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ABSTRACT

Background: Varicocele is one of the common causes of male infertility,
associated with increased oxidative stress and damage to sperm DNA. This
study aims to investigate the effects of L-cysteine, taurine, and vitamin B6
(LTB) on spermatogenesis, sperm function, and enzymes involved in the trans-
sulfuration pathway in the testes of varicocele-induced rats.

Methods: Male Wistar rats (180-220 g) were randomly divided into five
experimental groups: the control group (no intervention), the sham group
(simple laparotomy), the varicocele group (V), the LTB-treated control group,
and the LTB-treated varicocele group. Evaluations included sperm parameter
assessments, testicular histology analysis, measurement of testosterone levels,
vitamin B6 levels, various amino acids, and the expression of enzymes in the
trans-sulfuration pathway at the protein level using the Western blot method.
Results: The study revealed a significant reduction in sperm quality parameters
and sperm function (p<0.05) in the varicocele group compared to the control
and sham groups. Additionally, enzymes involved in the trans-sulfuration
pathway were reduced in the varicocele group compared to the sham group,
although the difference was not statistically significant. Plasma B6 levels in the
varicocele group showed a significant decrease compared to the control group
(»<0.05). Supplementation with LTB improved the negative effects of
varicocele on spermatogenesis and sperm function.

Conclusion: Antioxidants may play a role in improving varicocele. Using
amino acids and vitamins involved in the one-carbon cycle and the trans-
sulfuration pathway can enhance the testicular antioxidant system and
counteract the negative effects of varicocele. These findings highlight the need
for further studies and the potential for higher doses or longer durations of
antioxidant supplementation to achieve better therapeutic effects.
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Extended Abstract

Background: Varicocele is one of the most
common causes of male infertility, leading to
decreased sperm quality and production. The
condition is characterized by increased
dilatation in the testicular veins, which causes
temperature and biochemical changes,
resulting in elevated oxidative stress and
DNA damage to sperm. Oxidative stress
occurs when there is an imbalance between
reactive oxygen species (ROS) and the body’s
natural antioxidant defenses, causing cellular
damage to sperm membranes, proteins, lipids,
and DNA. This oxidative damage reduces
sperm motility, concentration, and
morphology, and increases DNA
fragmentation. The use of antioxidants such
as L-cysteine, taurine, and vitamin B6 has
been suggested as a potential therapeutic
strategy due to their ability to neutralize
oxidative stress and improve sperm quality by
enhancing enzymes involved in production of
antioxidant pathways, including enzymes like
cystathionine  B-synthase = (CBS), and
cystathionine y-lyase (CSE), as well as heme
oxygenase-1 (HO-1) which is an inducible
enzyme that breaks down heme, producing
biliverdin, ferrous iron, and carbon
monoxide. It plays a crucial role as an
antioxidant, reducing oxidative stress in cells,
and has anti-inflammatory effects. These
antioxidants can maintain a balance in the
oxidative environment, preventing further
damage to sperm cells, and potentially
improving male fertility outcomes. The aim
of this study is to evaluate the effects of
antioxidant supplementation LTB (vitamin
B6, taurine, and L-cysteine) on sperm quality
and testicular function in a rat model of
varicocele, focusing on sperm parameters,
and sperm functional tests.

Methods: This experimental study was
conducted on 50 male Wistar rats (8 weeks
old, weighing 180-200 grams). The rats were
housed under standard laboratory conditions
and provided with food and tap water ad
libitum. The animals were randomly divided
into five groups: control (C), sham (SH),
varicocele (V), control with LTB (C+LTB),

and varicocele with LTB (V+LTB). The
groups were administered a daily oral dose of
a combination of vitamin B6 (7 mg/kg),
taurine (100 mg/kg), and L-cysteine (100
mg/kg) for two months. After the two-month
treatment period, sperm parameters including
count, motility, and morphology were
evaluated. DNA damage was assessed using
acridine orange (AQ), aniline blue (AB), and
chromatin A3 (CMA3) staining. Lipid
peroxidation was measured using BODIPY
Cl11, a fluorescent dye. Histological analysis
of testicular tissue was performed using
hematoxylin and eosin (H&E) staining.
Western blot analysis was used to assess the
protein levels of CBS, CSE, and HO-1. Data
were analyzed using SPSS software, and
statistical significance was determined using
Shapiro-Wilk, ANOVA, and Kruskal-Wallis
tests (p<0.05).

Results: The study showed no significant
difference in body weight between the
different groups. However, the left testicle
and left epididymal weights were
significantly lower in the varicocele group
compared to the control group (p<0.05). The
varicocele group treated with LTB exhibited
significant ~ improvements in  sperm
concentration, motility, and morphology
when compared to the untreated varicocele
group (p<0.05). The Percentage of sperm
abnormal morphology was significantly
higher in the varicocele group compared to
the control group. Functional analysis
revealed increased residual histone levels,
protamine deficiency, DNA damage, and
lipid peroxidation in the varicocele group
compared to the control group. Antioxidant
treatment with LTB significantly improved
these parameters (p<0.05). Additionally,
serum metabolite analysis showed reduced
testosterone and vitamin B6 in the varicocele
group, while LTB treatment resulted in
significant increases in the both parameters
(»<0.05). Analysis of protein expression for
CBS, CSE, and HO-1 did not show
significant differences between the groups.
Discussion: The results of this study indicate
that varicocele significantly affects sperm
quality, as evidenced by reduced sperm
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concentration, motility, and morphology,
along with increased residual histones, DNA
damage, lipid peroxidation, and protamine
deficiency in sperm. These findings are
consistent with previous studies, which have
identified oxidative stress as a major factor in
sperm damage and infertility associated with
varicocele. The mechanism behind these
effects involves increased ROS, which
destabilizes sperm membranes, impairs
mitochondrial function, and causes DNA
fragmentation. This oxidative stress is further
exacerbated by lipid peroxidation, which
compromises the integrity of sperm
membranes and disrupts cellular processes
essential for sperm function. The treatment
with antioxidants, including vitamin B6,
taurine, and L-cysteine, improved sperm
quality by neutralizing ROS and reducing
lipid peroxidation, as well as enhancing
sperm motility and morphology. These results
align with prior studies that have
demonstrated the potential of antioxidants in
mitigating oxidative stress and improving
male fertility in wvaricocele conditions.
Despite the significant improvements in
sperm parameters, the supplementation did
not result in substantial improvements in
histone excess, DNA damage, or the Johnson
score, suggesting that while antioxidants like
LTB are effective in mitigating some forms

of oxidative damage, they may not fully
reverse all the biochemical alterations caused
by varicocele. Moreover, LTB
supplementation did not significantly affect
homocysteine, glutamate, serine, or the
expression of CBS, CSE, and HO-1 proteins,
indicating that LTB may improve sperm
quality via mechanisms independent of the
trans-sulfuration pathway. This suggests that
antioxidant supplementation could potentially
offer a therapeutic strategy for reducing
oxidative stress in varicocele, but the full
spectrum of metabolic changes associated
with the condition may require more targeted
interventions.

Conclusion: This study assessed the effects
of varicocele and antioxidant treatment on
sperm  quality. Results indicated that
varicocele without antioxidant therapy led to
decreased sperm concentration, motility, and
morphology, along with increased DNA
damage. Antioxidant supplementation with
vitamin B6, taurine, and L-cysteine
significantly improved sperm parameters and
oxidative stress but did not restore key
proteins involved in oxidative stress
pathways. This may be due to the small
sample size in Western blot testing,
highlighting the need for further research
with a larger cohort.


http://dx.doi.org/10.61186/jarums.24.3.308
https://ejournals.arums.ac.ir/jarums/article-1-2452-en.html

[ Downloaded from gjournals.arums.ac.ir on 2025-12-16 ]

[ DOI: 10.61186/jarums.24.3.308 |

Jayl 18y pgle alRiila alya

Juwol allis
QLS o 93 S 3 ST 5 o pgunl 3)Shos (53S9l syl o)1
S R3e )3 B6 (110liag 9 (120956 oppiiampmn —JI H836 a5 Ygamwl ygdlgus
JwgSyly Ll s (ol y=xu0

| S . F. Y . ! . 3 |28 B A
"IWIMWAMI*"'J,,JW)OI*WW/): ‘,wl.c.w,a.b.c/

ol ol (oMl ST olfiwls Wl sMs saly ( uwlivh v ) 09,5 .\
ol Wbl ;;5)93'h 629Ud ) 09 )5 «(Jio Ju.l}.\ b jy lisiss 35 e (ALl (50 5lS ) 035D S e wwbs) olliia g 3y Y
Y120 \OFAY ;s Y120 - VOFAY :yals Jsime O Sdwy 95 *

r_monajemi(@yahoo.com im.tavalaee@royan-rc.ac.ir : s il

[VITY

el DNA s o wT 5 suslaunsT o il il 3316 a5 sl a3l po (5)9L6 @l He Sl 5% JuogS)ly 1930 9 diso
ol 3 pSloc 355 93Lo ppusl p2 (LTB) BO (yuolizg 5 (320955 copiimmpuo— ol 5 p3G Gw) p2 asdlioe cyal 33 ol bous po
w5y o e b ge axd ) © sl 98l g il )5 paame 05 Juds slae ST 5

09 )5 348 )5 )13 iinle)T 09,5 iy 03 93bas gm0 & (2 )5 VA=YV ) Dby ay5m 35 o Sl b e DI gy
oytiimupn—Jl) LTB L oot ploss JpiS 03,8 (V) JuwsSo)ls 09,5 (03l (50 950LY Joc) mub 09,5 (alalse g39) Jus
S 9)sians aslliao (ol S yiel)ly w) p Jobids L L)l LTB b oaut sless JussSoils 09,5 5 (BO paoling 5 (520556
T 03 sl 98 gan sl )3 pyiwie LsLm[o._g)'.sT 9 wilizko aizoTslaswwl BO (yuoliyg (w9 piws s mlowws (5 S 0 15l sy
Dor My gy by Il eslaiwl b ¢yiss 2

s Jaw oSl 05,5 )3 (P<0.05) o ol 3 pShoc 5 (50 ol S piol)ly S )3 IS ise GBS asllowe ¢yl Folis AL
b 095 &y s JuwgS)ls 09,5 )3 sl sdlgus i3 paue )3 Jin S Glaea 1T (2 o9Me 313 Ylis mib 5 J S &
Sl ylis ols ghse Gals J S 09,5 4 wuuws JwsSls 09,5 ) Lol B6 o 3515 Jlolise Lel Sl pliss yuals
iy Sgmp 1) e el 3 Sloc 9 53] 93ke ppunl s Juw sSls £l ke ol )3l sl LTB . JoSo I oslaiwl (p<0.05)

T 5 el 3 ) Sloc 5o puwl SLa o)l wsaS GRAW &y pie Jus)ly Slall a5 sls plis aslliae oyl 106 345 Azais
280 oaia sl Lol i 55 Jlslisne @ gail) 9l gao ywl o5 pusne (51002 35T GRALT 3in )8 -3 b 50 Lowwdly )3 BO ¢yuolios
Jw oSl aie il wailys (BO (yaoling 5 (520956 oyimaw-JI) LTB JoSo jo9z ol S salio sume ¢yl po Juw o)l
\SLQ\T\._A__M.\T 0alS ) LS )5 ol o,.aJL_» B HEHN - RGN R WHE Sgug [CA PN (] ) [O).é.u.\l S e o ).ij).'il.n)._.a_aul »
sl OIS jo (50 9)L Sou 9 JwsSo)ls JI SHL

il (8 93linimnsan 1 gl ) gus il )5 piine s i )T S ABn sl 5L el JawsS)ls 15 3ulS slaejly
I -Lel8 (515 53l

J

(PR ZARVAL R FYRY) VE-Y/Q/1Y 1emdb)

sl 5L B Creative Commons Attribution-Non Commercial 4.0 International License oyl b s allio ¢yl


http://dx.doi.org/10.61186/jarums.24.3.308
https://ejournals.arums.ac.ir/jarums/article-1-2452-en.html

[ Downloaded from gjournals.arums.ac.ir on 2025-12-16 ]

