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Abstract 

Neuroglobin (Ngb) is an oxygen-binding globin protein that is mainly expressed in the neurons 

of the central and peripheral nervous system. However, moderate levels of Ngb have also been 

detected in non-neural tissues. Therefore, Ngb and Ngb modulating factors have been 

increasingly studied over the past decade due to their neuroprotective role in neurological 

disorders and hypoxia. Studies have shown that a number of chemicals, pharmaceuticals, and 

herbal compounds can modulate the expression of Ngb at different levels and with different 

doses, indicating a protective role against neurodegenerative diseases. Among these 

compounds are iron chelators, hormones, antidiabetic drugs, anticoagulants, plant derivatives 

and short-chain fatty acids. This review will discuss the possible effects and mechanisms of 

chemical, pharmaceutical, and herbal compounds on Ngbs. 
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Introduction 

Globins are present in all living organisms and, in fact, proteins that bind oxygen (O2) and play 

a key role in the respiration and oxidative energy production in bacteria, plants, fungi, and 

animals. For many years, hemoglobin (Hb) and myoglobin (Mb) were the only two globins 

identified in vertebrates. Hb is found in red blood cells. It carries oxygen molecules from the 

lungs to all tissues and helps control the pH of body fluids. Mb is found in the cardiac and 

skeletal muscle tissue. It plays a role in storing and increasing the transfer of O2 to 

mitochondria. Moreover, Mbs are also involved in nitric oxide and reactive oxygen species 

(ROS) detoxification [1]. Ngb is an O2-binding globin protein whose presence in the nerve 

tissues was first identified and confirmed by Burmester et al. (2000) [2]. As a monomeric 151 

amino-acid protein, Ngb is a member of the nerve globin family, which is widely present in 

vertebrates and expressed to a large extent in neurons of the central and peripheral nervous 

system and endocrine tissue [3]. Ngb is distributed widely in the human body, including the 

hippocampus, thalamus, hypothalamus, cerebral cortex, cerebellum, organs with endocrine 

function and retinal cells. As far as it is concerned with protein distribution in the central 

nervous system (CNS), the available data reveal a considerable presence in a relatively limited 

number of regions of a rat [4] and human CNS [5]. It seems that the presence of Ngbs 

corresponds to metabolically active, oxygen-consuming cell populations [3]. Several studies 

have shown the key neuroprotective role of Ngb [6]. According to previous studies, Ngb is also 

up-regulated in cerebral hypoxia and ischemic injury, indicating the neuroprotective role of 

this globin in cerebral disorders [7]. The Ngb concentration varies in different human brain 

areas [8]. Overexpression of Ngb has been reported to be associated with cytoprotective effects 

on neurons, anti-apoptotic properties in nerve tissue, and protection against oxidative stress [6, 

8]. Although several studies have been performed in this regard, it is difficult to define the 

exact functions of Ngb. 

As a globin, the main physiological functions of Ngb include O2 binding and transport and 

inhibition and detoxification of reactive species (namely nitric oxygen, carbon monoxide, or 

hydrogen sulfide) [3, 6]. The neuroprotective role of Ngb is probably due to a synergistic 

mechanism, including the improvement of mitochondrial function, a reduction in the secretion 

of reactive oxygen species and nitric oxide, and the inhibition of the innate cell death pathway 

[9, 10]. Cell death is the final consequence of several pathological conditions of the central 

nervous system. The available evidence indicates that both acute injuries and 

neurodegenerative diseases are often accompanied by mitochondrial dysfunction. Therefore, 



the possibility of preventing mitochondrial events involved in cell death may be an effective 

tool to limit neuronal damage. Much attention has been paid in recent years to Ngb protein 

because the evidence shows that the high level of Ngb expression is associated with 

maintaining mitochondrial function and increasing the survival of nerve cells in vitro 

conditions in various experimental cell models [11]. Additionally, using natural and chemical 

molecules to induce the Ngb expression in different pathologies, such as ischemia, hypoxia, 

Alzheimer's disease and Huntington's disease, can be a new therapeutic approach against 

neurological diseases [12, 13]. 

