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Abstract

Background and purpose: Sulfur is an essential element used in the amino acids cysteine and
methionine. Sulfur toxicity occurs due to its high concentration and volatile compounds in the
environment. In various stages of human life, sulfur contaminants cause a variety of disorders in different
parts of the body including the immune system. The embryonic period is the most critical stage of life
cycle, so, this study investigated the effects of sulfur intoxication in pregnant rats on serum levels of
immunoglobulin in their neonates.

Materials and methods: In this experimental study, 36 adult female Wistar rats were divided
into three groups: a control, experimental group | with mild poisoning and experimental group Il with
severe intoxication. Before and during pregnancy the experimental groups I and Il received a daily dose
of 500mg/kg.bw sodium sulfide dissolved in drinking water for 15 and 30 days, respectively. Blood
samples were taken from male and female newborns, 40 days after birth, and the serum levels of 1gG and
IgM were measured using nephelometric technique. Data was analyzed in SPSS ver. 17.

Results: The results indicated a significant increase in serum levels of immunoglobulin 1gG and
IgM in male and female neonates with severe maternal toxicity compared to the control group (P < 0.05).
On the other hand, there was no significant difference in the concentration of immunoglobulins in female
newborns of all groups compared to the corresponding male group. (P>0.05)

Conclusion: Sulfur contaminants or their metabolites can cross the placental barrier during
pregnancy and increase serum levels of 1gG and IgM in neonates through changes in the function of fetal

immune system. Furthermore, these alterations are believed to be gender independent.

Keywords: sodium sulfide, sulfur toxicity, newborn, rats, immunoglobulins

J Mazandaran Univ Med Sci 2016; 26(134): 221-229 (Persian).

221


http://jmums.mazums.ac.ir/article-1-7208-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-06-04 |

oo (S B}y ep—L colS Biba_1 as
(PP1-PPQ) 1QIE Jlw sidwl 1WIC o)lads  @aiy o Cawy 0)9s

aaub algio (jlal jgi ;o pw sl )gi91Sgigol abaw 5 pS ajlail
ualgw miaw yajen ja 0l e gle yigs |l

Dl S 1yn
PPN ERVE
Fosmiod SBalo Lo,

23S

315 IS b s 5 gt aaT el 93 53 Sl 3 ey olis 1SS Olgie 45 8 8 1B 9 il
g_j.h&u‘}_a-\f):Lgbjfj_?duc@YT.JJ;@bﬁf@uJ:QT)béQ\mfjjypCJ.EMA.:QTJ’\G&UW)
Oly93 48 e 0TI .S o sloml el o diile O Calibes (sla 3w 53 1y S86,8 SVl Ol S
S, oL ol e sl ise 65,5 58 s genme 3T ol andllas 55 ool (S Al o o 5 el i
Wl 0 gy 1 OSN35 5 p o Sl ) 1518 55 s

o)J_?IuUuLi:v:«ﬂSojjfnwAfUM})‘}J}\&QD\A@\ﬂj}AﬂV?@ﬁJw%d‘)z:ugﬁg),)l,n
59o¥0 50 5 s 4 2 les 8 b S e LY o 09 8 5 ikt Cmgena ) (025 09 8 oJ S
QJEJJGJ:ALLTUT)JJMQJFMU-X.:.:djmvi-l.wa"mg/kgbW)‘-LE.Aé)‘DJLvd)}JQE[.;U&J‘J)L)‘J..s
Sk G b 51 La OTIGM 519G o o = s 5 AaT s a4 (6,85 55 011555 51 el 5 51 g 555 Fr i s
Ad S o3l

puujﬁobuﬁ)ngl\ﬂﬂge6u¢gﬁﬁj;ﬁt¢ﬂghu;)u@mu:ﬁ\)_autg;u@u:uwg
eles 53 L s S i sm) il 3 s GSn s b < /00) 35 U S 05 8 4 S (50l kd Cn pon
AP >0 /00) SAIL (gyls gme DMl 5 Blis oy & 4 Cd o3le glooy S

S L 5 03,8 5 g S 1 (50l30k Oly3 53 Al 5 oa OT sl ke L (63 88 (slactey VT szt
J_\45.3..»)64,21ch\jap&;.x;ﬁobljj}lgM}IgG@ﬂcbﬁﬁlpl@pﬁdﬂ_ﬁtwsjﬁa);
Aol o e el Sl e Oy gee 4 O I

