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ABSTRACT
Brain aging is one of the unavoidable aspects of geriatric life. As one ages, changes such as the 
shrinking of certain parts (particularly the frontal cortex, which is vital to learning and other 
complex mental activities) of the brain may occur. Consequently, communications between neurons 
are less effective, and blood flow to the brain could also decrease. Efforts made at the biological 
level for repair become inadequate, leading to the accumulation of β-amyloid peptide in the brain 
faster than its probable degradation mechanism, resulting in cognitive malfunction. Subsequent 
clinical usage of drugs in battling related brain-aging ailments has been associated with several 
undesirable side effects. However, recent research has investigated the potential use of natural 
compounds from food in combating such occurrences. This review provides information about 
the use of Piper guineense (black pepper) as a possible agent in managing brain aging because 
of its implications for practical brain function. P. guineense contains an alkaloid (piperine) reported 
to be an antioxidant, anti-depressant, and central nervous system stimulant. This alkaloid and 
other related compounds are neuroprotective agents that reduce lipid oxidation and inhibit tangles 
in the brain tissues.

Introduction

Aging is a progressive and unavoidable biological process, 
which results in several physiological changes in the body. 
Aging may be due to programmed factors, where it is normal 
for cells to grow, develop, age, and subsequently die, or 
damage-related factors where there is accumulated internal or 
external damage to cells. Accumulated oxidative stress, 
increased nucleic acid instability, reduced metabolic efficiency, 
and hormonal imbalances are some of the molecular mecha-
nisms equally implicated in the aging process (Choi et al. 2021).

The brain also goes through an aging process due to 
pathophysiological changes throughout an individual’s lifes-
pan. Various external factors, infections, and inflammation 
of the human system lead to cellular, subcellular, and tissue 
abnormalities, resulting in adaptation of the neurons and 
neurodegeneration that culminates in the complex phenom-
enon of brain aging (Nikhra 2017). Reports have shown 
that the brain does not age regularly or uniformly. Some 
areas are more sensitive to aging than others, especially the 
prefrontal areas (Wahl et  al. 2019). It has been reported 
that at least about 10% decrease in brain weight occurs in 
men and women as they age between 25 and 75 years (Wang 
et  al. 2013), due to overall reduction in brain volume caused 
mainly by gray matter shrinkage, especially in the hippo-
campus and prefrontal cortex (Wahl et  al. 2019).

A study has shown that as the brain ages, abnormal 
protein assembly, and abnormal lysosomes occur more fre-
quently, indicating the presence of amyloid plaques, and 
neuronal loss (Wyss-Coray 2016). Some other subcellular 
structures with cross-linked proteins, lipids, and carbohy-
drates accumulate either in extracellular space or inside glial 
cells or neuronal cells apart from the classic protein deposits 
in the aging brain (Safaiyan et  al. 2016). The effect of these 
abnormalities in the pathophysiology of neurodegenerative 
diseases is not apparent. A study has shown that the accu-
mulation of proteins due to their over-expression resulted 
in the progression of Alzheimer’s disease in genetically 
manipulated transgenic mice (Wyss-Coray 2016). Granules 
formed in response to stress have also been implicated in 
amyotrophic lateral sclerosis (ALS) and frontotemporal 
dementia (Ash et  al. 2014).

These aging processes have been discovered to accompany 
other cognitive and behavioral changes (Laks and Engelhardt 
2010). Aging-related cognitive decline varies in different indi-
viduals. Depending on lifestyles (exercise, diet, alcohol intake, 
etc.) (Peters 2006), environmental factors (Mattson and 
Arumugam 2018), education, and other intellectually stimu-
lating activities that could affect the brain cells growth and 
regeneration (Nikhra 2017). With the increasing proportion 
of the aged population (people over 60 years) projected to 
double by 2050 (World Health Organization 2018), there is 
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Figure 1.  Paths of brain aging (Adapted from Mattson and Arumugam 2018; UCDavis).

a need to study interventions that can delay the onset of 
brain aging-related diseases. This will ensure the quality of 
life of the aged and reduce the burden associated with these 
diseases (Mattson and Arumugam 2018; Wahl et  al. 2019).

