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Introduction
Alzheimer disease (AD) is the most common type of dementia, 
accounting for about 60-80% of all dementia cases. AD is a 
neurodegenerative disorder that is characterized by progressive 
loss of cognitive function, accumulation of amyloid β (Aβ) for-
mation, and deposition of neurofibrillary tangles (NFT) in the 
brain cells.1 These NFTs cause shrinkage and degeneration of 
neurons, consequently loss of cognitive behavior. Oxidative 
stress is one of the major contributing factors for the patho-
physiology of AD. This oxidative stress is mediated by the gen-
eration of excess free radicals, which has the potential to attack 
and react with neighboring cellular components such as pro-
teins, lipids, and nucleic acids, resulting in cellular inflamma-
tion and Aβ deposition.2,3

Aβ production results from amyloidogenic processing of 
amyloid processing protein (APP): the sequential cleavage of 
APP by β and γ secretase.4 The cleavage products formed are 
Aβ1-40 and Aβ1-42. . Cleavage by α-secretase of APP within the 
Aβ segment (nonamyloidogenic processing) prevents the forma-
tion of Aβ.4 When present in excess, Aβ1-42. are more prone to 

aggregate and precipitate in brain parenchyma to form plaques. 
In addition to several lipids that contribute to generation, degra-
dation, and aggregation of Aβ peptides, it has been reported that 
fat-soluble vitamin D plays an important role in the clearance of 
these Aβ aggregates.5-7 Recently, curcumin has been targeted for 
AD therapy because of its pleiotropic effect including anti-amy-
loid, anti-inflammatory, and as a potent antioxidant. A recent 
study found that low-dose curcumin effectively disaggregates 
Aβ, as well as prevent fibril and oligomer formation, reiterating 
its potential use as therapy for AD.8

In light of the above, this study was conducted to evaluate in 
detail the neuroprotective role of vitamin D, curcumin, and 
their combined synergistic effect on Aβ1-42 toxicity to the pri-
mary cortical neuronal cultures.

Methods
Primary neuronal cortical culture

Four brains of 1 week old Wistar albino rats were used for this 
study. The rats were kept at a facility of King Saud University 
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research center under the strict guidelines provided by the 
Experimental Animal Laboratory and approved by the animal 
care and use committee at the College of Applied Medical 
Sciences at King Saud University (approval number 
KSU-SE-18-01). Primary cortical neuronal cells were set up 
using the same protocol in our lab as described by AlJohri 
et al.9 The cells were plated onto 12-well and 96-well, poly-
lysine-coated cell culture dishes (Millipore company) with a 
plating density of 5 × 106 cells/mL.

Treatment of cells

Just after plating, cells were divided into the following groups. 
The cells were treated with Aβ1-42 (Millipore Cat no. AG542). 
Curcumin was bought from Sigma Aldridge UK and stock 
solution of 10 mM was made with absolute ethanol. Vitamin 
D3 was bought online from Amazon as 1000× stock 
solution:

Control Group 1: The control cells maintained in similar 
conditions and time without any treatment.

Control Group 2: The control cells maintained in similar 
conditions and time treated with 1% vehicle (ethanol).

Group 3: The cells treated with 1 µM of Aβ1-42.

Group 4: The cells treated with 1 µM of Aβ1-42 + 1 nM vita-
min D3.

Group 5: The cells treated with 1 µM of Aβ1-42 + 5 µM cur-
cumin.

Group 6: The cells treated with 1 µM of Aβ1-42 + 1 nM vita-
min D3 + 5 µM curcumin.

All the above concentrations were chosen based on the pre-
vious studies. All the cultures were maintained in triplicates for 
up to 72 hours at 37°C in an atmosphere of 95% air and 5% 
carbon dioxide.

