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Abstract: Grapes are one of the most widely cultivated fruits and have been used for winemaking since the ancient Greek
and  Roman  civilizations.  Grape  seeds  are  rich  in  nutrients  and  proanthocyanidins,  which  have  strong  free  radical
scavenging  properties,  contributing  to  their  high  nutritional  and  therapeutic  value.  Grape  seeds  are  a  complex  matrix
containing  40%  fiber,  16%  oil,  11%  proteins,  and  7%  complex  phenols  such  as  tannins.  The  conjugated  and  colonic
metabolites of grape seed proanthocyanidins are responsible for their advantageous health effects. Studies have reported
that  grape  seeds  exhibit  a  broad  spectrum  of  pharmacological  properties  against  oxidative  stress.  Their  potential  health
benefits  include  anti-oxidant,  anti-microbial,  anti-obesity,  anti-diabetic,  anti-neurodegenerative,  anti-osteoarthritis,  anti-
cancer, and cardio- and eye-protective properties. Consumers are using grape seeds as a dietary supplement as a result of
their awareness of the health advantages associated with proanthocyanidins. This review article summarizes the previous
studies of the phytochemical compounds, pharmacological properties, and industrial applications of grape seeds.
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 1    Introduction

Grape  seed  extract  (GSE)  is  a  well-known  source  of  powerful
antioxidants  and  anti-inflammatory  agents  with  a  variety  of
therapeutic  applications[1-4].  GSE  has  been  demonstrated  to  have
significant  anti-inflammatory  and  antioxidant  properties  in
various  diseases,  including  cardiovascular  and  cerebrovascular
diseases,  liver  and  lung  injury,  obesity,  and  neurodegenerative
diseases[5, 6].  Grape  polyphenolics  are  divided  into  two  categories
based  on  their  structure  and  activity:  flavonoids  and  non-
flavonoids[7-9].  Grape  seed  contains  protective  and  beneficial
flavonoids,  including  proanthocyanidins,  anthocyanins,
procyanidins,  and flavan-3-ols[10].  In addition to flavonoids,  grape
seeds  contain  numerous  phenolic  chemicals  such  as  phenolic
acids, carotenoids, stilbenes, tannins, and catechins[11].  Grape seed
oil  (8%−20%)  contains  various  saturated  and  unsaturated  fatty
acids, including linolenic, linoleic, oleic, palmitic, arachidonic, and
stearic  acids[12, 13].  Linoleic  acid  is  the  most  prevalent  fatty  acid  in
grape  seeds,  accounting  for  65%.  Grape  seed  oil  contains
85%−90%  polyunsaturated  fatty  acids  (PUFA),  which  are
beneficial to human health[14].

Furthermore, grape seed contains several antioxidant vitamins,
such  as  vitamins  C  and  E  (tocopherols  and  tocotrienols),
considerably  improving  its  antioxidant  effects[15].  Grape  seed  oil
has  been  demonstrated  to  have  a  high  vitamin  E  concentration
(average:  27  mg/(100  g)  of  oil),  surpassing  that  of  olive  and

soybean  oils[14].  GSE  antioxidants  work  directly  by  scavenging
reactive  oxygen  species  (ROS),  preventing  lipid  oxidation,  and
chelating  redox-active  transition  metals  like  copper  and  iron[16].
Previous research has shown that grape seed is more antioxidant-
rich than other grape parts such as skin and leaves[17]. Grape seed’s
high  antioxidant  potential  is  due  to  its  high  catechin
concentration,  epicatechin,  gallic  acid,  procyanidins,  and
proanthocyanidins[17].  The  current  review  analyses  the  biological
activities of this extract to provide fresh insights into preventative
and potential therapeutic development opportunities.

 2    Chemistry of grape seeds
Phenolic  acids,  flavonoids,  anthocyanins,  proanthocyanadines,

and  stilbenes  are  important  bioactive  substances  found in  grapes
and their products that benefit human health[18, 19]. Previous studies
reported  that  GSE  mainly  contains  15  polyphenolic  compounds,
including  11  flavane-3-alcohols  ((+)-catechin,  epigallocatechin
gallate, (−)-epicatechin, proanthocyanidins B1, proanthocyanidins
B2,  proanthocyanidins B3,  proanthocyanidins B4,  B1-3-O-gallate,
B2-3-O-gallate,  B2-3'-O-gallate,  and  gallate  C1),  three  flavonols
(kaempferol,  myristin  and  quercetin),  and  phenolic  acid  (gallic
acid)[20, 21].  Sang et  al.[22] extracted  proanthocyanidin  (5.023,9  g)
from grape seeds by ultrasonication using ethanol at  25 °C using
grape  seeds  as  raw  materials,  ultrasonic-assisted  extraction,  and
solvent  extraction  were  used  to  extract  proanthocyanidins.  The
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effects  of  different  solvents  on  the  extraction  rate  of
proanthocyanidins were experimentally explored, and the content
of  the  obtained  proanthocyanidins  was  determined  by  the
hydrochloric  acid-vanillin  method.  Comparing  the  two methods,
it  was  concluded  that  at  25  °C,  using  ethanol  as  the  solvent  and
using the ultrasonic-assisted extraction method, the extraction rate
of proanthocyanidins is higher and the purity is also higher.

The  oil  content  of  grape  seeds  is  traditionally  extraction  using
mechanical  methods  or  organic  solvents[23].  In  mechanical
extraction,  although  the  quality  of  product  is  superior,  the
extraction  gives  a  lower  yield.  While  organic  solvent  extraction
gives  a  higher  yield,  it  requires  solvent  recovery  through
distillation  and  the  final  product  contains  traces  of  residual
solvent[23].  The  supercritical  method  is  regarded  as  a  promising
method that  can produce a  similar  quantity  and better  quality  of
oil yield than mechanical and organic solvent extractions[23]. Cold-
pressing  is  used  to  extract  the  oil  from  grape  seeds  without
chemical  treatment  or  heat[24].  Although  cold  pressing  usually
gives  a  lower  yield  than  other  conventional  solvent  extraction,  it
may retain more bioactive components and be safer because there
are no solvent residues in the grape seed oil[25].

Various  bioactive  phenolic  compound  extracts  in  grapes  are
summarized  in Fig. 1.  The  majority  of  phenolic  components,
including  anthocyanins,  flavonols,  hydroxycinnamic  acid
derivatives, and proanthocyanidins, are concentrated in the berry’s
skin, with the seeds containing the least amount of resveratrol[26, 27].
Furthermore,  the  seeds  contain  more  flavan-3-ols  and
proanthocyanidins  than the flesh,  which includes  just  trace  levels
of anthocyanins and other phenolics.

The  main  phenolic  compounds  in  grapes,  flavonoid  and
resveratrol  which  belong  to  the  stilbene  group  are  potent
antioxidants and have been suggested to have a role in protecting
against  cardiovascular  diseases[28].  Condensed  tannins  named  as
proanthocyanadins  were  also  reported  to  have  cholesterol-
lowering  properties  and  reducing  blood  pressure[29].  Grapes  are

also  rich  in  phytosterols  and  fatty  acids[27] which  may  partially
inhibit  the  intestinal  absorption  of  both  dietary  and  biliary
endogenously  produced  cholesterol,  lowering  their  circulating
levels  and  exerting  anti-atherogenic  and  cardio-protective
effects[14].

