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Abstract

Background and purpose: Exposure to formaldehyde (FA), a highly-used chemical in
industries, can induce serious health problems.Aim of this study was to explorethestatus of oxidant and
antioxidant parameters in liver tissue of rats exposed to FAinhalation

Materials and methods: Twenty-one male albino Wistar rats divided into 3 separate groups
randomly (n=7). Rats in groups 1 and 2 were respectively exposed to atmospheres containing6 and 12
PPM FA continuously (8 hours/day, 14 days), whileanimals in group 3 which served as control group
were not exposed to any stress source.The animals were anesthetized by CO, and after decapitation, liver
samples were collected and processed for estimation of MDA and GSHlevels in the supernatant by
spectrophotometric methodin control and exposed groups. Data were analyzed bynonparametric tests and
significance was expressedas P<0.05.

Results: The present research findings showed statistically significant body weight loss in FA
(12ppm) exposed group compared to the control and also FA (6ppm) exposed groups. However, a
statistically significant decrease in liver weight and liver/body weight ratio was observed in the exposed
groups compared to the control group (P<0.05). FA exposed groups showed a statistically significant
decrease in GSH levelin liver tissue and statistically significant increase in MDA level in liver tissue
(P<0.05). However, the levels of changes inbiochemical parametersin FA exposed groups were not dose-
dependent.

Conclusion: The results of present study show that exposure to formaldehyde is toxic to liver tissue.

Further research for exploring the toxicity of FA in occupationally exposed groups is recommended.

Key words: Formaldehyde, Oxidative stress, Reduced Glutathione, Lipid peroxidation and Malondialdehyde

J Mazand Univ Med Sci 2012; 22(90): 114-122 (Persian).

113


http://jmums.mazums.ac.ir/article-1-1165-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-06-26 ]

os—jles (—S W)y ey—LcolS b a_las
(NE-11P) 10q) Jls 13 Qo ojlald @9 § Caumyy )93

B e glo yiige 1S agiall 5a (o g yguiliglS abuw g p
ala Ciai | JSub ay 5 jlS aviallojo b amalgo ja

| e
osly> e
" lins il
"ol pao) dazmo
Y,_S)ST o3l Ls, )9l
BT JT olol Slonaw Sozro
"ok 3 e Ll
238>
3,8 e o5 03linul 3540 Cartes 3 03 18 bt i ol olad 5TOLS oS 5 LS b s 9 bl
L agerlpe 150 ST Sl iS5 S STI BT Sla ool Comdy oy p Bl b5l aalllas 1
W25 5 plonil (658 aslle 3
S8 eslinal 5y 50 08,8 a3 slen s 5odT 5 Sl pens e o YY) sliw il anllls s ila B9y 9 dlge
555VE)VYPPM L5l 5 b agarlge (¥ (el A 61355 5 55,VF) #ppm L5 le 5 L agarlpe (Vi 5 4 &S .0 5
;r""j")‘w—.'.‘u:"il—‘)‘\-°)ﬁ) \F a)jJQHhJJQ_&‘.b.L;-ULAJSL le@kdffc}f(“j (C,&Lw/\mij
AT Jlo 5 (GSH) 055U 58 e sl 555 (o 5 site 4y 0ld 05500 UST (Slasipal o i 5o
S snn o 33 5 (5 AL O g0 5T o 5 Laosls 5. S 513 eslitl 350 12 53 Sl ol $SUS” 4 (MDA)
A S 513 bT o 54 3550 0/ 0 31 a8
VYPPM A3l 5 L 4l gl gn o5 8 5315 s @00 055 )b Lls gme L2alS sl Jhagh slaasl :ladidl
O S kst lie (laog 8 55 O 4 S 05 S 2alS 305 0L # ppm A5 0L 5 pioman 28 05 5 ) Connd
uulfa.l.;m:ou.sg;ﬁfa)\.\ﬂ.yy b sl @wa})’bc\{.(p<~/~0)>ﬁj:.&ﬁLg)\a‘_,;'n)}bgd)u'l—)ﬁ})’ld;f
IS 05,8 4 o 3L 3 L Bl agrgo (slaos 8 ST CILMDA Slie 2ol 5 4T 3L GSH lie Sl e
A5l b L asl b slaos, S ;3 GSH jliis jialS’ s MDA Hldis 1530 a8 Coal S30LL (p<+/+0) 54
I OLES Ty 059 595 4 dtuly
ST Bl 53 S 9 4o e Al o A5l 5 b agrl g 48T s 6 O Sl anlllae (glaail sz bl
c.&..&l;@J.ALQu;»‘L%‘ffﬂ)bgk&&)ymgw‘?):.\é-ﬂufQ:wdw)f)jbmwjéJJ;
33 8 oo Mgty it Ol plon

