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Abstract

Background and purpose: Testicular torsion (TT) is a urological emergency characterized by
twisting of the spermatic cord, which reduces blood flow and leads to testicular ischemia. Low-level laser
therapy (LLLT), an emerging therapeutic approach, may enhance mitochondrial energy production and
activate immune responses. The aim of this study was to investigate the effect of LLLT on the protective
Nrf2/Keapl pathway in the testes of NMRI mice with testicular torsion.

Materials and methods: In this experimental study, male NMRI mice were randomly divided into four
groups (six mice per group): control (Cont), laser (L), torsion (T), and combined torsion and laser (T&L). Both
testes were rotated 720 degrees counterclockwise for 2 hours and then returned to their original positions. Laser
treatment (808 nm, 0.03 J/cm2, 1 min per session) was applied for 21 days, three sessions per week. MDA and
TAC levels, as well as Nrf2 and Keapl gene expression, were measured by real-time PCR.

Results: In the testicular torsion group, a significant increase in MDA levels and a decrease in TAC
were observed (P < 0.001). Low-level laser therapy significantly increased the expression of Nrf2 (P <
0.001) and Keapl (P < 0.01) genes, reduced MDA levels, and elevated TAC levels (P < 0.001).

Conclusion: Low-level laser therapy administered for three weeks following testicular detorsion
may reduce oxidative stress and upregulate genes in the Nrf2/Keapl pathway in mice, and thus could

serve as an adjunctive therapy to mitigate testicular torsion—induced injuries.

Keywords: LLLT, MDA, TAC, Keapl, Nrf2, testicular torsion

J Mazandaran Univ Med Sci 2025; 35 (249): 101-107 (Persian).

Corresponding Author: Mitra Barzroodi pour - School of Medicine, Arak University of Medical Sciences, Arak, Iran (E-
mail: m.barzroodipour@arakmu.ac.ir)

101


https://jmums.mazums.ac.ir/article-1-21908-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-11-23 ]

ohs—3Hls (— S W)y ep—L col5 b a_L as
(le1-10V) 11Cele Jlw g0 PIEQo)laid  @aly g W 0)03

sloybgo ja Nrf2/keapl puun pylgi @S yiloja jjud fil g p
amy ,93)g3 aul NMRI alji

" Sk buago
rsﬂ).'i al o)
LI

pieb @2 0

\ o .
298 839200 | piae

23S

5 Gl SLb oy a8 Cal (5500 3 (eilns) S s O aay (S35 55 g 1930 9 il
A5 g e o € 0l 4 oS Ol b Gl 5 o pd e e D3l (Sl 4 e (Gl i Sl
Bl s 2 1508 55 3 gy p Coka L aalllan ol ST b 1y ima) ey 5 s 531 1) (5 g0 (65
Wby el caday (S35 5 gy UNMRI Gl 5 e a2y > (NIf2/Keapl

Pos, S 2) e, S ¥ an alat 5 yb o NMRI SIS 5 (sla b ge ¢ 8L 5T adllan ol s s gy 9 3lgo
iy 53 A Nt 0 (T&L) 55 5 ady (S35 g 5 (T) 4y (S35 g L) 53 (Cont) J 28
0l S5l 3 55 ad sl Carbgn &) s 5 0k 0 il o el (lad e S NS 4,5 VY Ol 4 Cele ¥ Sl
MDA # sl A Jlasl azin o acdar ¥ 5, YY) e 4 (a2ds ) JIOM? /0¥ 2o gUACA) 550 L Oleys LUl
Ls ¢, o510 real-time PCR i eslizl L Keapl 5 Nrf2 sla0s 0l s TAC

b ods ady S5 i 0s 8 55 Pt/ 1)) )ls sme sba TAC 2l s MDA mlaw 51531 slaaidly
gl 22 5 (P<e/e V) Keapl 5 (P<t/+  VINM2 lad5 Ol (il 3l o s )l s 5sbas 01508 550 b olays
el 0k (P<+/+ V) TAC mhaws 1531 s MDA

5 53MS| l P L Yool ady ol (1 ) ey ia Y Do 4 05 0S50 L Ol sl
S5 g ST 2l 55 oS b, Ol 4 W15 e cla e 3 NIF2/KEBPL e (sla03 0L 2151