[ DOI: 10.61186/jarums.24.3.308 |

Jeal Kb 5 Ia,.lc olfisly al=o YV

Lodusw & o] Shol Je Jl 55 9613w il
Jl=d slaases .[Y’].);)o_o o & Lﬁf)Hl 9
L9 = (Sl slalibs 4y S islss 5o o juus]
syl 4, =ie 5 03wy —uw] DNA 5 lasgl
Do )l.wr:)._:.w' sladslw )3 63 )Sece 5 olabw
Lae sl oy sasluSl o il Shie iyl alaa I
Sl pwl w0 s Gl 38l S =5 Ghals 4 plss 5o
a5 3,5 o)Ll p sl DNA &5 T 5 Lo e
O SIAT e LS 090 ) padiie Vb dy
OLS el Sl 5o prizad suslawwST (Sla s T
3o Laaaw )s Silauws| uT 6Lmro._g)‘.sT 3 3 Slec
P o guibimn )ik lae 5T e ol 03 [4]
=2 5(CSE) 5L Yy gt (CBS)" jliivws
s )3 —sien G2 (HO-1) £V 5 5uus
ST 8 )y LQrog)'.'tT ol 331 o Slawws BT
2l 5 098Ul puls SlawnS I GBT bS53 g3
Az ) [V -] ao)ls sl Lidbslre wluS )3
S5 o Jeaw 95)ls ST Hials slaely Jl S5
3T 55T w35t 5 ey 3T ol e
5 Jicw B o saslious Lo 3T [VV] wwl
5 Ol ol lie pruie )3 SUWY (0 a5l

S o Ll (Feuce Gl 0 98B sIS Sugs
DML V> @il _wo vg—ba L ae ;ST ol
O 03 SilawuST 6T Jolss e 5 gl Ty il
Joas J ke Jliw B oy sl .a5)ls e
Sl Sl i Jl (S &5l i &y (a8 ga5bm
D523 S5 IS g 5e msmze YorilslS Shol
Jea5 03 —oue G L Y 5 ouli e
wssLslE VY] 338 o Ll it 4 (5 55l
03 Gibdlzxe (s (s 3lS plawuST 6T <K plgicas
2 ol Ol 9 IS guilag wSl slaouwl 2=l
0T 53 5 el wnssS . Jilg5 o0 slady sladshw

? Cystathionine B-Synthase
3 Cystathionine y-Lyase
* Heme Oxygenase |

LVRN-F
wanl OIS jo 529)LL He 2 5@l Jl S Juw sSls
33 95ke el 30T 58 )s  SMSio by o )sbay S
S35 VS MBIl il doss pe o punl S 5
G329 i )3 VLS Giul 8l slml wacly (slady
23 v ubaya 4 asilel s A 39 b 50 lRALY
9 led Wl uss s ng0 903) muwl Lad aw
Jw 5S)ls a3 [V] 33,5 LT Vs leowd gu
sladslaw slp— Dw piwl Joole S ply—ican
Q pzie Slgi 50 9 e 5o ABLD @ sl 0SS 35
ol eyl DNA a5 T (ol 3l g5 ials
[P] 33,5 6o50Lb il V3 5 Lae juwl S )=
I 55 o5l asuST o inel &5 Silosls plis L ika s 5y
I ol sl LT ol sLapwslse
Sl Ghul3odl L gslasanSloym pial sl Jas 9ol
Lo el walled HhalS 5 "o saST Jlss slaas oS
AT 58 9 Ladn » Sate il SilasT T Selés
LaolauusToiT Ll ool )3 [¥]1s ol 3ulss
LS 4 3 ilgS 5o &S (FLS )5 ulg—ica
S9a d slojoy An g5 (IS S guslaquST o piwl

orolins 5 (330955 i —JI [£] Slos »5 s
03 a8 S il o 6T wlus )3 ales JIBO
Iy anes )90 calike wlelloo )3 yual sladlw
(Pt Dobans Ligsass wlus )3 (l .asslass )8
G b 1 asly 3523 oo EAW L) gl o il
Sone & ilgioe jus alise lae 35T 590 » puls
S a8 35 g5le pu—wl 3T 55 9 ladiaw 3 )Slec

[A-D]

0T )3 aS 3550 GMbl Lills & gl o sl
d b Ol jae S ST Jlsd slaassS slgs
o ol a9 9 39050 s v GilsasTuT
A &S SIS po VD g 5o aliske Slodw slaoliabe
S 95 Uil )8l i Mo Jw 955

! Reactive Oxygen Species


http://dx.doi.org/10.61186/jarums.24.3.308
https://ejournals.arums.ac.ir/jarums/article-1-2452-en.html

[ Downloaded from gjournals.arums.ac.ir on 2025-12-16 ]

[ DOI: 10.61186/jarums.24.3.308 |

YIY 0bled o Swlub [ab.cl

it Jud S bl e 5900 (GSH) "o sulisls 5

IREAYY
()= S 900) )L JounsS | ot Sl ) 5olio JI (S
S e Sle wYguazo JI S e SIL Slgs 50
e a4 pzmie oy gl el 4 O gaml) 9 g
O3—b poaxio 9 CSE 50 b JIH)S s des widgo
-¥ 5 CBS Jolis %5 3ok 93 )l 9T 3es S8g0
Ve GBs LS Ly i) (ppds 9 354 MST
HoS Suls) ades Jpas ) seiee s HoS audss
O 90 wnlalllboe b [V7-VA] S 5o SIL
Lo ) lon Lo giozo guslauuST yw yinl Jagl pis )3
[V4] anbisse Uil -8l 6 et Vs 39 e il
S290L DS Goue I ju (sl 900 o © 9Ny
390 )3 32l [14] a8 5o Ll GIIS)L wusd g 9
JLa 03 6090 VS s 908 o peo ks
A el oo asie 5 [YY-V - ] ol il 381
23 Logiue ¢y 5o o Jl alawly (ypiia
Jolss 5 DNA oo, 5 s Loy oy jiiw
239568 )3 (o Sloabuly &S gusl STy sl
el 030 Sl ¢yl ol -iimd JudS bl e
A A S e ol )3 M AIVL _eisla_S
Je 355 Sl b oo i e 500 )10
S s olsdlos Sl G5 e @l [PVPY] bl ude
Ol stlom s pue Sl e T Oy Ll JI
Syosl )3 i g0 mhaw yiwl 381 CSE - 5 CBS
Jlw s Glaslliae [YE] sublse JussSoils & Mise
2906 Ol pe 3 sl Syl S50 2 Y- TY
Al Ylis YL WIS jo 9 Juw 9Sls Solew 4 Mine
A Mo V9)LL slaes )5 )3 e puwl oS a4
Ol 9 39— ) (> 95 J=B Vsban JweS)ly
olals Laoy , 5 ol s 35 CSEs CBS slay)
5 Laws ol ols olse itke bl iz iy
a5 28550 Ol Els - 2ub 038lie @ il s

3 Glutathione

oluis wlagss [VE] ol )13 S 8T 5559500 suml
Gt o3 La e T ool wlled GRals as alosls
T LS 4o e Slgs 5o Jw sS)ly Sisle
[VE] soib LQrD)._f_.wld._h__t.g_.wT eolid 03 5 Vesbisls
Fow il s JIs slaal i I %
O i o haw (il 38l ol ST o pul
03 950390 (pyS-) ad )n wWVgo=o Jl &5 Akl 50
o= S galie pume G b Jl b ool )i

D g 50 J2 (il &3 (0 g1l 98 g
2w b oot BO (peling a5 383 5o ol wolisiss
bz ) Bl12 yueliss 5 wV¥es disle B slayuelig
ol slas )Sec sl a8 )5 S5 pud 5olie
wmawl 59 000 S 93) Yol 5 4.»,_%1:,.. PLITRRRNL DY
szmie M3lg5 50 Beymoling (yl SoueS [1B] Sl s
SIolsiln L 4t Soib (yuditunn 900 mhous (il 331 &y
5 99 e S sl lon alen Jl Lol (A 2
aizo ) )3 [VVAY] el b o 098l (50900
0See BO (polsys GilauusIuT polss i JussSls
ol s (S oS sl T o yianl LA &y ol
m)wxl,sopl)fowlwgmﬁ;)ﬂm
G pb Jl paiime pat gbo 4 BO (yuolins [101]
o a5 ) CSE 5 CBS sL—wJL_=8
b5 )3 A S SLuS )5 355 5 i 500
O ol 583U 9 ol < guslasnsT o piuwl
B6 (yuolins 39u08 ceyal polio 35S oo Sl 33l
V32 I el 9 paume ol 2 e I3l Adlg3 e
¥ 20T olret 4y 0055 93 ol . 3bly aiibls
o5 )3 (MST-¥) il ramil 598) ga lg s il po
WI903d 990 Jolub (s3udlgu Lo wmdslie
el 1S T 6T ewols shls a5 (HaS) M auslgu

0355 Sl a1 5T S 5l &5 (st 3

! 3-Mercaptopyruvate Sulfurtransferase
? Hydrogen Sulfide


http://dx.doi.org/10.61186/jarums.24.3.308
https://ejournals.arums.ac.ir/jarums/article-1-2452-en.html

[ Downloaded from gjournals.arums.ac.ir on 2025-12-16 ]

[ DOI: 10.61186/jarums.24.3.308 |

\E-Y ).ub P o o )louds ;[o)l.{(___;pwo)})

Ju)l Kb 3y psle oluls ad=o YV E

aipeS 3 pl 35 asllao oyl 303,85 el (VA-

ol 190 & s g0 B N
) ,— 5 (IRRACECR.ROYAN.REC.1400.144)
Lo @ildoe LaJ—S55 9 Labo) ploos o$)5
[¥Y] s plmsl ARRIVE il yé0 5 L Jwosdl) sines
a0 Jl aslllos ¢yl )3 o3kt 350 wlslgun
b aud ol el olidssl LS Vb BJ9)9isSsn
GOl T wlilsan (b5 S5 e 03 SUslgin
03 3 )lasbiel bl )b ess glassl ols) ol s 5y
el VY 5 58U el V¥ pginse slo yuid
Golsa s s Sulw A )s YO L Y- los 5095
VE w4 labgo Ginle T g9 ub Sl Jud .asaus
LS )y Saiule )T wbilsms )93 35 p0 S Jo)
L b asawb oals I3 caubsaisey S o & PR
SLa e il 5 03 55 13 bl bay e ol pis
aublas 6 80 @555z B tule ST azis y Shuxe
S 9 030 An3w wuly Jowes Wbl oyl bl
o=l 03 b e o3laiwl (5 pgh DT jub I ST
T 4o GObas w0 an Rlh=me b asllas
b 09,5 (adalaw v932) (C) Jiss 09,5 09,5
(V) Jew 5515 09 5 (03l (5055DLY Joc) (SH)
0535 st ~JN) LTB b o sloss J S 09,5
J—wsSly 09— 5 (CHLTB) (B6 yel 05 5
3530 $aizprmwss (VALTB) LTB L oaiblag
Jw5S)ls £Lall jl olo ¥ b3S Sl uo 5 (\ JSib)
A o —Jl s (22955 slasils 9 BO uelins
o=l 03 1333 ,5 U8 juae (Il w)go as) oo ¥ e
5 Glr=oe Ghs—so wis Ve VLS slaias asllos
=T 0o 5 )5 Gapb Jl 58 pae Shsa vl e
b )l Zoe ailgiwl Al 8 I 9 ae

a5 »> 9 CSE 5 CBS 6LQ>ro.3)_iT aalled Ghals
HoS LT o398 (silagusTsuT glos Lials
9 335 Lasl sy 50 90LL LS Seue Liss S5lg3 50
el ) 3E3185 Sw) e Bl B i wlaws=s ik jls
[Y0]

as b o3l Glis 09,5 ol unl asllbe )3 (yrized
9 CSE CBS ilaunS1o6T sla i » ol Hhals
9 Lad oy plialw 4y uwl Ly ol ,oa HO-1
B6 elizg aaub RalS puizeeds sl b syl
A ah Rl JowsSoly 09,5 0o B35 0>
ol ol ool 351 Ladm )3 bl jl bl el
SAlS i A5lg5 50 BO (yuoling 3 9uaS a5 203 50
[P7] 2l abls Jus sl ST skl s
ORRLS 5 suslansl o piul Skl 2 b Il Juw 9S)ls
CSE 5CBS  sislo ilawmsT T sl 35T wlled
RSV ERT JUPSWIWRNEY FUPIPSWH SR g5%
ole LialS Al wldlas aSil 4 ax g5 b .3 )ISS o
Mise OIS yo )3 1) BO (yuolis Se0eS 5 Lmro._g)‘.':T o2
LS )5 pi8l ) o 3los )5 GBS JussSo)ls 4
Orolizs 9 (320956 iyt —Jl Sisle (ilagusT T
eleMbl 3595 5o KW gilio rwo ol s B6
DI OIS je 609U S 9uip dae) VS (Sddadbs )l
Do )y B3 Ly aslloo ol .o as
23 ol Gla el Sone 5 © gawl) 98l gaw uil 5
SIS & 0l b s plomil JussSils Silsan Jae

3,5 SbisleaiT vy Sileys JSaly ¢yl

o yh9)
o=l b 5o sladalsse asllos o) g0 & asllos (4l
Gz Ghse aile)T vlsw O+ (55) 2 aalllas
PP 2) 05 o353 ys Wistar sl aaa A


http://dx.doi.org/10.61186/jarums.24.3.308
https://ejournals.arums.ac.ir/jarums/article-1-2452-en.html