L5AT 63 o 00 gonldenS Ty Ao bl & 556 88 3108 o sl s lle 5 263dS (5o g

doddo
o> ilad ol IS8 an Sy 4 LSl 3 L(F o)l € DS 0l 56 S e (658 Asllle b
Losaylslsn yo AU S e ans dS 0558 e A_;SLg‘,_ngbb)gT):Yl_guL_:bb-g;_:lgBL_i
E-mail: dehghani.herfee@gmail.com Cbligy oSy ¢ igs gt ol kil sk (Ol jer g o S 55 100,65 — LIRS Hiuol : giume ilgo

oot g o8l ¢Sy 0aSCils caomn St 5 (51 4 il 8
e gt (S e o8ty (blgy 015 gl g 05 S Y

e o ol (K 0SS ¢ pad g byl i )8 (g smmils ¥

O (S oo domly (Dl 51T o83 (L bltgy 0aSails clame Sty 05 S F

QV/PIYA: o ) AN 1 Sl g gl b AUANVAV RO P A

1990 133 ¢ Qo o)lads « @9 § Cauuyy 3)93 Ohs3)le Sib) eole oGl alas  |)|C


http://jmums.mazums.ac.ir/article-1-1165-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-06-26 ]

ul)lSem g ppilga e

S35 sm T o e 5355 g0 ) slnS
Jle glaas 8 Jlazs| uie S 510 Y135 S s
N Y s SSTI BT (263 (s 5y b 51 O3S
] L ORIV o UV LRV B &LA(,.:')JTA.L&’.-
P g
La 0T B2 5 paa S Rl Esly OlenST 5T
(T3 55 o O |

ol gl 500 e AL (slapeiSa
WO5 S (V958 A5 50) DNA (6, 28Tl
S5 ) S s s sh 5T (g5 505 S CuSa
-DNA Jlesl ¢l = Gwl.l 395 Sl own il
Slatin sl Sl g0 S5 5 S 2555 (055
# ppml 5YL gbs Chle js ol o s ElBIL
4 (gadae éﬂ)}jﬁ LSLAVM:;&A () das o OLES
Ll s 5 GOy s (Jloz| B3I skt
b 1 aSledd sl e Slle 5 Ly 4 gorlga g
NP - VRV P JAPR V-2 Y L;urm:;&,.
e > ok lad e 4 e o TO 315 )Le
F2,5 5 ealt sladsbe T (Y (Ol sl
225 sn g2l gladshow o o T(F 05
(P ) obs b b s oS

2o 0 NT Ol 4y sulle b &S 10T
L 535,85 oo e LS L 53 (50T 0 blis
Sl - Clilig s olg OuaaS (lasasyg
ol e il e LIS 51 A6 o lee Sl 6 K
W Rt B N B S VR RN
S5 (43T (o5 L) SIS, ad 5 (0556 8)

s 8 plonil A5l 5 agrl o

9 9 3lse
YV allls cpl 53 o lood Spo g Lo tigar s
039> y5 (Albino Wistar) 5 ol pvwo 5ga pu
é@d%\jlou%rﬁhdﬂa 3

Sl 55 b & ga5 123 8 15 o3lizal 340 sl

VDA o gomm 03ls A g 59 53 OIS 4 2
Sl 2kl Gl e ol 5 5 Sl
b 5wl L s (Sl b eslizal 5 Co
gle 02 s @il o Gl B Ol e
557 5 Jrd Clldg 5 sl A 30 (A3 )15 o lands
):;)Lf)_éidhl:e\/‘\ 39l 534S Sl os gl
N=2 /0 ppm e Cble s Sl b 5 e
bl 3 VY s> ((+/V Y=+ /% Ymg/m’)

