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Abstract. – OBJECTIVE: Ischemic stroke risk 
increase is in relation to low serum vitamin D levels 
in some studies; however, the uncertainty about its 
relationship to serum homocysteine and brain-de-
rived neurotrophic factor (BDNF) concentration re-
mains. The aim of this study is to investigate the 
correlation between vitamin D, homocysteine and 
BDNF levels in patients with acute stroke.

PATIENTS AND METHODS: A total of 126 pa-
tients admitted to the emergency department with 
stroke and 64 healthy controls were included in this 
study. All patients received 150,000 U of vitamin D as 
part of a stroke treatment protocol during hospitaliza-
tion. The patients were divided into two groups: the 
blood samples of the patients in the group-I (n=54) 
were taken at the time of admission to the hospital, 
and the samples of the patients in the group-II (n=72) 
were taken 24 hours after admission. Serum vitamin 
D, homocysteine, BDNF and routine biochemical 
analyses were performed from these samples.

RESULTS: Compared to healthy controls, stroke 
patients had lower serum vitamin D (p<0.0001) and 
BDNF (p<0.0001) levels, and higher homocyste-
ine levels (p<0.0001). It was found that the homo-
cysteine level was constant and the BDNF level 
increased (p=0.01) 24 hours after the 150,000 U vi-
tamin D supplementation. Furthermore, there was 
a negative significant correlation between vitamin 
D levels, homocysteine and BDNF in patients who 
had experienced a stroke.

CONCLUSIONS: Vitamin D supplementation 
was used as a therapeutic agent in patients with 
acute ischemic stroke that affects homocysteine 
and BDNF levels. In this study, it was demonstrated 
for the first time that there is a correlation between 
serum vitamin D levels and BDNF levels in patients 
who have experienced a stroke.
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Introduction

Stroke is the first cause of disability in the 
world, as well as the second leading cause of death. 

Today, stroke-related injuries are less common 
due to advances in the treatment of acute ischemic 
stroke (IS). Furthermore, it is predicted that longer 
lifespans and increased prevalence of stroke risk 
factors may lead to increased rates of disability in 
stroke patients who have survived after treatment1. 
There is an increasing need for a powerful, non-in-
vasive biomarker that can be used in the diagnosis 
of stroke and to predict post-stroke complications1. 
There are many risk factors associated with isch-
emic stroke, one of which is considered to be vi-
tamin D (25-hydroxyvitamin D) deficiency. The 
main physiological role of vitamin D is to balance 
phosphorus and calcium homeostasis and to protect 
bone health2. Studies2,3 have revealed that vitamin 
D deficiency increases the risk of IS provided vi-
tamin D therapy gives positive results in recovery.

An increase in homocysteine level increas-
es the risk of vascular diseases such as stroke4. 
Also, reduce in serum homocysteine is associated 
with a decreased risk of IS4. At the cellular level, 
increased homocysteine levels lead to decreased 
nitric oxide bioavailability levels. This causes 
changes in endothelial-mediated dilation, result-
ing in vascular damage because of the free radical 
production, as well as lipid peroxidation4,5.

There have been reports1 about low serum con-
centration from brain-derived neurotrophic factor 
(BDNF) increasing the risk of stroke/transient 
ischemic attack. BDNF has been widely used in 
ischemia as an indicator of neural regeneration 
and recovery1; however, BDNF levels were found 
to be remarkably lower in acute IS patients com-
pared to healthy individuals1. The role of BDNF 
in serum in IS is still unclear. MacLellan et al6 re-
ported that BDNF mediated the recovery in their 
study on rats with an IS model.

Although there is a limited number of studies4 
examining the effects of vitamin D on homocys-
teine in IS patients, there have been no studies 
present examining the effects of BDNF that could 
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be reported. This study is the first to reveal the 
effects of vitamin D supplementation on homo-
cysteine and BDNF levels. The aim of this clinical 
academic study was to investigate the relationship 
between serum vitamin D, homocysteine and 
BDNF in acute ischemic stroke.

Patients and Methods

This study was conducted on patients with 
acute cerebrovascular ischemia and a healthy con-
trol group. Patients that are present in the study 
were divided into three groups: 

- Group-I (at hospital admission time): 54 pa-
tients at the time of admission to the hospital; 

- Group-II (24 hours after admission): 72 pa-
tients 48 hours after admission to the hospital;

- 64 healthy patients. 
As a routine treatment protocol in both groups 

(group-I and group-II), 150,000 U of vitamin D 
supplementation was administered at the first ad-
mission to the hospital.

