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Keywords: study aimed to investigate the effects of eight weeks of endurance training combined with
Shilajit supplementation on oxidative stress markers and passive avoidance memory following

Endurance training cerebral ischemia-reperfusion injury in male rats.

Lipid peroxidation Materials and Methods: Thirty-five male Wistar rats (200-250 g) were randomly assigned to

Passive avoidance memory five groups: Control, Ischemia, Ischemia + Endurance Training, Ischemia + Shilajit, and Ischemia

Shilajit + Endurance Training + Shilajit. The endurance training protocol and Shilajit supplementation

Total antioxidant capacity (150 mg/kg) were administered for eight weeks. Following the induction of cerebral ischemia-

reperfusion, oxidative stress markers, including malondialdehyde (MDA) and total antioxidant
capacity (TAC), were measured. Passive avoidance memory was assessed using the shuttle box
©2026 Arak University of Medical test. Statistical analysis was performed using one-way analysis of variance followed by Tukey’s
Sciences post hoc test.
Results: Cerebral ischemia caused a significant increase in MDA (6.585+1.18) and a significant
decrease in TAC (0.376%0.081) compared to the control group (1.081+0.406, 1.712+0.229;
p<0.0001). Endurance training (4.99+1.032, p<0.05) and the combination of endurance training
and shilajit supplementation (2.44740.222, p<0.001) caused a significant decrease in MDA
compared to the ischemic group. In addition, the combination of endurance training and
shilajit supplementation caused a significant increase in TAC compared to the ischemic group
(0.88710.185; p<0.05). In the assessment of passive avoidance memory, the initial latency time
to enter the dark chamber was significantly reduced in the ischemic group (27.5+23.231)
compared to the control group (136.33+44.99; p<0.05), while this time increased in the
endurance training group (159+42) and the combination of endurance training and shilajit
supplementation group (140.8+53.844; p<0.05). Furthermore, the time spent in the dark
chamber was significantly increased in the ischemic group (110.5+55.507) compared to the
control group (8.5+14.053; p<0.05). This time decreased significantly in the endurance training
group (0.5+1), the shilajit supplement group (17.674+31.207), and the combination of
endurance training and shilajit supplement group (25+50.498; p<0.05).
Conclusion: The findings obtained revealed that the combination of endurance training and
shilajit supplement consumption can significantly improve ischemia-induced memory
impairment by reducing oxidative stress and improving antioxidant capacity.
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INTRODUCTION

Cerebral ischemia is among the leading causes
of mortality and long-term neurological
disability worldwide. The interruption of
cerebral blood flow followed by reperfusion
initiates a complex cascade of pathological
events characterized by excessive production of
reactive oxygen species (ROS), mitochondrial
dysfunction, neuroinflammation, and apoptotic
neuronal death. Among the brain regions
affected by ischemic injury, the hippocampus,
particularly the CA1 subfield, exhibits
remarkable vulnerability because of its high
metabolic demand and sensitivity to oxidative
stress. Consequently, ischemic damage to the
hippocampus frequently results in learning and
memory deficits, substantially reducing the
quality of life of affected individuals. Increasing
evidence suggests that non-pharmacological
interventions, especially regular physical
exercise, can induce neuroprotective
adaptations before cerebral insults occur.
Endurance training enhances endogenous
antioxidant defenses, improves mitochondrial
efficiency, promotes cerebral angiogenesis, and
increases the expression of neurotrophic
factors, such as brain-derived neurotrophic
factor (BDNF), thereby improving neuronal
survival and cognitive performance. In addition
to exercise, natural compounds possessing
antioxidant and anti-inflammatory properties
have attracted considerable attention as
potential therapeutic agents for ischemic brain
injury. Shilajit is a mineral-rich natural
phytocomplex containing fulvic acid, humic
substances, dibenzo-a-pyrones, amino acids,
and trace minerals. Previous experimental
studies have demonstrated its antioxidant, anti-
inflammatory, mitochondrial protective, and
neuroprotective properties. Nevertheless,
limited evidence exists regarding the combined
effects of endurance exercise and Shilajit
supplementation on oxidative stress and
cognitive function following cerebral ischemia.
Therefore, the present study aimed to
investigate whether eight weeks of endurance
training combined with Shilajit supplementation
could attenuate oxidative stress and improve
passive avoidance memory in a rat model of
cerebral ischemia—reperfusion injury.

Materials and Methods

Thirty-five adult male Wistar rats (200-250 g)
were randomly assigned to five experimental
groups (n=7): Control, Ischemia, Ischemia +
Endurance Training, Ischemia + Shilajit, and
Ischemia + Endurance Training + Shilajit. Animals
were maintained under standard laboratory
conditions (2242 °C, 12-h light/dark cycle) with
free access to food and water throughout the

experiment. The endurance training
intervention consisted of an 8-week progressive
treadmill-running program, performed 5 days
per week. Training intensity and duration were
gradually increased during the adaptation
period until the animals completed 60 min of
running per session at a moderate intensity
(approximately 25 m-min~", 0° inclination), a
protocol designed to induce physiological
adaptations without causing excessive fatigue.
Rats in the supplementation groups received
Shilajit orally at a dose of 150 mg-kg'-day™
throughout the eight-week intervention period.
The supplement was freshly prepared before
administration to ensure stability and
consistency of dosing. After the last training
session, transient global cerebral ischemia was
induced under general anesthesia using the
bilateral common carotid artery occlusion
(BCCAO) model. Both common carotid arteries
were carefully isolated and occluded with
atraumatic vascular clips for 20 min, followed by
clip removal to allow reperfusion. This
experimental model closely reproduces the
oxidative and neuronal damage associated with
cerebral ischemia—reperfusion injury. Behavioral
function was assessed using the passive
avoidance shuttle-box test. Step-through latency
(STL) and the total time spent in the dark
compartment (TDC) were recorded as indicators
of learning acquisition and memory retention.
Oxidative stress was evaluated by measuring
serum malondialdehyde (MDA) concentrations
as an index of lipid peroxidation and total
antioxidant capacity (TAC) as an indicator of
systemic  antioxidant defense.  Statistical
analyses were performed using one-way analysis
of variance (ANOVA) followed by Tukey's post
hoc test. A P-value < 0.05 was considered
statistically significant.

Results

Induction of cerebral ischemia produced marked
oxidative stress and significant impairment of
passive avoidance memory compared with
healthy controls. Rats subjected to ischemia
exhibited a substantial elevation in serum MDA
concentrations accompanied by a pronounced
reduction in TAC, confirming severe oxidative
damage induced by ischemia-reperfusion.
Endurance training significantly attenuated lipid
peroxidation by reducing MDA levels compared
with untreated ischemic animals. Although
Shilajit supplementation alone also improved
oxidative status, the greatest reduction in MDA
was observed when endurance training and
Shilajit supplementation were administered
simultaneously. Similarly, TAC values increased
significantly in the combined intervention group,
indicating enhanced antioxidant defense
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capacity. Behavioral assessment demonstrated
considerable  cognitive  impairment  after
cerebral ischemia. The ischemic group showed
significantly shorter latency to enter the dark
compartment together with prolonged time
spent inside the dark chamber, reflecting
impaired memory retention. Endurance training
markedly  improved passive  avoidance
performance, whereas Shilajit supplementation
also produced measurable cognitive benefits.
The combination therapy produced the most
pronounced improvements, restoring behavioral
performance to levels comparable to those
observed in  healthy control animals.
Collectively, these findings demonstrate that
simultaneous endurance training and Shilajit
supplementation reduced oxidative damage
while preserving cognitive function following
cerebral ischemia-reperfusion injury.

Conclusion

The present findings indicate that endurance
exercise and Shilajit supplementation exert
complementary neuroprotective actions against
ischemia-induced oxidative stress and cognitive
dysfunction. Excessive ROS production following
cerebral ischemia disrupts cellular membranes
through lipid peroxidation, damages
mitochondrial integrity, and initiates apoptotic

signaling pathways. Elevated MDA
concentrations observed in the ischemic animals
are consistent with these pathological
mechanisms.  Regular endurance exercise
enhances endogenous antioxidant enzyme
systems, improves  cerebral circulation,
stimulates mitochondrial biogenesis, and

increases resistance to oxidative injury. These
physiological adaptations likely contributed to
the observed reduction in lipid peroxidation and
improvement in antioxidant capacity. Shilajit
supplementation appears to reinforce these
protective effects through its potent antioxidant
constituents, particularly fulvic acid and other
bioactive compounds capable of scavenging free
radicals, preserving mitochondrial function, and
suppressing inflammatory responses. The
synergistic interaction between endurance
exercise and Shilajit may explain the superior
biochemical and behavioral outcomes observed
in the combined treatment group. Improved
passive avoidance memory further supports the
hypothesis that attenuation of oxidative stress
contributes directly to preservation of
hippocampal neuronal integrity. Since
hippocampal neurons are highly susceptible to
ischemic injury, reducing oxidative damage likely
facilitates maintenance of synaptic plasticity and
memory consolidation. Although the present

findings are promising, several limitations
should be acknowledged. Histopathological
evaluation of hippocampal neurons and direct
measurements of cerebral blood flow were not
performed. Future investigations should
incorporate molecular biomarkers, neurotrophic
factors, inflammatory cytokines, and histological
analyses to clarify the precise mechanisms
underlying the synergistic neuroprotective
effects observed.

