very important in 
preventing multi‑infarct dementia.

Red wine flavonoids are known to be powerful inhibitors 
of copper‑catalysed oxidation of human LDL‑cholesterol, 
more so than vitamin E.[121] Inhibition of platelet aggregation 
by red wine is thought to be secondary to the high 
concentrations of the flavonoids, fisetin, kaempferol, 
morin, myricetin, and quercetin. These flavonoids have 
been shown to inhibit thromboxane formation and to 
antagonise the thromboxane receptor. Major phenolic 
compounds of Ocimum sanctum include phenolic di‑ and 
tri‑terpenes; flavonoids and phenolic acids; and sterols, 
among which rosmarinic acid, an ester of caffeic acid and 
3, 4‑dihydroxyphenyllactic acid, and ursolic acid, an isomer 
of oleanolic acid, have been extensively studied for their 
neuroprotective properties, and quantified.[77,122,123]

Summary and Conclusions

The common thread of microglial activation across 
numerous neurodegenerative diseases, define the current 
perceptions of how microglia are damaging neurons, 
and explain how the microglial response to neuronal 
damage results in a self‑propelling cycle of neuron death. 
As heightened microglial activation was shown to play 
a role in the pathogenesis of experimental inflammatory 
CNS disorders, understanding the molecular mechanisms 
of microglial activation might lead to new treatment 
strategies for neurodegenerative disorders, multiple 
sclerosis, and bacterial or viral infections of the nervous 
system.[124] Activation of microglia and astrocytes 
plays a pivotal role in the initiation and progression 
of various neurodegenerative diseases. Inhibition of 
the neuroglial activation may provide an effective 
therapeutic intervention that alleviates the progression of 
neurodegenerative diseases. Herbal medicine, especially 
their flavonoid constituents, may be useful candidates 
for such a therapeutic approach. Continual investigation 
of the mechanisms underlying neuroglial activation, 
regulation of neuroinflammation, and the modulator role 
of herbal medicine in these processes, would not only lead 
to the discovery of novel neuroprotective agents based on 
medicinal herbs, but also help to understand the complex 
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pathophysiology of neurodegenerative diseases. These 
compounds, sourced from natural products, and used 
with treatments preventing pathogenesis and neuronal 
death, are expected to play an important role, as new 
categorized drugs, in curing neurodegenerative diseases 
in the near future. Although we have shown the high 
potential of neuronal regeneration from compounds 
isolated from Ginseng drugs, Ashwagandha, and coffee 
beans, it is dangerous to simply imply that these herbal 
drugs are expected to be excellent anti‑dementia drugs. 
When taking herbal drugs, the risk of side effects brought 
by other constituents, and sufficient efficacy compared with 
isolated compounds should be investigated and carefully 
considered. However, drugs used in traditional medicine 
may offer a treasury of new medicines to treat intractable 
diseases with the use of novel study concepts and the 
application of objective scientific analyses. We suspect that 
neurodegeneration, a pathological state beyond normal 
ageing, is compounded by repeated episodes of ischaemia, 
hypoxia, and hypoglycemia throughout the latter years 
of life. The key is early intervention, before irreversible 
changes have taken place. We know that, in general, the 
clinical onset of most neurodegenerative diseases does 
not occur until 70 to 80% of a particular set of neurons 
are destroyed. This means intervention before a child is 
even born becomes important. How the brain develops 
is tied closely to early nutrition, first in the pregnant 
mother, and then immediately following birth. The field 
of research involved in preventing excitotoxic injury has 
been directed towards three basic areas: a reduction of free 
radical injury, reducing glutamate release, and blocking 
excitatory amino‑acid receptors.[125,126] Our understanding 
of protection against neurodegeneration has increased 
significantly over the past decade. However, there are still 
many unknowns that must be explored and understood 
before an answer to these devastating diseases can be 
found.
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