s3> 53 «(+/8)=+/AYmg/m®) +/0—+ /VOPPM s

+/VO-\ppm < Lls s, SAF
Cble U &5V Ver s s> 5 (+/4Y=)/Y¥mg/m’)
(Q)A,ls 4 g 50 (V/Y¥ mg/m®) \ppm I i
e 48 el oals Olis J§i> Sladlae o RN
03 g >ee 55 Oliwslaw (55 Ol 5o Aslle b
s> Rangkoy g5 53 (V)b s +/+ - 0/7 ppm
L g 4T Ui 0sls OliS S0 0L 5 Ct e S
VAN=Y/¥Y ppm o5 gdes 55 Sl 3 L (65 5 bl
3 el A 3o ST Conl = s ml0D)AEL e
(Permissible Js-3 |56 agarlse b  Jad Sy
9wl 03 503 Ol +/VO ppm |, exposurelimit: PEL)
03,5 pel +/0ppm 15 sl A S ol u
RCYIo
Yoo F Jlw s Ol o Slidiows Mol el 5T
Jole Ol an 1y dgullle b5 55 e a5
SN 50d (3 ma (o an O o Ll G50
Ol am b dsillle 3 Yo 04 L 55 O Cdlae
b D250 (B e o) 5 (G 5 0L e
A5l b S aties Sl 5148 Wlos ST bl andlas
OV AL (IF WO 45 ,3ROS g L Ls s
Crmt e S 53 sl e (TSl g 5 (18 AN
3 (La0IanaS) O30Sl 5l 0 ris DS 5 S 5
RIS VL g [y 2 P Ao P
Camw dy J3lw 1 &S Sy9w0 53 3 15555 (o0 &

ol 0358 Jolate O3S Sl edld Grine OLS 5

N0 191 13« Qo a)ladd ¢« @93 § Cumyy 3)93

Ohsjle Sib) eole alEibsls alas


http://jmums.mazums.ac.ir/article-1-1165-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-06-26 ]

Jisgs 215 3333071 (53 oo § 0136015 Al )y

ags (OLIT 5 0) Asle 3154 O el 35 pads (63 Jle 5
gl ge ST 09,3 (58 sl p clale s &
31 8 U8 6Sn b dtns 315 oKws Lo 5
PO INDICHE J Pl CHNC W PR g W
Shols 5 edsl o 1,5 AT OLS 5 (6,5 o 1l
Aol o do ;30 Gl Aoy STl

ssbaa L LBl el s il shtes
osdhe i s jlas 4 53,8 6 LS (s
b s S b oBas i slzel (plite O gl IS
slad g 3l eslazal b (6,5 o sai) Niosh Y2 V7 i,
(24-) DNPH L Lol soed by o3l
Vo b g Od > L dinitrophenylhydrazine
4 g HPLC os b 0T 5 o 2 sl 2
plasl (oL g0 Jsb 3 UV 2 15,5555
s g

3 L 45 03 2Ls aipad O3 g0 03le ] 5 )
0Ll 53(COY) (S A6 Bl baw 5 5560
L agrlsn sl 3151 6,8 sl 5 glate @) @35k 5,
Mo Sl o s oy e (o)l 59, A5l 3
SIUT 6l 0T 03,5 el s a8 sl 03, S
s (PH =V S lis 5L Lo 5 1 g ¢ oo bosd g
AL 3 5 s laes,S aen 53 LS L .Lus
A O gen Yy

51 A 3L GSHO s GSH ko 5,5 o 51t/
ALl s Lodd 05 gan (095 Jsloe 2S5 5 )b
(PH=A/4),¥ 3 +/* YEDTA (g sl dz )5+ /*Y s 5
FoU R Yz ge sk 53 od 5,¥ 500/ Y DTNB
L) 6,5 o351l pwdid SV gy b ollas
dnlous Jgloes GSH lis 031lil oeie 1 03lizal
A58

9 pma 3 andllae ol 53 MDA ldio (5,5 oIt
osliul LS S 3L MDA (¢ -5 ejlul Cg> TBA
J3MDA+TBA iS5 J s wdsr (Y905 §
Jis b g Sl Lo 20 L5 OYO - 5e J 5 b

Stz p e oBils Sl o yle lides S
WY (U7 i) ast o S g g
°C bses s (Lae YV U eV byl
P g Sl 5 OT sy s3T s 5 YORY
ilsme PR ol 53 K (5SS DU s
a8 1B 3y 50 AELST Sl IS S
A3 5 Suley i dpd (S p sl o8ils Y
LS &85 3l G ol 55 03lizal 350 g liad 510
gl n f 5 DUl A3 8 g S e
Bl s b s 0g S Y s dolas ) sbay
61335 5 595 VF) #ppm AWl 3 b agar! g () s &
5595 YO VY ppm A5l 5 L aglse (Y (sl A
L sl arlge ged 8705, (F (Celw A il
5 ealas Sladlae 53 Vs ane .ol A5l 3
s lad e onliil 5ol o il ol (YL slacbals
5 stas Sladllaa s 3T Sy g 53 5 (LCsp Sl 2aS)
o3Liul dgarl a3 lliul A 3 L ol sl bl
VY ppm sla bl 5l 50 ol andlae js oS Al
ols ol b (6 5b agarlge &STLI s § eslinal £ 4
A3 0T 53 gl Jisn po ¥ Olojon 5 ba S 5
dles anlp bv g ods 5 (558 a3l 35,8
by plaie S s 4 A3l FLL O gl s oy (63
0r e S b ok o, ILS ke Sl B oS
Ol 350 ST 0553 LS 0T el 0 S0
o ) ol abrisee > 5 Cd b3 815
s L VYL (IF 5l e 1) 8 S,
s S s el )