Inclusion Criteria 
Male and female patients over 18 years of age, 

patients with acute IS, stroke patients admitted to 
the emergency room within the first 12 hours, and 
patients with IS compatible with the clinic in cra-
nial diffusion MRI were included in the study. 

Exclusion Criteria
Patients with rheumatological disease, pa-

tients with impaired liver function, patients with 
impaired renal function, and patients with trans 
ischemic attack were excluded. Patients who were 
not initially treated with 150,000 U of vitamin D 
were also not included in this study. In addition, 
the control group in which vitamin D supplements 
were taken in the last 30 days, was excluded from 
this study.

Blood samples were obtained at the first ad-
mission and 24 hours after the treatment. Blood 
samples were centrifuged at 3,000 g for 20 min-
utes in 1 hour and stored below -80°C till the 
measurements were recorded. Serum glucose and 
HbA1C levels, which are among biochemical pa-
rameters, were measured in the Abbott Architect 
C 4000 device (Architect c4000, Abbott Labora-
tories, IL, USA) using the calorimetric method 
and commercial kits. Serum homocysteine lev-
els were investigated by high-performance liquid 
chromatography (HPLC) in Agilent 1200 device 
(Agilent Technologies, Waldbronn, Germany) 

using commercial kits (Chromsystems Instru-
ments & Chemicals GmbH, München, Germany). 
Serum vitamin D levels were investigated with 
Roche Cobas e 411 devices (Roche Diagnostics 
GmbH, Germany) using commercial kits. The 
electrochemiluminescence method was used. 
The Total BDNF Quantikine ELISA Kit (MyBio-
Source, San Diego, CA, USA) was also used to 
quantitatively determine the BDNF level.

Statistical Analysis 
Evaluation of the data was made with the 

GraphPad Prism 9.0. Data were tested for nor-
mality using the Kolmogorov-Smirnov test. Data 
were given as number of units (n), percentage (%) 
and mean±standard deviations. Statistical analyses 
were performed using the Chi-square test, ANOVA 
test and Unpaired t-test, depending on the appro-
priate variable. Correlation analysis was done with 
Spearman correlation analysis. Correlation coeffi-
cient was performed as described by Koo and Li7. 
A p-value < 0.05 was considered significant.

Results

The ages of the patients in the group-I sampled 
at the time of admission to the hospital (61.07±6.28 
years), the patients who were sampled 24 hours 
after hospitalization (59.25±7.14 years), and the 
control group (58.71±5.66 years) were compared. 
There was no significant difference between the 
groups according to age and gender (p>0.05). No 
statistical difference was detected between groups 
according to prognosis, hypertension, dyslipid-
emia, and cardiac disease (p=0.71, p=0.28, p=0.77, 
p=0.85, respectively) (Table I).

When the serum vitamin D value was compared 
with the control, it appeared to have decreased in 
group-I (p<0.0001) and increased significantly in 
group-II (p<0.0001). When the patient groups were 
compared within themselves, it was found that vi-
tamin D was higher in group-II than in group-I 
(p<0.0001) (Table I and figure 1A).

Serum homocysteine levels were higher in 
both patient groups compared to the control group 
(p<0.0001 for both). When the patient groups 
were compared within themselves, it was found 
that vitamin D was significantly higher in group-I 
than group-II (p=0.003) (Table I and Figure 1B).

When the serum BDNF value was compared 
with the control group, it seemed to be significant-
ly lower in group-I and group-II (p<0.0001 and 
p=0.036, respectively). When the patient groups 



U.F. Yurekli, Z. Tunc

8006

were compared within themselves, BDNF levels 
in group-II were higher than in group-I (p=0.015) 
(Table I and Figure 1C).

Investigations were made on whether there was 
a correlation between serum vitamin D levels and 
changes in homocysteine and BDNF levels in the 
control and patient groups. No correlation between 
serum vitamin D levels with homocysteine (r=0.03, 
p=0.75) and BDNF (r=0.17, p=0.08) levels in the 
control group (Figure 2A and 2B) was detected. In 
group-I, a weak negative correlation had been de-
tected between serum vitamin D levels with homo-
cysteine (r=-0.44, p<0.0001) and BDNF (r=-0.44, 
p<0.0001) level (Figure 2C and 2D). In group-II, a 
weak negative correlation was found between se-
rum vitamin D levels with homocysteine (r=-0.56, 
p<0.0001) and BDNF (r=-0.55, p<0.0001) levels 
(r=-0.55, p<0.0001) (Figure 2E and 2F).

