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A b s t r a c t

For thousands of years, humankind has used plants for therapeutics. Nowadays, there is a renewed public interest in 
naturally occurring treatments with minimal toxicity and diets related to health. Alterations in hippocampal neuro-
genesis have been recognized as an integral part of brain ischemia. Neuronal stem/progenitor cells in the hippocam-
pus are positively and negatively regulated by intrinsic and extrinsic agents. One positive regulator of neurogenesis 
in the hippocampus is curcumin in the diet. This review provides an assessment of the current state of the field in 
hippocampal neurogenesis and neuroprotection studies in brain ischemia and focuses on the role of curcumin in 
the diet. Data suggest that dietary intake of curcumin enhances neurogenesis. Recent studies performed in ische- 
mic models have suggested that curcumin also has neuroprotective features. One potential mechanism to explain 
several of the general health benefits associated with curcumin is that it may prevent ageing-associated changes 
in cellular proteins that lead to protein insolubility and aggregation after ischemia such as β-amyloid peptide and 
tau protein. Here, we also review the evidence from ischemic models that curcumin improves cognition and health 
span by overexpression of life supporting genes and preventing or delaying the onset of neurodegenerative changes. 
Available data provide evidence that curcumin induces neurogenesis and neuroprotection and may provide a novel 
therapeutic agent for both regenerative medicine and for the treatment of neurodegenerative diseases such as pos-
tischemic brain neurodegeneration with Alzheimer phenotype.
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Introduction

Age-related disorders such as Alzheimer’s dis-
ease and brain ischemia represent a  major clini-
cal problem in developed countries [18,28,41] and 
are a  major economic burden for health care sys-
tems [15,37]. Dietary, genetic and molecular fac-
tors are important determinants in progression 
and treatment of the above diseases [1,47-51,53]. 
In developed countries ischemic stroke is a  major 
cause of physical disability, the third leading cause 
of mortality and the second most common cause 
of dementia [28,41]. In a population of 1 million peo-
ple 2.4 thousand individuals will have a stroke each 
year, of whom less than 50% will be independent 
1 year later [28]. Numerous self-governing survi-
vors have lasting physical and/or cognitive deficits 
and/or behavioral abnormalities which can affect 
family life and have a significant professional cost. 
An overarching consequence of ischemic brain injury 
is both short- and long-term cognitive deficits. These 
deficits typically occur in attention, memory, learn-
ing and higher order executive functions [3,24,29]. 
Cognitive deficits after ischemia can be attributed to 
damage to certain vulnerable brain regions includ-
ing the hippocampus [47] and temporal cortex [42], 
as well as sub-cortical white matter tracts [44,45]. 
The hippocampus, which is crucial for declarative 
memory formation, demonstrates atrophy [43,46,47]. 
Postischemic dementia is one of the main causes of 
dependency in survivors. An enormous rise in the 
occurrence and problem of postischemic dementia 
is likely to happen because of the drop in mortal-
ity following brain ischemia and ageing of popula-
tions. Finally, global hippocampal neuronal loss with 
atrophy, temporal lobe atrophy and white matter 
changes are hallmarks of postischemic dementia 
[28,50]. Even when the above factors do not lead to 
dementia by themselves, their cumulative effect can 
reach the threshold of changes required to develop 
dementia. The prevalence of postischemic demen-
tia is likely to increase in the near future because of 
better survival following brain ischemia and ageing 
of the population. Recognition of these patients is 
important because they have higher mortality, are 
frequently functionally damaged and need treat-
ment. Studies should now focus on delineation of 
the goal of postischemic cognitive decline without 
dementia, which could be a preliminary stage of pos-
tischemic dementia and is much more frequent in 
clinical practice. Brain ischemia like Alzheimer’s dis-

ease is a neuropathological condition accompanied 
by neuroinflammation and immune system changes 
[33,46,64,72]. One minute of brain ischemia is esti-
mated to destroy approximately 2 million neurons 
and 14 million synapses [57]. 

b-amyloid peptides derived from amyloid precur-
sor protein via b-secretase and g-secretase cleavage 
are characteristic for postischemic brain neurodegen-
eration in animals and humans [52,53,55]. Oxidative 
stress mediates b-amyloid peptide neurotoxicity, and 
the latter contributes to neuronal death following 
brain ischemia [52]. Along with b-amyloid peptide, 
tau protein changes in neuronal microtubules also 
contribute to the postischemic neurodegeneration 
in adult animals [68,70]. Abnormal phosphorylation 
and aggregation of tau protein lead to postischemic 
neuronal dysfunction [70]. These data provide a neu-
ropathological basis for dementia development in 
animals and patients following a  postischemic epi-
sode. Failed clearance of b-amyloid peptide result-
ing from impaired autophagy may also contribute to 
postischemic neurodegeneration [65]. 