Ethical Considerations

The present study was conducted following
approval by the Research Ethics Committee of
the University of Illam (Approval No.
IR.ILAM.REC.1404.010). All experimental
procedures involving animals were performed in
strict accordance with the ethical principles and
institutional guidelines for the care and use of
laboratory animals. Every effort was made to
minimize animal suffering, reduce stress during
handling and experimental procedures, and use
the minimum number of animals necessary to
achieve scientifically valid results. Animal
housing, husbandry, anesthesia, and all
experimental interventions were carried out
under standardized laboratory conditions in
compliance with internationally accepted ethical
standards for animal research.

Funding
The current
support.

research received no financial

Authors’ Contributions

Ahmad Noah Karim: Conceptualization, study
design, and project administration.

Nabi Shamsaei: Conceptualization, study design,
manuscript writing, and manuscript revision.
Aref Nooraei: Experimental procedures, data
collection, manuscript writing, and manuscript
revision.

Soheila  Erfani:  Experimental procedures,
statistical analysis, and data interpretation.

Conflict of Interest
The authors declared no conflict of interest.

Acknowledgments

The authors would like to express their sincere
gratitude to the University of llam for its support
of this research. They also gratefully
acknowledge all individuals whose valuable
assistance, technical support, and cooperation
contributed to the successful completion of this
study.

233



1P o0 30 ¥ o ylods 17 090

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

Sl 5| AB> g guiliwSt L il 33 S Vi JoSo & o 9 (ioliins! (59 303 (ylo jod il

S0 (oS! 3 g 9 (I 0 S ige 4O Jlad s

T ye Mg LT oo Ble LT plaa 50 0 S 298 da]

Olrl @l @3l olRiils ( ludl pgle 8aSails (o359 psle 09,8 i)l (Wlid 157
! e O oKl o Sl psle 80Kl 555 pole o5, ¢ Letils X

Ol el @] olBisls ¢ S jualol oy 0aSCiils o cwlidcdl 09,5 ¢ Loliwl ¥
2l (] el olSils ¢ pole 0aSils o sl 09,5 ¢lobiul F

n.shamsaci@ilam.acir  oa) -l sl @] (oDl olK2ils ¢ Sl pole BASES o355 pole 05,5 ¢ slovads o 1 giouno oiouns g5 *

Comae SRS GV 5 Ja)s el aee dalse Ol S0 e 0558 n Sl 1Aadia
Cpal Adda Cudia il o g o eala Aaltas 3 caaa a6l pan suilannS) G yial (il 38 L 4S 3 g e
Gllaia Juad e ) ial Ahdla 5 silaS) G yial lagadld )y Cuadld daSa b ol jen (el
s s s )3 6 e O s o S

WJS o s S Ay 5 Al e R YO U Yen i glpmia ige yu YO challlas (50 1S (g,
OpoaS Al a8 aandll Gl i) oSl 5 Gl oSl (Ui s oSl (oS
Sl G G 28 ) el alia Gulia Gy (V0 mg/kg) Cuadld JeSse G a5 Saliiul
(TAC) FHamSI sl 5 bl 5 (MDA) wiallsag sile Jaldi sl (o il glagadld o5 e
Gl ok b)) oSbdile sl b Jld e o) ial dddla o Slae copinad a8 5,8 il
P /00 olaine s 5) (S el G sa ] 5 48l il ) s st (g ge T ) (o olel Jilat g4y jas
_..\.ﬁ: palai

TAC Jlasine GialS 5 (/0A0+)/YA) MDA mhaus Jlaina (il 38 (on sa (5 ke (oSl 1WA
_(p<~/~~~\) A (\/V\Yit/YYq ‘\/~/\\i~/i~'l) Jyus aj_)g L awlss g (~/\"V'Ti~/~/\\)
CY/EEVEYYY) Camdd JeSa 5 el (0 38 S 55 5 (p<+/+© ¢£/394) [+ TY) cialiinl oy yas
el 0 pa A  (inar 25 MDA lagias (ialS s S o5 S L dusdia 3 (p<e/o 0
CANVE[YAO) 28 TAC lasins il B canse (oS 05 8 L anlia )3 bl JeSa
D Sl Aaina 4y 4 s) 2555 3 4ddsl Al lajse Jlad e (o) sia) Aadla L5 ) sy (p<e/e O
URLS ldne Helady (VY/FYHEE/99) J 38 05 K L dulia jo (YV/ORYY/YYY) S 05 R
el yas i g R 5 (V0R4EY) el yaios £ 50 (e 0l A8 Na 3 ¢(p<e /2 0) il
Aaiae 50 ey gl cOimad (p<+/+0) cly a3 (VE4/AROY/AEE) Cuadld JeSa
S pshy (AO£) £/ 0F) J S 05 S L auulia 53 (V) /0£00/04 V) aSul o5 8 ja S
Gadd deSe o5 8 o(/04)) il el o5 8 0 gle) i L(p<i/r0) bl
Gl Hshay (YO0 /£9A) Cumdld Jee 5 (el (e S 5505 8 5 (VV/1VETY/04Y)
(p<+/r0) iy als

GialS L 2l e cuadld JeSe Cigeae g alliul (el S AS M e (LI gl 1 pRAau
) adila )y (oSl I (3L IR (5 lasine sty ¢ SSIGET Gk 3 s 5 s G i)

VE-O YIVA il yo fu b
VE- O/ PO 1y gyl

Hguals (3l

srelisl (52 o3

Ged OgemlannSTy
ol oS sl eod b
Jud st (ol il dladl>

olfesls gl yi5 3o (olos
ol Lgize ST (S5 pole

Copyright © 2026 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/4.0/) 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/0009-0007-3032-0100
https://orcid.org/0000-0003-0677-355X
https://orcid.org/0009-0006-3710-7671
https://orcid.org/0000-0001-5757-4361
mailto:shamsaeinabi@gmail.com

OHed 9 1 )5 o

Sgaze |y ol 5l eolazul a5’ csl oljor (330 Sl (650,095 alozl
Ohlew 5l oy ¥ osguo (gl e By, (nl ooy wlol iS00
sladoe 5l 6rSo e (inlply S9doo &y Sho e S adlie
U il Su3sln il Glapesillo oy 50 Wi Slse>
G woa 55 5e ey sla ISl 38l Yleis! g (s5he oS! 5|
Foe Jelse opaz o al i Cllidl glal wiz e iled Ll oope
By o ,eiS o aS Coul odd Cge (Sihe Sl oS G900 0
Bl o S g ol g b (g lons ol 4 Dl 5 42235 Ao b
OF) wley

IRy axg qmly slagleys (Fn glatudgize 4 4z b
Ml Jolds o oS 5 sloo Sig, 5l eolinnl 4y o3 sl L o
ol 5o GlaeSal el bk SlaSS s asilod
S el o Bohe 3y paSal S A6 (slo]
S 5l o Sl 50 (B39 9 eSSl eslitl (65950l slais,
L oohng 9 S Sudld o5 conlond aseie jbps 5l el (g3
Sre &S 5l 6Kt 3 @l B Glusks Jelse oo
(i sl saste wlgh a4 axgl b a0 )] SeeSn]
SRl 3 A9 S b 5 S a5 3l 352 gaaaie sla 15T
S om b slassly Sgp 55 9 SeoSnl (S50 B 59 Jlox>]
o b wlsi e gy eolled a5 el o il clillas el o g8
Sl il 5o 1) e (Aliblre Jalse ol 5 ks alse
Gud b oplite (A el alely (10) w8 Lis SeS
JERVARC g O SEREINC JNCTIVOR PSR JOW RS
bl oo 500 Slapaaille pogdle (55,5 (VF) oo (2al33l 1) 5ae
peaS Bk 5l s sihaeST Gl plp e Cuglie aal
Lol Ll bS5 sansls el e,
Peroxisome proliferator-activated ) LT V- pg; oS, 508 355
3,Sles 540 4 (receptor gamma coactivator 1-alpha; PGCla
S aime LS sele glaaiil, (V) WS SeS e slasle
21 OlaenSI 5T lam sl collad (il Sygot (Lb5)9 npe
Vo 3555 @ b T ol ol S oo et e ilisee >y
Sl 3155 5 iz e (I Sudled Do 5 Dol g8 il Lolge
.(ﬂ) Syl (Ko &Loﬂ 3,50