Sl S 3e 4l

wiy 83,5 gy NIf2 Keapl TAC (MDA (LLLT :s34lS sl o1y

Email: m.barzroodipour@arakmu.ac.ir Ol STl STyl (S p ke o ils ¢ (K 3, 0181 15,1 293 639,05 33 ydao : gdanso g
Ol STyl STt (Ko ke okl ¢ S5y 0 STl ¢ 25 p ke 03 S Sl sbnl ¢ s 125 p sle meind (51750

Ot STl STl Sy e o015 ¢ g preils Dliioes 4aS ¢ goms 25 p sk b)) gl IS

Ol STl STyl (S o e okl ¢ (SCo 5y 08Tl e 25 p ke 03,8 ealid ¢ s 125 g sle meind 51 575 ¥

MDAy VO Sl g gl AR AT LIS Py TN

11€01E ya0 PIET a)Laid «@0iy g ¢ 0)93 ohsjls Ak eolc oSl alss \oP


https://jmums.mazums.ac.ir/article-1-21908-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-11-23 ]

ulllﬁn:h g Oly anan

e o8 il O 4z 5 (gl faly 52
¥ <« IR ARAKMU.AEC.1403.017) &Sl | LSi_“'f'
3 (M) iy (Ss)55 e L) 53 (CON J 25705 5
e (e 09 8 2) (T&L) 53 5wy S350 g
VY s 53 s il (oS sl ey A
Y 5l ey 5 0l o el glaas i Cog NS
AA) 550 U sl s plasil ol s el
Al 33 1 (6o Aol (azds V Jfem? + /oY ¢ e gl
53 dds aWLLLT .udw\,jg,jw;@e,,?
L 0Pl aalsl 55, YY) oo a0 cdids ) and> a cain
by Ll )l ity (IS OLT 5 Gros (54
S 3l (6l oy iy 5 05 0y srp ST
=T ) TAC 5 (43T o5 0 JLe) MDA
G 3,8 Sl domy3 Ve glos 3 (S SIS
$La03 0L CDNA Cstla s RNA £l pa 1 ey ok
5'CACATCCAGACAGACACCAGS3' .l ;) Nrf2
Keapl (B TATCCAGGGCAAGCGACTC 35
35'GTGGGCGAGAAGTGTGTCCS sl )
GAPDH , (B'AAGAACTCCTCCTGCTTGG3'
35'AGCAAGGACACTGAGCAAGAGS' ! )
L (5GCAGCGAACTTTATTGATGGT3
Real-time polymerase chain ) Realtime-PCR
90 L B0 (gl Ol Oljes i 5 o (eECHION
VLS 4cnl=s AACT
MDA (5, 6510 b ey 3L 51T o
L Sy g STy Sy 4 (i 3LS)
L (C—w L) TAC 5 (TBA) (nmol/mg  protein)
OA=YV)LS vy » (umol/mg protein) FRAP %y,
5 ¢lesil Graph Pad Prism10 1550 a5 b g ,bT 6T
0350 Jloj . Lds 5,18 MeantSD &) yus 4 Laosls
blaes 8 0 Sibe amlie 5 b S 55 s 05057 L
s 43 i § Oy 0One-way ANOVA
Al oslnl g dwslis 6l S5 Osa5T (Sols sne
Ao as L 3P< /00 (g 05 g o

do i
oS, (Testicular Torsion) sy S5, 55 7y
by i b S el (S5 sl olias) Cands
93 5 ol ol ot ey S8l (oSl 5 Gl i ol
W Ddas o 35 Free 53) s L JLa¥O 5500 5
e Ll s F e 5L L 0 0L oy (L
T (oLl (ROS) 0581 s glaas S 5
5 (I/R:1schemia-Reperfusion) o3 s—s ,w - oS!
N2 AT o el sy 53 0= 0)3 55 o0 S5 T
3 (Nuclear factor erythroid 2-related factor2)
Kelch-like ECH-associated protein ) Keapl -5 -