Apolipoprotein A1, E and J can influence the 
structure, toxicity and accumulation of the b-amy-
loid peptide in the postischemic brain [52,53,55]. 
Apolipoproteins may also be involved in b-amyloid 
peptide metabolism prior to its deposition. Addi-
tive effects of apolipoproteins on b-amyloid peptide 
deposition may play an important role in regulating 
extracellular b-amyloid peptide accumulation inde-
pendent of b-amyloid peptide synthesis. The above 
data indicate that apolipoprotein A1, E and J accu-
mulation after ischemia may represent a secondary 
injury factor that could exacerbate the healing of 
ischemic neurons and the outcome [52,53]. Extra-
cellular apolipoprotein deposition was noted mainly 
following neuronal death. Transient brain ischemia 
led to changes in the presynaptic protein a-synucle-
in in the hippocampus [52,53]. Strong a-synuclein 
staining was observed in the hippocampus CA1 sec-
tor with postischemic long-term survival. Abnormal 
a-synuclein deposition might impair synaptic func-
tion, resulting in memory problems and additional 
postischemic neuronal death. Thus, the induction of 
amyloid precursor protein, apolipoproteins, prese-
nilins and other Alzheimer’s disease-related genes 
and proteins after ischemia may be the molecular 
link between Alzheimer’s disease pathways and 
ischemia-reperfusion neurodegeneration [51,53]. As 
an effect of induction of the above genes there was 
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noted long-term abnormal co-accumulation of amy-
loid precursor protein and amyloid precursor protein 
cleaving enzymes [52]. The concentration of these 
proteins may lead to amyloid precursor protein pro-
teolysis and b-amyloid peptide formation with final 
extracellular deposition as plaques [52,55]. Summing 
up, experimental data on postischemic brains show 
that Alzheimer’s disease-related changes render the 
brain more susceptible to ischemic damage and in 
consequence lead to the development of Alzheimer- 
type dementia [3,24,29].

Old age is associated with enhanced susceptibility 
to ischemic stroke and poor recovery from postische- 
mic injury, but the cellular mechanisms which trig-
ger these phenomena are only partially understood 
[30,46,52-54,68,70]. Therefore, studying the complex 
processes underlying postischemic recovery of struc-
tural and cognitive functions in individuals a  long 
time after birth is of considerable clinical impor-
tance [54]. Cognitive and morphological analysis of 
aged brain after ischemia in animals shows that: 
first, behaviorally they are more severely impaired 
and they show diminished functional recovery; sec-
ond, they have a larger amount of apoptotic neurons 
and a higher degree of cellular disintegration; third, 
macrophages and astrocytes are activated early and 
strongly in the postischemic period; fourth, the early, 
powerful proliferation of glial cells leads to the pre-
cipitous development of scar tissue, enlarged by the 
chronic deposition of neurotoxic C-terminal of amy-
loid precursor protein; and fifth, the timing of the 
regenerative genetic response and cellular capabil-
ity of the brain is altered and mechanisms are dys-
regulated and reduced, thereby additionally com-
promising functional recovery [30,44,54]. Whether 
endogenous neurogenesis is a  factor that contrib-
utes to spontaneous recovery after ischemia has 
not yet been established. If the development of new 
neurons from endogenous stem cells is to become 
an effective treatment for postischemic neurode-
generation after birth, we need to more completely 
understand the factors that promote neurogenesis 
and how those factors change in later life. If neuro-
genesis from endogenous neuronal stem cells is to 
be used therapeutically, an individual approach will 
be required to assess the possible extent of the neu-
rogenic response as well as the possibilities to alter 
this response for functional improvement or preven-
tion of pathological neurogenesis with formation of 
improper synaptic junctions. The above alterations 

of hippocampal neurogenesis constitute a possible 
therapeutic target after ischemia. This endogenous 
self-repair mechanism may be further enhanced by 
extrinsic agents, one of which is curcumin in the diet.