Giliss Glaal gl liE sl JaSe 51 oolizasl (3! slalo ,o
Sl b (Jyaza (pliage) oMot el 035 by 53k s,
o yis BT b S5 ol s godnie Sleys ol aS
Sdsi Baiedsse «ubsas (Sllas g3yl g alills BuS iyl
ol el s o)ls o5 baiS e i g amae oS Cladlore ooyl
Sl Sagee sl wile (5550 SLaS S jpa> (29l oSy
sl T 30 SliaS polie g Laiiis g S dayssmsriass «Suglsd
) el cemds o wias e lis saipll Sl
@9Swend Qleillas Suols ol e it alox sl e gie
3l cdadles yo ool (ol ¢yuiman .(\7"\) a3 0 59 1y (SlamST sl g
Bl 55 g 59l 9 gile sl sladial® Sgntr (b lee conse
sladas 5o cedes Sl BT 5 sl il S5 9 o
oMot STl BT (V) ol oad sl 5 oy s>
Sogds ol 5 lagsg s il ST 5 jea> 5 8L B
©iz oSl S s Joo ST T Glgied LS Suglgd apnl

Joily s o dge 1) Baa o Jske 9,0 4 Sase olge

YO

doddo

alS | dad Loy 4 el sl e DL egi (g pie S
@ el g (oSl Bl asly g 0gdise sl SR 4 (Gluy (e St
9 e sde S SV L (gihe (oSl (V) sl e 2L
Sy czge 9 (1) Sl olyon cae laJgho )3 (slod i (SIglie
Olime 5 Db (1) Sgdige she pdyeoml (Hly 3 b ol
@S BaS iad 5 Shol ole csiie (oSl b 4 gl oo
] o e 1 e gl o] cogdleds el comol ) e
c2ge Jyore pobd (29 (Gluyy93) Giged iy A ye yo alex ]l
3 oS eend 2l ke 093 (al w5 09d o0 adsl ol was
() sl SeaSel (5520 ool 5950 5 o S g ] o0

2 S| ol am3 e (LS 4T 5l gz (g0l el
oS el el (So3elsy8 5 5513509,00 slacs e sl
S wlols Glias Slalllas (F ) 3,15 (559700 i (e &S g Log
35 g gl (o] CBlaie 5 5nST ol sle IS5, adss
2 Oyl G5 @y 5l Jolo glalis jo sgzse clovey
Sbale oSl Jlisas (V) 09 o0 Cgme (5920 ) — (oSl Jobo
a8l als jhe SeaSial (25 50 S 4 (STl Slse g ()5S
G A) Sy oo gariS BB é pshaw 4 @By Wi o0 50 9
Ofles )3 P con eSSl &2l s (L 5enS]
Q) 2500 O3 sl S0, agi 5 bag jouS g

G oSl jlzo o8l a5 s o i izren Slalllas
Hghe 550l 5 Al PLS s culSsnn 4 ol oy
2 a8 3o aBld e a8 o Sl dihie S ol
SIS 3 5 aS o L) ol p alibls 5 o u50l gloasyl
WsS 1o () 2) 31 ol ppew S Sledbl (h3ls g wyon dladl>
Pl 5 25ls o slo,b 4 Wlgise 4mb ol slaiys s 4 doso
el sme 4 Sloy 3 (V) 250 e (S0l g abibl> 5 Slas jo
WS olyd ) SlaLs 4 (elad 0y olyd b 5l Baee
byt ol ab g b jle loa 0 pdy e plol ol (I
Ol 08 s Sl ol T e Gare ) wi) Sas Jless!
2o (o) G935 iy 50 5oL slem @iyl S
Oz (2o len o0 & Sl She glais e 4l Gl
Gl o5t 5 (oSl (ire A g o (STl eyl
Ailosly ylid Sledlas .(D) Sgi o uymd e (Log ) asys 5l 4L
@ e & 09 Olyz Sdse el ) U e LIS el oS
] Ol O 0 alys zeie colS g sae ladsls 50
oSl Gy Dae g e Dol 4 e (oSl 5l (SAL calS s
3o lgs oo (iRe saS] alBs iy L (Jle gl oy S
ol CAL 4l jo oym b Jslo Syo a4y (oSl 5o, Sz
wras s sk I e 4 (oSiugl aids 003l aS Jl> s w0ed onse
Selss e 39y @ 9 90 3l o wei S DGy CAL3 s oape
)

9 b3 Oloys sy (S ple 0 pSeta Slacd iy 929l
Wz e el ol S8l iR B & M phlew sln (golats]
Ohlew aea sly (29, cnl @)lo 392y Seidgrng i wile olapley
5 i el s s gl gl i 51 Yl L5t oolicsl l5
sl o o0l ol W o Lags 45 Il o wosl oSl £33

T Y e P PR Y B e U0, Y COERN O POV



Som 59y 99 Ndgd GBS lE o) Jlye j9) 99 slp a0 Sheo
atbn Sk Soeds o ige g ol 5T Lol @l el bjle Sl el
Ce g b Jgl dian 10 (e il 0 5l (65, codled (gl 4
T Sdedy 450 jho oo b dado ool (gl ands o e 0o3lge
O5)lg el 5 Glojiae sl s (O] Gl Gy B L2l atie s 5,
Gy ey b 3T &iie 0 Sy oS (5 y5bay wzidly iol38) o ja5a
Ol e g9y az o Ve ol b odado ol Doy dado o e

(YY) Loy g0

el) ST 58 5 el oS kon Ve sl

oM )9 PSS Ip S e V00 Glie 4 allygy 0l A (o

Sygods Jslome (s 0 o 0T 0 5l dd 05y 5l o Sige
Al otil ) Gl base J1o 4y Lapiiuns 518

S (oS! W

Yo) oy fomelS b cllse csiie aSam] Gl liteas
Oygots APl p S 9kS o5 (heo Vo g (uslS 0,5 5LS e S (e
S e gyl 0l pS 93 18 e MD (hggn (Slao S 55
59,5 Gl 5l cdoar Sly cuae o s ol3T 095 g IS Axio
3 eolainl b afds Cann Soedy S e 09,5 LS 90 o g las
5 01 ag)lS lagkyd ol 5l ad sl sSns e g 51
s b >l ol G Sl 0l 130 93 (L dlalidl
V) sus oilo F5L 043 &l i 4 132 4 ol oljl

Jled i o)l o Alidls (g il

) oSLLs olfis 5l oolinud L Jlbyd (g5l aliil>
@byl S L a4 g (b bles ol 5 (Olp) oo
)5 el 5 50 Sear 5 (oSl I Sl an oy aw (gesl S
Sl eieS o b as canl SO,6 g opbg,y Alaie g Juld ol
& Jate «5)1-9 @loabes 5l So)U dade B g oo Iz 0y
30 |l Al e dw 48 ge] ] ead uSCis STgg xSUl olSiws
oo Lal osBiws b aiBs gy Goeds hge ,0 5,5 5le Al e
ibize ;0 Ol 45 (5ysbdr il plnl (hjsel Al ye wa celo
S Blaime 4 T 0955 ey 0 ol Sl o s 85 18 (o)
ool e 10) Sl Sa oSy, aldie dy 39,5 5| ey S o
S93 i A wm 4l e Ol g oS Jleel (450 Y e O
sy ol 50 .28 5 plosl o el YT (g,5T0L Al o 0 00ils 550
Step-Through ) STLT lgicas S ,b dlaims 45 39,5 ,0 w36 oo
sl cpl Glp saseds oley piSTas> al cud (Latency Time
3 Ol spax ployte (rizmes ol ad)S S s agl VA
(Y0) 0 ¢l 5 g S ojlail 55 Sl dlaass

L sladigas s

Judps @olpal bl spSojlil e cel ez gt
b (Sl sladiges o glnl culSgon il g wad Jb5 s>
WA (6,55 ol S il dpo A les 4o Lislejl pll e

YY®

VB 5wl (F) 1% JoSo o

i aelin S0 Seuml 5y et | (Jshe slae (S
Gub Sl oleS s Gl o Caload ()15 S (o0 65Tk (Jobo
B R B B R S N
3 lgi s orae et g (LD 5 Shee b Las o slaanl b
el U155 ol propdle xily atdls ik 4l 5 5,50l Seme
Szl slapunile 51 (S (lsisas g6 (putign pexd lee 0 Soglsd
(V) Clonds g yhae com Ml 5Ll U
90 2 Seded oS g plate (b)) Cudled Sl 4 azgi b
bl wlgee s Wb Gl Glesi st ol
Fe e oSl 3 U slacanl (als o cilise (sle S
oyl laiasls s allas g ol pleyee BT el sl
e EPe O3 oSl Al o Slee g gilannsS]
5 oS BT Gl o p2l ek Gxsly gponli) ol ens
Seete 0 LMl b JeSe 5 glitul (nyed Sl ez
Sl Joo p3 Jldpd sl Al 5 Slas g glanS] Condg
by 52l s Gan il iy Sl i Sk (oS
2 St bdeSe b oolen liiul (p el e Caie
Jlebrt 3l Al oSlas 5 slanS] ol slaasls