A s sl gl o Far 550635 8 Con ganidedd g o 15305 (51 0

doddo
s 3 (5 geie A Toal 93 ST 5 55 155 355 b i s pli 5 58 Gl 5 k)
Cjbl{an}E‘\{J;}fw.(Y)é})d)\fs\{ gw&?@wﬂﬂuj\é)(\)@\
E-mail:Saeed1617@yahoo.com 03555 Aol 5 Dol 315T o83 O o o Olazstls ¢ =09 )55 03l T Ao S 105,58 = )lw @SB Saman s giune ilge

Ol e335318" €538 doml g oDl 513T oK1 carly psle 0aSails o5 lor psle L1 el

Ot 03538 (05,315 oty oSl ST ol ¢ palis Coay 05,3 85505058 kel Y

Ol 05338 03538 oty oDl 33T ol ¢ S jals 05,8 bslewl ¥

DAl S WAF/SIA L oSl g gl ) 6 AAR/O/YD il fu b

1191E aiaw! « |VIS a)lais (@aiy § Cunyy 0)9 ohsjle Ak} eole oGRSl alas ppp


http://jmums.mazums.ac.ir/article-1-7208-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-06-04 |

ulilSasb g jlais Sui lpnj

oty G 5l Jb G b 5l el ) 5 S
s c3d8 ol 510N e 5 ATP & ul
El W ol gl Ese 4 s s Sl2eS
ST oo Slabd Iy gty 7050 o0 e
las Al Wiy o s bled (oo i ) 5 A4S 5>
ol ateiie (et (AL 3L 4 Ll S
S (sl p s sk 5 ysesn sl R 57 o
053,80 515 (6 hmail 5 Jaoe laottNT 5T
L Lad sS35e 5 Ladsw 51 Slejlw  —ml ows
g8 Ligie 53 0 16 Lol paai sla i
o= a.x_:.mJ.»g{:J S glad S e L ONAS
(028 sl 5 OlaliaS e 5 o8 5 5o l) i
o 1gM o 5 oS sl 00 dizes 255 SIS
Sl g g (il sl 3 0dd A 5 sl
e L LOS 5L 650 sb 419G o sl 5 sels
ey 5 o el a6 o
S Sl ol p g dan (YD 5k o JLd 1) OlediaS”
SLAS e 0 ey 3 L 85 el ol il
Pt S Cmd S i 5o (55 (ST
e 3l aes Jolse 31 S Ll5 oo 5 (Y1)l
ohie Sl 48T 0T 505005, 8 5 Laety VT
5 b o bl DIk Sl (g ] o
W55 b 5558 o BT oo 01593 51 0T a5
AU s 2l aalllas s ol ol bl o aals]
S35 K Conyann o aoms rgn Sloaln VT 51 S
SLaid s o gyl CBle 035 4 (mal e
Olyss sm S L a0 p 5 wlas 45196 5 1gM
dolis Coedl Wil 5 o SlWlas 4 S pl ol 03 57 i
55k a1 aomat 5 sl VT (5050 b
3Ll 3 ol 552 51 S i 1 1)

5T el SE5 sl e sl

L o9, 9 dlge

abb&\ﬂj‘,ﬁfﬂr?ﬂ&ﬁé’dﬂba‘)a

O 3 Joolo 15 o LS 5 5 James 55 0T (VL
PRy 635 55 OLS 5.l bls,l s
Calisee O5lae 63 5 8 laanior daolaassT asle)
aleo) s slac e L GLE 5 b slacl
A5 (b Glacs 5 O3 e (DS (il
0330 Al e Ao LS 5 51 (F (D) 5
Sl adsw Jos S 5 (SO2) 558 1S 63 (H2S)
Ghle osis a5 (15 02 158 (Jpene laon VT
6u&;>.}_nﬂjﬁﬁ}_?}ﬁ);}?o‘}:ﬂ.(bnf)mw
i g K JEj 5 4 (g ysb 4l YU
Gl Ozen 3 85 Ao p3 YUY (o3l Y gana ol
liie 58 5 i Ko i) wole Lo (e
Bl SOz ez 15 8 & ladnST jlisl Lo
laolr 05554 el s A 5 e mlie 57 Jl o
5 Cadus 03l ¢ SLaatsT slaj€ GLS 5 ois
0SS ot g VB 0 (635 5 sladassr
@ 5 or 5 (Al g 05904 b ol g oy )
AL Jos HoS 0aSTs15T 0l 520
slacl I Jol- S b glacd sl s
~1osT ol ol Slasls e Sl b (oacd
SOz ()0 ,13K (Lo o § Lames 5 DLl CDlr
Sla STy 55,0 Sol bapltil 1 (6l 53 Ll 5 00
5 ise 5350 Blizzal 1 aalllas (V)5 55 4310STl
SOz 48" el osls Bl (4l Olys 53 55 =
il 1 11555 5 Al Ol s 5 o Jlazs!
P55 ) CeLHS L Coegons (e () An> o
35S o Jlesl s s sl wsle G5, 5
odhe 4y (1255 o (LS Jlasl 5o 03 SO
Olals 03 o Eelb HaS ly slagST 5 5 o
Gk NV 3l 4555 S a gl e ige
033048 O3 Jo 3 5 (oS (S0 ;8 2alS
s Leffler adtlas 015,80 &y goo (HS) il e
S5 e Cbale ja HoS oS sl Ol 55 0K

