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Pathological effects of subtoxic doses of selenium on broiler chickens
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e-mail: al2006hamdani@yahoo.com

Abstract

This study was conducted to determine the pathological sublethal toxic effects of selenium (sodium selenate) on broiler
chickens. The 24h median lethal dose (LD50) of selenium was 0.72 mg/kg. Two sublethal doses were taken (0.02, 0.04
mg/kg) which constituted (3% and 6%) of the LD50. One hundred fifty one day old Rose broiler chicken were randomly
divided into 3 equal groups, the first group was considered as control group (without treatment). The 2nd and 3rd groups were
treated with natural requirement of selenium (0.3) mg /kg of diet. The 2nd and 3rd groups were treated with 0.02, 0.04 mg
selenium/ kg (3% and 6%) respectively, orally. Eight chickens from each group were killed at 14, 24, 34 and 44 days of
treatment and pathological lesions were recorded. The most important gross pathological changes in liver and kidney were
paleness and petechial hemorrhage, congestion of the brain and heart blood vessels have been observed after 7 days of
treatment in the 3rd group was more severe than that in 2nd group. The histopathological changes in liver were vacular
degeneration of hepatic cells, hemorrhage and central veins congestion. Degeneration; coagulative necrosis of the tubular
epithelial cells and interstitial hemorrhage in the kidney. The histopathological lesions were acute cellular degeneration;
vacculation, hemorrhage and congestion of the brain blood vessels. In the heart there was hemorrhage with congestion and
thickening of the walls of blood vessels. All changes were more severe in the 3rd group when compared with 2nd group.

Available online at http://www.vetmedmosul.org/ijvs

AR



(2’1’”\/_2’7"1) Yo

¥of dlnfase o ¥T alaall ey ool o glell ) el sl

o gall Aol s pdapall ool S o pulid! alel] saisall wili s

sadl el e 04T i s el 035 (S
0.04) 4=y pggall Cunbu sl C'_K;); Al
Tiedl e all o (%7) i lls puenll (35 (piS/pile
.w\glnu}j\

Balay KA, A e semall 3 FY) aad
cili o5 LS ol (A i patll Gaoh Ge p s seall Cuiils
Lasota 3‘)19 SualS gaill o= e Zlaly DN malaall & &) 3Y)
Ga 1A (A) JB e ol (Vo) D ) sle Bk e
(55 TE5VE518) ALY B sana S

(Al (aadl)

%M@U}\N\ \ﬁﬂm)ﬂ\‘u@\;\)}\.\u
s ldll y #laall “%353‘} AN (8 Alad) dpuza yall ) il
elac Y oda 8 Ailal) dnca yall ol il Jasas

il (aadl)

il 5 ¢ Laall 5 ) 5 400 5 A1) (g0 S (0 e 331 5
On slal Cmiags degean JS e FIA (M) JE o
Slo Agla 4S50 e (B b U9 dugaall slacYl
Y e Ledada 23506 ) ¢ Jalaiall (5l calla )y ) Jslaa
0 lawy dpn m) pd juamad o8 Al 2y dele VY 34
Gy ) a5 5 )kl Sles plasiuly o5 Sk
‘(\ ﬂ) Con ¥ -l gilaag )

e

Lol dpa all il
el F1a1 ALST 8 Al D yall @l il il
AQJAAA\GAMA_)J\&J\JP}@LSMU}S&_IMMAM\
wmomﬁ\u\)ﬂ\odhwtsjuy\iwjﬂu‘
uh}mwu\ﬁc}&d\eﬁu\(\ e&)d&uﬂ\)h\}i\'ﬁ
Ll sl e Loy Yo 518 jae sie Lgild dana yall )yl
Fﬁﬁ\@m&@h&&ﬁﬁ}hﬂhﬁ?iﬂ
,Lo}:\iiML@J@)}(Y@JJ&&\)@F\Q}H\A};J

&Y.

