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Effects of Selenium and Zinc on the Toxicity
of Cadmium in Rat
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School of Public Health, Seoul National University

Abstract

The purpose of this study is to investigate the vairous change in the toxicity of cadmium by
the simultaneous administration of selenium and zinc, which have been reported to change the
toxicity of cadmium through the interaction with cadmium, to rat.

For the experiment, 42 rats of Sprague-Dawley strain were used. The experimental groups
were divided into 6 groups: a control group, a cadmium (100ppm) alone treatment group, a
cadmium (100ppm) and zinc (100ppm) combined treatment group, and three cadmjum (100ppm)
-.zinc (100ppm) and selenjum (1,4, and 8ppm) combined treatment groups. The rats were allocat-
ed seven to each group and observed for seven weeks.

The results of experiment are as follows:

1. The food consumptions of each group were reduced, compared with a control group, especially,
in a cadmium and zinc combined treatment group and a cadmijum - zinc and selenium (1ppm)
combined treatment group to the significant level compared with a control group (p < 0.05).
The water consumptions of each group were reduced to the very significant level compared
with a control group (p < 0.01). The feed efficiencies of each group were lower than a

control group, and among them the highest group was cadmium - zinc and selenium (8ppm)
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combined treatment group as 90% of a control group.

2. In all groups, the weight gains were highest in the second week and the total weight gains were
reduced to the very significant level compared with a control group (p < 0.01).

3. In all groups, the relative weights of liver were reduced, compared with a control group,
especially, a cadmium alone treatment group was reduced to the significant level (p < 0.05).
The relative weight of kidney was high to the significant level in a cadmium alone treatment
group (p < 0.05) compared with a control group. In all groups, the relative weights of testis
were reduced, compared with a control group, but the levels were not significant.

4. The accumulation of cadmium was highest in the kidney and the order of height was in liver,
testis and blood, respectively. In all groups, the amount of cadmium accumulation was high
to the very significant level compared with a control group (p < 0.01).

In liver, the amount of acdmium accumulation in a cadmium alone treatment group was
high to the significant level compared with a cadmium - zinc and selenium (8ppm) combined
treatment group (p < 0.05), and in kidney, the amount of cadmium accumulation in a
cadmium alone tretment group was high to the very significant level compared with the
cadmium - zinc and selenium (4, 8ppm) combined treatment groups (p < 0.01). However,
in testis, among the treatment groups the level was not significant; and in blood, a cadmium
alone treatment group was low to the significant level compared with the cadmium - zinc and
selenium (4, 8ppm) combined treatment groups (p < 0.05). .

5. According to the histopathological finding on the testis, some of the seminiferous tubules of
a group treated with cadmium alone showed severe necrosis and atrophy. But the testis of
cadmium - zinc and selenium (8ppm) combined treatment group was similar to that of a
control group.

From the results of this study, it can be concluded that the repeated simultaneous oral admini-
stration of large doses of selenium with the cadmium produces the partial amelioration of

cadmium toxicity, whereas zinc does not.

Key words: cadmium toxicity, selenium, zinc, interaction, rat.

Haok Fl=Fe KK, LiEfE, E 2 &5
Thep go g St JYH Zag A
P, —fgAcl Tist g 2 4252

AT He JFHo g ELASEOIN AR T ASTL B xdod Fxe we &
oM Yo EEZ FESID AUF olfolF & W HHE 5 31Tl J=E 150pg7A
JletmA Y mEBRpES BAS ToA  BRS f7t AT o AL Aol Y, =

I. #

p=1110)
E: g

_30-



T AMESH mAHE LAFKY =g
© MHE #HfFHC dojdti? sl g hEt
Bt A2 &Bo] MY RIL ik &k
I;],'s-l.'i)

535 FE g el A sl=F AR Sut
He @B#He Jl=E B B s §A
g R pEeEBoe =AM, 9 7] Parizek
(19577} 7=+l o 3t RHWILS TEgH0) B

wmalcts B usk olef, Al&SH o e HI
7t 2oy grjle-o
B Fl e ng Hojx FtoF s

24 A1 ZF gl #HSts Aol Aol B
IE Al Jonim® olmf o} prmusEe A H
B fgho]l BF, BERoIA B TR £4

5 E2 metallothionein & #F®sle Roz &
g;ix:% 011;].22 ~25)

3, ddlge JleFo g 2% mRY £
ARG 7 A d pEygEE deAdE
A Fh wetd S ARl &

et A, fREHER] F255 Ry E
7t 2z Base] B - prmgmo o
A Gunn% (1966) P 2ol A FiEk: 71=

