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Introduction: Alzheimer’s disease (AD) is a progressive neurodegenerative disease accompanied 
by cognitive dysfunction. Preclinical changes can precede the onset of clinical symptoms by decades, 
highlighting the need for preventative and therapeutic strategies to mitigate or delay disease progression. 
This pilot clinical trial aimed to investigate the effects of commercially available curcumin nanomicelles 
on oxidative stress pathways and serum cholinesterase levels in patients with AD.

Methods: Fifteen volunteers with mild-to-severe AD and 15 age-matched healthy controls were 
enrolled. Participants with AD received 80 mg of thermodynamically stable 10 nm curcumin 
nanomicelles on alternate days for two months. Cognitive function, as assessed by the mini-mental 
state examination (MMSE), did not exhibit significant changes in patients with AD following 
curcumin nanomicelle administration (19.8 versus 20.6). Serum levels of oxidative stress biomarkers, 
including catalase (CAT), superoxide dismutase (SOD) inhibition, malondialdehyde (MDA) 
concentration, and cholinesterase activity, were evaluated before and after intervention. 

Results: The results showed no significant differences in cognition improvement, CAT activity, SOD 
inhibition, MOD concentration, or cholinesterase activity between patients with AD and healthy 
controls or before and after curcumin nanomicelle administration. 

Conclusion: Although curcumin nanocarriers did not enhance antioxidant biomolecule levels, they did 
not provoke lipid peroxidation. Therefore, this study suggests that optimizing nanocarrier parameters, 
including concentration, particle size larger than 10 nm, and blood-brain barrier (BBB)targeting, warrants 
further investigation in a long-term study to explore their potential as supplemental therapies for AD.
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1. Introduction

ementia encompasses a constellation of 
clinical symptoms, including impairments 
in memory, problem-solving, cognitive abili-
ties, communication, eating, and mobility. 
Alzheimer’s disease (AD) constitutes a sig-

nificant proportion of dementia cases, accounting for an 
estimated 60-780% of all dementia diagnoses (Silva et 
al., 2019). Epidemiological projections estimate that 6.2 
million individuals will be affected by AD in the US by 
2021 (Association, 2010). Furthermore, AD is considered 
the sixth leading cause of mortality in the US. In Iran, the 
mortality rate attributed to AD was 25.34 per 100000 in-
dividuals in 2019 (Balooch Hasankhani et al., 2022). 
The annual cost of care for patients with AD in the US 
was estimated at 15.3 million hours and 256.7 USD bil-
lion in 2020, increasing to 355 billion USD in 2021 (Wi-
ley, 2021). The prevalence of AD in India is significantly 
lower (4.4 times) than in the US, potentially attributable 
to the frequent consumption of spices, such as turmeric, 
in the Indian diet (Ege, 2021). In Iran, an estimated 2%-
3% of the population aged 67-78 years’ experience AD, 

with healthcare costs for these individuals exceeding those 
of the general population by a factor of three (Navipour 
et al., 2019). In other words, the cost of AD healthcare 
in Iran ranges from 434 to 2480 USD, depending on the 
stage of the disease (Aajami et al., 2019). Notably, the age-
standardized incidence rate for AD is decreasing in men, 
while the Age-Standardized Mortality Rate is increasing in 
women in Iran (Balooch Hasankhani et al., 2022).

AD is a progressive neurodegenerative disorder char-
acterized by selective neuronal loss and cognitive de-
cline. Degenerative physiological changes can begin 
several decades before the manifestation of clinical 
symptoms (Wiley, 2021). Consequently, preventative 
strategies aimed at mitigating or delaying the onset of 
AD symptoms are of significant importance. The mo-
lecular hallmark of AD is the accumulation of tau protein 
tangles within neurons and Aβ plaques in the extracel-
lular space of the brain, leading to neuronal death (Wi-
ley, 2021). While reactive oxygen and nitrogen species 
are essential for normal cellular function at basal levels, 
aberrant changes in their levels can contribute to cellu-
lar and neural damage, as observed in AD. For instance, 

Highlights 

● Commercial curcumin nanomicelles do not change the score of the MMSE questionnaire. 

● Commercial curcumin nanomicelles do not induce lipid peroxidation.

● Commercial curcumin nanomicelles do not enhance oxidative stress biomarkers or cholinesterase activity in AD.

● No difference is observed between the levels of oxidative stress biomarkers and cholinesterase activity in healthy 
and AD patients.

● Optimal concentration and particle size larger than 10 nm may improve the outcomes.

Plain Language Summary 

With the increase in the number of aged people, we expect a high rise in brain diseases such as Alzheimer's disease 
(AD). It is predicted that, by 2050, over 100 million people will be suffered from AD. Therefore, it is important to find 
new ways to prevent or slow down AD. One natural compound that has shown promise in lab studies is curcumin, 
which is one of the primary ingredients in turmeric. Curcumin is known for its ability to fight inflammation and act as 
an antioxidant, and has the potential to reduce the harmful protein clumps (Aβ plaques) often found in the brains of 
AD patients. This study aimed to see if nano-sized curcumin (called nanomicelles) can help people with mild to severe 
AD. Our findings showed that, after two months of taking 80 mg of 10 nm nano-curcumin, there was no significant 
change in either the memory and thinking abilities or in blood markers compared to the pre-treatment phase or healthy 
controls. It may be due to the form and dose of curcumin or the duration of consumption. The product did not induce 
adverse effects. This helps guide future research, preventing others from repeating the study and encouraging them to 
explore different approaches, such as higher doses, longer treatment periods, or various forms of curcumin and particle 
size, or to focus on other potential treatments for AD.
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reactive lipid species generated by lipid peroxidation and 
peroxynitrite (ONOO-) accumulate in the brains of pa-
tients with AD, contributing to neuronal damage. Malo-
ndialdehyde (MDA), a product of polyunsaturated fatty 
acid peroxidation, is another marker of oxidative stress 
in patients with AD (Tavakol et al., 2022).

Cells employ various biomolecules, including catalase 
(CAT) and superoxide dismutase (SOD), to counteract 
the detrimental effects of oxidative stress. Mitochondrial 
SOD (MnSOD) and CAT are responsible for scavenging 
superoxide radicals and H2O2 (Lee et al., 2012). Conse-
quently, SOD levels are crucial for mitigating oxidative 
stress in neurons and potentially slowing AD progres-
sion. Overexpression of SOD in transgenic mice of AD 
model improves spatial memory and CAT activity, while 
decreasing oxidized and amyloid proteins (Dumont et 
al., 2009). Beyond oxidative stress homeostasis, the lev-
els of cholinergic proteins, such as acetylcholine (ACh), 
are crucial for transmitting synaptic signals. Degenera-
tion of cholinergic neurons in the basal forebrain and in-
creased acetylcholinesterase (AChE) activity surround-
ing amyloid plaques contribute to amyloid toxicity and 
AD progression (Melo et al., 2003).