[ Downloaded from gjournals.arums.ac.ir on 2025-12-16 ]

[ DOI: 10.61186/jarums.24.3.308 |

Ju)l Kb 3y psle olfisly al=o Y10

(C) Jys WO w8 w16
1
1
k ¥ ¥ Sacrificed
(SH) % WO w8 w16
LTB gavage
I P Sacrificed
WO w8 wil6
LTB+ J s
(C+LTB)

¥ Sacrificed

1 [, 4 ¥ Sacrificed
1 wo w8 w16
(V) JwisSs 519
LTB gavage

1 I } p Sacrificed
1 wWo w8 W16

LTB+ sy ,lg

(V+LTB)

/RO yas & blunt ausey o) s K (s b ST
7L 9 b oald VI3 5ol 39 VLS DS Hie Sae
oleisl Jemo 9333 0 -0 S oda jud A
«Swle pumwl 309 3909 Jl Ju8 9 FSli=s Soal 309
s s Hals I glisebl jl s -dub 03 0,5
(SHloinl ouwl Jl s S ola 5 (/0 3932 b) (S oulS
Ol 23,8 2ol HeslE Jals Jlblunt ause o) sws
Jb e 03 9 29 b Hhd il age pladl
Ao Lial bl 0 aub 3905 0> U Vb s DS )L
039331 3l (s 5 3ub 03513 355l 508 abgxe JAls
L cangy 9 abae 4 93 03 Gbps Jzo o Sign i T
el Slacusl ool [Ve ] o diws ez Jl oslaiwl
Szl o pmmie wolid ) 9 3y VLS il 8
Sl Juw 955

B6 ¢ yr0lizg 9 (29950 (o yaiamann —JI s )w 03T
Loy w8 b Jl (5209505 5 yafiun-JI BO (yuoliys
2Ll I Gues b gl plgol pliwl o)ls
L J)uS Lo 09,5 olojod g0 4 JuwsS)ly
L ) &) wpgo & LTB L JuwsSols 5 LTB
B6 (roling S93 . 353,85 w8Lys SIsLS (H9) 03
V- mg/kg sl sools Jss [¥1\] Y mg/kg
[Y¥] - - mg/kg o -l so01s S {YY]
&S J9) 70 waw & LTB JoSo L slous .sub o laiwl
Sr=ao Hhew 03 5 gile pawl JolS 0)95 Jolwo
REFCRU g ET IRV

o= L by 335 5 o Ghse aslllas ol 03
83Las w90 & (25 YY+ -VA+) )5 L azaa A-F
(SH) pits -¥ (N=10) (C) Ji5 -\ slaoy,S »s
iz JI) LTB b oaub lews J s -¥ (N=10)
05,5 -& (N=10) (C+LTB) (B6 (yolizs 5 (20950
Mo JowgSls 05,5 -0 5 (N=10) (V) JuwsSoils
53 534 @puuis (N=10) (VILTB)LTB b ooy
slall )l 3 oloss LTB L gloys wxs slaey 5 s
I3 oless wie & LTB b jles cazxs JuwsSo)ls
SIS b9 Gipb Il ilas s 4y LTB s ,8
LTB .58 w8 a0 oloys waoas jo) oo )L
osiamaw —Jl 9 (320956 9 BO (yolias

JwgSly <Ll o9

o3y 7 b oy L Golbae ) Juwsiols szl
JS59 0 [YA] =8,5 el Turner Jowgs onis
bl 5l GMAI aiseS Josdl ) gind Galloos (b g
SSlso Jals 32035 Jloboy ol 03 [YR] 2 plxil
Y 5 (20031 0) guelS 0,5 9 S o o 55 Slao VO
Sm (02003 V) 20l 2,5 o bS o p )5 hae
o.)LéJ_wlro)j Y- BA- 0is b shh=o sl yhse
s i g S Sllsas (b s S g [VA] S
ELY Job an 6350e by S 9 48T IS
A Blis o) Jl eSSl iy G abiold ) ¢ yie Sislw
Je=xo 9 o Goalf 3909 08line Sl s - dub sl

SS9 Sl bl uol)Td._: oSslo pawl 359 3909


http://dx.doi.org/10.61186/jarums.24.3.308
https://ejournals.arums.ac.ir/jarums/article-1-2452-en.html

[ Downloaded from gjournals.arums.ac.ir on 2025-12-16 ]

[ DOI: 10.61186/jarums.24.3.308 |

Jeal Kb 5 Ia,.lc olfisly al=o Y\ 7

Blads geai . a53b 1S L o3l oSl ) agBds Y-
S3 Sdee Lo 5 1 el (LI S0 (o pml
530 o laswl

Qb e L))

lacs 393 Bhybol (slasl I aubw 1kl (s ) ol )5
)JﬁJquYQI)_pQC)MdJ,J._Q).\W.w
03 Asd Ay Ala jo D (b Az o) 9lgl jd e
Jsdzxe o )3 a5 S5l b )y abse Jolze oyl
an b olaliie A YIub vy Abge Jl dxy 9 Jud
S 48,5 53 )3 Ay 8L s lgic

e el Gyl (L))

o ol S13s5 25 (all

] Lo ass g sl (ol calalé ) (sl
—wlin o =0 0> roJA_:J.ul J oJ_tisc|):'Ci_w|
Dl 9 3500 Sy (i 35 3b (348 VitaSperm
SaSh SDls eV (pl .o Jdiie pISe oV s &5 508
L 6095 985wy )8 wxS ddged 9wl 3 )lastiuwl
Ads yo oyl 03 .33 ,F csaline (x40) HleiS) 50
aFiie LBz p0 )S 35250 Sl pul Gilads
s 5 03 yb lonib Slass il oslimul b .aib el
) 90 4 9 Al & e puunl Slass As gos puine
[YE] b ol pidshe po Osahe V3 o puwl alble
ol Sy (o

iy b 53 sl l easib JLosinl sl ppul
S0) o ) V9 iah e (A IS
J—o¥ <% 0T 550 50313 I3 Y K 590 (o pod
Jo¥ ) 03 @le SIS 4V a5 (5 gbods ALbAS
w55 a3, Gy Al Hyba
S )5 (80X plodS) i L) 6055 a5y )See
K3 w0 2 )50 S ol 9 DS 0355yl
5w 9 e SLaulsse Jl el 3ae Ve a8
LaoT (3Sle Guuw 9 534 (LI S33bas JSib &
._\_Afbu_o&x_gj\_f)yﬁ[oxghf)z}_bo).)whd)g
[vd]

G5 Aiged

S VI e Sl se (seles aslllae OLL VS
oles pewT 5 (\-mg/kg) ol (\ - -mg/kg)
b e I ligabl Jl pusy 5 3 plsl (Ymg/kg)
IS b o8 Sl s S 0o L olid s b JolS
5 EDTA slaalsl )3 uss 5 plzl cals el oyl
L)l o v BlrA ges .aub 9T gen (LB
(O 9o sy 508 BO ol in g (9 piw g
ol iiglo T &y 29 o8 9 e (el lolsplS
Jew 9515 09,5 »a - asaud Jls )l bl gl Jo g5
o Sailo prwl S35 0> glasl osalive Ligs
wid oo AL pls—ic & YT )3 Ysd gaxs 9
(S LT S g b 43,5 5135 ) Juw sS)ls (slall
wole) b ol 5 o medsdnl 5 sl 5 on aaw
SLd )ie)ly s 353 Zola Siblawe Js—ol
wolxs (Jobo dislo Loy )5 Ao VS K yio 9890
ol 95l oslaiwl b pasaswl Job 5 o b wJy
A sl (T Jl o= b (6 a8 o lasl pls i ba
Sl Jbs s (gt 0 il el (S 93 4
A 058 0 s ) eSS Sl ile w9
ole 3 03 )RS sty 9 dub o uad ST il ax s
2038 IS i sl Lo bl sl 7Y -
23 slwal 9 oa b Az (oo pS—b il VS
b 580 SaT Al Hs ) 3)) sl Suwdh
I3 ol = S o padasnl (50 4l
PERVEVH PR E SERVES I €8 ol&inlo )T 4y 5 o
S gty Jouzo i Sl B S5 ind 50 D
Seib 0318 )18 re s T 0w 5 VitaSperm eyl
S 58 wlslad & sl 03 e sl Zhil sl
b boy=o b ol jo adids Y- Do A 9 b e
SIS 35 Sislw ax )3 YV slos b ) e3b oSl )s
by =0 Jl GBBL, wlahad (o samwb oSl I juoy 393 )5
o bzl picwl oyl Gl Hind 9 b laa ks

.;;._\_nd.gLQ)id)L_g)ﬁgh»}Ia).#aMJ)zSdu)).;ksb.;


http://dx.doi.org/10.61186/jarums.24.3.308
https://ejournals.arums.ac.ir/jarums/article-1-2452-en.html

[ Downloaded from gjournals.arums.ac.ir on 2025-12-16 ]

[ DOI: 10.61186/jarums.24.3.308 |

IV 0o o (Swlub [ab.cl

S aiwd iles )5S O gimsd Sla @ elis 2
Sk 5 S5 03 G Sl ool a5 3,8 oo
(D90 il 3 sl el Ly Sl o paul
Jsd=o 03wl ¥ o 4 oaub ayns sla b s
Siah ol BULsles )3 so)s ¥ sl ols
233030 AB S5) Jgdze Lo LoV yup—w
S5 Ao 4 (Y/0 asau—wl) oy & Suiwlawwl
sbnians g 333ub (S jue TS5 amds Yo 5 el
L LoeY . asosih b 198 s )slze s ed woT L
Olympus CX31, ) )9 95w s »Sae Jl oslaiwl
I8 w3 3)s—n X\ Ll wiS) e 9 (Japan
9 03 Sy S0 wliae pulwl so e puwl . 2uus 5
Ao ) peiumud b &Ll slae juml :Jolis 05,5
S5y 4 @l slap puwl 5 (waie AB ) o ps (T S
S0 (s 338,518 (ke AB) i) T
[YA] sub apnlmo QUL sl ppuwl

SimaeT Sy Ly o paml (aoliig gy S9aeS Uliae (T
(CMA3) A3 ¢pwlog 5

oslaiwl p9,5 9518 S plg—ic an A3 Huwles S
58 b A g S a0 4 9 Soib o0
03 el p Al slaol Sl Ly 5 Joie DNA
CMA3 55 wasib ¢plulis 338 5o wuld) DNA
S5 ol bl 5o sl DS aelis py S saeS YLy
&L (pilos S (i Ay VS Al oIS askie
0890 ol 3 il A YA @S|y o 9 Al
~Jsbe ) 593l slwsis i b A s Sl i piwS
23 a8 wae dn () A0 ¥ a4 Sl
O 9 353k 03l DS S Silw ax)s € sles
o 5L s CMA3 55 bglso Jl jials 5o\ + -
2l )50 E0- 4 CMA3 Sy ,ils 5500 0+ ) ol
G690 p Ao Y 9 el | wow & (ol o 3L
(33,5 Pzl b s bu=e p3) b osls )l s ey
b 158 = 9lme 03 aeY T by suiiuanis I uy
05— 5wy xS0 Sl oslaiuwl Ly Laey . asais
X\ oS, 9 (Olympus CX31, Japan)

sl Gwlidh o) (g

QAR 5 pu—wwl 998 90 () 22 Sl —
S TS5 o) Il srubo pat Ul Gaub slae sl
Vo dlass oY 50 )3 aub ool ORI )SE (32 951
s JSb Jolis (5593980 90 p15 Il 5 (b )leds o sl
303 . 333h 5w p 23 9 Silae aslad (> TS
Anlxe 55198 50 SAGIAL SIS slae puml
[YDXF] 03,5 LIS Suo)s @) g08 mlis 5
popwl gaileg S adnS (L))

