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Nitric oxide Materials and Methods: In this experimental study, 35 male Wistar rats were
Sumac randomly divided into five groups (healthy control, Alzheimer's, Alzheimer's with
??024AfakU"iversityofMedical endurance exercise, Alzheimer's with sumac, and Alzheimer's with sumac +
clences

endurance training). In order to induce Alzheimer's disease, 8 mg of trimethyl tin
chloride was injected into the mice. For the experimental groups, sumac powder
was used at a ratio of 10%. Endurance swimming exercises in water were
performed for 5 days a week and each session lasted 15-60 min. Interleukin-1 beta
and nitric oxide serum levels were measured using the ELISA method 48 h after the
last training session. Finally, the collected data were analyzed by one-way analysis
of variance and Dunnett's test at a significance level of P<0.05.

Results: The level of interleukin-1 beta in the sumac + endurance training group
was lower than that in the other groups. Furthermore, the nitric oxide levels in the
sumac + endurance training group were significantly higher than that in the
Alzheimer's group (P=0.001). However, the amount of nitric oxide in the sumac +
endurance training group was not significantly different from that in the healthy
group (P>0.05).

Conclusion: The results suggested that endurance exercise and sumac consumption
are associated with the improvement of inflammatory factors and the combination
of these two interventions doubles the improvement.
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INTRODUCTION

Alzheimer's disease is the main cause of
dementia and is quickly becoming one of the
most expensive and deadly diseases of our time.
(Afshar and Mousavi, 2018). Inflammation and
oxidative stress are key factors that hurt the
nervous system and contribute to Alzheimer's
disease. However, exercise and sumac reduce
oxidative stress and improve energy metabolism.
The positive effects of exercise and sumac on
various dimensions of Alzheimer's disease have
been confirmed; however, according to the
literature review, no study has been conducted
on the interactive effect of exercise and sumac
consumption. Therefore, the present study sought
to assess the interactive effect of sumac alongside
endurance exercise on the serum levels of nitric
oxide and interleukin-1 beta in rats with
Alzheimer's.

METHODS

This post-test experimental study was conducted
on 35 Wistar male rats aged 8-10 weeks with an
average weight of 230+30 g. The rats were
randomly assigned to five groups of seven rats as
follows: 1) healthy control group, 2) Alzheimer's
group, 3) Alzheimer's with endurance exercise
group, 4) Alzheimer's with sumac consumption
group, 5) Alzheimer's with endurance exercise
and sumac consumption group. One week after
being placed in the study environment,
Alzheimer's induction was performed, and the
eightway maze test was used to measure
memory. Rats in the supplement group received
sumac powder at a ratio of 10% for 12 weeks.
Endurance training included swimming in water
in a special pool for mice with dimensions of
80450450 cm, with a water wave maker at a
temperature of 30-33 °C. The training period was
12 weeks and training sessions were held 5 days
a week. Finally, 48 h after the completion of the
intervention, the rats were anesthetized by
sodium  pentobarbital to  measure their
biochemical parameters. For this purpose, blood
samples were obtained directly from their hearts
in the amount of 5 cc and transferred to gel tubes.
Afterward, the serum was separated using a
centrifuge at 1,000 rpm for 4 min and transferred
to a freezer with a temperature of -20 °C in a
microtube. Interleukin-1 beta and nitric oxide
were measured by ELISA according to
manufacturer instructions. One-way analysis of
variance and Dunntt's T3 tests were employed to
compare the groups. All analyses were performed
in SPSS software (version 29) and at a significance
level of P<0.05.

RESULTS

The results of the one-way analysis of variance
regarding the interleukin 1 variable showed a
significant difference between the investigated
groups (F=935.64 and P<0.001). Subsequently,
after the performance of Dunntt's T3 follow-up
test, it was observed that the level of interleukin-1
beta in the group of endurance training + sumac
intake was significantly lower than those in the
endurance training group (P=0.001), sumac
group (P=0.001), Alzheimer's group (P=0.001),
and healthy group (P=0.001). In addition, a
significant difference was found between the
investigated groups in terms of the amount of
nitric ~ oxide  (F=88.00 and  P<0.001).

Subsequently, after the performance of Dunntt's T3
follow-up test, it was observed that the level of nitric
oxide in the group of endurance training + sumac
intake was significantly lower than those in the
endurance training group (P=0.001), sumac group
(P=0.001), Alzheimer's group (P=0.001), and healthy
group (P=0.001).

CONCLUSION

The results showed that endurance exercise and
sumac consumption were probably associated with
the improvement of inflammatory factors in rats with
Alzheimer's, and the combination of these two
interventions doubled the positive effects. In fact, the
findings suggested that exercise should be considered
a non-pharmacological intervention in Alzheimer's
prevention and even treatment. Usage of a strong
antioxidant, such as sumac, along with aerobic
exercise can have protective and reducing effects on
factors related to inflammation in Alzheimer's disease.
However, this research, like any other research, also
faced some limitations, and one of the most important
limitations of this study was the research subjects,
which were laboratory animals. Moreover, the
duration of the exercises was another limitation of this
study. Reduction or increase in the frequency of
training sessions within a week or change in the
duration and intensity of sports training in each
training session may also affect the results of this
research; therefore, future researchers should consider
these limitations in their investigations.

Ethical Considerations

Compliance with ethical guidelines

All procedures were performed following the rules set
by the Institute of Laboratory Animal Research for
taking care of and using lab animals, and also
according to the reviewed guidelines of the Institute of
Laboratory Animal Research for the care and use of
laboratory animals and in accordance with the
guidelines reviewed by the University Committee on
the Use and Care of Animals at the Islamic Azad
University of Borujerd Branch (Reference number:
IR.IAU. B.REC.1402.022).

Funding

This study received no funding.

Authors’ Contributions

The writers worked together equally to come up with
ideas and write the article. All the authors agreed on
the content of the paper and accepted all parts of the
work.

Conflict of Interest

None.

Acknowledgments

The authors' most profound appreciation goes to all
those who gave scientific advice for this paper.