F-4dH¥E #Hepel BRE 2andtdn
gos%(1978)W & F Y A7te] {t@lfdﬁ 13“
Az el RE FE T, @?ﬂ}aloﬂ o
3 B, M6 BEaEY FE 58 AlAsky
o™, Whanger £(1980)® & ’%2'“'5‘0] £H
A Jtewe BEAKESS B4TR EREER
Bl MaFE BEEESE AT o=N s
BE vepdotn B assh

olep go] A EY HEHL 7l=F S FEel o
& o pymigie] HEY 2 oy, F—¢RB
PES fiEARY o =F 2 A s it
€ g5shu, EHS 537 Etda »
5 9] © M (Yoshikawa, 1970)% Eybl %(1986)3%
McConnel (1971 & A&l w32 H#HfHEe
HEFRES B gk Qo

Ao XF7A] Ft=E I gy, A
o YR E FE JITE & FF B
FEo $3, KRB ) RE KT ==
e gl osiAMA T weld &k HEE
go] stfFdte AdddA Y=g A e R
Foll o2 Ald gmste g of, g 2
HEmEe] w3, wisEe] s, =i
BE, BEe HYERE, BB dasts
Zgo g, Fluw B B 2 S£BHY
MEERE golrr] 9 8te] A A sk o},

r:imh%ﬂiﬂﬁﬁ

0. WEsHIH 3 WMEEH &

1. BB

1) BE%$Y

3 Am¥ Sprague—Dowley % M EBE
Fdol 2BAZL AAAZANN HgAA,
135~180gm(154.9+12.9gm )74 GHES
of ARg-3 T}

2) #EsEm

Cadmium chloride (CdCly + 2'/,H,0)
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Table 1.

Treatment of experimental groups

Treatment

No.of Rat

Control

Cd, 100 ppm
Cd, 100 ppm -
Cd, 100 ppm -
Cd, 100 ppm -
Cd, 100 ppm -

Zn, 100 ppm

Zn, 100 ppm + Se, 1 ppm
Zn, 100 ppm - Se, 4 ppm
Zn, 100 ppm - Se, 8 ppm

B R N . T

HE Y vlasty, HeEPRE A5 I,
gm/&F A AEHF, gm)& vt

2) BE Y BNERE WE

FE 1@ EE BES HEsted S e
WstE HEsi, ' vHRvd ethyl et-
her 2 FiFEA 71 CREZEHEC o8 ®m3s,
BE 59 yEste] AR, B, £2e &
B T, AF gmB ESEL MHHE
BS Talgdh mHEMe Jtes ENE N
E 9 REMAKREN Bl A8slda, mE
2 Al=E EHE AEe AFgstith

3) Jt=x ERE WE

mE 2 BRE RATMEoR Eilso
DDTC—MIBK & #fiH3et &%, RF®E XEE
(Atomic Absorption Spectophotometer,
Perkin Elmer Co., U.S.A., Model 2380)
Z @WEstdo, Y27 ¥k 228.8nm,
Slit Width 0.7 nm, Air 42, C,H, 20°]th

4) RE RSN B

MRS ARes BHERT & 54 10%
Formalin #°l ©ol oA EEAIF)aL, 48
AZF # Al Formalin E@E#N 4 3 B
FiElA BEAZ T G2 o 3mme Yo
2 e % BEHAREERE X st Hekw
of Azl % 5pume] HAS Y=o Hem-
atoxylin— Eosin $:fa #% %2 Eggoz #
g2l o},
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Table 2. Food and water consumption of rats orally administered CdCl, with Na,SeQ,

and ZnCl,

Treatment (ppm)

Cd(100) + Cd(100) + Cd(100) +

Control  Cd(100) 2‘3,5}383* Zn(100) + Zn(100)+ Zn(100)+
Se (1) Se 4) Se (8)
Food consumption .o, 574 187428 16.9+424% 17.1+£2.6% 184+31 17.9+3.2
(gm/day )
Water consumpllon ,, ., 4 9944 3 4% 203+ 4.7 19,6+ 4. 1% 22.8+ 3.8 22.7+4.4**
(ml/day)
Feed Efficiency 0. 226 0. 189 0. 179 0. 175 0. 202 0. 203

a:Mean+S,D,

total weight gained (gm)

b : Feed Efficiency =

amount food consumed (gm)
¢ : Difference from control (#:p<0.05 *x%:p<0.01)