DNA &) wamwT glise (il

Qb)) 93 ) SSiwSih c\_»,f).m =l sh—
09! 923 ST (5 30T ) wnlilgas o uwlDNA
b S (b9 ol )3 b 48,5 ks s (AO)
3-8 Jolio )3 &5 bgo ol © gaamilpw g JI S IL
23 L b S AlA Heb 4y 393 )5 A Aub Sa
O ¥ s 4 Suwlawwl —Jgilie) (59501 gu5lwsas
o8 5,8 Silw ax s Esles Do cocl ¥ o 4y ()
AO S55) Jolro aluny 4 (a9 353 b o3l
G ol S5y aads A i & (il Slee/ S She V)
o3l o dimd ol BT L a5 ) sloey sk
O - 35303 )8 LA 198 a3 S Huaw 9 334
L b lizeo 5L g 5 > Law sl jo) olod s
o) 5ld ool s S0 Jloslai—wl
X\l )0 s (Olympus BXS51, Japan)
WS S5 Ve 4 A g3 b e puwl a3 (w2
u_v.g,gbl__g-j_'\))'.g-wgsLQ[O){,th.ohi:o);}))é
L (e AOD) S5 s pd slae pml 5 (Gake AO)
303 bl s [YY] 2w )5 Jlys ) ssbs DNA
b Aganlme s )5 9 s sl ppul

ol ileg S @S5 ljae (o

S50 Il e il ile 5 )8 2515 e (LI e
bl Gubsl b oslaiwl "(AB) ol (s T (s jueT

! Acridine Orange
* Aniline Blue


http://dx.doi.org/10.61186/jarums.24.3.308
https://ejournals.arums.ac.ir/jarums/article-1-2452-en.html

[ Downloaded from gjournals.arums.ac.ir on 2025-12-16 ]

[ DOI: 10.61186/jarums.24.3.308 |

Jeal Kb 5 Ia,.lc olfisly ad=o YA

O Slo s adol )8 & 5 w2 A ges Y&l lw e
220 )90 & (s el Laub osls plaial V- B )
313 Usbas 4555 50 o5 dn e ) © pas b zo
somia Ligs Ll slad slow locis ¥ o ros .Laaly)
Sladslus Lids 3525 ¥ o i . o5 o slad sl
Sladslw slo) slass :€ 0 p—0i . 555 s3lo py—wl
9 wessngilo ypal Uskis 0 1 yiaS (555 sile pyud
) slasws D o yes . To)g3le puawl 9 Suslo puml ) guan
V93— sl jnl 5 (5355 5ilo el LU sl
) Sass 7 0 s . T9 ) 93lo pumnl 9 Suslo puml ) guaa
L5 s wapiosilo sl 3 isf silo sl 1o sk
Y o e . T 9 g5lo pusl 93— cduilo puwnl Jolouws ¥
9 w93l puuwl (5355 93lo paml sla sl Sb) Slass
L0 vsaan Ao pai.To)sile puuwl &9 dusloe ypuml
D) slaTg) o3lo punl 4 0 pai . Tg)s5le jpml \ -
9 0S| Ll sladshw b s )eb SLL o salisl
N s o 0.0 9 laadgl S uS olsalols

[EV] alg) (ool srub sl [oJomlLolf <Ll
B6 (yaolisg 9 diseTduml c90,92 (b))
O 50 58 (B sake (50 ) o sl (pl Vs
SIS L gle 3155 g3log 5 Jl osliaiuwl b (20556 9
9 4TS 3) 50 oS M55 SS9 3 Gk (HPLC) ML
203 Jse S0 w)si0 & malis =85 J1S el
o e pizmes b )l S (umol/L)
oS i) ELISA slawss jl oslaiwl b B6 (yuoliys
Elecsys sla) V0T Jl oslaiwl b 9 (Lusd gas o b3
LS Obs .2 s 5o jlasl Cobas e411 52010
@ @l 5 b el 00uiS 355 (sl Jasdl) i (Gabo
93,5 G)S (MMOVL) i s Jsesil )50
S O iy (G2pb Sl a9 1 wbiae LIV
Lo 8b Jl L oyl g [l sy @ pi s Ginle 3T )
5 gl Lysis Buffer jl oslaiwl L Ladslw
O Sl S 358310 oy an lagT wlale
—aae TSy U3 50599 580l laww 55 1 peis9 2y

Ol bl s 1 eyl 30585 Jy5 )z 350
S91a8 Lo pu—wl ol 09,5 93 )3 5 04 K
5 (wio CMA3) yluiin )s 3,) S5) 4 aelis
(Giie CMA3) S5) o 305 ) & @b slape puwl
Slxe UL Sl el 305 Hugw 3085 I3
[¥a] ssaus

10 s gamsl SamuSTy ows 231 (3

fco Jole Sy ol izas (5 3s) gl g >y
88 S5 ib o g mme oyl Slie & Ol T
0=l 03 35b 50 B9 JSediy UL & yxie
Selids TURCI! w)old K 3) ol s
oslaiwl 9 ) wlsica; BODIPY(581/591) Cl1

I e lib pleicds g ol bl 53,5 0
o a5l ol gl 5l ol wa
Lo 5 asgos pd S sl a38 551 53 o5laiwls ) 9o
ol pld 8,5 DS ) 390 Jgdu V- e
L FL3asb )3 BODIPY -Cl1 ) )l osuis gl
o= 3L L FL2 a5l s Hiegslb 7Y 5095 b
Ve 4 a3 b e puuwl . aub  luwlid yie 53U DY -
b w2 035 93 03 6 30y 5 S T
A5 Plap jwl 1350 ) Slge Jolds 09,5 93 opl
55 35395 03 ¢ sl hau) L
ol sld S mubb Slae punl 5 S5 s uilw) 518
)90 dn bl Gupw 13338 Sl g5 jo )8 ) A
LE-] 395 ,5 GBS © smwlagmS 0 dun) duo)s

(H & E 5 j40T55)) 8L sl o) 2

SOL Slads gei lanl wsmils 583 )5biel (HLIII Sl 2
Ve ol p8 Jalmo 03 5 s o e sloauay
Sl Jabro Jl oslainl b G 353ub cauls 3u0)3
0 =l s 4y L, gblis (5 8 B 5 L,
055 >0 jl asllon ¢yl )3 3535 o3kl jics »Suo
22 Sl 5 dub bl w8l asges ¥ S33Las Hobay
l__:A_YJ_;isobb)l)J[oNtsg)uiél__‘aJo.&o?M}oJ
(H&E) ¢y2) 951-¢yilainsS 93lad (sl S5 Jl oslaiml
ado) B+ J3las shaie oy b pll (s el S5)


http://dx.doi.org/10.61186/jarums.24.3.308
https://ejournals.arums.ac.ir/jarums/article-1-2452-en.html

[ Downloaded from gjournals.arums.ac.ir on 2025-12-16 ]

[ DOI: 10.61186/jarums.24.3.308 |

4 U|)l£oh30wl+~i: [ab.cl

Graph Pad I )lss s ) Sl 9 Sb a8 ,T
93,5 oslauwl PRISM9

lyaisl

Qdy ST ) 9 (2o YRge 09 BB LIV
(0)9 wolBud ( yb e «Jgb) padadwl 9

—alizxe sl g ) )3 e slaghee v (Sbe
0I5 pSlio @asdllas ¢yl )3 .l oaweT V Jgaa )
wiblas (s lslize (s leT woglas Loy S ¢y s
J9ban JwsSols 05,5 )3 oy dbw wIs Sl
osNc (p=+/+¥) 390 S 05,5 Jl yieS w5 )lslise
Jw oSl 055 Vs o adw v HSbe pl 2
5 i oJ S oy )5 4y s LTB b oo slegs
Solslise pgbay LTB L oais sleys JyiiS 03,5
p=-/Y P=/NEP<-/e2) 55 Q) S99 oS
Laos )5 oy el adw wJs Slae (Jolie )3
(med IS 0l ie (sl lize s lol wglas
Jue oSy 09,5 D3 a e @l 05 Sbe
5 J)iS (ot sy 8 & s LTB b o Jley
Son pieS G)lslize yoboas LTB b osub plows Jpiis
(p<-/-b)

s Jaw 9S)ls 05,5 VS ) Adu e (Sle
o=l 2 o9 by (s lslize (EAL J S 03,5 A
CIVEAR S 3 IPRICIVR PICIVIRERE FPE ey -
Uil 53l LTB L o0 plous JpiiS 9 JiiS 0395 4y
O he (e (P<-/:0) sl yluiw I olslise
03— Jlass JuwgSoily 09,5 )3 o wreww dudy s
IS 5 s ) piiS 5Lbos » T 4y earws LTB L
() J93) (p<-/-0) =3L Ll LTB L oaui pless

owlwl o (SDS-PAGE) wlal g Juws9s PERN
JLasl PVDF slie am 5 silwlas (JoSse 09
S b b Ui 5 lawaS ol I (s -a33ub o3l
P-actin (sc-47778) audsl slassbuT b Line 7\ -
=3 4 HO-1 (ab13243) s CBS (sc-133208)
m- 456 lasslo BT (muw .dub 455 b S
mouse anti- s [gGk BP-HRP (sc-516102)
wbb s .aass) 54, rabbit IgG-HRP (sc-2357)
(ECL) losis puilamize s (s Lo LSy )y
Jtl=s IMAGE J Jl5c8le 55 Ly Lavosls 5 bl

LEY] a0

bl 3luT
USA LIL ) SPSS-25 )1 581 o 3 jl oslaiwl b La o3l
oals .ab Jd=s 9 4y 3= (,Chicago .,Inc, SPSS
P2 58w )5 S b G2l Il 35395 Jlo s a5 (2l
09T an a5 L Lo piebly piS1.053,5 Jlo s
w9 T Gbs) &b Il 5 3539 Jlo s Shy -5 pulib
N VNS TERFTIESE N S RPSWINPIPONS S
o 0| (Jla (e )3 b oslaiwl l yubly
Lo usloly (iSod (4 a5 o jusio shye 'wils
8295 &S Hlaoaly 303,57 Ll 3 osuis ol
S 1955T T Jl oslaiwl L sl anblas Jlo y3
Ao Jd=s 5 555 )50 ully -y )5 a8)b
Il G 95 S olel isn ) odls Cauo g3 3518 )5
A oslaiwl T )luse 8l il 5 Sl sl jailis
=85 s solslise mlow s P<+/-0 y—izod

' C Dunnett
2 Standard Deviation


http://dx.doi.org/10.61186/jarums.24.3.308
https://ejournals.arums.ac.ir/jarums/article-1-2452-en.html

Jeal Kb 5 Ia,.lc oluls al=o VY -

Ao Loy )S (u Ada e 9 Aida 9 @adaSwl (s 0)9 Aunlio | Joaa

LTB jless b JuwsSoly  LTB Jles b Jpus

[ Downloaded from gjournals.arums.ac.ir on 2025-12-16 ]

[ DOI: 10.61186/jarums.24.3.308 |

(V+LTB) (C+LTB) (V) JwosSools (C) s (Sh) s el
PYA/Y- £ YV/FA PYY/PY £ YD/AY PAY/- £YD/AE  YADNAEYENY  ¥YP/YFEYF/AA (p)5) hmo Gbse s 0I5
VAP E /R VERE /P V/EF £ NEX V/OEE - /NE™ V/EN £ /YA (P 5) o asd 09
VAR =N VEVE /N VYdE /€0 V/EFE - /\E VYA - /YE (P 5) el asdp 035
JF5E /€ JENE /D /5 E Y N eV YO £ - /PY (p5) sl pesanl 05
NSER PV E NP E0E L NE e YAE XVAs s (P5) o peenl 0I5
VAR ERVAT V/EY £ - /veP YO EXIES V/ok - /yP VaETIAVS (Cm’) o) Ay pzs
VYdE -\ F V/ENE - /vs° VAL Rt 1o V/oE £ -\ 1/04 £ - /vYP (M) oy ady ps

] lslize BVl S e 5 pac 0 YL S Hiiie B3 ) 5 Sbl 50 Jlslize SRl 03id VLS S jildie jue B LY gl )
JowsSols 09,5 5 (CHLTB) LTB L oacis plos J S 03,5 (V) Jow 5)l5 09,5 (o3l (0 930LY Joc) (SH) s 09,8 (alalawe 033) (C) S 05,8

Lo o puml 3u0)s (Sl (ABA Jlsgas) (p<-/-0)
w90 & Juw sl 09,5 V> b s SJsl98) 90
L solsbise inl 3-8l J —us 09 )3 & was Jlolise
SJIsledrgn 3o s (yl p osde (p<-/-B) sls ylis
LTBl__»oAais)Lo.gﬁd)Jifog)f)érowluq.gb).&é
u.dLol-.stuu.Ql_T[o_wgd)_nJog)fd.\M

C A IS 903) 3915 ylsliso 6oloT bl I aMal

(B6 (o5 5 (30555 oysisimpus—Jl) LTB (VHLTB) LTB U o3 slass

Asllno SLeg S cypus )3 o ppwl S piolrly dumyliie
095 )3 o pl J5 e S a5 e ale Sl o
Slaos )5 L auglio )3 olslise Vb a4y JuwsSls
wndale 5uSile (<0 /- ) @l HRALS e 9 J S
LTB L oo Jloss JussSols 095 03 @yl 5y
b 0393 olslize Ginl 3l Juw 9Si)ls 09,5 &y s
SJ998) 90 303 (1Sl pl » o9Me (p<-/-D)
rlw s JuwgSo)ls 055 0> @l b pue
Sob oadbie s lslize LialS uule )T slaoy S