Proanthocyanidins  are  polymeric  flavan-3-ols  with  varying
hydroxylation, esterification, and interflavan bonding (Fig. 2). The
monomeric units are primarily (epi) afzelechin, (epi) catechin, and
(epi) gallocatechin with varying degree(s) of polymerization (DP).
Flavan-3-ol  polymerization  occurs  through  common  B-type  C4-
C8/C4-C6 bonds and, less commonly, via A-type C2-O-C7/C2-O-
C5  bonds.  Additionally,  proanthocyanidins  may  have  gallic  acid
esters,  glycosylation,  or  bonding  to  other  flavonoids,  such  as
anthocyanins[30].  The  processing  and  preservation  of  foods  may
also  induce  polymerization,  depolymerization,  or  oxidation  of
proanthocyanidins[31].  Thus,  the  stereochemistry,  DP,  and
additional  substitutions  create  significant  diversity  in
proanthocyanidins  distributed  in  food[32, 33].  Grape  seeds  are
particularly  enriched  in  proanthocyanidins,  containing  159  mg/g
seed[20].  Grape  seed  proanthocyanidins  (GSPs)  are  mainly  B-type
(epi) catechin polymers with a mean DP of ~16[34].

 3    Bio-accessibility  and  bioavailability  of  grape
bioactive molecules

It is widely acknowledged that grape bioactives need to be both
bio-accessible  and  bioavailable,  and  they  need  to  be  present  in
adequate  concentrations  in  foods,  whether  they  are  processed  or
raw,  to  have  a  biological  effect.  According  to  Mattioli et  al.[35],
bioavailability  is  defined  as  the  fraction  that  reaches  the  systemic
circulation in an amount sufficient to cause a reaction, while bio-
accessibility  is  defined  as  the  fraction  released  from  the  food
matrix during gastrointestinal digestion. Food processing and food
matrix  may  have  an  impact  on  bioavailability.  For  instance,
phenolics have low bioavailability, limited water solubility, and are

 

Figure 1    Bioactive phenolic compounds and lipids in grapes[27].

2 Food & Medicine Homology  2026,  3: 9420100

 

 



 

Figure 2    Classification and structural properties of proanthocyanidins[34].
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susceptible  to  oxidation  throughout  food  processing[36].  The  food
and pharmaceutical industries commonly use microencapsulation,
which  combines  several  techniques  like  freeze  drying  and  spray
drying,  to  overcome  these  restrictions  when  integrating  GSE.
These methods control how these bioactives are released, keep the
contents from oxidizing and becoming more stable, and improve
the overall quality of the meal[36]. The ability of phenolic chemicals
to  pass  through  the  intestinal  barrier  and  be  released  from  the
grape  product  during  digestion  determines  their  ultimate
bioactivity.

It has been reported that polyphenols from berry fruits, such as
grapes, have a higher bio-accessibility than other fruits due to their
low content of non-digestible carbohydrates and protein, which is
associated  with  efficient  gastrointestinal  delivery,  thereby
increasing  their  bioavailability[37].  A  bio-accessibility  study  of
grapes  and  products  discovered  that  a  higher  proportion  of  skin
and  seed  phenolics  removed  during  juicing  were  highly  bio-
accessible[38].  It  also  stated  that  100%  grape  juice  and  whole  fruit
consumption followed a similar pattern in phenolic distribution to
consumers.  The  bioaccessibility  of  anthocyanins  in  grape  juice
(86%−135%)  was  compared  to  the  whole  grape  (14%−39%),  as
were  flavan-3-ols  and  phenolic  acids  in  grape  juice  (48%−101%;
39%−85%)  and  whole  grape  (0%−3%;  9%−67%).  As  a  result,
consuming  grapes/their  products  may  have  a  positive  impact  on
bio-accessibility and bioavailability, triggering a biological reaction.
However,  compounds  like  resveratrol  and  anthocyanins,  which
are  frequently  bioactive  in  grapes  and  have  a  major  role  in
hypertension, have low bioavailability[35, 39].

In  terms  of  uptake  and  distribution,  oral  absorption  and
bioavailability of proanthocyanidins have been well investigated in
both  humans  and  animals.  The  bioavailability  of
proanthocyanidins is  influenced by their  absorption,  metabolism,
and  degradation[40].  These  chemical  structures  and  DP  typically
control  their  bioavailability[41].  When  proanthocyanidins  are
consumed,  they  interact  with  oral  mucosa  and  proline-rich
proteins in the mouth to produce astringent reactions[42], allowing
the  remaining  chemicals  to  pass  through  the  intestinal  barrier.
According  to  studies  using  radiolabeled  rats,  some  types  of
phenolic  acids  can  pass  through  the  intestinal  barrier  and  travel
through  the  vasculature  to  the  liver,  where  they  can  potentially
reach  all  organs  in  a  matter  of  hours  after  consumption[43].  Low
molecular  weight  forms—particularly  monomeric  and  dimers  of
flavan-3-ols—have been demonstrated to be absorbed in the small
intestine and broken down by phase-II enzymes, while polymeric
forms  are  broken  down  by  the  colonic  microbiota[44, 45].
Furthermore,  upon  digestion,  the  metabolized  molecules  may
acquire  new  activities  or  lose  their  original  features[46].
Additionally,  it  has  been shown that  phase-II  metabolites  are  the
primary substances that enter the systemic circulation and tissues
2  h  after  an  acute  proanthocyanidin  administration[47, 48].  After
ingestion,  the  circulatory  levels  of  dimers  and trimers  equated  to
0.35% and 0.01%,  respectively,  according to  a  study that  used an
oral  GSE  containing  20%  and  30%  of  these  substances[47].
According  to  Sierra et  al.[47],  this  was  caused  by  an  excessive
breakdown  of  dimers  and  trimers  into  monomeric  catechins,
which  increased  from  36%  of  the  GSE  by  weight  to  99%  of
circulating  flavanols.  The  ability  of  Caco-2  human  colonic  cell
lines  cultured  on  filter  membranes  to  absorb  radiolabeled
proanthocyanidins  was  examined  by  Deprez,  Mila,  Huneau,
Tome,  and  Scalbert[49].  Researchers  found  that  while  larger
oligomers  (average  DP  =  7)  were  ten  times  less  likely  to  be
absorbed in  vivo,  lower  molecular  weight  proanthocyanidin

oligomers  (average  DP  =  3)  could  be  absorbed  intact  across
a  model  of  the  gastrointestinal  tract.  Rats  were  given  GSE,
(+)-catechin,  and  procyanidin  B3  meals  by  Donovan et  al.[50].
There  was  no  indication  that  the  procyanidins  were  absorbed,
even though conjugated metabolites of (+)-catechin were found in
plasma and urine following the (+)-catechin and GSE meals.

 4    Biological activities of grape seeds

 4.1    Antioxidant activity
GSPE  have  a  complex  antioxidant  action  that  includes

chelation,  inhibition  of  polyphenol  oxidase,  and  free  radical
scavenging[51].  Rats  have  been  used  as  the  model  for  iron
deposition  in  the  dextran  intraperitoneal  injection  approach[52].
Renal oxidative damage and dysfunction were brought on by the
increased iron buildup in the renal cells. Following seven weeks of
treatment,  GSPE  can  improve  the  overall  health  of  rats  by
lowering the amount of iron in the blood and kidney, boosting the
antioxidant  defense  system,  controlling  kidney  function  and
structure,  and preventing renal  apoptosis.  The mechanism might
have  something  to  do  with  chelation  and  the  antioxidative
qualities[53]. Feng et al.[54] reported that high-dose GSE soft capsules
(150  mg/day)  increased  superoxide  dismutase  (SOD)  activity
compared  to  pre-test  levels  (P <  0.05).  Similarly,  glutathione
peroxidase  (GSH-Px)  activity  increased  significantly  in  the
medium and high  dose  groups  compared  to  before  the  test.  The
high-dose  group  showed  increased  GSH-Px  activity  than  the
control  group  (P <  0.05).  MDA  levels  in  the  medium  and  high
dose groups (100 and 150 mg) were significantly lower than before
the  test  showing  a  substantial  antioxidant  effect  from  GSE
capsules.