-

Aadiall

) ke W A 530l el aal (e saialand) yring
Q\}:\;J\)Q}.mydgs\hﬂ\fw\‘éjgjjpﬁ}(\)w
aillsy oY Alicn e 4l auall dala (5855 (1Y)
i Sy S8 Al dals () e a2 1) e 5 3 )
& s orndall aall e a5al ) of V) A sl adilla g claY
sellac) Of aay By (AY) aeuiill CVlay (al el seha
Yl S ) sam e Sy oandal) GL_A;S;‘;(\ Cyaia
(%) Lyl aanstl
S smmnl) e JSAN el ) asm ey ) o ) Sy
sl Hda g dde i (A5 J il LS je e o gialand]
6(\“—\ ~) :\..\u‘ L;Ji a0 ) g ".53]\‘9 (02_) A..ijSji
S-adenosylmethionine-) (3 583 5 () a8 SISI ) yita) Ul
B (1 E) sl KU daey V) el (5 sl JIBy Laa
ol (8 Sl ae dag sl O ) ) g
(10) 0850 3,81 3

pide 03 bl e zlaall G oaulall LAY a8y
zlaall A s pinbudl ?M:SS\ Gl Jias g (V) ladl (e p2S/
Vacuolar degeneration doasll L) s S8 (ST & gany
o\jﬂ\ 4..13\.;\ 4..\A’J.\]\ \..1).;1\ 4..1).1\ .L:h..\} of hepatocytes
ZEV N Ll ol asay e i (e psman Gigag
‘—’)hj Diffuse tubulonephrosis e (e eS8 Gaad
Sz () (Myocardial degeneration <all dliac & (Sl

Ly el s (A 83 g gall Apdalll LIIAN s g il jita) e
0Y)

Ol sl 5 D R ALl b asslidl Y )l
o2y jal mlaall (8 o gl aeudll e il jall 406l
e Al e g oall dua <l il A8 el 2l
() 5 glaall 5 AN 5 Al cliac)

Jaadl 5l sk g 3 sal
A9 Al

el Cule e B il e el mnd
44,k delu (YE) JBA Median Lethal Dose (LD50)

OA) Bk sy J 535 2 gl
A0 4y

53 1Y) Cuand a5 a sy ey (353100 aladind o

(°~)¢c}amd5g_xmg_u;cml;auﬂdécm\}us
‘(AJAI&A u}d.a) )L.u.n A.i:)m ‘_A}Y\ ALJA;.J\ ‘\A)ﬁ
0.02) 42 3 a5 gaaall Cuiplis Baley ey A0 de sl



(f’*V.fr‘i) Yo f;fgghz/.uc Al M/:@J@J/R}Lyﬂ@/)ﬂ/iﬁ.«j/
sl nal o5 plassl A Lall S o ol el yaiall w55

(3 8, dsal)

de s delae Lo Yo ey aal 5 8 4S 1(Y) B, S
Leisl a5 SN adal (o pusad) (55 p3S / pila (0.04)
(.@....J\) LK bl cpy el aga & (J.AA‘}“ N—hﬂj‘)

Y 'l

de s delae Loy T8 ey aal 5 8 4S (1) B, S
pendl) dals Bhlia sa s G pmnll (155 038/ pale (0.02)
(.J}m‘}f\ (.@.HJ\) L_QJAS\ N X Y (JAAY‘

o\:q'.'\;Y\ Qg ELAJ]‘ L.é :Lu\.ud\ g.ab.u.d\ i \.A.\é
Y€ yern g AN de sesall \)a\ & A gadll EE LRI
‘_gh‘;}u}\‘iwubny‘ommh‘)%h@u‘y
\i)wm}eal\m})dmbuun\a);}uu\mM!
LA‘,.\iiJY'iWh}&ﬂ\uMY\@MJmu}\\'i}
(3 5 sl J e