A B > c
< = 80 a a 8  80-
2 300+ > a [
c = 60 5 _ 60
) 200- ° b £ e_\a; a
5 £ 40 E 40- b
= ©
S 100- D 20 5 20 SP cd d
Q = c
c 2
3 o- 0- < 0-
O Ve O e * ¢ \\\f&\i&
ox\’\\x\’ O ¥ SRy

Il S il duylio N Hloges
ol ) asllboe ol T Slaes xS g 23 sl Gasdo je 35059050 31003 (Slie (C ol 35 5a 31003 (1Sle (B o ppwl calale (1iSle IS 905 (A
3,5 ol (SD) s lasbiwl SBil £ uSle =) g0 4 Wosls .avs 50

sl Jlolize SMAl S9n 9 e 03RS Ui I yile B9 9 Jubby 5o Jlline SBMAI oS OLiS I e pat B9y LY 9w )
JuwsSls o955 (C+LTB) LTB L cauislos J3S 03,5 (V) Juw )l 09,5 (ol (50 551)LY Joc) (SH) l;ui; 095 (alalaw ysu) ©) S 09,5
(B6 yaolizg 5 520956 cystiisan—JI) LTB (VHLTB) LTB U o jlos


http://dx.doi.org/10.61186/jarums.24.3.308
https://ejournals.arums.ac.ir/jarums/article-1-2452-en.html

[ Downloaded from gjournals.arums.ac.ir on 2025-12-16 ]

[ DOI: 10.61186/jarums.24.3.308 |

\E-Y ).ub (P o o_)louls ‘[o)l.qc___xg.;u»._u_._)o)})

Jeal Kb 5 Ia,.lc olfisls ad=o Y'Y

032l Soug 5 GRALS Jaw oSl 09,5 & s
(LS S st 3503 ySilie Lol (P<+/+0) b
LTB L oaus slags JussSo)ls 05,5 )3 DNA T
o2aliie 5 1Uine B! JusgSls 09,5 & s
303 (pSilae (pu—izmed (A-E ¥ )l g ai) a s
3 LTB U o slass JiiS 09,5 )3 58Lsl 0 giwad
P<+/+0) 3L Ll 381 J )i 09,5 Lo aunlio

(B ¥ JSi) (A ¥ s gas)

A B
gé400— § 100-
< 80 3 804
3 60 S _ 60-
o T =
o a a o

40 c 404
g be . b E
2 204 s
2 <
I o o
& ¥] \\&Q «Q
KVQKV

D
= 100+
S 80+
= a
5 60
x
° 404 be 2
I
o] 20-

a
3 o

¢ © ) Q QL
O“V ¢XV

Oi=2 03 ol 53,8 Gl s i dulie
aslloo slaog 5

SoeS (Sluol SLay gimud 3u0)s (pSbe (LI
P ol O gawlSanS T 230) 5 DNA T (ya0l59 2
s 9 )i Sl s )S & s JuwgSols 09,5 )3
¥l g ei) (P<+/-0) b o38live 5 )l5bisne inl 53l
(A-D Y Jsi) (A

St 5 orelin py 3545 2003 iSlie (il 2 o 9Ve
LTB L oo slos JowsSols 23 o suvelouwsT

C
100+

80
60

404
204

DNA damage (%)

0 3N 0 0
6 KV«K«

[CRR

f)ﬁ‘“’l B 8o Gl dulito .Y )ldges
Op 3 L dud g sawlawnSy 305 uSile (D 5 gl DNA T 30003 (11Sbe (C (yuolis ps d5u08 203 (Silee (B (3Lal slay simud 300 (1:Sile (A
WAl 035 3lis Sy pae B9 LY s 03 .23 ,5 ple (SD) S)lasbwl Bl il £ (5uSlhe @) 900 44 o3l .aa s 50 plis L aslloe u.wul.c)T oy )5

sl Jlolize SMAl S9n 9 pe 03483l S pilie B9 ) 9 Jubly 5o Vlslise

JuwsSls o955 (C+LTB) LTB L cauislos J3S 03,5 (V) Juw )l 09,5 (ol (50 55)LY Joc) (SH) l;ui; 095 (alalaw ysu) ©) S 09,5
B6 yolizg 5 320956 «yuiiwman-JI) LTB (V+LTB) LTB b oo pless


http://dx.doi.org/10.61186/jarums.24.3.308
https://ejournals.arums.ac.ir/jarums/article-1-2452-en.html

[ Downloaded from gjournals.arums.ac.ir on 2025-12-16 ]

[ DOI: 10.61186/jarums.24.3.308 |

VE-Y b P o o ledbs L[o)l.{(___;p;;.m._u_._)o)g.)

Jeal Kb 5 Ia,.h: olfisly al=o YYY

(a8-) —

(AB+)

ik (S5 3uoT 5 I o sliimwl by ol ulidhease )y (i)l Y JSab

el %o sl o sl 5 s 03 5 435 pus SIS @l o pusl) Jibls 50 (259,55 5 98l 6 40T Gab I o pussl uslish exke) sl 038 30lis JSis (A
eSS b Esb 35a9 o230l AB- (yuiles xS )d S3Lol U simud 3539 02iddolis AB+) sl ulisT 6 jue TS5y (B (aubb 50 Pl 3 b 5 4w Sols
o3l CMA3- 85 o sawliselis 9 psiles ) ab jué (S Ay 3939 0aidsplis CMA3+) A3 juwles )5 s juel K5y (C (ol yiles )8
(el @llsls DNA 5525 cainsglis AO- 5 b DNA 3525 oiasplis AO+) 35bsl Jaau ST s juel S5y (D 9 (osles s Jlo 5 (s 3dsdinms S5a9

215 9 031 Giul3 S LTB L oo plogs Jiis 03,8
ol J S 09,5 & s Jlw sie slaalgl )
23 sy o y05 Lol puizes (C X JSb) Sub
s 5 Uy L0035 s asass JusSols 05,5
o=l m osde (p<-/:0) sl Ylis 1) s lsline Lials
L 0o ploss JpiiS 09,5 s psmils o el (1Sl
omumumurn_&,d)_uso,;«,wLTB
Sosi lalise s oleT Bl jl oMAl ¢yl Lol 3
09 )5 )3 Vg—ils 0 p0s 30)3 Slae rized
095 L aulio )3 LTB L oo slows JuwgSo)ls
B SMAT gl Lol e 8l inl 331 Juw oS )ls

(F olsges ¥ JSi) 355 slolize s o3leT

SR2I9lgilighund Sl )
a8 313 Ylis adp @bl gblis 595w ySao w2
ol slaos) seles o 5 J)-iiS sldoy S Vs
1595 93l pu—l Jolib (335 g3Lo py—swl L Jos o
Ssilo puwl 4_‘,.,L> M,..Lc).wl @ gl M,JLQ)._}_.WI
ol Jolb Zod5dn (s sladslw 5 5,5
WJuwsK)lg 09,5 )3 (Jolie )3 (B s A Y JSh) 235590
5 L sladshw o 55 wmdly Siwlin sLas ) pal

S bl 535 95Le ppunl sl piel)ly Sl G5 0 kel
L oamib lows JowsSols 09,5 s Lol (D ¥ Jsib)
SLids )3 3l Gidls JussSls 05,5 & wauws LTB
5 33)53Le puwl Solw sLlaos) S5 5 Ginlin
03 Lol (B¥ JSiib) 3 oaaluie Sacd slad sl


http://dx.doi.org/10.61186/jarums.24.3.308
https://ejournals.arums.ac.ir/jarums/article-1-2452-en.html

[ Downloaded from gjournals.arums.ac.ir on 2025-12-16 ]

[ DOI: 10.61186/jarums.24.3.308 ]

VE-Y b oW o_)louls ‘[°)L‘<%3 s 09

Sl Kb 5y e sle olKiuls alzo YYY

Johnson score (0-10)

& [CIEEY QL L
Ox\’ 4x\’

B30 YU ) HEE (63401 1 0 Slaiawl b auday csdly alodie (s Sglgiamats ra9lios .Y JSuibs
Gladshs 3l 5 @l s e SLoalg) 0305 QLIS juus 0,5418) U5 A =13l (B (s o30lite J555T5 5 SS90 905 ol )3)pib Ay =L (A
0 213) LTB b oaubs slass JpiiS (C (aubbise JolS 335 s3lo sl ala po Juolids (yaicead 9 T35 53lo sl 9 Suslo punsl cduslo ppunl a gl cmams g3Lo ppanl o 5353 93Lo ppunl
JusSls (D (bl a3 )3 Js55ST5 oxitsglis 3, 0l oaizeed 383 e ol b el osuy Jl 5l s Gie slaals) (53485 2 esiasolits 3))
ST Ol bl e Ay =8l ) 555515 osinsulis 3,5 Ul Hzmed 3B e ot L) el 0330y I 5L jlu e saals) S5 3uSs 3 oaidsulis 3)) 0 uls)
J55519 5 T3 558 505 ol 03) LTB b oot lass JuwssSils (B (bl o Sl e sbvals) asly slie zhaus 1 35 silo sl (sla sl 0 las o 3is sl
B9 9 Jbbse oleT Tows 03 Jlslize SMAT 035 U Syl put B3 )a LY sIw VS 3B 50 s | (Vo)) wgmisls o s JlS 503 (F (auis oxalie

ol plsline BMWAl Soa 9 ps 035 3lis S yiine
JusSls 09,5 5 (CHLTB) LTB L oasisless JpiiS 09,5 (V) JassSoils 05,5 (o3l (50550LY Jac) (SH) pib 05,5 (sl 9939) (C) UyiiS 05,5
(B6 (yaolizs 5 22956 (- JI) LTB (V+LTB)LTB b cauisley

el il 381 (5 Koty )90 & LTB b osub jlows
91 Sl yrizmad (B ¥ Jls gei) (p<-/-0)
as s LTB L oo pless JowgSoly 05,5 )
ol solsbise Guals LTB gsas JuwsSols 05,5
Ol o 3o a_sllbo (il ) .(p<-/-D) al>
Bloos )5 i oS e 5 DlebislS i 500
i ol solslize s loT OMAl S inlo )T
09— 03 3l Silae .(Hs GCX Jls g i)
09 4 s LTB L oab )laws JwsSly

(p<+/+0) 3l Ylits ) s lslise Al Jus sS)ls
LTB L oais sless S 09,5 03 (20556 (piSilo
ST wslas b 5 JpiiS slaos S b aulie ys
0o sSile (D ¥ 1S 503) uiss 038 lie (5)15bse

aslloo 5o 35 (s )3 @y SNl Ausliio
(Jw5S)ls Loy )5 V> s puw giuws whous (piSile
=90 4s LTB L oacd plas JpiiS 5 JuwsSls
bl LS o 5 J)iS 035 ) s (5 puSeuin
opelins pSlae o yuized (A X )l g03) (<-/-1)
23 Golslise w50 ay JweSi)ls 05 5 )3 B6
Ol b $)lslise GRALS aib 5 J S 09,5 L aulio
9B6 yuoliny (1uSilae .(B ¥ Jlsges) (p<-/:-0) als
LTB L oaub jlews JussSols slaos 35 )3 (s nb
oaaliive s lsbse (il 33l Juws sS)ls 09,5 &y s
ol oM (I 5B ¥ Jlsoas) (p<-/+1) 3
Ly oamib Jlags JoiiS 05,5 )3 BE oyaeliys (sSilso
J—5S)ls 5 as (J piS slaoy S & =ous LTB


http://dx.doi.org/10.61186/jarums.24.3.308
https://ejournals.arums.ac.ir/jarums/article-1-2452-en.html

[ Downloaded from gjournals.arums.ac.ir on 2025-12-16 ]

[ DOI: 10.61186/jarums.24.3.308 |

VE-Y b P o o ledbs L[o)l.{(___;p;;.m._u_._)o)g.)