Piper guineense (black pepper) is a known species of the 
Piperaceae family grown in Africa and other parts of the 
world, majorly for its culinary purpose. The fruit (pepper) is 
one of the most used spices around the globe. It possesses a 
pungent aromatic smell making it suitable as a flavoring and 
seasoning agent in food. Apart from its use in culinary prepa-
rations, it has found application for medicinal, cosmetics, and 
insecticidal purposes (Anyanwu and Nwosu 2014; Ogbunugafor, 
Ugochukwu, and Kyrian-Ogbonna 2017). P. guineense has high 
nutritional qualities and is rich in vitamins and minerals 
(Ezenobi, Amaku, and Agbidi 2016; Imo et  al. 2018). Studies 
have shown that the plant possesses antioxidant, anticonvul-
sant, anti-inflammatory, and neuropharmacological activities 
(Oyemitan et al. 2015; Salehi et al. 2019). Reports have shown 
that bioactive compounds in P. guineense, such as piperine, 
phenolic acids, and antioxidants, can alleviate oxidative stress 
and improve memory deficit (Mirmosayyeb et  al. 2017; 
Oyemitan et  al. 2015 Butt et  al. 2013).

According to Aluko (2021), synthetic drugs are also avail-
able for the treatment of brain aging-related diseases. 
However, studies have shown that the clinical usage of these 
drugs causes several undesirable side effects such as nausea, 
cramps, decreased appetite, and bradycardia. Since 
food-derived compounds may be better metabolized and 
tolerated by the human system (Aluko 2021), there is a 
need to investigate the potential use of food-related options, 
such as P. guineense, for brain-aging management.

Mechanisms involved in brain aging and 
associated diseases

The brain ages biologically via cellular and molecular mech-
anisms. These include inflammation, dysregulated energy 
metabolism, mitochondrial dysfunction, dysregulated neu-
ronal Ca2+ handling, and so on (Mattson and Arumugam 
2018). When the body tries removing pathogens, foreign 
bodies, and damaged cells that result from acute cellular 

stress or aging, it experiences some low level of chronic 
inflammation. These inflammatory responses cause oxidative 
damage that brings about pathological changes (such as a 
decrease in some neuronal populations, dendritic spines, 
presynaptic markers, and cortical volume), resulting in cog-
nitive impairment, and memory loss (Chinta et  al. 2015).

However, biological aging might not progress as fast as 
chronological aging due to environmental factors such as 
diet, exercise, emotional trauma, chemical exposure, and so 
on. Traumatic brain injury (TBI) or emotional trauma expe-
rienced earlier in life could cause late-life cognitive impair-
ment (Dams-O’Connor et  al. 2016). A report has it that 
sport-related TBI has been associated with a higher risk of 
several neurodegenerative diseases such as Alzheimer’s dis-
ease (AD), multiple sclerosis, and Parkinson’s disease 
(Esopenko and Levine 2015). The accumulation of environ-
mental pollutants and chemicals in the body system has 
also been found to cause cognitive decline (Grossman 2014) 
linked to symptoms such as anxiety, tension, hostility, and 
depression. For instance, occupational exposure to lead (Pb) 
induces oxidative stress, mitochondrial damage, neural apop-
tosis, and hippocampal changes (Fenga et  al. 2016). While 
exposure to cadmium (Cd) hinder the release of acetylcho-
line (Ach), thereby inhibiting synaptic neurotransmission in 
such individual (Wang and Du 2013).

A schematic diagram in Figure 1 theoretically describes 
the biological aging and the hallmarks of the aging brain. 
In simple terms, a healthy person is at higher risk of cog-
nitive impairment and brain diseases with increasing age 
and might eventually reach a threshold where symptoms 
will appear. Cognitive decline and neurodegenerative diseases 
associated with brain aging include mild cognitive impair-
ment, anxiety, depression, Alzheimer’s, and Parkinson’s dis-
ease, with dementia being the endpoint to most age-related 
neuropathologies. The subsequent subsections discussed 
these brain-aging diseases.

Alzheimer’s disease and brain aging

The fifth leading cause of death due to brain aging among 
the geriatric population is Alzheimer’s disease. It accounts 
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for about 80% of dementia cases in persons over 65 years 
(Alzheimer’s Association 2020). Alzheimer’s disease is a neu-
rodegenerative disorder clinically characterized by progres-
sive loss of memory, cognitive function, and adverse 
behavioral changes (Adewusi and Steenkamp 2011). It has 
become a significant public health concern since about 25 
million people have been estimated to be suffering from 
the disease worldwide, and over 5 million new cases are 
reported annually (Tobore 2019).