Sl 5 IS 6 5 (TBA) dl &8 ) 5205L 55
SS9, =) Lo s (6300 (TCA) Al
Wyl 5 (K 6T) LK &S5 51 (DTNB) (Al
155 g (OWIT) & 0 5,5 SEDTA 5NACL
S el sl (W12l ¥V e (5 g = 550lers
45 o5lizul GSH s MDA

Al 3 G b S sl b S8 il 5 b g5

199 113 ¢ Qo a)lauds « 9> § Cawuyy 3)9s

ohiils Ay eole slaibils dlas  |1¢


http://jmums.mazums.ac.ir/article-1-1165-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-06-26 ]

ul)lSem g ppilga e

0.06

0.05

0.04

0.03
0.02
0.01

0

PPM B 2 PPM 12 e 2

B/L weight ratio

IS b awslie jap <o /00 Qb 4 AS 09 S ¥ 0 ke SO0

(LS csl 45 GSH 4 MDA L;,ﬁ,w@w-r

05231 bl 2 Y o lacd 15 sad slaasily ullas
lros, S U8 C3L MDA s ¢ udls Iy S
R LT 51,505 8 S g 5o
Ol e il 31 acdl (p <+ /0 O) il ails (6,15 gan
533 40 Ay A3l 3 L agrge slaes S 5 MDA
AWl slsoy S 3 MDA Sluie !5l .dsb o
0 J =S 05,8 4 s \Y PPM 3L 5 5 $PPM

.M\e@v\nﬁ)b/\'}v* g_‘.:l'_,?

6
5
4
3 mGSH
2
1
o

PPMB 1 p  PPM12aide

3P <t /00 (S 3L j3GSH s MDA s o oslods sl5g03
JAS L anglis

e OF ojlei 15 00 53 35 g0 (glaanl é;u:.o

a}}f‘\_:s"_..w_:»Llﬁ 6ua}f):,g§¢éhGSH
Al Al S (LT s s ypba S
laos, S ;3 GSH Il zalS .(p<+/+0) Cul
05,5 4y o VY pPm AWl 3 5 # ppm sl b

SO Ll a3 53) b ol g (FV ¢ o= g 5sles)
Slie 5 (A3 8 oslitl Slins 3 L 5L 50 4l
O Joms b gals s 5 5l esli_wl L,MDA
(VL5 S dsls (£=1/05 2\« "Mem-)

Jlos 54 sl e opl o3 sole] i
e (1 3 S 0lined SPSS16 13l i S Lassls
o3l i 55 LT 1 laosls Hlae Col ol 5 5Kl
o 9 oedls I8 s S (6 e, slacans Ids
ngbu_mdbaLzuaJ\bJ&JijJd‘ﬁ&)
A5 S oslizal (p <+/+0)

LaoT S 3 035 5 Op 035 S 03101 s
(el 0l 0315 OLES Y o lads I3 905 534S HgbOlen
o L ol e OoMestl gl 5l 8 s, 039
IS5 S 0 5a)T bl agarlgo 5l dmr S s el
S VY PP A5l 3 05,8 53 055 0S0ke s
N3 =S 58 ppm AW b (slses S
S ¥ ojlad Hla el 4 5 L (< /0 0) L o
05,5 A Lo agrl e by 8 55 O 4 A4S 03
(p <t /0 BD) ol i ils (3 e S S
23 0o 4s S 05 S 45 ok 0315 OLES pioean
535 ey AWl 3 L agarlgo sLmes o S
(p<r/+0)Asl o

300.00

250.00

200.00
150.00 delse il di 0oy
Wil 0s
100.00
50,00 —
0.00

s PPM 6 2 3 PPM l’-w-ﬂ-)!