Ju)l Kb 3y psle oluls ad=o YYE

O3l oo 5 J)iiS 09,5 & s LTB b oy
23 (E X Jlsg o) (0<+/+1) sls pluis 1) 5 puSesitn
ool el8 Ul iae LTB L oo Jlows J S 09,5
Solslize HIALS ab 9 J)iiS Looy S & s

(F ¥ Jlsges) (p<+/+0) b o2 live

B
- . 800+
=] -l a
2 3
Q2
ity £ 600
:
8 E S 400
c
2= a
- = 200
@ &
O N QR ®
i oo
Y
E
el o
_l —
E 300 a oAl o
° ab ab E
£ Ay e
£ 2004 =
© Q@ =
£ = O
® =g
©
< 100 o=
o £
£ 2
2 0
o & O 2 Q L
x\’Ax\’
JUIGEEEHHEN
= 800- i
= )
o
E = 300
@ k]
i [] -
a 2 200
b \
S £ 100
& o
5 o it L
S SR &@ &0 G}\ o 2 «0 «@

A

I Bl dunlio .Y HlSges

A e JowsSls 09,5 S el sl 5 i guie
sy vl olslise MUde)_uY soy 5
23 opelsolS 5 9o (Sl (prized (p<-/-0)
09 )5 4 wuws LTB L oo Jlews Juw sSo)ls 09,5
P<-/+0) aib Hblise s lslize il 331 Juw oS )ls
ot J)iS 095 )3 pegie (piSle pl » osMe

S

Homocysteine-plasma
(nmoliL)

Glutamine- plasma (uMIL)

Tyrosine-blood (pmoliL)

300

200+

100+

o
|

100+

6‘(‘04/\@«@

Ox\’\\x\’
F
a a ab
b
c
XV \\"\’
|
1504 a
ab
50+ il
e e
04

N [CIER\Y L L
ox\’ \\x\’

H wololi ol uSlo G (2ol k8 (iSlo (F (OB e Sl (E 020956 Sle (D B6 Sl (C Ot 900 1Sl B W9y g3 ke IS 903 (A
.\.:.))f ole (SD) S)lasbiwl J|).7<3|i u.&ab.a ) guo 4y yosls SRS S0 wlds Lmoj)f ORI U")ﬁ)"L’ (I S RO U&Lm
sl ol BMWAl Soa 9 pae o33l I e By ) 9 Jubly 5o Jloline BMWAl o IYLIS I o pa B9y LAY g VS
JuwsSls o955 (C+LTB) LTB L couislos J3S 03,5 (V) Juw )l 09,5 (ol (50 55)LY Joc) (SH) l;ui; 095 (alalaw ysu) ©) S 09,5
(B6 cyeliss 5 0320558 psitsusus-J)) LTB (VALTB) LTB L o loss


http://dx.doi.org/10.61186/jarums.24.3.308
https://ejournals.arums.ac.ir/jarums/article-1-2452-en.html

[ Downloaded from gjournals.arums.ac.ir on 2025-12-16 ]

[ DOI: 10.61186/jarums.24.3.308 ]

YY0 ubhled o (Swlub [ob.cl

9 3235 oolaiwl 9)ged il A9 ¥ oy 5 )0
BMAL 3 9 is 5o 03dlie & I3 505 S AT A58l

Lo 5 s 03 L (ulis s wl o 0> o ise

2.0+

(CBS) relative expression
(CSE) relative expression

& © A\ & &
ox\’ 4::\’

& [VIEEY «Q «@
OKV AX\I

9 CSE LCBS slapj=T oyaiig g uli—se )l
Sldog)S (i )3 dudn Uig—ed 8L s HO-1

asllas
J oslai_uwl Ly HO-1 5 CSE CBS (4659 53 ol jso

Slom 8,5 DS ) e S)ge DM Y iy (b

2.5
2.0
1.5
1.0

0.5+

(HO-1) relative expression

Ay iged wdl s HO-1 9CSE (CBS lsLblm)aT OH39 33 Uiee (LI E VISges

L ol SRS 50 wbis LQB)): OR )S ddw =3l ._))}.o.ﬁ P HO-1 [o.»).»T OS2 \_,vla))| (C )CSE [o.»).»T OS5I 2 \_,vla))| (B CBS [o.»).»T OB 9 3 \_,vla))| (A

P 03Bl S e B9 5 5 il 5o Jloline SMBI 03B SYLIS I piiire pE S5 LY g )3 3935 Ul (SD) 3 lasbinel Syl £ uSlie =) g0 4

wmawl plslize WAl S9n 9

JuwsSls 09,5 o (C+LTB) LTB L cauislos J3S 03,5 (V) Juw )l 09,5 (ol (50 55)LY Joc) (SH) Im“u 095 (alalaw ysu) ©) J S 05,5
B6 yolizg 5 320956 «yiiswman—JI) LTB (V+LTB) LTB b oo pleys

>

LR
o C < Cx\' \\x\§

o -

CBS (63 KD)

L
N C < CX\/ Ax\{’\

CSE (45 KD)

HO-1 (45 KD)

OR339 33 9 HO-1 (CSE « CBS 03 33T s yaiig »p hainn (Slps s o iy jI Jools sl & Jsobs
(SH) Im“u 09,5 (alalaw ysu) (®) S 05,5 .28 50 plis b HO-1 IA))JT sCSE IA))JT o9 e b i (B LBS IA))JT 5 oSl B9y 36L JS (A
(s -JI) LTB (VHLTB) LTB b oauis jloss JwoSils 09,5 5 (C+LTB)LTB L cauislows J)uS 03,5 (V) JwoSls 09,5 ((0sls (50 530LY Joc)
(B6 aolizs 5 (20556

obalS L Lot Jolse ool [£Y] 33,5 o Loy
Sl asllose ¢pl )3 [YOXYAY] s)ls bls)l s
o= Ja— Il Golwps)s Bl ju—uwo ) 22
SR iule )T (o SLagbs—o s JwsSls
Jobass 503 b dnl a4 Jaw b oslaiwl

Xy
153 )Shoe Ly 50 936T e Sl paics po o JunsSols
S gib 50 Qb (SI)9 A ) Jial sl 4 ymie
9 WS .),_g.of Lo il )8l Caiw A=)
03 ST Jlss slaas sl sajlyiun s ilawslpT


http://dx.doi.org/10.61186/jarums.24.3.308
https://ejournals.arums.ac.ir/jarums/article-1-2452-en.html

[ Downloaded from gjournals.arums.ac.ir on 2025-12-16 ]

[ DOI: 10.61186/jarums.24.3.308 |

\E-Y ).ub P o o )louds ;[o)l.{(___;pwo)})

Jeal Kb 5 Ia,.lc olfisly al=o YY7

DLl s 955l )3 gl ST o yiwwl ol sl
J—55l5 09,5 1> @5T ol e dlled b)) 5
23 HO-1 yljse sl ¢yl o Lol (3l il 331
SIloT ks jl &S sl HialS JowsSols 09,5
OBLS Sl bl ol Sen AL ol S gu lslize
(e bl s x4 33 L HMOXIT o) ol
J1 HMOX1 Ao jaf 034 Jled H,S 6 Lials
A i omsodly 95T o picanl U NI2 e 520k
23 ol (pSow 9 03ub 0395 b (Sl (1S9 » gexS
LEVEA] bl arbls i Hhals ¢yl

7o e 03 33) 93l puwl 095 aSiyl 4 ax g3
Jlole 93 )l (o asllbs ¢yl )3 wmuwl j9) 70 d93a
w3 4 LTB (sla JoSo b loys (JussSoly slall
Db oLzl JiiS 9 JawgSools slaey S o3 ole 9o
o> sl ) asllae ol jl B3
2= BO (elins 5 pstin-Jl 555 slaJeso
03 Sl Sl 6T 5, Sac 9 ol Lo el
S92 Juwstly a0 Mive (2l pmo sla b ge

WJ—w 95l sLldes 5 vs a5 sls ylis &l
I )5 oyl (Slass) e bble yyzmed o yiel )l
Sl el ol ise Jla ae 03 5 aBL Gials g T
)= o9Nc =8l il 8l 5 oy Dsbdy Grub s
sl 53 5 sla piel)ly (JawsSils 09,5 s iyl
5 DNA o T ol 55 39 1o8 Jol i
9528 Glp8l s e sl S O gawlsans]
DSly las

93 was ay LTB JuoSo 8 juan (JuwsSo)ly 05,5 )
Vs ol S )5 9 slass DS (s 55 0B Seue ole
Pl Gl e $J9d580 50 Ulwe ized 5 313
i 5519 05,5 b duglite )3 mlis ¢yl sy Glals
O 91l 3aS | s Ol 3o (pixed 39 3 giiro MolS
L olos wass Jw oSl 09,5 @ puml > Sl
ol § e lg s e 8L el S LTB

sl ol S SIS Sgwe el guslag STy piwl

ol Dl 838 el 438 ,5 )3 aslloe 350 03 s
SLos 2wl 2 JuwsSls pul Pl (saizs
S 15T piwn L s oo Sl 02 55T (s34l
ELs 35 LT S slio Lo Klis 5 0 9 5903
w38l T el JuwsSo)ls &5 3ls glis asllos oyl
o=l 03 g 5o e pawl 30T 58 s MBI 5 aws
SI5)9d g 5 5 x5 wnlalé a5 Jub o3l aslloe
4o Miso (0 9o 09 )5 ) e ppwl (b
Pl 09,5 & s ) 6 pSeddin Gl JuwsSo)ls
o=l o oMe 31> YL (J S 5 b 05 »5)
Esb 0> Lo iile ol (53 ) Shac LA yielly
Ol Sy Snd rolss p 39105 (o puanl aiwd
L gl ol b 038lie 3u8 o sl DNA T
Juw 5515 05,5 )3 (U guils © ped) Auds =8l ool
sllos (yol )3yl pms 09N € e iblS Silged
(5290 Slauns T SuT 0aiiS a3 ol (Lo (ks 2
aS 3b osdlie 9 33,5 HLIVICSES CBS Lisy
Lol sslassly Ghals i 5521 Vgbods (pulis 2 53 42
S aalllae b s ol 5 39 Jlslize S leT Ll i
[P7] s0las Silosas WilKed 5 bk
AS ab odly Yluis (YhHlSed 9 Yo ST aslloo s
CBS Lo ol 4 55als Ghals cacly JussSo)ls
g5 Jsime ) 93 o=l [VO] 35 s» CSE »
SLaulauwST 55T 3 ds3 )3 A Jiiwd u-_l_LQ\[ag)'a'T
Salsw 0I90300 5 VLKL Siile Kol jud
ol eadlad HRALS A5 3 g o (ki IS s
slaulasuwsl 56T mlbhw Ghals & j=io LQro._g)'.iT
OHR (Sloan Jdo 03 S Lo VS S g)ss 48
Tols vsbdn Sudlsw 09 3 9 wHLIS =l
SoaS jus )0 wilelloo )3 5wl oauh o line
o) bl &y Jus sl 4y Mise wllew )3GSH
b onlaunS T T 4 3595 50 L RAL ¢yl .l
D3[EF-EE] S5 pzmio p puwl 3 ) Shoc HALS 5
OalS & 5 oaub Jud HO-1 o3 15T« pianl Lol pits
L .3 (oo oS gl ST o pianl I (bl T


http://dx.doi.org/10.61186/jarums.24.3.308
https://ejournals.arums.ac.ir/jarums/article-1-2452-en.html

[ Downloaded from gjournals.arums.ac.ir on 2025-12-16 ]

[ DOI: 10.61186/jarums.24.3.308 |

YYY obled o swlub [ab.cl

OS9G o .o 5o AL ) gulagusT yw piwl
5B aolins (2955 sisle (plaolawwsT 5T
B3 gl S Sl s b yols Hgbay it I
Solw o a o 843 ) DNA T el s 5
oy x5 ) ok S 5 035 (5 5 5l
Olis Beusllo (l [V 5 ¥] 3iiS o Jutews o piuwl
oz )3 e i LaplausTuT & 3ias e
T 6 5 sl o3l T piasl & ol by
SR Len kb ) Wplasl s )Slec Soug 9 (Fskw

[¥] 350 szmie JuogSoily Sisle
S90S wailss LTB Juko a5 sls ol aslloo ¢yl
2= 680 Lol i Soug el )3 1) (puelis 5
o 3 Ly DNA T (S8Lsl slay simud Hixals
Al il i wileloe (S o wablas O gusls
E slagmelig 9 Suml S8 oudlalT sisle (S5lus »5 a8
O3l 5 iles S Ml Soue 4 Silgs o B s
asllae oyl gl Ly Lol o3iiS S oS oyl s
w0 dsllos oyl ) [PYYANY] cwublas Silsed
=L s HO-1 5 CSE (CBS sl yuiss pm ol jo
ORaLS w2)le A sls lis calise slaos S b
23 Golslize wil s (Juw sSls 09,5 ) W yuiss 0
095 ) yizmed IS 030lie iy 2 ol Flowws
s Loyl s py mlows a3 ST LTB L plops s
5 O3l cpal Lol wemsdly il 381 Juw oSo)l9 05,5 &
A 30ilgl s 0335 ol .3 s Jlslize GoleT ks J
23 aF AL DMy yws b BLEus9a=oe Juls
o 05 5in L S o8 il s lalids s
23895 Jobb s 4 s 5 bl e Lyus 0
Jlslise (soloT olhuss sl o (a9 39 Ul jao
Q59 9 don H3 )l o loaldis oyl o 09Me .3 )ls
2= el (- Sew ) gaawdaiiwl Ly @ 9wl pamd Sisle
el yuss 4 Sl goan IS uls & o2 35T 3 )Shoc
(TR .3 g 03Rlie &yl 9 p mhauw VS (s)lslize
il (plas)lon 4 C.uul.» 23 S 6Lmro»q§lic
0932 b Lo 35T e illod ol ¢y Sao Jus sl

el 5 a5 s losls glois ol ol slloe
~dl s (95« BO el aisle Silaumwsl ,uT
oaols a aags Ly asillan Hoboay (i
S8l Tyl (RO &y pzio 395 (s T T
A p=mie gl wS T il (AL A= S 9 03U
[YA-Y7] s 50 o ppml 3 pSlac T Lisals