D9 5 @le Sla e 10 i (g oS il

FLpe1Y)
&2 geg S g Wllge

039 W) Ly S5 Jb 5 alme (ige e TO Sl
ol o Sl et Slillas ol diges o a3 4t (5
SVYOC sled) onis S bazs 5 o laibiul slouid j3 Sl (YY)
b (Sl alits, celusslys &5 5 doys B--F0 Cugb, JF

YO--Y--

@ Bolal &gl e Aod (5,0 138 5 T a o1 e tas

S0 sals laieds aS (o 09,5 Sllgus (i) J yi0S 09,5 —
S Sl ol bz S 8 alie oy Jer Cov wind a)S

Oy (oSem] S Sl w095 (nl o s oSl 09,5 -
B 555 el AigS e el i3 18 g jhe

38 bl 09,5l 5o 1 oK+  Soliiw! (49 pod 09,5 —
o) Onod) el cudld ass Cuie Sk (oSl W
callo (Jaod 5

sl )l J.A_TB Libu.:},a ‘oj)f U"‘ o GA&AMHWM 03; -
SN 0 eSS el p S e 100 (liee 4 aily) (oS
50,5 bl o Cux Ml Sl &b

w095 ol 50 1 ooSus H Caa Ml grolisiw! oy g0 09,5 -
el colled ahe cute Dowdy (oSl W1 LS Gl
30,8 8l )0 S JaSo g asiils

29 lled SS90
b )3 59 gy AlD Culid Didady (o9 S 09,5 50 Lo hge
(Ol oo g o5, cale @lilfes 05,5l ols,5)ls s,
bobge oo Sosle jshaeas 5 ol Sloyes 51 S ol e

o badBo o g can Uiy Gy b alBo 003l U oo Soeay



OHed 9 1 )5 o

525 aaly b (Yges See FRAP) digos pbi ol il cud b

U - dado 5l diged (5,9 wd> yuid) = (UM) digai FRAP jluie
FRAP Jlaiex(d b -+ addo 3l o)lulinl 4,8 wdz s + 0
C (1000 M) ypoliyy o st

oled dmosls Jdow 5 gpslaesr 0 opuSaw LialS jglited
plxil Blinded) 58 & g0 anllas ol sl nFoslail 5 b ;)
SrSoil s,k lagsesl el Jstas Sl slaie oy 0
ua...a}u )| osls J.:l?u 9 (TAC) 9 (MDA) ‘:W}u (_ngyL»
Ll b latigas (5,808 5 Wiy Dbl o otule;T sloos S & clls
s L Ll anl

@olel Judxigas 5225 slosbg
REOU JPSCV. N VPR VPO JE - S0 < ONPCIP PP VPN N KOWPR PR
s oslinl Sy pmls g9el 5l s posdley s sk
ot oslial (gl o3l 5l il ly ilad (s (sl gizman
el loos 5 oy Sl Aglie sl doosls oy 58 et
oline Sslis a5 _alSin s osliiul (ANOVA) a8 oSy uily s
el ools &) ey 5 plas™ jo Gglas aSl usd sl cdls 3529
Ao PSLD i gl b eslitl (S ke (a3
dz.s) GraphPad Prism l38ls 5 51 eolaiwl b laosls den .ol 48,5

o5 (3

Ll

- oSl Gl asT ol las adlae ol 5l Jols gleasl
MDA) sillssglle g Jloisine G331 & s5he O3sed e
Al e (VeAVE[F47) ]S 09,5 b auslie 1o (PIDAOEN/NA)
o (F/AAEN/-YY) colinwl (e b aldlon oopizmen (P<+/+ ¢+ )
09,5 b awlio ,o @lflas &jgoas (FINVE/PY) oMl JoSe
5 oelS ol a5 (g ebay i MDA gzl ol coge o goS)
(o) pogdhe (P<A/+0) 041 jlo cxo L;)LJ Sl sl e 09
Sl o 1y Sl i Ceded JoSe 5 (geliil el oS S
(YVIEEYE/YYY) ol olis coSn! 09,8 L aunlio ;0 MDA #haw
O JS8) p<+/+ V)

G gl 1 (ol (5 03104

rnte 5 o (Malondialdehyde; MDA) asallgacyslle
silbenST oy Sl oS
Ssbw slag )5 54240 (Polyunsaturated Fatty Acids; PUFAs)
@ gt ol sasasylic MDA v Gmali8l el se oy
ozl daslons 5l ol SEriy 5 590 b g Cmlacdly 5 Lol
Olime sl ol jo 0,00 bL3 | (el (6 lows g cobs g ISCulg 51
Thiobarbituric ) sl S0 50,bes b ol (2STly el MDA
ol 50 (KMDA-96 cewsilS &8 ,8) ob 550510l (Acid; TBA
Sl a5 ses e bS5 K, owShoS TBA L MDA . ST
Sogotr 5 b el OYY e Jsb 5 8
b cliin oadioloy! S Gad .l (g5 05lail LB (6 e gu8g 1Sl
Ol 3l watly Glsisay 5 sl dges o 39290 MDA clale
(VF) 59 o0 oolitnl g3lannST o il 3 (goud gamlannsy

ghilpdair o slaol

P sk 35T g o (5 oS3l

(Total antioxidant capacity; TAC) slaST 5l ol o)l
Ferric reducing antioxidant ) :yal bl & 08 by, 5l eslatal b
OleS 5 ably wlaly (b, ol i T o5l (power; FRAP
4 FE) S slong bl o dsai 3 sympe S]]
TPTZ (o5 Syl oSpeS JS85 5 FE) (98 logs
Job 10 K jegs Oygoa &5 cwl (2,4,6-tripyridyl-s-triazine)
Ly o) g0t FRAP s 358 oo (65 0jluil 2agill O3 50
Voo Jslme (PH=6/3) NVgo oo Too olbiol Bl 00,5 bslke
Ve Jsbone 5 pashe Fr Sl el s TPTZ g o
Vel G 4 (FeCl3-6H20) olyoialiRa ol wy IS Yoo Lo
b SopsSd el Sl slaJone 5] cimen 4
Saili] e ey gy YasgSee Veoe b Ve clackile
s Ko Vo 5 55y ol il S 3 iolaj] b eolic
oaddngio)l FRAP G ae I jdg S YA+ & o lislinl b aiges 3l
e B S ojlul gl BT zge Jobo 50 adgl Qi g 0353
5 wad 4SSl o )T il Ao 0 YV gles ;o dids mly Duwdy adiges
o3 pcalig Sen olKas L gge Jsb ples 53 Ioaze (5,98 i
sl imie ey SlapeST T A bl ol e b
(YY) s 5158 S psSnl dnnsl Jolae &)50s 5 dnslne

* % ¥
—
ns
P T T T
£
D
s 87
S
=5
o0 -
g
E 4o
£
< 2]
s 2
=
o_
& P F
S &S -&'%
O ¢ & &
xe@



VB 5wl (F) 1% JoSo o

wloas oy l55 o laikin! gllas g Sile ull s gl sandllas 5,50 sloog,S 0 MDA 150 . JSCi
oMok yeit saSas] 09,5 ISCh-EX€-Sh « i35 (s yoit coSans] 09,5 ISCh-EX€ oMt oSy 09,5 :Isch-Sh « Syl 05,5 Ischemia . J 5" 04,5 :Control)
(s sire et (5 kel B NS P<e/v e o) mhans 48 o x5 el BT P/ mhaw o s gme s,ll GBS T P<e /o0 mha jo o g (s kel ST

Je il wises o e (_g)LJ BUESI IGH U S| PR W TAC s
OBl o geliinl el g Cedd oS Brae oS S
anlie 1o coSsl G 51 Gy (IAAYEVAQ) TAC mlaws jls gixs

(Y JS8) (p<+/+0) wls soSunl 09,5 L

oS ol oLas (TAC) b loweS 5T codyls 655l b

3 CIRVEE M) TAC ghaw o ime (2ol5 L (oSl sl
a S1P<elo 0+ 1) 592 olpem (VYNYEIYYR) JS 09,5 b anslie
lil el s (I0AFEAT) uds oS pa
il cse ol « oSl 05,5 b anglie s (+/0FFE4/1A9)

*
—
ns
1

25 xxkxx ns
£
2 2.0
(=]
ot
Q1 5
o0 1.0
E
£ 1.0
=
O 0.5
= 0.5
[

0.0-

&‘0\ w&\? &\5& Sf& @'% >
Cle xs& \éb \%&Q S)"V
&
x%

oy 555 o bl slas 5 uKils obily gl sadlla 3,50 sloog,T 50 TAC olpe ¥ S50
ozt Cys yoit soSens) 05,5 ASCh-EX€-Sh (i35 oy yoit coSuas) 05,5 ASCh-EXE oMo oSl 09,5 :IsCh-Sh oSl 05,5 Ischemia « J ;5 04,5 :Control)

