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ABSTRACT
Ischemic stroke is a common degenerative disease in Indonesia caused by interrupted or restricted blood supply to 
part of brain, preventing it from getting oxygen and nutrients. Without suffi  cient blood supply, brain cells begin to 
die. Various treatments for ischemic stroke patients have been developed and implemented, but are still ineff ective 
in treating or preventing brain damage. Curcumin is one of the bioactive compounds which mostly found in turmeric 
which is one of the main spices resource in Indonesia that has many benefi ts as a medicine. People have been making 
use of curcumin as a medicine for various diseases, one of which is stroke. Therefore, this systematic review analysed 
qualitatively the eff ect of curcumin on the brain condition after ischemic stroke. The method used in this study was a 
systematic review of 8 databases in the last 10 years, from 2012 to August 2022. Study included was only experimental 
study on rats. Based on 19 articles gathered, there was a decrement in ROS, COX-2, iNOS, NF-kB, TNF-α, IL-6, Bax, 
Caspase-9, Caspase-3, ICAM-1, MMP-9, neurological defi cit score, and an increment in BCL-2, glutathione peroxidase 
(GPx), superoxide dismutase (SOD), and catalase (CAT) in rats receiving curcumin intervention either orally or 
intravenously. Curcumin aff ects the ischemic brain in a number of ways, namely as an antioxidant, anti-infl ammatory, 
anti-apoptotic, Blood-Brain-Barrier (BBB) protector, increasing neurogenesis, and reducing neurological defi cits. It is 
concluded that curcumin has an elevating eff ect in protecting brain condition after an ischemic stroke. 
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INTRODUCTION

Stroke is a condition where an artery 
transporting blood to the brain ruptured or blocked, 
causing brain cells deprived from oxygen and died 
(WHO, 2020a). Stroke is the second predictor 
causing death and the third predictor to disability 
around the world (Feigin et al., 2017). Every year 
more than 15 million people suff ering from stroke, 
with a third ended in death and a third ended with 
permanent disability (WHO, 2011). The prevalence 
of stroke in Indonesia increases from 7 per mill 
in 2013 to 10.9 per mill in 2018 (Kementrian 
Kesehatan, 2018).

Stroke can be divided into three categories 
based on the types of stroke, namely transient 
ischemic attack (TIA), ischemic stroke and 
hemorrhagic stroke (WHO, 2020a). Around 
80% of strokes occurred are ischemic in nature 
(Krishnamurthi et al., 2013). Ischemic stroke 
happen when blood flow blocked by a blood 
clot which occur in the brain. These blood clots 
usually occur due to atherosclerosis or thickening 

of the walls of blood vessels due to accumulated 
fat (WHO, 2020b). These clots then block the 
supply of oxygen and nutrients to brain cells, 
causing hypoxia, free radicals and infl ammation 
(Jia et al., n.d.; Oh et al., 2019). Ischemic stroke 
leads to many complications like memory loss, 
motor dysfunction, fatigue, mental state change, 
and Alzheimer (Béjot et al., 2016). In addition, 
the incidence of ischemic stroke is associated 
with continuous treatment, infl icting unfavorable 
consequences in terms of socio-economic to a 
country (Béjot et al., 2016; Rusek & Czuczwar, 
2021). Death due to stroke in young adults are 
currently starting to increase significantly, 
especially in developing countries in which the 
incidence of stroke is indeed common (Feigin et 
al., 2017). 

Ischemic stroke usually treated by using 
thrombolysis and thrombectomy therapy which 
aim to restore blood fl ow in the brain, protect tissue 
and maintain brain function (Marler, 1995; Patel 
et al., 2020; Wang et al., 2023). However, these 
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treatments are limited in that their eff ectiveness 
depends on time after the event (Cassella & Jagoda, 
2017). In addition, in control of free radical and 
oxygen level before and after thrombolysis is very 
crucial to save patient (Shi et al., 2020). Currently, 
there are no treatment that can prevent, delay/stop 
neurodegeneration that occur in ischemic stroke 
patient (Briggs et al., 2016).

Curcumin is an active compound in turmeric 
obtained from Curcuma longa Linn powder (Zhao 
et al., 2010). Curcumin may useful as a treatment 
for ischemic stroke that causes brain cell death and 
clinical defi cits (Dirnagl et al., 1999; Lapchak & 
Araujo, 2007). Evidence shows that infl ammation, 
oxidative damage and misfolded protein amyloid 
are the main factors of brain damage in ischemic 
stroke (Pluta et al., 2019; Pluta & Ułamek-
Kozioł, 2021). Curcumin plays a role in 2 main 
key activities in stopping neural degeneration in 
ischemic stroke, namely free radicals production 
and immune system activation (Lapchak, 2010; 
Moskowitz et al., 2010). Research in patients in 
hospital show that there were no severe side eff ects 
from curcumin use but some patients develop 
mild diarrhea and nausea (Chh-Hung & Ann-Lii, 
2007). 