Several cellular and molecular abnormalities have been 
associated with the pathophysiology of AD (Figure 2). A 
disruption in neuronal connection causing massive loss of 
neurons throughout the brain is a common feature of 
Alzheimer’s disease. The β-amyloid peptide is a product of 
the segmental cleavage of amyloid-β protein precursor 
(AβPP), its accumulation in the brain forms plaques that 
further cause neuropathological lesions. Another abnormality 
observed is the hyperphosphorylation of tau protein which 
is a vital component of neurofibrillary tangles (Hritcu et  al. 
2015). However, one majorly reported feature responsible 
for memory deficits in Alzheimer’s disease is synaptic dys-
function, and this coincides with the onset of memory loss 
in a mouse model (Rudy et  al. 2015). A dysregulation of 
excitatory glutamatergic neurotransmitters by soluble 
amyloid-β peptides causes synaptic alterations and tau phos-
phorylation (Rudy et  al. 2015).

Ca2+ is a ubiquitous intracellular messenger that helps to 
regulate several physiological functions. Dysregulation in 
Ca2+ homeostasis has been implicated in many molecular 
alterations observed in Alzheimer’s disease, such as synaptic 
loss, mitochondrial dysfunction, oxidative stress, inflamma-
tion, aggregation of β-amyloid peptide, and neuronal death 
(Magi et  al. 2016). Several reports have stated that oxidative 
stress is critical in β-amyloid induced neurotoxicity and 
pathogenesis of Alzheimer’s disease (Butterfield and 
Boyd-Kimball 2018; Cai, Zhao, and Ratka 2011; Cheignon 
et  al. 2018; Montiel et  al. 2006; Zhao and Zhao 2013). This 

is because free radicals lead to increased levels of protein 
oxidation, lipid peroxidation, and oxidative damage to the 
mitochondria due to the ability of the β-amyloid peptide 
to act as pro-oxidant. Thus clearly leading to rapid down-
ward spiraling into Alzheimer’s disease (Martorell et  al. 
2013). People with Alzheimer’s disease exhibit emotional 
instabilities like phobia, anxiety, and psychiatric symptoms 
in conjunction with cognitive decline. This emotional behav-
ior can be attributed to the amygdala, a part of the temporal 
lobe affected by β-amyloid at the early stage of Alzheimer’s 
disease (Hritcu et  al. 2015).

Parkinson’s disease and brain aging

Parkinson’s disease is the second most common cause of 
motor disability in geriatrics after stroke, affecting about 
6.3 million worldwide (Doria et  al. 2016). The pathophys-
iology of the disease is shown in Figure 3. It is clinically 
characterized by movement disorders such as resting tremor, 
rigidity, and bradykinesia, with postural instability occurring 
later (Doria et  al. 2016; Kouli, Torsney, and Kuan 2018). 
This disorder in movement has been linked to the loss of 
dopaminergic neurons that secrete dopamine, a neuromod-
ulator vital in controlling the ease and balance of movement 
(Chang and Chen 2020) and helping in processing cortical 
information carried by the glutamatergic synapses 
(Benazzouz et  al. 2014). Evidence has shown that a cascade 
of events brought about by oxidative damage and mito-
chondrial dysfunction are factors that lead to the degener-
ation of these dopaminergic neurons (Dias, Junn, and 
Mouradian 2013). The increased level of oxidative stress 
and loss of dopaminergic neurons in Parkinson’s disease 
has also been associated with high metals (Fe and Ca) in 
the substantia nigra (Chang and Chen 2020). These metals 
though necessary for the synthesis and action of dopamine, 
have been found to react with superoxide ion (O2

−) and 

Figure 2.  Hypothesis for the pathophysiology of Alzheimer’s disease (Adapted from Kumar Thakur et  al. 2018).
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hydrogen peroxide radicals (H2O2) to generate the hydroxyl 
radical (OH−), which is toxic to the neurons when their 
concentration is more than required (Chang and Chen 2020).