Despite extensive research efforts in neuropharmacol-
ogy and pharmacology, effective treatment of neurode-
generative diseases and disorders remains a significant 
challenge (Hamidpour et al., 2024; Tavakol et al., 2014, 
Tavakol et al., 2022, Tavakol et al., 2017; Tavakol et al., 
2023). While therapeutic agents are crucial, preventative 
strategies that delay disease progression are highly desir-
able. Curcumin, a polyphenolic compound derived from 
turmeric root, possesses anti-inflammatory, antioxidant, 
and anti-amyloid properties (Tavakol et al., 2019). Both 
curcumin and its nanoformulation have been explored 
as potential alternatives to anti-amyloid antibodies for 
labelling amyloid-beta (Aβ) plaques in imaging stud-
ies, offering advantages over conventional dyes such as 
Congo red and thioflavin-S (Maiti et al., 2016). Howev-
er, curcumin’s clinical application is hindered by several 
limitations, including rapid metabolism, poor solubility 
and bioavailability, sensitivity to light, metal ions, alka-
line conditions and heat, physicochemical instability, 
and rapid degradation (Flora et al., 2013; Karthikeyan 
et al., 2020).

While a comprehensive search of ClinicalTrials.gov 
website reveals a substantial number of registered stud-
ies (2759) about AD, only five specifically investigate 
the effects of curcumin on AD. Four additional clinical 
trials evaluating curcumin’s impact on AD have been re-
ported in the literature but are not currently registered 

on ClinicalTrials.gov website (Brondino et al., 2014). 
To the best of our knowledge, only one clinical trial 
has been identified to date that evaluated the efficacy of 
nano-curcumin in patients with AD, utilizing solid lipid 
nanoparticles (NPs) (NCT01001637). Despite promis-
ing preclinical findings in animal models (Chen et al., 
2018), a long-term, 6-month study involving curcumin 
consumption in AD patients did not demonstrate signifi-
cant improvements in clinical symptoms (Baum et al., 
2008). This lack of efficacy is attributed, in part, to cur-
cumin’s poor water solubility, physicochemical instabil-
ity, and high Log P value, resulting in limited bioavail-
ability.

To overcome these limitations and enhance curcumin’s 
water solubility and bioavailability, encapsulation into 
nanocarriers, such as nanomicelles, has emerged as a 
promising strategy. Several studies have investigated 
the efficacy of nano-curcumin in AD. For instance, PE-
Gylated curcumin NPs made from polylactic acid have 
been shown to inhibit the production and depolarization 
of Aβ plaque fibers in PC12 cells (Yang et al., 2021). 
Moreover, the encapsulation of curcumin in poly-lac-
tide-co-glycolide (PLGA)-selenium NPs reduced Aβ 
load and memory deficits in a mouse model of AD (Huo 
et al., 2019). Furthermore, encapsulation of curcumin 
into PLGA NPs has been shown to exhibit an anti-amy-
loid effect via the Wnt/β-catenin pathway in rat models 
of AD (Tiwari et al., 2014).

This study employed commercially available curcumin 
nanomicelles, characterized and subsequently admin-
istered to patients with AD. This study focused on as-
sessing the impact of curcumin nanomicelles on cholin-
esterase activity. Given curcumin’s established role in 
mitigating oxidative stress within cells, this study further 
examined the effects of curcumin nanomicelles on en-
zymes implicated in oxidative stress pathways, includ-
ing SOD, CAT, and MDA.

2. Materials and Methods

General experimental procedures

Nano curcumin (Sina curcumin) from Exir Nano Sina 
Company (Tehran Province, Iran), as well as CAT, MDA, 
and SOD kits were purchased from ZellBio GmbH (Ger-
many). A cholinesterase assay kit was purchased from 
Pars Azmon Kit (Karaj City, Tehran Province, Iran). The 
dynamic light scattering instrument was from ZetaSizer, 
Malvern, UK.
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Nanocurcumin characterization: Particle size and 
zeta potential, entrapment efficacy and drug re-
lease studies in water, simulated gastric fluid 
(SGF), and simulated intestinal fluid

Commercial nano-curcumin (Sina curcumin) was a 
gift from Exir Nano Sina Company (Tehran Province, 
Iran). Hatamipour et al. characterized the nanomicelles 
of Sina Curcumin as follows. In brief, the hydrody-
namic particle size was determined using dynamic light 
scattering (ZetaSizer, Malvern, UK) at a wavelength of 
633 nm under normal and accelerated conditions (Hat-
amipour et al., 2019).

The entrapment efficacy of the nanomicelles was deter-
mined using ultrafiltration. The molecular weight of the cen-
trifugal filter was 12 KD. The diluted nanomicelles with 5% 
dextrose were added to a centrifugal filter and centrifuged at 
4000×g for 30 minutes. High-performance liquid chroma-
tography (HPLC) was used to determine the amount of free 
curcuminoids that crossed the filter. The percentage of entrap-
ment efficacy formula was calculated as follows (Equation 1):

1. Entrapment efficacy % = (Total drug concentration-
Supernatant drug concentration/Total drug 
concentration)×100

The release profiles of curcuminoids from nanomi-
celles were evaluated in SGF and simulated intestinal 
fluid (SIF). The pH of SGF and SIF was adjusted to 2.2 
and 6.8, respectively. The release profile was studied 
for 72 h, and the number of released curcuminoids was 
evaluated using HPLC. All characterization experiments 
were performed in triplicate. The mean and SD were re-
ported and analyzed (Hatamipour et al., 2019).

Clinical trial study

Participants

Fifteen subjects with mild to severe probable AD were 
enrolled at the Neurology Clinic of Firoozgar Hospital 
(Tehran, Iran). In addition, 15 healthy subjects were age-
matched and served as the control group.

Inclusion and exclusion criteria

The inclusion criteria for the intervention group included 
male-female aged >65 years, diagnosed with AD using a 
Mini-Mental State Examination (MMSE) questionnaire 
and neurologist confirmation, liver problems, and not be-
ing treated with aspirin and anticoagulants. However, the 
inclusion criteria for the control group included a range of 
intervention groups and the absence of AD.

The exclusion criteria for the intervention group in-
cluded death, discontinuation of treatment for more than 
a week, instability of patients with curcumin, and aller-
gic reactions to nano curcumin.

Intervention

Patients took medications prescribed by their physician 
during the study and used nano-curcumin as a supplement. 
Patients with AD took a Sina curcumin (80 mg) capsule 
for eight weeks on even days (three times a week).

MMSE questionnaire for cognition evaluation 
consumption and Smoke 

The age, weight, and height of patients were studied in 
both groups. The MMSE is a relatively easy and quick as-
sessment tool that evaluates cognition. It was performed be-
fore and after curcumin administration in patients with AD 
over two months. Briefly, the MMSE assesses orientation 
to time and place, registration, attention and calculation, re-
call, repetition, language (including reading and writing), 
and copying. MMSE scores were evaluated and compared 
before and after curcumin consumption in patients with AD.

Blood collection

At the time of enrollment and after the study’s termina-
tion, 5 mL of blood was collected from patients to pre-
pare serum. Blood was centrifuged, and the serum was 
isolated and stored at -80 °C until analysis.