(Idsire e 6 lel WS NS P<e/e o\ mhaws yo s e (gLl DS

VENYEEE/AQ) S 09,8 b amolia o (4l YV/O YYEIYYY)
095 50 236 Glime opl (P<e/0) Cuils g B malS (b
JoSor talitul o ped 09,5 5 (4l VOVEFY)  teliiwl el
13bs oSl 09,5 b anulie [0 (sl VFo/AZOVATE) comdli

(Y JSE) o((p<e /e 0) 28 Gli8l gyls s

P00 o jo o e 5ol D

Jubsee 3lil ALl el 5l ol laools Jolowigay o

o 0 Sl dlie 4 09,5 50 4yl Sb Glie a5 O ol
(gylool Ao o il (gle pixe B oulaslllas sloog S
ounlive oy )5 s S ,U dlaase 4y 09,9 50 ,ob 3 Gyl ge gl
oSl 09,5 53 S Baie 4 09y o 3l pljoae s

%
ns
— % %
< 200+ |
%]
E
h
>, 150
9
: T
S
= 1004
=
o0
=S
S 50
S T
&
& 0- T T
&(e\ %&'\‘b S"& «c‘;& e&,‘@'
¢ \sé\ \"& x%c '4,.
&

S Sl sl g Sl bl gl saallls 350 sloog T 55 (6 losl alo s o b alkims &) 3955 0 ;U lesite (eSilis bl (s3] ALl ygasl ¥ S

YYA



OHed 9 1 )5 o

05,5 :Isch-Exe-Sh «i;)s oyeit oSunl 05,5 :Isch-EXe cozdin oSyl 05,5 :Isch-Sh . oSyl 05,5 :Ischemia .Juus o585 :Control) .ailoass
(Glosinnyae (g,le] B NS P[40 mhaws ,5 o simo (5 lel B s o Ddir (s pait coSns]

JoSear ol o8 05,5 9 (P<+/+) gl VVEVEYN/B-V)
(oSl 05,5 b anglin o (p<+/+0 gl (YOXO-/FAA) cumdlis

(F Sy ols olis ]y sgzss BB ials

So,b aAlrasee j0 b g Hloy o g Eal38l aien gl
JrS 05,8 banglae (o 1) (4l VY/DEAQ/D-V) oSl 05,5 5o
O 09,8 30 oley ! (P<e1eY) ol las (asl ADENF/-QY)

Cedd JoSe 05,8 ((p<+/e) sl c/0E))  cladl
*
| *k %k
e
*k k ' ok k
= 150 i
)
=
£
<
5 1004
24
g
=
k=
o 50
E
i
g
=}
= 0'# T T T
Y . (9 D D
&&e e&s” vﬁﬁ' «v fQ
¢ \98 v@ \(’D ng’
9
\%

o 155 s bl sl 5 oSilia by gl saslllas 50 slaog S 45 (syl0ly Al o 13 Sl Alkiimn 43 0By olog cuSile sl (63l il ALl 051 F JSS
oMot yoit oSl 09,5 ISCh-EX€-Sh « i35 (s yoit coSunl 09,5 ISCh-EX€ oMot oS 09,8 IsCh-Sh X! 5,5 Ischemia . J ;5" o4 5 :Control)

Olsesine pé ()l ST NS P<o/o) s 3 s sime (5Ll B

5 O U, bl oSl om oibltcwls
ile (yepe LS paiz 5550 L 4S5 25 0 dhrog g laS |l
Sre — P> S O 8les 3 Pl Joar el g5 B
ST JSeol, (VA el Laipe (G558 S5ml 5 Gl 5 (BBB)
($958 el el (25 Olreay abexlo s it sla i
gobw Lol o8 sk 33 (rugigyn)l 9ds g GienST LES 5 ol
05 0 ST | o sSgng Sle ol Sme 5] sla IS0l (VL
ol (10) 395 zmie (5he 03l 5 (508 5 50) 00ntS sl o]
S9ce NO) Sy a1 5 S5 w55 sl SenS 935 LS |
S JSosly dezjl g STy Gl SYgame oy cely oS
aoetisn doad auly oo a5 098 oo (JonSg)0m 5 Co s oS n
) % o 51, DNA
ol (B39 opped alan s aS sly ol pols dslllas
B e Giosd ey eoSomal | Gy S JaSa B pan b olan
b mlBl s s glannSly a8 s (ol
Lo goadl b guas )5 5 o cloibss y5 ol Sl il
2 ksa Jbd (S S g lawgie by 45 Sl 0l et
ey sl s adyl clidlos o asly eSSyl 5l 6 2 Kany
slag)len 5 Splie pyoin Il g5 cobs (Sgpe (5 WS
V) Sl oa ools lis apbe 5 yoalIT (6 lons aiile el 50553
ol ogdise S Lol see (s3Lesll 5o reizren (3555 Sk T
dooSonle ol 5 W)ls 09,0 08 b LL ol BT e JsSdse
Gyt b a5 siies 6,500 ooy 5 TL6 asle lasSs) s
Sl lon ply yo e po 5 wisdie ST 5 Gl g (Dlas

YYa

P00 s jo o gire (gLl Dl

-y
L oolyon goliiul oB5,9 cpyped aan e Sl el ol o
Codl o sl el oS
P oslme Glagise Jaind sl Al g ol Sl
o ol plas @S S sy e Sisdm oS! Jlioa
5 Shae) Ol Jdgine (RIBI L S5 (g, (oS
(Omizmed ol olpen pU SlonST T e b o pae ials
slaghse Judpe ol A8l s Pl coge i (oS
Gran booler silsn el 050 G plml il walym 5 sls
o ialS Cage (i oSl I i cedd oS
g ab s ol STl e b (bl g samd GgmmilinnSTy
etk o9 ez i oo S |y Al 4 oSl 51 G2 ok
Cel g a0 alS 1) 3568 5 hnST (SeSn] (5300 S (0
S e adgi oliT sla ol aS 548 o Lo STy 5l slac gazes ologl
45 U, (aoged gmmlaneST) Joho slalid aslgi o o1 (slo JISe3),

G s

Sl ol g 0gd e Lasie MDA) asalles olle Liliél b
VooSsed -A Gl LS, (DNA) SealSgisn, (oSoio
A Sy G 5 eds o 0ols lis (B-OHAG) (y358ileS S 50
Sl s oSk il oo ol Jsho STzl & e e ol
LI s 5L (camgig; ;95 B L aS (e saae oot ) Slodd!
A8 oo Jlad 55 Wigd oo alauly (NF-xB) B
S (SZHLSs S (o Wit ) (orae ol Sl e b
lysazme Glosos 5l 56wl 5 33luloe sl @ ], e s
Ol (lisrs o) sl Gyl (YY) a8 oo ol



5 0l e BB dhdlreg g g LS ole cumdd aS wisl
Oyl Slagntisn @er 5l Wlsie O 55 S975e Suglsh e
S paile 51 (o 1) comdled Gl Il elled 285 o Kanssy
G559 45 Sl oad 555 (YY) Wo S Byme ol sbs 6T Lol
bl Jly; 2yt S il 5 S gl Sse 5 silpe
ofles B3 ryed LBT 50 She lapenilSe WS o (55T ol
9 s peedlSo (paiz | Xan daled Wleais Sy jein aladls
ghe s ol Jisseld g (JoSge polan )3 1) i il
F5938 9 (sl pdylasil (o3 (50,5 deu Jolds (JeSgal 3
clonias JEsl samn Jo¥se SdliS U8 cov a4 o
Jolse (nl Glee o it S5 ol Jelse 5 Sudg g0 Jalgs o onas
clalauls 5| S5 BDNF/ 5] SodliSons dy o k5 4y eilisee
oS sk 50 pe s eadiadie (SISl OMae (BN ote
Lsldl o VU st o Slos 5 siln o, (FF) il o5
Oeized g qolSgmd )0 (dlysysi o Slas 5 oz by e Gl
sole S 3L a4y 355 o0l pogdle il lag o alidl> igs o Sles
Sroom P8 B S Al (Gl a8 e sl
Lol jo el lad e 6,50k Ul Sgupn b a5 05 oo yoin ol
o 5 s allsd Gl b 55l b yhans o
el BT wamie Jlduw; GluS 5 il b cuadd anb
9 gl Lyl ) pedgilie Gosb 1) ez BB e
adlosls s aladl> Sg.pe
GAlige (So5edem sl Jlas 5 oy b b i Olllas
oS Jraws o Sl 5T plalos BT ales ) wamMiis b las e
o podle (FF) whools i 1, ouae 508 liblone 5 (oo wacnns
o5 Giung (el (Sodelend Jd LS 5 g ojlac
slo i (E ‘E) Slosgy gmas e o lom o0 Sbojo
il @bl 5l a8 1, comdd (Sojslsn collad o5 (bt
ol )l ey 0 WIS e pwyp Npdoe 4 il
€55 & azgi b aies (108l o b L ye Jie g5 S5 cn Faals
el iboos Llal camdles Sleard oS 5 omb SYgame
oo (S ol 2lgm S, BLS 4 e wiile ol
@ yljl oS se S els e S Cusb, g gl 5 e
2l oy b e 4 aiy il sblie ;5 cumdld is il
anlyd 5 pol> dalllas sloazsl ululy (F0) o5 salss glite o]
ol o pe (l38len BT s (6l (oaspie (Jae Bl oo 05250
Sl g o, all s caSanl 5 3l sl 5 s oS
A laoaSle i Gl Gk 3 Gl e e
5 e Sl gye el Glo (mlBl Geismes o Irisin) (p ol
5 bz S pdySlhanl 3 5,98 Cugl e ge «(BDNF) 5o
Sloppl s lEl b a5, cpped nl pedle
A 1y e slodshe (s cubl Wiy ST
Jdods oMl (0 (g 1 a0 Gl gslanST ol
adg el b wlgs oo (Jdcus ) OlaS 5 500 5 Soglgd ol ils
Sl g o) OGSy Sle (ROS) (5T b sloaiss
SV CSN ) B - RO R VUK. 1 IRUPUOVY B R KUUR. -+ RGOV N
o Gk 5l comdl a5 e e plid waled (piores S