Jeos e By e oS 5LEE 6 Ul gt 4 Ll 5 oo

PRI 1RQIE sidwl « |VIS a)laids «@ady § Cuny 0)9

ohsjls Ak} eole oGRSl alas


http://jmums.mazums.ac.ir/article-1-7208-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-06-04 |

330l @3 gdyze )s (haw Slo gbgs OB oM SlooyeglSeiges) b

BLSI Gl T OT 4 (o3 5 8 (sl ) o FAS
HoS W5 Lol O 5o ddl g b 87 10T 1
5 G HaS s Csllak s 5 pab 553 8 s
dlons 2l O3 e plo or 3o 15 oo (kS
23,8 o5 Goes 8 Ly SualsT ST 0l &
AL 5 Ol G5 595
oaliil 3 gn osle (55l Cugar Lo i gla 5o
Loz S QB i B 2 4 55ty s 515
)>m&i¢u4{}v\i>;4§u\j}j}n5>ub
 onl S 6o pba das IS K e
G130 0593 OAE (e 5,8 el b O 50
o el g sy o Ol 5 55 Gy YL YY)
23 beclan a0y, 1 a Olsljs 5 Al ks Olysle
S olss 083 3 e Hids (5 g B i
T 5 allwles s glds 51 alsl s «(Ga,¥e)
5 50550 (Sia) b o3 s ped eslizal (g e
S5 e sLa 03,8 5 U S 05 8 Olysle esle
o oA g, S a Al LS ol sl pln
S 05 5 oLl osle 358 ige A g 5ol
805 BOT o o ) it oy S
Co o b 423510 Sode 4 0 g5 (Sbad gad e T Jas 4
e S o Jol g 5 AS S g Sl B0 TPM
:IJ_?G“JLM/A_?)>—Y~ L;u;,;u;g}_g}fy'w_l
353 55106 S 1gM o (613 b5 8 (61465
)58 ol Binding site &S5 bS5 (s e gl
L odsT S 4 glaesls .us oslizl m.li?l
ST Jdo 5 as o 5550 VY 425 SPSS 1 3le
olols IUT ey & m awlin gl 8 8 13
503 8 eslinal S5 s 5 (ANOVA) & b oS

Mm;jb)Jb)‘)GMcE—NO‘}&‘U(p<'/'O)

la a3l

519G sl 52 o8 5 sl i 4 by o il
JQLQ-VA ) 0l ea)‘gT\ a)\.o.fu dj.«\a-JJ|gM

W, SN 50 S5 o80e b sl s 5155 51 AL
35 e b 315 Oles 1AL 5 s s e
L oslizul 35 50 SUl s A a3lizal p 8 YY1
o8 ils Dbl iy S o 50305 4 o 5 o
Sole & 03le Sla i ge Lk agi b (S5 p sk
el T o8ty a8 le3T Loyl 15 > azia ¥
Lyl s 53,8 slaas s YYEY glos 55 05,50
el )Y 5 (CaV B o V) glsgy Cela VY (5,
G 5 5la o s 5l M pla ol 55 (S50
slaml g ol s 5l Oliabl I ey 5 LU
plas Cosley b 2o plonil (sl cdamme b (6,875
A5 8 o3l Sy 5 yiim 5 M ol ga
05,5 $3Lal 5sb a8 5l ey o3la s 5 Dbl
@5 WY e, 8 et Jlosle gla rge 5 ks g
s S s
Ol g StaalaT ST 31wy, :d 28 05 5 -
@M 0 50) e o st 03,58 1S 5 05,5
oslil islesT b ys aslsl3T e b as (5,14l
05,5 =Y 3 SS Ilys ols e T s LS
U8 53500 5les 8 ol H(Cadst o gona) ) g 20
655, GayYABYP) ola,k 0595 OLL b (55050
AT 3kl (sl 5 ]y b 5as
(L dd Congorma) Y 25 05 5 —Fis ST 3L 5
Sl b 6,155k 51 U8 5o Sles S ol sla e
ol g e 5la @595 (g, OGOV 125k 0590
83 SISl e o gata 03,28 M ol en
el 267 055 ity 5 WU ol e Sl s
O3 esle J 28 05 8 ilen 5 (gla im0 8 ik
V e slsos S &S Jlo s b 6,16 les
NS 595 L sles Comi cosbe sla e 1Y
ssbie 443 5 15 Oslize Sk (1 ok i s
Ay el ol (63 8 58 o g S
00 MY Ol e au (OLJIT Merck &S5 J guames)