AR

Aoy Jalre Loy YE yany gl 7558 aK o()) A8, J<al
pendl) 2SI sl sl Gy peall 05 @3S/ pade (0.04)
(J)u&\?@ud\)dcmﬂ\cﬁﬂ\dpjc.a()uﬁﬂ

de s dalae Loy T8 any aal 2550 2K o(Y) QB JSa
pendl) 2SH (sl sl G meall 05 @3S/ pala (0.02)
() agudl) Ca 3l 2 sa g aa (e Y)

LeilaaSle cudt Al dilaal) <l il i 400 3 Lol

A.JS]\ u);uuua;jﬁu};\i )quj:\ﬁu\ ‘\.QM\

oda chalad) g A Kl liavasll (yu oyl Jﬁju.c)\mﬁ
54N gl adizmi Jan o 3 Lagy V£ e e il il
usx\g_uuhjxmwes)du\)u,,mc)mtgam\
uyViniﬁ@}mu\mﬁQ!@u}ﬂiﬁm
uJJ\JPJ@mN\GLuQ‘:mL&&LhA;PJL;)S
uts,u)ﬂ\cjwmymb«,m\uM\Mu;M
Los 88 jee dic Lol (€ o) JSENN) Lagy Y& yany 303 S
dsay oo Shad lgdd st we LI aas adial ba gl



(57‘1/.57’7) Yo f;fge'hz/_’_zc Al M/:%JM/R}AULSD.QJ/M/
sl nal o5 plassl A Lall S o ol el yaiall w55

S Lasy Y8 pamy pal 7558 Qi (V) @8, J<A)
g el dae V) s 3 s 5 (i ) )5 p3S / a2ke (0.02)

(25mY) padl)

Aol A pall el il

Gl asas Adlidadl bl sl Gasdll ekl
JPJ@LSJSJA\MJ‘,X\UM\JP‘,;QMJS\@M
)Aa_vji\:dl_d\cm}a;.d\ \ﬁ‘j«gﬁ\h);ﬂdjasl\w&d\
JP}LA)SLA}} Y¢ _)AQJ.\.GLA (/\ eﬁ)d&ﬂ\)u}u V¢
2o JlEia) 5 Sl a5 pe GaS) ) 4 Gl
Ge Suab Lkl WAL (g aadll (SEl a5 3SRl
AU}LZLM\LA.\SS\ b)\sﬂskl;ﬂ\ )';.'J\ C_Uq;ida;).a
ic saaall & )SALAA.G_'LM GilS LA}J Y )au«_dﬁl\
t—ﬁ)d“)ﬁ)b}“iﬁh)}@‘b}\i‘)m"uu‘
OWia) xa 4y Syl aajjjquuum;\)gmﬁ\ c_u.n.d“;
EHQ\M\J}J&MMN\&M\@MJAJ”M&}Y\
centro-lobular s 3S el 25l Aol LAl LA 8
Aseall 3 5SS gy @ (V0 @, JSA) necrosis
L;)Smu}‘ €4 yec 2ic Wl (V) @8, JRA) thrombus
mﬁhhu)&kMMﬁ\bM\@mmFJP}L@\
3a,5Y) ClEia) oo Slad gsadll LeSull e el g Al
(\Y@Jdﬂ\)@hﬁ\@d\@uﬂ\%ﬁjuﬁﬂ\

AN de gandll £ bﬂ\}é\.\lﬁ\@wﬂ\u\)ﬂ\&ﬁé
‘;u)ﬂ\q);”myﬂ\m;wum;\aﬁjuy\i)u_u
M@A\@)@‘QM\e)ydﬁ}%M@é}m@ud|
Ll (VY a8y JSal) Ld sl Gl ) (5l Lan 451K il
By el LA 3l 5 a5 agm g Tan sl i Lagy YE ey
La o) Gl il Cay gat D] ae Ay 5ISI Ll Aslasal)
Bl (L) pon s IS0 Gl Glags s gl

&Yy

@mu\mj)dma..mum;}{\ g dan gl Q)
LA\ cbﬁ\iﬁ&uh&‘}{\hﬂd\m\.ﬁ\@}a&d\
s s Yég VE pen oliay) G\ 4l 4:.)@!
PR J\JJ\ 4.1‘ Y\ A A.Q}A;AS\ & 4.1)\3.6 3% d&\ é\}.\“