Discussion 

This is the first study revealing the relationship 
between serum vitamin D levels and homocysteine 
and BDNF in stroke patients. In stroke patients, se-
rum vitamin D levels were found to be lower than 
those of healthy individuals at the time of admis-
sion to the first hospital. We observed that the ho-
mocysteine level was high and the BDNF level was 
low.  Stroke, which is a cerebrovascular disease, 
is one of the main causes of disability, as well as 
the third cause of death8. It has been reported that 
low vitamin D levels are among the risk factors for 
ischemic stroke9. It has also been reported that vita-
min D is effective in preventing stroke and reduc-
ing post-stroke mortality and morbidity10. 

Kilkkinen et al10 reported a significant relation-
ship between vitamin D levels, the development 

Table I. Comparison of patient and control group in terms of various variables.

Control Patients (n) Total (n) p-value

Group-I* Group-II*

Gender
Female 36 (56.3%) 38 (70.4%) 40 (55.6%) 114 (60.0%)

0.43**
Male 28 (43.8%) 16 (29.6%) 32 (44.4%) 76 (40.0%)

State of improvement
Poor Prognosis - 6 (11.1 %) 6 (8.3%) 12 (9.5%)

0.71**
Improvement - 48 (88.9%) 66 (91.7%) 114 (90.5%)

Hypertension
Absent - 2 (3.7%) 8 (11.1%) 10 (7.9%)

0.28**
Present - 52 (96.3%) 64 (88.9%) 116 (92.1%)

Dyslipidemia
Absent - 26 (48.1%) 32 (44.4%) 58 (46.0%)

0.77**
Present - 28 (51.9%) 10 (55.6%) 68 (54.0%)

Cardiac disease
Absent - 44 (81.5%) 60 (83.3%) 104 (82.5%)

0.85**
Present - 10 (18.5%) 12 (16.7%) 22 (17.5%)

Hgb (g/dL) 13.24±1.9 13.03±1.0 12.56±1.3 - 0.089***
WBC (103/µL) 6.97±2.06 6.78±1.4 6.52±1.28 - 0.706***

Glucose (mg/dL) 98.0±24.0 198.8±69.1 92.8±8.7 - p<0.001***

Plt (103/µL) 277.8±70.9 163.1±39.9 147.9±31.4 - p<0.001***

HbA1c (%) - 8.2±0.92 5.0±4.5 - p<0.001#

Systolic Pressure (mm/Hg) 12.2±0.4 15.5±1.4 15.4±1.4 - p<0.001***

Diastolic Pressure (mm/Hg) 8.0±0.3 8.6±0.5 8.7±0.4 - p<0.001***

Modified Rankin - 2.7±1.0 2.8±0.9 - 0.879#

25-OH Vitamin D (ng/mL) 15.8±5.5 8.4±5.7 33.5±7.7 - ##

Homocysteine (µmol/L) 12.83±6.8 29.28±10.9 25.14±8.4 - ##

BDNF (pg/mL) 1,307±425.6 906.6±306.4 1,194±385.3 - ##

*Group-I: at hospital admission time; Group-II: 24 hours after admission. Statistical analyses were performed with **Chi-square 
test, ***ANOVA test and #Unpaired t-test. ## Tukey’s multiple comparisons test (p-values are given in Figure 1).
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of fatal ischemic stroke, and a nonsignificant re-
lationship with hemorrhagic stroke. Brondum-Ja-
cobsen et al11 reported that vitamin D levels were 
gradually correlated with the increased risk of IS, 
but not with hemorrhagic stroke. Again, this dif-
ference was explained by the relationship between 
traditional risk factors of ischemic stroke and re-
duced vitamin D concentration. In a study12 con-
ducted on 382 stroke patients, it was found that 
low serum vitamin D levels were associated with a 
more severe clinical picture at hospital admission 
and more disability at discharge. Tu et al13, in their 
study conducted on 220 ischemic stroke patients, 
examined the acute phase and the short-term func-
tional status on the 90th day. In the study, serum 
vitamin D levels of patients with acute IS were 
reported to be significantly lower than the control 
group, and they were also found to be indepen-
dent prognostic markers for predicting stroke se-
verity, functional status at 90 days, and mortality 
in the early period. In another study14 conducted 
on 464 women, a relationship was found between 
vitamin D level deficiency and ischemic stroke; 
however, the strongest relationship was found to 
be with lacunar infarction. In this study, vitamin D 
levels of the patients admitted to the hospital with 
the diagnosis of acute IS were found to be signifi-
cantly lower than those of the control group (Fig-
ure 1A). It is thought that this finding supports the 
idea that low vitamin D levels may be one of the 
risk factors for IS.