There are a  few clinically active therapies avail-
able for postischemic neurodegeneration, but no 
regenerative therapy exists currently. A few clinically 
active, yet not fully effective, therapies such as ace-
tylsalicylic acid, statins and tissue type plasminogen 
activator are available for ischemic stroke [17,35,36]. 
In the wake of this neurodegenerative pathology, 
with limited medical therapies, alternative treat-
ments are required which can control the progres-
sion of postischemic neurodegeneration. All the 
neurodegenerative diseases have common mecha-
nisms of neuropathogenesis which include genetic 
alterations, protein and mitochondrial dysfunction, 
oxidative stress, cytokine changes and neuroinflam-
mation [46,52,53]. Current research has shown that 
dietary polyphenols target the molecular chang-
es of neurodegeneration with their ability to cross 
the blood-brain barrier as they control neuronal 
disease pathways at a molecular level by targeting 
these common features of neurodegeneration [14]. 
Polyphenols naturally occur e.g. in vegetables, fruits 
and red wines, exhibiting neuroprotective proper-
ties [4,40]. Dietary polyphenols are also involved 
in prevention of oxidative damage and human LDL 
oxidation [21,61]. Our analysis briefly outlines the 
therapeutic role of polyphenols such as curcumin in 
preventing the development of postischemic neuro-
degeneration with Alzheimer phenotype based on 
the most recent literature. We present the change 
of curcumin from a long-established spice and food 
coloring to a natural regulator of life processes.

The importance of hippocampal 
neurogenesis in postischemic brain 
neurodegeneration

Ischemic stroke is generally an age-related acute 
arterial disorder causing loss of neuronal and glial 
cells, with final development of functional and cogni-
tive deficits. Apart from thrombolysis during the first 
hours, which can be given only to a small percentage 
of patients, no effective regenerative treatment to 
improve functional recovery exists in the postische- 
mic period [17,35,36]. The persistence of neural stem 
cells and neurogenesis in the brain after birth, first 
suggested in 1912 [2], is accepted now. This change 
is based mostly on facts accumulated recently, indi-



92 Folia Neuropathologica 2015; 53/2

Ryszard Pluta, Anna Bogucka-Kocka, Marzena Ułamek-Kozioł, Wanda Furmaga-Jabłońska, Sławomir Januszewski, Judyta Brzozowska,  
Mirosław Jabłoński, Janusz Kocki

cating that neural stem/progenitor cells occupy two 
main regions, the subventricular zone of the lateral 
ventricles and the subgranular zone of the dentate 
gyrus in the hippocampus, where they give rise to 
neurons after birth [30,38,54,58]. Neurogenesis has 
been found in these brain areas in all mammalian 
species, including humans [9,30,38,54,58], and may 
serve to replace brain cells damaged by insults. Two 
discrete brain regions presented contain progenitor 
cells that are capable of differentiating into neuronal 
or glial cells. Current research shows that neurogen-
esis can be modified by a variety of factors, including 
stress, neurohormones, growth factors, neurotrans-
mitters and also stroke pathology [30]. In particular, 
hippocampal neurogenesis may play a role in modu-
lation associated with neuropathology, such as cog-
nitive disorders [38]. The stimulated neurogenesis at 
sites of brain damage may represent an attempt by 
the brain at self-regeneration after ischemia. Present 
research strongly focuses on the questions whether 
neurogenesis replaces lost and/or dying cells, and if 
so, to what extent. 

Neural stem/progenitor cells could potentially be 
used to develop regenerative treatments to bring 
back the function of the postischemic hippocam-
pus. Two major neural stem/progenitor cell-based 
tactics are currently being explored in experimental 
models: first, to deliver neural stem/progenitor cells 
locally or systemically in the brain where they act as 
stimulators of neurogenesis; and second, to replace 
diseased neurons and restructure neuronal network 
by stimulation of endogenous self-neurogenesis [31].

One of the earliest affected brain structures in 
brain ischemia is the hippocampus, which is in- 
volved in the formation and consolidation of mem-
ory [46,53]. The subgranular zone of the hippocam-
pus dentate gyrus constitutes one of the only two 
neurogenic zones of the mature brain. Neurogenesis 
there is a process of generating neurons from neu-
ronal progenitor cells. In the subgranular zone, these 
neurons proliferate and give rise to immature cells 
which migrate into the granule cell layer, mature, 
and integrate into the preexisting network by receiv-
ing inputs from the entorhinal cortex and extending 
projections into the hippocampus CA3 area [71]. 