Body weight (gr)

9ap< /o0 caglge jldm g 8 e, 05 1) ooled Hlages

WY 1091 13« Qo o)laid « @9 § Cauny 2)9>

Ohsjle Sib) eole alEibsls alas


http://jmums.mazums.ac.ir/article-1-1165-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-06-26 ]

Jisgs 215 3333071 (53 oo § 0136015 Al )y

Sy soins Colw A 4l g 4zin > 9,0 cazan VY
03 (agrlsn Oy B ¥ 5 agrlsn ado ) shadis
kb S 515 aslle 3 ) oF F ppm glacbile L wles
S 48l olad glaos 8 55 s Bge O 05 0
(PP odaline S5l g J 257 4
ol gl sn laos £ 53 A8 035 b bl
&Lb&@\ubd)\:@mﬂlfdﬁfa);g
(r#)Rusch 5 (vo)Kamata L sJlae gL _aa 3l L
3L b e ST Kum aadllae 5 4l aS sl
LS 055 S 518 ekl s dglle b Lol g s
J S a4 S a8l s Loy, S ) B a5
4S odd 0305 Olis pimman (10)5100 OLisS (6 s
A5l b L adl gl ge slaos 53 AS 0 Al
05340 48 0)5 S bl (Al o 595 4 4l
$laog S 5o i Al o) & A oalie 3
AL ol e J ST 4 Lo 355
b paie ol agh s 5o &S )bl
slacdple hlpsl Eel dlle 3 L agerl o
33 il ol g eds A8 S8l 5 O 3 O senl S|
O ST =T 2alS sl O pemnldenSTT (sl silie
il 31 47 3 505 Ol Ol g5 o S el 03 § oSl
05,5 534S il 5 05 MDA ldis ls ine
Led =57 05 8 4 o $PPM L5 3 b bl agor 5o
ol 93 ST 5L 5 05 GSH Slutia s gme il
L 4Bl agzlpn 05,8 55 oimpan il gn ol o0 05 8
i3 e 8 05,8 e 1 Yppm Sl
Al L S Sl 9 09 MDA jlucis Hls ae
Bl e ol e AS 3L 5 055 GSH ldie Sls ine
Gl ble U La 5ss 45 01,5 5 Sogut andllas
O sy celwA)ainf Suaas Y 5¥ ppm
i 5 B 2alS s als agrl e (ka3 Sy,
XO e Jws 5 (Ve 5 Y ppm . ble ) GSH liss
b Gallan 487 15 L5 J 287 05 8 0 i AST 5L )
5> NO s MDA islie sl oo bl anlllas ol

Szl ol 51 asille 3 L elad ool e
BUI gles 3 aslle p 035 58 s 4 o8 el
o S sS 5 o5 o 55 A5l (YAl
Sl S o 3 5450 e JolS s sba b i
T o o Blaczal dslle b WASL g0 oS OT 2wy
Oy 658 o 555 50 il ad s G ,b S
Jlbkyl Y 4 oS (ol caslle b5 0 dr
055U a5 San 55k 5 e 5B 25
055U e (S 55dr =S A5 5 358 o0 o
5 & (YLl s S-hydroxymethylglutathione
L a5l agarlge slaoy, S 53 GSH 2als ol e |
2503 Oy Ol oo Jole ran ) e 3
Sl e 51 035 0 planil Slalllas ol
aS Feron asllas 53 .ab oo falS o mul S s oS
Fodsa il gy oY ppm glackle Lo,
Ll agarlge Cslo ¥ w15, 5 55,0 (Slazia cazia
4l ol n 05,5 )3 gl ge Sk sk 3 O 0
U8 05,8 4y s (613 e ) sbay W ke
23 La 4503 055 55 pol anlllas 53 STl )3y S
soban JmS e S VY ppm a sl oy S
LoVl i palS Ll 4l 2alS gl sae
o o Al 3 L aBly agarl g Sla €503 O 05
o o3> QLS 15 7 8 4 alllas i 55 J 28
PPM 4 dagalge Ady J= 5 0sle sla 5ee (Y il
S le oY c00)aan & (6l 5 59, 53 el A F
> Celw A ppmVa/8 L 4/4 Clbale 4 asl e
e (F 0 )azin VW L F (ol o ain 3 59,0 g
s CeluADd LY ppm CLle 4wl s 5ol
e (Farazan WU F (ol o oazan 53 59,0 sy
53 celof d L) ppm ble 4y 4l el eske
ol adlles 5 (MM aaa ¥ gl aan 53 55,0 G,y
el A5l 3 b agrlse 5o b @903 O 055 SRS

Sde 4 by a5 Wilmer asdllas 55 Aib o3 595 4

199 113 ¢ Qo a)lauds « 9> § Cawuyy 3)9s

ohdils Ay eole olGibils dlas  |A


http://jmums.mazums.ac.ir/article-1-1165-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-06-26 ]

ul)lSem g ppilga e

4, 55 YT s MDA Clb 2ol 530s 5 & gad cunlS
4S b 0l Ol 5 b o s 4Bl aglse sls & sl
NG o iy 5 GV s Glaagalse jo O s
ol aalllan y3aS Cal LS5 LB 5 S5 ol el
L agrlpe gloog S 55 oland s (sl bl O i
el 03 55 593 4 4l y A3 Mle 3