30



1Fer e o) o lois AF 0,9

https://cmja.arakmu.ac.ir/

g 3 dlio

o oF il g WLuS| S g (50 g T 39 Glows SO 30 U of yos (ol (9 y03 i Y il

SN IT 5 s ige 30 LS

T i3l Lo jame 95 Lo ube 190 6ol ool

L)‘)J‘ W y>g au;a)L..J o|)| oKiils S ,>gy \.\>‘3 sbao.\a Cen )y 05;

\

O‘ﬁ.‘ “5‘)‘ “SU oKiils ‘)9 |a5lc Goasasls “e0))9 S99 3 ol
Sl a8 ol (K psle oKl (s3ls5L b 5,55 st ol pole Cligiond 35 it T

Ol ST STl olRiils ¢ ) )5 pale (GoaSitils o soylo wlis 1) ghuno 0ot g8 *
a-saremi(@araku.ac.ir : Joe

ouuS>

GpSelr dojle ol ety wig) 5l il e oS T slge JUS 0 b5 e el Jie Jlg5 55158 slais lew 5 (Ko eul T idoutiio
L2 oSy 05 o2l 5 ST 4 5205 gy e g1 (il 050 b olyads (stoliiol (5 p05 4280 VY 3G omsy 1 asllas sl B i s
25 el 5 slagbge

oaiscs yoal T conisis ol T s Jy58) W (ool 09,5 O 4y (ol jsboas Ly 5 g0 o TO (225 saslllas el o ) (Sbg
65 oS shen A cymtl3T G (sl (Gloms Sl g ialiil (5550 b ontes youl3T il Clys b 0yl ol (550 L
Fo N0 Sae g atan o 55,0 Ol jo Ls elii] Ol ed o eoliiwl ao 0 Ve s b slows j0gs 5o 3,35 LIS 5 ke
SrSoshl 151 (39 a LT S 2 5 L S5 S sl ] (g ot 0o Sz 03 5l sl FA gy a0 aids
s Judoss P<e/e 0 (g ls ine has 10 il g 43500y glgil 05T Laasg laosls .oy

5 Blow 09,5 10 WLST G 2 polie g yieS oog,S b a4y Connd galiin] oy o + Glows 09,5 )0 Ly G uSo) 2l mhans :ldasdly
s bolyes Glaws 09,5 50 wluST s Jlade iz ye (P=o/t 0 V) 09 el 098 5l siiis (o)ls sxe jebas cteliiul oy yed
(P>100) cuslas Wl 05,5 b (6 lo cime glas alitul

Ol S5 5 el olper sl (gilan po el Jslse Sgee b Blow Sl o 5 aliil (35 45 05 (e Slgiiiy gl 15 oS A
Dgd o yzie Sl ol caclas 4 alslas 5o

VECY YD el yo fu b
VESYIN Y tbmdy gyl

1eeals 53l
el
REr
seliial (3559
Lo
2SS s

olSails (gl yid Gei> alos
ol Bgass ST S psle

Copyright © 2024 The Author(s); Published by Complementary Medicine Journal. This is an open access article, distributed under the terms of the Creative
Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses /by-nc/40/) which permits others to copy and

redistribute material just in noncommercial usages, provided the original work is properly cited.



http://creativecommons.org/licenses
https://orcid.org/0000-0001-7598-4153
https://orcid.org/0000-0002-0113-1497
https://orcid.org/0000-0002-0852-0065
mailto:a-saremi@araku.ac.ir

aly5ad g (5306 eof3
b besdgisds i1 il (1)) anl oad o3l Lt LS slaolas
by ol e Jobuigyd (ovae oy 5 JUIS SIS
Saossy 3l agsys 3 Sles il bagg,s il el
Blow (V) 3900 (anme piam 5 S350 390 2 30 b iyl
5 3l ol SheSiml cod b il s, e salavlye
D) 03l s il oo ol 50 558 5 (reeb ST T sty
) 55l padglin 5 905 o0 281 guilonST (o il (A559 503 S50
WS oo JWb 1) (235, 5 Sodsisss slooShes ()5 it oo S5t
Neurogenesis and ) pisoloaw 5 359,95 Jupes el s o
Sorte |y sl gloo Slas 5 aladl> aS 545 . (Synaptogenesis
Solomy wlie Slul (B39 Cade Jl &S o yo cpgeme ;o it s
0509 S Sk Dda g Db pegad 53 el 0ad anl el
05U pliie slo o) Gebo ogdledy 5 305 925 ol sla A8l
sl 4,55 S0 Glows Sl 5 Ub3ys clola 1 g0l (slaslllas
2 il 50 1 olyed Glas helad 51 sy albe nl am )
ralill Glagise 1o L S eSslinl 5 wlaST Sy oy s

FLTIY)
Seaalis 05,5 L onds J 28 5 seilm b b 228 Bk (o
59 oSl Lasin Ve BA o L i 01551 5 Age o YO
3O U5 (50,90 (b, Cllg soled .o b ool 0,8 YV 2T
5 90,3 00 L5 FO csh, ol ile gaz 0 YR LY sl b laoes
sl Gllgs ogate 5138 5 ol 4 S5 g olT o s (uizmen
o g dntd Oloen (S pele (goaSiiils Sllg olKiulel 5l L ybge
(53l o8 i el Blas by, L glo s o ollisle;] 4y Jlail
50 0l il gla sl b a4y Lilyn slaoa VT o s S
L elidl 51 e o oolitl o (900 (slen (s oo 9o i g
09,5 0 4o o bge ( Bolai jgod (oh))9 (o5 (So978 9 R Lame
09,5 Y el =S 09,5 ) tald e ) 0t 4o oUcan

ol U g,

5 ilreo Glaise po darse ;o (528,518 5l ae wie S
eSS o lila p S A i sad Wl palill 5 5500 anllls
ol o 4 (g 0] LS &8 18 e lo) WIS 5 et 55 <0 039
o ige ar (Slaosys,s sy @ (Pl Ol Gl by sl oo Ve -
ooliinl a bl o sl (reaia Sl Gsesl 5l 5 (V) 08 35
.(ﬁ) KW

Glow <8l o (sogxi
Blom oS (a5l ps ( JoSo 09,5 (slabge 4 Bl (95 sln
Sibalaz 5l Gyt 4 08 Glie gt 53 ol (nl S gl 5l 03l
laiad oyl oordliz laciod ;3,8 Sis 5 oLE ol s g adls
bl o (W reed saz )y 59, el 90 Cwlo b VST O 900
By e G 399> Sl e ol (g o5 ke g4z 0 YO sles 5 asle

