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Abstract: Dementia involves several factors, and it is required to administer an agent with several
efficiencies for its treatment. Sake is known to have antioxidant and anti-inflammatory properties and
improves the serum concentration of BDNF. This study aimed to evaluate the neuroprotective action
of Japanese sake yeast on dementia of the Alzheimer disease type in rats by behavioral evaluation
and neurobiochemical assessment. The rats were grouped as non-Alzheimer rats (control rats) and
Alzheimer rats administrated with 0 (AD), 10 (10-AD), 20 (20-AD), 30 (30-AD), and 40 mg/kg (40-AD)
of sake. Anxiety-like and depression-like behaviors, the concentrations of brain-derived neurotrophic
factor (BDNF), malondialdehyde (MDA), and ferric reducing ability of plasma (FRAP) were evaluated.
The expressions of IL-1β, TNF-α, and IL-6 were assessed. The results showed that Alzheimer disease
caused anxiety-like and depression-like behaviors (p = 0.000), decreased the concentrations of BDNF
(p = 0.000) and FRAP (p = 0.000), increased the concentration of MDA (p = 0.000), and increased the
expressions of IL-1β (p = 0.000), TNF-α (p = 0.000), and IL-6 (p = 0.000). The results showed that
oral gavage of sake in higher doses decreased anxiety-like and depression-like behaviors (p = 0.000),
increased the concentrations of BDNF (p = 0.000) and FRAP (p = 0.000), and reduced the concentration
of MDA (p = 0.000) and the expressions of IL-1β (p = 0.000), TNF-α (p = 0.000), and IL-6 (p = 0.000). In
sum, Japanese sake yeast can have roles in treating dementia of the Alzheimer disease type, but its
mechanisms must be assessed in future studies.
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1. Introduction

Dementia is defined as a pathological, neurodegenerative process leading to decreased
cognitive and functional abilities. It has several causes, diverse manifestations, heterogene-
ity depending on gendered risk factors, and diverse outcomes [1]. It has been reported
that 40 million people over 65 years of age suffer from the disease, and 70% of them are
influenced by Alzheimer’s disease [2]. The disease is known to cause early symptoms
of insidious behavioral and personality changes and problems with language [3]. The
symptoms of behavioral and personality changes in the disease are similar to those in
psychiatric disorders [4]. A relation has been reported between anxiety and cognitive
decline/dementia [5]. Studies have also reported significant changes in peripheral serum
brain-derived neurotrophic factor (BDNF) at the late stage of the dementia spectrum [6].
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Decreases in the concentrations of antioxidant factors in patients with dementia has been
reported [7]. Several studies have reported increases in the concentrations of inflammatory
and pro-inflammatory factors [8–10]. Therefore, dementia involves several factors, and it is
required to administer an agent with several efficiencies for its treatment. Natural agents
have been used for the treatment of diseases.

Sake yeast has been utilized for the production of alcoholic beverages since ancient
times and is known for antioxidant properties [11]. Sake is produced via a brewing process,
where starch is converted into sugars that ferment into alcohol. It was reported that the
administration of sake decreases behavior signs, oxidative indices, and inflammatory
responses in stressed rats [12]. Studies have also reported that consumption of sake can
decrease intake and reduce formation of aberrant crypt foci by suppressing inflammation
and oxidation-induced cell cycle disturbances [13].

Animal models are valuable tools for assessing new therapeutic strategies for the
treatment of human diseases, as well as for studying the pathological mechanisms involved
in disease processes. Initially, the rat was used as a testing species, but during the last
decade, increasing knowledge of advanced genetic techniques developed in the mouse.

In sum, dementia is closely related to anxiety and depression and the decrease in
antioxidant factors and inflammation. On the other hand, sake improves antioxidant
properties, decreases inflammation, and improves the serum concentration of BDNF. How-
ever, studies have not evaluated the effects of Japanese sake yeast on dementia of the
Alzheimer disease type. This study evaluates the neuroprotective action of Japanese sake
yeast on dementia of the Alzheimer disease type in rats by behavioral evaluation and
neurobiochemical assessment.