Oxidative  stress  contributes  to  and  promotes  a  variety  of
reproductive  disorders  associated  with  granulocyte  (GC)
apoptosis. Some studies with follicular pig ovarian granulosa cells
found  that  GC  apoptosis  played  a  key  role  in  regulating  ovarian
follicular atresia, and ROS-induced GC apoptosis caused follicular
atresia[55-57].  Grape  seed  proanthocyanidin  B2  (GSPB2)  was
employed  as  an  antioxidant  to  minimize  oxidative  stress  and
apoptosis  in  GCs  treated  with  H2O2.  The  results  demonstrated
that  GSPB2  may  suppress  H2O2-induced  GC  apoptosis  and
caspase-3  via  up-regulating  let-7a,  indicating  antioxidant
activity[57].  The bioavailability of GSPE, specifically, their ability to
pass  through  the  intestinal  barrier  and  their  metabolism,
determines  their  antioxidant  activity[58].  According  to  Zhang
et  al.[57],  GSPE  demonstrated  antioxidant  activity  during  the
in  vitro studies  and decreased the oxidative  stress  of  proliferating
cell nuclear antigen (PCNA) protein production in cardiac muscle,
which  in  turn  regulated  the  expression  of  associated  genes.  In
ethanol-damaged  human  liver  cancer  cells  (HepG2)  and  liver-
damaged  rats,  Bak et  al.[59] investigated  the  antioxidant  and  liver
protective mechanisms of  GSPE.  The findings demonstrated that
GSPE  enhanced  the  activity  and  expressions  of  multiple
antioxidant  enzymes,  including  catalase,  SOD,  and  glutathione
(GSH)  peroxidase in  vitro,  in  addition  to  lowering  ROS
production and CYP2E1 expression. Tkacz et al.[60] employed high-
performance  liquid  chromatography  photodiode  array  (HPLC-
PDA)  and  2,2'-azinobis  3-ethylbenzthiazoline-6-sulphonate
(ABTS)  post-column  derivations  for  the  analysis,  ferric  reducing
antioxidant  power  (FRAP),  and  Oxygen  Radical  Absorbance
Capacity  (ORAC)  to  measure  the  antioxidant  activity  of  seeds.
GSE  was  discovered  to  have  strong  antioxidant  action[60].
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Hernández-Jiménez et  al.[17] discovered  that  grape  seed  has  a
higher  antioxidant  capacity  than  other  grape  parts  such  as  skin,
leaves,  and  wine.  This  high  antioxidant  capacity  is  attributed  to
grape  seed’s  high  catechin  concentration,  epicatechin,  gallic  acid,
procyanidins, and proanthocyanidins.

 4.2    Antidiabetic activity
Irandoost et  al.[61] investigated  the  impact  of  grapeseed  oil  on

insulin  resistance  and  inflammation  in  44  overweight  or  obese
women between the ages of 20 and 50. After 8 weeks of treatment,
inflammatory  markers  like  tumor  necrosis  factor  alpha  (TNF-α)
and a  high-sensitivity  C-reactive  protein  (hs-CRP)  were  reduced.
Additionally,  grape  seed  oil  reduced  ratings  on  the  homeostatic
model  assessment  of  insulin  resistance,  or  homeostatic  model
assessment  for  insulin  resistance  (HOMA-IR),  suggesting  an
improvement  in  insulin  resistance  in  obese  females.  In  diabetic
rats,  Soğutlu et  al.[62] investigated  the  effects  of  GSE  on  insulin,
adiponectin,  and  resistin  levels.  The  findings  revealed  that,
compared  to  the  rats  in  the  diabetes  category,  the  rats  in  the
diabetes  +  GSE  group  had  greater  levels  of  adiponectin  and
insulin.  There  was  no  discernible  difference  in  resistin
concentration across  the  groups.  In  diabetic  rats,  GSE is  likely  to
raise  insulin  levels  while  lowering  adiponectin  levels  and  having
no effect  on resistin levels[62].  A substantial  (P < 0.05) decrease in
serum glucose levels  was seen in the group that  consumed grape
seed oil (GSO) ((124.80 ± 1.52) mg/dL) as compared to the other
group  in  another  investigation  on  the  hepatic  function  of  adult
male  rabbits[63].  Procyanidins  in  GSE  have  been  shown  to  have
insulin-mimetic  qualities  by  promoting  glucose  absorption  in
insulin-sensitive cell lines and reducing hyperglycemia in diabetic
rats  given  streptozotocin  (STZ)[64].  Additionally,  a  study  that
involved diabetic rats  fed GSO showed a substantial  reduction in
fasting blood sugar[65]. Considering the antioxidant effects and iron
chelation properties of GSPE, Zhou et al.[66], Alomair et al.[67], and
Li et al.[6] speculated that GSPE could alleviate oxidative damage in
the pancreas caused by glycolipid toxicity.

 4.3    Anticancer activity
GSPE  had  a  favorable  effect  on  liver  cancer,  lung  cancer,

esophageal  cancer,  tongue  squamous  cell  carcinoma,  breast
cancer,  and  colon  cancer.  Wang et  al.[68] treated  HepG2  cells  in
nude mice with GSPE and discovered that 100 and 200 mg/kg of
GSPE  significantly  inhibited  HepG2  cell  growth  in  nude  mice
without  causing  toxicity  or  autophagy,  and  induced
phosphorylation  of  mitogen-activated  protein  kinase  (MAPK)
pathway-related proteins and telomere kinase (p-JNK). GSPE also
regulated  the  protein  kinase  (p-ERK)  and  p38  mitogen-activated
protein  kinase  (p38  MAPK)  while  decreasing  the  expression  of
survival.  It  was  claimed  that  GSPE  may  have  anti-liver  cancer
effects.  Hamza et  al.[69] developed  a  method  that  combines
diethylnitrosamine  (DEN)  and  2-acetylaminofluorene  (AAF,
2-AAF) to investigate the effect of GSE in the early stages of liver
cancer.  As expected,  GSE dramatically  reduced the establishment
of pre-tumor foci in rats' livers. GSE’s participation was ascribed to
several  inflammatory  mechanisms,  including  reduced  histone
deacetylase  (SIRTl)  activity,  cyclooxygenase  2  (COX-2),  and
inducible  nitric  oxide  synthase  (iNOS).  Furthermore,  GSE
inhibited  the  activity  of  HepG2  cells  by  activating  caspase-3  and
Bax,  resulting  in  early  and  late  apoptosis.  Furthermore,  GSE
promoted  G2/M  and  G1/S  cell  cycle  arrest,  demonstrating
anticancer activity.

Oncomirs  are  microRNAs  (miRNA)  linked  to  carcinogenesis
and  malignant  transformation.  They  have  emerged  as  promising
molecular  targets  for  anticancer  treatment.  Mao et  al.[70]

hypothesized that GSPE’s antineoplastic actions were achieved by
modulating  oncomirs  and  their  downstream  targets.  They
discovered  that  GSPE  dramatically  reduced  oncomirs  miR-19a
and  miR-19b  in  several  lung  cancer  cells.  In  addition,  GSPE
elevated mRNA and protein levels of insulin-like growth factor II
receptor (IGF-2R) and phosphatase and tensin homolog (PTEN),
which are expected targets of miRNA-19a and -19b. Furthermore,
GSPE  significantly  boosted  PTEN  activity  while  decreasing  AKT
phosphorylation in A549 cells. Transfection of miR-19a and -19b
mimics reversed the increase of IGF2R and PTEN gene expression,
nullifying the anti-proliferative response induced by GSPE[70].