Since neurogenesis is required for memory and 
learning, and its activity has shown to be decreased 
after ischemia in humans and rodents [25,26], it has 
been suggested that impaired hippocampal neuro-
genesis might be an integral part of postischemic 

progression [58]. Particularly, a variety of key factors 
involved in brain ischemia, among them presenilin 1 
and 2, amyloid precursor protein and its products 
b-amyloid peptides, play either a positive or a neg-
ative role in hippocampal neurogenesis [7,27]. Fur-
thermore, several growth factors, such as brain-de-
rived neurotrophic factor (BDNF), fibroblast growth 
factor and vascular endothelial growth factor, have 
been reported to be upregulated in the neighbor-
hood of b-amyloid peptide deposits [6,60]. These 
factors are also known to be potent stimulators of 
neural stem/progenitor cell activity. On the other 
hand, neuroinflammation and microglia activity that 
are associated with b-amyloid peptide store [43], 
and represent events in the postischemic brain [46], 
have been demonstrated to reduce neurogenesis [5].

So far, it has not been resolved when and what 
triggers hippocampal neurogenesis impairment in the 
postischemic brain. A  long-term study attempting to 
investigate neurogenesis was performed to assess 
ischemic neurogenic activity [58]. Moreover, numer-
ous aspects of hippocampal neurogenesis, differentia-
tion, and survival of neurons have not been uniformly 
addressed in the above studies, preventing straightfor-
ward comparisons. Nevertheless, animal models will 
improve our understanding of the hippocampal neu-
rogenesis after ischemia and point out still unresolved 
issues which demand further investigation. 

The role of hippocampal neurogenesis  
in postischemic brain neurodegeneration	

It has been suggested that an increase in hippo-
campal neurogenesis might serve as a replacement 
mechanism for neuronal loss, thereby slowing down 
postischemic progression to dementia [24,58]. How-
ever, the native increase in hippocampal neurogen-
esis might not be sufficient to compensate for the 
massive ischemic neuronal loss [26,30,58]. Recently, 
b-amyloid peptide oligomers have been reported to 
promote the generation of new neurons, but with 
no effect on cell survival [32]. On the other hand, 
b-amyloid peptide injection into the hippocampus 
in adult mice reduced progenitor cell activity [76] 
and led to the development of dementia in an ani-
mal model of brain ischemia [29]. Therefore, many 
questions regarding postischemic hippocampal neu-
rogenesis remain open, among them the aspect of 
timing after ischemia. Neurogenesis in the hippo-
campus is regulated by numerous elements, includ-
ing neuropathological conditions such as ischemic 
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episodes and diet [11,30]. Given that dietary factors 
have been proved to change the time course after 
ischemic neurodegeneration [66,77], and the same 
factors have been shown to modulate neurogene-
sis in the hippocampus [59], it is possible that the 
effects of diet on postischemic neurodegeneration 
are mediated by modulation of hippocampal neuro-
genesis. Additionally, dietary habits are an important 
component of lifestyle, which is recognized as one 
of the ischemic risk factors. To our best knowledge, 
amongst the current reviews concerning postisch-
emic hippocampal neurogenesis [30,54], diet and 
brain ischemia and diet and postischemic hippo-
campal neurogenesis, our review is the first to put 
together neurogenesis in the hippocampus and 
postischemic brain neurodegeneration through the 
effects of dietary influence on both phenomena, in 
this manner providing a unique and new perspective 
on the state of postischemic hippocampal neuro-
genesis. Given that these days there are no effective 
therapies for postischemic brain neurodegenera-
tion, and no regenerative therapy exists [17,35,36], 
dietary intervention may be an option to help delay 
disease progression. 

Potent neurogenic activity of curcumin  
in hippocampus

Dietary content is important for the positive influ-
ence on neurogenesis and subsequent hippocampus 
mediated cognitive ability. Dietary polyphenols are 
known to have a beneficial influence on the brain by 
protecting neuronal cells against injury. For example, 
curcumin is a natural phenolic component obtained 
from the plant Curcuma longa, and it has been used 
in India to treat disorders associated with inflamma-
tion and oxidative stress [16]. Curcumin is used as 
a spice and coloring in foodstuffs with its character-
istic yellow color. Due to its yellow color, curcumin is 
systematically used for coloring e.g. mustard, canned 
fish and dairy products [13]. Health benefits of cur-
cumin may be limited in view of the fact of its low 
oral accessibility. On the other hand, due to its lipo-
philicity curcumin can cross the blood-brain barrier 
and can reach brain tissue at a functional pharmaco-
logical level [13,14,63]. The highest curcumin level in 
the brain tissue is reached approximately 60 min fol-
lowing intravenous and/or intraperitoneal injection 
of 100 mg/kg body weight curcumin in animals [13]. 
As a consequence of curcumin’s immediate metab-
olism, it is not detectable in the brain after 2 h [13]. 

