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Abstract 
Nutraceuticals and Dietary supplements have demonstrated high health benefits and reducing risks of diseases. 
Parkinson's disease (PD) is the most prevalent neurological condition worldwide behind Alzheimer`s disease. A 
simple balanced diet will be able to provide the brain with the necessary nutrients, such as bioactive substances, 
to support proper brain function and shield it from oxidative stress and inflammation. Grape Seed (GS) once 
such dietary supplement, which is a valuable ingredient to the culinary, cosmetics, and pharmaceutical 
industries. High in polyphenolic components GS may be beneficial for treating neurological illnesses since they 
have antioxidant and neuroprotective properties. GS is also rich in fatty acids, and vitamins. Its potential use as 
an edible oil has also been raised, particularly in light of its pleasing sensory qualities. Several medicinal effects 
like anti-inflammatory, cardioprotective, antibacterial, and anticancer effects of GS have been mostly identified 
through in-vitro research. Several components of GS, including tocopherol, linolenic acid, resveratrol, quercetin, 
procyanidins, carotenoids, and phytosterols, have been linked to these therapeutics effects. Even though it is 
critical to shed light on GS as a potential natural therapy for PD, there is currently no evaluation summarizing 
the neuroprotective impact of GS. In this article we have summarized the preventive properties of grape seeds 
against neurological disorders. The ability of these grape seeds to protect against neurological diseases is the 
main emphasis. The selection of grape seeds was made in light of the numerous published pharmacological 
research on their neuroprotective efficacies. Therefore, based on the biological and pharmaceutical data gathered 
from the previously mentioned laboratory, epidemiological, and intervention studies, the relevant understanding 
and limits are explored. 
Keywords: Alzheimer's disease, Grape, Grape seeds, Neurodegenerative disorders, Neuroprotective, 
Parkinson's disease. 
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Introduction 

Set of cognitive brain functions includes memory, 
speech, language, discernment, planning, learning, 
compassion, and other thought processes. These 
cognitive abilities decline as people grow older. 
Rarely any neurological diseases such various 
dementias can cause serious cognitive impairment 
[1]. The prevalence of dementia is projected to 
increase to 115 million worldwide by 2050 [2], 
based on the premise that it doubles every 20 years 
from an estimated 36 million in 2010 [1]. Some of 
the subtypes of dementia that may be recognized 
include Alzheimer's disease (AD), vascular 
dementia, dementia with Lewy bodies, 
frontotemporal dementia, and Creutzfeldt-Jakob 
disease [3]. Around 60 to 80 percent of cases of 
dementia are caused by Alzheimer's disease. About 

5.4 million Americans have Alzheimer's disease 
(AD), and is the sixth largest cause of mortality in 
the United States [4]. In Malaysia, it is estimated 
that dementia affects 14.3% of the elderly 
population. Compared to other ethnic backgrounds, 
Malay and Bumiputera ethnic groups have a higher 
incidence rate [5]. Elderly Malaysians residing in 
rural communities have been shown to have a 
greater incidence of cognitive impairment (22.4%) 
than those living in metropolitan areas (4%) [6, 7]. 
Parkinson's disease (PD) is the second most 
frequent neurological condition. Incidence of PD is 
increasing globally, with more instances seen in 
North America, Europe, and Australia than in 
Asian nations, according to a meta-analysis of 
global data [8]. However, it is anticipated that 
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between 2005 and 2030, the prevalence of PD 
would double across Asian countries like China, 
Japan, India, Indonesia, Pakistan, and Bangladesh 
[9]. The incidences of the most prevalent 
demyelinating illness, multiple sclerosis (MS), is 
also higher in developed North America and 
Europe than in underdeveloped regions like Eastern 
Asia and Sub-Saharan Africa [10].  

The burden of neurological illnesses on healthcare 
worldwide was found to be increased by 37.6% 
between 1990 and 2010 [11], mostly due to 
neurodegenerative diseases but also notably due to 
mental illness [12]. Adults from Western nations 
are more likely than Asians to have mental 
diseases, according to research by Kessler et al. 
[12]. The expected lifetime risk of any mental 
illnesses is greater in countries like France (47.2%) 
and the United States of America (USA) (55.3%). 
Additionally, 38.2% of all Europeans (the 
continent's population) have mental problems [13]. 

Depression is a mood disorder, significantly seen in 
individuals in elder care facilities (67%), United 
Kingdom [5, 14] has significantly higher cases of 
depression compared to senior people living in the 
community in Malaysia (7.6%). Contrastingly, 
younger individuals in Malaysia are dealing with a 
distinct set of mental health issues as compared to 
the senior population. According to a research, 
stress, depression, and anxiety are the three most 
common psychological issues among Malaysian 
undergraduate students. It is noteworthy that, when 
compared to other age groups, young Malaysian 
people (aged 16 to 24) had the greatest frequency 
of both acute and chronic suicidal thoughts [15]. In 
Malaysia, the prevalence of mental health problems 
among children and adolescents between the ages 
of five and fifteen is similarly on the rise, growing 
from 13% in 1996 to 20% in 2011 [16]. 

Despite the fact that there are medications 
available, these medications are mainly focusing on 
alleviating the symptoms and have adverse effects 
on the patients. A mixture of levodopa and 
carbidopa is widely used for dopaminergic PD 
treatment [2, 17], whereas cholinesterase inhibitors 
such donepezil, rivastigmine, and galantamine are 
used to treat cognitive symptoms of AD in some 
nations where authorisation has been granted [18]. 
The sole treatment for Amyotrophic Lateral 
Sclerosis (ALS) recognized by the US Food and 
Drug Administration is riluzole, an antiglutamate 
agent [19]. Numerous disease-modifying 
medications, including glatiramer acetate, 
interferon beta-1, and interferon beta-1α, are 
frequently utilized to lessen the aggravation of 
multiple sclerosis (MS) [20]. However, the side 
effects of the currently available drugs render them 
unsuitable for the comprehensive treatment of the 
many neurodegenerative illnesses [21]. These 
include nausea, vomiting, diarrhea, dizziness, 