Oxidative stress analysis

CAT activity

CAT is an antioxidant heme enzyme found in the peroxi-
somes of human tissues. It breaks down hydrogen peroxide 
into water and hydrogen. Therefore, it protects tissues from 
the disruptive effects of reactive hydroxyl radicals (Goyal 
& Basak, 2010). CAT activity was measured using a Zell-
Bio GmbH (Germany) assay Kit. This was performed using 
a manual kit. In brief, serum was diluted with assay buffer 
at a ratio of 1:5. The standards were then diluted with as-
say buffer (1:20). Then, 25 μL of serum was mixed with 
25 μL of hydrogen peroxide reagent in duplicate wells and 
incubated at room temperature for 30 minutes. Then, 25 μL 
of the substrate and 25 μL of horseradish peroxidase (HRP) 
reagent were added to each well and incubated at room tem-
perature for 15 minutes. Absorbance was measured using a 
microplate reader at a wavelength of 560 nm. The activity 
(U/mL) was calculated using a formula derived from the 
standard curve. CAT activity was analyzed in duplicate, and 
the values provided are the normalized Mean±SD.
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SOD inhibition

Superoxide is a harmful byproduct of cellular oxygen 
metabolism. SOD catalyzed the dismutation of superox-
ide to hydrogen peroxide and molecular oxygen (You-
nus, 2018). A SOD colorimetric assay kit was purchased 
from ZellBio GmbH (Germany). Briefly, standards were 
prepared using a manual kit. Ten microliters of serum, 
50 μL of the substrate working solution, and 25 μL of 
xanthine oxidase were added to each well and incubated 
at room temperature for 20 minutes. The absorbance was 
measured using a microplate reader at 450 nm. The con-
centration was calculated using the following formula 
(Equation 2):

2. SOD inhibition = (Mean OD of sample/Mean OD of 
zero standard) ×100

SOD inhibition was analyzed in duplicate, and the val-
ues provided are the normalized Mean±SD.

MDA concentration

MDA is the final byproduct of polyunsaturated fatty 
acid peroxidation and arachidonic acid. Therefore, it is 
considered an index of oxidative stress (Maurya et al., 
2021). An MDA/thiobarbituric acid reactive substance 
colorimetric assay kit was purchased from ZellBio 
GmbH (Germany). Analysis was performed according 
to the manufacturer instructions. In brief, 50 μL of se-
rum, 50 μL of sample diluent, and 50 μL of TBA sub-
strate were added to each well and incubated at 37 °C for 
one h with shaking. The absorbance was read using a mi-
croplate reader at 535 nm. The concentration (µM) was 
calculated using the formula derived from the standard 
curve. MDA concentration was analyzed in duplicate, 
and the values provided are the normalized Mean±SD.

Choline esterase activity

Choline esterase is an enzyme involved in the degrada-
tion of choline-based esters, which are crucial for neuro-
transmission (Kondapalli & Sruthi, 2020). The choline 
esterase activity (U/L) was determined using the butyryl 
thiocholine technique with a Pars Azmon kit (Karaj, 
Tehran, Iran). Briefly, two reagents, A and B, and serum 
were added to the wells. After incubation, absorbance 
was measured at 405 nm using a microplate reader. Cho-
linesterase activity was analyzed in duplicate, and the 
values provided are the normalized Mean±SD.

Statistical analysis

SPSS software, version 23 was used to analyze the data 
related to oxidative stress and cholinesterase. A paired 
t-test was used to compare the results before and after 
the intervention with those of the control and patients. 
Statistical significance was set at P<0.05.

3. Results

Nanoparticle characterization

Hatamipour et al. characterized the nanomicelles of 
Sina curcumin. They reported that the particle size of 
the nanomicelles was 9.5±0.1 nm and that it remained 
unchanged during the 24-month incubation period under 
both normal and accelerated conditions for 6 months. 
The percentage of entrapment efficacy was 100±0% 
(Hatamipour et al., 2019).

The drug release study in SGF showed an 18% release 
of curcumin from the micelles by 72 h, while the cur-
cumin release from the nanomicelles was 11% when 
they were kept in SIF. Moreover, curcumin release from 
the nanomicelles was 2% after six h in both SGF and SIF 
(Figures 1a, 1b, and 1c) (Hatamipour et al., 2019).

Cognitive function score

Table 1 presents the demographic information. The 
MMSE questionnaire was administered to patients 
with AD to evaluate the effect of curcumin nanomi-
celles on cognitive impairment. The scores showed 
that curcumin naomicelles did not significantly change 
the MMSE scores in patients with AD (P=0.730). No 
change was observed in orientation to time (P=1.00) 
and place (P=0.644), registration (P=0.541), recall 
(P=0.756), nomination (P=1), repetition (P=1), concep-
tion (P=0.517), reading (P=1), writing (P=1), copying 
(P=0.726) or attention (P=0.796) (Table 2).

Oxidative stress response before and after 
intervention

CAT activity

CAT activity as an oxidative stress index was evaluated 
in patients before and after the intervention. The results 
indicated no significant difference in CAT activity among 
patients with AD who received nanocurcumin treatment 
(P=0.268). In contrast, no significant difference was ob-
served in the CAT activity between the control and inter-
vention groups eight weeks posttreatment with nanocur-
cumin in patients with AD (P=0.745) (Figure 2a).
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SOD inhibition

SOD inhibition, as an oxidative stress index, showed 
no significant difference in SOD inhibition before and 
after nanocurcumin administration (P=0.787). Further-
more, no significant difference was observed in SOD 
inhibition between the control and intervention groups 
at eight weeks posttreatment with nanocurcumin in pa-
tients with AD (P=0.621) (Figure 2b).

MDA concentration

As a final byproduct of lipid peroxidation, the results 
derived from MDA concentration showed no signifi-
cant difference in the amount of MDA in patients with 
AD when they took nanocurcumin in the short term 
(P=0.924). However, no significant difference was ob-
served in the amount of MDA between the control and 
intervention groups by eight weeks posttreatment with 
nanocurcumin in AD patients (P=0.957) (Figure 2c).

Table 1. Demographic data in the control and AD patients’ groups 

Mean±SDMaximumMinimumn=15Variables

72.8667±5.069058065AD
Age (y)

70.666±8.85339265Control

65.3333±12.99267 9047AD
Weight (kg)

70.666±9.052768552Control

165.2±8.95385185154AD

Height (cm)
168.26±7.62952185157Control

Table 2. MMSE scores before and after curcumin nanomicelle consumption in AD patients

Criteria
Mean

Before (n=15) After (n=15)

Orientation to time 3 3

Orientation to place 3.8 4

Registration 2.6 2.8

Recall 0.4 0.5

Nomination 2 2

Repetition 0.8 0.8

Conception 2.7 2.8

Reading 0.8 0.8

Writing 0.7 0.7

Copying 0.4 0.5

Attention 2.3 2.5

Total score 19.8 20.6
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Choline esterase activity

Choline esterase is an enzyme involved in choline 
degradation, and butyrylcholine esters were evaluated. 
The data showed no significant difference between cho-
line esterase activity in AD patients before and after the 
prescription of nanocurcumin (P=0.549). Moreover, no 
significant difference was observed between cholinester-
ase activity in the healthy control and AD patient groups 
(P=0.088) (Figure 3).