Ll glnST| 5T ‘5L‘V”JT lwdlad b s s (1
VS 93 98T 0528 s (HO-1) ) L35S 50
et S5l Jb 3 5 o J sk blows ol (NQOL)
>, Skes Lk g adey ol 85 age EENIT2
Slestiwl i sle S8 (sl adle s (v @) ls OT
Slerd o3 Oszpr (S5 sl s da0lnST ST
Jsb L (LLLT: low-level laser therapy) S 0l 55 L
Sl T3S oo gl LS
GRS (s 955 (SIS s (guudid 0,203 5 o leonst 58
6la, 86 bw g JlnST| 5T sla 2ST5 L as e
LLLLT a—10uS o SLeTAP-1 5 NF-«B (Nrf2
35t 3 35S | o el 2SS
s IR WTJAK)J.&&A&J&})t&éb‘ﬁ‘;
Golbwdle o 58 0 L bl asdllas (Ve — VD)l 0l
Sleys sy ¢SS LLLT L g Nrf2/Keapl ;e
S 2055 g e A Gl o ol s JoSa
w\gﬁngﬁgwxﬁgw,gsmp@@
bl T ediasilias Ll 5 e 3 S5y ol oSl 0l
IR 3 56 551dnST gaanT , LLLT ¢S54 50

ST

b o9, 9 dlge
NMRI AL 5 b e Y o a8 le5T aalllan 1 3

ooy L sl Lyl b Cooni (o, YO-Y 03)

o 11€01E yg0 PIET )laid «@ad3 § (W 8)93

ohjle (Al ok oGRSl dlas


https://jmums.mazums.ac.ir/article-1-21908-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-11-23 ]

Nrf2/keapl yums 1 0163 @3 ¢3loys iy 131 wyp

IS a0 o TAC o 5 (ALY 65ld o
) Cdils galS (P</00) 53 s (P<v/evY)
i 5 adn S5 gy 03,5 53 (B Y ojles
a3 PN Hd lass 4y o MDA
23m5) Sl e palS (P ) il (Ss)
A S |y (615 ma sl 580 TAC 5 (A Y o leds
sy ol by Sa)ps ey 5o slres 8

(B CY o‘)w‘ﬂ}.dﬁcp<'/"\)

—_— B_
=
s iy
S 6-
o
o
£ 4
o e
E S&E
— 2 w5
3
=
n—
Cont L T T&L
A
2.5+
= 8&&
@ . #H#
5 2.0
S
Q
o 1.5+
E
3 kK
1.0
H .
G o054 —_—
=
0.0~
Cont L T T&L
B

3y slmey & 3 TAC B sMDA b A ol yg—oi
o D iy (Ss,55 g olL) 550 (CoNt U 28705 5 ¢ 2aleT
H S 05,8 L sl mimn i ((T&L) 55d 5 4y So5 5
oy 53555 03,5 Lo s & il os S sl gme

Sl s Ol 5 Sobe E Kok 5kl (gla Sy guo 41y 3lie

iy S5 gy S b 0L ol aslls
Sl N2 05 Ol Hls e 8 falS Esls
(358 o iy 3L ;3 MDA il s TAC < b
Ol Ll Sl (gls gme Hsba LLLT &7 Jb= s
455 MDA 25 s TAC 5 Nrf2

g 3 laaidly
Keapl sNrf2 clag; ol

Al o s aay Sy m0s, S 5o
@jd;—fdu:)fg@Ner O3 Jls sme
odalive (P<+/00) 53 5 P<+/o0V) i S35,
g oaF 53 Keapl 03 0l (A Q) ojles  guad) A
5058 Loy S b anlie p3 5 5 adn S,
o1 DL (b inn el bl e (52555 ey
(B ) oyl guzs P<t/0Y)

388
#
e 4 ik
o
Fi
e 37
o
b3
@
£
=
@
2 1
o
&
0=
Cont L T T&L
______________________________ A
2.5+
2&
2.0+