2. Materials and Methods
2.1. Materials

Sake yeast powder (GSP6) was prepared as a food supplement by Lion Corporation,
Odawara-shi, Japan.

2.2. Animals

This study was conducted according to the recommendations given by the Ethics
Committee of the International Center for Neuroscience Research. Ninety female rats with
a weight of 220 ± 10 g were grouped into six groups, with 15 in each. The rats were grouped
as non-Alzheimer rats lacking surgery (control rats) and Alzheimer rats administrated with
0 (AD), 10 (10-AD), 20 (20-AD), 30 (30-AD), or 40 mg/kg (40-AD) of sake. The doses were
selected based on previous studies, and rats received them for two weeks [11]. The rats
had free access to water and feed, and their rearing condition was constantly controlled.
The sake was dissolved in water and administrated daily via oral gavage.

2.3. Surgery and Drug Administration

To induce anesthesia, the rats were intraperitoneally administrated with 90 mg/kg
ketamine HCl and 10 mg/kg xylazine. The rats were then fixed in a stereotaxic apparatus
(Narishige, Tokyo, Japan), and oligomers Aβ1-42 (1 µg/µL in each site) was infused into the
hippocampal CA1 area bilaterally at a rate of 1 µL/5 min with the help of a 10 µL Hamilton
syringe connected to an infusion pump, as reported by others [14]. Following infusion,
the cannula was left in place for an additional 3 min to allow the complete diffusion of
the drug. Infusion was performed with coordinates of AP = −4.8 mm from the bregma,
ML = ±3.5 mm, and DV = −4 mm from dura mater. A recovery period (10 days) was
considered for all the rats.
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2.4. Behavioral Tests
2.4.1. Open-Field Test (OFT)

The test was performed to evaluate anxiety based on other studies with the help of a
dark area (72 × 72 × 45 cm) for 20 min [15].

2.4.2. Elevated Plus Maze (EPM)

The test was utilized to evaluate anxiety with the help of apparatuses consisting of
two open arms (50 cm × 10 cm) and two enclosed arms (50 cm × 10 cm, surrounded by
40 cm high wooden walls), raised 50 cm above the floor [15].

2.4.3. Force Swimming Test (FST)

The test was conducted to evaluate depression with the help of a cylindrical swimming
tank (50 cm high, 25 cm diameter) filled with 25 ◦C water for 15 min, as described by
previous studies [16]. Immobility, swimming, and climbing were evaluated.

2.5. The Assessment of BDNF and Antioxidant-Associated Factors

The animals were decapitated, and the prefrontal cortex was isolated and frozen at
−80 ◦C. Tissue was homogenized in cold lysis buffer, and BDNF was assessed by ELISA kits
(Hangzhou Eastbiopharm Co., LTP, Hangzhou, China) following manufacturer instructions.
Brain sections were frozen, homogenized, and investigated for malondialdehyde (MDA),
and the ferric reducing ability of plasma (FRAP) was also assessed by ELISA kits (Hangzhou
Eastbiopharm Co., LTP) as recommended by producer companies.