(Y i Sl Lasy Y8 ey

\)s\

G delae Loy £8 ey aal 5 8 3S () o8, JS
Leisl a5 SNt (s pnsal) 55 038 / pila (0.02)

Aoy Jalae Loy Y'E yamy pal 58 flad 3(7) A, JS4
wadll GEaY a5 Gaw asall (5 a8/ axle (0.02)
(250 agudl) A el dpe DU



(E7V-EVT) Tarr g

i) aae VT alaall oy pdal) o gled] Ll ) dlnall

oo pall Tl cpg pdnsall Cubalf IS ¢ ulidl palel) saipall £il5

Log V¢ JA"‘(‘AJCJJSJJSE@“”CESA(\')?EJM‘
sl Q) g aall 55 028 / a2le (0.02) Ao dalase
el LA bl Al 3 g g ae (25mY) agdl) (g 3S all

(165 X) H & E (23! peull)

T.AJ::VEM(QQGJJAJ:\SQ@H&@A:(\\)?E‘)M\
a3l 2 ga g G ameall (05 @3S/ aike (0.02) Ae s dalas
(25 agdl) Sl il A Aysedll Ao Y1 liia)
oSl dsay ae (i) agadl) dpsadll 5 al) () sS3

(265 X) H& E (3Y) pedll) (5524l

Cyelal a8 Legy V€ yee i Al de sandll 8 Ll

(V0 sy JSall) (550 manailly Ca 3l 35 g Ayl alalial)
Lolelall WIAN a)si e Aygedl)l Ao gV oliia) a5ags
Gl o 228l Gl asas e Slad 44K clyll
££ 5 Y8 jee e Ll (V7 i, Sl Lasy YE jeny 445K
Calias sad ST Al el culS ai Nl e Ly

AR

Lo V) i) e Slab g ledall LA A5 s gl
(O A ISl sl ml) & a3l g g g ae Ay el

Losa VE pany pal o8 a8 (8 oasd glale 1(A) B, JSA)
il sa s G el 05 038/ pia (0.04) Ao e dabas
Al zany ge () agadl) S el a sl lial
@Sl 2l I Akl LIAT (g gadll Sl 5 alaill

(560 X)H & E( 23! agadll)

i ; Eﬂ .:.ﬁ'..".‘;l ..Hf-.'.':‘ll-é. ‘-' . -..1_ r ."
v o '?t S *""*"i‘-ﬂ? Nt
e e e R ’

Lot YE jany pal g8 a8 (8 oand olale 1(%) 8, JAl
Gl sa s s paead) ()5 p3S / pila (0.04) Aoy dalas
(_)...'4';‘)“ H.HJ\) L;_)S_).d\ A..U‘,S\ u\iﬁ;‘\ & (.‘\}u:Y\ ?@....J‘)
) G3Soalh 2l Jes sl Laladll adl) ~ ga g

(560 X) H & E (3LJY) el



(EPVEEYE) VoI ¥ of iln) oie VT alsall oy pll] o slell 4] jall s all
e gl ol 65 lal] alal] S ool alel) yaipall £l

Losa Y amgpal 5 A3IS (B o e () £) 8 ) JS
3l a5 Can pead) 055 038/ pila (0.04) A x dalas
Ll Al LS 5 () aendl) Al i) G
pendl) Closs San gl 5 LAl A5 Gigaa (e Db
bl 4 ledall LD 3 Al &igaa ) Adla) (G

(560 X) H & E (aa ) agaall) 4510 cilyill

Last V£ sony pad g A3 (B i clilla 1(10) B JSal
<l a5 G pead) 055 pS / pile (0.02) Ao Jalas
Aoledall LAY A5 5 (asud) agudl) Ayl i) G
peedl) 5 I il i pad (i IS0 sl Ailasal