Mitochondrial events in the CNS play a key role in controlling cell death, which has major 

implications for developing neuroprotective therapies. Agents that prevent mitochondrial 

membrane permeability or inhibit cell death may be efficient tools to limit neuronal damage. 

The probable stimulation of endogenous neuroprotective mechanisms has appeared as a 

promising strategy [14]. Therefore, over the last few years, much attention has been paid to 

Ngb as an endogenous neuroprotective molecule considering mitochondrial function and 

regulation [15]. The neuroprotective role of Ngb in a wide range of pathological conditions has 

been demonstrated by several experimental studies. In the cultured cortical neurons, antisense-

mediated globin knockdown causes cells to be more vulnerable to hypoxia [16] and reduces 

viability in neuroblastoma cells under oxidative stress [17]. Ngb overexpression can reduce 

different diseases and injuries affecting the central nervous system [18]. As recombinant Ngb 

is an intracellular protein and does not cross cell membranes except in certain species of fish, 

its direct administration in therapy is unfortunately not appropriate [19]. However, it has been 

shown that using some small molecules (natural and synthetic) derived from pharmaceutical 

and food compounds that are capable of crossing the blood-brain barrier (BBB) can increase 

the Ngb upregulation resulting in the improved outcome of brain injuries and neurological 

disorders [20]. This foregrounds the overview of the chemical structure that can inspire future 

research to design new molecules capable of modulating the Ngb level. The endogenous 

neuroprotection caused by overexpression of Ngb can indicate a therapeutic strategy. 

Moreover, the pharmacological induction of Ngb by natural and synthetic molecules can be 

useful in the therapy of neurodegenerative diseases for which no effective treatments have been 

found so far. Several molecules have been identified in studies as Ngb modulators, either in 

chemical and pharmaceutical or food compounds. Considering the key role of Ngb in 

neuroprotection and given that few studies were found regarding the review and summarization 

of the effect of medicines and food on the function of Ngbs; therefore, the present study aimed 



to review the literature on the effects of pharmaceuticals, chemicals, and herbal compounds on 

Ngbs function. 

Methods 

This narrative review was conducted by searching databases PubMed, Science Direct and Web 

of Science for studies published from 2010 to 2022 on humans and animals. The search terms 

were Neuroglobin, pharmaceutical, herbal, chemical compounds, food, nutrition, and 

pharmacological induction.  

 

Results 

Considering the results of the studies regarding the effects of different pharmacological and 

food compounds on Ngb modulation, the summary of the reviewed studies is discussed in the 

following sections separately: the effects of antidiabetic medications, non-steroidal 

anticoagulants, iron chelators and hormonal derivatives, plant-derived compounds and short 

chain fatty acids (Figure 1).  

Antidiabetic medications 

Metformin is an oral antidiabetic medication mainly used for treating type 2 diabetes [21]. Over 

recent years, metformin has been investigated for its potential role in neurodegenerative 

diseases [22]. In a study conducted on adult rats, neurotoxicity was induced in alcohol-treated 

animals. The study showed that after taking metformin orally for several days, metformin 

increases Ngb expression in the frontal lobe in response to alcohol-induced brain damage. 

Moreover, increased Ngb expression was also observed in rats treated with metformin alone, 

confirming the biological antioxidant and protective functions of metformin [23]. 

Non-steroidal anticoagulants 

Ngb is a neuroprotective protein that plays a role in treating Alzheimer's disease and protects 

the brain from damage induced by Alzheimer's disease progression [24]. In a recent study, an 

ibuprofen-α-lipoic acid (IBU-LA) conjugate was investigated as a potential inductor of Ngb 

expression in the rat brain model of Alzheimer's disease [25]. IBU and LA have protective 

effects against Alzheimer's disease [26]. IBU-LA conjugate is very resistant to enzymatic 

degradation. It passes through the BBB and transmits IBU and LA directly to neurons. 