2.6. The Expression of Inflammatory Factors

Real-time PCR reactions were performed as reported by previous studies [17]. In sum-
mary, total ribonucleic acid (RNA) was extracted using a Qiagen Rneasy Mini Kit (Qiagen,
Valencia, CA, USA). A reverse transcriptase (TaKaRa Biotechnology, Otsu, Japan) was used
to synthesize complementary deoxyribonucleic acid (cDNA). Temperatures included initial
denaturation at 95 ◦C for 30 s, 40 cycles of denaturation at 95 ◦C for 5 s, and annealing
at 60 ◦C for 34 s. The expression levels were normalized compared with β-actin. Primer
sequences were as follows: β-Actin: forward (TGGCACCCAGCACAATGAA), reverse
(CTAAGTCATAGTCCGCCTAG); TNF-α: forward (CCCATGTTGTAGCAAACCCTC), re-
verse (TATCTCTCAGCTCCACGCCA); IL-1β: forward (CCACCTCCAGGGACAGGATA),
reverse (TGGGATCTACACTCTCCAGC); and IL-6: forward (CAATGAGGAGACTTGC-
CTGG), reverse (TGGGTCAGGGGTG). All the primers were in directions 3–5.

2.7. Data Analysis

The data were investigated for normality, and because the data were normal, a para-
metric test of ANOVA was used. The Duncan test was used to compare between groups.
A p < 0.05 was considered as significant. The data were analyzed using the Graph Pad
Prism software (version 6.07).

3. Results
3.1. Anxiety-like Behaviors

Figure 1 depicts the results for the effects of sake yeast on anxiety-like behaviors in
rats with Alzheimer disease. The results show that Alzheimer disease reduces the number
of visits (p = 0.000), center time (p = 0.000), and total distance (p = 0.000). This means that
Alzheimer disease induces anxiety-like behaviors in rats. However, the results showed that
oral administration of sake increased the number of visits (p = 0.000), center time (p = 0.000),
and total distance (p = 0.000) in a dose-dependent manner. The results in Figure 2 agree
with the obtained results in Figure 1. The results showed that the administration of sake
increased open arm test results (p = 0.000) in a dose-dependent manner. In other words,
oral administration of sake decreased anxiety-like behaviors.
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3.2. Depression-like Behaviors

Figure 3 shows the effects of oral administration of sake on depression-like behavior.
Alzheimer disease reduced swimming duration (p = 0.000) and increased immobility
duration (p = 0.000). The administration of sake increased swimming duration (p = 0.000)
and reduced immobility duration (p = 0.000). It must be mentioned that oral administration
of sake reduces depression in rats with Alzheimer.
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3.3. Biochemical Parameters

Figure 4 shows the effects of sake yeast on biochemical parameters in rats with
Alzheimer. The results show that Alzheimer disease reduces the concentrations of BDNF
and FRAP while increasing the concentration of MDA. However, the results show that
oral administration of sake increased the concentrations of BDNF (p = 0.000) and FRAP
(p = 0.000) and decreased the concentration of MDA (p = 0.000) in a dose-dependent manner.
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3.4. The Expression of Inflammatory Factors

Figure 5 depicts the effects of oral administration of sake on the expression of in-
flammatory factors. The results showed that Alzheimer disease increased the expression
of inflammatory factors. This indicates a close relationship between Alzheimer disease
and inflammatory factors. However, the results show that oral administration of sake
decreased the expressions of IL-1β (p = 0.000), TNF-α (p = 0.000), and IL-6 (p = 0.000) in a
dose-dependent manner.
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4. Discussion

This study investigated the neuroprotective action of Japanese sake yeast on dementia
of the Alzheimer’s disease type in rats via behavioral and neurobiochemical assessment in
rats. The rat is one of the most commonly used experimental animal species in biomedical
research, and because of its relevance to human physiology, the rat may provide highly
predictable models for research in the pharmaceutical industry. The results showed that
Alzheimer’s disease was closely related to anxiety and depression, which is in agreement
with other studies [18,19]. It was reported that Alzheimer’s disease increases anxiety and
depression by increasing amyloid-β [19]. In addition, inflammation and oxidation promote
the progression of disease and anxiety and depression [20,21]. The results showed that
the administration of sake reduced anxiety and depression. The mechanism of action
of sake yeast in decreasing depression-like and anxiety-like behaviors can be associated
with sake’s effects on BDNF and antioxidant factors, as will be discussed. The effects of
antioxidant and anti-inflammatory factors in decreasing anxiety and depression have been
previously reported [22,23].

