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An Experimental Study on the Selenium Effects
in Lead-exposed Rats

Sang Bong Lee - Han Woo Lee

College of Medicine, Gyeong Sang National University

Abstract

An experimental study on the selenium effects on toxicity of lead (4ppm intraperitoneal
injection) in adult male rats of Sprague-Dawley strain was performed. This study was carried out
to reveal the selenium effects concerning treatment and prevention of lead intoxication and
differences of the selenium effects according to the administration method between oral and
subcutanous. The changes of body weight, liver and kidney weight per body weight, hemoglobin
values, hematocrit values, TBA values in serum, and 0-ALAD activity in blood were determined.

The results were as follows;

1. There were no significant differences among groups about the change of body weight.

2. In the liver weight per body weight, the group of Pb administration after the oral administration
of selenium was significantly high, different from the group of Pb administration alone
(r < 0.05).

3. There -were no significant differences among groups about the kidney weight per body
weight.

4. On the hemoglobin values, the group of Pb administration with selenium was significantly
high different from the group of Pb administration alone (p <0.05).

5. There were no significant differences among groups about the hematocrit values,

6. On TBA values in serum, all the selenium treated groups were significantly low different from
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the group of Pb administration alone ( p < 0.01).

7. On J-ALAD activity, all selenium treated groups were significantly high different from

the group of Pb adminsitration alone ( p < 0.01 ).

Considering from the results of this experiment, selenium seems to reduce Pb toxicity and

preventive administration of selenium seems to be also effective. And the difference of selenium

effect according to the administration method between oral and subcutaneous could not be found.
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0E zeld, & AFEA 2 iR e
Zholell @atex @#z wirh gle WA o))
ojofj ¥ A ol A= Sprague-Dawley & A
%5 T4 UM E o83l A9 S4o sty
seleniumo] A& 3o} tlEe] AR &
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1) Selenium chelated in yeast (Nutri-
tion 21, U. S. A.)

2) Lead acetate (537, A9%E, 98)

3) 2-Thiobarbituric acid (Eastman
Kodak Co., U. S. A.)

4) 9 -Aminolevulinic acid (723}
7, 48)

2. 4877
Spectrophotometer (Gilford 2600 )

3. d¥SEL

AlZ= 200~300g2] Sprague-Dawley %
e &4 WAE TY A5 A dFY o]
Z AEA F Aol AMEEen 24 A9
o] BEAL Table 1A B uiep gl

1) Group I (Pb & RoF)

Lead acetate 4ppm (4mg/kg) S Mgl 4]
Qo 19 242 1 134 TdFUL F
7AW Fo st

2) Group II (Pb 2 Se A+ FoF)

Lead acetate 4ppm< 1Y 134 E7h)
B3 &, 2 selenium 0.05 ppmE soy-
bean oil o &shA1A 1d 134 7dHL 3
T Foq st oh

484,

3) Group Il (Pb ¥ Sed3} )

Lead acetate 4ppm & 19134 E7hy
T3 ¥, FY selenium 0.025 ppm & so-
ybean oil o] S3AA 124138 74 Z
9 5}5o &t

4) Group NV (Se 74 +%Fo & PbRAT)

Selenium 0.05 ppm & soybean oil o] <]
14154 34 B¢ 3T T3 F, 495
HH+= lead acetate ¥F 4ppmS 19134
44 <t 5N Fo3h

5) Group NV (Se 913} £ & PbFoF)

Selenium 0.025 ppm -2 soybean oil o] *
o 14134 3 F<t A3FAd £, 49
A X E]+= lead acetate ¥t 4ppmE 1¢1
34 4d B B Fosich

6) Group VI (4740

Al AR & Yol ARgERg T,

Toqilon Aes rat9} o} Rl AFL
A& 7TUA B HEAEF MR ST 2

A F) A FE AE3Y GE TR A S
g S |8 A&
2) A7) T A
HF GE FoqUr} By 24 A7 o WS
F wAste] 7t 2 AFS BelEe gz
AE A3t AFHe] JAH FAE RE
Table 1. Characteristics of experimental
groups
Group Type of treatment No. of rats
1 Pb only 10
i Pb +Se p.o. | 10
m Pb +Se s.c. 10
I\ Se p.o, +Pb 7
\Y Se s.c. +Pb 7
VI Normal 7
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3) Hemoglobin %< &4