Lung  carcinoma  is  one  of  the  most  common  cancers,  and  it
poses  a  major  threat  to  human  life  and  health.  It  has  been
observed that GSPE has a beneficial  effect on the prevention and
treatment  of  lung  cancer,  with  no  deleterious  side  effects  on
normal  human  cells.  A549  cells  were  treated  with  a  specific
concentration  of  oligomeric  GSPE.  Oligomeric-GSPs  (O-GSP)
may improve the anti-tumor effect of cis-dichlorodiamineplatinum
(II)  (DDP)  on  A549  cells,  showing  its  anti-lung  cancer
capabilities[71].  GSPE’s  mechanism  of  action  on  lung  cancer  cells
consists  primarily  of  three  aspects:  (1)  tissue  cell  cycle  inhibition
of  cell  proliferation;  (2)  promotion  of  tumor  cell  death;  and  (3)
reduction of metastasis and tumor cell spread (Fig. 3). O-GSP and
DDP  were  employed  in  conjunction  with  A549  cells  to  down-
regulate  the  expression  levels  of  P-Rb,  CyclinD1,  and  CDK4
proteins, resulting in cell cycle G0/G1 and S-phase suppression via
the  Cyclin  D1-CDK4-Rb  pathway.  Furthermore,  epidermal
growth  factor  receptor  (EGFR)  expression  may  be  inhibited  to
limit cell migratory force, while E-cadherin and N-cadherin could
be upregulated and downregulated, respectively, to impede cancer
cells’ epithelial-mesenchymal  transition.  Additionally,  EGFR
expression  may  be  inhibited  to  limit  cell  migratory  force,  while
E-cadherin  and  N-cadherin  could  be  upregulated  and
downregulated,  respectively,  to  impede  cancer  cells’ epithelial-
mesenchymal  transition.  They  could  also  increase  the  Bas:Bcl-2
ratio,  activate  caspases  3  and  9,  and  enhance  the  release  of
cytochrome  enzyme  C  from  mitochondria  into  the  cytoplasm.
Furthermore,  the  combination  of  O-GSP  and  DDP  has  the
potential  to  diminish GST-π mRNA  and  tumor  cell  drug
resistance.  The  inhibition  of  COX-2  resulted  in  the  reduction  of
tumor occurrence and progression.

The  anticancer  mechanism  of  GSPE  could  be  related  to  a
signaling route. Inhibition studies of GSPE on human esophageal
cancer cells (ECA109) have shown that GSPE activated caspase-3
and  attenuated  NF-κB  signaling  pathway,  reducing  the  secretion
of  inflammatory  cytokines,  inducing  apoptosis,  and  inhibiting
the  proliferation  of  ECA109  cells[72].  GSPE  inhibited  human
tongue squamous cell  carcinoma (Tca8113)  cells  by targeting the
Akt/NF-κB  signaling  pathway.  At  non-toxic  concentrations  (25,
50 μg/mL), GSPE strongly suppressed matrix metalloproteinase-2
(MMP-2)  and  matrix  metalloproteinase-9  (MMP-9)  secretion
from Tca8113 cells, reducing migration and invasion[73].

GSE  (0.05−100  μg/mL)  inhibited  human  breast  cancer  cell
(MCF-7) activity and induced apoptosis[74]. GSE in non-connected
MCF-7  cells  stimulated  gap  junction-mediated  intercellular
communication (GJIC). GJIC was transitory but greatly increased.
A  real-time  polymerase  chain  reaction  revealed  a  considerable
increase  in  connexin-43  (cx43)  mRNA  expression  on  the
membrane. This result confirmed the idea that GSE’s proliferation
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suppression  and  proapoptotic  actions  on  MCF-7  were  mediated
by Cx43 protein relocalization and gene upregulation[75]. Similarly,
GSPE dramatically affected the shape of colon cancer cells (SW480
and  SW620),  inhibiting  cell  proliferation  by  disrupting  the  cell
cycle  and triggering apoptosis.  This  mechanism relied heavily  on
the  Akt  signaling  route  and  the  antioxidant  signaling  pathway
represented  by  FoxM1.  When  oligomeric  procanthocyanidins
(OPCs)  were  combined  with  chemotherapeutic  agents,  the
expression and activity of several key ABC transporters in cell lines
were  significantly  reduced,  potentially  preventing  cancer  patients
from developing resistance to targeted therapy[76-78].

Cancer  formation  is  influenced  by  disruptions  in  the  normal
regulation  of  cell-cycle  progression  and  division.  Several  proteins
are  known  to  control  the  timing  of  events  during  the  cell  cycle.
Cyclins  and  cyclin-dependent  kinases  (CDKs)  are  key  regulatory
switches in the cell cycle. GSE and many of its constituents (chiefly
epigallocatechin-3-gallate  (EGCG)  and  resveratrol)  have  been
demonstrated to exert their antiproliferative effects on leukemia[79],
ovary[80],  lung[81],  head  and  neck[82],  prostate[83, 84],  breast[85-87].  It  is
worth mentioning that,  as  previously stated,  natural  GSE and tea
extract  have  a  far  stronger  antiproliferative  effect  than  isolated
chemicals or synthetic mixtures[88].

GSE  treatment  significantly  reduced  the  expression  levels  of
CDK2,  CDK4,  and  CDK6[89].  Similarly,  GSE  treatment  caused  a
significant decrease in cyclins D1, D2, and E, as well as an increase
in  the  expression  of  negative  cell  cycle  regulators  (Cdki,  such  as
p21 and p27),  resulting in dramatic inhibition of cell  growth and
subsequent  cell  cycle  arrest  in  G1,  S,  or  G2/M  phase[90].  The
antiproliferative  impact  of  GSE  involves  numerous  molecular
targets, including up-regulation of Rb phosphorylation and down-
regulation  of  E2F  via  modulation  of  the  EGFR-ERK1/2
pathway[82]. Ultimately, these signals converge and activate cyclins,
which  bind  to  Cdki  and  cause  cell  cycle  progression  to  S  phase.
CDK  activity  is  necessary  for  cancer  progression,  and  their
functions are strictly controlled by Cdki. The increased expression
of Cdki, together with decreased expression of cyclins (specifically
Cyclin-1)[91],  and CDKs on GSE-treated cancer cells, suggests that

GSE  may  be  effective  as  a  chemotherapeutic  drug  for  the
treatment  of  a  variety  of  tumors.  These  effects  are  expected  to
include  GSE-mediated  suppression  of  the  PI3K/Akt  pathway,
down-regulation  of  the  EGFR[92],  and  interference  with  NF-κB
activity (Fig. 4).

 4.4    Cardiovascular activity
One  of  the  main  issues  brought  on  by  the  contemporary,

unhealthy  lifestyle—which  is  the  leading  cause  of  death
worldwide—is  cardiovascular  disorders  (CVD).  In  general,  CVD
refers  to  a  condition  where  changes  in  heart  and  blood  vessel
function can result in heart attacks, cardiac arrest, chest pain, and
other  related  symptoms.  A  healthy  lifestyle  is  essential  for
preventing CVD. A healthy diet high in fresh fruits and vegetables,
frequent exercise, etc., lowers the risk of CVD. The risk factors for
the  development  of  atherosclerosis  and  CVD  include  diabetes
mellitus, high blood pressure, and dyslipidemias. These conditions
can be reduced by altering one’s lifestyle[93]. Atherosclerotic plaque
is  created  when  lipoprotein  is  deposited  in  the  artery's  intimal
layer. Furthermore, modifications in the plasma lipid profile cause
hydroxyperoxide  to  develop  and  phospholipids,  oxysterol,  and
other lipids to lyse[6].  Particles of oxidized low-density lipoprotein
(Ox-LDL)  are  essential  to  the  pathophysiology  of  atherosclerosis.
When  endothelial  cells  are  exposed  to  Ox-LDL,  monocytes
migrate  to  the  subendothelial  layers,  where  they  develop  into
macrophages and produce growth factors. Furthermore, exposure
to Ox-LDL triggers angiotensin II-like effects, platelet aggregation,
and  the  proliferation  of  smooth  muscle  cells  and  fibroblasts[94].
Accordingly,  the  pathophysiology  of  CVD  is  significantly
influenced  by  the  free  radical  scavenger[6, 95].  Numerous  animal
and human studies have demonstrated the promising outcomes of
GSE’s  cholesterol-lowering  qualities;  nevertheless,  some
researchers  disagree  about  how  these  attributes  affect  lipid
profiles[96].