It should be remarked that curcumin can probably 
attain a  therapeutic level in the brain tissue when 
it is taken on a regular basis [12]. In the above sit-
uation curcumin accumulates intracellularly and/or 
influences epigenetic regulation of gene expression 
such as DNA methylation and miRNA expression. 

In recent years the focus on curcumin has been 
shifted to its influence on cognition alterations. Clin-
ical data have shown that regular curcumin supple-
mentation improves cognitive function [12]. Addi-
tionally, curcumin administration in various animal 
models of memory impairment reverses memory 
deficits [12]. These outcomes may be due to curcum-
in’s effects on oxidative stress, BDNF and extracellu-
lar signal-regulated kinase (ERK)/P38 signaling path-
ways and degradation of PKCδ [12].

It was found that curcumin’s anti‑inflammato-
ry and antioxidant therapeutic activities reversed  
b-amyloid peptide-induced cognitive deficits and 
neuropathological alterations [16]. Recently, it was 
reported that curcumin supports impaired hippo-
campal neurogenesis [69,73]. Curcumin has bipha-
sic effects on neural stem/progenitor cells, whereby 
a low concentration modulates cell proliferation and 
a  high concentration is neurotoxic [69]. This is in 
agreement with the finding that a high concentration 
of curcumin induces oxidative stress and triggers 
apoptosis in cells [39,69]. Previous data indicated 
that the neural stem/progenitor cells’ specific mito-
genic action of low concentration curcumin is medi-
ated by the activation of ERK and p38 MAP kinases 
[39]. All considered, the dose-dependent neurogenic 
activity of curcumin resembles the hormesis theory 
of curcumin. The hormesis dose consequence phe-
nomenon is characterized by low dose activation and 
high dose inhibition. In one study, the administration 
of curcumin significantly increased the number of 
new neurons in the hippocampus dentate gyrus by 
stimulating their proliferation [39]. Enhanced neu-
rogenesis by stimulation of neural stem/progenitor 
cell proliferation is naturally observed during exer-
cises [30]. Exercises elevate reactive oxygen species 
formation, and polyphenols including curcumin can 
promote the nuclear factor-erythroid 2-related factor 
2 (Nrf2) antioxidant response [30]. Therefore, altered 
redox balance in the hippocampus is believed to trig-
ger neural stem/progenitor cell proliferation. In addi-
tion, elevated hippocampal BDNF level is considered 
to be important for enhancing neurogenesis by exer-
cises and/or curcumin [39,69]. Hippocampal BDNF 
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also seems to be correlated with memory and spa-
tial learning, since a polyphenol-rich diet has been 
reported to increase intensity of hippocampal neu-
rogenesis under a persistently stressful situation by 
increasing the hippocampal BDNF amount and CREB 
expression [16,69]. The above data suggest that the 
signaling pathways of ERK and BDNF can improve 
neurogenic activity, which will allow the discovery 
of a  possible therapy that stimulates hippocampal 
neurogenesis after birth and will be useful for the 
treatment of postischemic neurodegeneration with 
Alzheimer phenotype.

Curcumin treatment increases neurite out-
growth and proliferation of neural stem cells in per- 
sistently stressed animals and reverses memory 
deficits in aged rats [63]. According to Tiwari et al., 
[63] the molecular mechanism by which curcumin 
induces neurogenesis is connected with canoni-
cal Wnt/β-catenin pathway initiation and glycogen 
synthase kinase-3β (GSK-3β) inhibition. They found 
that curcumin stimulates neural stem cell prolifera-
tion and neuronal differentiation and reverses β-am-
yloid peptide-induced inhibition of hippocampal 
neurogenesis and memory deficits in an Alzheimer’s 
disease rat model [67] through activation of the 
canonical Wnt/β-catenin pathway. Curcumin acti-
vates Wnt/β-catenin signaling and stimulates adult 
neurogenesis through interaction with Wnt inhibitor 
factor (Wif-1), Dickkopf (Dkk-1) and GSK-3β. 