Curcumin is a bioactive compound with a 
potential to be a treatment for ischemic strokes and 
an interesting subject to be studied further. Thus, 
this paper aim to review various literatures with 
a narrative synthesis in interpreting some of the 
latest empirical literature regarding to the eff ect of 
curcumin on ischemic stroke.

METHODS

Data Sources and Article Search Methods

This study was systematic review research 
that would answer the question: “How is the eff ect 
of curcumin on ischemic stroke?” Search articles 
using 8 databases: Pubmed, Medline, Research 
Gate, Science Direct, Springer Link, Proquest, 
EbscoHost, and Google scholar. Keywords 
use to search articles were “Curcumin, stroke, 
ischemic stroke, ischemic brain, brain damage, and 
neuroprotection”.

Inclusion and Exclusion Criteria

The criteria for articles excluded in this study 
included articles with irrelevant topics, articles not 
available for open access, the year of publication 
exceeding ten years, the type of document in the 
form of review articles, notes or letters, and poor 
methodology. Articles that pass the exclusion 
process would be selected with inclusion criteria in 
the form of duplication, articles must be in English, 
experimental research, discussing ischemic stroke, 
and the experimental animals used are rats. The 
study used was only an experiment in mice because 
the application of the research in humans is still 
very limited. Additionally, homogeneous study 
participants may minimize the possibility of bias 
due to species diff erences.

Based on the selection, 37 articles were 
obtained that met the criteria. After further 
review, 19 articles were found suitable for this 
study because the complete article content and 
research reviewed curcumin’s neuroprotection 
effects, including its effect as antioxidant, 
anti-inflammatory, anti-apoptotic, and BBB 
protectant.

19.277 articles were excluded due 

to duplication, irrelevant topics, 

article not available with open 

access, publications in the last 10 

years, type of article literature 

review/note/letter, and poor 

methodology. 

Records after screening 

of titles and abstracts 

(n=37) 

Articles suitable for 

literature review (n=19) 

Exclude 18 articles after being 

studied in depth because the 

articles are incomplete and do 

not review the neuroprotection 

effects of curcumin including 

antioxidant, anti-inflammatory, 

anti-apoptotic, and BBB 

protectant. 

Exclude 9.831 articles after 

screening titles and abstracts 

because they are not available in 

English, not experimental 

studies, do not discuss ischemic 

stroke, experimental animals are 

not rats. 

29.132 articles were found 

from searches through 

Pubmed, Medline, 

Research Gate, Science 

Direct, Springer Link, 

Proquest, EbscoHost, and 

Google scholar. 

Record after quick 

screening (n=9.855) 

Figure 1. Flowchart of Article Selection 

Figure 1. Flowchart of Article Selection
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RESULTS AND DISCUSSION

From the results of the literature re-
view, curcumin has a signifi cant eff ect on 
ischemic stroke. Curcumin shows a number of 
roles that aff ect a brain with ischemic stroke, 
namely as an antioxidant, anti-apoptotic, anti-
infl ammatory, BBB protector, neurogenesis, 
and reducing neurological defi cit.

Of the 19 articles reviewed, there were 
5 articles which stated that curcumin has a 
high antioxidant content and can prevent sig-
nifi cant nerve cell damage. The antioxidant 
properties of curcumin are characterized by a 
decrease in Reactive Oxygen Species (ROS) 
and lipid peroxidase, and an increase in su-
peroxide dismutase (SOD) observed in this 
study. There were 10 articles that stated that 
the bioactive compound curcumin has signifi -
cant anti-infl ammatory properties. This anti-
infl ammatory property was inferred from the 
results of the research articles that showed a 
decrease in iNOS, COX-2, NF-B, TNF-, IL-
1β, MMPs, an increase in IL-4, IL-10, and 
IGF-1. 9 articles showed positive results that 
curcumin has signifi cant anti-apoptotic prop-
erties against brain cells as indicated by a de-
crease in the enzymes caspase 10, p53 and 
bax, caspase-9 and an increase in Bcl-2. A 
total of 3 articles showed the results that cur-

cumin was able to protect blood brain barrier 
(BBB) signifi cantly by reducing degradation 
of tight junctions, production of MMP-9 and 
ICAM-1. In addition, 3 articles stated that cur-
cumin can reduce neurological defi cits and 1 
article stated that curcumin has a positive ef-
fect on neurogenesis.