0S VIOP) La b e 0y 055 3l 0,5 5AS a ol

11991E sidw) « 1RIS a)Laids (@i § Cuny) 8)93

ohsjls Al eoke olEibily alas ppIc


http://jmums.mazums.ac.ir/article-1-7208-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-06-04 |

ulilSasb g jlais Sui lpnj

5l Congan L (25 lnes ;S 53 5035
Sol3 sime i KAy 4 S ikt s ot
(Y oyled Jgds) sl olas 1y (p <v/00)
oo S5l gl SBIE 3 (3 Julye
Oly5 33196 e Jlis Ol e a0 . WS W 30
sba olen 5 DLl e e IS dla (g loy i
Aol ()59, o YU o 23 IgM | ey S
Sllllas ¢ iml Gl e s @38 5 LS 5 50
23 3,5 5 48 Wlesls ol Bl ws s, 2
Sl S gl 21531 sl 055 )i A g 5 520
el L 3 Yot 487 508 e A8 s Shes
Sladaals 3lalay 4 e 5335 o 36 451S|
5 Bridget .(A)s i s S T 550 5 ol
A g LA 5 pm 457 Wisls OLaS 5 O,
S Gla 8 e Ol an i (DU 5 4y
TNF 59— S oIl V=S s S lu Sl
) ol sl T 3 b (Tumor necrosis Factor)
2 i 09338 o (sl s 1 g5 Ol g0
L1GG Oz 2 laid s s 5 sml (Lol e
sl Ao el sla el ple 53 i 4 Ol oo
S ST LB e il sl e glad 58
2348 ola e 53l als S o el i
351 ame Sl plcdzils 5l 3 Tea S IT 5 ae
o 5 ) m 00) I sdalive diw (gl I8 sl
Sl 0k 0315 L adlllas &S5 5 ¢ or o) pulSe
Ul o 150 Slood VT 5,0 55 (3.5 515 48
e 885 5 ol St gLl ey Eel
e 4o (190355 59 IS uly 5T S i 5 Ol ezl
P35 ol gl 198 S I J s 03 e 5
Saan 31 oYU 5 (i pils e 3 05357
Al odalin IgM LI 5 055 dn Al s o e
s Hassan .(0v),1> Cillas anlllae ol s L 45
48Tl QL Wl sl sad p anlllas 55 5 O, Ke

$lils 635 8 Js 5 58 Lo p pes Olsley i

IgM 519G (sl 555 55 gl Ol 555 (o eutalie
Lkl 5 Cads S sann 03 8 33 2 03ke 5 i Ol s
383 0 0L I BT A8 03 8 015 5 4 e
ol 15 e s Csogonn 03,8 53 il 53l !
253 1gM 519G chle Kke s gde 4 .(p <+/+0)
S (613 o i 03la 5 5 0l 5 sla 0y S 51 eSS

) ol Jgdor) das o Ol 55 Blie oy S w0

319G (sLa 5 8 5 gl (o prlas Ol 1Y 05l S

ql&»duaj;)g&lfuaghu‘z}ﬁol:lj}}):lgM

(A2 DIGM oy e (i o3 0.5 A 106G ke bt
o3
Sl o3la Olsj 5 Sl o3le Olsj 5
DACA VAT CFAYE /Y CNAME /Y CINFYE YA Jes

RIAEYY ROFED VYR CAVESAA O MYIKY) Cais s ganas

FoRVALAYY  FUaNE Y FYNVE A R sk 00 MGIKY) Ldd e yans

a8 s Gl ot e O1313 5 7 Ll e pone 5 it e
S8l [y Aol g o s gl (60120L OLL B (6513, 51 18 5,50 500 Sl 5
alie .l J S 05 S LD < /00) s ime SNt autins Ol 5 Csdle s S

ol 0 &1, (MEANESEM) Kok jlas slla & . Soka ol

635 55 (slaoa VT Slsl 3 bls ayos

FRRC JU P YGRS B PO S g 2
3t @l 53 il ol Ol LaoT e
i 2 A G b S en Gae iy VT S glaacer
S aS (g e slgn 503 b 310Nl O 2!
1y e Bl il 0 ST (o) e D
35 65,8 55 ie s od VT (1931l st
3OO g «(¥F) 1, S i) 5w (63 (HS 0y fo
0313 OLE Cior o LI ik 1 S5 0 (19) SO
N5 3055 ) H2S 65 £ S 5 5 it
ezl ol ol DS 5 goo bad shor LoDy (sl |
0131 5 o—as] s, Slee 635 s S oS
e 55 aalllae ol s bl 1836
osbe 5 5 0I5 )3 IgM 519G sl gl s li
re I U RS 05 8 4 S L Consann 09 8
(Y ojled Jgdzr ) (P <v/00) s o OLES T (6l