Yy

dodio
Jo 53 cspuny g ool Jie Jls5 ol bole ol T (s 5lon
ol o3 oS g anien bl 5l S A ol oS
b oSosaloily S 51 5 cand Lase o b SIS 5 bons el ()
2 b slee,S 5 (Amyloid) ssslel oSSy s,
2 g bl len (1) col olyon e ortilly
2 G bydyss Gaddls JSis g bagys,s Jskez s Cwn
O iedpla 51 50 a8 el olpen (prae ool
oS g Caomd )0 g 995 o S| (Tau protein) ob sloyutig
Sdskeal go (s lom nl 50 boo S 725 (28 ple
Pl g3t oyl bml 5 56 etsn Geedlied mle L
9 9las 2l gl (ot o ((Zlo Slge gl oS
Sy ol 0 g Sl olrea (S5 slaggyg o Shes
e SE g alddle g S s Pl g len St o Joke
kol Jole (Stress oxidative) gulonST il (¥ S98 00
5 ol gty Ao prae (sowis; ey L ler 58 B
&2 ey Sl alill (g jle 5 (F) sl 3508l Jdle
St lusT S5 w3l lee b (Adema) o )aals (53,1 e
G 1) (09,0 sladsbe bwsi oad i wluST S 2 jlade
b oyl dete o0 YL ke a5 Wyl cnl  liixe (B) So3 o
Soy G 4 a2y b () cl b (3LE o Slee alS
W) o9 ol IPl s G5 S, 098 slas s wlus]
Wil oml bt jsba LS| S gl oS SKe
Sl o (jeST 09208 9 39800 Sguza Lozl 4 95 0L >
Ol g cwsl ond )1 a5 gysbay (M) sl el
) el b o yaulill 5 (B5y0 5 o8 sl slom b ulesT S5
25 Al Gl tsSly wati cage WS S als
Ly 5 56 (e slo STy 1) dsdien (L ol s
Jolse il e 53S0 cras w5 adokal
el Gl splsule () sebee e Sl
slagplisnle (V) Wgdioo laggys g e olae j3 s
Ly o oSyl s (TNF-a) W g5095 59,55 Jole (oleidlin
Sl OF) WS oo i |y (ol sy U5 (IL-1B)
ol A ol anlp o o8 cel Sl Jelse 5l By S
Sl 9 Lo Sy Sl il Gl e (Soo5 galal, (0F) o
2 S HSdnl ple (Rl g 00) o)ls sszs el
2 e ganled adsll Ly slacsSl Sl 5 LISy See sla S5l
sledsbs L09) cosl 03,5 ol Laldl gl b T gk,
CNS jlsstoss b wisd oo Jad Sojalsilysyei bl pd 5o LUSs S
slaygSs 53, ST b sns Jld laldSySe (1Y) wls S5b 1,
Wl gype9 50,5 hole el SeSgsn 5 aldliing
ool 2 (ROS) (5T 0T Jlad (glaaisS 5 Ly Sy (S 2]
e Jolse 5 (S0 gelannST o tul LOA) Wigdio e lagyg g0
anl goly walsd S Gk 510 cel el sbul
Coyin SialS o lally dsa bagsdl a5 anS
(rat oS £y 3l 6xSelr b e b b pe (eas VDS
2 Nl L ol 8 Shae (Y) 0)ls | orme cliblne Ul
Lol o fizen 9 Sla> gladae o clid 5 550k
Loasggdl 5l o ol ol Jold olie JoSe slagiales]



dl,&m 9 kS)"B o.>|)‘|

iz, A gles o el o lo b enisis pslaez slalandly 5
IR KPS R K gt

bl Sg,

5 bl jLol (gl lme Bl 5 (:Siko 51 iogi Sl sl
5950 Sllin (sl 5 a5 lyl G35l 5l Ghmgsy Sl B ()
s 5 e o903 5 o ilyly (SKan 2R )l pae Jdoa
ploos ol oolaiwl cal pglin by il )l SKed pac 4 Cond a5 Sild
S —re gl ;5 5 VA (6453 SPSS I Sle 5 )0 ba flodiga jo
wiad bl P<o /0

basl

Volgel o by o Sl e (89S smalie 5 @l
S50 lrgyS (oS ol i aal, Sy uil)lg 5T slaadly ol ouel
5hams e (P=o7e 0V G FYYIVO) 00 0959 o sme S| )y
by o3 oS sl iyl grbans 45 0 oanlioe ol dus - 5 coeiad (y30)] plod
3 AeS Jlaisne yobar Blows pan + (Salital (505 09,5 slagtge 5o
Glow 28l 0g)F Porfer ) alinal cnped 095 slagtse
Gl P=o1v V) Wl 09,5 5 P=+1-1) sl 09,5 «(P=+/-+1)
O Jgoz)

sl # syl g ol J7S 09,5 (el sine lis seils s
ol & (glow b spmlill 5 @lls S5 05,5 G ylogine Ssles
O ol Dglis alas ¥ el 5 @l JST o o dme Dglis
5 Gl om sl cine Ssles sl £ Glows b raliinl 5 oJlo S
5 Gl b ol o Sl Dol gails € lows b lin]
b el 5 el o s siee ool gailis $ wsloms b olic
O Blow bosralidl g il G Jhgine Solis sailas 1l
Solis gailas P g cslitel 5 yeldl o e gy gailis
el Bloms b syl 5 ol (b ins

2 WLST S0 peite (89 S amlie 9 @l 3 (9w ]
Sg,S e oS ol bt by Sy il g 50T s el ol ¥ loges
g P=-7- P F=f\/v0) 3,0 3929 o goe WS w0 90
Syt g a5 ab edalie Cils dw L 5 obed (yge5] alal 1o
Sosne Hobar low Bpae + Saliiul (03 09,5 Slabge ;o wluS]
Gl 2850 05,5 (P /e o 1) (o] (s ya3 09,8 slobge 5l tn
Gl =10 0V) Wl 09,5 g P=+1-41) el 09,5 «(P=+/-+1)
O Jsa=)

4000
% 3000
§ 2000
= 1000
oo

Ps—atte olSiws L basisel wile cull ouisnSis sladiges ()9
309 0 ol (s dligw &8 i clw) angol olw]
o b boglsee o jhge (13 b duoys 00 Cus b o] 5l edalawsa
(olB it B Loy g ael )0 pes ot byl ]

.(ﬁ) Al Sis g 00) B coly O jg0n

i saoliys

Slal &y Gige soing yl ol o Ll & jgoay raliul (550
FPU T sleo b ol s o jluzse hls e il 0+ xB+xA-
2590 5 asee WV ae ay el o b |2l ol il gaz o
Sl g9, adBo VO L (i losj ol saiin 50 09 aiin
039381 L pd oy &) diBo 05 aZin o ;0 oty b pgo (gaihn
Pl Gaan @ BB T pow galin BBV pgd (gaian) 0D
(ot SASan B il galan l(alBo B0 pouy gaian aids Fe
q235lgs L pd gaiia jlog jo) 50 4B Fr o el lojoe
Al Lyl sl 51 50 5, 50 4l g0 g 4o £ o 4 Ll 1y ped
(YO)