Ischemic stroke is a condition of blood 
fl ow decrement caused by blockage due to 
embolism or thrombus in the blood vessels 
of the brain. Blockage of cerebral blood ves-
sels leads to oxygen and glucose defi ciency 
which causes an imbalance of ion in the cells. 
This condition causes an increase in glutamate 
secretion, triggering toxic to neuron cells or 
commonly called excitotoxic which results in 
cell damage.

Curcumin is a bioactive compound 
that can prevent damage to neuron cells as a 
result of ischemic stroke. It has high antioxi-
dant properties, anti-infl ammatory properties, 
anti-apoptosis, and is able to protect the blood 
brain barrier (BBB). In addition, many stud-
ies showed that curcumin plays role in pro-
moting neurogenesis and as neuroprotection 
useful for repairing brain cells in ischemic 
stroke patients (Li et al., 2016; Li et al., 2015; 
Rusek & Czuczwar, 2021; Ułamek-Kozioł et 
al., 2020).

Curcumin as an antioxidant 

Ischemic stroke can trigger an increase in 
level of Reactive Oxygen Species (ROS) and 
Reactive Nitrogen Species (RNS) which increasing 
oxidative stress in brain cells, thereby triggering 
neurodegeneration (Daniel et al., 2018; Y. Wang 
et al., 2019). In addition, post-ischemic stroke 
involved glutamate excitotoxicity, causing calcium 
overload, resulting in mitochondrial function 
(Scholpa & Schnellmann, 2017). Mitochondrial 
dysfunction caused increased oxidative stress, 
increased catalase and superoxide dismutase (SOD) 

Figure 2. Curcumin Roles in Ischemic Stroke
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enzymes, lipid peroxidation, DNA damage, and 
cell death (Awad, 2011; Subedi & Gaire, 2021).

Curcumin given after ischemic stroke was 
significantly able to prevent mitochondrial 
dysfunction by preventing glutamate excitotoxicity 
and preventing an increase in intracellular calcium. 
Curcumin was also able to reduce oxidative stress 
level by suppressing the number of ROS, RNS, 
and NO, thereby preventing neurodegeneration in 
brain nerve cells (Subedi & Gaire, 2021).

Curcumin as inti-infl ammation response

Blockage of blood vessels in the brain which 
then developed into an ischemic stroke caused 
ion imbalance leading to excess glutamate in 
nerve cells (Godínez-Rubí et al., 2013). Excessive 
glutamate triggered an increase in intracellular 
calcium (Gaire et al., 2014). This condition caused 
increased iNOS production and pro-infl ammatory 
cytokines such as TNF-α, IL-1, IL-6, and MMPs. 
This condition may exacerbate neuroglial cell 
activation, causing inflammation (Wang et al., 
2019).

Curcumin is a bioactive compound with 
anti-infl ammatory properties that is able to lessen 
infl ammation mediators, such as proinfl ammatory 
cytokines, chemokines and adhesion molecules 
residing in brain. Curcumin can inhibit glial cell 
activation as well as the production of IL-1β, IL-6, 
TNF-α, NF-kB, MMPs (Li et al., 2015; Peng et al., 
2021; Zhou et al., 2020). It can also signifi cantly 
boost the production of anti-inflammatory 
cytokines namely IL-4, IL-10, and IGF-1. 
Therefore, it has a positive eff ect in suppressing 
the risk of brain infl ammation due to ischemic 
stroke (Liu et al., 2017).

Curcumin as anti-apoptosis

Apoptosis is a common condition of cell death 
that can be caused as ischemic stroke (Uzdensky, 
2019). High ROS exposure and excess calcium 
(Ca2+) cause increased oxidative stress and damage 
to the mitochondrial membrane so that Bax from 
the cytosol goes to the mitochondria (Sarmah et 
al., 2019; Sekerdag et al., 2018). High oxidative 
stress affected the production of pro-apoptotic 
proteins and inhibition of anti-apoptotic protein 
Bcl-2. In addition, high ROS exposure caused 
damage to mitochondria function and triggered 

the activity of cytochrome c which released to 
cytosol and causes the formation of apoptosomes. 
Apoptosome formation caused procaspase-9 to be 
activated which triggered procaspase-3 to undergo 
activation. Activated caspase 3 can aff ect DNA 
fragmentation (Bavarsad et al., 2019). This is what 
then causes brain cell death.

Curcumin is a bioactive compound that can 
prevent cell death due to ischemic stroke. Pro-
apoptotic proteins, namely Bax, Bak, and Caspase 
3 and 9 were signifi cantly inhibited by curcumin 
(Xie et al., 2018). In addition, curcumin also 
activated the Bcl-2 and reduced translocation of 
cytochrome c to cytosol to attenuate brain cell 
death activity (Li et al., 2017).