In another report, apart from the loss of dopaminergic 
neurons in the substantia nigra pars compacta, the loss or 
degeneration of serotonergic, noradrenergic, cholinergic, and 
glutamatergic neurons is a feature in the pathology of 
Parkinson’s disease (Ztaou and Amalric 2019). Other 
non-motor features of Parkinson’s disease include disturbed 
sleep, hyposmia, dysautonomia, psychiatric, and behavioral 
troubles. These often precede the motor features by decades 
and are quite challenging to diagnose. It has also been 
shown that Parkinson’s disease may start from the peripheral 
autonomous nervous system or the olfactory bulbs before 
spreading to the central nervous system and then affecting 
the substantia nigra (Postuma et  al. 2012).

Anxiety, depression, and brain aging

Anxiety and depression are the most significant cause of 
disability of all neuropsychiatric disorders among the geri-
atric population. They are life-threatening with symptoms 
such as low mood and anhedonia (Sibille 2013). Anxiety/
depression contributes to cognitive decline, especially in AD 
patients (Wuwongse, Chang, and Law 2010). Anxiety is rifer 
in persons with dementia than in those without dementia. 
It is associated with poor quality of life, behavioral problems, 
limitations in activities of daily living, sleep disorders, and 
ineffective neuropsychological performance, even after con-
trolling for depression (Kwak, Yang, and Koo 2017). Chronic 

stress, inflammation, and metabolic syndrome also contrib-
ute to or cause depression (Sibille 2013). Some changes in 
gene expression with age could equally promote neurological 
and neuropsychiatric disorders, depression inclusive. For 
instance, suppressing genes coding for some neuropeptides 
during aging could lead to the downregulation of such neu-
ropeptides, thus increasing susceptibility to neurodegenera-
tive and neuropsychiatric disorders (Rakofsky, Ressler, and 
Dunlop 2012).

Reports have also shown that depression increases the 
risk of morbidities such as stroke, cognitive impairment, 
cerebrovascular and cardiovascular diseases, and death 
(Buigues et  al. 2015; Penninx 2017; Taylor, Aizenstein, and 
Alexopoulos 2013). Several psychosocial (unemployment, 
divorce/widowhood, and social isolation) and medical prob-
lems have been signified as stressors causing inflammatory 
responses, suppressed neurogenesis, or increased oxidative 
stress, which may lead to depression, thus triggering low 
mood anhedonia (Alexopoulos 2019).

Neurodegenerative diseases are usually not curable but 
can be managed or their progression delayed. Most drugs, 
such as levodopa, ropinirole (dopaminergic), used in the 
treatment of Parkinson’s disease and other motor disorders 
(Lee 2019); donepezil, galantamine (cholinesterase inhibi-
tors), used in the treatment of cognitive disorders (Hogan 
et  al. 2008); and antipsychotic drugs (chlorpromazine, hal-
operidol, aripiprazole, and benzodiazepines), used for the 
management of behavioral and psychological disorders 
(Tifratene et  al. 2017) are symptomatic (Chen and Pan 
2015). These drugs have been associated with several unde-
sirable side effects, including decreased heart rate, decreased 

Figure 3. S chematic diagram showing the different factors in play in the pathophysiology of Parkinson’s disease (Adapted from Farooqui and Farooqui 2011).



2844 O. H. ADEMUYIWA ET AL.

appetite, and loss of weight (Aluko 2021). Hence, the direc-
tion has been shifted toward the use of some foods with 
acclaimed anti-neurodegenerative properties to prevent and 
manage these geriatric brain aging conditions. One such 
acclaimed food/plant is P. guineense (African black pepper) 
(Salehi et  al. 2019).

Piper guineense and its role in managing brain 
aging

Piper guineense (Figure 4a), also known as African black 
pepper, uziza in South-Eastern Nigeria, iyere in South-Western 
Nigeria, and Ashanti pepper in Ghana, is a plant from the 
family Piperaceae and genus Piper. Some of the phytochem-
ical constituents in P. guineense that are majorly responsible 
for anti-brain aging effects are the massive amount of poly-
phenols, flavonoids, alkaloid “piperine,” and related com-
pounds (Figure 4b) (Isikhuemen, Ogbomwan, and Efenudu 
2020; Luca et  al. 2021; Sulaimon et  al. 2020). The phyto-
chemical compounds present in P. guineense and other Piper 
spp. and the amount of extracted piperine content with their 
analytical extraction methods are summarized in Table 1.