Cyanmethemoglobin method *® ol ] &t
hemopipette ol 8 0.02ml & AHH st 4]
# o] Wi Drabkin €% 50ml & ¥ol 4
& F 1087 BXF F cuvette o &4 540
m 2 FJEE dn ZERH} vladte] hem-
oglobin ¥& A4+t o}

4) Hematocrit A& &34

Capillary method | 2J3ll capillary tube
of 2/3R8% AL AL F LITP=E=2
% g gu AR 58 ATE 93N
7] o+&, A ol th plasma cell & B
&2 Adstgh

5) FkskxjA &l FH

Thiobarbituric acid ® ™ o] &3l ¥A
0.3ml & #3slo adrjell 1/12 NH,S04 2.4
mi & 718t} 2 & F ohAl 10 % phosph-

otungstic acid 0.3ml & 7}t £33 &
10 27 A2 x| 3 ohg, A7 g ol
23l 3,000rpm o2 5 B YA ELE F,
HAE ZF4 0.5mlE HJL &, oA F

&

24 35ml o 1% TBA I1ml & 7I8lx
& FollA 60 83 7HEE F 52 B2 W
Z}st obS 3,500 rpm o2 dA B sl A

[

Immole /! 5= ALAZIE 0.5mi ¢ 0.2
mole/ 1 ¢ phosphate buffer 0.5ml2 7}3}
o] sample 3} blank & &}3. blank°l trich-
loroacetic acid 1ml & 7}§ &, T2 A
Aol heparine2 A3 YYo=z TE
enzyme solution 1.5ml & 7}3 & 37 Co
=804 1217} incubation A}ZTh sample
o] trichloroacetic acid 1ml & 7}§F & 2
Z}e] A HES 3,000rpmolA] 583 443
AAA A5 0.5m & HFAh 2 F ace-
tate buffer 1m! 3} ethylacetoacetate 3
ml & 7Fslm 60 A& EES 108 %
2 X7}k, Ethylacetate & g Ztzt ot
& Alg B 7 ¥ modified Ehrlich A%
3ml & 718tz 10% ¥ 553nm 2] 3ol A
FBEE S

1 ml

5. AR #A]

AT AAY fod AL 9 ANOVA
B Al on, 7 24 fo4d 3A
9el Scheffe 2] multiple comparision
test AR AT

o

IRSEPEES I i

Ae /A FREE SHIA 1. Al F¥st
6) 6—ALADEAY S &3 A=W Table 204 BE upe}l o}
Tomokuni ' o &35l F7He] AlE &l A F 7188 A4y HdTol 8456%
Table 2. Changes of body weight
unit : g
L. . Body weight
Group No. of rats Initial body weight after treatment
1 Pb only 10 259.0 + 23.1 269.9 + 24.3 (4.19%)
I Pb+Se p.o. 10 230.5 + 25. 0 250. 8 + 25.1 (8. 81 %)
M Pb+Ses.c. 10 273.0 + 30.5 278.8 + 32.9(3.12 %)
Iv Se p.o.+Pb 7 254.1 + 18. 3 262.6 + 24.1(3.35 %)
v Se s.c. +Pb i 268.4 + 28.0 284. 9+ 24.0 (6.15 %)
Vi Normal 7 236.7 +13.2 256.7 + 14.3 (8. 45 %)
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37te whd, Pb @5 AT L 4.19% oA
o, Pb ¥ Se A7 FoFo] 8.8%, Se
93 Fo § Pb FodFo] 6.15%, SedT
Fo ¥ Ph FoFo] 3.35%, Pb © Sed
3} Fowo] 2.12%9 oz SU7HE 2Yvh

o] o] A F H3hgo Hlme) er=
AT 2 AET Pl BAFH Roael
AUk Mylorie %0 93lH A& Fost
W AR AR e A2 ]lete AT F
77} 49} s19om, Stone# Soares
£ Japanese quail < °]-&3F Aol A
o] Fof 2 ¢lsle] A Fo] F7prt A=A}
93, Bell & Cowey 5™ 9] d7o| 2o}&lg
seleniume] AHA rat ol A& PArol vlsl
AZ S22 Wittty Rasle, durzo 2 A
F 57188 a9 Al mad i3 AR o
AA gt} ¥, Cerklewski' &= dieatary
seleniume] A&} HAlol vX & G g
AP feed intake 9} AlF o] Hole F
A zolz} flota st T =3 McGow-
an# Donaldson®” & @& F93% chick
A selenium-2 FAsE AZ A7 MM
HA gFotl selenium-2 doll o8] AF & A
Fo] A3lsle A AW & v gk