Curcumin protects Blood Brain Barrier (BBB)

Blood Brain Barrier (BBB) damage can 
cause brain cell damage after an ischemic stroke. 
BBB damage is characterized by tight junction 
proteins (ZO-1, claudin-5, occludin) damage 
located in cerebral blood vessels between 
endothelial cells. Tight junction proteins serve 
as gateways for immune cells and fl uids (Jiang et 
al., 2018). Ischemic stroke followed by microglial 
cell activation leads to increased production of 
proinflammatory cytokines, thereby activating 
intercellular and vascular cell adhesion molecules 
(ICAM and VCAM) (Jiang et al., 2018). Adhesion 
molecules helped in the entry of immune cells 
into brain nerve cells (Yang et al., 2009). This 
process caused the degradation of the binding of 
tight junction proteins causing the BBB to become 
separated and edema to occur in brain cells.

Curcumin can provide protection to Blood 
Brain Barrier by increasing protein of tight 
junction. Curcumin also signifi cantly decreased the 
enzyme matrix metalloproteinase (MMP) which 
was proteolytic towards the basement membrane 
(Dang et al., 2013; Wang et al., 2019), as well as 
VCAM and ICAM adhesion molecules, thereby 
preventing leukocyte infiltration in brain cells 
(Wicha et al., 2020). Decreased expression of 
VCAM and ICAM can also prevent infl ammation 
of cerebral blood vessels thereby reducing the rate 
of brain injury (Funk et al., 2013). Thus, curcumin 
eff ectively has neuroprotective properties after 
ischemic stroke.
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Curcumin improves neurogenesis

Administration of curcumin can signifi cantly 
improve neurogenesis in brain hippocampal cells 
(Sun et al., 2020). Curcumin is neuroprotective 
and has a high antioxidant content. Increased 
hippocampal neurogenesis is evidenced by 
the ability of curcumin to initiate continuous 
proliferation of Neural Stem Cells (NSC) and 
form new neurons (Sun et al., 2020). The role of 
curcumin in enhancing neurogenesis consisted 
of various ways including activating the Wnt/β-
catenin signaling pathway. In addition, curcumin 
can also increase gene expression that play 
a role in cell proliferation (nesin, pax6, and 
reelin), neuron diff erentiation (Stat3, neuregulin, 
neurogenin, neuroD1, and neuroligin), and can 
activate extracellular signal regulated kinases and 
p38 kinases (Tiwari et al., 2014; X. Yang et al., 
2020).

Encapsulated curcumin nanoparticles were 
more effective in the neurogenesis process 
compared to directly-consumed curcumin because 
curcumin has low bioavailability in brain cells 
(Tiwari et al., 2014). The administration of 30 mg/
kg body weight curcumin showed positive results 
for the optimal neurogenesis process (Sun et al., 
2020).

Curcumin reduces neurological defi cits

Ischemic stroke is a condition of blockage 
of blood vessels in the brain that can cause 
neurological function disorders (Luo & 
Rubinsztein, 2013). Neurological defi cits were 
caused by decreased neuronal function due to 
infl ammation, high level of ROS, and apoptosis 
in brain nerve cells (Joshi & Johnson, 2012). 
Curcumin has significant anti-inflammatory, 
antiapoptotic, and antioxidant properties, thus it 
can reduce neuronal dysfunction in the brain which 
can prevent a more severe functional decline in 
the body.

Based on this review of 19 articles, the main 
fi nding is that curcumin has an absolute eff ect to 
post-ischemic stroke brain conditions. Curcumin 
is a bioactive compound with significant anti-
inflammatory, antiapoptotic, and antioxidant 
properties. This results in agree to previous 
studies stating curcumin as a traditional medicine 

has anti-infl ammatory, anti-infective, antitumor, 
antibacterial, and antioxidant properties, and is 
believed to have a positive effect on ischemic 
stroke (Goozee et al., 2016; Hagl et al., 2015; 
Manca et al., 2015; Park et al., 2021; Rusek & 
Czuczwar, 2021). The anti-inflammatory, anti-
oxidant and neuroprotective properties contained 
in curcumin help control ischemic stroke by 
preventing more severe brain impact (Ułamek-
Kozioł et al., 2020). Limitation of this study are 
this article did not investigate the side eff ects of 
curcumin or the specifi c dose amount that can be 
benefi cial in stroke circumstances. More research 
is needed to determine the appropriate dosage for 
ischemic stroke patients.

CONCLUSIONS

The bioactive compound curcumin has a 
positive eff ect in maintaining post-ischemic stroke 
conditions in rats. The drawback of this research 
is that it does not carry out a quantitative meta-
analysis. In the future, it is hoped that clinical trial 
studies in humans can be carried out so that the 
eff ective dose and side eff ects of curcumin can be 
determined.
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