PP 1RGIC siduml ¢ IWIE o)ladd (@l 9 Cangy 8)9s

ohsjls Ak} eole oGRSl alas


http://jmums.mazums.ac.ir/article-1-7208-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-06-04 |

330l @3 gdyze )s (haw Slo gbgs OB oM SlooyeglSeiges) b

23 s (e aj_ﬁl,,.p Llesls Olis Oledlas
IS 95 i 55 3 ILE 5 5,50 u5le Olsl 5
OYLE 5 4 by e slaasl il Jle O g2 4 .50
232 33 (S = e SSlwdlnd S ga Ol g
O «(Hypothalamic-pituitary-adrenal) HPA
O fs 55555 Opassp Sl sV g
S e el 3 s S S S 55T
Olis 545 3l s515 55 (Lipopolysaccharide) LPS
Ll i el Sl 4 Ll Glagealy (ML o
Glaigeym K5 O b 51Tl i S 5
e Loy Jolse 5 (i Slap s S (i
e d&-‘i'ﬁ°jﬁff)° (e o o YT Jo)
2 b ol LWLl 25 el (glagenly )3
Cble js 1) gyl —me M S 4 allas
G 03ls lros S19G 5 IgM (sl 50 58 5 oo
) oylecs Jadar) das i OLi 5 blie oy 8
b 0T a5 o Sladllae oyl ml s sl
o2l 02 ) S S i S0 sa) 58 &S 250
Tl 53 ¥ Jlie Ol 4 S Ll 5
T bcwlie 15T gladshe Conazr 5 b8 sule
3 o LOIesw 4 BT ()l i (glals g 2l
Lo i3S SU Co i Olps 5o S5
L 5l ey (Hs S e 5 Dm0 50
GR3 Ske 4 DAL o Sl b b £k o s
o3le i )3 o U8 2 IS 5 gl oslie ki
Do pok Sl g Boss & Sk S i 4 S
SLaid sl 5 gl o 55 5L (19035 ,8
SLacS e o el 53 S A S el s S
(VN3 58 n odalie S5 5T
a;,.\w@@}:p}wmﬁw@u&bdlﬂg
i GO Pl il 5 1) Sl fse (S
SladS e L Oblj 5 sal lad s il pte
ot gon Y| 48 E i Ol g5 n ¢ 5 55T
S sl ssml ChIE y sil35k Olss 53 88

U Jsl slaccia L IgM5 19G 51 el il 53l shaw
3 ol 3l e A g diteed oS ) e ol 5
Ol Lol 55 5 gl ol I3 ks Ol Ao
(Y035 dali 03 8 515 e (13 sme 5 sboas
35 o 196 ke ba ol 5 8 5 gm0l 51 (5
Lol S 53 8 i O 53 5 Ayl g S
Gims opl 53 odd sdalin IgM 419G claa&:é)‘ﬂ\{
Lo o s oS 5 sl 51 5 anils o555 Lo Yzl
o) Gl SIS 1 Ll S iy (5530
sl La i g 53 (Sabe &85 1 ey La03 5T &
Lo o 5= I s smal Sl 530 ol 2 esdle 1) 55 o
Joda) s At g (5 s Ol ) Sods 4 sl s
L5 o5 4S5 1gM o S5 b 5100 o les
Al 5l 581 Olsl) g5 p e 55 led ) 58 S )
Gl s eSs s s .() ojlad Jads) Sl
LS 51 (S5 Ol gt e oSy (bl g (6
rebet (ol Sl s ol Al e e
C3 ie (505 0 iy (Sl 5 (63 sl 5y
Sl s SO SUls oS 5 ol sl olakaS
S 4 )3, 19G 53 Al g (63 Ak so 2SS
(et T LS ) lacd sbie 45 sy o
Cel Wl 5 e g s 3 e ) (36 (63 58
o 55 5 i e Gaal RS 5 4
(e (oS e ol sl Olsly g6 5o 1y sl
o a0 B Sl aos 5 Olsl) el Caands !
oIl s Csghe S gl |y A ] g )
Ol 5 ol ol 53 S ol 3 la o s IS i e
e (255 Al e 15 ST & Cl o o3l
2348 35k Slan e e s () o 53
S S gl 5 Sisde 4 Ml sldaal 5153
LaoduNT L5 me 53 3 8 515 (Jle Ol e 4 .l
318 5oy VE (oo Sa Y0 oy Sy3) o lases
Loy Sl il s T slacawsed fals Cel g