The results showed that Alzheimer’s disease reduced the concentration of BDNF.
The results are in agreement with previous studies on the relation between Alzheimer’s
disease and the concentration of BDNF [24,25]. BDNF is an important member of the
typical neurotrophin family of growth factors, nerve growth factor, and neurotrophins. It
was reported that amyloid-β protein might prevent the proteolytic conversion of BDNF
from pro-BDNF and reduce the concentration of BDNF [25]. In the current study, the
amyloid-β protein was not assessed, and the relation between BDNF, amyloid-β protein,
and Alzheimer’s disease must be cautiously discussed. The results showed that oral
administration of sake increased the concentration of BDNF. The results agree with previous
studies on the effects of sake on the expression of BDNF [11]. The mechanism of sake in
increasing BDNF concentration is still not clear. However, decreased inflammation and
increased antioxidant status could be considered mechanisms for the effects of sake in
increasing BDNF concentration. It was reported that an increase in antioxidants [26,27] and
a decrease in inflammation [28,29] are closely related to BDNF.

The results showed that Alzheimer’s disease reduced MDA and increased FRAP. MDA
is an end product of lipid peroxidation and a side product of thromboxane A2 synthesis [30].
FRAP is utilized to determine antioxidant activity. The results show that Alzheimer’s causes
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oxidation and reduces antioxidant capacity. Several studies have reported poor antioxidant
status in patients with Alzheimer’s disease [31,32]. Oxidative damage due to reactive
oxygen species has been shown in the pathogenesis of neurodegenerative diseases [33].
The results showed that the administration of sake improved antioxidant status in a dose-
dependent manner. Studies have reported a reverse relation between MDA and FRAP [34].
The results for the effects of sake on antioxidant status agree with previous studies [11].
They reported that sake yeast shows antioxidant activity via antioxidant enzyme activities
and decreases oxidative stress. The antioxidant activity of sake can be attributed to its
compounds because it works dose-dependently.

The results show that Alzheimer’s increases the expression of inflammatory factors.
The results are in agreement with other studies indicating a closed relation between inflam-
mation and Alzheimer’s disease [35,36]. The disease works via inflammatory pathways.
IL-6, IL-1β, and TNF-α increase inflammation and closely relate to other inflammatory
factors [37–40]. However, the administration of sake in a dose-dependent manner reduced
the inflammation. The results are in agreement with previous studies regarding the anti-
inflammatory effects of sake [13]. Sake working as an anti-inflammatory compound could
be attributed to its structure.

5. Conclusions

This study evaluated the effects of Japanese sake yeast on dementia of the Alzheimer’s
disease type in rats. It showed that Japanese sake yeast reduces anxiety-like and depression-
like behaviors and works as an antioxidant and anti-inflammatory agent. In sum, Japanese
sake yeast can have roles in treating dementia of the Alzheimer’s disease type but must be
evaluated by other mechanisms.

Author Contributions: M.H., F.G., M.S., S.A.-M., R.H.G.S., T.B. and N.M. contributed toward data
analysis, drafting, and revising the paper and agreed to be responsible for all the aspects of this work.
All authors have read and agreed to the published version of the manuscript.

Funding: This study was supported by a grant from International Center for Neuroscience Research
(ICIR-2021-186675).

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of International Center for Neuroscience Research
(GE-ICNR-2021-10045, 15 February 2021).

Informed Consent Statement: Not applicable.

Data Availability Statement: The datasets used and analyzed during this study are available from
the corresponding author on reasonable request.

Conflicts of Interest: The authors declare that there are no competing interests in this work.

References
1. Podcasy, J.L.; Epperson, C.N. Considering sex and gender in Alzheimer disease and other dementias. Dialogues Clin. Neurosci.