Relative Keap1 expression

Cont L T T&L

B
s Keapl B gNrf2 lad Oles Ol s A 1 o)lols g

@ﬁ‘(L),}_:J‘(Cont)J,Jajf‘ﬁujT;,ﬂduajf
:sk(T&L>,}_:!;¢_aﬂj>,,_>-@ﬁ‘(Tn_‘:ﬁ&f;,,_;
& 53 05,5 L syl minn H o xS 05,8 Ly (gyl5 mine
s Oy yony polin i (S3555 ma 09 8 L 6ols e

el ot Oy Sl Kle 51kl

TACJMDAcné—vL,-«ux
QMMDACEN%;JJ‘},.@B};)é
P</eny) il L;)\.su—':-au—b‘-:)ﬂﬁdﬁf

11€01E Ja0 PIET o)laid «@ad3 § (W 8)93

ohjls (S eolc olEibsly alas lolE


https://jmums.mazums.ac.ir/article-1-21908-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-11-23 ]

ulllﬁn:h g Oly anan

e § 3l I 5l 3L S| ST 2 b
Gl 2als 4 aS s o il 530 | Nrf2/Keapl
i 5 Shes 350 5 551dinST| o 2l 3 ROS 51 5G
L owg ol > LLLLT (e s » eSS
el HROS 5 550 1, ATP a5 cla(g, A4S s
3 e SLROS (s 55 L) S B s o
Lo oSO o 1y (2185 03,8 Jas |y ol T
25 (1= LS 0 0SS 3L 5 e 4 Sl zalS”
O gl 288 U Ylazs | LLLT ¢ bl andlla
SialS oDl LLLT .000)aS oo (6,8 sl b shos
ol Ll 5 g 90T olge 5 058 315T (sladSSsl, U 5

O aa Y Ode 4 4 Jlj M) 4l o5 e Sl s

Lgl_.:..p g_,.:_wT)‘) ol J:\.Aljl) MDA d&w LS"\—““J

Sl PI L b sl ady Sa)8 g o
Nrf2/Keapl s a0 0l 5 s T o b
LS ol (6 S gn i glhnST slacanT als s
Slallas OT el 5 (w51 Al gl edl= plL

Sl 5L 3550 (S 5 e

Al e Sli b bl Sl anllan
5‘)‘&%(}30@‘)&)}@)@%&}@
s ol 3l e S S Il ol plos!

P I LPRE s Sl

References

1. Guazzone VA, Lustig L. Varicocele and
testicular cord torsion: immune testicular
microenvironment imbalance. Front Cell Dev
Biol 2023; 11: 1282579. PMID: 38099296.

2. Baskovi¢ M, Jurisi¢ D, Stifter S, Vukovié
P, Suran J, Tvrdei¢ A, et al. Astaxanthin
Relieves Testicular Ischemia-Reperfusion

Injury Immunohistochemical and

5 Sy alS 4 e iy S5 g
Ol 850 ()3 55 e Ay 5L 53 S| sl
ol A el el G b Sl s Ol
(B T 4 555 05081 505T SIS0,
S O S gDNA 5 La 5y o 5o
LT E oL ROS (o a (YF 1)l ol o
Pt 5 Sl slie 5o o O swlinST,
L Nrf2/Keapl _obas ows 358 oo Jsho 5 Shes
L ablie 53 glo i cdiblows OF Yoo 51 i J 28
(8 00)3 515 J b G L 5 L2 LSTT o

05 0L s 53555 g 3l g ¢ ool aalllan
Olalllas 4S” Jls 550555 s gme oS 3L LaSNIM2
SN2 Oy 2ol STIR s sadds )5 iy
il (Ao S 5,15 1;HO-L sNQOL (slags 5T
SLasSs o it (53,55 3l 36 5510S|
Ol ONAas o LSy il Sl ST ST
5 s ladslw lis ol Cm e 515T Lad sl
oe-lé Ol sieas MDA Wil & geldnSTT O gz
230003 55 g (oo O gl 5 ST
e 5 SRl BIMDA gl sy So) 55 05 S
3 i Vo) oS il 2alST (ol e 5ol TAC
el 5o b 5 ST ST sl 5T 0 I
Dl Jlb o yledd gov (L0 5 5

05 0l Sl B LLLLT 457 sls 0l bl anllas
P uf,),_;@_;w_?yTAc o 5 N2

Biochemical Analyses. J Clin Med 2022;
11(5): 1284.