Piper guineense role in managing Alzheimer’s disease

Research has proven that the methanolic extract of Piper 
suggestively improves spatial working memory. It attenuates 
the effect of oxidative stress caused by amyloid-β-induced 
neurotoxicity by inhibiting lipid peroxidation, protein, and 
DNA oxidation in the brain. It also modulates the activity 
of antioxidant enzymes superoxide dismutase and catalase 
in the rats’ hippocampus (Hritcu et  al., 2014). The essential 
oil of P. guineense inhibited acetylcholine esterase (AChE) 
activity, thereby improving cholinergic functions in the 
scopolamine-induced rat model of Alzheimer’s disease. It 
inhibits lipid peroxidation and protein oxidation, thus pre-
serving membrane integrity. It also reverses the effect of 

oxidative stress brought on by the administration of sco-
polamine by increasing the levels of endogenous antioxidant 
enzymes (superoxide dismutase, glutathione peroxidase, and 
catalase) in the brain, which is usually depleted in AD 
patients (Rajashri et  al. 2020).

The antineurodegenerative activity of Piper guineense and 
most Piper spp. has mostly been linked to the alkaloid pip-
erine. Piperine exhibited high antioxidant properties by 
reducing oxidative stress in the experimentally induced AD 
model (Mirmosayyeb et  al. 2017). Its antioxidant and anti-
cholinergic effect reversed neuroinflammation and restored 

Figure 4.  (a). P. guineense fresh leaves, ripened bunches of fruits and dried 
fruits (black pepper) (Imo et  al. 2018; Oyemitan, Kolawole, and Oyedeji 2014). 
(b) Structure of piperine and other naturally occurring phytochemicals in P. 
guineense.

Table 1.  Phytochemical compounds and extracted piperine content of Piper spp.

Piper spp. (plant part) Compounds Analytical instrument References

Piper guineense (fresh 
leaves)

Flavonoid, alkaloid, saponin, tannin, and phenol Spectrophotometry (Amadioha and Chidi 2019)

Piper spp. (fruits) Piperamides (such as Piperolactam C, Piperlongumine, 
Piperyline, Piperanine, Piperine, Piperdardine, Piperettines, 
Pellitorine, Pipercallosine, Neopellitorine B, Guineensine, 
Piperchabamide C, and so on)

LC-DAD (Luca et  al. 2021)

Piper guineense (leaves) Piperine, Piperidine GC-MS (Sulaimon et  al. 2020)
Piper guineense and Piper 

umbellatum Linn. (leaves 
and stem)

Alkaloids, saponins, flavonoids, phenolics, tannins Spectrophotometry (Isikhuemen, Ogbomwan, 
and Efenudu 2020)

Piper nigrum L. pericap Flavonoids, phenolics, monoterpene, primary sesquiterpenes Spectrophotometry (Lee et  al. 2020)
Piper spp. (plant part) Recovered amount of piperine Analytical instrument Reference
P. nigrum (black and white 

fruits)
2.5–4.5 % HPLC (Rahman Khan et  al. 2017)

P. nigrum (pericarp) 2352.19 mg/100 g HPLC (Lee et  al. 2020)
P. retrofractum (fruit) 19.1–18.5 % HPLC (Cahyono et  al. 2019)
P. nigrum (fruit) 90.14–96.15 % Spectrophotometry (Raman and Gaikar 2002)
P. borbonense, P. nigrum,  

P. guineense, P. cubeba 
and P. longum

1.01–274.86 mg/g LC-DAD (Luca et  al. 2021)

*GC-MS, Gas chromatography mass spectrometry; HPLC, High performance liquid chromatography; LC-DAD, liquid chromatography–diode array detector.
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abnormal neurotransmission sporadic Alzheimer’s disease 
mice (Wang et  al. 2019). The therapeutic use of piperine 
restores monoamine neurotransmission, thus alleviate cog-
nitive impairment and slow the progression of Alzheimer’s 
disease (Wang et  al. 2019). Piperine can attenuate the 
increase in lipid peroxidation and AChE activity 
(Mirmosayyeb et  al. 2017) and has been shown to reduce 
brain levels of AChE, which is connected to improvements 
in memory functions (Aluko 2021). It also exerts an 
anti-inflammatory effect in attenuating cerebral ischemic 
damage by modulating nuclear factor-kappa β (NF-κβ) 
(Vaibhav et  al. 2012). Piperine enhanced cognitive function 
by inhibiting cytotoxicity and the activity of AChE in the 
hippocampus of the AF64A-induced AD mouse model. 
Piperine increased neuron density in the hippocampus due 
to its neurotrophic activity, thus improving spatial memory 
and cognitive function (Chonpathompikunlert et  al., 2010).