Jlss sLaasof (silwiid @b Jl olawwsT i T
GladsIse & T JHRNS) 035 5 5 ¢ swus]
S o oand 5 La s g DNA aisle i)
Fwly padais 0> @re S puue Sl S5 [1Y] S e
Gb Jl &5 ol Nrf2/Keapl jauo il T ouT
L b po o0 NIf2" Gungis) o386 sl Jlad
ST ga Siile plau—anST 5T Lo 5T
5 (GPX) * jlauuST s 0 9u5L5 515 (SOD) ¥ s goumnss
ol 03 b ldsw 5 S 5o wle b (CAT) °vils
L ogdcdy .3 jlw o polie sulamusT sl T
ik SLie )3 S Y gpwlaanST Sl S sls
Soug Jodw 3 ) Soc 9 oo e sl solab
[Yax] ke

035 jm a0l po ol I o Jl Lplawws | uT
G5 s 5 sl Tyl Sl (-6 (S92 52T)
95 st S )w3T Jlo @2 b Sl 03298 1348 (50
Il a4 aiualy Sl jue euldis 9 (538 e JI €
Blad sl w355 Jl 68 ols sl 3T )8 ¢yl a8
Silgs 5o Bl )5 ol ioaimed il 9 06 Sl
0 iS =y 983 slatwea )9S diile (Ll Sl juo
NF-) 7 oaubsled (5 sl 5aid 31 LI Suw © puxs 3
Lol sl mhw Gial b 5 03,5 Ve ) (KB
5 (TNF-0) "LalT (55055 39,5 09386 pubss L
Il sbb T 9 Dbl Ol jae (IL-6) 7 - 1S o) il

! Nitrogen Reactive Species

% Nuclear Factor Erythroid 2-Related Factor 2
3 Superoxide Dismutase

* Glutation Peroxidas A

> Catalase

% Nuclear Factor Kappa B

7 Tumor Necrosis Factor Alpha


http://dx.doi.org/10.61186/jarums.24.3.308
https://ejournals.arums.ac.ir/jarums/article-1-2452-en.html

[ Downloaded from gjournals.arums.ac.ir on 2025-12-16 ]

[ DOI: 10.61186/jarums.24.3.308 |

Jeal Kb 5 Ia,.lc olfisly al=e YYA

Eb_m ol 38l sl 0 Y W) g0 & Jle3 50
23 oiee s BO (polins puized 39 (i gate
Lol (p gaie @l galie 9 O gmmdliio SLILT 43 ealiis
2bw L B6 puelig o5 yuoe inl 331 [0 ]aiS 50
ol gSoe SSslio BT b b o s )5
G b gie s Gl el wdge sbay
J5e i 50l ) gawdaio Sbol Lo jpume ST

bl o
05,5 )3 G55 J=B ) sbay LS puizred
Oloss oz Juw oS )ls 09,5 )3 Lol Ginl 331 Juw 953l
Ol o8l JwsSols 09,5 )3 wdl uals LTB L
O3 &l (pl 03iB 3ol (520956 s aa 55 Jol
SLo i I L ol 03,5 Saw S sgba
Jads a4l Sow Ginl 331 oyl .38 oslamuwl S3LsI
bl )b )3 a5 2 bl (25

,gsl.ﬁ).g_w.o

S o @ 35T Ga b Ol 20956 & s o3
o5 03 JUa] )90 3 aS el (CDO) 'L 5]
I8 o Sl duslo s 0I5 weslssls
09,5 )>B6 Orelisy mhuw (yuizxed aslloo (pl Vs
Ole)d wzs JuwgSls 09,5 0o 5 LUl Juw sSls
o LRaLS .3ls glis b 95 Job il 38 LTB
J—s 4 sl (%o Juw sl 09,5 Jd B6 orolivs
S pSee )> Al 9 guslagwST o yiwl Giol 33
Sl 6T g_sLQro._g)'.iT S deé s Fba Hids
opelias mhow Lals [0Y] s)ls CSE 5 CBS swsle
G 0T 34 5 & e oyl > ois 4 ile3 50B6

T il 8l 5 LaglagusTosT acdes ys Juial
ol 38l & ,=ie LTB b plops .34 syxie guslagus|
olo)d =i 09,5 ) B6 oelios éb.w A& Jold
LTB e ol 3l Julsay cl (Sow (el 381yl .o
3o orized 9 BO uolins pudsilio 5 3s

! Cysteine Dioxygenase

)A.m&hﬁ@wﬁgﬁébw)s)&ﬂml)ﬂﬁ
exlles oy by sl See LTB b olo s wegly
Lo o »2 b SIS 18T s » e 5T
R o dlgs 50 Olers )93 5 ple) Wi uized 9
ol 55655 S 6o (ol bl HISS 3l
LagT cules 9 9y ol o ke SlLAYloys
PUERY sl by Jl oslaiwl 9 (SueSS wlawsxs &y jls
Syt G p 5 e T ealled a8 01l pubss
D)l 3939 don »3 o

B6 orels 5 Qoo T Suwl ohnss dslloo il s
Mo 9 (S S A s S 5 wlled b o e
A AT Gl 9ol Il () )2 U sawl) 98 gaws uil )3
o DS i 3 o5 5l adsl eslo plg—ic
O S aB 0 03 pEissie 9 O gawl) 98 g yusl 3
28l Gl 381 Jas9So)ls 05,5 0> [ER] aiS 50 Jac
23 syl )3 .39 Jlalise s b T bl i Lol
T LTB yl—o)s cn =5 J—wsS)l9 05 5
ol el aisly s lsbse e (el 38l (ki 5o 5
a5 CSE 5 CBS slae 55T a5 38350 glits Ginl 33
olai ol ¢y _\_993 sh— Ol 90 9@ )l
03 i 90 9 Al S L 3lAisl LA (iS50
el 036 axblsl Osu

2= 5S)ls 09 )5 ) (g 5o wlo) Ulod VS
Osrwlio LS Jus an Ylasal &5 sl ials
0 e85 0353 LS A (1 guile Ay (i g0
S Jaw sS)ls 0958 03 sl ()5 S A3
L solsbize Ginl 381 ¢y 9sie Ol jo LTB L yloys
OSee Azl ol 5 1S Ylis Juw sy 09,5 & s
ST 58 5 ysliuupn o oz Ji)d 4y sl
il pola ol b S iyguie o5 S Rk
) 9o mow wuwl (e 9o SAMe 35108
235 a8 AT e B e pobas gao vd 5N &lio
-8 3g3 3o w5 9 00 S Uealie 6LQ>..\_QT)5
g_Sl—Qrog)'_':T Slwlsd 5 SAME (i guio (y2)93sT
ool il [£48-] S oslaiwl CBS aloa Jl pio


http://dx.doi.org/10.61186/jarums.24.3.308
https://ejournals.arums.ac.ir/jarums/article-1-2452-en.html

[ Downloaded from gjournals.arums.ac.ir on 2025-12-16 ]

[ DOI: 10.61186/jarums.24.3.308 |

Yra obles s sl [ab.cl

9ol U.u.QLY J) IO).uuu| DNA R 6&6&;36..\.;.&
aslloo C)'-’-l 23 Ja Q._g| | FERNE Soue P DNA 8}14

W 9wl 98l gu il )3 pame SIS LB 9 2 Ul jue
.3)l35 HO-1 5 CSE .CBS

SLaulers 5 JuweSls a5l w0 & asllos oyl
el LS 5o pumwl L& aelb e plawnsT T
Ole)d V93— Jw oSl 4 ssals ylis mlis
S)Sloc 5 ppul bl GRAL & e oS TsT
LTB ilowuslooT Jolo jl osliiwl .5 g 50 o ppl
RS 5 (5o pwl LR el 03 s> 95 JRB Ssme
iz )80 2in 20 3 )8 Sl s © gemlawnsT
5 ol ol )8 3 ) Sloc S 9—up )— SIS
bl © sl 98 gaw 3 e SO

L d9d=xo

(LTB) Silauwms1 6T sl Joso b ploys plo) wsiw
BLo w39 ze Jl (55 A0les e asdloe oyl )
3o Yo b il x5l oxaline 5l & bl asdloe
S ppe LGS 2 5 eyl 3 )Lac LT
J—s a0 rimed e wl o3 g5 (ST S dgilie
o=l s Real Time PCR i) Y slaai o

SP19)33 9 S
039 3y JHw )3 9 s —ue Jl YIF Ji_un g3
S13038 5 505 JleS wboy ol 93y (50 Ud )
0055 (1,353 asels gLl I allie oyl a3l Iy
Gwlih ) 09)F 9o (955 pwliub )
Ol osls aaly oMl LT olKiuls aly pole 0,5
GO9S i) 035bd 9 5y e b plidal plwl

el osub C|).‘7'd.m| olal pliwl Kby olKid s 5

ol 03 3Bl relins (l b b o 5lo e 35T 3 ySloe
095 23 el olS (uSilse o Rl asllows
Olerd w3 JuwgSls 09,5 )3 5 Ll JuwsSols
oy 03 Loligls Gl e Lol .sls Hloits iul 53l
S 03l (s lalize AWl uinle T slaoy )
OBLS JwsS)ls 09,5 )3 (2 p—w wlie ized
395 lslie s oleT bl I Lol sy
T a5 3y Ylis (eelislS L)l asllas ¢yl Vs
03 Lol a8l ials Jw sl 05 55 ) (pueliglf
al Linl 38l LTB L glops wxs JuwgSo)ls 05,5
L olos wudo 856 oaiasglis il yuss ¢yl .l
s 69 Soug 9 el olS s s ilwib )SLTB
Ol (aizme sl Jav 9S)ly ool pib 0SS 5ol
a5 wmiblas solslise Bl o9 )T o S wleligls
23 4 s Jold s pac o3ias olis sl (Kao
Olord pa 5 oleys bbb e wlolislS mhuw
LTB L ploys a5 saw) 50 s & ypuizod bl
byl )3 2l aublas SlebslS mbus y 3L puib
03 oy Ao T auwl &5 aub 038l ¢y o Ol jse b
SILoT bl jl Lol wmndly (idlS JwoSols 09,5
Shusd Juds 4 S8lg3 50 o AL 395 Hlolise
03 Ml 5 guslaa STy pil I bl S gilie
ol 09 Lol bl JuwsSls 03 S gilin slaaiT 55
o=l 3l mnwwl 03 945 Jlslisne G leT ks I ials
Aoibl a8 )8 )13 6,58 Julge Husl wms ol s
I8 o (Jw Sl 09,5 )3 (=l j o5Me
I bl cmanl (Koo &S =3l Ginl 331 s lsline gboas
095 )3 .2l S glio YMAL 5 gl dumS T yw yiawl
Lol caubs 030lite ¢y 9 w5 LidlS LTBL plops wxs
olits a5 391 lsbize oleT jbss I Lisdls oyl
2o 80 el - Sew LTB L plsops 3035
S 22 4 )5 &5 bl albls (529 05 e 5alie
JoSo a8 ol 9T Jl S aidl ¢yl .35l i


http://dx.doi.org/10.61186/jarums.24.3.308
https://ejournals.arums.ac.ir/jarums/article-1-2452-en.html

[ Downloaded from gjournals.arums.ac.ir on 2025-12-16 ]

[ DOI: 10.61186/jarums.24.3.308 |

\Z'Y‘)ﬁgxfﬁwb)wif)%ﬁwe)ﬁb &A)lﬁﬁf,kOli&.&lb&bﬁ»\”\"'

References
1- Kavoussi P, Birowo P, Saleh R, Shah R, Agarwal A. Varicocele and male infertility conundrum:
making sense of a never-ending story for the busy clinician. Arab J Urol. 2024; 22(1):1-5.

2- Mauchart P, Vass RA, Nagy B, Sulyok E, Bodis J, Kovacs K. Oxidative stress in assisted
reproductive techniques, with a focus on an underestimated risk factor. Curr Issues Mol Biol. 2023;

45(2):1272-1286.

3- Agarwal A, Hamada A, Esteves SC. Insight into oxidative stress in varicocele-associated male
infertility: part 1. Nat Rev Urol. 2012; 9(12):678-90.