3. Chen S, Li Y, Zhang Y, Wang J, Liu H.
Protective effect of ligustrazine on
oxidative stress and apoptosis following
testicular torsion in rats. Sci Rep 2023;
13(1): 20395. PMID: 37990048.

100 11€01E yg0 PIET )laid «@ad3 § (W 8)93

ohjle (Al ok oGRSl dlas


https://jmums.mazums.ac.ir/article-1-21908-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-11-23 ]

Nrf2/keapl yums 1 0163 @3 ¢3loys iy 131 wyp

10.

11.

12.

Xu LZ, Chen Y, Wang Y, Li J, Zhang Y.
Oleuropein attenuates testicular ischemia-
reperfusion by inhibiting apoptosis and
inflammation. Tissue Cell 2022; 78: 101876.
Eltzschig HK, Eckle T. Ischemia and
reperfusion—from
translation. Nat Med 2011; 17(11): 1391-
1401. PMID: 22064429.

Ma Q. Role of nrf2 in oxidative stress and

mechanism to

toxicity. Annu Rev Pharmacol Toxicol
2013; 53: 401-426. PMID: 23294312.

Sies H, Berndt C, Jones DP. Oxidative
stress. Annu Rev Biochem 2017; 86: 715-
748. PMID: 28441057.

Li ZM. Role of antioxidants in preventing
testicular ischemia-reperfusion injury: a
narrative review. Eur Rev Med Pharmacol
Sci 2022; 26(24). PMID: 36591825.

Tsai SR, Hamblin MR. Biological effects
and medical applications of infrared
radiation. J Photochem Photobiol B 2017;
170: 197-207. PMID: 28441605.
Abdel-Magied N, Elkady AA, Abdel Fattah
SM. Effect of low-level laser on some metals
related to redox state and histological
alterations in the liver and kidney of
irradiated rats. Biol Trace Elem Res 2020;
194(2): 410-422. PMID: 31313245.

Costa Carvalho JL, de Lima FM, de Melo M,
do Nascimento Santos L, de Brito Galvéo JF,
Albertini R, et al. The chemokines secretion
and the oxidative stress are targets of
low- level laser therapy in allergic lung
inflammation. J Biophotonics 2016; 9(11-
12): 1208-1221. PMID: 27649282.

Espey BT, Tardif S, Halvaei I, Aitken RJ,
Drevet JR, Kothari S, et al. Effects of
pulsed- wave photobiomodulation therapy
on human spermatozoa. Lasers Surg Med
2022; 54(4): 540-553. PMID: 33792933.

13.

14.

15.

16.

17.

18.

19.

Gerace E, Landucci E, Scartabelli T, Moroni
F, Pellegrini-Giampietro DE, Mannaioni G,
et al. NIR laser photobiomodulation induces
neuroprotection in an in vitro model of
cerebral hypoxia/ischemia. Mol Neurobiol
2021; 58(10): 5383-5395. PMID: 34319540.
Abdelkader AM, El-Sherbiny M, EI-Magd
MA, El-Sherbiny EM, EI-Said KS.
Comparative Efficacy of Ultrasound and
Laser Therapy in Modulating
Inflammatory Markers in a Rat Model of
Testicular Inflammation. J Lasers Med Sci
2025; 16: e4. PMID: 40330511.

Fard NM, Shokoohi M, Rastgar Rezaei Y,
Niazi V, Niazi V, Moghimian M.
nucleotide-

Nanocurcumin  decreases

binding  oligomerization = domain-like
receptor family pyrin domain-containing 3
complex expressions in an experimental
testicular torsion model. Int J Fertil Steril
2024; 18(4): 411-420. PMID: 39564834.
Rezaei F, Ghasemian F, Shokoohi M,
Abtahi-Eivary SH, Rakhshan K, Haghani
K, et al. Photobiomodulation therapy
improves spermatogenesis in busulfan-
induced infertile mouse. Reprod Sci 2021;
28(12): 3456-3465.

Hemati U, Shokoohi M, Khaki A, Khaki
AA, Shoorei H. The effect of curcumin on
NRF2/Keapl signalling pathway in the
epididymis of mouse experimental
cryptorchidism. Andrologia 2022; 54(10):
e14532.