Piperine can be effective either singly or in combination 
with other vallinoids or orthodox drugs. The combinative 
use of piperine with curcumin could inhibit AChE and 
prevent amyloid-β aggregation more effectively than when 
used singly (Abdul Manap et  al., 2019). Piperine, either used 
singly or combined with donepezil (choline esterase inhib-
itor), attenuates behavioral impairment, severe oxidative 
stress, and hippocampal neurotransmission deficit caused 
by intracerebroventricular (ICV) infusion of streptozocin 
(STZ) in the rat model of Alzheimer’s disease (Nazifi et  al. 
2021). It also reduced the levels of malondialdehyde and 
nitrites while increasing ferric activity, reducing antioxidant 
power in the hippocampal tissues. The administration of 
piperine was found to be more effective on the efficacy of 
synaptic plasticity than the medication donepezil (Nazifi 
et  al. 2021).

Piper guineense role in managing depression and 
anxiety

Depression is one debilitating neuropsychiatric condition 
with increased mortality and morbidity that also affects the 
aged. Some clinical interventions for this condition are 
anti-depressants such as imipramine, citalopram most of 
which come with numerous side effects. However, several 
reports have shown that P. guineense and its alkaloid pip-
erine is a potential anti-depressant. The study of Tankam 
and Ito (2013) demonstrated that inhalation of the essential 
oil of P. guineense produced an anti-aggressive and 
anti-depressant effect in mice due to the presence of linalool 
and 3,5-dimethoxytoluene in the oil. This suggests that the 
oil exerts its anti-depressant effect via post-synaptic inhibi-
tion of γ-aminobutyric acid (GABA) through allosteric mod-
ification GABAA receptors (Tankam and Ito 2013). Linalool 
is the essential oil of P. guineense that produces an 
anti-depressant effect similar to the anti-depressant drug 
fluoxetine (dos Santos et  al. 2018). It interferes with anhe-
donia behavior in rats by significantly reducing the time 
taken to begin self-cleansing after the splash test, as reluc-
tance in care of oneself or lack of enjoyment in pleasurable 
activities is one of the symptoms of depression. The 

anti-depressant effect of linalool from P. guineense occurs 
via its interaction with the serotonergic route through 
post-synaptic serotonin 1A (5-HT1A) receptors and the 
adrenergic system through α2 receptors (dos Santos 
et  al. 2018).

Piperine from the methanolic extract of Piper spp. has 
been reported to have an inhibitory effect on monoamine 
oxidase activity and increase the levels of monoamine trans-
porter, a combination of these effects produce anti-depressant 
activity in a mouse model of behavioral despair (Hritcu 
et  al. 2015). Likewise, piperine can act as an anti-depressant 
via up-regulation of hippocampal progenitor cell prolifera-
tion and mediation of brain-derived neurotrophic factor 
(BDNF) signaling in mice exposed to chronic stress (Hritcu 
et  al. 2015; Mao et  al. 2014a). Piperine inhibits inducible 
nitric oxide synthase (iNOS) mRNA expression in immo-
bilized stress-induced depressed mice. This is because clin-
ical examinations have shown that depressed patients usually 
show elevated plasma nitrate levels with increased expression 
of nitric oxide synthase in their hippocampus (Harshita 
et  al. 2015). Khom et  al. (2013) report demonstrated pip-
erine anti-depressant effect in rodents by modulating 
ϒ-aminobutyric acid (GABA) type A receptors.

Furthermore, piperine possesses antioxidant activity to 
restore the specific activity of antioxidant enzymes such as 
superoxide dismutase, catalase, and glutathione peroxidase 
in the amygdala homogenates of Aβ (1-42) treated rats 
(Hritcu et  al. 2015). This antioxidant effect is vital as the 
report has shown that increased oxidative stress in the hypo-
thalamus and amygdala can alter fear-related circuits in the 
brain, affecting behavioral regulation and anxiety develop-
ment (Hritcu et  al. 2015). Piperine regulates the serotonergic 
s y s te m  and  i n h ibi t s  ox i d at ive  s t re ss  and 
hypothalamic-pituitary-adrenal (HPA)-axis hyperactivity 
(Mao et  al. 2014b). The report also suggests that the admin-
istrat ion of  piperine reversed the ef fect  of 
corticosterone-induced depression by increasing the expres-
sion of BDNF protein and mRNA levels in the hippocampus 
of mice. It also protects against neurotoxicity induced by 
corticosterone in rat pheochromocytoma (PC12) cells via 
inhibition of oxidative stress and upregulation of BDNF 
mRNA levels (Mao et  al. 2014b).

