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Abstract

Reactive oxygen species (ROS) and oxidative stress (OS) play roles in Huntington’s disease (HD), as also in Alzheimer’s disease (AD), 
Parkinson’s disease (PD), Dementia, Schizophrenia (SCZ), Multiple Sclerosis (MS) and Depression.  Various sources, including oxi-
dases, serve as generators of ROS-OS, such as mitochondria, NADPH, cytochromes P450, monoamines, ET metal complexes, G72 gene, 
and microglia.  Diverse types of antioxidants (AOs) exert a positive influence on the harmful effects.  There are appreciable numbers 
of phenol and phenolic ether drugs, as for AD (Kovacic & Weston, 2017a) and PD (Kovacic & Weston, 2017b).   A unifying mechanism 
based on ET-ROS-OS-AO is involved.  Other possible influential aspects are discussed in a multifaceted approach. 
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Huntington’s disease (HD) fits into the unifying mechanism, which has been widely applied previously as set forth in an article in-
volving electron transfer (ET), reactive oxygen species (ROS), and oxidative stress (OS) (Kovacic & Weston, 2017c). This unifying mecha-
nism argues that the preponderance of bioactive substances, usually as the metabolites, incorporate ET functionalities.  We believe these 
ET-metabolites play an important role in physiological responses.  The main group include quinones (or phenolic precursors), metal 
complexes (or complexors), aromatic nitro compounds (or reduced hydroxylamine and nitroso derivatives), and conjugated imines (or 
iminium species).  Resultant redox cycling is illustrated in Scheme 1. In vivo redox cycling with oxygen can occur, giving rise to oxidative 
stress (OS) through generation of reactive oxygen species (ROS), such as hydrogen peroxide, hydro peroxides, alkyl peroxides, and diverse 
radicals (hydroxyl, alkoxyl, hydroperoxyl, and superoxide) (Scheme 1).  Cellular and mitochondrial enzymes can also perform catalytically 
in the reduction of O2.

Introduction 
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In some cases, ET results in involvement with normal electrical effects (e.g. neurochemistry).  Generally, active entities possessing ET 
groups display reduction potentials in the physiologically responsive range.  Hence, ET in vivo can occur resulting in production of ROS, 
which can be beneficial in cell signaling at low concentrations, but produce toxic results at high levels (Kovacic, Ott, & Cooksy, 2013).  
Electron donors consist of phenols, N-heterocycles or disulfides in proteins, which produce relatively stable radical cations. ET, ROS and 
OS have been increasingly implicated in the mode of action of drugs and toxins, e.g. anticancer drugs (Kovacic & Osuna, 2000), carcino-
gens (Kovacic & Jacintho, 2001), cardiovascular toxins (Kovacic & Thurn, 2005), toxins (Kovacic, Pozos, Somanathan, Shangari, & O’Brien, 
2005), ototoxins (Kovacic & Somanathan, 2008) and various other categories (Halliwell & Gutteridge, 1999a).

In addition to the above, there is a plethora of experimental evidence supporting the theoretical framework.  This evidence includes 
generation of the common ROS, lipid peroxidation, degradation products of oxidation, depletion of AOs, effect of exogenous AOs, and 
DNA oxidation and cleavage products, as well as electrochemical data (Kovacic & Weston, 2017c).  This comprehensive, unifying mecha-
nism is consistent with the frequent observation that many ET substances display a variety of activities (e.g. multiple-drug properties), 
as well as toxic effects.

HD causes select brain cells to operate improperly, ultimately leading to mental breakdown and loss of motor control (Rapoza, 2017).  
Usually, this occurs between ages 35-50. The disease gets worse over time, is genetic, inherited, and rather uncommon.  HD can affect 
the following: intellectual ability (memory loss, dementia, and inattention), uncontrolled motions (twitching, clumsiness, difficulty swal-
lowing, dancing movements, slurred speech, difficulty walking), uncontrollable emotions (depression, irritability, personality changes).  
Symptoms can change over time, starting subtly and slowly becoming more pronounced.  Seizures and rigidity are also common.  Regret-
tably, cure and prevention are currently impossible. 