According to the obtained results, subcutaneous administration of IBU-LA guarantees a high 

level of Ngb in the brain of a rat model of Alzheimer's disease. The results also showed that 

IBU-LA administration is highly capable of maintaining the high level of Ngb and allows Ngb 



to play an anti-apoptotic neuroprotective role, indicating that it is a valid tool in the therapeutic 

strategy of Alzheimer’s disease progression [25]. 

Iron chelators  

Deferoxamine (DFX) was the first molecule identified as an Ngb inductor. It is a natural BBB 

cross-chelating molecule synthesized by streptomyces pilosus in iron-limiting conditions [16]. 

DFX is used for the treatment or prevention of thalassemia-related iron overload. It has a 

chelating agent that can complex iron and remove it [27]. In addition, DFX has been shown to 

increase the expression of hypoxia-inducible factor 1 (HIF-1), one of the major hypoxia-

signalling transcription factors involved in Ngb expression [16]. 

Hormones and derivatives 

Growth hormones and factors are capable of increasing Ngb expression in neuron-derived cells. 

For example, vascular endothelial growth factor (VEGF), which promotes angiogenesis, 

neurogenesis, and neuroprotection, provides a positive feedback pathway using Ngb. In fact, 

in the rat cerebral cortex neurons, VEGF stimulates Ngb expression through VEGF receptor 

tyrosine kinase (VEGFR2/Flk1), whereas Ngb overexpression suppresses VEGF expression 

[28]. Furthermore, neurological response to hypoxic/ischemic injury leads to the expression of 

neuroprotective proteins like VEGF. In the study conducted in neuron-enriched rat 

cerebrocortical cultures, a positive correlation was found between VEGF and Ngb. VEGF 

increased Ngb expression, and Ngb decreased VEGF expression [28].   

Studies have shown the physiological role of estrogen hormones, especially estradiol (E2), in 

the brain,  indicating that these hormones protect the brain from neurodegenerative disorders 

[29]. It was emphasized that women in menopausal periods are more likely to get Alzheimer's 

disease [30]. E2 reduces the toxicity of amyloid beta (Aβ) and glutamate. De Marinis et al. 

reported the first experimental evidence of the Ngb-E2 interaction (2010). They showed that 

E2 increases the Ngb level up to 300% in the SK-N-BE human neuroblastoma cell line and 

hippocampal neurons of the mouse. They also revealed that E2 could act as an endogenous 

modulator [31]. Moreover, the positive regulation of E2-induced Ngb expression in astrocytes 

may be associated with the mechanism, including estrogen receptor ERβ [32]. 

However, E2 can also bind to the ERα receptor subtype and induce a cancer survival effect and 

expression of Ngb. Experimental data reported the ERα/ERβ ratio in non-neuronal cancers 

(e.g., breast and liver) higher than normal tissue [33]. Further studies have shown that E2 



increases the Ngb expression in hepatocytes and breast adenocarcinoma cells (MCF-7) that 

express the ERα receptor subtype [34]. 

In one study, testosterone alone did not increases the expression of Ngb in SK-N-BE cells 

(neuroblastoma cell line) and hippocampal neurons of a mouse [31]. However, another study 

found that when T98G cells (human astrocyte cell model) are deprived of glucose, testosterone 

leads to Ngb production. The recent result indicates that testosterone can regulate the 

neuroprotective protein levels in cellular damaging conditions [35]. 

Fucosterol (Fuc) is a phytosterol mainly found in brown seaweed with approved biological 

effects (e.g., anticancer, antidiabetic, antioxidant, antifungal, antihistamine, anticholinergic, 

antilipid, etc.) [36]. Fuc-treated Human neuroblastoma cell line (SH-SY5Y cells) revealed a 

significant increase in Ngb messenger RNA (mRNA) levels. Moreover, if the SH-SY5Y cells 

were pre-treated with Fuc before the therapy with toxicity induced by Aβ, the mRNA levels of 

Ngb would extremely increase, indicating the association of the Fuc neuroprotective effect with 

Ngb upregulation [37].  