YY-.

VB 5wl (F) 1% JoSo o

AT XY wls (il ol el asile canes oI b e o

30 b OYgame a5 ailesls las Glllas s (sem
ot M gz g Ll 5o Cadl (2al3l g b lo 5l (655t
ol 355k 5 Sl 0l a5 sed b Gl lan e &S i)l
4SSl onls u*’)')f el gl Jls jo ol Gloauzy G)L...a" oSy
FO [URISR P SE I LL GRISUIIP-R W9 )L;T b Ygams 3ol slass
g Slaal b b SV game a5 ol 0ul jaseie Llosls lis le>
ST Gk 516 oS e Jhaws 1) lacdled wante Sedlifiw sl e
2 ohee 5 (blygw (YO) oS Jleel | crae clidlxs dapyutiyn
Bpas a5 Wo S (5)158 eje (Swd pyaiw 4 Miw sl yige Jow
Sene 9 guilinST Lwyiwl ualS (ks o Sles g L Cexdld
Jlé SluS 5 4 w6o,5 slpiig b1 ol ol jorr (6,058 gie 0 ,Shee
EBS s sl Gk Gl «Sigled wpl oigar el
ol ezse JUyohsdgeen— useVigeen e il 5 (eS| ]
(¥F) 2gd oo BT

b OVgame oldlee (BT 5l gloanld jebay e
s 9 (B @l Gl 5l eadgiie Jldien; SleS )
Grdyalasl goldl g aeae Ol gelS gslasT ol
L Llie ool i S gt 0 8ee 5 300 095 Ol 59095 o b
obj Byae Jdody rac slaJsle aSlly) (V) oS o JooSS
Sz oy ol ol Gl § urs  Slans] el (5T
5 pdgcam] g3t cawl ol (0 ohgds o slalid jo gldl,ue
o590 3T sla JIGol, ol 0 Sogams ;o laST ol sla JsSge
ol deyse B 4wt polol (S e sras e 0
Iy conSa) aile ¢ omas pinms SYNWST slo g Lo W9, gl
55 e Sileg i ol Jao Sy ollSen 5 slEgLIS S e
slogasls ogp 5 (omar S8l o] alS cgSlonST il
Gl e ol Adllas glaatdly L mls cpl ob shloresss
Ol g ojls Sleted CamMd Bras jl G SwS] ST o b
—olanST Jobs haws &b 5l Wlg oo JoSe ol a5 wwo e
(YA oS Jlosl 1) 593 iladlore BT o nae 8L 55 Gl T

WS s (G0 o] a5 ol lis b ddlae s
Il elisme Glaggys @ caml wpbige abiil> 5 3l
(sln gy aladls Pl Ojgods 5 cwl piiboans oSl
@974 (M) WS (0 Sen (o OIS 5 (52 Glo oo SRalS
2 O ISl plple (BB wS e Ll g9
S el b oS s (oys Sy b el Sl culSane
ek 4y Wilgs o S el ol ped ST o] 5 gumlidiod ¢ ol
GolS g o a5 ol oads ol poP A 0ed e Sl g aladl>
595 @ B oky CAL &6 50 6230 So)9 Sy walme (oo
4 0gd oo Wl iy jre o laadozy (TI) 1,05 oSl 51 ey
sl Pl ol! glp Jow ool 5l Oldlas 5l g e (Judo e
(FY) Wlos S oslil (6,50 g8 S o 5] Jliva 5

QLM SH9° 6“L’JUG.Q)Q Q‘)K’o"b 9 5o)l,gb’—55.w|)LT o]



OHed 9 1 )5 o

Sy (sles 53 1) (plos Dlyeis Jloizl 236 5 (sj50 (Sloy 09>
odle ooyl Slalllas ;o dgd 0 Slpiig 5,5 Sbj)l pedites Hbas
9 Sglyieas aelordsn 5 )L,
plnl 5 o sled 5 e 9> Gl Sulslnid sle S ol

De a1l lalslas )lﬂ 365380 et U 05

Ly sl byl

‘;‘a).ﬁ 3 s & e
Gb L L gty ol alowl o a8 LS alad 5 O] oKl

RYIPPgE CIRC PR WA RIS

‘;'M::»I SN

Llbs b BB sl 5l e Glegk
ol ol&ails Limgh o S &S ;) IRILAM.REC.1404.010
30 dEisles] Sl L5 4 by e (S Jilaw ples o plxil
ol 0als Coley axdllas (] Job

OB s 55 oo

oSSy @l asllas s")']” 2 &Sl w5 Ty o
aidgicimd dgl ()55 g Wools (5 y5laez (o3

O (G (b g silpeal o S lie s pleed (o5
Wlio panss 6,550 doosls ;s § Jdow csllas glz 5 sole

sl plnl leallie @l2l jo oS lis saly Bl
doosls wlass 5 6)316‘*? 2 ) 55,85 @&HL‘}T

Oy @bt s doosls Jdow o oSl 1 By D
Alie ol a5 anl g atdgcas ol g cole

&lw o)l
of Sl gl xdlie ol lie ol Bty 5 phiSges

IRERY

Gl o>
Ll oS pél.')é 6&L‘> L;L" S8 = (B U"‘ ﬁbu‘ 61)'.’

References

1. Noguchi KS, Moncion K, Wiley E, Morgan A, Huynh E, Balbim
GM, et al. Prescribing strength training for stroke recovery:
a systematic review and meta-analysis of randomised
controlled trials. Br J Sports Med. 2025;59(3):185-97. doi:
10.1136/bjsports-2024-108476 pmid

2. Albasser MM, Amin E, Lin T-CE, lordanova MD, Aggleton JP.
Evidence that the rat hippocampus has contrasting roles in
object recognition memory and object recency memory.

Behav Neurosci. 2012;126(5):659-69. doi:
10.1037/20029754 pmid
3. Einenkel AM, Salameh A. Selective vulnerability of

hippocampal CA1 and CA3 pyramidal cells: what are
possible pathomechanisms and should more attention be
paid to the CA3 region in future studies? J Neurosci Res.
2024;102(1):€25276. doi: 10.1002/jnr.25276 pmid

4. Yokobori S, Mazzeo AT, Hosein K, Gajavelli S, Dietrich WD,
Bullock MR. Preconditioning for traumatic brain injury.
Transl| Stroke Res. 2013;4(1):25-39. doi: 10.1007/s12975-

Y

sadisi el Sy doslenls iluled 1alS 5 (5555 Slo s
=55 BT e Sl 4 onlpl W3S oo Jlee 1) (oae sla sl
Dadge Jlosl JoSo jue 55 yk I cumdid 5 celitul o el
4 nly Aiadlygysi 5 blnegyel slaanl Coghl (Lunsd
L Ssuml e s silanSt (ol (2al8 ipss sninl 5 BDNF
byl Gl g oo o e (nl 2S00 oMl L LS 5
Syt wled 53 3 (gaSm] 5| (U g ol 2l S| ]