weight loss, motor problems, and severe effects on 
the cardiovascular system. At a time when 
populations are aging dramatically across the world 
due to constantly rising life expectancy, the 
discovery and development of pharmaceutical 
agents from nature for treating neurodegenerative 
illnesses continues to be one of the most serious 
issues in the healthcare business. Fortunately, a 
large pool of bioactive chemicals representing a 
variety of potentially beneficial medicinal agents 
are available due to the astonishing chemical, and 
hence biological, diversity of ecosystems [22]. The 
study of how food and human nutrition affect brain 
development, functions, behaviors, and disease 
processes is the focus of the developing fields of 
nutritional neuroscience and nutrigenomics with 
relation to the prevention or treatment of illness. 
Studies should be done in-depth on the therapeutic 
potential of certain natural items, such fruits, in 
neuropsychologic illnesses, including 
neurodegenerative and mental disorders. Plant-
based foods, especially fruits and vegetables, 
provide several health benefits. Along with their 
dietary fiber, vitamin, and mineral content, plant-
based foods have a well-established reputation for 
being a substantial source of dietary antioxidants 
[23]. The polyphenols in fruits and vegetables, 
which have daily intakes of roughly 255 and 218 
mg, respectively, provide an average American 
adult with 0.5 grams of dietary antioxidants [24, 
25]. Dietary antioxidants play a crucial role in 
cellular defense against the damaging effects of 
reactive free radicals, which have been linked to 
the acceleration of aging and the development of 
chronic and degenerative illnesses [26]. According 
to Komatsu et al. [27], Mongolians' dietary pattern, 
which was typically heavy in meat, wheat, and 
dairy products but low in fruits and vegetables, was 
strongly associated (P<0.001) with their high levels 
of oxidative stress and shorter average lifespan. 
According to current dietary recommendations, a 
"healthy" diet should include a high intake of fruit, 
vegetables, whole grains, fish, poultry, and low-fat 
dairy products.  

This diet is also strongly associated (P <0.001) with 
a lower incidence of depression, according to a 
meta-analysis of the relationship between dietary 
pattern and depression [28]. Additionally, it was 
shown that a high intake of fruits and vegetables 
(up to 500 g per day) had a favorable link (P < 
0.05) with cognitive function [29]. A decreased 
incidence of AD has also been associated with 
drinking fruit or vegetable juices at least three 
times per week (P < 0.01) [30]. A trial of an 
adjuvant dietary intervention sought to improve 
dietary quality by promoting the intake of foods 
including fruits, vegetables, and nuts, which 
suggested an effective strategy (P < 0.001) for 
treating severe depression [31]. Our research 
discusses information on the neuroprotective 
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properties of one such potential natural ingredient 
grape seeds (GS). 

Grape (Vitis vinifera) 

Grape Seeds (GS) are commonly obtained from a 
wild grape Vitis vinifera. Grapes are a fantastic 
source of natural neurotrophic agents [32]. Similar 
to other berries, grapes also have a high 
concentration of anthocyanins that provides them 
red, purple, black, or green skin. Grape seeds are 
industrially obtained as the waste products from the 
wine and grape juice industries.  

These seeds include fat, protein, carbohydrates, and 
5-8% polyphenols, depending on the kind of grape 
seeds. GS polyphenols also contain procyanidin 
dimers, trimers, and highly polymerized 
procyanidins in addition to phenolic acid precursors 
(gallic acid) and flavan-3-ols as monomers 
(catechin, sepicatechin, gallocatechin, 
epigallocatechin, and epicatechin 3-O-gallate). 
[33,34] As a result, grape seed extract is recognized 
as a strong antioxidant that helps in reducing the 
risk of the disease and premature aging [33]. 

Grape Seed and its Components 

Both Grapes and GS several components of 
therapeutics values, following grape anthocyanin 
administration to rats, undamaged anthocyanin 
molecules were discovered in plasma and brain 
samples [35]. Grape skin, edible fruit pulp, and 
grape seed extract are all sources of the bioactive 
chemicals found in grapes [36].  

In addition to phenolic substances such gallic acid, 
ellagic acid, and their derivatives, epigallocatechin 
gallate, epicatechin gallate, epigallocatechin, 
epicatechin, and their derivatives, resveratrol is 
thought to be the primary antioxidant in grapes [37, 
38]. GS oil is extracted physically or using organic 
solvents, during the winemaking process. [39,40]. 
Cold-pressing is a method of oil extraction that 
preserves more nutrients that are beneficial to your 
health because it doesn't utilize heat or chemicals 
[41]. Despite the fact that the yield is often lower 
than with conventional solvent extraction, cold-
pressing eliminates any worries about solvent 
residues in the oil, resulting in a product that is 
safer and more popular with consumers [42]. 

On a dry basis, grape seed contains 8%–20% oil 
[43]. Three V. vinifera varieties—Moscato Giallo, 
Merlot, and Cabernet Sauvignon—as well as two 
V. labrusca varieties—Bordeaux and Isabel—
harvested between 2005 and 2006 in the Brazilian 
state of Rio Grande do Sul—were examined for 
their seed oil content.  

The Bordeaux grape variety (15.4%) and Merlot 
grape variety (14.7%) produced the greatest oil 
concentrations in 2005 and 2006, respectively [44]. 
Due to its high concentrations of both lipophilic 

and hydrophilic components, including vitamin E, 
unsaturated fatty acids (UFAs), and phytosterols, 
grape seed oil has gained more attention as a 
functional food product [45].  

Hydrophilic constituents of grape seed oil: The 
primary polyphenols found in grape seed oil are 
trans-resveratrol, trans-epicatechins, procyanidin 
B1, and catechins [46, 47]. About 2.9 mg/kg of 
polyphenols are extracted from grape seed oil using 
the cold-pressing technique, and trace levels of 
trans-resveratrol (0.3 mg/kg), catechin, and 
epicatechin have also been found [47]. 