25
2 1
231

221
211
20
19+
184
174
16
151
14
13+
124
11

Amount (gm/day)

Amount (ml /day)

"1 2 3 4 5 6 7
Time (Week)
Fig. I. Food consumption of rats orally admi-
nistered CdCl, with Na,SeO, and ZnCl,
{J Control
& Cd+Zn
x Cd+Zn +Se (4)

+ Cd alone
A Cd+2Zn+Se (1)
v Cd+Zn+Se (8)

(4,8ppm) BAHEFNA vy FgTh
JlEES B0 HASY dvdoe s fAl,
for |ERS B, RE BT, Hagse] K
Ty #2EE=d®7% Ahokas (1980)'9= &
B 5 S HMEE BHAES Huda,vts
B 28 REGT 34 A 433 |’

...33..

45

1 2 3 4 5 6 7
Time (week)

Fig. 2. Water consumption of rats orally admi-

nistered CdCl, with Na,SeO, and ZnCl,
3 Control + Cd alone

O Cd+2Zn A Cd+Zn+Se (1)
x Cd+Zn+Se ) Vv Cd+Zn+Se (8)

4 R ARFET b DHAHEA Aoz Hu
sttt Meyer £(1982)% 2 #t: +59 7}
=B ka £5o 4¥8F S B4 &0 &
gt @R MRS ¥, mBER) B, KR
wEe] EFE B3I T, Stowe H(1972)%®
£ Fled #mEme Addgliol #kd @E si=
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Fig, 3. Weight gain of rats orally administered
CdCl, with Na,Se0O; and ZnCl,
{1 Control
& Cd+Zn
x  Cd+Zn+Se 4)

+ Cd alone
A Cd+Zn+Se (1)
vV Cd+Zn+Se (8)

Table 3. Weight gain of rats orally administered CdCl, with Na,SeO, and ZnCl,
(unit : gm)
Week
ee 1 2 4 5 6 7 Total
Treatment (ppm)

Control 3.0+ 457+ 39.3+ 357+ 3l.4+ 27.1+ 19.34 2286+
6. 52 14.8 6.1 7.5 7.0 7.9 11.1
7.1+ 42.9+ 350+ 300+ 286+ 13.6+ 1l.4+ 1686+

Cd(100) 7.6 3.9 58 2. 9% 3.8 3. g** 3.8* 6. 3**
7.9+ 371+ 307+ 243+ 243+ 13.6% 11.T+ 149.3+

C€d (100 +2n (100) 7.0 8.1 6.7 7.9 154  1L4* 9.3 13 7%
29+ 371+ 279+ 271+ 242+ 160+ 150+ 150.0+

Cd(100)+2n(100) +8e (1) (g 9.5 5.7 7.0 80  10.8% 9.6 16 4%
2.1+ 47.1+ 343+ 343+ 2719+ 2l.4+ 157+ 1829+

Cd (100) +2Zn(100)+Se ) ", 3.9 3.5 7.3 4.9 3.8 7.9 15 0%
57+ 43.6+ 33.6+ 29.3+ 257+ 236+ 157+ 171+

d + + T+ 1+

Cd(100)+Zn(100)+Se ®) ;¢ 6.3 8. 5 6.7 5. 4 3.8 3.6 7.0%

a ; Mean + S.D,
b : Difference from control (*:p< 0.05 *%:p<0.01)
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o, 5{ % &9 Cd+2Zn+Se (1)
g~ ¢ ?§ 8 = Cd+Zn+Se )
> 27 é§ B &3 Cd+Zn +Se (8)
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Friel Ao FEe R E mRC) BB
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HERmETT ARATE HRE A rkebzoh
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B gEmY fALch

BT BB £ HHERC HEH Y
3 dgtout, FES Aol opiA Tl

Itokawa (19740 Stowe %(1972)%®

Fig. 4. Relative Organ weight rats orally
administered CdCl, with Na,SeO,
and ZnCl,

Table 4. Relative Organ weight of rats orally administered CdCl, with Na,SeOQ; and

ZnCl,

(unit ;: % of body weight)