S 4z | alidls sl s Sle

S 5 4

JoSo 5 galil (2503 (5255 T (g 2l Aalllas ) Ba
om Al o Shes 5 gilanST oyl laatls o co2dis
S Olojed Ao a5 ols Las gl g (S3he 0398 oS
edib Gl asdllssgdlle mhaw palS b cudled 5 (elinl
S8kes Syt 5 5ilienS] Cundy Ssety wrge s ghgnS| ol b
Srre oSl @ M alimo slagige o Jlbné o5l il dladl
55 ol Joiml s cliblne BT a5 canl o Sl baasdly ol s
s Cogll g gilaenST (il alS Bk ) Wil e alSlas
o Sl cople @ azg b (Joolh 0ps Jlesl gluges] ]
S slegiagh plal il b Ll 4 @l presd sl
WMt cilizes glojge 3 san] Sldllas 4o 05 o dloidy ol
Ored 5 oSl o8y 4 azg L oaldle osline slaganols;
Ok 5 Sldll glaaST oyl b by (J5S05e (sl pane Sl i
08 o)y (ST T slags

o mSoslal alexl obhcusgame L yols dsllae
1S 0 gyt St a0 pRalNesS 5 L] GlacnlS g
Slpbgienn aii Qb)) pol> dallas glatodgazme (n e
Slaatls Sleds 4z 51 g (5ed oSl 5l e 3L
@il d myp Jub st 3l Al 5 Shoe g geSlacanST i
Cunilgt o ccalSgm CAL aml )0 ofg (bgys ol b
5 oliial (el mas cliblne BT 5] Coles o 5 5ssd Swlsd
Sigiile slaghy) 5l addllas ()5 omizmen S pald Coads
08 ol Ol b oo sl pglhe pSoslul i (So5els
PRERW ol «!» Laser Doppler Flowmetry ;| oslazwl b (5550

SolS 380 e lei ced oplply ais eolatnl oSl SS9

012-0226-1 pmid

Lochhead JJ, Ronaldson PT, Davis TP. The role of oxidative stress
in blood-brain barrier disruption during ischemic stroke:
antioxidants  in  clinical  trials.  Biochem Pharmacol.
2024;228:116186. doi: 10.1016/j.bcp.2024.116186 pmid
Obrenovitch TP. Molecular physiology of preconditioning-induced
brain tolerance to ischemia. Physiol Rev. 2008;88(1):211-47. doi:
10.1152/physrev.00039.2006 pmid

Pradillo JM, Hurtado O, Romera C, Cardenas A, Fernandez-Tomé
P, Alonso-Escolano D, et al. TNFR1 mediates increased neuronal
membrane EAAT3 expression after in vivo cerebral ischemic
preconditioning.  Neuroscience.  2006;138(4):1171-8.  doi:
10.1016/j.neuroscience.2005.12.010 pmid

Turner RC, Dodson SC, Rosen CL, Huber JD. The science of
cerebral ischemia and the quest for neuroprotection: navigating
past failure to future success: a review. J Neurosurg.
2013;118(5):1072-85. doi: 10.3171/2012.11.jns12408 pmid
Huang J, Chen L, Yao ZM, Sun XR, Tong XH, Dong SY. The role of



doi:%2010.1136/bjsports-2024-108476
doi:%2010.1136/bjsports-2024-108476
https://pubmed.ncbi.nlm.nih.gov/39406459/
https://doi.org/10.1037/a0029754
https://doi.org/10.1037/a0029754
https://pubmed.ncbi.nlm.nih.gov/23025831/
https://doi.org/10.1002/jnr.25276
https://pubmed.ncbi.nlm.nih.gov/38284845
doi:%2010.1007/s12975-012-0226-1
doi:%2010.1007/s12975-012-0226-1
https://pubmed.ncbi.nlm.nih.gov/24323189/
https://doi.org/10.1016/j.bcp.2024.116186
https://pubmed.ncbi.nlm.nih.gov/38561092/
https://doi.org/10.1152/physrev.00039.2006
https://doi.org/10.1152/physrev.00039.2006
https://pubmed.ncbi.nlm.nih.gov/18195087/
doi:%2010.1016/j.neuroscience.2005.12.010
doi:%2010.1016/j.neuroscience.2005.12.010
https://pubmed.ncbi.nlm.nih.gov/16442237/
https://doi.org/10.3171/2012.11.jns12408
https://pubmed.ncbi.nlm.nih.gov/23331000/

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

mitochondrial dynamics in cerebral ischemia-reperfusion
injury. Biomed Pharmacother. 2023;162:114671. doi:
10.1016/j.biopha.2023.114671 pmid

Anand KS, Dhikav V. Hippocampus in health and disease: an
overview. Ann Indian Acad Neurol. 2012;15(4):239-46. doi:
10.4103/0972-2327.104323 pmid

Johnson AC. Hippocampal vascular supply and its role in
vascular cognitive impairment. Stroke. 2023;54(3):673-85.
doi: 10.1161/strokeaha.122.038263 pmid

Pluta R, Januszewski S, Czuczwar SJ. Post-ischemic
neurodegeneration of the hippocampus resembling
Alzheimer's disease proteinopathy. Int J Mol Sci.

2021;23(1):306. doi: 10.3390/ijms23010306 pmid

Lee TK, Kim H, Song M, Lee JC, Park JH, Ahn JH, et al. Time-
course pattern of neuronal loss and gliosis in gerbil
hippocampi following mild, severe, or lethal transient global
cerebral ischemia. Neural Regen Res. 2019;14(8):1394. doi:
10.4103/1673-5374.253524 pmid

Casals JB, Pieri NC, Feitosa ML, Ercolin AC, Roballo KC,
Barreto RS, et al. The use of animal models for stroke
research: a review. Comp Med. 2011;61(4):305. Link

Zhang P, Zhang Q, Pu H, Wu Y, Bai Y, Vosler PS, et al. Very
early-initiated physical rehabilitation protects against
ischemic brain injury. Front Biosci (Elite Ed). 2012;4(7):2476-
89. doi: 10.2741/e559 pmid

Simioni C, Zauli G, Martelli AM, Vitale M, Sacchetti G,
Gonelli A, et al. Oxidative stress: role of physical exercise
and antioxidant nutraceuticals in adulthood and aging.
Oncotarget. 2018;9(24):17181. doi:
10.18632/oncotarget.24729 pmid

Handschin C, Spiegelman BM. The role of exercise and
PGCla in inflammation and chronic disease. Nature.
2008;454(7203):463-9. doi: 10.1038/nature07206 pmid
Radak z, Marton O, Nagy E, Koltai E, Goto S. The complex
role of physical exercise and reactive oxygen species on the
brain. J Sport Health Sci. 2013;2(2):87-93. Link

Guler R, Ozden E, Asir F, Gulsun B. High-dose shilajit
enhances xenograft-mediated bone regeneration in a rat
tibial defect model: an in vivo experimental study. Life
(Basel). 2025;15(10):1528. doi: 10.3390/life15101528 pmid
Guler R, Ozden E, Asir F, Gulsun B. High-dose shilajit
enhances xenograft-mediated bone regeneration in a rat
tibial defect model: an in vivo experimental study. Life.
2025;15(10):1528.

Carrasco-Gallardo C, Guzman L, Maccioni RB. Shilajit: a
natural phytocomplex with potential procognitive activity.
Int J Alzheimers Dis. 2012;2012:674142.doi:
10.1155/2012/674142 pmid

Fereshtian S, Peeri M, Agha Alinejad H, Delfan M. Effect of 4
weeks of high-intensity interval training with curcumin
supplementation on COL-Il, COL-Il, SMAD3 gene expression
in the myocardium of obese male rats with type 2 diabetes.
JSSU. 2022;30(8):5166-78. Link

Akbari F, Moghadasi M, Farsi SF, Edalatmanesh MA. The
effect of eight weeks of moderate-intensity endurance
training on hippocampal brain-derived neurotrophic factor
and tyrosine kinase B receptor gene expression in the rats
with hippocampal degeneration model. Meta Exe.
2019;9(2):137-47. Link

Shamsaei N, Khaksari M, Erfani S, Rajabi H, Aboutaleb N.
Exercise preconditioning exhibits neuroprotective effects on
hippocampal CA1 neuronal damage after cerebral ischemia.
Neural Regen Res. 2015;10(8):1245-50. doi: 10.4103/1673-
5374.162756 pmid

Khoshnazar SM, Erfani S, Sinaei R. The effect of S-ketamine
administration on improving memory and learning following
cerebral ischemia and reperfusion in male Wistar rats. JSSU.
2025;32(12):8549-61. Link

Ayala A, Mufioz MF, Argilelles S. Lipid peroxidation:
production, metabolism, and signaling mechanisms of

Y¥Y

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

a4,

45.

46.