Chorea, characterized by brief, abrupt, irregular, and unpredictable uncontrolled movements, is a distinctive aspect of HD (Barker, 
Musso, & Gouvier, 2011).  Common symptoms include cognitive decline and emotional disturbance.  HD is caused by a mutation of a 
single gene responsible for generation of a protein called huntingtin whose function is not clear.  Pathology associated with the illness 
includes atrophy of neurons in the cerebral cortex and basal ganglion.  The important symptoms are motor impairment, cognitive defi-
cits, and psychological problems.  Symptoms associated with early stages include abnormal gait, mild chorea, abnormal eye movement, 
bradykinesia, and emotional problems.  With disease progression, motor impairment increases, brain functioning declines, and there is 
an increase in psychological aspects, such as apathy, depression, and anxiety.  The later stages involve motor deficits, language impair-
ment, rigidity, chewing difficulty, incontinence, and psychological impairment.  Other symptoms are sleep disorders, dystonia, obsessive-
compulsive behavior, hallucinations, and behavioral problems.

Symptoms

Scheme 1: Redox cycling with superoxide and ROS formation.
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ROS can be beneficial, but at high levels, toxic effects often predominate. There are various sources for these species (Kovacic & 
Weston, 2017c). NAPDH oxidase is an important producer of the ROS in various organs. The G72 gene increased radical generation in 
cells. The gene acts as an activator of oxidase. ROS generated by NO synthase have been implicated in an array of harmful behaviors. 
Mitochondria provide another source of ROS-OS, which appears to contribute to aging. Leakage of electrons occurs in the ET chain, 
which react with oxygen to produce superoxide, a precursor of other ROS. Other examples of ROS producers are cytochrome P450, metal 
complexes, monoamine oxidase and microglia.

It is necessary to recognize the importance of the multifaceted nature of physiological action. In addition to ET-ROS-OS-AO, other fac-
tors are at play in HD as indicated in this discussion: cell signaling, mitochondria, receptor binding and enzyme inhibition (Walton., et al. 
2013). The literature addresses the basic aspects of these items: cell signaling (Kovacic & Somanathan, 2013a), mitochondria (Kovacic, 
Pozos, Somanathan, Shangari, & O’Brien, 2005), and receptor binding (Kovacic, Pozos, & Draskovich, 2007). The related articles on PD 
and AD deal with the role of AOs in decreasing ROS-OS. However, the specific source of the harmful species was not addressed. Informa-
tion is available on generation of ROS-OS in the brain. 

ROS

Discussion

Phenols and Phenolic Ethers

HD is a hereditary, neurodegenerative disorder involving motor, psychiatric, and cognitive symptoms (Pérez-Severiano, Montes, 
Gerónimo-Olvera, & Segovia, 2013). Defects in energy metabolism may cause oxidative damage. Determining the mechanisms induc-
ing oxidative damage may lead to new drugs with AO activities. Alteration in neurotransmitter signaling is known to contribute to the 
pathophysiological basis of HD and PD (Kovacic & Weston, 2017b). Several mechanisms relating to neurotransmitter alteration have 
been advanced, including OS, mitochondrial dysfunction (Kovacic., et al. 2005) and neuroinflammation. 

Considerable progress has been made in understanding the pathogenic mechanisms of HD (Stack & Ferrante, 2007). Mechanisms 
have been proposed for the toxicity, namely OS, aberrant apoptosis, mitochondrial dysfunction, excitotoxicity and protein aggregation. 
A report by Ryu and Ferrante (2005) dealing generally with AOs for treatment of neurodegenerative disorders, including HD, postulate 
that OS is a hallmark of these disorders. The role of AO protection is summarized and the complications of this strategy are addressed 
in this 2005 report. 

HD, AD and PD are common medical and social problems (Klivényi & Vécsei, 1997). These illnesses are connected with excitotoxins 
and alterations in mitochondrial ET resulting in free radical generation. Formation of ROS is involved. Impaired energy metabolism can 
result in excitotoxicity, which may be the final pathway to neuronal death.