B s 53 S e Olalllas ol | Gyllas
Glros, & S CHLMDA Hldis ls gne ol 1 30
L od 805,80 s adlle 3 L 4l ager 5o
Laos S cpl 03 AT C5L GSH Jluie Hls gme talS”
aalllas 534S Sl ST30LLE pomman Sl 0 ol en
ST 5T 5 SanST (gl el Dl ok Sl
) 037 553 4 Al 3o 3 b agrlgo (slaos S 53
Sl gl se andllas pl 55 a8 Cbls 4 gL sl Ol
Slakess joagarlsn 5 il ool L g g
ot e 1B ST e Sl 5 Bl e U
22 A8l e 555 80 Sl e agrlse 4 5L LI Lo
S el 3 AWl B a2 ) ot 4 (o
J=le ol L lse (om0 53 (Jod ) 50y
235 oo sl b Ol bl (il oo

SISl
ple oBils (hnsiy p o Sislas S el
Crb i el bls o st g s (S5
5SS 5 IYONN/YONY 3ls 1,5 0 5leds b ladiss
oKisls glas > cilig o5 8 oKislejT et 87
R e
oKils (glas > sl 0y S oislejT Lulis S
dﬁ‘(‘\?'-”J-"gC’T ok udige BT yds S 5

.JJ:_,»JL”&QA‘_;:}:J

Cbale 53) g i Oy J S 4 i 03,8 53 !
ol aslllas s My ki ST (Ve 5 Y ppm
(e 4S by olis Sogut aalllae glaasl Al -
U sl p obile (il 3L AS Cal gl 5T
ary o6 U GSH 5358 oo cunl Hlos >
V)35l sl Coed A3l 2 (6US Con 53 (Slo 3
=0y s sbie 4 aS Y0 Jlu 55 Saito aslls @L:S
a5 B LS (2 S el il p e
1) 58S ol S HLe Olie 4 J ks 0556 58
035U o 2alS ) S W3 g 215
Ao ol adlllas gl L ol
55 ST T s 5 s ate s (laallas
aiy 5> (Vomg/m’ Cble b aaaY S 4) A5 b
gl go 3l A gl s S et L sl b s
GSH-PXSOD . Jlad caves 09 sl sne 2alS
O35 93 ol andllas &5 =0T i sls 0Lis 1, GSH
St S aeins 0L g liieasd £ plal ST 3L
& 305 g 53 MDA Sliie sl oo O 3 3l 5
JS 05,8 4 s A3l b 0 4l gl e sla
o 25 L Golae 4515 O |y (g 5 BB 2l 3!
Ly La eyl ol (B) slopmely g b Ol ys . ddl o 0l
o 538 3,8 Ol B4FA agrlge S 03 5 o
s 3ol ul gl ST ozl 3 6, Kty
Yoo dlw 55 .1)53,8 e slgiiy Gl 5T
= Vsl ST 5liis Ol i Ol 50 Petushok
O 53 YU Sl 5 LilT s b il Al
53 SV /Appm) A Sl b as 4Bl agalge g
035U o8 Ol e 53 (51 pis 305 0LaS 15 (G50 /595
Olay s 0355 0b 58 s a4 ls o7 IS oty
aS Y 4 Jlw jsNjoya asllles . d il o agalge

ois (535 Al b 5l oalid ISl 1

1Nq 1991 13« Qo a)ladd « @93 § Cumyy 3)93

Ohsjle Sib) eole alEibsls alas


http://jmums.mazums.ac.ir/article-1-1165-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-06-26 ]

Jisgs 215 3333071 (53 oo § 0136015 Al )y

References

1. Heck HD, Casanova M, Starr TB.

Formaldehyde toxicity- new understanding.

Crit Rev Toxicol, 1990. 20: p. 397-426.

. Bolt HM .Experimental toxicology of

formaldehyde. J. Cancer Res. Clin. Oncol.,
1987. 113(4): p. 305-309.

. Smith AE. Formaldehyde. Occup Med, 1992.

42: p. 83-88.

. Franklin P, Dingle P, StickS. Raised exhaled

nitric oxide in healthy children is associated
with domestic formaldehydelevels. Am J
Respir Crit Care Med, 2000. 161: p. 1757-
1759.

. Cheng G, Shi Y, Sturla SJ, Jalas JR, Mclntee

EJ, Villalta PW, Wang M, Hecht SS.
Reactions of formaldehyde plus acetaldehyde
with deoxyguanosine and DNA: Formation
of cyclic deoxyguanosine adducts and
formaldehyde  cross-links. Chem Res

Toxicol, 2003. 16: p. 145-152.