However, when compared to the overall quantity of 
phenolic compounds, grape seed oil has relatively 
little polyphenol content (0.013%–0.019% of total 
phenolic compounds). The hydrophilic character of 
oil's polyphenols may be responsible for the clear 
(filtered) oil's poor solubility in the manufacturing 
of grape seed oil [43]. Contrarily, the press residue 
from the oil recovery process that was collected 
after the turbid oil extraction process had 
significant levels of polyphenols, and these 
sediments are a great source of polyphenolic 
compounds with antioxidant activity [47]. 

Lipophilic constituents of grape seed oil: 
Linoleic acid (LIA), which accounts for between 
66.0% and 75.3% of all fatty acids (FA) in cold-
pressed grape seed oils, is the most prevalent FA 
[39]. LIA is a polyunsaturated fatty acid (PUFA) 
that has been linked to improving human health 
[46]. The percentage of PUFA in grape seed oil is 
high, ranging from 85% to 90% [42]. Additionally, 
grape seed oil has a significant amount of oleic 
acid, a monounsaturated fatty acid (MUFA), and 
less of the saturated fatty acids (SFAs). Each grape 
cultivar has a unique FA content in both its oil and 
grapes; [48, 49, 50] Table 1 compares the FA 
content of grape seed oil (V. vinifera L.) with other 
fats.  

There is a specific tocopherol and tocotrienol 
concentration for each type of oil. Tocopherols, 
such as α-, β-, γ-, and δ-tocopherol, which are 
found in seed oils and also have vitamin E activity, 
are among the most powerful antioxidants [51]. Α-
Tocotrienols, which are unsaturated forms of 
vitamin E, are present in greater abundance in 
grape seed oils than in tocopherols, with α-
tocotrienol being the most common [52]. The most 
variation across grape varietals has reportedly been 
found in the antioxidants α-tocopherol and α-
tocotrienol. Marufo was determined to have the 
highest concentration of both substances in a 
research using grape seed oils from ten traditional 
Portuguese types [52].  

The amount of vitamin E in grape seed oil is larger 
than that of soybean oil and olive oil, ranging from 
1 to 53 mg per 100 g of oil and 148-358 α-



 
  

International Journal of Current Pharmaceutical Review and Research           e-ISSN: 0976-822X, p-ISSN: 2961-6042 

Smita et al.                               International Journal of Current Pharmaceutical Review and Research  

312   

tocopherol equivalents. The amount of vitamin E in 
grape seed oil is influenced by environmental 
cultivation circumstances in addition to grape 
variety [42, 53]. Grape seed oil has health benefits, 
and vitamin E plays a role in those benefits thanks 
to its strong antioxidant activity, neuroprotective 
qualities, and anticancer characteristics [40, 52]. 
Due to this, it has been proposed that grape seed 
oils be used to slow down the aging process and 
ward off the development of several chronic 
illnesses. Phytosterols, another group of lipophilic 
substances mostly present in grape seed oil, may 

inhibit the release of pro-inflammatory mediators 
by oxidized low-density lipoprotein–stimulated 
macrophages during oxidative stress and 
eicosanoid production [54]. The phytosterol 
concentration of grape seed oil is displayed in 
Table 2. Additionally, pretreatment with grape seed 
oil had a neuroprotective effect against CCl4-
induced brain damage in γ-irradiated rats. This 
effect was attributed to grape seed oil's capacity to 
scavenge free radicals, inhibit the expression of the 
genes for xanthine oxidase and iNOS, and suppress 
inflammatory responses [55]. 

 
Table 1: Fatty acid compositions* of grape (V. vinifera L.) seed oil and other fats [49] 

Fatty Acids  Grape Seed Oil  Olive Oil  Sunflower Oil  Coconut Oil  
C6:0  nd  nd  nd  0.52  
C8:0  0.01  nd  nd  7.6  
C10:0  nd  nd  nd  5.5  
C12:0  0.01  nd  0.02  47.7  
C14:0  0.05  nd  0.09  19.9  
C15:0  0.01  nd  nd  nd  
C16:0  6.6  16.5  6.2  nd  
C17:0  0.06  nd  0.02  nd  
C18:0  3.5  2.3  2.8  2.7  
C20:0  0.16  0.43  0.21  nd  
C22:0  nd  0.15  nd  nd  
C16:1 (n-7)  0.08  1.8  0.12  nd  
C17:1 (n-7)  nd  nd  nd  nd  
C18:1 cis (n-9)  14.3  66.4  28.0  6.2  
C18:1 trans (n-9)  nd  nd  nd  nd  
C20:1 (n-9)  0.40  0.30  0.18  nd  
C18:2 cis (n-6)  74.7  16.4  62.2  1.6  
C18:3 (n-3)  0.15  1.6  0.16  nd  
C18:3 (n-6)  nd  nd  nd  nd  
SFAs  10.4  19.4  9.4  92.1  
MUFAs  14.8  68.2  28.3  6.2  
PUFAs  74.9  18.0  62.4  1.6  
n-3 PUFAs  0.2  1.6  0.2  0.0  
n-6 PUFAs  74.7  16.4  62.2  1.6  
Note: *Data are expressed as percentages of total fatty acid methyl esters (FAMEs).  
Abbreviations: nd, not determined; SFAs, saturated fatty acids; MUFAs, monounsaturated fatty acids; PUFAs, 
polyunsaturated fatty acids.  
 