Thyroid hormones play a key role in brain development as they are essential for growth and 

differentiation. An in vivo study assessed the changes in the levels of two globins in the brain, 

i.e., Ngb and cytoglobin. The results showed that both proteins were overexpressed when rats 

were treated with triiodothyronine (T3) at high dosages. There is one hypothesis about Ngb 

that says T3 can upregulate the expression of Ngb indirectly on the hypoxia-inducible gene 

factor 1 [38]. The expression of Ngb in the cortex, hippocampus, and cerebellum of 

thyroidectomized animals increases 24 hours after thyroid hormone administration compared 

to the control group [38].  

Besides the hormones mentioned above, erythropoietin also plays a neuroprotective role in 

inducing Ngb regulation [39]. Finally, it generally seems that Ngb should be considered a 

hormone-inducing protein required to be regulated for neuroprotective functions against 

harmful stimuli. 

Plant-derived compounds 

Plant-derived polyphenols are natural compounds containing phenolic groups. They form a 

broad research area in treating degenerative diseases, including neurodegeneration and cancer 

[40, 41]. Their biological effects have been attributed to their antioxidant capacity, their 

protective abilities in microcirculation, and their anti-inflammatory actions similar to estrogen 



[42]. Naringenin (Nar) is a flavonoid investigated in several degenerative pathologies due to 

its neuroprotective potential [43, 44]. Nar was found to upregulate Ngb in SK-N-BE cells in 

the interaction with the ERβ subtype [31]. Interestingly, another study evaluated the effect of 

Nar on the MCF-7 cell line and found that it did not change the Ngb protein levels. Therefore, 

considering the contradictory results obtained, further research seems to be required in this 

regard [45]. 

Regarding other plant-derived compounds, it was found that daidzein (Dzn), genistein, 

polydatin, biocanin A, and especially formonontine increased the Ngb mRNA expression in 

primary mouse and human neurons [46]. Five natural inductors, including biochanin A, 

formonontine, genistein, polydatin and Dzn, are considered phytoestrogens [31]. In terms of 

structure and function, they are similar to estrogen hormones like E2, i.e., an endogen up-

regulator of Ngb gene expression in neurons. Among the five new Ngb activators, 

formononetin shows the highest ability to induce Ngb overexpression. Formononetin can also 

induce Ngb up-regulation by activating cyclic adenosine monophosphate (cAMP) response 

element binding protein [46]. 

Phytochemicals are secondary plant metabolites that provide a broad area of research in treating 

degenerative diseases, including cancer and neurodegeneration. The effects of phytochemicals 

have been attributed to their antioxidant effects; however, they have also been reported for their 

phytochemical capability to bind to hormone receptors. Notably, flavonoid naringenin 

increases the level of Ngb in human neuroblastoma cells by binding to the ERβ subtype [31]. 

The new herbal formula, Ji-Sui-Kang (JSK) was accompanied by the theory of recovery in 

people with spinal cord injury (SCI). This herbal formula significantly increases Ngb 

expression and reduces the expression of caspase-3 and cyclooxygenase-2 [47]. Moreover, 

Yizhijiannao granule (a Chinese compound medicine) was found to be capable of enhancing 

cognitive performance in patients with Alzheimer's disease. Additionally, Ngb levels increased 

in Yizhijiannao granule-treated rats with learning and memory disorders for eight weeks [48]. 

However, further in vitro/in vivo clinical research is required to confirm the effectiveness and 

safety of these phytochemicals. 

Short-chain fatty acids derivatives 

Short-chain fatty acid derivatives induce fetal globin expression [49]. The cinnamic, valproic, 

butyric, levulinic and succinic acids were investigated in HN33 cells (hippocampal 



neuroblastoma cells) [5]. Only cinnamic and valproic acids among the fatty acids showed 

induction related to Ngb. Valproic acid is a synthetic compound existing in the formulation of 

several anticonvulsants, while cinnamic acid is a natural compound extracted from cinnamic 

oil. The mechanism through these fatty acids, which can regulate the expression of Ngb, is not 

well understood. Studies show that the neuroprotective effects caused by valproic acid are 

attributed to the inhibition of histone deacetylase. However, it seems that this biological activity 

is not associated with the induction of Ngb expression. In addition, other anticonvulsant 

medicines were also examined owing to the anticonvulsant activity of valproic acid, but none 

exhibited Ngb induction [50]. 