. Metz B, Kersten GF, Hoogerhout P, Brugghe

HF, Timmermans HA, de Jong A, Meiring H,
ten Hove J, Hennink WE, Crommelin DJ,
Jiskoot W. Identification of
formaldehydeinduced  modifications  in
proteins: Reactions with model peptides. J

BiolChem, 2004. 279: p. 6235-6243.

. Gurel A, Coskun O, Armutcu F, Kanter M,

Ozen OA. Vitamin E against oxidative
damage caused by formaldehyde in frontal
cortex and hippocampus: Biochemical and
histological studies. J] ChemNeuroanat, 2005.
29: p. 173-178.

. IARC, Formaldehyde, 2-butoxyethanol and

1-tert-Butoxy-2-propanol. Monographs on
the evaluation of carcinogenic risks to

humans. 2006. 88.

9.

10.

11.

12.

13.

14.

15.

WHO. Formaldehyde: Concise International
Chemical Assessment Document 40. 2002
[cited; Available from:
http://www.inchem.org/documents/cicads/cic
ads/cicad40.htm.Accessed September 11,
2003.

Shaham J, Bomstein Y, Gurvich R,
Rashkovsky M, Kaufman Z.DNA-protein
crosslinks and p53 protein expression in
relation to occupational exposure to
formaldehyde. Occup Environ Med, 2003
Jun (%)% .p. 403-409.

rangkoy HA.evaluation of formaldehyde
exposure level and its respiratory effects on
workers in a neopan (particle board) industry
and suggesting suitable methods of control,
in medical sciences. 1376, tarbiatmodarres:
tehran. p. 1-4.

Baan R, Grosse Y, Straif K, Secretan B, El
Ghissassi F, Bouvard V, Benbrahim- Tallaa
L, Guha N, Freeman C, Galichet L, Cogliano
V. On behalf of the WHO International
Agency for Research on Cancer Monograph
Working Group, A review of human
carcinogens. Part F. Chemical agents and
related occupations, The Lancet Oncol. 10
(2009) 1143-1144.

Petushok N. Activity of glutathione-related
enzymes in rat tissues after formaldehyde
exposure. Curr Top Biophys, 2000. 24(2): p.
167-169.

Shaham J, Bomstein Y, Gurvich R,
Rashkovsky M, Kaufman Z.DNA-protein
crosslinks, a biomarker of exposure to
formaldehyde-in vitro and in vivo studies.
Carcinogenesis, 1996. 17(1): p. 121-125.
Kum C, KiralF,SekkinS. Effects of xylene

and formaldehyde inhalations on oxidative

1991 113 ¢ Qo a)lauds « 9> § Cawuyy 3)9s

ohdils Sy eolc alSiliils dlas  |po


http://jmums.mazums.ac.ir/article-1-1165-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-06-26 ]

ul)lSem g ppilga Sle

16.

17.

18.

19.

20.

21.

22.

23.

stress in adult and developing rats livers.
ExpAnim, 2007. 56(1): p. 35-42.

Teng S, Beard K, Pourahmad J, Moridani M,
Easson E, Poon R, OBrien PJ.The
formaldehyde  metabolic  detoxification
enzyme systems and molecular cytotoxic
mechanism in isolated rat hepatocytes.
Chem. Biol. Interact, 2001: p. 130-132 285-
296.

Sogut S, SongurA,0zenO. Does the subacute

(4-week) exposure to  formaldehyde
inhalation lead to oxidant/antioxidant
imbalance in rat liver? Eur J] Gen Med, 2004.

1(3): p. 26-32.

Kum S, Sandiksi M, Eren U, Metin N. Effect
of formaldehyde and xylene inhalation on
fatty Liver and Kidney in adult and
developing rats. Journal of animal and
veterinary advances, 2010. 9(2):p. 396-401.
Zararsiz 1, SonmezM, YilmazH. Effects of
omega-3 essential fatty acids against
formaldehyde- induced nephropathy in rats.
Toxicol Ind Health, 2006. 22(5): p. 223-229.
Zhou D, QiuS, ZhangJ. The protective effect
of vitamin E against oxidative damage
caused by formaldehyde in the testes of adult
rats. Asian J Androl, 2006. 8(5): p. 584-585.
Mates JM,  Perez-GomezC,DecastroIN.
Antioxidant enzymes and human diseases.
ClinBiochem, 1999. 32: p. 595-603.