Curcumin is an approved stimulator of hippocam-
pal neurogenesis, but its exact role in ischemic hippo-
campal neurogenesis remains to be determined. In 
a β-amyloid peptide model of Alzheimer’s disease in 
rat, curcumin suppressed glial activity and enhanced 
spatial memory [67]. It is probable that by downreg-
ulation of glial activity, curcumin protects hippocam-
pal neurogenesis and improves cognitive deficits in 
neurodegenerative disorders such as postischemic 
injury [5]. Apart from the above-mentioned preven-
tion of glial activity, curcumin might act by upreg-
ulation of serotonin receptor 1A and BDNF, and via 
activation of extracellular signal-regulated kinases 
and p38 MAPKs [30,39]. Both pathways are involved 
in the modification of neuronal plasticity. Moreover, 
curcumin might influence neurogenesis by affect-
ing genes, including histone acetyltransferases and 
histone deacetylases, among them sirtuin 1 (SIRT1) 
(Table I) [8,56].

A  recent investigation demonstrated that long-
term administration of curcumin stimulated hippo

campal neurogenesis and improved cognition in 
aged rats [12]. The gene responses in the hippocam-
pus and cortex of the aged rats suggest a beneficial 
role of prolonged treatment by curcumin in modi-
fying the neuronal network that influences synap-
tic plasticity and cell growth [12]. Curcumin did not 
affect induction of anxiety, locomotor activity and/or 
improvement of physical body strength, but affect-
ed non-spatial and spatial memory in aged rats [10, 
12]. Prolonged treatment with curcumin increases  
neurogenesis in both the subgranular zone of the 
dentate gyrus and the hilus of the hippocampus. 
Data suggest a  beneficial role of long-term treat-
ment by curcumin in improving memory and learn-
ing by the induction of neurogenesis in the dentate 
gyrus.

Prolonged treatment with curcumin positively 
influences the aged rat’s gene dysregulation in the 
hippocampus and cortex, and this phenomenon was 
larger in the cortex than in the hippocampus [12]. 
It was noted that the amount of upregulated genes 
decreased in the hippocampus but it increased in the 
cortex with time of treatment with curcumin. One 
important finding of the genetic investigation is that 
the majority of those differentially expressed genes 
have implications in brain development and memory 
and are involved in hippocampal neurogenesis [12]. 
The NeuroD1 gene, which was overexpressed in the 
cortex, is downstream of the Wnt pathway and is 
very important for the neurogenesis and survival of 
neuronal progenitors [12]. Cortical upregulation of 
the Fezf2 gene after curcumin treatment was not-
ed, and this gene has been involved in neurogen-
esis and growth of subcortical projection neuronal 
cells. Next the Wnt2 gene was overexpressed in 
the adult hippocampus and has been implicated 
in neurogenesis, dendrite growth and arborization. 
Long-term treatment with curcumin upregulated 
the Tiam1 gene, which is vital for neurite outgrowth 
and for dendrite spine morphogenesis. It is interest-
ing that curcumin upregulated in the hippocampus 
genes associated with neurotransmission such as 
synaptotagmin 9 (Syt9) [12]. The physiological role 
of Syt9 in synaptic neurotransmission, plasticity and 
memory is currently not clear. Earlier investigations 
demonstrated that other synaptotagmin genes such 
as Syt1 and Syt4 are closely associated with asso-
ciative and spatial memory. Dong et al. [12] found 
overexpression of neurotransmission genes such 
as syntaxin 1a (Stx1a) and complexin 3 (Cplx3) in 
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the cortex following curcumin treatment. The above 
genes influence neurotransmission and are strong-
ly associated with synaptic plasticity and memory. 
Other synaptic transmission and memory formation 
genes were upregulated in the hippocampus such as 
adenylyl cyclase 1 (Adcyl1), LPL and Kit and in the cor-
tex Cip98, Shank3, Snip and Nlgn2. In summary, the 
above data suggest that the curcumin upregulated 
genes in the hippocampus and cortex may be a factor 
responsible for the improvement of cognition activity 

in aged rats [12]. Dong et al. [12] additionally noted 
overexpression of the CD74 gene in the cortex of aged 
animals after prolonged treatment with curcumin. 
The CD74 gene is important in Alzheimer’s disease 
neuropathology and cooperates together with amy-
loid precursor protein and finally reduces b-amyloid 
peptide generation. The study of upregulated genes 
after curcumin administration suggested that these 
genes are important for neurotransmission, synaptic 
plasticity, neurogenesis and memory creation.