“~__ Treatment Contral  Caciopy | CaQOO+ Cd (100)+2n Cd(100)+Zn Cd (100)+2Zn
Organ ~~(ppm) ~°F Zn(100) (100)+Se (1) (100)+Se @) (100)+Se (8)
Liver 3424008 3104017 3.11+0.35 3.07+0.18 3202026  3.26:0.25
Kidney 0.4840.04 0.52+0.02% 0524007 0.45+008 048006  0.50=0.13
Testis 0.6740.09 0.64=0.04 0.62+0.09 0604022 062+0.09  0.64+0.02

a : Mean +S.D.
b : Difference from control (*: p<0.05)
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e THES B 7HE 2skx, #
BR, 2, mik HeR BuTh =3 B, B
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Table 5. Cadmuim level in several organs of rats orally administered CdCl, with Na,SeQ,
and ZnCl,
Treatment Cd(100)+ Cd (100)+Zn Cd(100)+Zn Cd (100)+2Zn
(ppm) Control Cd (100)

Organ Zn (100)  (100)+Se (1) (100)+Se (&) (100) +Se (8)
Liver 0.20 4 0,14 18.55 - 2.79%* 14.85 = 5.69** 14.34  3.82%* 14. 75+ 1.92%* 8 81 = 4. 68**+
(ug/ wet gm)

Kidney Kok *k Aokt Aokt Skt
0.46+0.28 25.22+ 3.74%* 19,90 + 4.83%* 18.79+ 3.94™* 19.37+1.68 14.90+1.00

(ug/ wet gm)

Testis

0.26 +0.25
(pug/wet gm)

Blood ( ug/ml) 0.02 0,00

1.20 4 0.56™* 1,31 + 0. 74*

1.26+ 0.44%* 0.99+0,35™ .80+ 0.45*

0.14 4 0.02%* 0.13+0.02%* 0.15+ 0.02** 0.17 £ 0. 02** 0.17 £ 0. 01***

a : Mean+ S,D,
b : Difference from control (#*:p<0.05,

%% : p<0.01)

c : Difference from Cd group (+:p<0.05 ++:p<0.01)
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HEHNE AR xo) 7k Aok M R HFEHRS B3, BTEREC B
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Beoll wlal of ¢ AR E o (p0.01), A Elo] A aHA EAlE o) A TH(Fig. 7).

_37_



Jleh - mgg EEcle T A Mlks =
o) eyt 2 syt B An(Fig. 8),7F =3
=F-mg - AdulE(lppm) B &R A

M A Zodert 253, AR
A BFIE = § oftel BT RS Bl
ot (Fig. 9). ¥re, 7h=&- 58 - Qe (dppm)

Fig. 6. Testis of control rats.

Fig. 8. Testis of rats treated with cadmium
Normal relationship of intertubular and zinc,

structure to tubules is shown,
Hematoxylin and Eosin (H.E.)
stain, X 100.

Seminiferous tubules show severe
degenerative changes with vacul-
oization(V), H.E. stain, X200.

g

Fig. 7. Testis of rats treated with cadmium Fig. 9.

Testis of rats treated with cadmium
alone,

- zinc and selenium (1ppm).
Seminiferous tubules show necrosis
with atrophy and degenerative chan-
ges with vacuolization (V), H. E. stain,
X 200.

Seminiferous tubules show degene-
rative changes with intertubular
multinucleated cells, H.E. stain,
X 200.
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BEBEBAME /IS Hxy BAFELS
B (Fig. 10), 71=% - @és - Ml 5B ppm)
BEOSRHEES BT HERE ¥ Bl &55
o A HmEEe EMHEAY A FAIE FR
& HAoH(Fig. 11).

Zenick £(1982)" H=F & wHEY o

LA BEA dA B, Y Hegs o9
I F%% v, Anderson %(1986)®& 7}
g FEEC] #figmwoew 2w (530¢mol/
kg)el v 2 AHBES, HYMwos 2790
pmol/kg)ol& #, EFB'&LP Zdujet =448, £
Fub gk =4S Bastdoh g Whanger
% (1980)e 2ad K5 F& EHHEC me-
tallothionein©] o et 33 WA, Mai-

il

Fig. 10. Testis of rats treated with cadmium
- zinc and selenium (4ppm).

Seminiferous tubule shows degene-
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Fig. 11. Testis of rats treated with cadmium

W& Aol selenite 2 A @shor = B - zinc and selenium (8ppm).
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