(Y355 oo im DL s 055 5 B slacw 5ad

11991E sidw) « 1RIS a)Laids (@i § Cuny) 8)93

ohsjls Al ek sl alas 121%


http://jmums.mazums.ac.ir/article-1-7208-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-06-04 |

ulilSasb g jlais Sui lpnj

ot gomn ) 30 a0 53 65 o adlllan ki o
B 6“&:‘;’.}?}5}*&‘ Chle g,k sla Sse s

ol 5L 55 s o W 520 036 05l 55

S 5Sowlans
o8ils BUS S 5 OV s Slasm3 1 abensn
S SLS wlas 5 09,508 asly ool 15T
Ao S ol e g im ol plasl 5o (g 5o

"’J“f“s‘ Ls)\‘}i.wl.;.w

References
1. Kutney G. Sulfur: history, technology,

applications and industry. 2™ ed. Toronto
Chem Tec; 2007.

2. Metzler DE. Biochemistery: The chemical
reactions of living cells. 2" ed. Elsevier
Academic Press; 2008.

3. Komarnisky LA, Christopherson RJ, Basu
TK. Sulfur: its clinical and toxicologic
caspects. Nutrition 2003; 19(1): 54-61.

4. Weil ED, Sendler SR, Gernon M. Sulfur
compounds-wilely  online. Kirk-Othme
Encyclopedia Chemical Technolog, 2006.

5. Smith SJ, Pitcher H, Wigley TML. Future
sulfur dioxide emissions for Climate Change.
Climatic Change 2005; 73(3): 267-318.

6. lin CC, Yang SK, Lin KC, Ho WC, Hsieh WS,
Shu BC, et al. Multilevel Analysis of Air
Pollution and Early Childhood Neurobehavioral
Development. Int J Environ Res Pub Health
2014; 11(7): 6827-6841.

7. Wang R. Physiological Implications of
Hydrogen Sulfide: A Whiff Exploration That
Blossomed. Physiol Rev 2012; 92(2): 791-896.

8. Whiteman M, Li L, Rose P, Tan CH, Parkinson
DB, Moore PK. The Effect of Hydrogen

Sulfide Donors on Lipopolysaccharide-Induced

S50 i 4 &ls S50 4 013155 1G5 1gM
wallan ol o] s @ gl e Sl il
3 et )3 085 D) 30 40 o s ) 56 51 (ST
o i ) a8 a 00l 5 5 011505 (e e
odaline IgM 419G S Ck"'Jbgg.‘“ ol Bl e
Q‘)}’J-’ﬂ‘ww)ﬁyu’\)-x—i:;
OT JUis a5 g Sl o Lacisie ol 5l ¢ g
(LT oS 5 slad o) B glams s 21 3

o.A..S.)L’u_‘ éum&a 33 S 42.5‘ )}.&@ L;LL

Formation of Inflammatory Mediators in
Macrophages. Antioxid Redox Signal 2010;
12(10): 1147-1154.

9. Kampa M, Castanas E. Human health effects
of air pollution. Environmental pollution
2008; 151(2): 362-367.

10. Meng Z, Qin G, Zhang B, Geng H, Bai Q,
Bai W, et al. Oxidative damage of sulfur
dioxide inhalation on lungs and hearts of
mice. Environ Res 2003; 93(3): 285-292.

11. Nam B, Kim H, Choi Y, Lee H, Hong ES,
Park JK, et al. Neurologic Sequela of
hydrogen Sulfide poisoning. Ind Health
2004; 42(1): 83-87.

12. Hayden LJ, Franklin KJ, Roth SH, Moore
GJ. Inhibition of oxytocin-induced but not
angiotensin-induced rat uterine contractions
following exposure to sodium sulfide. Life
Sci 1989; 45(26) : 2557-2560.

13. Leffler CW, Parfenova H, Jaggar JH, Wang
R. Carbon monoxide and hydrogen sulfide:
gaseous messengers  in  cerebrovascular
circulation. J Appl Physiol 2006; 100(3):
1065-1076.