Table I. Summary of the potential positive health effects of curcumin according to human and animal 
model studies

No. Health benefits References

1. Antioxidant activity
– Modulation of Nrf2 signaling pathway

[12,13,16,19,30,34,62,63]

2. Anti‑inflammatory activity
– Inhibition of nuclear factor κB

[12,13,16,19,34,62]

3. Neurogenesis improvement [8,12,30,39,56,63,69]

4. Neuroprotection [13,34,62,63,66,73,74,75]

5. Excitotoxicity protection [13]

6. Mitochondrial dysfunction reduction [13]

7. Neuronal apoptosis inhibition [13,66,74,75]

8. Brain edema protection [13,20]

9. Blood-brain barrier protection [13,75]

10. β-amyloid peptide plaque reduction [12,13,34,62]

11. β-amyloid peptide concentration reduction [13,19,34,62]

12. β-amyloid peptide inhibition of extracellular aggregation [13,34,62,63]

13. Amyloid precursor protein maturation inhibition and suppression of β-amyloid peptide 
production

[13,34,62]

14. β-amyloid peptide clearance increase [13]

15. τ-protein phosphorylation inhibition [19,34,62,63]

16. Soluble τ-protein reduction [34]

17. Soluble τ-protein increase clearance [34]

18. Microglia and astrocyte activity inhibition [5,67]

19. Overexpression of genes involved in neurotransmission, signal transduction, metabolism 
and neural development 
– �Reelin, Nestin, Pax6, Neurogenin, NeuroD1, Nuroregulin, Neuroligin, Stat3, Syt9, Stx1a, 

Cplx3, Fezf2, NeuroD6, Adcyl1, Kit, Htr2c, LPL, Wnt2, Nnat, Tiam1, Unc5d, Shank3, Htr2a, 
Cip98, CD74, Snip, Wee1, Cav1, Nlgn2, Sirt1

[8,12,56,63]

20. Cognition improvement [5,12,13,16,19,63,66,67,75]

21. Anticarcinogenic activity [13,39,69]
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Potent neuroprotective activity  
of curcumin 

Nowadays curcumin has been intensively studied 
as a promising therapeutic for postischemic neuro-
degeneration with Alzheimer phenotype. Evidence 
indicates that curcumin may act as a neuroprotective 
substance on postischemic outcome and behavioral 
deficits in rodents and this neuroprotective effect is 
presented by antiapoptotic action [66,74,75]. Other 
studies have shown that curcumin reverses the 
permeability of the ischemic blood-brain barrier 
and decreases brain edema [13,20]. Additionally 
in behavioral studies in rodents curcumin reverses 
cognitive changes [13]. Curcumin by stimulation of 
protein kinase C activity decreases NMDA receptor 
function. Curcumin has been shown to decrease the 
calcium-dependent induction of caspases [13]. Cur-
cumin inhibits nNOS activity and protects against 
peroxynitrite-induced neuronal cell death in vitro. 
Additionally, Esatbeyoglu et al. [13] showed that 
curcumin inhibits hydrogen peroxide triggered neu-
rotoxicity in Neuro2-A  cells. In summary, curcumin 
presents anti-amyloid, anti-tau protein hyperphos-
phorylation, antioxidative and anti-inflammatory 
actions, and it has been proposed that curcumin 
might be neuroprotective in brain ischemia neuro-
degeneration (Table I) [34,62]. As a  consequence 
of curcumin’s beneficial health potential, including 
anti-inflammatory, antioxidative and anti-excitotox-
ic activities, it may be considered as a promising sub-
stance in the treatment of postischemic brain neu-
rodegeneration with Alzheimer phenotype (Table I).

Curcumin lowers amyloid deposits and inhibits 
tau protein aggregation in a  transgenic model of 
Alzheimer’s disease and reduces oxidative injury, 
neuroinflammatory response, as well as cognitive 
deficit after infusion of amyloid into the brain [19]. 
Experimental models show that curcumin reduces 
neuroinflammation, oxidative stress and the density 
of b-amyloid peptide plaques and soluble β-amyloid 
peptide level in the brain tissue both in vitro and in 
vivo [12,13]. Curcumin prevents the aggregation of 
b-amyloid peptide in vitro and supports the clear-
ance of b-amyloid peptide aggregates. Curcumin 
inhibits the maturation of amyloid precursor pro-
tein and stops the generation of b-amyloid peptide 
in vitro [13]. Curcumin reduced soluble tau protein 
and elevated heat shock protein involved in tau pro-
tein clearance, showing that even after tangles have 

been formed, tau protein-dependent behavioral and 
synaptic deficits could be reversed [34].