2 lojT (o puiico (6 50 Il 5 455 digai
Lagtgs o2 JeSe 5 (o yod (sasbn bl 5l celo FA 5l
O3t (ol oS 25,8 Cale) o o lsiny 5 Lass
3 losittne (9525505« plemnion slostally (55e5 0310l (sl s
(e 5 Jie o5 slaalgl @ g 13T (c o O e 4 B
Vooo (Qhganl o8, b el OAF Jow) jeuty sl Jawgs
D8 A e, 50 5 ol alBs ez D 4y 4lBs (o 590
oS syl 6 pSeslasil ias eols Jlamil o F gl az 0 Ve ais
S5 92ly sl p 1Y oy Jawgs ST S0 58 5 o Sy
Sl Sdndn Sjge S8 ol S8 gt Bk g i e
eS8 i ol gV e 5l di SS9l il s (6505051l
5 DY501-05 Seil S o)le&a_ LSl ;o5 R&D
S i sl g e — 595 AP Sl
95 Jgmame ZellBio 8 5 el glpVl ecs 5l wolusT
S ol 5e 5 ZB-NO-96 SILs1S ol Ly oLl
oaiSudss o8 0 gla Joall giws 3ol ;i) ee j3 0 1550
D Jsol 5 il asllan Jolpe oo 45 s ool
ol Sl lgm D3 ga S a ulbas .
Lo s plod el 008 (55, ( IRIAU.B.REC.1402.022: > o

\
JrP PR g

alaial

aslllas 550 (loog,5 o Ly Sy S o) il e Y Hloged
oy, S 500 4y S o cimo glas H ¢ ] 1S 09,5 4y S o e iglas ua

Yy



Ql,&m 9 6)03 o.>|)‘|

s s o ot (y505] b 5y (slgl s ) Jeus

SIS e g Joxo slas (I-J) Sl il ) 09,5 @) 09,5 FCIWIPRUET
e AVOYY - SVAS e & yotly)T
“fe e YA¥A/D -veV/Aovy low b sl g
e avara -\00/Fav & ERFW 3
/o FADY/E S ATATERY o b (ol
“fe e MOYN - VAD/+ v e Sl Js
DAR YO/ Y VEYA/YY o b (5 youlT = _
AR Y-AANE INALNLS el % é
e YAV IRERYAN O o b el )
oo VATa/0 AYINEN Wl Jyus = g
V¥ Y3/ Y -YY/VFYA GyalslT % =
-39 BYOAN feenlp EREW j ?\j}:
“fee FYOAY A0V 5E clows b (ol = b
“fee avara fovina6® Wl Jyus ~ _‘;j
Niag VAN -Ya/0¥vq sralill g B3
-/234 OYOANN AR o b s pouli)1 4 -
“fee /100 BOYINY -S o b ali
o/ FAOY/F Q- -efe¥ Sl Jms 3
oo YAV S RTARE R sl 3
e FYOAIY SRTZANEN Glow b s pulil1 =
AR Y/ 100 SRRV ol %
oo Vavy/s (AAGTAREN Sroily)T
o) FYANS A%/ Y Blew b s peulslT \I_)l
[+ yYag/s ov/- \Fre PEREW 3
/+A] ISR YE/-VfY Glows b calil
ofee Vavy/e Ve /FEYRT s Jjgs
as VAFAIY SVP/EYAS Bl gl =
o) TARY/Y -FY/EYAS® EREW % 3
feey OFVONY -V&/EYASE o b aliu] g
ER FYANIF AP/ VEYH o Jjms > 9
A VASAIY FYASN Gyl 3; 3
e AYYA/E R ATAREE ] = v};\\
P YPEV/E Y[t Glams b ozl % 53
e vYasis -ov/ - prd Wl Jps _1‘
ol YAV FYAP/ TV Sl ; =2
[++\ \YYA/E ¥y P sl gzl 4
/e FAVA/E -ya/... .8 Glows b (solizus
/+AQ ISRYN/2 -Y¥/- VY il 2 3
ofee OFVOIY FYAPIVEE Sl 3
ER YFEY/E #Y/+ 0 € lows b (g oul3T =
o/ FAVAE va/....8 sl —33
2500
. 2000
3
% 1500
§ #x
1000
= #* - %
NN
s .
. .

pllaa

s L g sl S0

aslllas 550 (5loog,5 10 WLuST G s mhans Y Hloges
oy, S S0y S o cime glas H ¢ ] 55 09,5 4y o lo sixe g

¥



db&m 9 6)03 o.>|)‘|

S gl & (els sl Jendilg g (29 9 B95e (oS AL
So=i s Sgame L & (55 by Bl (b (bt poba LS|
ST S0 5 Gl mhaw 5 998 o0 Sledll sl s (ST 0905
s gl gadllas L 2l (5820 ules (FY) cul b e i1 L
DLy yei a5 assls s Gliise ol .Caad guad (Y1) ) ISen
azme (VF) 095 oo yonie LS| SG s sl (2ol 4 (ol
A_T(Q) asols LS YV Jle jo oS 5 g ], bz 51 (6,50 ol 3
Olbom 5o ST S0y s (RS Crge s5lem (o055 Dl el
5 Seliil Sl pas 095 )5 polo saslllas @l b oS 9800 53]
el oyl Sglas Blows JaSo il )0 ol jor 4y colaiwl Ol yo3 eboyuon
Dol 5 (28559 e Olojae 5 Db )3 gl 5l (AL Wil e gl
il el e saalllas e o (5)lons Sd ey (lie 50
i pasiie (V) ol plosl Yo VY Jla s oa i 555,31 o (slaslllas
Ohlem 50 BT S i o (il cely plare gwliinl Gl yes a5
St a5 23,0 (FV) Ve VA Jlo 5o (gemme ((izmed 35500 6yl
Ol 50 WLaST S 5 ohaw AMlBl crge 5lso (29l o5 i
Gt YA Sl o oSl gaalllas s wdleds 355 oo (6 yasly]
ol o el 55 50 LT SO s e 201581 (g5len oy el alie
ol izl Y5 5ol e ol sasllln b mls ol 45 (FA) 53
o)Ll ST S i (omas goanSedillne 285 @ (lgior g9
S (oo Slallone W gl 5l omalinw (6230028 RIPIL &S0 S
o Sl e pleidlas ST 5 slecrmbee (RIBIL ST G s e
4 05 Ol it L g 08 S Lagygyg sl 5 el rals
sladosly adsi (8359 398 9,98 0 Sles d9ut iz g0 o aeS gt
5 S GOl Bl pizman 5 (F5emnST Jlob slaass) ]
ol g aiile (alidl> o390 9) (SS9 Shes 10 250 (S5Re Bble
S 5l (S Olalas 5l easlowsa saly b o e o ol S|,
OPiss De 3 D g e 3l o wdsheal (e 5 (3559 et (esSre
Simget Slalllas (1) sl 6 ol T sloige 50 (s slom sl 50 5
Ol ;5 oy Selled g 530 50 adsleol (lewdly sl (r owsSns
Slaite g ojlasl 2alS a4y (Saliiul (3359 was oo s Tyl 4 die
iy s Sgmste |y Al cams 0 g S e S Ly asleel glacSSly
Sbmged b S50 8 1y (e ST (eliil (8559 (aizren
S8 (il b))9 .08 (oo bl jhe (S 0, Shes g e S'g3,
ol Y (sl ol LS L Sl 1) e ) Bt Sdg g )95
e 5l Frde Sidgig,g8 55 B (o e Sdile (Slusl Slalllas )3 a8 o
Pzt as e (s ol,31 5 (VEGF) 5, JLbgusT w1956 5
(V) 28l Glhol (slen a3 5l g MCD) s 25l
U g (s Al b e ) Fie S e)9 )56 b ok
Bt SBgigs90 5951 gl Jall ol s e 6,50k g Al o
Sfbes 5 osiien iy () G 3l Bl il slagise o she
P SR Slpeslle il 53 a5 psboles aiSee dpne 1) SSLS
658 AL Blow 5 098 s gilaanT (il 5 Sl (2133l syl
S 5 ol Sl 5 Jotb S5 asle LSy 5 36 ST ]
Jbo 3 el e aalllas 53 39800 e Sl Jalse (2l 4 ol
3 Glews 50 39250 Sl S g sl Sl oS el o0l 5,158 VY.
6% alhe 3 (F+) WS oo cliblone y3laeST ol o o Jsko
SISl olss Jeloas Flows 53 Sszge sl SIS oS 0k )8
Sl g sgdee @yl Jae e 50 gt Gopl 1alS e
Sl ga sy Glow b b i) G205 () 4 WS e ual)p Ky