14. Fox B, Schantz JT, Haigh R, Wood ME,
Moore PK, Viner N, et al. Inducible

PRV 1WQIE sidwl « |VIS a)laids «@aiy § Cuny 0)9

ohsjls Ak} eole oGRSl alas


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCIQFjAAahUKEwj_74vi2oDHAhWHshQKHc_BA-A&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fbook%2F9781895198676&ei=Zvi4Vf-kAoflUs-Dj4AO&usg=AFQjCNHqSQWdU6-94_bQiYaTFNDycNtcfw
http://www.ncbi.nlm.nih.gov/pubmed?term=Komarnisky%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=12507640
http://www.ncbi.nlm.nih.gov/pubmed?term=Christopherson%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=12507640
http://www.ncbi.nlm.nih.gov/pubmed?term=Basu%20TK%5BAuthor%5D&cauthor=true&cauthor_uid=12507640
http://www.ncbi.nlm.nih.gov/pubmed?term=Basu%20TK%5BAuthor%5D&cauthor=true&cauthor_uid=12507640
http://www.ncbi.nlm.nih.gov/pubmed/12507640
http://www.ncbi.nlm.nih.gov/pubmed/12507640
http://www.sciencedirect.com/science/article/pii/S0269749107002849
http://www.sciencedirect.com/science/article/pii/S0269749107002849
http://www.sciencedirect.com/science/journal/02697491
http://www.ncbi.nlm.nih.gov/pubmed?term=Meng%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=14615239
http://www.ncbi.nlm.nih.gov/pubmed?term=Qin%20G%5BAuthor%5D&cauthor=true&cauthor_uid=14615239
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhang%20B%5BAuthor%5D&cauthor=true&cauthor_uid=14615239
http://www.ncbi.nlm.nih.gov/pubmed?term=Geng%20H%5BAuthor%5D&cauthor=true&cauthor_uid=14615239
http://www.ncbi.nlm.nih.gov/pubmed?term=Bai%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=14615239
http://www.ncbi.nlm.nih.gov/pubmed?term=Bai%20W%5BAuthor%5D&cauthor=true&cauthor_uid=14615239
http://www.ncbi.nlm.nih.gov/pubmed?term=Liu%20C%5BAuthor%5D&cauthor=true&cauthor_uid=14615239
http://www.ncbi.nlm.nih.gov/pubmed/14615239
http://jmums.mazums.ac.ir/article-1-7208-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-06-04 |

330l @3 gdyze )s (haw Slo gbgs OB oM SlooyeglSeiges) b

15.

16.

17.

18.

19.

20.

21.

22.

hydrogen sulfide synthesis in chondrocytes
and mesenchymal progenitor cells: is H2S a
novel cytoprotective mediator in the inflamed
joint? J Cell Mol Med 2012; 16(4): 896-910.
Agha Ali Nejad H, Safarzadeh AR, Isa Nejad
AM, Molanouri Shamsi M, Delfan M, Mir
Akhori Z. Immune system function in sport.
1" ed. Tehran: Donyaye Harkat; 2010.
Poursafa P, Kelishadi R, Amini A, Amini
AB, Amin MM, Lahijanzadeh M, et al.
Association of air pollution and hematologic
parameters in children and adolescents. J
pediatr (Rio J) 2011; 87(4): 350-356.
Wagner V, Wagnerovd M, Kriz J, Kodl M,
Wokounova D. Relationship of blood protein
levels to outdoor air pollutant concentrations
in a semicohort of school-age children living
in urban areas differing by quality of air. J
Hyg Epidemiol Microbiol Immunol 1988;
32(2): 121-136.

Delves PJ, Roitt IM. The immune system.
first of two parts. N Engl J Med 2000;
343(1): 37-49.

Rudd PM, Elliott T, Cresswell P, Wilson IA,
Dwek RA. Glycosylation and the immune
system. Science 2001; 291(5512): 2370-
2376.

Travers P, Walport M, Shlomchik M J,
Janeway CA. Immunobiology: The Immune
System in Health and Disease. 5" ed. New
York: Garland Science; 2001.

Bernhardt JA, d'Acampora AJ, Tramonte R,
Serafim JD. Effect of post-natal castration on
sepsis mortality in rats. Acta Cir Bras 2007;
22(1): 22-29.

Herr CW, Dostal M, Ghosh R, Ashwood P,
Lip sett M, Pinkerton K, et al. Air pollution
exposur d-uring critical time periods in

gestation and alterations in cord blood

23.

24.

25.

26.

27.

28.

29.

30.

31.

lymphocyte distribution:a cohort of livebirth.
Environmental Health 2010; (9): 46-59.

Cark ALR. Occupational diseases: Safety at
work. John R. Ridley, john channin Routledge.
Tecnology and Engineering 2003; 6™ ed.
1064 page: 449.