4. Discussion

AD is a progressive neurodegenerative disorder typi-
cally diagnosed when degenerative physiological chang-
es in the brain have been underway for approximately 
three years (Beason-Held et al., 2013). To effectively 
design and select an ideal therapeutic agent, a thorough 
understanding of the underlying cellular mechanisms 
beyond disease pathology is essential. The brain, con-
suming approximately 20% of the body’s total oxygen, 

Figure 1. Release profile of curcumin and its ingeridents

a) Release profiles of demethoxycurcumin (DMC), Bisdemethoxycurcumin (BDMC) and curcumin in SGF, b) Water, c) SIF at 
0, 1, 2, 4, 6, 12, 24, 48 and 72 h

Note: The figure was reused from (Hatamipour et al., 2019), and permission was received.
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Figure 2. CAT activity, SOD inhibition, and MDA concentration in the serum of healthy controls and AD patients before and 
after nano-curcumin administration

a) CAT activity in the serum of AD patients before and after nanocurcumin administration indicating the non-significant dif-
ference before and after of the nanocurcumin prescription; in addition, no significant difference was observed between the 
healthy control and patients.

b) SOD inhibition in the serum of AD patients before and after nanocurcumin administration indicating the non-significant 
difference before and after of the nanocurcumin prescription; in addition, no significant difference was observed between the 
healthy control and patients. 

c) MDA concentration in the serum of AD patients before and after nanocurcumin administration; nanocurcumin did not 
induce a significant difference in SOD, indicating the non-significant difference before and after of the nanocurcumin prescrip-
tion; In addition, no significant difference was observed between the healthy control and patients. 
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is particularly susceptible to oxidative damage. CAT and 
SOD play crucial roles in scavenging the byproducts of 
oxidative stress.

Our results revealed no significant changes in cognitive 
scores following the administration of curcumin nano-
micelles to patients with AD. Furthermore, no signifi-
cant differences were observed in cholinesterase, SOD, 
or CAT levels after curcumin nanomicelle administra-
tion in patients with AD. These data suggest that 10 nm 
curcumin nanomicelles, administered at a concentration 
of 80 mg every two days, did not significantly alter SOD 
and CAT activity over two months. The concentration of 
MDA, a byproduct of lipid peroxidation, remained un-
changed. This indicates that curcumin nanomicelles did 
not induce or exacerbate lipid peroxidation, suggesting 
their potential safety in terms of extra lipid peroxidation.

Curcumin exhibits antioxidant properties and has 
a high affinity for Aβ plaques, effectively inhibiting 
plaque aggregation (McClure et al., 2017; Mei et al., 
2020; Yanagisawa et al., 2011). However, the efficacy 
of these actions hinges on the ability of curcumin to 
cross the blood-brain barrier (BBB) and maintain its 
concentration within the target brain regions. Research 
has demonstrated that NP size, targeting functionaliza-
tion, and payload drug concentration within the brain are 
critical factors for efficient drug delivery in AD. As men-
tioned earlier, the present study employed 10 nm nano-
carriers. While studies have indicated that the optimal 
particle size for BBB passage is approximately 40 nm or 
less, nanocarriers smaller than 10 nm may be filtered by 
the kidneys, hindering their optimal retention in the brain 
(Danaei et al., 2018).

The optimal concentration of curcumin in the brain 
is another critical consideration. Studies have demon-
strated that curcumin concentrations of 500 nM and 
100 μM in the brain can promote and inhibit neuro-
genesis, respectively, in animal models of AD (Begum 
et al., 2008). Therefore, both excessively high and low 
curcumin concentrations may be ineffective. The en-
capsulation of curcumin within nanocarriers has been 
shown to significantly enhance its payload in the brain, 
resulting in notable improvements in cognitive function 
(90%) and AChE inhibition (52%) (Kakkar et al., 2013). 
Nanoencapsulation of drugs enhances both the bioavail-
ability and retention time of curcumin in the brain (Tsai 
et al., 2011). Certain nanocarrier systems, such as cur-
cumin lipid NPs, demonstrate an enhanced affinity for 
Aβ plaques compared to free curcumin, leading to a de-
cline in Aβ aggregation (Maiti et al., 2018). To achieve 
successful delivery of nano-curcumin to the brain, tar-
geted delivery strategies are recommended. Lactoferrin, 
T807 molecules, insulin, transferrin, and integrin recep-
tors, Tet-1 peptide, B6 peptide, odorranalectin, and N-
trimethyl chitosan are all potential targeting agents for 
functionalizing nanocarriers to facilitate BBB crossing 
(Ege, 2021). For example, functionalization of pegylated 
poly(lactic-co-glycolic acid) (PLGA) NPs with the B6 
peptide (Orlando et al., 2012) or transferrin-Tet-1 has 
been shown to significantly enhance brain uptake of 
curcumin compared to their non-targeting counterparts 
(Ramalingam & Ko, 2015).

Although several successful preclinical studies have 
been conducted related to the improvement of cogni-
tion using curcumin NPs, clinical findings have been 
controversial regarding the effectiveness of curcumin 

Figure 3. Cholinesterase activity in the serum of AD patients before and after nanocurcumin administration 

Note: Nanocurcumin did not induce a significant difference in cholinesterase activity. In addition, no significant difference was 
observed between the healthy control and patients. 
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in patients with AD and healthy subjects, in part owing 
to structural changes in the BBB or involved signalling 
pathways in patients with AD, indicating the necessity 
of targeted delivery to the brain (Goozee et al., 2016; 
Voulgaropoulou et al., 2019). In a clinical trial, 1500 
mg of curcumin (Biocurcumax™) and a placebo were 
administered to 160 individuals without cognitive im-
pairment. The results at six months indicated that the 
intervention group did not show a decline in cognition, 
while the placebo group showed a decline in cognitive 
function (Rainey-Smith et al., 2016). In other words, al-
though curcumin did not improve cognition, it stabilized 
cognition for six months as a protective agent (Reddy 
et al., 2018). Evaluation of cognitive function, working 
memory, and sustained attention in healthy older indi-
viduals who were administered solid lipids of curcumin 
(Longvida®, 80 mg/day) showed that on the one hand, 
four weeks after consuming Longvida®, working mem-
ory, sustained attention, and mood improved. However, 
these results were not significant three h post-treatment 
(Cox et al., 2015). Another study on healthy individuals 
showed that administrating curcumin (Theracurmin®, 90 
mg twice a day) for 18 months decreases amyloid and 
tau accumulation in the brain, while improving short-
term memory, attention, visual, and verbal functions 
(Small et al., 2018).