Research  and  data  indicate  that  certain  fruits  and  vegetables,
such  as  grapes,  have  cardioprotective  properties  (Table  1).
Consuming foods  high  in  polyphenols  can  also  lower  the  risk  of
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Figure 3    Mechanism of action of GSPE on lung cancer cells[71].
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cardiovascular  disease.  Numerous  epidemiological  studies  have
been  conducted,  indicating  that  consuming  grapes  high  in
polyphenols  may  reduce  the  risk  of  cardiovascular  death.  GSE
inhibits  or  limits  the  oxidation  of  low-density  lipoprotein  (LDL),
lowers  blood  pressure,  reduces  inflammation,  inhibits  platelet
aggregation,  and  activates  certain  proteins  that  delay  cell
senescence,  among  other  mechanisms  by  which  it  prevents

atherosclerosis[97].  The in  vitro and in  vivo studies  show  a
relationship  between  the  antioxidant  phenolics'  presence  and  the
decrease  of  Ox-LDL  particles.  Additionally,  eating  a  diet  high  in
phenolic  antioxidant-rich  foods  lowered  the  incidence  of  heart
disease[98].  There is  a direct correlation between the prevention of
CVD and the ability of the (poly)phenols found in GSE to prevent
radical oxidation of the PUFA of LDL, which frequently happens

 

Figure 4    Molecular  mechanisms  of  GSE  interactions.  GSE  interacts  with  many  cellular  biochemical  and  genetic  pathways,  through  which  cell  proliferation,
cytoskeleton rearrangement, apoptosis, and cell differentiation are modulated. A pivotal key step is supported by the increase in ROS formation induced in cancer cells
by GSE through the selective regulation of the redox balance[81]. DISC, death-inducing signaling complex; FADD, Fas associated death domain; transmembrane death
receptors, DR4, DR5; TRAIL, tumor necrosis factor-related apoptosis-inducing ligand; INS, insulin; PARP, poly-ADP-ribose polymerase; FOXO1, forkhead box O1;
HATs, histone androgen acetyltransferase; AIF, apoptosis Inducing factor; APAF, apoptotic protease activating factor 1; HIF-α, hypoxia-inducible factor 1-alpha; TEST,
testosterone;  AR,  Androgen  receptor;  IP3,  Inositol-3-phospgate;  PIP3,  phosphatydyl-Inositol-3-phosphate;  CaM,  calmodulin;  CaMKK,  calmodulin  kinase;  PKC,
protein kinase C; PUMA, p53 upregulated modulator of apoptosis; IK-b, inhibitor of kappa B (comprising the subunits IKKα, β, γ); MDM2, mouse double minute 2
homolog;  AP-1,  activator  protein  1;  NO,  nitric  oxide;  uPA,  urokinase-type  plasminogen  activator;  MMP2-9,  matrix  metalloproteinases;  Tp-Is  1,  topoisomerase-I;
PGE2, prostaglandin E2; Elk-1, ETS domain-containing protein; C, cyclin; Ub, ubiquitination complex; CSK, cytoskeleton; ECM, extra-cellular matrix; EMT, epithelial-
mesenchymal transition.

 

Table 1    Various studies on the role of GSE in cardiovascular disorder

Methods Benefits References
Carotid B-mode ultrasound Inhibits the progression of plaque in CIMT [100]

Antioxidant properties, Endothelial function (cultured endothelial
cells are used), anti-platelet effects (used a coronary artery platelet

aggregation model)

Inhibits the oxidation of LDL, improving endothelial function, inhibition
of platelet aggregation, reducing inflammation, lowering blood pressure

and prevent cell senescence by activating novel proteins
[97]

Anti-platelet action of extracts was compared with action of well
characterized antioxidative and anti-platelet commercial monomeric

polyphenol-resveratrol

Protects against myocardial injury, myocardial ischaemia–reperfusion,
reduction in platelet adhesion, aggregation and generation of superoxide

anion
[105]

Anti-thrombotic effect of proanthocyanidin was assessed by a shear-
induced thrombosis test in vitro and by a laser induced thrombosis

test in the mouse carotid artery, in vivo
Inhibits the thrombus formation [104]

Measurement of inhibitory effects on pancreatic lipase and
lipoprotein lipase activities and on lipolysis of 3T3-L1 adipocytes was

assayed using GSE

Minimize the accumulation of fat in adipose tissue and dietary fat
absorption by inhibiting fat-metabolizing enzymes; pancreatic lipase and

lipoprotein lipase
[103]
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through  oxidative  modification  of  the  apoprotein  toward  an
atherogenic form[99].  An investigation into GSE’s anti-atherogenic
properties  was  conducted.  287  patients  with  abnormal  plaque
carotid  intima-media  thickness  (CIMT)  or  asymptomatic  carotid
plaques were included in this study. It was found throughout this
investigation  that  GSE  reduces  the  amount  of  carotid  plaque  in
patients  and  slows  the  growth  of  mean  maximum  CIMT.
Accordingly, it was determined that the proanthocyanidin-loaded
GSE had atherogenic effects[100].

It  was  also  shown  that  antioxidants  found  in  red  GSE  can
deactivate superoxide anions and prevent lipid peroxidation.  Red
GSE  provides  significant  cardio-protection  against  reperfusion-
induced  harm  by  free  radicals  following  ischemia[101].  Some
preclinical in vivo investigations found that winery residues inhibit
LDL oxidation, and 15% grape pomace in a cholesterol diet (0.3%)
can  reduce  rat  liver  and  serum  cholesterol  levels  by  half  while
increasing high-density lipoproteins (HDL) by 26%[102]. Thus, GSE
can lessen the risk of CVD by blocking LDL oxidation, enhancing
endothelial  function,  decreasing  platelet  aggregation,  reducing
inflammation,  lowering  blood  pressure,  and  preventing  cell
senescence by activating new proteins[97]. GSE can also be used to
reduce  fat  accumulation  in  adipose  tissue  and  dietary  fat
absorption  by  blocking  fat-metabolizing  enzymes  such  as
pancreatic  lipase  and  lipoprotein  lipase[103].  According  to  Sano
et  al.[104],  oral  and  intravenous  treatment  of  procyanidins  derived
from  grape  seeds  effectively  reduces  thrombus  development  in
mouse models.  It  has also been proven that GSE protects against
myocardial  damage  and  ischemia-reperfusion,  reduces  platelet
adhesion  and  aggregation,  and  generates  superoxide  anion  in
rats[105]. GSO has high linoleic acid content; it is confirmed that its
intake  may  result  in  lipid  profile  refining.  Also,  high  amounts  of
tocotrienols  and  vitamin  E  derivatives  may  inhibit  HMG-COA
reductase  and  improve  lipid  profiles[106].  Shiri-Shahsava et  al.[65]

study  showed  that  following  this  notion,  we  found  a  significant
reduction  in  TG  plausibly  by  phenolic  acid  in  the  GSO  group.
Also,  procyanidins  indirectly  increase  the  nitrogen  oxide  lifetime
by inhibiting the production of superoxide, its major physiological
scavenger,  and  directly  inhibiting  angiotensin-converting
enzyme[107].