Piperine acts in combination with other compounds, 
especially polyphenols, as an anti-depressant with improved 
efficacy. The study of Huang et  al. (2013) revealed that 
piperine used in combination with trans-resveratrol (a stil-
bene found in wine or grapes) produced a far more favor-
able anti-depressant effect than when either compound is 
used singly. The synergism of these two compounds brought 
about an increase in monoamine neurotransmitters, espe-
cially 5-hydroxytryptamine (5-HT) and norepinephrine, via 
the inhibition of monoamine oxidase-A activity. Piperine 
enhances the bioavailability of trans-resveratrol and aids its 
absorption while exerting its anti-depressant effect (Huang 
et  al. 2013). Likewise, piperine administered in combination 
with ferulic acid was more effective as an anti-depressant 
since the two compounds work synergistically by increasing 
monoamine neurotransmitters 5-hydroxytryptamine, norepi-
nephrine, and dopamine in the brain regions relevant to 
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emotional disorders (hypothalamus, hippocampus, and fron-
tal cortex) (Li et  al. 2015). Piperine acts as a bio-enhancer 
of ferulic acid and decreases its metabolism by inhibiting 
hepatic and intestinal glucuronidation. The combination of 
piperine and ferulic acid exerts an anti-depressant effect via 
potentiation of the serotonergic and noradrenergic systems. 
This combination also modulates the dopaminergic function 
as it influences the synthesis or metabolism of dopamine. 
It also inhibits the activity of monoamine oxidase-A in the 
hypothalamus (Li et  al. 2015).

Piper guineense role in managing Parkinson’s disease

Parkinson’s disease (PD) is another neurodegenerative dis-
ease clinically characterized by tremor at rest, rigidity, bra-
dykinesia, postural instability, which sometimes occur due 
to autonomic factors (Correia et al. 2015). Neuroinflammation 
and oxidative stress are some of the underlying causes of 
damage to dopaminergic neurons in the brain (Kouti et  al. 
2013), with an increase in pro-inflammatory cytokines tumor 
necrosis factor-alpha (TNF-α), interleukin 1β (IL-1β), and 
interleukin 6 (IL-6) occurring in the substantia nigra and 
putamen during the progression of Parkinson’s disease 
(Correia et  al. 2015). Piperine, however, attenuates degen-
eration of dopaminergic neurons in substantia nigra pars 
compacta and depletion of dopamine and its metabolite in 
nigrostriatal progression (Correia et  al. 2015). It reverses 
almost entirely apomorphine-induced rotational behavior in 
6-hydroxydopamine (6-OHDA) lesion-treated rats while 
decreasing locomotor activity (Correia et  al. 2015).

Piperine protects the striatum from lipid peroxidation by 
increasing the levels of glutathione. It also exerts an 
anti-inflammatory effect by inhibiting the release of cyto-
chrome C from the mitochondria and caspase 3 and 9. And 

inhibits the synthesis of inflammatory markers tumor necro-
sis factor-alpha (TNF-α) and interleukin 1β (IL-1β) in the 
6-OHDA rat model of Parkinson’s disease (Correia et  al. 
2015). The study of Shrivastava et  al. (2013) revealed that 
piperine inhibits apoptosis and inflammation in 6-OHDA 
induced rat model of Parkinson’s disease. It acts by reducing 
the production of thiobarbituric acid reactive substances 
(TBARS), inhibits the mediator of apoptosis poly 
(ADP-ribose) polymerase (PARP), cytochrome C, caspase-3, 
and caspase-9, and increase glutathione levels (Shrivastava 
et  al. 2013). Furthermore, piperine exerts a neuroprotective 
effect in 1 methyl-4-phenyl-1,2,3,6-tetrahydropyridine 
(MPTP) induced rat model of Parkinson’s disease via its 
antioxidant, anti-inflammatory, and anti-apoptotic activities, 
by alleviating fall latency (Yang et  al. 2015). It also protects 
against oxidative damage to neuronal lipids, proteins, and 
nucleic acids by increasing the antioxidant enzymes super-
oxide dismutase and reducing lipid peroxidation (Yang 
et  al. 2015).