2022, 10, 512–536. [CrossRef] [PubMed]
2. Zucchella, C.; Sinforiani, E.; Tamburin, S.; Federico, A.; Mantovani, E.; Bernini, S.; Casale, R.; Bartolo, M. The multidisciplinary

approach to Alzheimer’s disease and dementia. A narrative review of non-pharmacological treatment. Front. Neurol. 2018, 9,
1058. [CrossRef] [PubMed]

3. Rosness, T.A.; Engedal, K.; Chemali, Z. Frontotemporal dementia: An updated clinician’s guide. J. Geriatr. Psychiatry Neurol. 2016,
29, 271–280. [CrossRef] [PubMed]

4. Bang, J.; Spina, S.; Miller, B.L. Frontotemporal dementia. Lancet 2015, 386, 1672–1682. [CrossRef] [PubMed]
5. Becker, E.; Rios, C.L.O.; Lahmann, C.; Ruecker, G.; Bauer, J.; Boeker, M. Anxiety as a risk factor of Alzheimer’s disease and

vascular dementia. Br. J. Psychiatry 2018, 213, 654–660. [CrossRef] [PubMed]
6. Ng, T.K.S.; Ho, C.S.H.; Tam, W.W.S.; Kua, E.H.; Ho, R.C.-M. Decreased serum brain-derived neurotrophic factor (BDNF) levels in

patients with Alzheimer’s disease (AD): A systematic review and meta-analysis. Int. J. Mol. Sci. 2019, 20, 257. [CrossRef]
7. Wojsiat, J.; Zoltowska, K.M.; Laskowska-Kaszub, K.; Wojda, U. Oxidant/antioxidant imbalance in Alzheimer’s disease: Therapeu-

tic and diagnostic prospects. Oxidative Med. Cell. Longev. 2018, 2018, 6435861. [CrossRef]

http://doi.org/10.31887/DCNS.2016.18.4/cepperson
http://www.ncbi.nlm.nih.gov/pubmed/28179815
http://doi.org/10.3389/fneur.2018.01058
http://www.ncbi.nlm.nih.gov/pubmed/30619031
http://doi.org/10.1177/0891988716654986
http://www.ncbi.nlm.nih.gov/pubmed/27502302
http://doi.org/10.1016/S0140-6736(15)00461-4
http://www.ncbi.nlm.nih.gov/pubmed/26595641
http://doi.org/10.1192/bjp.2018.173
http://www.ncbi.nlm.nih.gov/pubmed/30339108
http://doi.org/10.3390/ijms20020257
http://doi.org/10.1155/2018/6435861


NeuroSci 2023, 4 52

8. Darweesh, S.K.; Wolters, F.J.; Ikram, M.A.; de Wolf, F.; Bos, D.; Hofman, A. Inflammatory markers and the risk of dementia and
Alzheimer’s disease: A meta-analysis. Alzheimer’s Dement. 2018, 14, 1450–1459. [CrossRef]

9. Lott, I.T.; Head, E. Dementia in Down syndrome: Unique insights for Alzheimer disease research. Nat. Rev. Neurol. 2019, 15,
135–147. [CrossRef]

10. Leblhuber, F.; Steiner, K.; Schuetz, B.; Fuchs, D.; Gostner, J.M. Probiotic supplementation in patients with Alzheimer’s dementia-an
explorative intervention study. Curr. Alzheimer Res. 2018, 15, 1106–1113. [CrossRef]

11. Davoodi, M.; Karimooy, F.N.; Budde, T.; Ortega-Martinez, S.; Moradi-Kor, N. Beneficial effects of Japanese sake yeast supplement
on biochemical, antioxidant, and anti-inflammatory factors in streptozotocin-induced diabetic rats. Diabetes Metab. Syndr. Obes.
Targets Ther. 2019, 12, 1667. [CrossRef] [PubMed]