Table 2: Main phytosterol content of grape (V. vinifera L.) seed oil [42, 50] 
Phytosterols  mg/kg/Oil  
Cholesterol  nd–0.10  
Cholestanol  nd  
Brassicasterol  0.6–0.9  
2,4 methylencholesterol  nd–0.18  
Campesterol  0.1–9.3  
Campestanol  –  
Stigmasterol  10.2–10.8  
Δ-7 campesterol  0.16–0.27  
Δ-5 2,3 stigmastadienol  –  
Clerosterol  0.90–0.94  
β-sitosterol  66.6–67.4  
Sitostanol  3.92–4.70  
Δ-5 avenasterol  1.98–2.09  
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Δ-5 2,4 stigmastadienol  0.41–0.47  
Δ-7 estigmastenol  1.99–2.30  
Δ-7 avenasterol  0.98–1.10  
Abbreviation: nd, not determined 
 
Pharmacological Importance 

Grape seed extract (GSE) is a dietary supplement 
made from the seeds of grapes. GSE has been 
shown to improve antioxidant status by 
upregulating endogenous antioxidant enzyme 
activities, such as glutathione peroxidase, catalase, 
and superoxide dismutase, as well as nonenzymatic 
antioxidant levels. GSE was found to reduce 
radical-induced lipid peroxidation in the CNS of 
aged rats. The bioactive Grape seed polyphenols 
(GPPs) generated from grapes stand out as a 
distinctive and diversified set of substances with a 
range of advantageous health effects. In addition to 
the health advantages, they offer for a number of 
traditional degenerative illnesses, such as cancer, 
type II diabetes, and cardiovascular disease, a 
growing body of evidence suggests that GPPs can 
help prevent or postpone the onset of 
neurodegenerative disorders through a variety of 
mechanisms [56]. GPPs are praised for having few 
side effects and being abundant in grapes and 
related products in comparison to pharmaceutical 
medicines for the therapeutic treatment of 
neurodegenerative illnesses [57]. The 
neuroprotective mechanisms of GPPs are outlined 
in this section, along with supporting preclinical 
and clinical data. 

General Neuroprotective processes and grape 
polyphenols' molecular targets 

The prevalence of neurological disorders and 
cognitive decline are negatively correlated with PP 
consumption particularly that derived from grapes, 
according to convergent epidemiological evidence 
[58]. The underlying causes of the pathogenic 
features of neurodegenerative illnesses in general 
appear to be elevated oxidative stress and 
inflammation in the central nervous system (CNS), 
which are also present in a variety of other 
degenerative conditions [59].  

GPPs may have a role in lowering reactive 
oxygen/nitrogen species (ROS/RNS) and 
preventing the release of proteins that cause 
inflammation, as has been well-documented [60]. 
Recent research further shows that their effects on 
the peripheral vascular system and synaptic 
plasticity support the GPP-mediated 
neuroprotective processes in part [61]. 

Protection against oxidative stress and 
neuroinflammation: 

As we age, our body's immune system and 
endogenous antioxidant defense system both 
become less effective in protecting us from harmful 

free radicals, oxidants, infectious agents, and pro-
inflammatory stimuli. The majority of the time, 
hazardous species in the surrounding environment 
cause irreparable harm to cells, including neurons, 
which can hasten cytosenescence and 
immunosenescence. Through inhibiting neuronal 
apoptosis brought on by oxidative stressors and 
pro-inflammatory factors and neutralizing 
accumulated neurotoxins, the GPPs have been 
linked to delaying the onset and/or retarding the 
progression of both normal cognitive decline and 
Alzheimer's disease (AD)-linked pathologies [62]. 
The phenolics' natural antioxidant qualities are less 
likely to exert such effects given the modest 
quantities at which they circulate in the circulation 
and build up in brain regions [63]. Instead, they 
influence many intracellular signaling cascades and 
transcription factors to achieve their 
pharmacological effects. For example, they may 
regulate ROS-producing enzymes (such as 
nicotinamide adenine dinucleotide phosphate-
oxidase (NOX), myeloperoxidase), while affecting 
the structural integrity and metabolic efficiency of 
mitochondria via the NF-E2-related factor 
2/antioxidant responsive element (Nrf2/ARE) 
pathway [64]. Patients with neurological illnesses 
such as Alzheimer's disease, major depressive 
disorder, insomnia, and schizophrenia have 
repeatedly been reported to have increased levels of 
inflammatory markers in the CNS and peripheral 
tissues, such as the cytokines interleukin-6 and IL-
1b [65]. The ability of GPPs to suppress the 
expression of pro-inflammatory transcription 
factors, such as nuclear factor kappa B and signal 
transducer and activators of transcription proteins, 
decrease the release of specific cytokines from 
peripheral leukocytes, microglia, and astrocytes, 
inhibit microglial priming through activation of 
toll-like receptors, and stop the development of 
neurotoxins, such as The use of GPP-rich 
botanicals as preventative treatments for 
neurodegeneration that focus on modifying central 
and/or peripheral oxidative state and inflammatory 
responses is therefore justified [66]. 

Modulation of synaptic plasticity 

Synaptic plasticity, a crucial neurochemical 
underpinning for higher brain functions like 
learning and memory, can be severely 
compromised by excessive oxidative stress and 
other age-related degrading factors. Loss of 
plasticity during neurodegeneration reduces 
neuronal transmission and long-term potentiation 
expression, particularly in the hippocampus [67]. 
Neurological studies have validated the effects of 
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GPPs on modulating synaptic plasticity, which 
include 1) changing synaptic morphology to adapt 
to synapse strengthening, 2) modulating 
neuroreceptors (such as tropomyosin receptor 
kinase B (TrkB) and N-methyl-D-aspartate receptor 
(NMDA)) to balance neurotransmitter systems, 3) 
stimulating the release of neurotrophins (such as 
brain-derived neurotropic factor). 4) Modulating 
neuronal signaling pathways, such as the Akt and 
extracellular signal-regulated kinases ½ (ERK½) 
pathways and the cAMP response element binding 
protein (CREB) pathways, to promote the 
production of neurotrophins, such as brain-derived 
neurotrophic factor (BDNF), which is necessary for 
neurogenesis. All of these result in positive 
modifications to synaptic activity and neuronal 
signaling. CREB, a transcriptional factor linked to 
synapse remodeling and plasticity change during 
memory formation, plays an important role in the 
consolidation of episodic or short-term memories 
(hippocampus-dependent) into long-term memory 
[68]. 