2 AgodAs dg ot Agede A
atof] visl A F Frhgol Hskou BA
o2 {23 XolE & FE& UAT = Se
22 E F TEFN PbEE FoT AlollME
Fo g zeolE B ¢ %A

e dalz v Fo] Y, d FAE A5
o] F7hg 4F L A EIte Ao2 H
oli}, ol A9 Foigo] A (4ppm) EF
o 717ke] Ael7} golx] BAGH o= o
g zlo| 7] vl XA E3 Ao Holn, sel-
enium A 2| FE UAA AFF77 vlA =
g &fo] gt Ao Ko}l selenium S Aol
o& o7l AF FTHEY Hdel FF
2 XA £ae Ao Alugdr

2. Z719 %

g A BAe AA Sl e
&2 EASdon, 3 AL AFe] s
WE22 Table 33 Zr} AFATFo] 1.14%
QlH] B3l Pb s BT 4 T0%E &
o3tA AasH e (p<0.05), Phos %
ool Hl3l, Se AT Fod X Pb-"’ﬁcq?ow
E 6.03%E 271301, Sedls o F P
FojTo] 5.89%, Pb ® AT FaojFe] 5.7
%, Pb & Se 1|3} Foj7o] 5.26% ¢o]°*
T} Pb @ oo vls] Se AT Fo X
PbFo{d& foskA 2+ FA19 w7t =%
(p<0.05).

27 FA AFol g vl &2 Table 4

Table 3. The distribution of liver weight
per body weight

(unit :%)

Liver weight

Group No. of rats /body weight
1 Pb only 10 4.70 + 0. 40
I Pb+Se p.o. 10 5.75 + 0. 90
I Pb+Ses.c. 10 5.26 & 0. 89
IV Se p.o. +Pb 7 6.03 -+ 0. 63*
V Ses.c,+Pb 7 5.89 4 0. 54
VI Normal 1 7.14 0. 72

* :P<0.05(I —-IV)

Table 4. The distribution of kidney weight
per body weight
(unit : %)
Kidney weight
Group No.of rats /body weight
I Pb only 10 1.56 + 0. 23
I Pb+ Se p.o. 10 1.57 + 0. 21
B Pb+Se s.c. 10 1.60 & 0.12
IV Se p.o. +Pb 7 1.59 + 0. 18
V Se s.c.+Pb 7 1.59 % 0.13
VI Normal 7 1.65 + 0. 31
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o} Bth AAFO]l 1.65%UH B3] PbHhs
FEAd7e 156 %°IRer, Pb ¥ Sedst
FoFol 1.60%, Se BT Fo ¥ PbFd

T 2 Sedd Fo & PbRoTol FUsHA
1.59%°}Rem, Pb ¥ Se AT FHTo
1.57% w02 Yl g FE=2 {23
Z}o) g HolA| gkgrt.

Stone 3} Soares™ & Japanese quail &
o] &3 AN A& FAq3F TolA = AT
of vlg} b FAZ AHAG e, Wt
W, Ao £AE 23y gt Bu
st o8 ¥ AFNFAY FrF F & Hir-
sch®’ ol olsle] el o3l A iz 2 ¥4k
o] st AAAFA 7 F7tEle Aol B
o =tk
B Aol Ao Foo) ofst 3t FAL
A3t Z21e Aol ofsl AaF <] HAFHA
A2 gt A Fol At A #AIVE 3
Rog FZxn, o3t 4] Ho| Se
T Ba ¥ Pp FATA JAld Aoz}
1} seleniumol 2] 54 2§ I FA
2E Eol= 9Eg F Ao Hol, 4
M3z selenium A2 FENH = d @5 F9
T3 f9 3 2to]l & Holx] gyt olv AY
7izte]l #&ed 71A8A Y selenium 9] Fol
e Zo 7i1glshe Aoz F&HT