Metalloids 

The neurotoxic effects of sodium arsenite (NaAsO2) and other inorganic compounds on the 

exposed populations and experimental models have been shown. Cognitive disorders in 

children and adults chronically exposed to arsenite from drinking water have been described 

[51]. The transcriptional and expression levels of Ngb protein are significantly decreased in a 

dose-dependent manner in primary-cultured rat cerebellar granule neurons shortly after 

NaAsO2 exposure and become positively regulated after exposure for a long time. Higher 

expression of Ngb was found in rat cerebellum post NaAsO2 exposure for 16 weeks but not in 

other brain regions, such as the cerebrum, hippocampus, and midbrain [52]. Therefore, 

considering the results of the studies, metalloids seem to make changes to the expression of 

Ngbs in a dose-dependent manner, and more studies are warranted to determine the exact effect 

of metalloids in this regard. 

Conclusion 

This review identified a number of chemicals, pharmaceutical, and herbal compounds, 

including hormones such as thyroid hormones, estrogens, epithelial growth factor, iron 

chelators, some medicines like antidiabetic drugs, non-steroidal anticoagulants, and chemical 

and herbal compounds that modulate the expression of Ngb (Table 1). However, given the 

neuroprotective role of Ngb and the limited studies in this regard, further and more accurate 

research is required to be conducted on the effects of chemical, pharmaceutical, and herbal 

compounds on the Ngbs function. 



Table 1. Characteristics and results of the studied articles. 

 
Author/Year/ 

Reference 
Study 
design  Research objective Method Results 

Jin 
2011[50] 

In vitro 
 

Identification of small 
molecules that are 

capable of inducing 
Ngb 

 protein expression 
 

-Examination: 
 
Examining the Ngb 
expression by Western blot 
in cultured mouse HN33 
hippocampal neuron 
N18TG2 neuroblastoma 
cells 

-Increasing the 
expression of Ngb by 
the short-chain fatty 
acids of cinnamic acid 
and valproic acid, but 
not by other short-
chain fatty acids 

Jin, Kunlin 
2012 [28] 

In vitro  
 

Investigation of the 
probable interaction 

between the expression 
of vascular endothelial 
growth factor (VEGF) 

and Ngb in mouse 
cortical neurons  

-Examination: 
 
The neuronal cells were 
grown in a neurobasal 
medium with B27 
supplement, 2 mM 
glutamate, and 1% penicillin 
and streptomycin and half of 
the medium was replaced 
with a neurobasal medium 
after 4 days . 
  
The cultures were treated for 
24 h with VEGF with or 
without the VEGF receptor 
tyrosine kinase inhibitors. 

 
- Stimulation of Ngb 
expression by VEGF 
in a VEGFR2/Flk1 
receptor-dependent 
manner    
 
-Suppression of 
VEGF expression by 
Ngb overexpression 

De Marinis 
2013 [53] 

 
 

In vitro  

Investigation  E2 
(estrogen) capability of 

modulating the  
intracellular expression 

of  Ngb and Ngb 
interaction with 
mitochondrial 
cytochrome C 

following H2O2-human 
toxicity   

 

-Examination: 
 
The pcDNA-flag-NGB (flag-
NGB) was attained through 
NGB ORF subcloning from 
the NGBN1-pEGFP plasmid 
to the pcDNA-flag 3.1C   
 
 The medium was changed 
six hours following 
transfection, and after 24h, 
the cells were processed for 
confocal microscopy 
analysis 

-Strong increase of 
Ngb-cytochrome C 
relationship in 
mitochondria by E2 
treatment 
  
-Reduction of 
cytochrome C level in 
the cytosol of SK-N-
BE cells by E2 
treatment 
 