Benefits on the neurovascular system 

Indirect methods have been proposed in light of the 
small amounts of GPPs and their metabolites that 
reach the brain in comparison to their circulatory 
level (sup-mM in plasma/ serum) [69], among 
which modulation of cerebrovascular coupling is 
the most well-known one [61]. Cerebral Blood 
Flow (CBF) is crucial to the stability of neuronal 
activity and cognitive function because variations 
in CBF magnitude and/or spatial location of the 
cerebrovascular network can lead to problems with 
the supply of energy substrates, such as the glucose 
and oxygen molecules dissolved in nearby blood 
vessels, to brain tissues [70]. Later variations in 
CBF may, however, also be influenced by regional 
brain activity. These changes are primarily made 
possible by nitric oxide (NO)-induced vasodilation 
and various combinations of cellular, metabolic, 
and vascular processes. A cerebrovascular coupling 
mechanism that is impaired by aging or disease-
related physiological changes that have a negative 
impact on angiogenetic capability, CBF magnitude 
or responsiveness to brain signals, release of 
chemical mediators, and other neurovascular 
interactions is a prodrome of cognitive decline. 
Major GPPs and their metabolites can support both 
cardio- and neuro-vascular function, according to 
lines of preclinical data. For instance, resveratrol 
treatment improved cerebromicrovascular 
endothelial functions, restoring cortical 
neurovascular response to increased neuronal 
activity in aged mice, possibly via downregulating 
NOX, which ultimately helped maintain higher 
microvascular density and healthier 
microvasculature [71]. 

 

Cognitive decline during normal aging 

The frontal and temporal lobes are most affected by 
normal aging, which is defined by a steady 
reduction in cognitive abilities in the prefrontal 
cortex and hippocampal circuit (containing the 
ventral, dorsal, and dentate gyrus) [72]. Fewer 
studies have examined the impact of GPPs 
supplementation on typical senescent processes 
than those that have been done in the setting of 
neurodegenerative disorders. Consuming flavanols, 
quercetin glycosides, ACs, and resveratrol has been 
linked to better CBF response in healthy elderly 
people and healthy old rats. These findings have 
significance for the prevention of cerebrovascular 
ischemia syndromes using GPP-rich preparations. 
A reduced maladaptation in dendritic morphology, 
which is strongly related to brain aging, was seen in 
a recent study involving elderly rats chronically 
administered resveratrol. This protection against 
prefrontal cortex and hippocampal degeneration 
was supported by the study [73]. 

Effects of Resveratrol. 

Resveratrol, also known as 3,4′,5-Trihydroxy-
Trans-Stilbene, is a key component in grapes [74]. 
It has immunomodulatory properties that control 
the synthesis of PGE2, other pro-inflammatory 
indicators such nitric oxide (NO), tumor necrosis 
factor alpha (TNF-α), as well as decrease the 
growth of splenic lymphocytes [75]. Similar to this, 
resveratrol dramatically reduced the levels of COX-
2 and TNF-a mRNA caused by 6-OHDA in the 
substantia nigra of mice as determined by real-time 
PCR (RT-PCR) [76,77,78]. It has been proven that 
resveratrol is a powerful antioxidant. For instance, 
resveratrol substantially reduced the oxidative 
stress-induced dopaminergic neurotoxicity in the 
cellular PD model by inhibiting NADPH oxidase 
activity and membrane translocation of NADPH 
oxidase cytosolic p47 subunit [79]. In an animal 
study, Sharma and Gupta [80] found that chronic 
resveratrol treatment significantly reduced 
streptozotocin-induced oxidative stress and 
significantly averted cognitive impairment in 
rodents. They also found that the antioxidant 
activity against oxidative stress, i.e., an increase in 
lipid peroxidation and decrease in the antioxidant 
glutathione, were reproducible. According to Khan 
et al. [81], the same amount of resveratrol (20 
mg/kg body weight, i.p.) prevented the oxidative 
stress-induced neuronal death in the mouse brain 
by increasing the activity of endogenous 
antioxidant enzymes. Through mechanisms of 
action that include an increase in superoxide 
dismutase, hemeoxygenase-1, and glutathione 
peroxidase activities as well as a decrease in 
glutathione content and malondialdehyde (MDA) 
levels, resveratrol has been found to prevent a 
variety of ailments, including degenerative diseases 
and inflammatory disorders [82]. Resveratrol has 
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anti-inflammatory and antioxidant characteristics, 
but its neuroprotective benefits may also be due to 
signaling interference in the autophagy system. 
Resveratrol has been shown to stimulate autophagy 
through the AMP-activated protein kinase 
(AMPK)/Silent Information Regulator 1 (SIRT1) 
pathway, which improves the efficiency of the 
protein degradation system in removing misfolded 
and clumped protein [83]. In resveratrol-mediated 
neuroprotection in an in vitro prion disease model, 
a similar signaling mechanism was found. [84]. 
additionally, the neurotrophic effects of resveratrol 
have been established, and resveratrol 
administration stimulated the synthesis of glia-
derived neurotrophic factor (GDNF) and brain-
derived neurotrophic factor (BDNF) in primary rat 
astroglia cultures [5]. In vivo MPTP-induced 
dopaminergic neuronal loss in a mouse PD model 
and in vitro microglial-mediated apoptotic neuronal 
cell death were both demonstrated to be inhibited 
by resveratrol administration [85, 86]. 

There is still a lack of knowledge on the 
pathophysiology of mental diseases. However, the 
monoaminergic theory of depression was suggested 
and therapeutically addressed for the treatment of 
depressive symptoms. This hypothesis focuses on 
the chemical imbalance of monoamine 
neurotransmitters, such as serotonin and 
noradrenaline. Resveratrol was formerly thought to 
have antidepressant effects via restoring 
monoaminergic functions, especially by bringing 
serotonin and noradrenaline levels back to normal 
and controlling the actions of monoamine oxidase-
A (MAO-A) [87].  