MTT cell proliferation assay

For 3[4,5-dimethylthiazole-2-yl]-2,5-dipheyltetrazolium 
bromide (MTT) assay the MTT cell growth Kit from 
Millipore (CT02) was employed. The cells were plated on a 
96-well plates with a cell density of 1 × 104/well and treated 
in different groups as described above and maintained in 
100 µL of DMEM F12 medium + 100 units of penicillin and 
streptomycin + 10% fetal bovine serum (FBS). Wells with 
medium without FBS was taken as a negative control. The 
cells were grown for 24 hours, after that they were treated 
with 0.5 mM H2O2 for 2 hours. The control cells were plated 
in the same conditions without any treatments. After this 
10 µL of MTT solution (2-5-dipheyltetrazolium sodium 

bromide in phosphate-buffered saline [PBS]) was added and 
incubated in its presence for 4 hours. After that 100 µL of 
isopropanol in 0.04 N HCl was added to each well. The 
absorbance was read at 490 nm within 1 hour with a Bio-Rad 
(USA) microplate reader. Each sample was done in triplicate 
wells. The cell growth curve was determined using the aver-
age absorbance at 490 nm from triplicate samples of 3 inde-
pendent experiments.

Lactate dehydrogenase activity

Lactate dehydrogenase (LDH) in the culture medium and cor-
tical cells was measured by a modification of a colorimetric 
routine laboratory method by Smith et  al.10 Briefly, 1 mL of 
culture medium or cell lysate (Cells were lysed by 1% Triton 
X100) was incubated with 0.2 mmol/L β-NADH and 
0.4 mmol/L pyruvic acid diluted in PBS of pH 7.4. The LDH 
concentration in the sample was proportional to the linear 
decrease in the absorbance at 334 nm. The LDH concentration 
was calculated using a commercial standard.

Lipid peroxidation assay

Lipid peroxidation was calculated using the method of Garcia 
et al11 using the thiobarbiturate reactive substances (TBARS) 
assay. Values were expressed as mM of malonaldehyde (MDA) 
formed hour/5 × 106 cells.

Glutathione S-transferase assay

The activity of Glutathione S-transferase (GST) was assayed 
in a reaction mixture containing 100 mM phosphate buffer 
(PBS), pH 6.5, 1 mM 1-Chloro-2,4-dinitrobenzene (CDNB), 
and 1 mM reduced GSH. The reaction was initiated by adding 
10 µl of cell lysate and formation of S-(2, 4-dinitrophenyl) glu-
tathione (DNP-GSH) was measured spectrophotometrically 
as Units per minute 5 × 106 cells.9,12

Reduced glutathione GSH assay

The estimation was carried out by the method of Beutler et al.13 
Double-distilled water (1.5 mL) was added to 1 mL of cell 
lysate and treated with 0.6 mL of precipitating reagent (con-
taining 1.67 g of glacial metaphosphoric acid, 0.2 g of ethylene-
diaminetetraacetic acid [EDTA], and 30.0 g of sodium chloride 
[NaCl] made up to 100 mL with double distilled water). The 
above reaction mixture was centrifuged at 1200g for 10 minutes. 
To 0.3 mL of supernatant, 2 mL of Na2HPO4 (0.3 M) and 
0.25 mL of 5,5′-dithio-bis-2-nitrobenzoic acid (DNTB, 0.4% 
in 1% sodium citrate) were added, and volume was made up to 
3 mL with double distilled water (DDW). The optical density 
(OD) was read at 412 nm against the blank. Values were 
expressed as μg of reduced GSH/No. of cells present.
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Catalase enzyme assay

Catalase activity (CAT) was estimated in the cell lysate by the 
method of Aebi.14 The reaction mixture in a total volume of 
3 mL contained 0.4 M PBS of pH 7.2. The reaction was started 
by adding 1.2 mL of hydrogen peroxide (H2O2) and reading 
the change in absorbance at 240 nm for 2 minutes. One unit of 
CAT activity was defined as micromole of H2O2 decomposed 
per minute using the molar coefficient of H2O2 (43.6 M−1C−1).