Al A AFol i Hees BE T3
WE Fod 2fo]E Ho|x] grold AFFe] F
Ae d 2 seleniumFoiet #A7F gle 4
o2 eyttt

Agmourxrﬂu:

R
¥

REE

and

N

3. Hemoglobin ¢

7} AlE o418l Hemoglobin %2 B X =
Table 54 X upeh ok Aol 14.99
g/dl dl B8, PbE FAL 2 13.36 2
2 §o&t 2tAaseiA (p<0.01), HE ¥
o] 48 Eo¥ u] hemoglobin %ol A3t
o Had vpe} dajE et ol AdwbA o

=2 o] hemoglobin A @43 whAlol A8 28
, T el ot 4’*011%1 L
:[qu éé? l?M Folz| 7} tj&el d
g Ao HErg =
el AEZTHE GFAI7I= AT Aol
_\L_:_ 74 Oi Agz}.g—, %lq_'l,g:m
FHH, Pb @ FojFo] ¥|s] Se AT g
2 Pb B Se 135 Foito] 14.43g/dl ]2
o™, Pb ¥ Se A7 FodiFo] 14.00, Se A
T BEo 3 PhpEo] 13.96, Se 335
% Pb Folwto] 13.86°|3ch Pb &5 Fo
o] Bs] Pb ¥ Se H3} FFL hemog-
lobin o} #2134 FE=A e (p<0.05),
Uz FEoAME Fold dese B F
o}, metr] Se o o= Pholl o3 sAE
hemoglobin 2] % A% F7IA7l Aoex
Holo], Pbo} Se H32 FAl Foiste
Aol a7} A& Aoz el

3‘3
2
0 By

4. Hematocrit %]

Hematocrit X|9] 2¥& Table 6 3 2t}
A2l hematocrit A& 46.67 %ol o,
vbd Pbus T2 40.98 %2 F3HA
FaEA e (p<0.01).

o] A& <ol 2]3 hemoglobin A A&l 2
A7 Ad=712 d4 2 daEE Ftz 9
g Aoz AlgEHs M, M & $TE dg

=

Table 5. The distribution of hemoglobin
values
(unit : g/dl )
Group No.of rats Hb value

1 Pb only 10 13.36 + 0. 89
I Pb+Sep.o. 10 14. 00 = 0. 82
m Pb+Ses.c. 10 14. 43 + 0. 42*
Iv Se p.o.+Pb 7 13. 96 + 0. 53
Vv Ses.c.+Pb 7 13.86 =+ 0. 45
VI Normal 7 14. 99 + 0. 37

* :PLO0OS (I —10)
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Table 6. The distribution of hematocrit

values
(unit : %)
Group No. of rats Ht value

1 Pb only 10 40. 98 4- 2. 55
I Pb+ Se p.o, 10 41,38 - 1. 51
I Pb+ Ses.c. 10 41.97 + 1. 34
IV Se p.o.+Pb 41.50 + 1. 48
V Ses.c.+Pb 41,33+ 1.31
VI Normal 7 46. 67 + 1. 40

¥ u] nhematocrit X7} ZAAHUTFTL H
28le] ¥ Agdnet X Aok

3, Pb oHE Fojdte] vlsh Pb E SeH
3t BTl 41.97%, Se A7F49 ¥ Pb
Foqol 41.50%, Pb ® Se AP FoP
o] 41.38%, Se 3 ¥ F Pb FoTol
41.33% o2 F71HAo Pb EE F49
o1 ¥l ndte §oA FUHEA = 2uTh
Stone 3 Spares? & Japanese quail & |
235 A8ol|A seleniumg FAHE 49 =
Ao o 2+4% hematocrit AE FEAl7
t a3t vt s, B d¥anet 9A
e Ry,

wretr  selenium o Fo& Aol o3 o}
A hematocrit X2 gl FFL vAA FE
e Aoy HTH

5. %4 & FA4IAA &

A F #a3AF g £ E= Table 7
I o, AAbPo] 2.34 nmole/mi U] v]3Y
Pb && oo 40102 {934 57
=HAoH(p<0.01).