1Fe0 30l (VNP Joso b

malondialdehyde and 4-hydroxy-2-nonenal. Oxid Med Cell
Longev. 2014;2014:360438. doi: 10.1155/2014/360438 pmid
Gulcin 1. Antioxidants: a comprehensive review. Arch Toxicol.
2025;99(5):1893-97. doi: 10.1007/500204-025-03997-2 pmid
Tugasworo D, Prasetyo A, Kurnianto A, Retnaningsih R, Andhitara
Y, Ardhini R, et al. Malondialdehyde (MDA) and 8-hydroxy-2'-
deoxyguanosine (8-OHdG) in ischemic stroke: a systematic
review. Egypt J Neurol Psychiatr Neurosurg. 2023;59(1):87. Link
Golenia A, Olejnik P. The role of oxidative stress in ischaemic
stroke and the influence of gut microbiota. Antioxidants (Basel).
2025;14(5):542. doi: 10.3390/antiox14050542 pmid

Syafrita Y, Amir D, Susanti R, Fadhilah I. Relationship of brain-
derived neurotrophic factor with stroke depression. Dement
Neuropsychol. 2020;14(1):41-6. doi: 10.1590/1980-
57642020dn14-010007 pmid

Aygul R, Kotan D, Demirbas F, Ulvi H, Deniz O. Plasma oxidants
and antioxidants in acute ischaemic stroke. J Int Med Res.
2006;34:413-8. doi: 10.1177/147323000603400411 pmid

Baltaci SB, Mogulkoc R, Baltaci AK. Resveratrol and exercise.
Biomed Rep. 2016;5:525-30. doi: 10.3892/br.2016.777 pmid
Pedersen BK. Muscles and their myokines. J Exp Biol.
2011;214:337-46. doi: 10.1242/jeb.048074 pmid

Golbidi S, Badran M, Laher I. Antioxidant and anti-inflammatory
effects of exercise in diabetic patients. Exp Diabetes Res.
2012;2012:941868. doi: 10.1155/2012/941868 pmid

Xie Q, Li H, Lu D, Yuan J, Ma R, LiJ, et al. Neuroprotective effect of
natural products on cerebral ischemia: a review. Front Pharmacol.
2021;12:607412. doi: 10.3389/fphar.2021.607412 pmid
Surapaneni DK, Adapa SR, Preeti K, Teja GR, Veeraragavan M,
Krishnamurthy S. Shilajit attenuates behavioral symptoms of
chronic fatigue syndrome by modulating the hypothalamic-
pituitary-adrenal axis and mitochondrial bioenergetics in rats. J
Ethnopharmacol. 2012;143(1):91-9. doi:
10.1016/j.jep.2012.06.002 pmid

Chen L, Wang X, Zheng Q, Wang H. Natural products and exercise
synergy: unraveling molecular mechanisms to enhance brain
function in Alzheimer's disease. Phytother Res. 2025;39(8):3800-
12. doi: 10.1002/ptr.70005 pmid

Karaoglu AC, Atci IB, Demirel N, Turk O, Hurdag C, Baran O, et al.
Investigation of the neuroprotective effect of shilajit extract in
experimental head trauma model created in rats. Turk Neurosurg.
2023;33(6):976-81. doi: 10.5137/1019-5149.jtn.37599-22.2 pmid
Kim DY, Park MK, Yang HW, Woo SY, Jung HH, Son DS, et al.
Effects of microplastic accumulation on neuronal death after

global cerebral ischemia. Cells. 2025;14(4):241. doi:
10.3390/cells14040241 pmid

Sweatt ID. Hippocampal function in cognition.
Psychopharmacology (Berl). 2004;174:99-110. doi:

10.1007/s00213-004-1795-9 pmid

Bird CM, Burgess N. The hippocampus and memory: insights from
spatial processing. Nat Rev Neurosci. 2008;9:182-94. doi:
10.1038/nrn2335 pmid

Lee TK, Hong J, Lee JW, Kim SS, Sim H, Lee JC, et al. Ischemia-
induced cognitive impairment is improved via remyelination and
restoration of synaptic density in the hippocampus after
treatment with COG-Up® in a gerbil model of ischemic stroke. Vet
Sci. 2021;8(12):321. doi: 10.3390/vetsci8120321 pmid

Babaei P, Azari HB. Exercise training improves memory
performance in older adults: a narrative review of evidence and
possible mechanisms. Front Hum Neurosci. 2022;15:771553. doi:
10.3389/fnhum.2021.771553 pmid

Mishra T, Dhaliwal HS, Singh K, Singh N. Shilajit (Mumie): current
status of biochemical, therapeutic and clinical advances. Curr
Nutr Food Sci. 2019;15(2):104-20. Link

Seoyoung K, Changon S, Hyelin P, Jin GK, Jin KK, Hyoun JM.
Shilajit: neuroprotective powers of a legendary folk remedy.
Perspect Integr Med. 2024;3(2):114-22. Link

Carrasco-Gallardo C, Guzman L, Maccioni RB. Shilajit: a natural
phytocomplex with potential procognitive activity. Int J
Alzheimers Dis. 2012;2012:674142.



https://doi.org/10.1016/j.biopha.2023.114671
https://doi.org/10.1016/j.biopha.2023.114671
https://pubmed.ncbi.nlm.nih.gov/37037094/
https://doi.org/10.4103/0972-2327.104323
https://doi.org/10.4103/0972-2327.104323
https://pubmed.ncbi.nlm.nih.gov/23349586/
https://doi.org/10.1161/strokeaha.122.038263
https://pubmed.ncbi.nlm.nih.gov/36848422/
https://doi.org/10.3390/ijms23010306
https://pubmed.ncbi.nlm.nih.gov/35008731/
https://doi.org/10.4103/1673-5374.253524
https://doi.org/10.4103/1673-5374.253524
https://pubmed.ncbi.nlm.nih.gov/30964065/
https://aalas.kglmeridian.com/view/journals/72010023/61/4/article-p305.xml
doi:%2010.2741/e559
https://pubmed.ncbi.nlm.nih.gov/22652654/
https://doi.org/10.18632/oncotarget.24729
https://doi.org/10.18632/oncotarget.24729
https://pubmed.ncbi.nlm.nih.gov/29682215/
doi:%2010.1038/nature07206
https://pubmed.ncbi.nlm.nih.gov/18650917/
https://www.sciencedirect.com/science/article/pii/S209525461300029X
https://doi.org/10.3390/life15101528
https://pubmed.ncbi.nlm.nih.gov/41157202/
doi:%2010.1155/2012/674142
doi:%2010.1155/2012/674142
https://pubmed.ncbi.nlm.nih.gov/22482077/
https://publish.kne-publishing.com/index.php/SSU/article/view/11012
https://jme.guilan.ac.ir/article_4738_en.html
https://doi.org/10.4103/1673-5374.162756
https://doi.org/10.4103/1673-5374.162756
https://pubmed.ncbi.nlm.nih.gov/26487851/
https://publish.kne-publishing.com/index.php/SSU/article/view/17948
https://doi.org/10.1155/2014/360438
https://pubmed.ncbi.nlm.nih.gov/24999379/
https://doi.org/10.1007/s00204-025-03997-2
https://pubmed.ncbi.nlm.nih.gov/40232392/
https://link.springer.com/article/10.1186/s41983-023-00688-6
doi:%2010.3390/antiox14050542
https://pubmed.ncbi.nlm.nih.gov/40427424/
doi:%2010.1590/1980-57642020dn14-010007
doi:%2010.1590/1980-57642020dn14-010007
https://pubmed.ncbi.nlm.nih.gov/32206197/
doi:%2010.1177/147323000603400411
https://pubmed.ncbi.nlm.nih.gov/16989498/
https://doi.org/10.3892/br.2016.777
https://pubmed.ncbi.nlm.nih.gov/27882212/
https://doi.org/10.1242/jeb.048074
https://pubmed.ncbi.nlm.nih.gov/21177953/
https://doi.org/10.1155/2012/941868
https://pubmed.ncbi.nlm.nih.gov/22007193/
doi:%2010.3389/fphar.2021.607412
https://pubmed.ncbi.nlm.nih.gov/33967750/
https://doi.org/10.1016/j.jep.2012.06.002
https://doi.org/10.1016/j.jep.2012.06.002
https://pubmed.ncbi.nlm.nih.gov/22771318/
https://doi.org/10.1002/ptr.70005
https://pubmed.ncbi.nlm.nih.gov/40643246/
https://doi.org/10.5137/1019-5149.jtn.37599-22.2
https://pubmed.ncbi.nlm.nih.gov/37846531/
https://doi.org/10.3390/cells14040241
https://doi.org/10.3390/cells14040241
https://pubmed.ncbi.nlm.nih.gov/39996714/
https://doi.org/10.1007/s00213-004-1795-9
https://doi.org/10.1007/s00213-004-1795-9
https://pubmed.ncbi.nlm.nih.gov/15205881/
doi:%2010.1038/nrn2335
doi:%2010.1038/nrn2335
https://pubmed.ncbi.nlm.nih.gov/18270514%20/
doi:%2010.3390/vetsci8120321
https://pubmed.ncbi.nlm.nih.gov/34941848%20/
https://doi.org/10.3389/fnhum.2021.771553
https://doi.org/10.3389/fnhum.2021.771553
https://pubmed.ncbi.nlm.nih.gov/36051797/
https://www.ingentaconnect.com/content/ben/cnf/2019/00000015/00000002/art00003
https://www.integrmed.org/journal/view.php?number=50

	INTRODUCTION
	References