Measurement of SOD

Superoxide dismutase (SOD) activity was measured by the 
method described by Kakkar et al.15 Cell lysate from all groups 
of treatment was grown for 72 hours. The assay mixture con-
tains 0.1 mL of phenazine methosulphate (186 µM), 0.3 mL of 
nitro blue tetrazolium (300 µM), 0.1 mL of cell lysate in 1 mL 
of distilled water, and 1.2 ml of sodium pyrophosphate buffer 
(pH 8.3). The reaction was stopped by the addition of glacial 
acetic acid and absorbance was measured at 560 nm. The SOD 
was calculated by % inhibition of NBT reduction = control 
OD − treated OD/control OD × 100. A 50% inhibition was 
considered as I unit.

Measurement of nerve growth factor (NGF assay)

Rat β-NGF enzyme-linked immunosorbent assay (ELISA) kit 
Cat no. RAB0381 was purchased from Sigma Aldrich USA. A 
100 µL of conditioned medium was used for each assay. The 
amount of NGF released into the culture medium (conditioned 
medium) was measured by the above chemokine sandwich 
ELISA kit according to the protocol provided by the company.

Statistical analysis

The data were analyzed using statistical applications of 
Prism (version 7.0a). The data were statistically expressed in 

(mean ± standard deviation). Independent sample t-test was 
performed to assess the difference between control and 
treated groups. Comparison between control and treated 
groups were made using one-way analysis of variance 
(ANOVA). A probability value P < .05 as significant and 
P < .001 was considered to be more significant.

Results
Effect of vitamin D3, curcumin, and both on 
cortical neuron cell viability

The effect of the treatment of Aβ1-42 to the primary cortical 
cultures were studied at 24, 48, and 72 hours by MTT and 
LDH assay. The MTT assay measures the metabolic activity 
of mitochondrial enzyme succinate dehydrogenase. The viable 
rapidly proliferating cells are very active metabolically, and 
they show dark purple staining due to the reduction of tetra-
zolium compound into formazan. Our results showed that 
there was no significant difference in the MTT absorbance 
when the cells were treated for 24 or 48 hours with Aβ1-42 as 
compared with the control cells (Table 1). However, the cells 
grown in the presence of Aβ1-42 for 72 hours showed decreased 
cellular metabolic activity as indicated by their absorbance 
spectra (Table 1). When the percentage cell viability of the 
control and different treatments group was calculated at 
72 hours as shown in Figure 1, it showed a significant differ-
ence (P < .05) between the control and the Aβ1-42 treated 
samples. However, in the presence of vitamin D3, curcumin, 
and both curcumin + vitamin D3, the cells showed improved 
cell viability as compared with the Aβ1-42 treated samples only.

LDH is a cytoplasmic enzyme, released rapidly by the cells 
undergoing apoptosis, necrosis, and other forms of cellular 
damage. In our experiment, we found that the treatment of pri-
mary cortical neuronal cultures with Aβ1-42 did not result in cell 
membrane rupture or release of LDH enzyme as shown in 
Table 2. There was no significant difference between the control 

Table 1.  MTT Assay.

Treatments group MTT assay/absorbance at 630 nM

  24 hours 48 hours 72 hours

Group 1 (control) 0.313 ± 0.004 0.83325 ± 0.05 0.3560 ± 0.09

Group 2 (vehicle) 0.43225 ± 0.03 0.71125 ± 0.07 0.3400 ± 0.04

Group 3 (Aβ1-42) 0.37725 ± 0.05 0.82525 ± 0.15 0.1834 ± 0.02*

Group 4 (vit D3 + Aβ1-42) 0.4245 ± 0.01 0.635 ± 0.04 0.3405 ± 0.09

Group 5 (vit D3 + curcumin + Aβ1-42) 0.32225 ± 0.03 0.71225 ± 0.06 0.32125 ± 0.03

Group 6 (curcumin + Aβ1-42) 0.29875 ± 0.02 0.84075 ± 0.11 0.29425 ± 0.009

Abbreviation: MTT, 3[4,5-dimethylthiazole-2-yl]-2,5-dipheyltetrazolium bromide.
MTT assay for different groups of treatments as described in methods section (*) represent significant (P < .05) as compared with control group. Each sample is done in 
triplicates and expressed as ±SD. Data are the average of three independent experiments.
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and the different treatments groups for 24, 48, and 72 hours. 
That showed that the cells were not undergoing apoptosis as a 
result of treatments.