A clinical trial involving individuals with AD demon-
strated that administrating curcumin (2-4 g/day) for six 
months did not result in significant changes in cognitive 
function, tau levels, or Aβ concentrations in the plasma 
and cerebrospinal fluid of patients with mild to moder-
ate AD (Ringman et al., 2012). Similarly, Baum et al. (2008) 
reported that administering 1 or 4 g of curcumin to indi-
viduals with progressive cognitive impairment did not sig-
nificantly alter MMSE scores after six months despite an 
observed enhancement in vitamin E levels compared to 
the placebo group. Furthermore, serum Aβ1-40 levels did 
not significantly increase. This study is the first pilot clini-
cal trial to evaluate the efficacy of curcumin nanomicelles 
on cognitive function and oxidative stress. These results 
align with previous research investigating the efficacy of 
curcumin in patients with AD, indicating that no signifi-
cant differences were observed in MMSE scores. 

5. Conclusion

The ageing global population is projected to lead to 
a significant increase in neurodegenerative diseases, 
including AD. Projections indicate that the number of 
individuals affected by dementia and AD will reach 152 
million and 106.8 million, respectively, by 2050. There-
fore, identifying preventative and therapeutic agents ca-

pable of inhibiting or slowing AD progression remains a 
critical research priority. Curcumin, with its established 
antioxidant, anti-inflammatory, and anti-Aβ plaque 
properties, holds promise as a potential therapeutic 
agent. However, its poor solubility and bioavailability 
pose significant challenges. Encapsulating curcumin 
within nanocarriers has emerged as a promising strat-
egy to address these limitations. Our study suggests that 
further optimization of nanocarrier parameters, includ-
ing particle size and administration duration, is crucial 
for achieving clinical efficacy. Specifically, the devel-
opment of curcumin nanoparticles exceeding 10 nm in 
size, functionalized with BBB-targeting biomolecules, 
such as transferrin and Tat-1, warrants further investi-
gation. Additionally, identifying the optimal concentra-
tion of curcumin NPs that induce neurogenesis, exhibit 
antioxidant and anti-Aβ plaque activity, and possess 
anticholinesterase potential is essential. Although there 
seems to be a long way to go to optimize curcumin NPs 
for treating AD in the clinic, it is not far off. The re-
sults of our study serve as a beacon for future research, 
highlighting the need to optimize particle size, targeting 
agents, concentration, and duration of administration of 
curcumin nanocarriers.

Ethical Considerations

Compliance with ethical guidelines

The Ethics Committee approved this controlled clinical 
trial by the Department of Toxicology and Pharmacology, 
Faculty of Pharmacy and Pharmaceutical Sciences, Teh-
ran Medical Sciences Branch, Islamic Azad University, 
Tehran, Iran (Code: IR.IAU.PS.REC.1396.98). The pro-
tocol was explained to all participants, and they enrolled 
after providing written informed consent.

Funding

This research did not receive any grant from funding 
agencies in the public, commercial, or non-profit sectors.

Authors' contributions

Material preparation, data collection, and analysis: 
Samira Kazemi and Narges Hesni Langroudi; Writing 
and providing technical assistance: Kamran Tavakol and 
Sepide Arbabi Bidgoli; Analyzing MMSE questionnaire: 
Peyman Hasani Abharian; Data analysis: Mohammad 
Taghi Joghataei; Supervision, study design and data in-
terpretation: Sepide Arbabi Bidgoli and Shima Tavakol. 

Kazemi., et al. (2025). Curcumin Nanomicelle in Alzheimer’s Disease. BCN, 16(3), 595-608.

http://bcn.iums.ac.ir/
https://tms.iau.ir/en
https://tms.iau.ir/en


Basic and Clinical

605

May & June 2025, Vol 16, No. 3

Conflict of interest

The authors declared no conflict of interest.

Acknowledgments

The authors thank the hospital staff and patients who 
assisted in conducting this study. We thank Exir Nano 
Sina Company (Tehran, Iran) for providing nano-cur-
cumin (Sina curcumin) as a gift.

References

Aajami, Z., Kebriaeezadeh, A., & Nikfar, S. (2019). Direct and 
indirect cost of managing Alzheimer's disease in the Islamic 
Republic of Iran. Iranian Journal of Neurology, 18(1), 7–12.
[DOI:10.18502/ijnl.v18i1.940] [PMID] 

Alzheimer's Association (2010). 2010 Alzheimer's disease 
facts and figures. Alzheimer's & Dementia, 6(2), 158–194. 
[DOI:10.1016/j.jalz.2010.01.009] [PMID]

Balooch Hasankhani, M., naziri, M., & Roudbari, M. (2022). 
[Analysis of the incidence and mortality rate of Alzheimer’s 
and other dementias during the last 30 years in Iran (Per-
sian)]. Koomesh, 24(1), e152386. [Link]

Baum, L., Lam, C. W., Cheung, S. K., Kwok, T., Lui, V., & Tsoh, 
J., et al. (2008). Six-month randomized, placebo-controlled, 
double-blind, pilot clinical trial of curcumin in patients with 
Alzheimer disease. Journal of Clinical Psychopharmacology, 
28(1), 110–113. [DOI:10.1097/jcp.0b013e318160862c] [PMID]

Beason-Held, L. L., Goh, J. O., An, Y., Kraut, M. A., O'Brien, R. 
J., & Ferrucci, L., et al. (2013). Changes in brain function occur 
years before the onset of cognitive impairment. The Journal of 
Neuroscience, 33(46), 18008–18014. [DOI:10.1523/JNEURO-
SCI.1402-13.2013] [PMID] 

Begum, A. N., Jones, M. R., Lim, G. P., Morihara, T., Kim, P., 
& Heath, D. D., et al. (2008). Curcumin structure-function, 
bioavailability, and efficacy in models of neuroinflamma-
tion and Alzheimer's disease. The Journal of Pharmacology 
and Experimental Therapeutics, 326(1), 196–208. [DOI:10.1124/
jpet.108.137455] [PMID] 

Brondino, N., Re, S., Boldrini, A., Cuccomarino, A., Lanati, N., 
& Barale, F., et al. (2014). Curcumin as a therapeutic agent in 
dementia: a mini systematic review of human studies. TheSci-
entificWorldJournal, 2014, 174282. [DOI:10.1155/2014/174282] 
[PMID] 

Chen, M., Du, Z. Y., Zheng, X., Li, D. L., Zhou, R. P., & Zhang, 
K. (2018). Use of curcumin in diagnosis, prevention, and treat-
ment of Alzheimer's disease. Neural Regeneration Research, 
13(4), 742–752. [DOI:10.4103/1673-5374.230303] [PMID] 

Cox, K. H., Pipingas, A., & Scholey, A. B. (2015). Investigation of 
the effects of solid lipid curcumin on cognition and mood in a 
healthy older population. Journal of Psychopharmacology, 29(5), 
642–651. [DOI:10.1177/0269881114552744] [PMID]

Danaei, M., Dehghankhold, M., Ataei, S., Hasanzadeh Dava-
rani, F., Javanmard, R., & Dokhani, A., et al. (2018). Impact of 
particle size and polydispersity index on the clinical applica-
tions of lipidic nanocarrier systems. Pharmaceutics, 10(2), 57. 
[DOI:10.3390/pharmaceutics10020057] [PMID] 