Furthermore, resveratrol's antidepressant effects 
were replicated in a variety of animal models, such 
as a Wistar Kyoto rat depression model, 
corticosterone, and chronic unexpected mild stress 
(CUMS)-induced depression [88]. According to 
research, resveratrol treatment dramatically 
increased the levels of the proteins cAMP-response 
element binding (CREB) and brain-derived 
neurotrophic factor (BDNF) in the hippocampus, 
amygdala, and prefrontal cortex of sad rats. For the 
purpose of determining depression in the rat model, 
aberrant behaviors and elevated blood 
corticosterone levels were utilized [88,89,90]. In 
fact, several well-established antidepressants and 
phytocompounds have been shown to upregulate 
the CREB/BDNF pathway, which has been shown 
to be effective in reducing the symptoms of 
depression [91,92,93]. In addition, the bioactivity 
of resveratrol in reducing the cerebral infarct 
volume and a series of abnormalities brought on by 
middle cerebral artery occlusion (MCAO) in male 
Wistar rats, including depressive-like behaviors and 
biochemical measurements, prompted further 
research into the substance's potential to treat 
poststroke depression (PSD). The most common 

neuropsychiatric side effect of stroke, poststroke 
depression accounts for 30% of recurrence in 
stroke survivors [94,95]. 

Mild cognitive impairment and Alzheimer’s 
disease 

Memory, language, perception, and problem-
solving abilities are just a few of the cognitive 
areas that may be severely harmed by 
neurodegenerative diseases, including those that 
cause moderate cognitive impairment (MCI) and 
Alzheimer's disease (AD). MCI, which may occur 
in younger populations and patients have a high 
risk of evolving into AD over time, is gaining 
increasing attention today as a stage in between 
normal cognitive decline and the catastrophic 
defeat in the case of AD. Unfortunately, there is no 
reliable preventative method for the rapid and 
unchecked loss in cognitive function. Aggregation 
and fibrillation of the brain's hyperphosphorylated 
tau proteins and neurotoxic beta-amyloid (Ab) 
peptides are among the shared etiological 
characteristics between MCI and AD [96]. 

Parkinson's disease, which is the second most 
prevalent neurodegenerative condition after 
Alzheimer's disease, became the main cause of 
disability and mortality globally in 2015 [97]. 
Parkinson's disease is a progressive neurological 
condition that mostly manifests as tremors, 
bradykinesia (slowness of movement), and rigidity 
of the muscles [98]. The likelihood of developing 
Parkinson's disease increases with age, and on 
average, those in their 60s are the most likely to 
receive a diagnosis. Worldwide, 6.1 million people 
had Parkinson's disease (PD) diagnoses in 2016, 
and PD killed 211,296 people [99]. Comparing 
Parkinson's disease to other neurological illnesses 
like dementia and Alzheimer's, globally, 
Parkinson's disease had the greatest rise in 
prevalence, mortality, and DALY rate [97]. It is 
vital to look for prospective medicines and 
treatments that might reduce Parkinson's disease 
symptoms given the rising number of PD patients 
as a result of longer life expectancies.  

Dopaminergic neuron loss in the substantia nigra 
pars compacta (SNpc) and the accumulation of -
synuclein, which results in Lewy bodies, are 
considered the two main neuropathological 
manifestations of Parkinson's disease (PD). 
Environmental pollutants, brain injuries, drug 
misuse, mitochondrial malfunction, oxidative 
stress, genetic mutation, and age are risk factors for 
PD. In relation to other risk variables, oxidative 
stress is a substantial risk factor. As an illustration, 
oxidative stress can impair the natural upkeep of 
redox potential in neurons and result in 
mitochondrial malfunction or cell death, which 
causes the degeneration of dopaminergic neurons 
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[100]. As a result, reducing oxidative stress is now 
the main goal of PD therapy.  

Levodopa, monoamine oxidase-B inhibitors, 
anticholinergics, dopamine agonists, and 
amantadine were once the principal pharmaceutical 
treatments for Parkinson's disease symptoms in the 
motor systems [101]. However, some people are 
worried about the negative side effects of long-term 
therapy, such cardiovascular risk and dyskinesias 
[102]. Nutraceuticals are one of the novel therapy 
modalities that are developing as an option to 
slowing the course of PD as a result. Nutraceuticals 
are bioactive substances that may be found in 
natural food sources and have particular therapeutic 
effects. The idea that natural substances have less 
negative effects than manufactured medications is 
more prevalent [103]. There is a growing body of 
research on the neuroprotective properties of 
plants, including coffee, berry fruits, ginseng, green 
tea, curcumin, and Nigella sativa, among others, 
due to the high public interest in natural 
pharmaceutical treatments for Parkinson's disease 
[104,105,106,107,108,109].  

Grape seed extract is one possible nutritional 
supplement for Parkinson's disease treatment. 
Global grape output peaked in 2014 at 210 million 
tons, with roughly 30% of that quantity ending up 
as a waste or byproduct of industrial activities. 38 
to 52% of the dry grape pomace by-products used 
in winemaking are grape seeds. Despite the fact 
that grape by-products contain useful elements, 
industries frequently dispose of them in an open 
space, which can have a negative impact on the 
environment [110]. Because it contains several 
polyphenolic components, grape seed extract 
(GSE) is excellent for its anti-oxidant and 
neuroprotective qualities. It has been shown that 
consuming dietary antioxidants slows the disease's 
course [30]. 

Table 3 lists the results of the control, treatment 
(post-treatment or pre-treatment), and use of GSE 
on PD models in vivo and in vitro. Pre-treatment in 
this review refers to the use of GSE before a 
diagnosis of Parkinson's disease or memory loss, 
and post-treatment refers to the use of GSE to treat 
or regain the functions lost to Parkinson's disease. 
Two species and five types of animals were used in 
the in vivo investigations, including Wistar rats, 
Sprague Dawley rats, CD1 mice, C57BL/6 mice, 
and BALB/c mice. The in vivo experiments 
included a range of samples, from 12 to 120 
animals in a single trial. All in vivo experiments 
employed male rodents in 12 and female rats in 
one. Since rats have a relatively quick reproductive 
cycle and a mammalian genome, all the in vivo 
studies considered in this study used rodents as a 
model to determine how well the therapies might 
work on people [111,112,113,114]. 