Yo

-

A goliiul oy yed aan VY aS ol las Guegh ol bl
ool laasls sg gy v 6 0 sine Sl Glans <L, ol yon
21 el glaise 5o (Ssl il 5 WlaST S 2

ool s L aS el mae 6w (25 ol T (6 lo
SisIl Sla Fies 35ie i i gy 5 Al (om0
39 6 rdy 95 (3095 0,5 L adglal Cgany Julis peuly]
B gonimalis a5 o )ls 392y (gualed .l 9,90 ol s
Slybl g Sl 0 oos Jad GldS g Ko alos 5l el T jo Sl
slog,ls i eoliinl Sojglgenn] Sladlas (V) Casl ( p Gla S
JL ol 0 o Sloiiy salylT 55,0 20l sl 1, leilas
Gl 005 jraliibse ololla s slaglo b b sloisles]
S 090 S il o aS 08l 0 ol gaalllae 0 .(VY)
PR by (TVLTF) saon Lo iaghy 5l (S b Lo gl 0
s29mal ol (5l 45 LY 5] (FY,Y0) guacotl b gy
Lo gogel o ol iagiy la gogeil 0,5 plyie GlsS o0
A5 (5490 )0 D9 0 Sgitme den SalSlae sl paie 56 Sle
30 e angs 03,5 coliinl Sludl slo sogesl 5 5o sla iyl
Gl S s asia YOV F Ll o o) LSon 5 S salllas
il 38l 6 el T sla bge e 40 |, IL-13 5 TNF-0L adgs yeul3)
2L bl dslse ol o e 5 (695 (9mgd 5 930
sl saallln gl b &S (VF) 08 o g8 s (5 poul3)] (slosige
oyl A VNP o jo o) Ken § Kz gandllas ;o .ol guer
oy ol 45 0 ot g T Ghlen 2 (3559 55U
G288 s aer (algdll sLags o S5, ILIP 5 TNF
S aS asels GLas YV Jlw o ol )lSee g e (YY) Wb o0
5 L adsheal Clale 2alS sl (3555 e ¥ e yalilT slo s
2928 59555 55518 5 Ly SO onS ol il Sl slacS sole
ceoos! ool b iy oty tal3l b s ol ] SIS
ol g 50 @589 Slo gl ety iy 5 Lol (99,8 50 ails
lelocs SLSIY D Jlu s olSen 5 K5 (TA) 35 olyan
50,8 gy e DUlg> 0 CNS 595 Ve e a1y (5559
Gl 5 (s ol (S sul) TL-10 50 zsha
,»  TNF-@/IL-10  4IL-6/IL-10 IL-1B/IL-10 5.0l
2 Ol 5 5058 (V) ol oaslie )5 b)9 sl bge cwlS g
s sl ige o alisle DLl 55,0 45 axdl,s YO ¥ Jlo
il 3 Vo) Jlo 5o oKan 5 Guge b (1) 43S o (6,5 5l
e 5l oabgiine S ig)g 9L lo GRalS Sl wle (1))9 &S
L oo 095 oo sl g CADl ga—>L ;o (BDNF)
LS ,Se aS 00,5 kel IL-6 5 IL-113 TNF-0 (5 ool
o Comad %S bl Bl (lg (n e 09,5 sLaSge
Foss sl 1y 558 cd b badly ool .cudls S slo jige
by BBl &y o o] Jily s 5 ONS s el slagely
et oo e | L L e (slms Lo 4] s
as asols Las Yo F Jlo o ol)lsen 5 (6590 «5,500 (gasdllas
gL S 28 Sl (Sleyo (68,509, Dlyredn algi oo (859
B8 S s (FY) 095 Glgall ol S 5 Sl ]



dl,!&m 9 kS)"B o.>|)‘|

S5 4l
Blomw 8l 5 seliiwl (53,9 aan VY aS was oo plis b gl

5 Slelie alidl g Loy SO S s d ol i 5o ol ol cge
caclas 4y aldloe 90 ol S 5wz e el o WlST SG s lee

20 o LS SO s g Ly SO Sl 5l p catte Sl ST e
sladslae Glaieany (5555 an ol a8 08 oo olpring Lo laassly (28l
25 azg el gleyd (o 5 6Ky 50 29yl 0E

1098 g Sl

g waiba, b grb ol el )0 a5 (Slhnje saen 51l o
pode olfisls loasl pyle wliizs 350 )b Jbo (ool 5l Hsboiron
o 1) (Gloyud g S5 JLoS (le)S (S

References

1. Scheltens P, De Strooper B, Kivipelto M, Holstege H,
Chételat G, Teunissen CE, et al. Alzheimer's disease. The
Lancet.  2021;397(10284):1577-90. doi:  10.1016/S0140-
6736(20)32205-4 pmid: 33667416