Curcumin neuroprotection activity was noted in 
experimental models of Parkinson’s, Huntington’s 
and Alzheimer’s disease and multiple sclerosis [63]. 
Curcumin acts by its antioxidant activity and by 
inducing the transcription factor Nrf2, a regulator of 
antioxidant stress [63]. It was shown that curcum-
in inhibits b-amyloid peptide oligomerization and 
τ-protein phosphorylation in the brain tissue [63]. 
On the whole, curcumin research indicates its possi-
ble neuroprotective function. 

Additionally, some investigations have indicat-
ed anticarcinogenic action of curcumin. It has been 
shown that curcumin exerts its potential anticarcino-
genic activities by regulating the tumor suppressor 
gene p53 and a variety of transcription factors, e.g. 
Nrf2 and NFκB, by modifying inflammatory signaling 
and by triggering apoptosis (Table I) [13]. 

Conclusions

Every mammal has stem cells in different organs, 
being particularly important in the brain, and nowa- 
days these cells are believed to play a role in cell sub-
stitute after birth [23]. The existence of neural stem/
progenitor cells in the mammalian mature brain that 
are capable of forming new neurons continues to 
push the developments of new approaches to brain 
repair after ischemia. In particular, the modulation of 
impaired neurogenesis in the hippocampus is asso-
ciated with the amelioration of cognitive deficits and 
better outcomes related to brain ischemia (Table I) 
[66,75]. Therefore, the latest focus has been concen-
trated on the development of new natural drugs that 
can simulate proliferation of ischemic neural stem/
progenitor cells after birth. The mechanisms and 
factors that control the formation of new neurons 
in the animal and human brain after ischemia are 
by and large unknown, and finding such factors is 
likely to lead to new ways of treating brain ischemia 
[10,58]. This review presents the neurogenic and 
neuroprotective properties of curcumin and provides 
a new basis for a possible reparative strategy where-
by endogenous neural stem/progenitor cells are 
recruited by dietary stimulation to address ischemic 
neuronal loss [1,39]. Curcumin improves the surviv-
al rate of newly generated neurons and stimulates 
impaired neurogenesis after ischemia by elevation 
of neurotrophic factors [30,39]. However, curcum-
in triggers the mitogenic property of neural stem/
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progenitor cells and stimulates their proliferation 
by BDNF and MAP kinase activation [30,39]. Collec-
tively, understanding the neurogenic mechanisms 
after ischemia and curcumin neurogenic activity 
could provide a neurorestorative strategy that stim-
ulates dysregulated endogenous neural stem/pro-
genitor cell activity and as a result prevents neuro-
pathological changes and neurological deficits after 
ischemia. There are, however, some encouraging 
results suggesting that curcumin could be of thera-
peutic relevance in these kinds of diseases (Table I) 
[12,13,23,63]. Amid all the optimism surrounding 
the potential of ischemia-induced neurogenesis, 
there remain a variety of significant concerns. Pos-
tischemic epilepsy is a fairly common morbidity after 
an ischemic episode [22]. It has been suggested that 
aberrant neurogenesis triggers the epileptic activity 
[22]. Clearly any research aimed at enhancing neu-
rogenesis might result in this and other unwant-
ed side effects. In addition, enhanced neurogene-
sis would stimulate cell growth; it is possible that 
increased proliferation could result in tumor devel-
opment [22]. In this situation many issues regarding 
specificity, mechanism and potential toxicity need to 
be more carefully studied before clinical trials can 
occur [13,23]. Undoubtedly, more investigations are 
needed to explore hippocampal neurogenesis and 
the effects of curcumin in long-term natural inter-
ventions [12], and the fact that curcumin seems to 
be innocuous in animals and humans could prompt 
additional studies on the effect of curcumin in the 
onset and progression of postischemic brain neuro-
degeneration with Alzheimer phenotype. Our review 
also points out the limitations of available data and 
potential directions of research into the role of cur-
cumin in hippocampal neurogenesis and neuropro-
tection in ischemic brain neurodegeneration with 
Alzheimer phenotype course.
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