- Dependence of 
estrogen receptor 
expression in nuclei, 
mitochondria and 
cytosol of SK-N-BE 
E2 cells, especially on 
mitochondrial ERβ 
activity 



Zara 
[25] 2013 

In vivo  
 

Investigation of the 
conjugate 

neuroprotective role of 
ibuprofen and lipoic 

acid by Ngb/Akt 
intracellular signaling 
pathway in rat model 

with Alzheimer's 
disease  

 

-Examination: 
 
 
Analyze the morphology of 
the brain using Biel-
schowsky staining, Aβ(1–
40) and Ngb expression by 
immunohistochemistry   

-Reducing the level of 
Ngb in Aβ samples as 
compared with 
control and IBU-LA 
samples 
 
-Decreased the ratios 
of p-Akt/Akt and p-
CREB/CREB in Aβ 
sample that goes back 
to the basal level in 
control and IBU-LA 
samples 

Liu 
[52] 2013 In vitro  

Evaluation of the toxic 
effects of sodium 

arsenite (NaAsO2) on 
rat's cerebellar granule 
neurons (CGNs) using 
the primary culture of 

CGNs,  
 

Identification of Ngb 
expression in rats 

CGNs in the exposure 
of NaAsO2 

 
 

-Examination: 
 
 
Evaluate The toxic effects of 
NaAsO2 on rat's CGNs in 
terms of Ngbs expression 
using the primary culture of 
CGNs 

-Significant 
increasing 
intracellular reactive 
oxygen species 
production in cells 
exposed to NaAsO2 . 
 

-  Significant 
reduction in Ngb 
protein and mRNA 
expression in rat 
CGNs in a short time 
after NaAsO2 
exposure and 
positively regulating 
after a longer time of 
exposure . 
 
-The toxic effect of 
NaAsO2 on Ngb 
expression depends 
on the dose 

Su 
2013 [47] 

In vivo/ 
vitro 

 

Evaluation of the effect 
of a novel herbal 

formulation (JSK-Ji-
Sui-Kang) on rats with 
acute spinal cord injury  

 
 

-Examination: 
 

Evaluate The JSK 
therapeutic effects via a 
standard behavioral 
assessment, histological, 
immunochemical and 
microarray analysis 

-Observing a 
significant 
improvement in 
locomotor function 
 
 - Attenuating tissue 

damage  and more 
axons and myelin  in 
animals treated with 
JSK than in control 
ones 
 
 - Significantly 

increasing Ngb, 
vascular endothelial 
growth factor (VEGF) 
and growth-associated 
protein 43 
expressions, and 
reducing in caspase 3, 
cyclooxygenase-2, 
RhoA, and fibrinogen 
expression with JSK 



Oliveira 
2015 [38] In vivo 

Evaluation of thyroid 
hormone (TH) effect on 

Ngb and Cygb 
metabolism in the brain 
and assessment of their 

response in the 
cerebellum, 

hippocampus and 
cortex after 

supraphysiological 
doses of TH 

-Experiments groups: 
 Control (C), thyroidectomy 
(Tx), and jugular 
intravenous (i.v)  
 
-Intervention: 
 T3 (100 μl/100 g) injection 
- treated thyroidectomy, and 
the rats were studied after 
30, 60, 120 min and 6, 12 
and 24 h  

 

-Increased expression 
of Ngb gene and 
protein in different 
time points as 
compared with the C 
group In the cerebral 
cortex   
  
 -Increased expression 
of Ngb and Cygb in 
the hippocampus 
 
-The expression of 
Ngb and Cygb in the 
brain is affected by 
both overexpression 
and lack of expression 
of thyroid hormone 

Liu 
2016 [46] 

In 
vitro/vivo  

 

Screening of herbal 
neuroprotective 

compounds affecting 
Ngb expression systems 

 

- Examination: 
 
Mouse and human stable 
Ngb reporter systems for 
screening a pool of natural 
herbal compounds were 
developed   
  