Resveratrol (figure 1) is a naturally occurring AO, which has exhibited promising results versus neurodegenerative diseases (Peñal-
ver., et al. 2018). Alkylated resveratrols were tested with the aim of improving AO and anti-inflammatory activity. A derivative delayed 
the onset and reduced the severity of the illness. The effects involved AO activity and anti-inflammatory effect.

Rosmarinic acid (figure 2), a polyphenol, was investigated as an AO for management of HD (Bhatt, Singh, Prakash, & Mishra, 2015). 
Treatment improved behavioral abnormalities and attenuated OS. There was significant therapeutic action.

Polyphenols are known to attenuate OS and reduce the risk of neurodegenerative disorders, such as HD, AD, PD, and MS. Signaling 
pathway and modulation of immune responses are addressed (Bhullar & Rupasinghe, 2013). There is modulation of several therapeutic 
targets at once.
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Evidence points to elimination of neurons by OS in HD (Peyser., et al. 1995). AO therapy with d-α-tocopherol (figure 3) may slow the 
rate of motor decline. The AO had a significant effect on neurological symptoms. The AO reduced oxyradical damage to cell membranes, 
which slow the course of HD.

Naringin (figure 4) treatment reduced OS, mitochondrial dysfunction and adverse behavioral alterations in rats with Huntington 
like symptoms (Kumar & Kumar, 2010). There are indications that the drugs may function via an NO mechanism (Kovacic & Somana-
than, 2013b).

Mithramycin A (figure 5) is known to exert a neuroprotective effect (Osada, Kosuge, Ishige, & Ito, 2013). It acts to protect cortical 
neurons against OS-induced cell death and prolongs survival of HD mice.

Figure 1: Resveratrol. 

Figure 2: Rosmarinic acid.

Figure 3: d-α-tocopherol. 

Figure 4: Naringin. 
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Hesperidin (figure 6), a phenol and phenolic ether, treatment reduced OS, mitochondrial dysfunction and adverse behavioral altera-
tions in rats with Huntington like symptoms (Kumar & Kumar, 2010). 

Figure 5: Mithramycin A.

Figure 6: Hesperidin.

Figure 7: Curcumin.

Neurodegenerative diseases, such as HD, share similar bio reactions that lead to neurodegeneration. Curcumin (figure 7), a phenol 
and phenolic ether, from turmeric, possesses various biochemical properties that include attenuation of OS from mitochondrial dys-
function and from inflammatory responses (Kim, Kim, & Han 2012). Other properties include lessoning of ROS and prevention of heavy 
metal poisoning related to ROS-OS.

Clinical drugs offer only symptomatic relief in HD (Gill, Jamwal, Kumar, & Deshmukh, 2017). Studies indicate that antidepressants, 
such as venlafaxine (figure 8), a phenolic ether, improve motor skills and neurobehavioral in Huntington like symptoms. AO properties, 
signaling, and anti-inflammatory (Kovacic & Somanathan, 2014) properties may be involved. Phenolic ethers can undergo dealkylation 
to AO phenols (Kovacic & Weston, 2017a). 
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Pioglitazone (figure 9), a phenolic ether, protected against OS and mitochondrial dysfunction in a model of HD (Napolitano,. et al. 
2011). Apparently, the drug interferes with signaling in a beneficial manner in HD pathogenesis. Nuclear translocation and histone modi-
fication appear to be novel approaches for treating HD.

Garlic, which contains the AO S-Allyl cysteine (figure 10) as a major sulfur ingredient, is used as a medicine in various cultures (Qu., et 

al. 2016). Neuroprotective effects are exerted in HD, AD, and PD. Mechanisms may involve signaling associated with OS and neuroinflam-
mation. Allyl sulfides undergo reductive cleaving to the thiols and allyl radicals (Koval, 1994). 