Piperine replenishes the enzyme tyrosine hydroxylase 
involved in the dopamine synthesis in the substantia nigra 
and striatum, which was depleted in rotenone-induced 
Parkinson’s disease rats, thereby mitigating against the loss 
of dopaminergic neurons and decrease in dopamine (Liu 
et  al. 2016). It also helps activate autophagy by inhibiting 
the AKT-mTORC1 signaling pathway, therefore protecting 
SK-N-SH (neuroblastoma) cells and primary neurons against 
mitochondrial damage as impairment in autophagy has been 
impaired reported in patients with Parkinson disease (Liu 
et  al. 2016). In another report, the combinative use of pip-
erine with quercetin alleviates behavioral deficits in the 
rotenone-iron induced rat model of Parkinson’s disease. This 
combination restores the levels of neurotransmitters (nor-
epinephrine, dopamine, and serotonin (5-HT)), reduces oxi-
dative damage (malondialdehyde and nitrite levels) while 

Table 2. N europrotective potential of some components of Piper guineense.

Compounds in  
P. guineense Functional role in brain health Mechanisms References

Piperine Anti-depressant (ameliorate chronic mild 
stress)

Neuroprotection (improve motor 
coordination and balance behavior)
Anti-inflammatory (control inflammatory 
biomarkers)
 
Anti-apoptosis
 
Enhance cholinergic activity

Upregulate progenitor cell proliferation of 
hippocampus and cytoprotective activities;
reduce in serum levels of adrenocorticotropic 
hormone (ACTH) and corticotropin-releasing 
hormone (CRH)
Reduce production of TBARS

Inhibit the production of cytokines following the 
inhibition of microglial activation in 6-OHDA induced 
PD.
Inhibit the activation of apoptosis by inhibiting the 
execution of caspase-9 and caspase-3.
Increase acetylcholine by preventing the 
accumulation of β-amyloid or inhibiting the AChE 
and tangle contents in the brain tissues.

(Li et  al. 2007);

(Hu et  al. 2009)

(Butt et  al. 2013)
 
(Butt et  al. 2013)

(Shrivastava et  al. 2013)

(Shrivastava et  al. 2013)

Antioxidant Neuroprotection (improve brain function) Reduce production of TBARS, lipid peroxidation, and 
protein 
oxidation.
Inhibit β-amyloid self-induced aggregation

(Yusuf et  al. 2013)
(Butt et  al. 2013)
(Hritcu et  al. 2015)
(Tu et  al. 2016)

Essential oil Anti-depressant
 
 
 
Mild tranquilizer (relieve anxiety)

Interact with the serotonergic route through 
post-synaptic 5-
16HT1A receptors and the adrenergic system 
through α2-receptors.
Inhibit glutamatergic transmission in the central 
nervous system

(dos Santos et  al. 2018)

(Tankam and Ito 2013)



Critical Reviews in Food Science and Nutrition 2847

increasing the level of glutathione (Sharma, Raj, and 
Singh 2020).

West African black pepper (Piper guineense) and its 
chemical compounds perform a huge role in brain health, 
including those summarized in Table 2. Piperine promotes 
the absorption of therapeutically essential nutrients, and 
drugs (Haq et  al. 2021) in the prevention and management 
of brain-aging diseases amount geriatrics.

Conclusion and future recommendation

The effect of brain aging in the geriatric population cannot 
be over-emphasized with the increasing population of geri-
atrics due to better health care facilities and social services, 
which have increased life expectancy worldwide. Several 
clinical drugs have improved mental health among this pop-
ulation but have shown undesirable side effects. In exploring 
natural alternatives to improve the quality of life of older 
people, P. guineense is a very excellent plant material for 
this purpose. Piperine, phenolics, and essential oil of P. 
guineense are neuroprotective agents, which the geriatric 
system may better tolerate in different forms. However, there 
is a need for further research to illuminate the extent to 
which consuming piper spp. can prevent or manage 
brain-aging disease among this populace.
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