Effect of vitamin D3, curcumin, and both on lipid 
peroxidation

Increased oxidative stress is the hallmark of Alzheimer disease. 
Oxidative damage is manifested in increased oxidation of 
lipids, which are found in abundance in the form of polyun-
saturated fatty acids in the brain tissues. Our results support 
this notion; we found that the cells treated with Aβ1-42 showed 
a more significant increase (P < .001) in malonaldehyde 
(MDA) formation which is the end product of lipid peroxida-
tion. However, in the presence of vitamin D3 or curcumin, 
there was significantly (P < .05) reduced MDA formation 

(Figure 2). In the presence of both vitamin D3 and curcumin, 
again the MDA formation was limited.

Effect of vitamin D3, curcumin, and both on 
reduced GSH

We found that the treatment of cells with Aβ1-42 significantly 
reduced the reduced GSH levels when compared with the con-
trol cells, but when this treatment was done in the presence of 
vitamin D3, the toxic effect of Aβ1-42 was neutralized and reduced 
GSH was normalized. This neutralization of toxicity of Aβ1-42 
was also observed significantly (P ⩽ .05) with the treatments of 
curcumin as well. The synergistic effect of both curcumin and 
vitamin D3, also resulted in a significant (P < .05) upregulation of 
reduced GSH in the Aβ1-42 treated cells (Figure 3).

Effect of vitamin D3, curcumin, and both on GST

The GSTs catalyzes the conjugation of the GSH through sulf-
hydryl group to an electrophilic center and help to detoxify 
increased products of lipid peroxidation as a result of Aβ accu-
mulation in Alzheimer disease.16 The results showed that there 
was reduced GST enzyme activity in the presence of Aβ1-42. 
However, in the presence of vitamin D3, there was a significant 
(P < .05) upregulation of GST enzyme levels, which could be 
due to the high availability of reduced GSH as observed in ear-
lier experiments. Treatments with Aβ1-42 in the presence of cur-
cumin alone did not show any significant increase in GST 
enzyme level. The treatment with Aβ1-42 in the presence of both 
curcumin and vitamin D3, showed again a significantly more 
(P < .001) upregulation of GST activity, which clearly showed 
the ameliorated effect of both of these compounds (Figure 4).

Effect of vitamin D3, curcumin, and both on 
catalase

Our study here confirmed the earlier reports that  Aβ binds 
with catalase enzyme and greatly reduces its activity.17 With 
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Figure 1.  Effect of Aβ1-42 treatment on primary cortical neuronal cells 

grown for 72 hours in the presence of vitamin D3, curcumin, and both of 

them. Control cultures were also set up with them for the same period of 

time without any treatments. Vehicles were treated with ethanol solvent 

alone to see its effect. (*) shows significant (P < .05) difference between 

the Aβ1-42 and control samples.

Table 2.  LDH Assay.

Treatments Group LDH assay: units/1.5 × 106 Cells

  24 hours 48 hours 72 hours

Group 1 (control) 0.1624 ± 0.0005 0.09664 ± 0.03 0.0656 ± 0.006

Group 2 (vehicle) 0.15136 ± 0.02 0.0624 ± 0.003 0.07584 ± 0.004

Group 3 (Aβ1-42) 0.14272 ± 0.004 0.07344 ± 0.012 0.07616 ± 0.001

Group 4 (vit D3 + Aβ1-42) 0.17296 ± 0.01 0.07904 ± 0.003 0.06832 ± 0.005

Group 5 (vit D3 + curcumin + Aβ1-42) 0.12752 ± 0.02 0.08144 ± 0.006 0.07104 ± 0.0003