Protopanaxatriol (PPT) (figure 11), a polyol, is extracted from ginseng and was studied in alleviation of HD model (Gao., et al. 2015). 
PPT administration decreases ROS generation, scavenges free radicals, restores AO enzyme activity and protects against OS. The action is 
associated with the AO property. Sugar polyols, e.g. glucopyranose (figure 12) possess significant AO capacity. Most of the alcohol groups 
are secondary making for similarity to (figure 11: Protopanaxatriol). Mannitol (figure 13) is a potent antioxidant, and large amounts 
might be expected to quench H2O2, and thus cripple H2O2-mediated defenses (Williamson, Jennings, Guo, & Pharr, 2002) Hence, PPT is a 
class analog of sugar polyols with similar properties.

Another antidepressant, sertraline (figure 14) improves motor skills and neurobehavioral in Huntington like symptoms (Gill, Jamwal, 
Kumar, & Deshmukh, 2017). This secondary amine is related to N, N-diphenyl-p-phenylenediamine, which displays various AO proper-
ties (Halliwell & Gutteridge, 1999b)

Figure 8: Venlafaxine.

Figure 9: Pioglitazone.

Figure 10: S-Allyl cysteine.  

Other Drugs
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Figure 11: Protopanaxatriol.

Figure 13: Mannitol.

Figure 14: Sertraline.

Figure 12: Glucopyranose.

3-Nitropropionic acid is a toxic model of HD involving mitochondrial inhibition and free radical generation diseases including HD. As-
trocytes are cells that maintain neural health and homeostasis (Ramachandran & Thangarajan, 2016). Astrocyte dysfunction is involved 
in the pathogenesis of many neurodegenerative diseases, such as HD, AD, and PD. Compounds were identified by screening that protect 
against OS, which is associated with these diseases. In addition, there was activation of AO responses in some cases.

In a study with herbal formula B302, there was alleviation of heart failure in HD by suppression of OS, apoptosis, and inflamma-
tion (Lin., et al. 2015). The herbal formula B401 was found to protect against neurodegeration in HD by attenuating OS apoptosis in HD 
(Wang., et al. 2015). The treatment reduces ROS levels and increases expression of SOD.

Herbal drugs
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The extract of the plant, convolvulus pluricaulis (CPE), is used to combat neurotoxicity (Malik, Choudhary, & Kumar, 2015). It should 
be further explored for treatment of HD. Calendula officinalis linn flower extract displays potent AO, anti-inflammatory, and neuroprotec-
tive activities (Shivasharan., et al. 2013). OS and NO mechanisms have been proposed for induced neurotoxicity. CPE treatment attenu-
ated oxidative damage, behavioral alteration, and neuronal loss.

Findings indicate that Withania somnifera root extract bestows neuroprotective actions on a model of HD via AO activity (Kumar & 
Kumar, 2009). In addition, the adverse biochemical alterations were restored by the extract. The harmful effects included increased lipid 
peroxidation, depleted AO enzymes (SOD and catalase), and inhibition of mitochondrial activity. There is a prior similar treatment of 
herbal drugs (Halliwell & Gutteridge, 1999a).

Structure-activity relationship (SAR) is addressed in a prior article (Kovacic & Weston, 2017d). Note the discussion on effect of num-
ber of phenolic AO groups. Applications can also be made to alcohol AO groups.

Various drugs have proven effective in treatment of Huntington’s disease. The major ones are phenolic, similar to AD and PD. There 
are a variety of herbal formulas and extracts that appear to display neuroprotective and anti-inflammatory properties. SAR is applicable, 
as for AD and PD (Kovacic & Weston, 2017d). More work is needed on the important aspects of prevention, cure, and treatment of the 
outward expression of the symptoms of HD. This review is the latest in a series on brain illnesses, with the prior ones comprising Al-
zheimer’s disease (Kovacic & Weston, 2017a), Parkinson’s disease (Kovacic & Weston, 2017b), Schizophrenia (Kovacic & Weston, 2017c) 
, Multiple Sclerosis (Kovacic & Weston, 2018a), Dementia (Kovacic & Weston, 2018b), and Depression (Kovacic & Weston, 2018c).

Conclusion
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