4- Ribas-Maynou J, Yeste M. Oxidative stress in male infertility: causes, effects in assisted
reproductive techniques, and protective support of antioxidants. Biology (Basel). 2020; 9(4):77.

5- Jannatifar R, Parivar K, Roodbari NH, Nasr-Esfahani MH. Effects of N-acetyl-cysteine
supplementation on sperm quality, chromatin integrity and level of oxidative stress in infertile men.
Reprod Biol Endocrinol. 2019; 17(1):24.

6- Zhou X, Liu F, Zhai S. Effect of L-carnitine and/or L-acetyl-carnitine in nutrition treatment for
male infertility: a systematic review. Asia Pac J Clin Nutr. 2007;16 Suppl 1:383-90.

7- Rezaee-Tazangi F, Zeidooni L, Rafiee Z, Fakhredini F, Kalantari H, Alidadi H, et al. Taurine
effects on bisphenol a-induced oxidative stress in the mouse testicular mitochondria and sperm
motility. JBRA Assist Reprod. 2020; 24(4):428-435.

8- Blacher J, Safar ME. Homocysteine, folic acid, B vitamins and cardiovascular risk. J Nutr Health
Aging. 2001;5(3):196-9. PMID: 11458292.

9- Agarwal A, Rana M, Qiu E, AlBunni H, Bui AD, Henkel R. Role of oxidative stress, infection and
inflammation in male infertility. Andrologia. 2018; 50(11):e13126.

10- Banerjee R, Zou CG. Redox regulation and reaction mechanism of human cystathionine-beta-
synthase: a PLP-dependent hemesensor protein. Arch Biochem Biophys. 2005; 433(1):144-56.

11- Miles EW, Kraus JP. Cystathionine beta-synthase: structure, function, regulation, and location of
homocystinuria-causing mutations. J Biol Chem. 2004; 279(29):29871-4.

12- Pyrgidis N, Sokolakis I, Palapelas V, Tishukov M, Mykoniatis I, Symeonidis EN, et al. The effect
of antioxidant supplementation on operated or non-operated varicocele-associated infertility: a
systematic review and meta-analysis. Antioxidants (Basel). 2021; 10(7):1067.

13- Kruger WD. Cystathionine B-synthase deficiency: of mice and men. Mol Genet Metab. 2017;

121(3):199-205.

14- Llavanera M, Mateo-Otero Y, Bonet S, Barranco I, Fernandez-Fuertes B, Yeste M. The triple role
of glutathione S-transferases in mammalian male fertility. Cell Mol Life Sci. 2020; 77(12):2331-2342.
15- Tag S, Sarandol E, Dirican M. Vitamin B6 supplementation improves oxidative stress and
enhances serum paraoxonase/arylesterase activities in streptozotocin-induced diabetic rats.
ScientificWorld Journal. 2014; 2014:351598.

16- Singh K, Jaiswal D. One-carbon metabolism, spermatogenesis, and male infertility. Reprod Sci.
2013; 20(6):622-30.

17- Morellato AE, Umansky C, Pontel LB. The toxic side of one-carbon metabolism and epigenetics.
Redox Biol. 2021;40:101850.

18- Dattilo M, Cornet D, Amar E, Cohen M, Menezo Y. The importance of the one carbon cycle
nutritional support in human male fertility: a preliminary clinical report. Reprod Biol Endocrinol. 2014
29;12:71.

19- Nazifi S, Razavi SM, Safi N, Rakhshandehroo E. Malignant ovine theileriosis: alterations in the
levels of homocysteine, thyroid hormones and serum trace elements. J Bacteriol Parasitol.
2012;3(7):1-4.

20- Crha I, Kralikova M, Melounova J, Ventruba P, Zakova J, Beharka R, et al. Seminal plasma
homocysteine, folate and cobalamin in men with obstructive and non-obstructive azoospermia. J
Assist Reprod Genet. 2010; 27(9-10):533-8.

21- Ebisch IM, Thomas CM, Peters WH, Braat DD, Steegers-Theunissen RP. The importance of
folate, zinc and antioxidants in the pathogenesis and prevention of subfertility. Hum Reprod Update.
2007; 13(2):163-74.



http://dx.doi.org/10.61186/jarums.24.3.308
https://ejournals.arums.ac.ir/jarums/article-1-2452-en.html

[ Downloaded from gjournals.arums.ac.ir on 2025-12-16 ]

[ DOI: 10.61186/jarums.24.3.308 |

22- Forges T, Monnier-Barbarino P, Alberto JM, Guéant-Rodriguez RM, Daval JL, Guéant JL.
Impact of folate and homocysteine metabolism on human reproductive health. Hum Reprod Update.
2007; 13(3):225-38.

23- Barekat F, Tavalace M, Deemeh MR, Bahreinian M, Azadi L, Abbasi H, et al. A preliminary
study: N-acetyl-I-cysteine improves semen quality following varicocelectomy. Int J Fertil Steril. 2016;

10(1):120-6.

24- Zhang L, Wang Y, Li Y, Li L, Xu S, Feng X, et al. Hydrogen sulfide (H,S)-releasing compounds:
therapeutic potential in cardiovascular diseases. Front Pharmacol. 2018; 9:1066.

25- Akbarian F, Tavalace M, Dattilio M, Nasr-Esfahani MH. Down-regulated expression of
cystathionine B-synthase and cystathionine y-lyase in varicocele, and infertile men: a case-control
study. Cell J. 2022; 24(4):176-181.

26- Shiasi A, Tavalace M, Monajemi R, M D, Nasr-Esfahani MH. Impact of varicocele on the
expression of testicular enzymes involved in the transsulfuration pathway. Int J Fertil Steril. 2025;

19(1):80-87.

27- National research council (US) subcommittee on laboratory animal nutrition. Nutrient
requirements of laboratory animals: Fourth revised edition. Washington (DC): national academies
press (US); 1995.

28- Turner TT. The study of varicocele through the use of animal models. Hum Reprod Update.
2001; 7(1):78-84.

29- Molina AM, Moyano MR, Serrano-Rodriguez JM, Ayala N, Lora AJ, Serrano-Caballero JM.
Analyses of anaesthesia with ketamine combined with different sedatives in rats. Vet Med. 2015;

60(7).

30- Razi M, Sadrkhanloo RA, Malekinejad H, Sarafzadeh-Rezaei F. Varicocele time-dependently
affects DNA integrity of sperm cells: evidence for lower in vitro fertilization rate in varicocele-
positive rats. Int J Fertil Steril. 2011; 5(3):174-85.

31- Suidasari S, Uragami S, Yanaka N, Kato N. Dietary vitamin B6 modulates the gene expression of
myokines, Nrf2-related factors, myogenin and HSP60 in the skeletal muscle of rats. Exp Ther Med.
2017; 14(4):3239-3246.

32- Kalender S, Apaydin FG, Kalender Y. Testicular toxicity of orally administrated bisphenol a in
rats and protective role of taurine and curcumin. Pak J Pharm Sci. 2019; 32(3):1043-1047.

33- Omar HE, Abd-elghafar SK, Fiedan IO, Ahmed EA. L-cysteine ameliorated testicular toxicity
induced by acrylamide in rats. Eur J Biol Res. 2015; 5(2):1-8.

34- Shi M, Sekulovski N, MacLean JA, Hayashi K. Effects of bisphenol a analogues on reproductive
functions in mice. Reprod Toxicol. 2017; 73:280-291.

35- Razi M, Sadrkhanloo RA, Malekinejad H, Sarrafzadeh-Rezaei F. Testicular biohistochemical
alterations following experimental varicocele in rats. Iran J Reprod Med. 2012; 10(3):209-18.

36- Razi M, Sadrkhanloo RA, Malekinejad H, Sarafzadeh-Rezaei F. Varicocele time-dependently
affects DNA integrity of sperm cells: evidence for lower in vitro fertilization rate in varicocele-
positive rats. Int J Fertil Steril. 2011 Oct;5(3):174-185.

37- Rezaie Agdam H, Razi M, Amniattalab A, Malekinejad H, Molavi M. Co-administration of
vitamin E and testosterone attenuates the atrazine-induced toxic effects on sperm quality and testes in
rats. Cell J. 2017; 19(2):292-305.

38- Taghizabet N, Mangoli E, Anbari F, Masoodi SA, Talebi AR, Mazrooei M. The effect of
heracleum persicum (Golpar) oil and alcoholic extracts on sperm parameters and chromatin quality in
mice. Int J Reprod Biomed. 2016; 14(6):365-70.

39- Afiyani AA, Deemeh MR, Tavalace M, Razi M, Bahadorani M, Shokrollahi B, et al. Evaluation
of heat-shock protein A2 (HSPA2) in male rats before and after varicocele induction. Mol Reprod
Dev. 2014; 81(8):766-76.

40- Aitken RJ, Wingate JK, De Iuliis GN, McLaughlin EA. Analysis of lipid peroxidation in human
spermatozoa using BODIPY C11. Mol Hum Reprod. 2007; 13(4):203-11.


http://dx.doi.org/10.61186/jarums.24.3.308
https://ejournals.arums.ac.ir/jarums/article-1-2452-en.html

[ Downloaded from gjournals.arums.ac.ir on 2025-12-16 ]

[ DOI: 10.61186/jarums.24.3.308 |

\Z'Y‘)ﬁgxfﬁwb)wif)%ﬁwe)ﬁb L}ﬁg&)lﬁ)ﬁf’lﬁowlbwvvf

41- Dang-Cong T, Nguyen-Thanh T. Testicular Histopathology and Spermatogenesis in Mice with
Scrotal Heat Stress [Internet]. Male Reproductive Anatomy. IntechOpen; 2022. Available from:
http://dx.doi.org/10.5772/intechopen.99814

42- Kurien BT, Scofield RH. Western blotting: an introduction. Methods Mol Biol. 2015; 1312:17-
30.

43- Cho CL, Esteves SC, Agarwal A. Novel insights into the pathophysiology of varicocele and its
association with reactive oxygen species and sperm DNA fragmentation. Asian J Androl. 2016;

18(2):186-93.

44- Shaygannia E, Nasr-Esfahani MH, Sotoodehnejadnematalahi F, Parivar K. Is ferroptosis involved
in ROS-induced testicular lesions in a varicocele rat model? Basic Clin Androl. 2021; 31(1):10.

45- Shafie A, Kianian F, Ashabi G, Kadkhodace M, Ranjbaran M, Hajiaqaei M, et al. Beneficial
effects of combination therapy with testosterone and hydrogen sulfide by reducing oxidative stress and
apoptosis: Rat experimental varicocele model. Int J Reprod Biomed. 2022 ; 20(11):941-954.

46- Micheli L, Cerretani D, Collodel G, Menchiari A, Moltoni L, Fiaschi Al, et al. Evaluation of
enzymatic and non-enzymatic antioxidants in seminal plasma of men with genitourinary infections,
varicocele and idiopathic infertility. Andrology. 2016; 4(3):456-64.

47- Micheli L, Cerretani D, Collodel G, Menchiari A, Moltoni L, Fiaschi Al, et al. Evaluation of
enzymatic and non-enzymatic antioxidants in seminal plasma of men with genitourinary infections,
varicocele and idiopathic infertility. Andrology. 2016; 4(3):456-64.

48- Yang G, Zhao K, Ju Y, Mani S, Cao Q, Puukila S, et al. Hydrogen sulfide protects against
cellular senescence via S-sulthydration of Keap1 and activation of Nrf2. Antioxid Redox Signal. 2013;
18(15):1906-19.

49- Kalhan SC, Marczewski SE. Methionine, homocysteine, one carbon metabolism and fetal growth.
Rev Endocr Metab Disord. 2012; 13(2):109-19.

50- Johansson M, Van Guelpen B, Vollset SE, Hultdin J, Bergh A, Key T, et al. One-carbon
metabolism and prostate cancer risk: prospective investigation of seven circulating B vitamins and
metabolites. Cancer Epidemiol Biomarkers Prev. 2009; 18(5):1538-43.

51- Singh S, Padovani D, Leslie RA, Chiku T, Banerjee R. Relative contributions of cystathionine
beta-synthase and gamma-cystathionase to H2S biogenesis via alternative trans-sulfuration reactions. J
Biol Chem. 2009; 284(33):22457-22466.

52- Yang J, Minkler P, Grove D, Wang R, Willard B, Dweik R, et al. Non-enzymatic hydrogen
sulfide production from cysteine in blood is catalyzed by iron and vitamin Bs. Commun Biol. 2019;

2:194.


http://dx.doi.org/10.61186/jarums.24.3.308
https://ejournals.arums.ac.ir/jarums/article-1-2452-en.html
http://www.tcpdf.org