High blood homocysteine concentration was 
related to the increased risk of stroke15. On the 
other hand, vitamin D supplementation was re-
ducing serum homocysteine level16. Our findings 
support this study; when the patients included in 
this study applied to the hospital, vitamin D treat-
ment was started. Therefore, as seen in Figure 1A, 
serum vitamin D levels increased 24 hours after 
admission to the hospital. In correlation to this, 
we found that the level of homocysteine increased 
at the 24th hour (Figure 1B). However, we found 
that there was no significant difference between 
the homocysteine level at the first admission to 
the hospital and at the 24th hour (Figure 1B). This 
finding indicates that vitamin D supplementation 
does not effectively increase homocysteine levels 
in the short term. We found a weak correlation be-
tween vitamin D levels and homocysteine levels 
in both group-I and group-II in this study. High 
homocysteine level was related to the increased 
risk of stroke15, and vitamin D supplementation 
reduced the level of homocysteine16. Therefore, 
this study reveals the relationship between vita-
min D supplementation and homocysteine levels 
in stroke patients.

BDNF plays an important role in the progno-
sis, pathogenesis and rehabilitation of stroke. Low 
circulating levels of BDNF have been reported17 to 
be associated with a higher risk of stroke and poor 
recovery. A meta-analysis18 of 4 studies involving 
499 stroke patients revealed that serum BDNF con-

Figure 1. Comparison of serum vitamin D (A), homocysteine (B), BDNF (C) in control and patient groups (Group-I: at hospital 
admission time; Group-II: 24 hours after admission. Statistical analysis was done with Tukey’s multiple comparison test).
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centrations were significantly lowered in the early 
post-stroke period. The level of BDNF has been as-
sociated with clinical prognosis in the acute phase 
of ischemic stroke19. Better prognosis has been 
demonstrated using agents that manipulate BDNF 
levels in the treatment of stroke20. In this study, it 
was found that BDNF levels in stroke patients were 
significantly lower than in healthy patients. This 
result is supported by findings reported by other 
researchers to further prove its credibility19,20. The 
BDNF level was lower than that of healthy individ-
uals, both after the first admission to the hospital 
and 24 hours after admission (Figure 1C). On the 
other hand, it was found that the level of BDNF 
at the first admission was significantly lower than 
some time after the 24th hour. We also performed a 
correlation analysis between vitamin D levels and 
BDNF levels within the groups (Figure 2). It was 
found that in both groups (group-I and group-II) 
BDNF levels showed a weak correlation with vi-
tamin D levels. This suggests that this result may 
be due to the vitamin D treatment administered to 
the patients. There is a limited number of studies 
revealing the relationship between vitamin D lev-
els and BDNF in stroke. For instance, Abiri et al21 
reported that vitamin D supplementation increased 
the serum level of BDNF in the brain. 

Karantali et al1 reported that stroke severity in 
the acute stroke phase was negatively correlated 

with BDNF levels. In the same study, it was re-
ported that serum BDNF levels were lower in pa-
tients with acute stroke compared to healthy con-
trols1. The findings obtained in this study support 
their results. As seen in Figure 1C, BDNF level is 
lower in the acute stroke period compared to the 
control group consisting of healthy individuals. 
It was observed that the BDNF level increased 
significantly when vitamin D supplementation 
was started. BDNF has been widely used in 
stroke as an indicator of neural regeneration and 
recovery. Its role in angiogenesis, neurogene-
sis, brain repair and synaptic plasticity has been 
demonstrated through animal experiments and 
has identified BDNF as an important component 
of post-stroke recovery22. These two studies1,22 
show that vitamin D treatment in the acute stroke 
period both reduces the severity of the stroke and 
contributes to the recovery process. Therefore, it 
is important to reveal the correlation between Vi-
tamin D and BDNF. The findings of this study 
regarding BDNF are thought to be important in 
this respect.