2. Murdock MH, Tsai L-H. Insights into Alzheimer's disease
from single-cell genomic approaches. Nat Neurosci.
2023;26(2):181-95. doi: 10.1038/s41593-022-01222-2
pmid: 36593328

3. Thies W, Bleiler L. Alzheimer's disease facts and figures.
Alzheimers Dement. 2011;7(2):208-44. doi:
10.1016/].jalz.2011.02.004 pmid: 21414557

4. Hampel H, Mesulam MM, Cuello AC, Farlow MR,
Giacobini E, Grossberg GT, et al. The cholinergic
system in the pathophysiology and treatment of
Alzheimer's disease. Brain. 2018;141(7):1917-33. doi:
10.1093/brain/awy132 pmid: 29850777

5. McCarty MF, DiNicolantonio JJ, Lerner A. A fundamental
role for oxidants and intracellular calcium signals in
Alzheimer's pathogenesis—and how a comprehensive
antioxidant strategy may aid prevention of this disorder.
Int ] Mol Sei. 2021;22(4):2140. doi:
10.3390/1jms22042140 pmid: 33669995

6. Tohma H, Altay A, Koksal E, Goéren AC, Giilgin 1.
Measurement  of  anticancer, antidiabetic =~ and
anticholinergic properties of sumac (Rhus coriaria):
analysis of its phenolic compounds by LC-MS/MS.
Journal  of  Food — Measurement — and — Characterization.
2019;13:1607-19 .doi: 10.1007/s11694-019-00077-9

7. Austin SA, Santhanam AV, Hinton DJ, Choi DS, Katusic
ZS. Endothelial nitric oxide deficiency promotes
alzheimer's  disease  pathology. | Neurochem.
2013;127(5):691-700. doi: 10.1111/jnc.12334 pmid:
23745722

8. Tan XL, Xue YQ, Ma T, Wang X, Li JJ, Lan L, et al.
Partial enos deficiency causes spontaneous thrombotic
cerebral infarction, amyloid angiopathy and cognitive
impairment. Mo/  Neurodegener. ~ 2015;10:24.  doi:
10.1186/513024-015-0020-0 pmid: 26104027

9. Hanger DP, Hughes K, Woodgett JR, Btion JP. Anderton
BIL. Glycogen synthase kinase-3 induces alzheimer's
disease-like phosphotylation of tau: Generation of
paired helical filament epitopes and neuronal localisation
of the kinase. Newurosci Lett. 1992;147(1):58-62. doi:
10.1016/0304-3940(92)90774-2 pmid: 1336152

10. Liu F, Igbal K, Grundke-Igbal I, Gong CX.
Involvement of aberrant glycosylation inphosphorylation
of tau by cdk5 and gsk-3beta. FEBS Lest. 2002;530(1-
3):209-14. doi: 10.1016/s0014-5793(02)03487-7 pmid:
12387894

11. Plattner F, Angelo M, Giese KP. The roles of cyclin-
dependent kinase 5 and glycogen synthase kinase 3 in
tau hyperphosphorylation. ] Bio/ Chenm.
20006;281(35):25457-65. doi: 10.1074/jbc.M603469200
pmid: 16803897

12. Fagone P, Mangano K, Martino G, Quattropani MC,
Pennisi M, Bella R, et al. Characterization of Altered
Molecular Pathways in the Entorhinal Cortex of
Alzheimet's Disease Patients and In Silico Prediction of

72

20.

21.

0sbgls VBE glagpl el Gl el GlagsT
(F1) 08 s o a5 s 5 155, 5liss Sy
oSy demST oo 5k 5 Blaws (s0jlas @b SO 00 e @b
5 oslial (FY) cand Joboo boghas » (595 oletdlad Joiliy g1l
S lgi e (s3lgm Gns LS o Blew wiile (558 ST T S
ls yoslill g lont 55 Sl b Las e else 55 sials 5 liblons
Fr bR Gagn p wiles Gagh ol (Jsea all
wllae cpl me slacusgaze 51 (o g 0 axlge s lacysgasme
Pl Slls> go)lys Ghaghy L g Ghegl e goges]
aalllas (pl glacusgame 51 Ko (S 5 Sl e lejae i pll
i b ain S (b cuped Sl ool Rl L el o
2 Sl (e 5 (el Sl ja 0 (20559 Dl sel Dal g Sue
ol b ean] o Sdags, dA sl 38 51 ey cnl slaadl b

a3 lhioe 09> b oy o |y bigsgase

Potential Repurposable Drugs. Genes (Basel). 2022;13(4):703.
doi: 10.3390/genes13040703 pmid: 35456509

13. Hashem MM, Esmael A, Nassar AK, El-Sherif M. The

relationship ~ between  exacerbated  diabetic  peripheral
neuropathy and metformin treatment in type 2 diabetes
mellitus. Se7 Rep. 2021;11(1):1940. doi: 10.1038/541598-021-
81631-8 pmid: 33479439

14. Fu WY, Wang X, Ip NY. Targeting neuroinflammation as a

therapeutic strategy for Alzheimer's disease: mechanisms, drug
candidates, and new opportunities. ACS chemical neuroscience.
2018;10(2):872-9. doi: 10.1021/acschemneuro.8b00402

15. Maldonado M, Romero-Aibar J, Calvo ]. The melatonin

contained in beer can provide health benefits, due to its
antioxidant, anti-inflammatory and  immunomodulatory
properties. | S Food Agric. 2023;103(8):3738-47. doi:
10.1002/isfa.12179 pmid: 36004527

16. Wang T, Wang Z, Cao ], Dong Y, Chen Y. Melatonin

prevents the dysbiosis of intestinal microbiota in sleep-
restricted mice by improving oxidative stress and inhibiting
inflammation. Saudi | Gastroenterol. 2022;28(3):209-17. doi:
10.4103/sjg.sig 110 21 pmid: 35259859

17. Sinyor B, Mineo J, Ochner C. Alzheimer's Disease,

Inflammation, and the Role of Antioxidants. | A/zheimers Dis
Rep. 2020;4(1):175-83. doi: 10.3233/ADR-200171 pmid:
32715278

18. Ardura-Fabregat A, Boddeke EW, Boza-Serrano A; Brioschi,

S.; CastroGomez, S.; Ceyzériat, K.; Dansokho, C. et al
Targeting neuroinflammation to treat Alzheimer's disease.
CNS Drugs. 2017;31(12):1057-82. doi: 10.1007/s40263-017-