In  a  double-blind,  placebo-controlled,  randomized,  parallel-
group  intervention  study,  the  effect  of  a  specific  GSE,  rich  in
polyphenolic  compounds  (300  mg/day)  versus  placebo,  was
evaluated  in  subjects  with  pre- and  stage  I  hypertension.  Data
showed  that  the  consumption  of  the  polyphenol  extract  did  not
significantly decrease ambulatory blood pressure[108].

Thiruchenduran et  al.[109],  using  Wistar  rats  fed  with  a  high-
cholesterol diet, found that GSPs acted against CVD promoters, in
particular  the  ones  induced  by  the  diet,  partially  restoring  those
changes.  In  another  study,  using  animals  as  well,  the  authors
observed  an  improvement  on  the  blood  pressure  and  in
hypertriglyceridemia,  what  is  probably  related  with  the  oxidative
stress[110].

In  a  randomized,  double-blind,  placebo  controlled  study;
analogous extracts were given to 40 hypercholesteraemic subjects,
during  8  weeks.  The  results  showed  a  significant  reduction  in
LDL-c  and  in  total  cholesterol  (T-c)  levels  for  the  GSPs  group.
However,  this  group was  additionally  supplemented with  niacin-
bound  chromium,  what  suggests  that  other  factors  acting  in
synergy  may  enhance  the  nutritional  benefits[111].  In  another
randomized  double-blind  placebo-controlled  clinical  trial,  the
effect  of  red  GSPs  extract  consumption  by  52  mildly
hyperlipidemic  subjects  was  evaluated.  During  2  months,  two

different groups received either 200 mg/day of the seed extract or
placebo.  The  results  showed  a  reduction  of  T-c,  LDL-c  and
Ox-LDL particles, decreasing the risk of atherosclerosis and CVD
in those individuals[112].

 4.5    Antimicrobial activity
Grape  seeds  have  proven  potential  as  novel  microbial  agents

due to their  high polyphenol  content.  Defatted GSEs were found
to  have  antibacterial  properties  against Bacillus  cereus, Bacillus
subtilis, Staphylococcus aureus, Bacillus coagulans, Escherichia coli,
and Pseudomonas aeruginosa[113].  It was also discovered that these
extracts  completely  inhibited  both  Gram-positive  and  Gram-
negative  bacteria  at  doses  of  850−1,000  and  1,250−1,500  ppm,
respectively.  According  to  Anastasiadi et  al.[114],  GSE  has  a
minimum  inhibitory  concentration  of  0.26  against Listeria
monocytogenes,  suggesting  that  it  could  be  used  as  a  low-cost
source  of  natural  antilisterial  combinations.  Many  bacteria,
including S.  aureus, Psedomonas  aeruginosa,  and Enterococcus
faecalis, exhibit antimicrobial activity in response to resveratrol[115].
When  resveratrol  is  given  topically  to  healthy  skin,  it  causes  an
increase  in  cathelicidin.  Cathelicidin  inhibits  the  growth  of
S.  aureus and  stimulates  the  production  of  antimicrobial
peptides[116].  Resveratrol  has  been  found  to  have  antibacterial
characteristics,  specifically  the  generation  of  oxidative  damage  to
bacterial  membranes  without  affecting  host  cells,  especially  in
E.  coli.  These  findings  shed  light  on  how  resveratrol  could  be
utilized  to  supplement  conventional  treatments  when  antibiotics
fail  or  prove  ineffective[117].  According  to  Paulo et  al.[118],  GSE’s
antibacterial  effects  are  due  to  changes  in  cell  shape  and  DNA
content.

Helicobacter  pylori is  a  pathogenic  bacteria  identified  as  a
potential risk factor for gastritis, gastric ulcers, and gastric cancer.
During  stomach  colonization, H.  pylori triggers  a  strong
inflammatory response and subsequent oxidative stress, which are
associated with tissue damage[119]. Silvan et al.[120] showed that GSE
and  its  fractions  demonstrate  antibacterial  activity  against  all
strains of H. pylori used in the study. The fraction enriched in high
molecular  weight  polymeric  procyanidins  (PPC)  showed  the
highest  antimicrobial  activity.  We  have  previously  described
similar  behavior  in  a  GSE  rich  in  procyanidins,  where  their
structure  facilitates  the  interaction  between  hydroxyl  groups  and
the  bacterial  membrane[121].  This  interaction  would  increase  with
the greater availability of hydroxyl groups related to the higher DP
of  the  procyanidin  chains.  The  chemical  characterization  of  the
GSE  showed  that  the  extract  consists  mainly  of  PPC.  The
concentration of  this  polymeric  fraction (PPC) up to 96% (PPC-
rich  fraction)  led  to  an  increase  in  the  anti-inflammatory  and
antimicrobial capacity of the extract[122].

 4.6    Neuroprotective activity
Alzheimer’s disease (AD) is characterized by increased amyloid

beta  (Aβ)  levels,  hyperphosphorylation,  and  tau  protein
aggregation  in  the  brain[123, 124].  Impaired  protein  homeostasis
(proteostasis)  leads  to  Aβ  aggregation  and  the  formation  of
neuritic  plaques,  a  hallmark  of  AD[125, 126].  Proteostasis  governs
protein  synthesis,  folding,  and  degradation,  ensuring  proper
cellular metabolic activity[126]. Accumulation of insoluble Aβ in the
brain  causes  peptides  to  aggregate  and  form  amyloid  fibrils,
impairing synaptic architecture and functioning. In addition to tau
aggregation,  different  alterations  occur  in  the  brains  of  AD
patients.  Acetylcholine,  for  example,  is  lower  in  the  brain,  which
increases  inflammation[13].  Tau  aggregation  induces
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neuroinflammation  in  the  AD  brain.  Tau  aggregation  has  been
demonstrated to cause hyperactivation of astrocytes and microglia,
leading to  astrocytosis  and microgliosis,  which are  closely  related
to  inflammation[127].  In  contrast,  inflammation  and  oxidative
stress,  particularly  mitochondrial-associated  oxidative  stress,  are
important  in  the  development  of  AD[127, 128].  Thus,  because  GSE
includes  various  antioxidant  compounds,  such  as  vitamin  C,
vitamin E, procyanidins, and proanthocyanidins, it is likely to have
an inhibitory effect on AD onset and progression[129].

GSE treatment reduces MDA levels while increasing GSH and
SOD concentrations. This extract can also prevent the loss of Akt
and  ERK  activity  in  the  hippocampus  and  cerebral  cortex[130],
implying  that  GSE  can  improve  hippocampal  synaptic  plasticity
generated  by  oxidative  stress  and  repair  cognitive  deficits  in  AD.
Furthermore,  grape  seed  procyanidins  may  disrupt  the  lipid
peroxidation  chain  and  protect  neurons  by  stimulating  Akt
phosphorylation[131].  Mantena and Katiyar[132] found that they can
reduce  oxidative  stress  by  activating  signaling  pathways  such  as
Nrf2,  NF-κB,  and  MAPK.  Furthermore,  GSE  may  reduce
mitochondrial-associated  oxidative  stress.  This  extract  has  been
shown  to  inhibit  mitochondrial  permeability  transition  pore
(mPTP)  opening  by  increasing  phosphorylated  glycogen
synthase  kinase  3β  (p-GSK-3β)  binding  to  adenine  nucleotide
translocator (ANT), resulting in a decrease in the formation of the
complex  ANT-cyclophilin  D  (CypD)[133].  GSE  also  protects
neuroinflammation  by  preventing  acetylcholine  levels  from
dropping in the Alzheimer’s brain[13].