12. Haghipanah, M.; Saadat, M.; Safarbalou, A.; Budde, T.; Mohamed, W.; Afraz, E.S.; Moradikor, N. The effects of oral supplementa-
tion of Japanese sake yeast on anxiety, depressive-like symptoms, oxidative stress, and BDNF changes in chronically stressed
adolescent rats. bioRxiv 2022. [CrossRef]

13. Yamashita, S.; Hata, M.; Kikuchi, N.; Kinoshita, M.; Miyazawa, T. Effects of dietary ethanol extracts from sake rice and sake lees
on intestinal impairment in mice. J. Oleo Sci. 2020, 69, 929–939. [CrossRef] [PubMed]

14. Hajipour, S.; Sarkaki, A.; Farbood, Y.; Eidi, A.; Mortazavi, P.; Valizadeh, Z. Effect of gallic acid on dementia type of Alzheimer
disease in rats: Electrophysiological and histological studies. Basic Clin. Neurosci. 2016, 7, 97. [CrossRef]

15. Moradi-Kor, N.; Dadkhah, M.; Ghanbari, A.; Rashidipour, H.; Bandegi, A.R.; Barati, M.; Kokhaei, P.; Rashidy-Pour, A. Protective
effects of spirulina platensis, voluntary exercise and environmental interventions against adolescent stress-induced anxiety and
depressive-like symptoms, oxidative stress and alterations of BDNF and 5HT-3 receptors of the prefrontal cortex in female rats.
Neuropsychiatr. Dis. Treat. 2020, 16, 1777.

16. Borsini, F.; Meli, A. Is the forced swimming test a suitable model for revealing antidepressant activity? Psychopharmacology 1988,
94, 147–160. [CrossRef]

17. Zheng, X.-Y.; Mao, C.-Y.; Qiao, H.; Zhang, X.; Yu, L.; Wang, T.-Y.; Lu, E.-Y. Plumbagin suppresses chronic periodontitis in rats via
down-regulation of TNF-α, IL-1β and IL-6 expression. Acta Pharmacol. Sin. 2017, 38, 1150–1160. [CrossRef]

18. García-Alberca, J.M.; Lara, J.P.; Berthier, M.L. Anxiety and depression in caregivers are associated with patient and caregiver
characteristics in Alzheimer’s disease. Int. J. Psychiatry Med. 2011, 41, 57–69. [CrossRef]

19. Pietrzak, R.H.; Lim, Y.Y.; Neumeister, A.; Ames, D.; Ellis, K.A.; Harrington, K.; Lautenschlager, N.T.; Restrepo, C.; Martins, R.N.;
Masters, C.L. Amyloid-β, anxiety, and cognitive decline in preclinical Alzheimer disease: A multicenter, prospective cohort study.
JAMA Psychiatry 2015, 72, 284–291. [CrossRef]

20. Salim, S.; Chugh, G.; Asghar, M. Inflammation in anxiety. Adv. Protein Chem. Struct. Biol. 2012, 88, 1–25.
21. Lopresti, A.L.; Maker, G.L.; Hood, S.D.; Drummond, P.D. A review of peripheral biomarkers in major depression: The

potential of inflammatory and oxidative stress biomarkers. Prog. Neuro-Psychopharmacol. Biol. Psychiatry 2014, 48,
102–111. [CrossRef] [PubMed]

22. Habtemariam, S. Antioxidant and anti-inflammatory mechanisms of neuroprotection by ursolic acid: Addressing brain injury, cere-
bral ischemia, cognition deficit, anxiety, and depression. Oxidative Med. Cell. Longev. 2019,
2019, 8512048. [CrossRef] [PubMed]

23. Manosso, L.M.; Camargo, A.; Dafre, A.L.; Rodrigues, A.L.S. Vitamin E for the management of major depressive disorder: Possible
role of the anti-inflammatory and antioxidant systems. Nutr. Neurosci. 2022, 25, 1310–1324. [CrossRef] [PubMed]

24. Tanila, H. The role of BDNF in Alzheimer’s disease. Neurobiol. Dis. 2017, 97, 114–118. [CrossRef]
25. Amidfar, M.; de Oliveira, J.; Kucharska, E.; Budni, J.; Kim, Y.-K. The role of CREB and BDNF in neurobiology and treatment of

Alzheimer’s disease. Life Sci. 2020, 257, 118020. [CrossRef]
26. Fanaei, H.; Karimian, S.M.; Sadeghipour, H.R.; Hassanzade, G.; Kasaeian, A.; Attari, F.; Khayat, S.; Ramezani, V.; Javadimehr, M.