(560 X) H & E (Y

e g sadl) A DUy GlEia) 2ga s Jan gl 28 ¢ Ladll L]

A, Jsall) Lagy V6 jany ZAGN de sanall & adl
sl I dlal eley) LA Gigas Jaagl Lad (VA

Los YE e vie flaall g 8 Ca3ally 4 geall 4 5Y)

1A

L}M\ C).uu‘\ & L.EJEM QM\ @uﬂ\ ‘5 g_ﬂJ.\S\ APTY
& LS Gigan e Db A I cilyl) ilasall 4y ledal
Uan b sl Ll s s plad) 5 Aans 4l
o Aol ALl 8 IS5 S ga s HAY) andll ekl Lo adalidl)
WAL ()5 L)) ) ddlal 4 jlehall LD jas &g

VY A JRAll) Aty

Loss £8 pamypal 838 (B o oia 1 (1Y) 8 JS
OESY) Gaw amall 5 a8/ aale (0.02) A Jabae
LIAL Al dga s ga (2smed) pgaall) (538 pall 25l sl

(560 X) H & E (023! agadl) 42

Losald yams ool 58 Bl 3 ot e (YY) ) US4
o g8 G g Cpay aall ()5 028 / aide (0.04) A e Jalase
(paaY) agull) 45580 Glpall Llaall 4 jlehall LAY
(560 X)H &E (23" aguadll) 4 51K cilipail) iy g G



(EPVEEYE) VoI ¥ of iln) oie VT alsall oy pll] o slell 4] jall s all
e gl ol 65 lal] alal] S ool alel) yaipall £l

VE ans pal ma b fle (b gad i ((VA) o3, UK
35y O el (5 @3S/ pale (0.04) Ao sme dalae L
?@_&AJ‘) @uﬂl L?J );_J\ Gigaa (J}uy‘ ?@.u.“) @Sﬂ‘

(560 X) H & E (Y

Lo 24 sl 58 o (b (g e (1 9) 5 Sl
5 dsa s o ) 5 038 / el (0.04) Ao a Jalaae
Lo B aad oliis) ae (GLOY) aed)) gledl maws B
gloall ot LA & A3 Chgang (asm) agadl) 4y sed)

(560 X) H &E (23! agadl)

e Asadl) Lo DU aad GlEa] asa Jaa ) QBB
LYY G Al e ) dila) de SV eda las (A
Ay JSal) Logy YE 9 V€ yanys LA e panall 8 Ayliaal)
Zenkers, (US3)) g,-u%ﬂ‘ SA e e Db (YY
Ao sanall & L) Lpaadl) @l sl calia ) WS pecrosis
A8 JSall) ZAEN de penall pa 4 e 3l JiL oK1 A0
(YY

¢yo

i Lagy YE jamy 4l de sanall 3 Wl (V9 A8, A1)
(Y0 a8 Il sas JHb (ST Leld dpmnail) il sl s ]
tuj\@“aggu_q};ﬁjh,mﬁzsvaﬁ_‘,,

(V&) JSall) il 5y sSall Apauill @l yil) e Slzad

Loss Y jamy pal g5 A4S (B oo elblla 1 (V1) o, JS21
il dsa s s paead) G5 p3S / pile (0.02) Ao e dalas
Aokl LA o) 55 5 (asmY) agedl) LISl i) G
peall) (5 ISH il Coygad Bauial we 4y ISIH Lpill Aidasall

(560 X) H & E (»=aaY)

Losy Y any aal 5 3 IS 8 o alil 1(V V) 8, (S
Al dsa g Cpm pmall (55 028/ aike (0.02) Ao dalase
Llelall LOAN a0 ae (25l pgdl) IS0 bl

(O 1OX) H & E (pad ) agual) A 51 clypaill Aidasal)



(EPVEEYE) VoI ¥ of iln) oie VT alsall oy pll] o slell 4] jall s all
e gl ol 65 lal] alal] S ool alel) yaipall £l