Sifri 5% & A Fof W FAQLe] A
AR @A FUHEA G L e,
B AN olet FABHA F7hete ASE
wyoh #H, seleniumFSTEA YA &=
Pb &= Fojo] H&] Pb & Se 37 F4H
ol 3.54 nmole/ml B ZFA%U5, SedT

Fo & PbFoTo] 3.51, Pb 2 Se 13
Fowro]l 3.29901900m, Se s o X Pp
Fo ol 3.25 2 71 ol Zha=sith wet
A Pbers Fo|Fo B3] Selenium Fol+
L 25 793 F4E ¥ (p<0.01), Pb
o] A o3 Frid #AAAspA " ol Sel-
enium &] Fo =2 3t zimvim Al
o},

ol& sifri ¥ o] selenjiumE 70Y 5
rat o %3 ZH seleniumeo] AAx i3
E fol3tA welsttts Bust YA, Ga-
nther ¢} o] &2] selenium (1 ppmujeh) ¥
A agre 85 4 FAHAE HE + U
Athe B dx AX el T3 Pb} Se
2 Bl B F(Group I I 2 sele-
nium-& 3AF o3 & selenium ¥ F& F
@3l Pbyt & 7 (Group V, V) EF
Pb &5 FdFol vigh o3 448 HYe
24, Selenium 2 W3 Box Xaazst
U a7t dv Ao AlgE T,

AR FEEHEL AU XA & F4t3HA
A HasiARe) YAe FRdon LA
g3lew, vitamin E®} selenium & °J23h %]
AR so] st s gaks LS F
o2 AFAstE oigdcin geA U

30,33)

Table 7. The distribution of TBA values
in serum
(unit : nmole /ml )
Group No. of rast TBS value
I Pb only 10 4.01 +0.11
I Pb+Se p.o. 10 3.54 & 0. 22%*
I Pb+Ses.c, 10 3.29 + 0. 18%%H*
IV Se p.o.+Pb 7 3.51 % 0. 13%*
V Ses.c.+Pb 7 3. 25 4 0. 20%%*
Vvl Normal 7 2.34 +£0.04
** ;p<001(I~1, IT-m I-IN, I-V)

* :p<005(0 MW, T—V)
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o2t kel AL TeoliA F-gdEE gi-
utathione peroxidase & &40l <js] YojL}
= Aoz dHA dem selenium< ol 3
glutathione peroxidase (Y -L -Giutamyl
Cysteinyl Glycine) 9] T4 AEo)7) w&
o} seleniumo] ZPHHA glutathione per-
oxidase o] #AJo] AslEoe] A}tz HA}
o date] EHAHQ WolE ¥ S Qvtm &
HA A,

6. A= §— Aminolevulinic acid

dehydratase &4 =

g} 5 0— aminolevulinic acid dehyd-
ratase 84 X9 E¥ & Table 894 HE
uiel gy FAro]l 23.77 g mole of 6 —
ALA/min/1 of whole blood <1d] 4|3} Pb
9= BT 1512 fosA ZaE o
(p<0.01).

ol 3 %ol do] HF 1 FEJ YU
Sltietx d —ALADO &3t &4 8 =
A7, A ol FxU ol & & 3
A% AAGn B ukep gk =
A 5Pe deol 487 %o A+ hemog-
lobin 4ol #Ast= &LU § —ALADS)
84L& JAsde Ruods dA skl gy,
Pb & FoZo vsl] SeAT £ ¥ Pb
FoZ2 13.05 2 $7t5A9 28, Seddt &
o ¥ Pb¥oFo] 12.72, Pb ¥ Seds}t F
owo) 11.79, Pb & Se A7 Fojze] 11.51
Folgdth PboE Fotel H|3] Se Fo
5 {o5kA 6 —-ALADEAEZ F7HEA
o1 (p<0.01), selenium= &l 7+e] §-24
< AT

Rastogi® &= rat o4l selenium® A&
EAlo Foldiciy ALADSA =7 A R4
of 717tA BEsg g Baste Qo o)
Z1skEe ALAD9 €48 seleniumol Z7}A|
itk st 2 Aol FARS A nty R