Grape  seed  also  has  neuroprotective  properties  because  it
modulates Sirtuin 1 (SIRT1) and cAMP response element-binding
protein  (CREB).  GSE-derived  procyanidins  have  been  shown  to
alter  ERK  phosphorylation,  promote  CREB-mediated  gene
expression,  and  influence  SIRT1/CREB  signaling  (Fig. 4)[123].
SIRT1 protein, found in the cytoplasm and nucleus of mammalian
cells, can operate as an anti-aging protein. Furthermore, the CREB

protein,  a  transcription  regulator  in  neurons,  is  essential  for
neurogenesis  and  cognitive  ability.  The  SIRT1/CREB  signaling
pathway is impaired in the AD brain[123].

Impaired  proteostasis  is  closely  linked  to  the  pathogenesis  of
Parkinson’s  disease.  Alpha-synuclein  aggregation  is  crucial  in
causing  mitochondrial  dysfunction  in  Parkinson’s  disease  by
changing  mitochondrial  dynamics  through  Drp1
mislocalization[134]. Furthermore, aggregation of this protein causes
a  variety  of  additional  dysfunctions,  including  synaptic
dysfunction, axonal transport disruption, and calcium homeostasis
impairment, all  of which contribute to Parkinson’s symptoms[135].
Remarkably,  GSE  improves  brain  proteostasis  while  decreasing
alpha-synuclein  aggregation[136].  Grape  phenols  have  been
demonstrated  to  diminish  alpha-synuclein  aggregation  in  the
frontal cortex and the production of neuroinflammatory markers
such  as  ionized  calcium-binding  adaptor  molecule  1  (IBA1)  and
CD54, resulting in relief of non-motor symptoms[136]. GSE has also
been  shown  to  reduce  ROS,  inflammation,  and  apoptosis  in  the
substantia nigra of the midbrain,  as well  as protect dopaminergic
neurons  from  6-hydroxydopamine  (6-OHDA)  and  improve
motor capabilities (Fig. 5)[4].

 4.7    Anti-inflammation activity
Inflammation  is  a  protective  reaction  of  living  tissue  with  a

circulatory  system  to  damaging  factors.  Grape  seed  polyphenols
(GSP)  in  the  rat  model  of  ulcerative  colitis  (UC)  alleviated
inflammation  and  apoptosis,  protecting  against  UC  produced  by
dextran  sodium  sulfate  (DSS)[2].  The  activation  of  signal
transduction  and  transcriptional  activator  (STAT3)  may
contribute  to  the  acceleration  of  inflammation  by  increasing  the
production  of  inflammatory  cytokines,  and  inhibiting  STAT3
activity may be required to reduce colonic inflammation[137].  GSP
has  been  shown  to  reduce  the  expression  of  inflammatory
cytokines  (iterleukin-6  (IL-6),  iterleukin  1  beta  (IL-1β),  and

 

Figure 5    Potential  neuroprotective  effects  of  grape  seed  components.  GSE  via  its  bioactive  molecules  (upper  part)  can  influence  some  key  intercellular  signaling
pathways, which contribute to the pathogenesis of AD, Parkinson’s disease, ischemia, and aging brain (down section). GSE enhances the anti-oxidative status, which
slows  down  Alzheimer’s  processes  by  removing  dysfunctional  mitochondria  and  inflammatory  responses.  They  also  reduce  inflammation,  oxidative  stress,  ion
overloads, and mitochondrial dysfunction, which influence the processes of Parkinson’s disease, ischemia, and aging brain. Green arrows represent upregulation, and
blocked lines (red) symbolize down-regulation[124].
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TNF-α) and phosphorylate STAT3, leading to improved apoptosis
in intestinal epithelial cells[2].

Induction of lipopolysaccharide (LPS) led to increased secretion
of  inflammatory  markers  by  macrophages,  including  NO,  iNOS,
and  pro-inflammatory  cytokines  (TNF-α,  IL-1β,  IL-6)[138].  High
levels  of  these  inflammatory  cytokines  have  been  linked  to
pathophysiology and chronic inflammation[139].  Harbeoui et al.[140]

found  that  GSE  strongly  inhibited  TNF-α  and  IL-6  in
mononuclear  macrophages  from  leukemia  cells  in  mice
(RAW 264.7).  LPS reduced inflammation in murine macrophage
RAW 264.7 cells by stimulating iNOS and NO inducible isomers.
This  was  linked  to  the  NF-κB  cascade  and  down-regulation  of
MAPKs[140].

GSE  extract  could  be  used  as  a  novel  therapeutic  and
preventative  treatment  for  inflammatory  reactions  and  illnesses.
GSP  extract  has  been  shown  to  have  a  significant  anti-
inflammatory  effect,  as  evidenced  by  transcriptional  suppression
of  COX-2  and  inflammatory  cytokine  production  in
macrophages.  The  effects  were  mediated  by  the  blockage  of
MAPKs  and  NF-κB  signaling  pathways.  In  this  situation,  GSE
could  be  an  excellent  natural  product  with  potent  anti-
inflammatory properties[141].

GSPE  has  been  shown  to  protect  against  hepatic  IR  injury  in
mice  with  fatty  liver  ischemia/reperfusion  (IR)  injury.  The  GSPE
group  had  significantly  lower  serum  (alanine  aminotransferase
(ALT)  and  aspartate  aminotransferase  (AST)  levels  (P <  0.05),
reduced  macrophage  infiltration  and  apoptotic  cells,  and
decreased expression of inflammatory factor mRNA. The process
may be due to reduced oxidative stress and inflammation during
liver reperfusion, and increased p-p38 expression[142].

 4.8    Toxicological studies
Several toxicological studies have been conducted to determine

the  safety  profile  of  GSEs  containing  proanthocyanidin.
Yamakoshi et  al.[143] investigated the safety of  GSE in Fischer 344
rats  and  discovered  that  the  no-observed-adverse-effect  level  in
their  subchronic  toxicity  research  was  2%  of  the  diet,
corresponding  to  a  dietary  intake  of  1.4  and  1.5  g/(kg∙day)  in
males and females, respectively. In acute oral toxicity experiments
in rats, GSE was found to be well tolerated and non-toxic, with a
lethal  dose  50  (LD50)  of  5,000  mg/kg  for  a  single  oral  dose
administered  via  stomach  intubation.  Furthermore,  a  6-month
chronic  toxicity  study  on  female  B6C3F1  mice  revealed  that
administering GSE at doses of 100, 250, or 500 mg/(kg·day) is safe,
with no treatment-related mortality and no significant changes in
body weight or physical appearance[144].

In another 90-day oral  toxicity study,  administration of water-
extracted GSE containing less than 5.5% catechin monomers to 4
groups  of  rats  (20  rats  per  sex  per  group)  at  dosages  of  0,  0.5%,
1.0%,  or  2.0%  resulted  in  no  clinical  symptoms  of  toxicity  or
weight  loss[145].  Also,  Bentivegna  and  Whitney[146] revealed  that  a
diet containing 2.5% GSE produced no apparent adverse effects in
rats,  including  no  ocular  abnormalities  or  histological  results
indicating toxicity, thereby validating GSE’s safety and tolerance in
experimental  animal models.  Furthermore,  the acute oral  toxicity
of  GSE  was  assessed  in  a  litmus  test  using  female  Wistar  rats.
When GSE was delivered orally via stomach intubation, the LD50
exceeded 5,000 mg/kg. Furthermore, no toxicological effects were
reported  in  rats  14  days  after  dosage,  and  no  gross  lesions  were
found after necropsy[147].