Dumont, M., Wille, E., Stack, C., Calingasan, N. Y., Beal, M. F., 
& Lin, M. T. (2009). Reduction of oxidative stress, amyloid 
deposition, and memory deficit by manganese superox-
ide dismutase overexpression in a transgenic mouse model 
of Alzheimer's disease. FASEB Journal, 23(8), 2459–2466. 
[DOI:10.1096/fj.09-132928] [PMID] 

Ege D. (2021). Action mechanisms of curcumin in alzheimer's 
disease and its brain targeted delivery. Materials, 14(12), 3332. 
[DOI:10.3390/ma14123332] [PMID] 

Flora, G., Gupta, D., & Tiwari, A. (2013). Nanocurcumin: A 
promising therapeutic advancement over native curcumin. 
Critical Reviews in Therapeutic Drug Carrier Systems, 30(4), 331–
368. [DOI:10.1615/CritRevTherDrugCarrierSyst.2013007236] 
[PMID]

Goozee, K. G., Shah, T. M., Sohrabi, H. R., Rainey-Smith, S. R., 
Brown, B., & Verdile, G., et al. (2016). Examining the potential 
clinical value of curcumin in the prevention and diagnosis 
of Alzheimer's disease. The British Journal of Nutrition, 115(3), 
449–465. [DOI:10.1017/S0007114515004687] [PMID]

Goyal, M. M., & Basak, A. (2010). Human catalase: Looking for 
complete identity. Protein & Cell, 1(10), 888–897. [DOI:10.1007/
s13238-010-0113-z] [PMID] 

Hamidpour, S. K., Amiri, M., Ketabforoush, A. H. M. E., Saeedi, 
S., Angaji, A., & Tavakol, S. (2024). Unraveling dysregulated 
cell signaling pathways, genetic and epigenetic mysteries of 
parkinson's disease. Molecular Neurobiology, 61(11), 8928–8966. 
[DOI:10.1007/s12035-024-04128-1] [PMID]

Hatamipour, M., Sahebkar, A., Alavizadeh, S. H., Dorri, M., & 
Jaafari, M. R. (2019). Novel nanomicelle formulation to en-
hance bioavailability and stability of curcuminoids. Iranian 
Journal of Basic Medical Sciences, 22(3), 282. [DOI:10.22038/
ijbms.2019.32873.7852] [PMID]

Huo, X., Zhang, Y., Jin, X., Li, Y., & Zhang, L. (2019). A novel 
synthesis of selenium nanoparticles encapsulated PLGA 
nanospheres with curcumin molecules for the inhibition 
of amyloid β aggregation in Alzheimer's disease. Journal 
of Photochemistry and Photobiology. B, Biology, 190, 98–102. 
[DOI:10.1016/j.jphotobiol.2018.11.008] [PMID]

Kakkar, V., Mishra, A. K., Chuttani, K., & Kaur, I. P. (2013). 
Proof of concept studies to confirm the delivery of curcumin 
loaded solid lipid nanoparticles (C-SLNs) to brain. Interna-
tional Journal of Pharmaceutics, 448(2), 354–359. [DOI:10.1016/j.
ijpharm.2013.03.046] [PMID]

Karthikeyan, A., Senthil, N., & Min, T. (2020). Nanocurcumin: 
A Promising Candidate for Therapeutic Applications. Fron-
tiers in Pharmacology, 11, 487. [DOI:10.3389/fphar.2020.00487] 
[PMID] 

Kondapalli, N., & Sruthi, K. (2020). Novel tacrine and hespere-
tin analogues: design, molecular docking and in silico ADME 
studies to identify potential Acetyl choline esterase inhibitors 
for Alzheimer’s disease. Journal of Faculty of Pharmacy of An-
kara University, 44(1), 18-32. [DOI:10.33483/jfpau.559509]

Kazemi., et al. (2025). Curcumin Nanomicelle in Alzheimer’s Disease. BCN, 16(3), 595-608.

http://bcn.iums.ac.ir/
https://ens.co.ir/en/
https://ens.co.ir/en/
https://doi.org/10.18502/ijnl.v18i1.940
https://www.ncbi.nlm.nih.gov/pubmed/31316730
https://doi.org/10.1016/j.jalz.2010.01.009
https://www.ncbi.nlm.nih.gov/pubmed/20298981
https://brieflands.com/articles/koomesh-152386
https://doi.org/10.1097/jcp.0b013e318160862c
https://www.ncbi.nlm.nih.gov/pubmed/18204357
https://doi.org/10.1523/JNEUROSCI.1402-13.2013
https://doi.org/10.1523/JNEUROSCI.1402-13.2013
https://www.ncbi.nlm.nih.gov/pubmed/24227712
https://doi.org/10.1124/jpet.108.137455
https://doi.org/10.1124/jpet.108.137455
https://www.ncbi.nlm.nih.gov/pubmed/18417733
https://doi.org/10.1155/2014/174282
https://www.ncbi.nlm.nih.gov/pubmed/24578620
https://doi.org/10.4103/1673-5374.230303
https://www.ncbi.nlm.nih.gov/pubmed/29722330
https://doi.org/10.1177/0269881114552744
https://www.ncbi.nlm.nih.gov/pubmed/25277322
https://doi.org/10.3390/pharmaceutics10020057
https://pubmed.ncbi.nlm.nih.gov/29783687/
https://doi.org/10.1096/fj.09-132928
https://www.ncbi.nlm.nih.gov/pubmed/19346295
https://doi.org/10.3390/ma14123332
https://www.ncbi.nlm.nih.gov/pubmed/34208692
https://doi.org/10.1615/CritRevTherDrugCarrierSyst.2013007236
https://www.ncbi.nlm.nih.gov/pubmed/23662605
https://doi.org/10.1017/S0007114515004687
https://www.ncbi.nlm.nih.gov/pubmed/26652155
https://doi.org/10.1007/s13238-010-0113-z
https://doi.org/10.1007/s13238-010-0113-z
https://www.ncbi.nlm.nih.gov/pubmed/21204015
https://doi.org/10.1007/s12035-024-04128-1
https://www.ncbi.nlm.nih.gov/pubmed/38573414
https://ijbms.mums.ac.ir/article_12252.html
https://www.ncbi.nlm.nih.gov/pubmed/38573414
https://doi.org/10.1016/j.jphotobiol.2018.11.008
https://www.ncbi.nlm.nih.gov/pubmed/30504054
https://doi.org/10.1016/j.ijpharm.2013.03.046
https://doi.org/10.1016/j.ijpharm.2013.03.046
https://www.ncbi.nlm.nih.gov/pubmed/23558314
https://doi.org/10.3389/fphar.2020.00487
https://www.ncbi.nlm.nih.gov/pubmed/32425772
https://doi.org/10.33483/jfpau.559509


Basic and Clinical

606

May & June 2025, Vol 16, No. 3

Lee, J., Giordano, S., & Zhang, J. (2012). Autophagy, mito-
chondria and oxidative stress: Cross-talk and redox signal-
ling. The Biochemical Journal, 441(2), 523–540. [DOI:10.1042/
BJ20111451] [PMID] 