Esterbauer H, Zollner H. Methods for
determination of aldehydic lipid peroxidation
products. Free Radic Biol Med 1989; 7(2):
197-203. PMID: 2680787.

Esterbauer H, Cheeseman KH.
Determination ~ of  aldehydic  lipid

peroxidation products: malonaldehyde and

11€01E Ja0 PIET )ladd «@ad3 § (W 8)93

ohjls ¢Sy eolc oGRS alss 8%


https://jmums.mazums.ac.ir/article-1-21908-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-11-23 ]

l)\Sam g Gl anan

20.

21.

22.

23.

24.

25.

4-hydroxynonenal.  Methods  Enzymol
1990; 186: 407-421. PMID: 2233308.
Sohrabipour S, Sharifi MR, Sharifi M,
Talebi A, Kharazinejad E. The role of
flaxseed and vitamin E on oxidative stress
in prepubertal rats with experimental
varicocele: An experimental study. Iran J
Reprod Med 2013; 11(6): 459-466. PMID:
24639779.

Erel O. A new automated colorimetric
method for measuring total oxidant status.
Clin Biochem 2005; 38(12): 1103-1111.
PMID: 16214125.

Abdelzaher WY, Ahmed AF, El-Tahawy
NFG, Ali FEM, El-Sayed NM. Idebenone
regulates sitl/Nrf2/TNF-o. pathway with
inhibition of oxidative stress, inflammation,
and apoptosis in testicular torsion/detorsion
in juvenile rats. Hum Exp Toxicol 2022; 41:
09603271221102515. PMID: 35593271.
Salmasi AH, Beheshtian A, Payabvash S,
Demehri S, Ebrahimkhani MR, Karimzadeh
A, et al. Effect of morphine on ischemia-
reperfusion injury: experimental study in
testicular torsion rat model. Urology 2005;
66(6): 1338-1342. PMID: 16360480.

Gokee A, Oktar S, Koc A, Yonden Z,
Ozkan OV, Duran N. Protective effect of
thymoquinone in experimental testicular
torsion. Urol Int2010; 85(4): 461-465.
PMID: 20628240.

Nadi Z, Shabani R, Hosseini SA. Effect of
Resistance and Endurance Trainings on
Nrf2/Keapl
Testicular Tissue of Type 2 Diabetic Rats.

Signaling  Pathway in

26.

217.

28.

29.

30.

31.

32.

J Mazandaran Univ Med Sci 2022;
32(214): 24-34.

Done AJ, Traustadottir T. Nrf2 mediates
redox adaptations to exercise. Redox Biol
2016; 10: 191-199. PMID: 27770706.
Onishi A, Kato T, Yamaguchi K, Kondo
Y, Takeuchi M, Kishikawa N, et al.
Dimethyl Fumarate Protects Rats against
Testicular Ischemia—Reperfusion Injury.
Andrologia 2023; 2023: 7086044.

Len JS, Koh WSD, Tan SX. The roles of
reactive oxygen species and antioxidants
in cryopreservation. Biosci Rep 2019;
39(8): BSR20191601. PMID: 31371631.
Hamblin MR. Mechanisms and applications
of the anti-inflammatory effects of
photobiomodulation. AIMS Biophys 2017;
4(3): 337-361. PMID: 28748217.

Parvin A, Shokoohi M, Aboutaleb N,
Niazi V, Soltani M. The effects of
photobiomodulation on the improvement
of sperm parameters: A review study.
Photochem Photobiol 2024; [volume
(issue)]: [page numbers].

Chung H, Dai T, Sharma SK, Huang YY,
Carroll JD, Hamblin MR. The nuts and
bolts of low-level laser (light) therapy.
Ann Biomed Eng 2012; 40(2): 516-533.
PMID: 22045511.

Hasani A, Shokoohi M, Niazi V, Arabpoor
Z, Rasti M, Abshenas J, et al
Photobiomodulation restores
spermatogenesis in the transient scrotal
hyperthermia-induced mice. Life Sci 2020;
254;117767.

loV 11€01E yg0 PIET )laid «@ad3 § (W 8)93

ohjle (Al ok oGRSl dlas


https://jmums.mazums.ac.ir/article-1-21908-en.html
http://www.tcpdf.org