Testosterone enhances functional recovery after stroke through promotion of antioxidant defenses, BDNF levels and neurogenesis
in male rats. Brain Res. 2014, 1558, 74–83. [CrossRef]

27. Fahnestock, M.; Marchese, M.; Head, E.; Pop, V.; Michalski, B.; Milgram, W.N.; Cotman, C.W. BDNF increases with behavioral
enrichment and an antioxidant diet in the aged dog. Neurobiol. Aging 2012, 33, 546–554. [CrossRef]

28. Zhang, J.-C.; Yao, W.; Hashimoto, K. Brain-derived neurotrophic factor (BDNF)-TrkB signaling in inflammation-related depression
and potential therapeutic targets. Curr. Neuropharmacol. 2016, 14, 721–731. [CrossRef]

29. Goldstein, B.I.; Young, L.T. Toward clinically applicable biomarkers in bipolar disorder: Focus on BDNF, inflammatory markers,
and endothelial function. Curr. Psychiatry Rep. 2013, 15, 425. [CrossRef]

30. Giera, M.; Lingeman, H.; Niessen, W. Recent advancements in the LC-and GC-based analysis of malondialdehyde (MDA): A brief
overview. Chromatographia 2012, 75, 433–440. [CrossRef]

31. da Silva, S.L.; Vellas, B.; Elemans, S.; Luchsinger, J.; Kamphuis, P.; Yaffe, K.; Sijben, J.; Groenendijk, M.; Stijnen, T. Plasma
nutrient status of patients with Alzheimer’s disease: Systematic review and meta-analysis. Alzheimer’s Dement. 2014, 10,
485–502. [CrossRef] [PubMed]

32. A Kosenko, E.; Aliev, G.; A Tikhonova, L.; Li, Y.; C Poghosyan, A.; G Kaminsky, Y. Antioxidant status and energy state of erythro-
cytes in Alzheimer dementia: Probing for markers. CNS Neurol. Disord. Drug Targets 2012, 11,
926–932. [CrossRef] [PubMed]

http://doi.org/10.1016/j.jalz.2018.02.014
http://doi.org/10.1038/s41582-018-0132-6
http://doi.org/10.2174/1389200219666180813144834
http://doi.org/10.2147/DMSO.S220181
http://www.ncbi.nlm.nih.gov/pubmed/31564934
http://doi.org/10.1101/2022.09.14.507940
http://doi.org/10.5650/jos.ess20069
http://www.ncbi.nlm.nih.gov/pubmed/32759551
http://doi.org/10.15412/J.BCN.03070203
http://doi.org/10.1007/BF00176837
http://doi.org/10.1038/aps.2017.19
http://doi.org/10.2190/PM.41.1.f
http://doi.org/10.1001/jamapsychiatry.2014.2476
http://doi.org/10.1016/j.pnpbp.2013.09.017
http://www.ncbi.nlm.nih.gov/pubmed/24104186
http://doi.org/10.1155/2019/8512048
http://www.ncbi.nlm.nih.gov/pubmed/31223427
http://doi.org/10.1080/1028415X.2020.1853417
http://www.ncbi.nlm.nih.gov/pubmed/33314993
http://doi.org/10.1016/j.nbd.2016.05.008
http://doi.org/10.1016/j.lfs.2020.118020
http://doi.org/10.1016/j.brainres.2014.02.028
http://doi.org/10.1016/j.neurobiolaging.2010.03.019
http://doi.org/10.2174/1570159X14666160119094646
http://doi.org/10.1007/s11920-013-0425-9
http://doi.org/10.1007/s10337-012-2237-1
http://doi.org/10.1016/j.jalz.2013.05.1771
http://www.ncbi.nlm.nih.gov/pubmed/24144963
http://doi.org/10.2174/1871527311201070926
http://www.ncbi.nlm.nih.gov/pubmed/22998137