Ln‘,g\i fueﬂcjﬁuﬁ@@uutksa(\'\')é‘)dm‘
Gl dsa s ) 55 38 / pile (0.04) Ao Jalae
*"J‘) limall LIV o @Al 2 & (J}u‘}“ *J\)

(265 X) H& E (=aY)

Ln‘,g 123 M?JCJJS‘_‘E@HCL&A(YV)?EJM‘
sle sl lia] G paaall 55 038 / p3de (0.02) Ao yaw Jalae
(560 X) H & E (25! agall) o jlan (855 5 (5 garll

sellac oi oe Slad degeneration of hepatocytes

3 oY) al L siall Ul ) g2 Alska s iy ) paindy
o Ay i e ) il il 5391 i) A
aspndl€l) Aaime Jadip ciligl) ddiae Lyl e 45,8
ae b clisnY) Judlee 3 JB Sian ) 51 (0A)
9553\3 Na+/K ATpase activity O e}:\uu}.' -eﬁéya“
oSl G ML 5 ddad) ddpla g 8 Jlie) ) sam 05
A S L S Leay (Yo 5 19) Al WA 3 il

A

24 e oal Tt gled (B e ghie (7)) S
35 Om pmall (55 S/ pila (4,0 1) A Jalaa Lo
(H & E(560 X (3uJY) pedl) g ladl

Ye M#CJ}&LAJ@W@A(Y\)?;_)M‘
3n s O el (55 @3S/ pale (0.02) Ao sae Jalaa Lo
pendl) gl DA 3 GSED 5 (GLoY) agedl) oal

(560 X) H & E (adY!

-

AL

Ll g dpibad) dpuda jal) )yl
o 1l sl dugjadl sleacyl ST L Al el cui
48 5l Bhliall 25y e 2SI 0 gad Jaa gl 3) 44l 5 o)
oSl Span ()3 gr sl s ) Al adalial) il
elac) of (s (V1) 083 Le 138 5 (ol il 3 a0
Vacular 4281 LIIAD (8 (5 sad (S35 G g Gy o saindandl)



20.

21.

22.

23.

24.

(ETVoEXD) VoI Y of ilnf ane o FT alsall ey plasll o slell ) el sl
oo pall Tl cpg pdnsall Cubalf IS ¢ ulidl palel) saipall £il5

Edens F. Design defines response of Selenium. Department of Poultry
Science, World Poultry J. 2010; 26(3):129- 140.

Leeson S and Summers JD. Commercial Poultry Nutrition. University
Books, Guelph, Ontario, Canada, 1991.

. Hoffman DJ. Role of selenium toxicity and oxidative stress in aquatic

birds. Aquatic Toxicol. 2002; 57:11-26.

. Kaur R Sharma S and Rampal S. Effects of subchronic selenium

toxicosis on lipid peroxidation, glutathione redox cycle, and

antioxidant enzymes in calves. Vet Hum Toxicol, 2003; 45: 190-2.

. Balogh KM Webber M and Erdelyi MM. Effects of excess selenium

supplementation on the glutathione redox system in broiler chickens,
Acta Veterinaria Hungarica.2004; 52:403-411.

. Wycherly JB Moak MA and Christensen MJ. High dietary intake of

sodium selenite induces oxidative DNA damage in rat liver. Nutr.
Cancer, 2004; 1: 78-83.

. Samuelson DA. Text book of Veterinary histology. Saunders. St.Louis,

Missour, 2007, pp:1-3.

. Spallholz JE and Hoffman DJ. Selenium toxicity: Cause and effects in

aquatic birds. Aquat Toxicol, 2002; 57: 27-37.

. Raisbeck MF. Selenosis. Veterinary Clinics of North America: Food

Animal Practice, 2000; 16(3): 465-80.

. Saif YM Barnes HJ Glisson JR Fadly AM McDougald LR and

Sawayne DE. Diseases of poultry. non infectious diseases. 12th Ed.
Iowa State Press, lowa, 208; Pp:1142-1238.