IS is an important health problem. The occur-
rence of IS is more frequent worldwide due to 
the increasing age of the population. Therefore, 
the search for effective target molecules in the 
treatment of IS continues. In recent studies23,24, 
homocysteine and BDNF have been proposed as 

Figure 2. Correlation analyzes; control group vitamin D vs. homocysteine (A), vitamin D vs. BDNF (B); Group-I vitamin D 
vs. homocysteine (C), vitamin D vs. BDNF (D); Group-I vitamin D vs. homocysteine (E), vitamin D vs. BDNF (F) (Correlation 
analysis was performed with Spearman correlation test).
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therapeutic targets in the treatment of IS. In these 
patients, vitamin D supplementation was found 
to reduce homocysteine and BDNF levels thera-
peutically (negative correlation). Considering this 
aspect of this study, it is thought that it will shed 
light on new studies.

This study should be tested in an animal isch-
emic stroke model. The levels of some protein 
concentrations in the tissue and serum levels 
differ. Therefore, analyzing the homocysteine 
and BDNF protein and mRNA expression level 
of vitamin D supplementation animal model of 
ischemic stroke will increase the reliability of 
the results.

Conclusions

In this study, a weak correlation was found 
between vitamin D levels and homocysteine and 
BDNF levels in both group-I and group-II. This 
study demonstrated for the first time the relation-
ship between vitamin D supplementation and ho-
mocysteine and BDNF levels in stroke patients. It 
has been reported that homocysteine and BDNF 
levels are low in acute stroke patients1 and that 
these molecules are an important component of 
recovery after stroke22. Therefore, revealing the 
correlation between vitamin D, homocysteine and 
BDNF is thought to be important in the treatment 
of IS.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Funding
None

Ethics Approval
For this study, permission was obtained from the Harran 
University Clinical Research Ethics Committee (number: 
HRU.19.0816).

Informed Consent
The authors declare that the patients included in the study 
signed informed consent forms to use their medical infor-
mation in the studies.

ORCID ID
Ugur Fahri Yurekli: 0000-0002-7969-5196
Zeynel Tunc: 0000-0002-0621-0506

References

  1) Karantali E, Kazis D, Papavasileiou V, Prevezia-
nou A, Chatzikonstantinou S, Petridis F, McKenna 
J, Luca AC, Trus C, Ciobica A, Mavroudis I. Serum 
BDNF Levels in Acute Stroke: A Systematic Re-
view and Meta-Analysis. Medicina (Kaunas) 2021; 
57.

  2) Park KY, Chung PW, Kim YB, Moon HS, Suh BC, 
Won YS, Kim JM, Youn YC, Kwon OS. Serum 
Vitamin D Status as a Predictor of Prognosis in 
Patients with Acute Ischemic Stroke. Cerebrovasc 
Dis 2015; 40: 73-80.

  3) Narasimhan S, Balasubramanian P. Role of Vita-
min D in the Outcome of Ischemic Stroke- A Ran-
domized Controlled Trial. J Clin Diagn Res 2017; 
11: CC06-CC10.

  4) Hankey GJ, Eikelboom JW. Homocysteine and 
stroke. Curr Opin Neurol 2001; 14: 95-102.

  5) Feng PN, Liang YR, Lin WB, Yao ZR, Chen DB, 
Chen PS,  Ouyang J. Homocysteine induced ox-
idative stress in human umbilical vein endothelial 
cells via regulating methylation of SORBS1. Eur 
Rev Med Pharmacol Sci 2018; 22: 6948-6958.

  6) MacLellan CL, Keough MB, Granter-Button S, 
Chernenko GA, Butt S,  Corbett D. A critical thresh-
old of rehabilitation involving brain-derived neuro-
trophic factor is required for poststroke recovery. 
Neurorehabil Neural Repair 2011; 25: 740-748.

  7) Koo TK, Li MY. A Guideline of Selecting and Re-
porting Intraclass Correlation Coefficients for Re-
liability Research. J Chiropr Med 2016; 15: 155-
163.

  8) Andjelkovic AV, Stamatovic SM, Phillips CM, Mar-
tinez-Revollar G,  Keep RF. Modeling blood-brain 
barrier pathology in cerebrovascular disease in vi-
tro: current and future paradigms. Fluids Barriers 
CNS 2020; 17: 44.

  9) Khandelwal P, Yavagal DR, Sacco RL. Acute Isch-
emic Stroke Intervention. J Am Coll Cardiol 2016; 
67: 2631-2644.

 10) Kilkkinen A, Knekt P, Aro A, Rissanen H, Marniemi 
J, Heliovaara M, Impivaara O, Reunanen A. Vita-
min D status and the risk of cardiovascular disease 
death. Am J Epidemiol 2009; 170: 1032-1039.