Maiti, P., Hall, T. C., Paladugu, L., Kolli, N., Learman, C., & Ros-
signol, J., et al. (2016). A comparative study of dietary cur-
cumin, nanocurcumin, and other classical amyloid-binding 
dyes for labeling and imaging of amyloid plaques in brain 
tissue of 5×-familial Alzheimer's disease mice. Histochemistry 
and Cell Biology, 146(5), 609–625. [DOI:10.1007/s00418-016-
1464-1] [PMID]

Maiti, P., Paladugu, L., & Dunbar, G. L. (2018). Solid lipid cur-
cumin particles provide greater anti-amyloid, anti-inflamma-
tory and neuroprotective effects than curcumin in the 5xFAD 
mouse model of Alzheimer's disease. BMC Neuroscience, 
19(1), 7. [DOI:10.1186/s12868-018-0406-3] [PMID] 

Maurya, R. P., Prajapat, M. K., Singh, V. P., Roy, M., Todi, R., & 
Bosak, S., et al. (2021). Serum malondialdehyde as a biomarker 
of oxidative stress in patients with primary ocular carcinoma: 
Impact on response to chemotherapy. Clinical Ophthalmology, 
15, 871–879. [DOI:10.2147/OPTH.S287747] [PMID] 

McClure, R., Ong, H., Janve, V., Barton, S., Zhu, M., & Li, B., et 
al. (2017). Aerosol delivery of curcumin reduced amyloid-β 
deposition and improved cognitive performance in a trans-
genic model of alzheimer's disease. Journal of Alzheimer's dis-
ease, 55(2), 797–811. [DOI:10.3233/JAD-160289] [PMID] 

Mei, X., Zhu, L., Zhou, Q., Li, X., & Chen, Z. (2020). Interplay 
of curcumin and its liver metabolism on the level of Aβ in 
the brain of APPswe/PS1dE9 mice before AD onset. Pharma-
cological reports, 72(6), 1604–1613. [DOI:10.1007/s43440-020-
00116-z] [PMID]

Melo, J. B., Agostinho, P., & Oliveira, C. R. (2003). Involvement 
of oxidative stress in the enhancement of acetylcholinester-
ase activity induced by amyloid beta-peptide. Neuroscience 
research, 45(1), 117–127. [DOI:10.1016/S0168-0102(02)00201-8] 
[PMID]

Navipour, E., Neamatshahi, M., Barabadi, Z., Neamatshahi, M., 
& Keykhosravi, A. (2019). Epidemiology and risk factors of 
Alzheimer’s disease in Iran: A systematic review. Iranian Jour-
nal of Public Health, 48(12), 2133. [PMID]

GBD 2019 Dementia Forecasting Collaborators (2022). Estima-
tion of the global prevalence of dementia in 2019 and forecast-
ed prevalence in 2050: An analysis for the global burden of 
disease study 2019. The Lancet. Public Health, 7(2), e105–e125. 
[DOI:10.1016/S2468-2667(21)00249-8] [PMID]

Orlando, R. A., Gonzales, A. M., Royer, R. E., Deck, L. M., & 
Vander Jagt, D. L. (2012). A chemical analog of curcumin as 
an improved inhibitor of amyloid Abeta oligomerization. 
Plos One, 7(3), e31869. [DOI:10.1371/journal.pone.0031869] 
[PMID] 

Rainey-Smith, S. R., Brown, B. M., Sohrabi, H. R., Shah, T., Goo-
zee, K. G., & Gupta, V. B., et al. (2016). Curcumin and cogni-
tion: a randomised, placebo-controlled, double-blind study of 
community-dwelling older adults. The British Journal of Nu-
trition, 115(12), 2106–2113. [DOI:10.1017/S0007114516001203] 
[PMID]

Ramalingam, P., & Ko, Y. T. (2015). Enhanced oral delivery 
of curcumin from N-trimethyl chitosan surface-modified 
solid lipid nanoparticles: Pharmacokinetic and brain distri-
bution evaluations. Pharmaceutical Research, 32(2), 389–402. 
[DOI:10.1007/s11095-014-1469-1] [PMID]

Reddy, P. H., Manczak, M., Yin, X., Grady, M. C., Mitchell, A., & 
Tonk, S., et al. (2018). Protective effects of indian spice curcumin 
against amyloid-β in Alzheimer's disease. Journal of Alzheimer's 
Disease, 61(3), 843–866. [DOI:10.3233/JAD-170512] [PMID] 

Ringman, J. M., Frautschy, S. A., Teng, E., Begum, A. N., Bardens, 
J., & Beigi, M., et al. (2012). Oral curcumin for Alzheimer's 
disease: Tolerability and efficacy in a 24-week randomized, 
double blind, placebo-controlled study. Alzheimer's Research 
& Therapy, 4(5), 43. [DOI:10.1186/alzrt146] [PMID] 

Silva, M. V. F., Loures, C. M. G., Alves, L. C. V., de Souza, L. 
C., Borges, K. B. G., & Carvalho, M. D. G. (2019). Alzheimer's 
disease: Risk factors and potentially protective measures. 
Journal of Biomedical Science, 26(1), 33. [DOI:10.1186/s12929-
019-0524-y] [PMID] 

Small, G. W., Siddarth, P., Li, Z., Miller, K. J., Ercoli, L., & Emer-
son, N. D., et al. (2018). Memory and brain amyloid and tau 
effects of a bioavailable form of curcumin in non-demented 
adults: A double-blind, placebo-controlled 18-month trial. 
The American Journal of Geriatric Psychiatry, 26(3), 266–277. 
[DOI:10.1016/j.jagp.2017.10.010] [PMID]

Tavakol, S., Aligholi, H., Gorji, A., Eshaghabadi, A., Hoveizi, E., 
& Tavakol, B., et al. (2014). Thermogel nanofiber induces hu-
man endometrial-derived stromal cells to neural differentia-
tion: In vitro and in vivo studies in rat. Journal of Biomedical 
Materials Research. Part A, 102(12), 4590–4597. [DOI:10.1002/
jbm.a.35117] [PMID]

Tavakol, S., Hoveizi, E., Tavakol, H., Almasi, A., Soleimani, M., 
& Rabiee Motmaen, S., et al. (2022). Strong binding of phyto-
chemicals to the catalytic domain of tyrosine hydroxylase as a 
trojan horse decreases dopamine in dopaminergic cells: Phar-
maceutical considerations in schizophrenia and parkinson's 
disease. Current Pharmaceutical Design, 28(42), 3428–3445. [DO
I:10.2174/1381612829666221102151926] [PMID]

Tavakol, S., Musavi, S. M. M., Tavakol, B., Hoveizi, E., Ai, J., & 
Rezayat, S. M. (2017). Noggin along with a self-assembling 
peptide nanofiber containing long motif of laminin induces 
tyrosine hydroxylase gene expression. Molecular Neurobiology, 
54(6), 4609–4616. [DOI:10.1007/s12035-016-0069-y] [PMID]