Comparably  adult  male  ICR  (CD-I)  mice  given  100  mg/kg
bodyweight  GSE  by  gavage  for  7−10  days  were  found  to  have

multiorgan  protection  against  drug- and  chemical-induced
toxicity, with no significant changes in serum creatine kinase and
ALT  activity,  blood  urea  nitrogen  level,  DNA  fragmentation,  or
organ  histopathology  compared  to  the  saline  control  groups[148].
Furthermore,  when  GSPE  was  injected  once  dermally  for  24  h
into the clipped, unbroken skin of five male and five female albino
rats, the LD50 was greater than 2,000 mg/kg body weight. During
the  study,  no  fatalities,  weight  changes,  or  gross  necropsies  were
recorded[149].

 4.9    Industrial applications

 4.9.1    Application in food

Lipid peroxidation is a key cause of food product deterioration
during  processing  and  storage.  Antioxidants  have  been  added  to
food goods to extend their shelf life. Because of their carcinogenic
and  poisonous  effects,  synthetic  antioxidants  such  as  tertiary
butylhydroquinone  (TBHQ),  butylated  hydroxyanisole  (BHA),
and  butylated  hydroxytoluene  (BHT)  have  been  barred  from
usage in food items. As a result,  in recent years,  there has been a
surge in interest in natural antioxidants, particularly those derived
from fruits.

Grape  seeds  can  also  be  used  to  preserve  food  goods.  For
example,  GSEs  have  been utilized as  a  food additive  in  Japan[143].
Jayaprakasha et  al.[150] found  that  GSEs  effectively  reduced
potassium  ferricyanide  at  500  µg/L  concentrations.  In  addition,
GSEs  demonstrated  65%−90%  antioxidant  activity  at  100  ppm.
GSEs  have  been  tested  for  their  antioxidative  properties  in  meat
products[151, 152].  Ahn et  al.[151] found  that  adding  GSEs  increased
oxidative  stability  and reduced  hexanal  concentrations  in  cooked
ground  beef  by  97%  after  three  days  of  refrigerated  storage
compared  to  the  control  without  antioxidants.  Lau  and  King[152]

found similar improvements in oxidative stability in turkey patties.
Furthermore, Lau and King[152] showed that adding GSEs at 1.0%
and  2.0%  to  turkey  patties  reduced  thiobarbituric  acid  reactive
substances (TBARS) readings by approximately tenfold compared
to the control.

GSEs  applied  to  turkey  patties  were  likewise  found  to  have  a
wine  aroma  and  a  slightly  bitter  aftertaste[152].  In  a  study  that
investigated the effect of four different concentrations of GSEs (i.e.,
0.0, 0.4, 0.8, and 1.6 g/kg) on cooked turkey breast meat, Mielnik
et  al.[153] found  that  adding  GSEs  before  cooking  significantly
improved the lipid stability of turkey breast meat during cooking
and  chill  storage.  Mielnik et  al.[153] also  showed  that  the
effectiveness  of  GSE  in  preventing  oxidation  increased  as  the
antioxidant concentration increased from 0.4 g/kg to 1.6 g/kg. As
a  result,  it  is  proposed  that  GSEs  can  be  an  extremely  effective
antioxidant  in  reducing  lipid  oxidation  of  cooked  turkey  meat
during cool storage. Likewise, Brannan[154] found that adding GSEs
to  ground  chicken  during  refrigerated  storage  reduced  lipid
oxidation indicators and sensory scores for key features.

Brannan  and  Mah[155] found  that  0.1%  GSE  was  efficient  at
inhibiting  the  production  of  primary  (e.g.,  hexanal  and  lipid
hydroperoxides) and secondary oxidation products (e.g.,  TBARS)
in  both  raw  and  cooked  beef  systems  during  refrigerated  and
frozen  storage.  GSEs’ in  vivo antioxidant  action  is  thought  to
involve  the  suppression  of  nitrositive  stress,  activation  of
enzymatic  nitric  oxide  synthesis[156],  and  oxygen  radical
scavenging[149].  Temperature  and  time-hating  conditions  can
impact  the  antioxidant  activity  of  GSEs.  Kim et  al.[157] found that
heat  treatment  significantly  increased  the  concentrations  of
caffeine and gallocatechin gallate in GSEs,  indicating that heating
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could be used to improve the antioxidant activity of GSEs. Grape
seeds’ polyphenols have antibacterial activity; therefore, they could
be included in meals to limit the growth of foodborne pathogens
such L. monocytogenes[114]. Kim et al.[158] found that replacing some
of  the  pork  fat  with  pre-emulsified  grape  seed  oil  could  improve
meat  emulsion processing.  Kokabian et  al.[159] discovered that  the
best milk fat replacement concentration of GSO for creating low-
fat  yoghurt  was  1.5%,  which  also  had  the  highest  overall
acceptance.

 4.9.2    Application in cosmetics
GSEs  are  often  used  in  cosmetic  product  compositions  as  an

anti-aging  ingredient.  This  is  because  GSEs  are  high  in
proanthocyanidins,  which  have  potent  free  radical  scavenging
activities[160]. Various products on the market contain GSE as a key
ingredient.  These  goods include tablets,  capsules,  lotions,  creams,
and so  on.  A study was  conducted to  explore  the  anti-aging and
redox  state-regulating  effects  of  GSE  and  cranberry  concentrate
(CBC).  The  study  found  that  proanthocyanidin-rich  GSE  and
CBC extracts have a promising role in anti-aging and redox state
control[161].  Other  active  constituents  of  GSE  include  phenolic
acids,  phytosterols,  flavonoids,  tocopherols,  carotenoids,
tocopherols,  and  tocotrienols,  which  have  significant  antioxidant
activity and can help with skin health[162].

Nowadays,  aquaculture  is  a  field  in  great  development  and
needs  to  become  more  sustainable  day  by  day,  facing  out  the
aquaculture  paradox  (fishing  ocean  fish  to  produce  fish  meal  for
reared  fish).  Quagliardi et  al.[163] review  showed  that  agricultural
wastes, as grape by-products (grape seed and grape pomace), are a
valid  source  for  a  new  high-quality  and  resilient  aquaculture.
Grape by-products demonstrate to be precious phytonutrients that
could  be  added  to  fish  feed  to  implement  growing  performance
and fish health during rearing conditions.

 5    Conclusion and future perspectives
Research has demonstrated that grapes and their derivatives are

abundant  in  naturally  occurring  bioactive  compounds  that
provide  a  range  of  pharmacological  attributes,  such  as  anti-
inflammatory,  anti-tumor,  neuroprotective,  lipid-lowering,
bacteriostatic,  and  hypotensive  effects.  Still,  numerous  distinct
components  that  are  pure  grape  seed  have  been  identified.
However,  several  studies  have  suggested  that  grape  seeds  might
exhibit  one  or  more  of  the  biological  functions  outlined  above.
Further investigation was therefore needed to verify that GSE, as a
multi-component  molecule,  possessed  biological  features  such  as
lipid-lowering,  bacteriostatic,  neuroprotective,  antioxidant,  anti-
inflammatory,  and  anticancer  effects.  This  review  demonstrates
the GSE’s significant protective and therapeutic benefits, however,
it  should  be  highlighted  that  the  current  findings  are  based  on
animal  and  laboratory  studies,  and  additional  clinical  trials  and
human-based  studies  are  required.  The  authors  advocate
conducting  clinical  trials  with  GSE  to  enhance  patients’ regular
treatments to understand the therapeutic effects. Furthermore, the
effects  of  grape  seed  on  certain  neurological  illnesses,  such  as
bipolar,  remain  uncertain.  Future  research  should  look  at  grape
seed's preventive and therapeutic benefits on other disorders.
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