A neurotoxin called 6-OHDA can lead to oxidative 
stress, the creation of reactive oxygen species 
(ROS), damage proteins and lipid bilayers, cell 
apoptosis, or the death of dopaminergic neurons. In 
order to study the pathophysiology of dopamine 
degeneration in animal models, 6-OHDA injection 
is frequently used as it can give a highly repeatable 
lesion toxin model occurring in the early stage of 
PD. The 6-OHDA rat model is more effective in 
illustrating dyskinesias, but it has limitations when 
it comes to modeling Parkinson's disease 
development and its age-related effects [115]. 
Insecticides and pesticides sometimes include the 
neurotoxic rotenone, which can block complex I 
mitochondrial NADH dehydrogenase, increasing 
the production of reactive oxygen species, causing 
oxidative damage, and ultimately leading to the 
death of dopaminergic neurons in the SNpc. The 
benefit of using the rotenone paradigm is the loss 
of dopaminergic neurons upon systemic exposure. 
However, depending on the administration 
technique, this model displays significant 
individual variation. Reduced doses and inventive 
delivery techniques can aid in lowering this 
unpredictability. Rotenone can also signal non-
motor PD symptoms such sleep issues, stomach 
problems, and behavioral modifications [114]. 
Isoflurane is a popular inhalation anesthetic that, 
like rotenone and 6-OHDA, can seriously harm the 
body's oxidative defenses and impair cognitive 
function. By interacting with antioxidant enzymes, 
isoflurane can cause oxidative damage, which leads 
to mitochondrial dysfunction and elevated ROS 
levels [116]. Markers, watercolors, and other 
common items like mouthwash and perfume 
contain ethanol (EtOH). In astrocytes and neurons, 
EtOH neurotoxic exposure induces oxidative stress 
and mitochondrial dysfunction both in vivo and in 
vitro [117]. 

Aged mice are used in investigations using 
neurotoxins and other substances. The increased 
frequency of PD in those over 60 years old serves 
as evidence that age is a major risk factor for PD. 
Age-related pathogenesis is intricate. It may be 
caused by a variety of causes, such as the 
imbalance in oxidants and antioxidants that is 
frequently seen in aged animals and the loss of 
tissue, natural antioxidants, and anti-inflammatory 
responses in the elderly. Aged animals thus 
frequently have larger levels of oxidative damage 
products in their brains and central nervous systems 
[118]. Investigating the impact of neurotoxins on 
biomarker variables, such as dopamine and 
norepinephrine levels, lipid peroxide and ROS 
levels, and animal cognitive performance allows 
researchers to determine how aging and exposure 
to risk factors affect rats and mice. The main 
findings of the included studies are displayed in 
Table 3. As shown in Table 3, the investigations for 
the in vitro research utilized the hippocampus' 
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neuron-rich culture, PC12 cells, SH-SY5Y cells, 
and -casein amyloid fibril.  By physically 
separating the grape seeds, allowing them to air 
dry, and then crushing the dried seeds into a fine 
powder, grape seed extract can be made. Three 
days of maceration with 70% ethanol were used to 
extract the bioactive components from grape seed 

powder, which was then filtered. To get powdered 
GSE, the filtrate will be dried to remove the ethanol 
solvent. Proanthocyanidin, Resveratrol, Catechin, 
Procyanidin, and Gallic Acid are just a few of the 
polyphenols and flavonoids that are abundant in 
GSE [119, 120]. 

  
Table 3: List of in vivo and in vitro studies reporting the neuroprotective effect of grape seed extract 

Author  Study  Risk Factor  Dose of GSE Administration  Intervention Outcomes  
Abdel-Rahman et 
al., 2008 [120] 

in vivo  Neurotoxicity 
(rotenone)  

75 mg/kg body wt  ↑ DA and NE;  
↓ lipid peroxidation, NO, 
and GSH level.  

Kwatra B. et al., 
2020 [122] 

in vivo  Aging  100 mg/kg body wt  ↑ antioxidant defense 
status in CNS;  
↓lipid peroxide level  

El Gengaihi S et al., 
2017 [75]  

in vivo  Aging  100 mg/kg body wt  ↑ memory performance 
and thiol levels;  
↓ ROS production and 
protein carbonyl levels.  

Ghaffar S et al., 
2020 [123]  

in vivo  Aging  100 mg/kg body wt  ↓ age-related oxidative 
DNA damage 
accumulation  

Fujishita et al., 
2009 [124]  

in vitro  H2O2  100 μg/ml  ↓ H2O2-induced 
neuronal cell death.  

Hassan et al., 2022 
[125]  

in vivo  Aging  200 mg/kg and 400 mg/kg 
every two days  

↑ CD68pk1 expression  
↓ expression of S100 
proteins  

Liu et al., 2013 
[126]  

in vitro  Amyloidosis  5 μM  ↓ protein misfolding and 
fibril formation of kappa-
casein of milk protein  

Ma et al., 2018 
[127]  

in vitro  Neurotoxicity 
(Rotenone)  

6 μg  ↓ rotenone-induced 
oxidative stress and ROS 
generation  

Rastegar-
moghaddam et al., 
2021 [128] 

in vivo  Aging  300 mg/kg  ↑ cognitive memory 
performance, 
synaptogenesis and 
neurogenesis  

↑ – Increased level; ↓ – Decreased level; GSE – Grape Seed Extract; GSPE – Grape Seed Proanthocyanidins 
Extract; GSP – Grape Seed Proanthocyanidin; GSSE – Grape Seed and Skin Extract; PD – Parkinson’s disease; 
SNpc – Substantia Nigra pars compacta; body wt - body weight; DA – Dopamine; NE – Norepinephrine; NO – 
Nitric Oxide; GSH – Glutathione; CNS – Central Nervous system; ROS – Reactive Oxygen Species; DNA – 
Deoxyribonucleic acid; MFB – Medial Forebrain Bundle; 6-OHDA – 6-hydroxydopamine; IL-6 – Interleukine-
6; EtOH – Ethanol; AD – Adrenaline; NA – Noradrenaline; BDNF – Brain-Derived Neurotrophic Factor; SLN – 
Solid Lipid Nanoparticles. 
 