Group 6 (curcumin + Aβ1-42) 0.11536 ± 0.02 0.08416 ± 0.004 0.05648 ± 0.009

Abbreviation: LDH, lactate dehydrogenase.
LDH assay was performed as described in methods section with different groups of treatments for 24, 48, and 72 hours. We found no significant difference in the control 
and Amyloid β treatments. Data are an average of each sample in triplicate and expressed as ±SD.
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Aβ1-42 treatment, there was significant (P < .05) reduced 
activity of catalase. The treatment with Aβ1-42 in the presence 
of vitamin D3 or curcumin did not have significant effect on 
catalase activity; however, the synergistic effect of vitamin D3 
and curcumin on Aβ1-42 treated neuronal cultures was more 
significant (P < .001) as shown in Figure 5.

Effect of vitamin D3, curcumin, and both on SOD 
activity

In this study, we found more significantly (P < .001) decreased 
activity of SOD in the Aβ1-42 treated cells. Treatment with 

Aβ1-42 in the presence of vitamin D3 or curcumin did not show 
any positive upregulation of the enzyme (Figure 6). However, 
there was a significant (P < .05) upregulation of SOD enzyme 
activity in the presence of both vitamin D3 and curcumin.

Effect of vitamin D3, curcumin, and both on NGF

The NGF is the neurotrophins ensuring the growth and survival 
of the nerve fibers in target neurons. In this study, we found a 
significant reduction (P < .05) in NGF with Aβ1-42 treatments. 
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Figure 2.  Estimation of lipid peroxidation by measuring MDA by 

spectroscopic procedure described in methods section. Cell lysate from 

72 hours control cell cultures and cultures treated with Aβ1-42 in the 

presence of vitamin D3, curcumin, and both were used. (*) showed 

significant (P < .001) difference between control and Aβ1-42 treatments. (#) 

showed significant difference (P < .05) between Aβ1-42 alone, as well as in 

therapeutic presence of vitamin D3, curcumin, and both. MDA indicates 

malonaldehyde
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Figure 3.  Estimation of reduced GSH in the cell pellet of primary cortical 

neuronal cultured for 72 hours. Cultures treated with βA1-42 treatments were 

significant (*) (P < .05) from the control samples. There is a significant (#) 

(P < .05) recovery of the levels of reduced GSH in the presence of 

curcumin and vitamin D3 and both. GSH indicates glutathione.
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Figure 4.  Estimation of GST enzyme assay from primary cortical 

neuronal cells grown for 72 hours in the presence of Aβ1-42 alone and in 

the presence of vitamin D3, curcumin, and both of them. Aβ1-42 treated 

cells were significant (*) (P < .05) from the control. In the presence of 

vitamin D3 showed more significant (#) (P < .001) recovery in the GST 

enzyme levels. Treatment with curcumin and both (vitamin 

D3 + curcumin) also showed significant recovery. GST indicates 

glutathione S-transferase.
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Figure 5.  Catalase enzyme levels were estimated in the primary cortical 

neuronal cultures grown for 72 hours in the presence and absence of 

Aβ1-42, as well as the effect of vitamin D3, curcumin, and both of them 

were studied. Vehicle cultures were treated with ethanol alone. There is 

significant (*) (P < .05) difference between the control and Aβ1-42 treated 

samples. A more significant (#) (P < .001) recovery was observed with 
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This inhibitory effect was ameliorated more significantly 
(P < .001) in the presence of vitamin D3 or curcumin, as well as 
their synergistic presence as shown in Figure 7.