Abuja  PM, AlbertiniR. Methods for
monitoring oxidative stress, lipid
peroxidation and oxidation resistance of
lipoproteins. Review. ClinicaChimicaActa,
2001. 306: p. 1-17.

Elsayed MN. Antioxidant mobilization in
response to oxidative stress: A dynamic
nutritional interaction.

Nutrition, 2001. 10: p. 827-834.

environmental

24.

25.

26.

27.

28.

29.

30.

31.

32.

National Toxicology Program.Final Report
on Carcinogens Background Document for
Formaldehyde.
Background Document. 2010 Jan; (10-5981):
i- 512.

Sedlak J, Lindsay RH. Estimation of total

Republic Carcinogen

protein bound and nonproteinsulphydryl
groupsin tissue with Ellman’s reagent. Anal
Biochem. 1968; 25(1):192-205.

Wills ED. Lipid peroxide formation in
microsomes: General consideration. Biochem
J.1969; 113: 315-324.

Buege JA, Aust SD. Microsomal lipid
peroxidation. Methods in Enzymology. 1978;
52:302-311.
ACGIH Formaldehyde. Applied
Occupational Environmental Hygiene. 1992;
7: 852-874.

Franks SJ. A mathematical model for the
absorption and metabolism of formaldehyde
vapour by humans. ToxicolApplPharmacol.
2005. 206(3): 309-320.

Feron VJ, Bruyntjes JP, Woutersen RA,
Immel HR, Appelman LM. Nasal tumours in
rats after short-term exposure to a cytotoxic
concentration of formaldehyde. Cancer Lett. .
1988.39(1): 101-111.

Ozen OA, Yaman M, Sarsilmaz M, et al.
Testicular ~ zinc, copper and iron
concentrations in male rats exposed to
subacute and subchronic formaldehyde gas
inhalation. (Erratum in: J Trace Elem Med
Biol. 2002. 17(1):6.

Ozen OA, Yaman M, Sarsilmaz M, et al.
Testicular ~ zinc, copper and iron
concentrations in male rats exposed to
subacute and subchronic formaldehyde gas
inhalation. (Erratum to: J Trace Elem Med

Biol. 2003. 16(2):119-122.

1P\

19091 113 ¢ Qo a)lauds « 9> § Cawuyy 3)9s

Ohsijls Siby eole alGibsls alas


http://jmums.mazums.ac.ir/article-1-1165-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-06-26 ]

Jisgs 215 3333071 (53 oo § 0136015 Al )y

33.

34.

35.

36.

Jung W, Kim E, Lee E, et al. Formaldehyde
exposure induces airway inflammation by
increasing eosinophil infiltrations through the
regulation of reactive oxygen species
production.  Environ  ToxicolPharmacol.
2007. 24(2):174-182.

Wilmer JW, Woutersen RA, Appelman LM,
Leeman WR, Feron VIJ. Subchronic (13-
week) inhalation toxicity study of
formaldehyde in male rats: 8-hour
continuous
exposures. ToxicolLett .1989.47(3): 287-293.

Kamata E, Nakadate M, Uchida O. Results of

intermittent  versus  8-hour

a 28-monthchronic inhalation toxicity study
of formaldehyde in male Fisher-344 rats. J
ToxicolSci 1997: 22: 239-254

Rusch GM, Clary JJ, Rinehart WE, Bolte HF.
A 26- weekinhalation toxicity study
withformaldehyde in the monkey, ratand
hamster. ToxicolApplPharmacol 1983: 68:
329-343.

37.

38.

39.

40.

Saito Y, Nishio K, Yoshida ¥, Niki E.
Cytotoxic effect of formaldehyde with free
radicals via increment of cellular reactive
oxygen species. Toxicology, 2005. 210: 235—
245.

Njoya HK. Histopathologicaleffect of
exposure of Formaldehyde vapour on the
trachea and lung of adult wistar rats. 1JIB,
2009. 7(3): 160-165.

Zhang L, Beane Freeman LE, Nakamura
J,Hecht SS, Vandenberg JJ,Smith MT,et al.
Formaldehyde and leukemia: Epidemiology,
potential mechanisms, and implications for
Environmental  and
Molecular Mutagenesis.2010. 51: 181-191.
Zhang L, Steinmaus C, Eastmond DA, Xin
XK, Smith MT. Formaldehyde exposure and

risk  assessment.

leukemia: A new meta-analysis and potential
mechanisms. Mutation Res. 2009. 681:150-
168.

1991 113 ¢ Qo a)lauds « 9> § Cawuyy 3)9s

ohiils Ay eole olGibils dlas  |pp


http://jmums.mazums.ac.ir/article-1-1165-fa.html
http://www.tcpdf.org