Danielsson BRG, Bergman K, Argy DR.
Tissue Disposition of Carbon Disulfide 11
Whole-Body Autoradiography of 35 S- and
14C-labelled Carbon Disulfide in Pregnant
Mice. Basic & Clinical Pharmacology &
Toxicology 1984; 54(3): 233-240.

Shennan DB. Placental sulphate transport: A
review of functional and molecular studies.
Placenta 2012; 33(8): 599-603.

Tan WC, Qiu D, Liam BL, Tez PG, lee SH,
Stephan FV, et al. The human bone marrow
response to acute air pollution caused by
forest fires. Am J Respir Crit Care Med
2000; 161(4pt 1): 1213-1217.

Burtis CA, Ashwood ER, Bruns DE.
Tietz Text bookclinuical chemistry and
moleculardiagnostics. 4" ed. USA: Elseveier
Saunders; 2006.

Mandegary A, Saeedi A, Eftekhari A, Mota-
zeri V, and Sharif E. Hepatoprotective effect
of silyamarin in individuals chronically
exposed to hydrogen sulfide; modulating
influence of TNF-a cytokine genetic
polymorphism. Daru 2013; 21(1): 28.

Hassan ZM, Ebtekar M. Immunological
consequence of sulfur mustard exposure.
Immunol Lett 2002; 83(3): 151-152.

Landreth KS. Critical widows in development
of the rodent immune system. Hum Expe
Toxicol 2002; 21(9-10): 493-498.
Granlund-Edstedt M, Johansson E, Claesson
R, Carlsso J. Effect of Sulfide lons on
Complement Factor C3. Infect Immun 1991,
59(2): 696-699.

11Q1E aiaw! « |VIE a)Laids @0y § Cunyy 0)93

ohdjle (i) eolc olSibils alas PRA


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCIQFjAAahUKEwj_74vi2oDHAhWHshQKHc_BA-A&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fbook%2F9781895198676&ei=Zvi4Vf-kAoflUs-Dj4AO&usg=AFQjCNHqSQWdU6-94_bQiYaTFNDycNtcfw
http://europepmc.org/search?page=1&query=AUTH:%22Wagner+V%22
http://europepmc.org/search?page=1&query=AUTH:%22Wagnerov%C3%A1+M%22
http://europepmc.org/search?page=1&query=AUTH:%22Kr%C3%ADz+J%22
http://europepmc.org/search?page=1&query=AUTH:%22Kodl+M%22
http://europepmc.org/search?page=1&query=AUTH:%22Wokounov%C3%A1+D%22
http://eprints.mdx.ac.uk/view/creators/Delves=3APeter_J=2E.html
http://eprints.mdx.ac.uk/view/creators/Roitt=3AIvan.html
http://www.sciencemag.org/search?author1=Pauline+M.+Rudd&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=Tim+Elliott&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=Ian+A.+Wilson&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=Raymond+A.+Dwek&sortspec=date&submit=Submit
http://www.garlandscience.com/textbooks/0815341237.asp
http://www.sciencedirect.com/science/journal/01434004
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mandegary%20A%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Saeedi%20A%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Eftekhari%20A%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Montazeri%20V%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Montazeri%20V%5Bauth%5D
http://jmums.mazums.ac.ir/article-1-7208-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-06-04 |

ulilSasb g jlais Sui lpnj

32. Zaltzman A. The Effects of Neonatal Immune

System Activation with Lipopolysaccharide
on Adolescent and Adult Anxiety Behaviours
in Male and Female Rats. University of
Western  Ontario-Electronic  Thesis and

Dissertation Repository. 2012.

33. Hodyl NA, Stark MJ, Osei-Kumah A, Clifton

VL. Prenatal programming of the innate
immune response following in utero exposure
to inflammation: a sexually dimorphic process?
Expert Rev Clin Immunol 2011; 7(5): 579-
592.

34.

35.

36.

McCombe PA, Greer JM. Sexual dimorphism
in the immune system. The Autoimmune
Dieases. 5" ed. United States: Academic
Press; 2014.

Haeri Rohani SA, Neurophysiology and
Endocrinology, 5" ed. Tehran: Samt; 2004.
Lamason R, Zhao P, Rawat R, Davis A,
CHall J, Chae J, et al. Sexual dimorphism in
immune response genes as a function of
puberty. BMC Immunol 2006; 7(2): 1-14.

PP 1RQIE siduml ¢ IWIE o)ladd (@ady 9 Gy 8)9s

ohsjls Ak} eole oGRSl alas


http://www.ncbi.nlm.nih.gov/pubmed/21895471
http://espace.library.uq.edu.au/list/author_id/33/
http://jmums.mazums.ac.ir/article-1-7208-en.html
http://www.tcpdf.org