Discussion
In this study, the therapeutic potential of vitamin D3, curcumin, 
and their combined synergistic effect was studied in an estab-
lished in-vitro model of Alzheimer disease.18 The dosage of 

1 µM was used for Aβ1-42 treatments, in light of the previous in 
vitro model studies of Alzheimer disease.19,20 The primary neu-
ronal culture was prepared from rat’s cortex or hippocampus 
region that consists of mixed neuronal/astrocyte as described in 
our previous study.21 The optimum dosages of vitamin D3 and 
curcumin used in treatments were calculated in our preliminary 
experiments with the primary cortical neuronal cultures.9

In this study, we found that the treatments of primary corti-
cal neuronal cells with Aβ1-42 caused a significant reduction in 
mitochondrial health or mitophagy as indicated by MTT assay 
after 72 hours in culture. As the MTT assay is based on the cel-
lular nicotinamide adenine dinucleotide phosphate (NADPH)-
dependent oxidoreductase. The cell uses the yellow tetrazolium 
salt which is metabolized mainly by mitochondrial succinic 
dehydrogenase activity of proliferating cells. Mitochondrial 
NADPH plays an important role in the protection against 
redox stress and cell death by maintaining the pool of reduced 
GSH and thioredoxin, which are imperative for the cellular 
antioxidant defense system.22 Studies have also confirmed that 
depletion of NADPH contributes significantly to neurotoxicity 
and neurodegeneration.23

The LDH enzyme is a soluble cytosolic enzyme present in the 
eukaryotic cells and is released into the culture medium on cell 
death due to rupture of cell membrane. In this study, LDH assay 
showed no significant difference between the control and Aβ1-42 
treated cells, indicating that there is no significant death or apop-
tosis of neuronal cells taking place during those culture periods. 
From this, we concluded that the treatment of primary cortical 
neuronal cells with Aβ1-42 caused significantly reduced metaboli-
cally active cells, which in the long term could affect the viability 
of neurons. This study showed that exposure of cortical neuronal 
cells to Aβ1-42 resulted in slow degeneration of the cells. Other 
studies similar to this indicated that in mixed neuronal/astrocytes 
cultures prepared from rat or mouse cortex, treatments with Aβ1-

42 acts preferentially on astrocytes resulting in depletion of GSH 
produced, which caused apoptosis of neurons eventually.18

Furthermore, we looked at the oxidative state of the primary 
cortical neuronal cells by measuring the lipid peroxidation 
(LPO) levels of different treatment groups.24 The LPO is the 
main contributor of free radical-mediated damage to the neu-
ronal membrane, and it can also produce some secondary oxi-
dation products that are capable of causing more cellular 
damage. These highly reactive electrophilic aldehydes are 
MDA and 4-hydroxy 2-nonenal (HNE). One of the earliest 
hallmarks of Alzheimer disease is the presence of LPO in bio-
logical fluids during the disease progression. Our study con-
firmed that in Alzheimer diseases there is an accumulation of 
oxidized lipoprotein resulting from the presence of amyloidβ.25 
We found significant amount of MDA in the Aβ1-42 treated 
cultures, but the presence of vitamin D3 and curcumin in the 
culture categorically reduced its formation.

The cells are equipped with antioxidants such as GSH and 
antioxidant enzymes such as GST, catalase, and SOD that can 
quench free radicals. Recently, lipid-soluble vitamins like 
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Figure 7.  NGF was measured by sandwich ELISA assay as described in 

methods section. Cultures were treated with Aβ1-42 alone, as well as in the 

presence of vitamin D3, curcumin, and both for 72 hours. Conditioned 

medium from control and all the treatments groups were used for NGF 

assay. The treatment with Aβ1-42 resulted in significant (*) (P < .05) 
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both of them significantly (#) (P < .001) ameliorated the toxicity of NGF 

and upregulated the NGF synthesis. ELISA indicates enzyme-linked 

immunosorbent assay; NGF, nerve growth factor.
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vitamins D and E are also characterized as antioxidants as they 
can relieve the cells from oxidative stress.9,26,27 The neuropro-
tective action of Vitamin D3 on neuronal tissue is due to the 
upregulation of several genes involved in alleviating oxidative 
stress such as reduced GSH9,28 and NGF factor.29