. Schmidt RE Reavill RD and Phalen ND. Pathology of pet and Aviary

birds. Lymphatic and hematopoietic system. 1stEd. Black Well, 2003;
pl35.

. Klebel BM Ayoub AT and Pette D. Protein oxidation,tyrosine

nitration, and inactivation of sarcoplasmic reticulum Ca2+ -ATPase in
low-frequency stimulated rabbit muscle. FEBS Lett,422, 1998; pp:
381-84.

Muriel P and Sandoval G. Nitric oxide and peroxynitrite anion
modulate liver plasma membrane fluidity and Na(+)/K(+)-ATPase
activity. Nitric Oxide. 2000; pp: 4, 333-42.

Szabo C. Multiple pathways of peroxynitrite cytotoxicity. Toxicol,
Lett., 2003; pp:105-112.

Virag L and Szabo C. The therapeutic potential of PARP inhibition.
Pharmacol. Rev, 2002; 54, 375-429.

Kymberly MG. Selenium Supplementation and Antioxidant Protection
in Broiler Chickens. A thesis submitted to the Graduate Faculty of
North Carolina State University in partial fulfillment of the
requirements for the Degree of M. Sc. Immunology and poultry
science program, 2004.

Zhu LX Zhao Q and Huang XL. Enhancement of antioxidant capacity
of cancer patient during chemotherapy by reduced glutathione.
Aizheng., 2004; 23 (4): 452-455.

Yy

WIS Juanl 3y yi oS5l (5 siue 8 g laEY) S
Cilaa) e 3l 13gd Al 380 5 Qs 3 Alalrall #1831
Gsiwe (@RS e Sl (Y)) LDAN Jalh Al
ee Aagill eda any K, Sl mun 4o 5lG I
Y g2 sl s il o grlaual) elae) ol (VY) i eSSl
Gl el Gigan g Akl s o A3 ad Cilas)
Leisl Cosadiy IS adiimi Jan o) 4K 3 Ll (oS el
e S ae 85 \}5}‘ Tubulonephrosis (s ¢3S 35243
Y G bl o ) SAL sl ey (V7)) JE
Of oo Sl SAN Al L) (i o8 A3ISN 8 Dl
Giob o dsdl e el Z ) 7 5k asanlidl e %AT

A7) A
g leall 5 alil) 8 Gl <yl & gas ol 2 g5 LS

Gsime o pmilidl Hilis soal 5 Zl) Y Lead
,(Y i) 32SOU Jalicas 4dia g1 () o8 GIS)

J.\L\AA.“

1. Schrauzer GN. Nutritional selenium supplements: product types,
quality, and safety. Journal of the American College of Nutrition,
2000; 20:1-4.

2. Rayman M. The importance of selenium to human health. Centreion
and food safety, School of Biological Science, University of Surrey,
Guild ford, UK., Lancet, 2000; 356:233-241.

3. Edens FW and Kymberly KM. Involvement of the thioredoxin
reductase system in the maintenance of cellular redox status. In:
Nutritional Biotechnology in the Food and Feed Industry. Proc.
Alltech’s 20th Ann. Symposium. T. P. Lyons, and Jacques, K. A., eds.
Nottingham University Press, Nottingham, 2005; UK. pp 369-382.

4. Hamilton SJ. Review of selenium toxicity in the aquatic food chain.
Science of the Total Enviroment, 2004; 326: 1-31.

5. National Research Council (N R C) Selenium: mineral tolerance of
animals. Washington, D.C.: National Academy Press, 2005; pp:328.

6. Abdel — Tawwab M Mousa MAA and Abbass E. Growth performance
and physiological respose of African catfish, Clarias gariepinus (B.)
Feed organic selenium prior to the exposure to environmental copper
toxicity. Aquaculture, 2007; 272: 335-345.

7. Surai PF. Selenium in poultry nutrition 1. antioxidant properties,
deficiency and toxicity. Journal of World Poultry Science, 2002;
58:333-346.