Tavakol, S., Zahmatkeshan, M., & Rahvar, M. (2023). Neural 
regeneration. In E. Nazarzadeh Zare (Ed.), Electrically con-
ducting polymers and their composites for tissue engineering (pp. 
159-192). Washington: ACS Publications. [DOI:10.1021/bk-
2023-1438.ch010]

Tavakol, S., Zare, S., Hoveizi, E., Tavakol, B., & Rezayat, S. M. 
(2019). The impact of the particle size of curcumin nanocar-
riers and the ethanol on beta_1-integrin overexpression in 
fibroblasts: A regenerative pharmaceutical approach in skin 
repair and anti-aging formulations. Daru, 27(1), 159–168. 
[DOI:10.1007/s40199-019-00258-3] [PMID] 

Tiwari, S. K., Agarwal, S., Seth, B., Yadav, A., Nair, S., & Bhatna-
gar, P., et al. (2014). Curcumin-loaded nanoparticles potently 
induce adult neurogenesis and reverse cognitive deficits 
in Alzheimer's disease model via canonical Wnt/β-catenin 
pathway. ACS Nano, 8(1), 76–103. [DOI:10.1021/nn405077y] 
[PMID]

Kazemi., et al. (2025). Curcumin Nanomicelle in Alzheimer’s Disease. BCN, 16(3), 595-608.

http://bcn.iums.ac.ir/
https://doi.org/10.1042/BJ20111451
https://doi.org/10.1042/BJ20111451
https://www.ncbi.nlm.nih.gov/pubmed/22187934
https://doi.org/10.1007/s00418-016-1464-1
https://doi.org/10.1007/s00418-016-1464-1
https://www.ncbi.nlm.nih.gov/pubmed/27406082
https://doi.org/10.1186/s12868-018-0406-3
https://www.ncbi.nlm.nih.gov/pubmed/29471781
https://doi.org/10.2147/OPTH.S287747
https://www.ncbi.nlm.nih.gov/pubmed/33664564
https://doi.org/10.3233/JAD-160289
https://www.ncbi.nlm.nih.gov/pubmed/27802223
https://doi.org/10.1007/s43440-020-00116-z
https://doi.org/10.1007/s43440-020-00116-z
https://www.ncbi.nlm.nih.gov/pubmed/32468514
https://doi.org/10.1016/S0168-0102(02)00201-8
https://www.ncbi.nlm.nih.gov/pubmed/12507730
https://pubmed.ncbi.nlm.nih.gov/31993381/
https://doi.org/10.1016/S2468-2667(21)00249-8
https://www.ncbi.nlm.nih.gov/pubmed/34998485
https://doi.org/10.1371/journal.pone.0031869
https://www.ncbi.nlm.nih.gov/pubmed/22442659
https://doi.org/10.1017/S0007114516001203
https://www.ncbi.nlm.nih.gov/pubmed/27102361
https://doi.org/10.1007/s11095-014-1469-1
https://www.ncbi.nlm.nih.gov/pubmed/25082210
https://doi.org/10.3233/JAD-170512
https://www.ncbi.nlm.nih.gov/pubmed/29332042
https://doi.org/10.1186/alzrt146
https://www.ncbi.nlm.nih.gov/pubmed/23107780
https://doi.org/10.1186/s12929-019-0524-y
https://doi.org/10.1186/s12929-019-0524-y
https://www.ncbi.nlm.nih.gov/pubmed/31072403
https://doi.org/10.1016/j.jagp.2017.10.010
https://www.ncbi.nlm.nih.gov/pubmed/29246725
https://doi.org/10.1002/jbm.a.35117
https://doi.org/10.1002/jbm.a.35117
https://www.ncbi.nlm.nih.gov/pubmed/24532561
https://doi.org/10.2174/1381612829666221102151926
https://doi.org/10.2174/1381612829666221102151926
https://www.ncbi.nlm.nih.gov/pubmed/36330626
https://doi.org/10.1007/s12035-016-0069-y
https://www.ncbi.nlm.nih.gov/pubmed/27389777
https://doi.org/10.1021/bk-2023-1438.ch010
https://doi.org/10.1021/bk-2023-1438.ch010
https://doi.org/10.1007/s40199-019-00258-3
https://www.ncbi.nlm.nih.gov/pubmed/30875026
https://doi.org/10.1021/nn405077y
https://www.ncbi.nlm.nih.gov/pubmed/24467380


Basic and Clinical

607

May & June 2025, Vol 16, No. 3

Tsai, Y. M., Chien, C. F., Lin, L. C., & Tsai, T. H. (2011). Cur-
cumin and its nano-formulation: the kinetics of tissue dis-
tribution and blood-brain barrier penetration. International 
Journal of Pharmaceutics, 416(1), 331–338. [DOI:10.1016/j.ijp-
harm.2011.06.030] [PMID]

Voulgaropoulou, S. D., van Amelsvoort, T. A. M. J., Prickaerts, 
J., & Vingerhoets, C. (2019). The effect of curcumin on cogni-
tion in Alzheimer's disease and healthy aging: A systematic 
review of pre-clinical and clinical studies. Brain Research, 1725, 
146476. [DOI:10.1016/j.brainres.2019.146476] [PMID]

Yanagisawa, D., Amatsubo, T., Morikawa, S., Taguchi, H., 
Urushitani, M., & Shirai, N., et al. (2011). In vivo detection 
of amyloid β deposition using ¹9F magnetic resonance im-
aging with a ¹9F-containing curcumin derivative in a mouse 
model of Alzheimer's disease. Neuroscience, 184, 120–127. 
[DOI:10.1016/j.neuroscience.2011.03.071] [PMID]

Yang, L., Sun, X., Huang, J., Zhu, S., & Li, Y. (2021). Study on the 
application of a novel nano-curcumin drug for Alzheimer’s 
disease. Journal of Biomaterials and Tissue Engineering, 11(3), 
445-452. [DOI:10.1166/jbt.2021.2647]

Younus, H. (2018). Therapeutic potentials of superoxide dis-
mutase. International Journal of Health Sciences, 12(3), 88. 
[PMID]

2021 Alzheimer's Disease Facts and Figures. (2021). Alzheimer's 
& Dementia, 17(3), 327–406. [DOI:10.1002/alz.12328] [PMID]

Kazemi., et al. (2025). Curcumin Nanomicelle in Alzheimer’s Disease. BCN, 16(3), 595-608.

http://bcn.iums.ac.ir/
https://doi.org/10.1016/j.ijpharm.2011.06.030
https://doi.org/10.1016/j.ijpharm.2011.06.030
https://www.ncbi.nlm.nih.gov/pubmed/21729743
https://doi.org/10.1016/j.brainres.2019.146476
https://www.ncbi.nlm.nih.gov/pubmed/31560864
https://doi.org/10.1016/j.neuroscience.2011.03.071
https://pubmed.ncbi.nlm.nih.gov/21497641/
https://doi.org/10.1166/jbt.2021.2647
https://pubmed.ncbi.nlm.nih.gov/29896077/
https://doi.org/10.1002/alz.12328
https://www.ncbi.nlm.nih.gov/pubmed/33756057


This Page Intentionally Left Blank