Table 8. The distribution of §-aminolev-
ulinic acid dehydratase activity
in blood

(unit : gy moles of §)
—ALA/min /L of whole blood )
Group No. of rats ALAD activity

1 Pb only 10 7.51 £ 0. 69

I Pb+Se p.o. 10 11.51 & 1. 31°%

m Pb+Se s.c. 10 1179 + 1. 15

IV Se p.o.+ Pb 7 13.05 + 1. 13**

V Ses.c.+Pb 7 12.72 + 0. 76**

Vi Normal 7 23.77T+0.76

*% 1 p<001(I-T, I-M, I-IV, I-V)

e ZdE=2 vjFo] Ho} selenium < Pb
o] HAo) o3| yojzxl § —ALAD BHEE
o3t 77l &9 de Ao A
g9 =%, Pbe Seg FAlol RAHT
(Group II, II) ¥ selenium< 3Y 59
3 ¥ selenium ¥ & Fwdln Pbul Fo
3 #(Group V, V) 2% Pb &= R
Ha folg 718 Byen (p<0.01), 2+
THER R Aol glE Aoz uFo
Hel, selenium 9 443 FEodx 5371 ¢l
o™, seleniumg FATE Foshs= Ao,
Y32 Foatsd OE xole gle Aom
Ats g}

6 —ALAD ( d—aminolevulinic acid de-
hydratase) & &7 W4 hemoglobin &
Aol #AA3e 5484 §—ALAE porph-
obilinogen 0.2 H§A|7= AL dFsin
A=, olglg d—ALADE <ol s of
5 @A B4go] MIEle gow LA
glq_.:iz-ai)

Selenium2 Aol of 3t o7}z A4S 7
AAI71E Aoz HolsdH 99t e selen-
iume] el 28 ZA-e HAaAFiE 71A

el Al ob# BAs] e wpbrb gloy
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o«

L,

Clarkson % Underwood £ selenium3}
[»]

£ functional protein} active tissue si-
teol thsle Mz AYPHoz Ay HE
olgta &35l ooy ¥3  Parizek ¢ Gan-
AR 2§t
reversible compound (eg, lead selenide)
E A5 W Eol AFHe] Pp*teole &
7t Aol A 4o HaHE Ao
F& ki Qb

3, Flora £ o 2|31 selenium2 A
3 FAlo] Bod us Aol o3 B4 HA
AlZ]A] gk, selenium® FHE FHW8H rev-
ersible lead-sefenide compound 7} £l
o] free Pb*" ol&o] u}e} ThA] 8] EAo]
vebd ks sk ch

a8 B 7o Sed 39 B
F Se? FEE FUsln 4943 Phul By
3t FEo doiME Sed PbE FAl B4
3 TEF A FAEH Pbe EBAL Ha
ARl Ao et Auke datE Bk of
of i & o] B AT} HojHok & Ao
2 AlsE o

ther & selenium 3% dol

&

N. &

Selenium ] d F5o g& o} € X8
53 of 9 seleniume Fodue] o &
ztelde] X E 47 HA3E] Sprauge-Da-
wley ¥ A% &4 WM& o) &3t AFY W
3}, AFol g ¢, A4 A, Hemoglo-
bin %, Hematocrit X, 4t3lxae] <, &
~ALAD 84 =& £33 23 ogd g2
488 Iduh

L #AZFe Wiste T foF 3felzb gl
Sich

2. AFel g 7t FAle) wsle Phys
Foj o] HE] SedT Fo ¥ PbFAT
o #<3HA U (p<0.05).

~93-

3. AFo] g A FA e 2
R xfolzh AT

4. Hemoglobin %<& Pb &5
3 PbFo B Send FoiF
A EA G (p<0.05).

5. Hematocrit X1+ 2+ o8
7t gl

6. #itsix|A o] ke PbiE Fojte] H
 BE THEE2 FoskA A0 (p<0.01).

7. 6—ALAD 84 5%+ PbdE FAFo
s E #3E2 FeldhAl Eati(p<0.01).

A7) A2 v Fo] Bo} seleniume Pb
o] 548 A7l AR L st Hog A}
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