NeuroSci 2023, 4 53

33. Manoharan, S.; Guillemin, G.J.; Abiramasundari, R.S.; Essa, M.M.; Akbar, M.; Akbar, M.D. The role of reactive oxygen species
in the pathogenesis of Alzheimer’s disease, Parkinson’s disease, and Huntington’s disease: A mini review. Oxidative Med. Cell.
Longev. 2016, 2016, 8590578. [CrossRef] [PubMed]

34. Farahpour, M. Evaluation of the combined effect of St John’s wort hydroethanolic flower extract and flaxseed oil on skin wound
healing-in rats. Vet. Clin. Pathol. Q. Sci. J. 2014, 8, 417–426.

35. Wyss-Coray, T.; Rogers, J. Inflammation in Alzheimer disease—A brief review of the basic science and clinical literature. Cold
Spring Harb. Perspect. Med. 2012, 2, a006346. [CrossRef]

36. Heppner, F.L.; Ransohoff, R.M.; Becher, B. Immune attack: The role of inflammation in Alzheimer disease. Nat. Rev. Neurosci.
2015, 16, 358–372. [CrossRef]

37. Farahpour, M.R.; Pirkhezr, E.; Ashrafian, A.; Sonboli, A. Accelerated healing by topical administration of Salvia officinalis
essential oil on Pseudomonas aeruginosa and Staphylococcus aureus infected wound model. Biomed. Pharmacother. 2020,
128, 110120. [CrossRef]

38. Pourkarim, R.; Farahpour, M.R.; Rezaei, S.A. Comparison effects of platelet-rich plasma on healing of infected and non-infected
excision wounds by the modulation of the expression of inflammatory mediators: Experimental research. Eur. J. Trauma Emerg.
Surg. 2022, 48, 3339–3347. [CrossRef]

39. Osman, N.N.; Alsharari, M.A.; Alsufiani, H.M. Peppermint (Mentha piperita L.) and Thyme (Thymus vulgaris) attenuate the
Immune and Inflammatory Disorders in Rats Consumed Repeatedly heated Palm oil. Int. J. Pharm. Phytopharm. Res. 2020, 10,
59–66.

40. Modarresi, M.; Farahpour, M.-R.; Baradaran, B. Topical application of Mentha piperita essential oil accelerates wound healing in
infected mice model. Inflammopharmacology 2019, 27, 531–537. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1155/2016/8590578
http://www.ncbi.nlm.nih.gov/pubmed/28116038
http://doi.org/10.1101/cshperspect.a006346
http://doi.org/10.1038/nrn3880
http://doi.org/10.1016/j.biopha.2020.110120
http://doi.org/10.1007/s00068-022-01907-0
http://doi.org/10.1007/s10787-018-0510-0

	Introduction 
	Materials and Methods 
	Materials 
	Animals 
	Surgery and Drug Administration 
	Behavioral Tests 
	Open-Field Test (OFT) 
	Elevated Plus Maze (EPM) 
	Force Swimming Test (FST) 

	The Assessment of BDNF and Antioxidant-Associated Factors 
	The Expression of Inflammatory Factors 
	Data Analysis 

	Results 
	Anxiety-like Behaviors 
	Depression-like Behaviors 
	Biochemical Parameters 
	The Expression of Inflammatory Factors 

	Discussion 
	Conclusions 
	References