0483-3 pmid: 29260466

19. Yu F, Nelson NW, Savik K, Wyman JF, Dysken M, Bronas

UG. Affecting Cognition and Quality of Life via Aerobic
Exercise in Alzheimer's Disease. West | Nurs  Res.
2013;35(1):24-38. doi: 10.1177/0193945911420174 pmid:
21911546
Calis Z, Mogulkoc R, Baltaci AK. The Roles of
Flavonols/Flavonoids in Neurodegeneration and
Neuroinflammation. Mini Rev Med Chenr. 2020;20(15):1475-1488.
doi: 10.2174/1389557519666190617150051 pmid: 31288717
Fisar, Z. Linking the Amyloid, Tau, and Mitochondrial
Hypotheses of Alzheimet's Disease and Identifying Promising
Drug  Targets. Biomolecules. 2022;12(11):1676. doi:
10.3390/biom12111676 pmid: 36421690

22. Noura M, Arshadi S, Zafari A. Banacifar A. The effect of

running on positive and negative slopes on TNF-a and INF- y
gene expression in the muscle tissue of rats with Alzheimer's
disease. | Bas Res Med Sei. 2020;7(1):35-42

23. Quillfeldt JA. Behavioral methods to study learning and

memoty in rats. Rodent Model as Tools in Ethical Biomedical
Research. 2016;271-311. doi: 10.1007/978-3-319-11578-8 17

24. Nagib R. Hypolipidemic effect of sumac (Rhus coriaria L)

fruit powder and extract on rats fed high cholesterol diet.
Bulletin of the National Nutrition Institute of the Arab Republic of
Egypr. 2017;50(1):119-43. doi: 10.21608/bnni.2017.6726

25. Stanojevic D, Jakovljevic V, Barudzic N, Zivkovic V, Srejovic

I, Parezanovic Ilic K, et al. Overtraining does not induce
oxidative stress and inflaimmation in blood and heart of rats.
Physiol Res. 2016;65(1):81-90. doi: 10.33549 /physiolres.933058



https://doi.org/10.1016/s0140-6736(20)32205-4
https://doi.org/10.1016/s0140-6736(20)32205-4
https://pubmed.ncbi.nlm.nih.gov/33667416/
https://doi.org/10.1038/s41593-022-01222-2
https://pubmed.ncbi.nlm.nih.gov/36593328/
https://doi.org/10.1016/j.jalz.2011.02.004
https://doi.org/10.1016/j.jalz.2011.02.004
https://pubmed.ncbi.nlm.nih.gov/21414557/
https://doi.org/10.1093/brain/awy132
https://doi.org/10.1093/brain/awy132
https://pubmed.ncbi.nlm.nih.gov/29850777/
https://doi.org/10.3390/ijms22042140
https://doi.org/10.3390/ijms22042140
https://pubmed.ncbi.nlm.nih.gov/33669995/
https://doi.org/10.1007/s11694-019-00077-9
https://doi.org/10.1111/jnc.12334
https://pubmed.ncbi.nlm.nih.gov/23745722/
https://pubmed.ncbi.nlm.nih.gov/23745722/
https://doi.org/10.1186/s13024-015-0020-0
https://doi.org/10.1186/s13024-015-0020-0
https://pubmed.ncbi.nlm.nih.gov/26104027/
https://doi.org/10.1016/0304-3940(92)90774-2
https://doi.org/10.1016/0304-3940(92)90774-2
https://pubmed.ncbi.nlm.nih.gov/1336152/
https://doi.org/10.1016/s0014-5793(02)03487-7
https://pubmed.ncbi.nlm.nih.gov/12387894/
https://pubmed.ncbi.nlm.nih.gov/12387894/
https://doi.org/10.1074/jbc.m603469200
https://pubmed.ncbi.nlm.nih.gov/16803897/
https://doi.org/10.3390%2Fgenes13040703
https://pubmed.ncbi.nlm.nih.gov/35456509
https://doi.org/10.1038/s41598-021-81631-8
https://doi.org/10.1038/s41598-021-81631-8
https://pubmed.ncbi.nlm.nih.gov/33479439/
http://dx.doi.org/10.1021/acschemneuro.8b00402
https://doi.org/10.1002/jsfa.12179
https://doi.org/10.1002/jsfa.12179
https://pubmed.ncbi.nlm.nih.gov/36004527/
https://doi.org/10.4103%2Fsjg.sjg_110_21
https://doi.org/10.4103%2Fsjg.sjg_110_21
https://pubmed.ncbi.nlm.nih.gov/35259859
https://doi.org/10.3233%2FADR-200171
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7369138/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7369138/
https://doi.org/10.1007/s40263-017-0483-3
https://doi.org/10.1007/s40263-017-0483-3
https://pubmed.ncbi.nlm.nih.gov/29260466/
https://doi.org/10.1177/0193945911420174
https://pubmed.ncbi.nlm.nih.gov/21911546/
https://pubmed.ncbi.nlm.nih.gov/21911546/
https://pubmed.ncbi.nlm.nih.gov/31288717/
https://doi.org/10.2174/1389557519666190617150051
https://doi.org/10.3390/biom12111676
https://doi.org/10.3390/biom12111676
https://pubmed.ncbi.nlm.nih.gov/36421690/
http://dx.doi.org/10.1007/978-3-319-11578-8_17
https://doi.org/10.21608/bnni.2017.6726
https://doi.org/10.33549/physiolres.933058

‘;,l,ls.m 9 ‘S)él.i oél)“

26.

27.

28.

29.

30.

31.

32.

33.

34.

pmid: 26596327
Wang DM, Li SQ, Wu WL, Zhu XY, Wang Y. Effects

of long-term treatment with quercetin on cognition and
mitochondrial function in a mouse model of Alzheimet's
disease.  Newurochems  Res.  2014;39(8):1533-43.  doi:
10.1007/511064-014-1343-x pmid: 24893798

Chen WW, Zhang X, Huang WJ]. Role of physical
exercise in  Alzheimer's  disease.  Biomed  Rep.
2016;4(4):403-7.  doi:  10.3892/br.2016.607  pmid:
27073621

Jensen CS, Bahl JM, Ostergaard LB, Hogh P, Wermuth
L, Heslegrave A, et al. Exercise as a potential modulator
of inflammation in patients with Alzheimer's discase
measured in cerebrospinal fluid and plasma. Exp
Gerontol. 2019;121:91-8. doi: 10.1016/j.exger.2019.04.003
pmid: 30980923

Nichol KE, Poon WW, Parachikova AI, Cribbs DH,
Glabe CG, Cotman CW. Exercise alters the immune
profile in Tg2576 Alzheimer mice toward a response
coincident with improved cognitive performance and
decreased amyloid. | Newuroinflammation. 2008;5:13. doi:
10.1186/1742-2094-5-13 pmid: 18400101