 11) Brondum-Jacobsen P, Benn M, Jensen GB, Nor-
destgaard BG. 25-hydroxyvitamin d levels and 
risk of ischemic heart disease, myocardial infarc-
tion, and early death: population-based study and 
meta-analyses of 18 and 17 studies. Arterioscler 
Thromb Vasc Biol 2012; 32: 2794-2802.

 12) Daubail B, Jacquin A, Guilland JC, Hervieu M, 
Osseby GV, Rouaud O, Giroud M, Bejot Y. Serum 
25-hydroxyvitamin D predicts severity and progno-
sis in stroke patients. Eur J Neurol 2013; 20: 57-
61.

 13) Tu WJ, Zhao SJ, Xu DJ, Chen H. Serum 25-hy-
droxyvitamin D predicts the short-term outcomes 
of Chinese patients with acute ischaemic stroke. 
Clin Sci (Lond) 2014; 126: 339-346.

 14) Sun Q, Pan A, Hu FB, Manson JE, Rexrode KM. 
25-Hydroxyvitamin D levels and the risk of stroke: 
a prospective study and meta-analysis. Stroke 
2012; 43: 1470-1477.



U.F. Yurekli, Z. Tunc

8010

 15) Zhao M, Wang X, He M, Qin X, Tang G, Huo Y, Li 
J, Fu J, Huang X, Cheng X, Wang B, Hou FF, Sun 
N, Cai Y. Homocysteine and Stroke Risk: Modify-
ing Effect of Methylenetetrahydrofolate Reductase 
C677T Polymorphism and Folic Acid Intervention. 
Stroke 2017; 48: 1183-1190.

 16) Al-Bayyari N, Hailat R, Subih H, Alkhalidy H, Eaton 
A. Vitamin D3 reduces risk of cardiovascular and 
liver diseases by lowering homocysteine levels: 
double-blinded, randomised, placebo-controlled 
trial. Br J Nutr 2021; 125: 139-146.

 17) Pedard M, Breniere C, Pernet N, Vergely C, Be-
jot Y, Marie C. Brain-derived neurotrophic factor 
in peripheral blood mononuclear cells and stroke 
outcome. Exp Biol Med (Maywood) 2018; 243: 
1207-1211.

 18) Xu HB, Xu YH, He Y, Xue F, Wei J, Zhang H, Wu 
J. Decreased Serum Brain-Derived Neurotrophic 
Factor May Indicate the Development of Post-
stroke Depression in Patients with Acute Ischemic 
Stroke: A Meta-Analysis. J Stroke Cerebrovasc 
Dis 2018; 27: 709-715.

 19) Mourao AM, Vicente LCC, Abreu MNS, Vale 
Sant’Anna R, Vieira ELM, de Souza LC, de Miran-
da AS, Rachid MA, Teixeira AL. Plasma Levels of 
Brain-Derived Neurotrophic Factor are Associated 

with Prognosis in the Acute Phase of Ischemic 
Stroke. J Stroke Cerebrovasc Dis 2019; 28: 735-
740.

 20) Qi D, Ouyang C, Wang Y, Zhang S, Ma X, Song 
Y, Yu H, Tang J, Fu W, Sheng L, Yang L, Wang M, 
Zhang W, Miao L, Li T, Huang X, Dong H. HO-1 
attenuates hippocampal neurons injury via the ac-
tivation of BDNF-TrkB-PI3K/Akt signaling pathway 
in stroke. Brain Res 2014; 1577: 69-76.

 21) Abiri B, Vafa M. Effects of vitamin D and/or magne-
sium supplementation on mood, serum levels of 
BDNF, inflammatory biomarkers, and SIRT1 in obese 
women: a study protocol for a double-blind, random-
ized, placebo-controlled trial. Trials 2020; 21: 225.

 22) Panja D, Bramham CR. BDNF mechanisms in late 
LTP formation: A synthesis and breakdown. Neu-
ropharmacology 2014; 76: 664-676.

 23) Chen S, Dong Z, Cheng M, Zhao Y, Wang M, Sai 
N, Wang X, Liu H, Huang G,  Zhang X. Homocys-
teine exaggerates microglia activation and neu-
roinflammation through microglia localized STAT3 
overactivation following ischemic stroke. J Neu-
roinflammation 2017; 14: 187.

 24) Subedi K, Wang H. Delta-Opioid receptor as a po-
tential therapeutic target for ischemic stroke. Neu-
ral Regen Res 2020; 15: 20-24.