With GSE, Parkinson's disease can be stopped or 
postponed, and Parkinson's disease symptoms can 
then be reduced or eradicated. The mechanism 
underlying GSE's action in Parkinson's disease may 
be mostly attributed to its antioxidant properties.  

The positive effects of GSE on other markers, 
however, imply that it may also possess 
neuroprotective, anti-apoptotic, anti-inflammatory, 
amyloidosis prevention, neurogenesis, and 
synaptogenesis capabilities.  

Only one of the 20 research—Datla et al.'s 2007 
study—suggested that GSE had no discernible 
neuroprotective impact on 6-OHDA-lesioned rats. 

The other 19 trials showed promising results 
following GSE pre- or post-treatment [127]. The 
next section will go into how grape seed extract 
works to reduce Parkinson's disease biomarkers. 

GSE on Parkinson’s disease Pre-Treatment  

The oxidative stress theory is one of the well-
known pathogeneses for Parkinson's disease. The 
body's natural antioxidant defenses can stop ROS 
from harming cells under normal conditions. The 
pro-oxidant and antioxidant equilibrium is 
disrupted under pathological conditions, such as 
aging, neurotoxicity, or oxidative stress, which 
overwhelms the cellular antioxidant defenses and 
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leads to the formation of ROS. Pre-rotenone and 6-
OHDA-induced Parkinson's disease incubation of 
SH-SY5Y dopaminergic cells with GSE and GSE 
supplementation in vivo both markedly reduced 
oxidative stress-related damage and improved 
antioxidant status in all subjects. 

GSE's neuroprotective impact in PD was shown by 
the improvement of biochemical indicators, such as 
elevated levels of dopamine, norepinephrine, and 
glutathione superoxidase (GSH) in SNpc and 
decreased ROS generation and other oxidative 
damage biomarkers.  

Proanthocyanidin, anthocyanidin, gallic acid, and 
resveratrol are some of the GSE polyphenols that 
play an antioxidant and neuroprotective effect. 

Despite the fact that not all research fully explain 
the neuroprotective mechanism of GSE, several 
studies have addressed the processes by which GSE 
polyphenols might delay the onset of Parkinson's 
disease. The main mechanism is that GSE functions 
as an antioxidant to chelate metals, scavenge free 
radicals to eliminate pro-oxidants, maintain 
antioxidant enzyme activity at normal levels, and 
shield molecules and neural cells from oxidative 
stress and damage. As an anti-inflammatory 
medication, GSE also acts to protect neurons by 
improving the overexpression of IL-6 in astrocytes 
and inhibiting the production of COX-2 to stop the 
loss of dopaminergic neurons. 

Increased levels of the IL-6 cytokine can promote 
the production of antioxidants and nerve growth 
factors, which can defend hippocampus neurons 
against neuronal cell death brought on by hydrogen 
peroxide [124]. Superoxide dismutase (SOD) and 
glutathione peroxidase (GSH-Px), two antioxidant 
enzymes that GSE may activate, can significantly 
reduce the formation of ROS.  

Another neuroprotective function of GSE in 
preventing PD is anti-apoptotic, as grape seed 
proanthocyanidin can reduce rotenone-induced 
apoptosis by improving the viability of 
dopaminergic cells, inhibiting the caspase-9 and 
caspase-3 pathways, and preventing the activation 
of these pathways as well as the cleavage of PARP 
via the inhibition of p38, JNK, and ERK signaling 
pathways [129]. As part of its anti-apoptotic and 
neurotrophic effects, GSE can also control the 
expression of iNOS mRNA, which results in a 
reduction in iNOS protein and NO generation.  

GSE on Parkinson’s disease Post-treatment  

In addition to its involvement in the prevention of 
Parkinson's disease, GSE can aid in the recovery of 
physiological processes that have been lost as a 
result of the loss of dopaminergic neurons and 
other risk factors. Aged mice's hippocampus 
synaptogenesis and neurogenesis were discovered 

to be enhanced and regulated by GSE high in 
flavonoids, as evidenced by an increase in 
hippocampal neurons and synaptophysin 
expression and a decrease in the frequency of dark 
neurons. This neuroprotective mechanism is based 
on flavonoids' ability to reduce neuroinflammation 
and oxidative stress while also modulating 
neurotrophic factors [128]. 

Implications and Challenges  

It could eventually be possible to employ grape 
seeds as a supplemental therapy for Parkinson's 
disease and other neurological diseases as 
production of grape seeds increases throughout 
time. To choose the intervention for human clinical 
trials, animal research is crucial before such trials. 
Not all studies indicate that GSE can help the 
etiology of Parkinson's disease. According to 
studies by Datla et al., pre-treatment of Sprague-
Dawley rats with red and white GSE high in 
catechins (100 mg/kg/day) could not protect the 
dopaminergic neurons from 6-OHDA neurotoxicity 
[30]. 

Due to its neuroprotective qualities, grape seed 
extract was shown to be effective in all 
investigations in improving memory and cognitive 
impairment in animal models or cell cultures, 
suggesting a possible role for GSE in the treatment 
of Parkinson's disease. 

Conclusion and Perspectives 

Only behind Alzheimer's disease in terms of 
prevalence, Parkinson's disease (PD) is the most 
prevalent neurological condition worldwide. 
Nutraceuticals are one of the newer PD therapies. 
A high concentration of polyphenolic chemicals in 
grape seed (GS) may be beneficial for treating 
neurological illnesses since they have antioxidant 
and neuroprotective properties. 

It is crucial to do clinical research on the use of 
grape seeds, which are effective neuroprotective 
agents. For a more accurate evaluation of the 
neuroprotective properties of grape seed, in neural 
and brain diseases, evidence from bigger clinical 
cohorts and longer trial periods under well-defined 
controlled circumstances are required.  

Future recommendations and guidelines for safe 
and effective dietary interventions for brain health 
and protective effects against neurological and 
brain disorders are anticipated to be provided by a 
well-coordinated and multidisciplinary effort 
between the nutritional sciences and neurosciences 
using standardized preparations. 
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