Studies have shown that Aβ binds specifically to catalase 
enzyme and inhibits the decomposition of H2O2 breakdown. It 
has also been reported in vitro that inhibitors of catalase—amy-
loid interactions can protect the neuronal cells from Aβ-induced 
toxicity and oxidative stress.30 We found that treatments of cells 
with Aβ1-42 caused significantly lower levels of catalase enzyme 
activity when compared with control cells. The treatment in the 
presence of vitamin D3 or curcumin did not affect the catalase 
enzyme activity which remained low. However, the synergistic 
combined effect of vitamin D3 and curcumin significantly 
increased the catalase enzyme expression. These results further 
reiterated the beneficial therapeutic effect of both, vitamin D3 
and curcumin in the treatment of AD. The combined effect of 
vitamin D3 and curcumin has also been reported to accelerate 
the clearance of beta-amyloid by initiating the immune cells.31

We found that SOD enzyme activity was significantly 
reduced with the treatment of Aβ1-42 to the cells, but this treat-
ment in the presence of vitamin D3 or curcumin did not pro-
tect the cells from amyloidβ toxicity. However, the synergistic 
effect of both vitamin D3 and curcumin has a positive effect in 
upregulating SOD enzyme activity. It has been reported that 
due to amyloid-beta accumulation in AD patients there is 
increased oxidative stress and decreased expression of SOD 
activity.32 In the animal model of Alzheimer disease, it was 
reported that overexpression of SOD prevents the memory loss 
and loss in cognitive behavior of mouse.33

The basal forebrain cholinergic nuclei (BFCN) represent the 
brain area highly susceptible to the AD. Proper functioning and 
morphology of this area depend on the supply of nerve growth 
factor from cortex and hippocampus. Several in vivo studies con-
firmed that the loss of NGF to the BFCN results in shrinkage 
and neuronal markers, which is the characteristic feature of AD.34 
In recent years, targeted delivery of NGF to the affected areas of 
BFCN as a potential therapy for the AD patients has been gain-
ing support, due to the regenerative effect of NGF on BFCN.35 
In this study, we found that the treatment of neuronal cells with 
Aβ1-42 resulted in significant loss of NGF; however, this effect 
was neutralized in the presence of vitamin D3 or curcumin. The 
combined effect of vitamin D3 and curcumin was proved to be 
even better. Earlier studies have indicated the role of vitamin D3 
in the regulation and secretion of NGF and glial-derived nerve 
factor (GDNF).36 Curcumin has also shown to initiate prolifera-
tion and health of neurite growth and synaptic activity.37

Although the role of Aβ1-42 as a potential causative agent in 
the pathophysiology of AD has been documented extensively, the 
exact molecular mechanisms and their biochemical effect on the 
brain tissues are not very clear. The in-vitro treatment of primary 
neuronal cultures described here tried to elicit the direct effect of 
Aβ1-42 on the primary neuronal cells and find out if vitamin D3 

or curcumin could be used as natural therapy for its treatment. 
The data presented here support the notion that the treatment of 
primary neuronal cells with Aβ1-42 could cause elevated levels of 
oxidative stress, being depicted by increased amount of Lipid per-
oxidation products and decreased levels of antioxidants enzymes. 
This toxicity of Aβ1-42 and their ability to form peroxidation 
products from lipids, proteins, and nucleic acids can be reversed 
considerably in the presence of vitamin D3 and curcumin. The 
in-vitro model presented here would be useful in the future, to 
elucidate the molecular mechanisms involved in cause of AD and 
developing novel natural therapeutic strategies.

Conclusions
In conclusion, our study showed that Aβ1-42 treatment caused 
major oxidative stress to the primary cortical neuronal cultures. 
Treatments with vitamin D3, curcumin, and combination of 
both of them resulted in significantly ameliorated the toxicity 
incurred by Aβ1-42 by increasing the levels of antioxidants 
enzymes and nerve growth factors. These studies also reiter-
ated the importance of vitamin D3 and curcumin as a promis-
ing naturally occurring remedy for the treatment of Alzheimer 
disease. Although the cellular mechanism mediating the detox-
ification of Amyloid β is very different for both of these com-
pounds, but their combined synergistic effect could prove to be 
a very effective strategy against Alzheimer disease.
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