Gomes da Silva S, Simées PSR, Mortara RA, Scorza FA,
et al. Exercise-induced hippocampal anti-inflammatory
response in aged rats. | Neuroinflammation. 2013;10:61.
doi: 10.1186/1742-2094-10-61 pmid: 23663962
Barrientos RM, Frank MG, Crysdale NY, Chapman TR,
Ahrendsen JT, Day HE, et al. Little exercise, big effects:
reversing aging and infection- induced memory deficits,
and underlying processes. | Newurosci. 2011;31(32):11578-
86. doi: 10.1523/JNEUROSCI.2266-11.2011 pmid:
21832188

Mutray DK, Sacheli MA, Eng JJ, Stoessl AJ. TheEffects
of Exercise on Cognition in Parkinson'sdisease: A
SystematicReview. Trans/ Neunrodegener. 2014;3(1):5. doi:
10.1186/2047-9158-3-5 pmid: 24559472

Harry GJ, Kraft AD.
NeuroinflammationandMicroglia:Considerations and
Approaches forNeurotoxicity Assessment. Expert Opin
Drug  Metab  Toxicol.  2008;4(10):1265-77.  doi:
10.1517/17425255.4.10.1265 pmid: 18798697

Al-Jarrah M, Obaidat H, Bataineh Z, Walton L, Al-

Yy

38.

39.

Khateeb A. Endurance Exercise Training Protects against the
Upregulation of Nitric Oxide in the Striatum of
MPTP/Probenecid Mouse Model of Parkinson's disease.
Nenrorehabilitation. 2013;32(1):141-7.

35. Ribari¢ S. Physical exercise, a potential non-pharmacological
intervention for attenuating neuroinflammation and cognitive
decline in  Alzheimer's disease patients. [nz ] Mol Sei.
2022;23(6):3245. doi: 10.3390/ijms23063245 pmid: 35328666

36. Azargoonjahromi A. Dual role of nitric oxide in Alzheimer's
Disease. Nitric Oxcide. 2023;134-135:23-37. doi:
10.1016/§.ni0x.2023.03.003 pmid: 37019299

37. Mohammadi R, Fathei M, Hejazi K. Effect of eight-weeks
acrobic training on serum levels of nitric oxide and
endothelin-1 in overweight elderly men. Iranian Joumal of
Ageing. 2018;13(1):74-85. doi: 10.21859/sija.13.1.74

Eskandari Z, Ebrahimi F, Arazi H. Comparison of a Course of
Aerobic Exercise with Hydro-Alcoholic Extracts of Indian
Valetian and Lemon Balm Plants on Changes in Serotonin
Levels and Headache Indices in Women with Chronic Tension-
Type Headache. International Journal of BioLife Sciences. 2022;
1(3): 190-99. doi: 10.22034/]BS.2022.162522

Azevedo CV, Hashiguchi D, Campos HC, Figueiredo EV,
Otaviano SFSD, Penitente AR, et al. The effects of resistance
exercise on cognitive function, amyloidogenesis, and
neuroinflammation in Alzheimer's disease. Front Neurosci.
2023;17:1131214.  doi:  10.3389/fnins.2023.1131214 pmid:
36937673

40. Pourahmad ], Eskandari MR, Shakibaei R, Kamalinejad M. A
search for hepatoprotective activity of aqueous extract of
Rhus coriaria L. against oxidative stress cytotoxicity. Food Chem
Toxicol.  2010;48(3):854-8.  doi:  10.1016/].£ct.2009.12.021
pmid: 20036300

41. Mansouri MT, Naghizadeh B, Ghorbanzadeh B, Farbood Y,
Sarkaki A, Bavarsad K. Gallic acid prevents memory deficits
and oxidative stress induced by intracerebroventricular
injection of streptozotocin in rats. Pharmacology Biochemistry and
Behavior. 2013;111:90-6. doi: 10.1016/j.pbb.2013.09.002

42. Kosar M, Bozan B, Temelli F, Baser KH. Antioxidant activity
and phenolic composition of sumac (Rhus coriaria L.) extracts.
Food chemistry. 2007;103(3):952-95. doi:
10.1016/j.foodchem.2006.09.049



https://pubmed.ncbi.nlm.nih.gov/26596327/
https://doi.org/10.1007/s11064-014-1343-x
https://doi.org/10.1007/s11064-014-1343-x
https://pubmed.ncbi.nlm.nih.gov/24893798/
https://doi.org/10.3892%2Fbr.2016.607
https://pubmed.ncbi.nlm.nih.gov/27073621
https://pubmed.ncbi.nlm.nih.gov/27073621
https://doi.org/10.1016/j.exger.2019.04.003
https://pubmed.ncbi.nlm.nih.gov/30980923/
https://doi.org/10.1186/1742-2094-5-13
https://doi.org/10.1186/1742-2094-5-13
https://pubmed.ncbi.nlm.nih.gov/18400101/
https://doi.org/10.1186/1742-2094-10-61
https://pubmed.ncbi.nlm.nih.gov/23663962/
https://doi.org/10.1523%2FJNEUROSCI.2266-11.2011
https://pubmed.ncbi.nlm.nih.gov/21832188
https://pubmed.ncbi.nlm.nih.gov/21832188
https://doi.org/10.1186/2047-9158-3-5
https://doi.org/10.1186/2047-9158-3-5
https://pubmed.ncbi.nlm.nih.gov/24559472/
https://doi.org/10.1517%2F17425255.4.10.1265
https://doi.org/10.1517%2F17425255.4.10.1265
https://pubmed.ncbi.nlm.nih.gov/18798697
https://doi.org/10.3390/ijms23063245
https://pubmed.ncbi.nlm.nih.gov/35328666/
https://doi.org/10.1016/j.niox.2023.03.003
https://doi.org/10.1016/j.niox.2023.03.003
https://pubmed.ncbi.nlm.nih.gov/37019299/
http://dx.doi.org/10.21859/sija.13.1.74
https://doi.org/10.22034/jbs.2022.162522
https://doi.org/10.3389/fnins.2023.1131214
https://pubmed.ncbi.nlm.nih.gov/36937673/
https://pubmed.ncbi.nlm.nih.gov/36937673/
https://doi.org/10.1016/j.fct.2009.12.021
https://pubmed.ncbi.nlm.nih.gov/20036300/
https://doi.org/10.1016/j.pbb.2013.09.002
https://doi.org/10.1016/j.foodchem.2006.09.049
https://doi.org/10.1016/j.foodchem.2006.09.049