Neuroprotection effects in 
primary cultured neurons 
were tested using a 
neurotoxicity assay 

-Identifying the 
polydatin, genistein, 
daidzein, biochanin 
A, and formononetin, 
which are capable of 
increasing Ngb 
promoter activity both 
in mouse and human 
 
 -Significant 
increasing the 
expression of Ngb 
mRNA in primary 
neurons with 
polydatin, genistein 
and formononetin 

Toro-Urrego 
2016 [35] 

In 
vitro/vivo 

 

Assessing whether 
testosterone exerts 
protection in a human 
astrocyte cell model, 
the T98G cells 

 
-Examination: 
 
Assessing whether 
testosterone exerts 
protection in a human 
astrocyte cell model, the 
T98G cells 

-Positive regulation of 
neuroglobin with 
testosterone 
 
- Improved cell 
survival and 
mitochondrial 
membrane potential 
and reduced nuclear 
fragmentation and 
reactive oxygen 
species generation 
with testosterone. 

Cipolletti 
2019 [45] In vitro  

Evaluating the 
possibility that 
resveratrol (Res) in 
increasing the 
susceptibility of breast 
cancer cells to 
paclitaxel (Pacl) by 
affecting the 
E2/ERα/Ngb pathway 

-Examination: 
 
Growing and evaluating 
human breast cancer cells as 
well as neuroblastoma cell 
and human embryo kidney 
cell in air containing 5% 
CO2 in either modified, 
phenol red-free, Dulbecco’s 
Modified Eagle’s Medium 
(DMEM) medium 

-Decreasing Ngb 
levels interfering with 
E2/ERα-induced Ngb 
upregulation and with 
E2-induced ERα and 
protein kinase B 
phosphorylation in 
MCF-7 and T47D 
(ERα-positive) 
receptors 
 
-Increasing  Ngb 
levels by Ngb 



expression vector 
transfection 
preventing Pacl or 
Res/Pacl effects 

Gan 
2019 [37] In vitro  

Assessing the ability of 
fucosterol, a 

phytosterol found in 
brown alga, to protect 
SH-SY5Y cells against 

Aβ-induced 
neurotoxicity 

-Examination: 
 
-Exposed SH-SY5Y cells to 
fucosterol before Aβ 
treatment 
 
-Determined the effect of 
apoptosis using Annexin V 
FITC staining and studied 
RNA expression using RT-
PCR 

-Confirming the 
protective effects of 
fucosterol on SH-
SY5Y cells against 
Aβ-induced apoptosis 
with flow cytometry 

 
-Increasing the Ngb 
mRNA levels with 
pretreatment with 
fucosterol 

Bonea 
[23] 2020   

In vivo 
 

Modulatory effect of 
metformin on ethanol-
induced anxiety, redox 

imbalance and 
extracellular matrix 
levels in rat brain 

 
 

-Experimental groups:  
Control, alcohol (ALC), 
ALC + MET, and MET   
 
-Intervention: 
Prescription ALC (2 g/kg 
body weight) and MET (200 
mg/kg body weight) through 
the mouth for 21 days, once 
per day 
 
Conduct the open field test 
(OFT) and elevated plus 
maze (EPM) On the 22nd 
day 

 
 -Increasing the time 
that was spent in 
unprotected open 
arms with MET 
 
 -Reducing oxidative 
stress in the frontal 
lobe and hippocampus 
with MET   
 
- Increasing 

expression of Ngb in 
the frontal cortex with 
MET    

Montalesi 
2020 [54] In vitro  

Evaluating the impact 
of daidzein (Dzn) and 
its metabolites on an 
estrogen-dependent 
anti-apoptotic pathway 
in breast cancer cells 

-Examination: 
 
Treating and evaluating 
estrogen receptor α-positive 
breast cancer cells with Dzn 
and its metabolites, ERα 
activation and Neuroglobin 
levels   
 

 
-Increasing the Ngb 
levels and rendering 
breast cancer cells 
more prone to the 
paclitaxel treatment 
by daidzein and its 
metabolites 
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