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Abstract

The main goal of this study was to investigate the role of cadmium in the promotion of lipid peroxidation in

the homogenates of rat testes and the effect of selenium on lipid peroxidation in testes of rats after cadmium
injection. Treatment of rats with cadmium resulted in a time- and dose-related accumulation of the metal ions
in testes. The concentrations of cadmium, copper, zinc, selenium and iron in the tissues were determined by
an atomic absorption spectrophotometer and lipid peroxidation in testes was measured by a spectrophotometer.
Cadmium produced enhanced lipid peroxidation in testes. These cadmium-induced changes were accompanied by
a significant increase of iron and copper, and a decrease of zinc in testes. Concurrent treatment with selenium and
cadmium reduced the cadmium-induced alterations in lipid peroxidation and essential metal levels. Data suggest
that lipid peroxidation was associated with cadmium toxicity in testes and that the addition of selenium was found
to be effective in attenuation of this effect.

Introduction et al. 1997) . Exposure to low levels of cadmium re-
duces fertility, because in male mice spermatogenesis
Cadmium (Cd) is perhaps one of the most toxic in- is highly sensitive to Cd (Daltoat al. 1996).
dustrial and environmental metals, and it poses a  The role of lipid peroxidation in living tissues has
continuing health hazard. The reproductive toxicity of received considerable attention as a potential health
Cd as an industrial pollutant, a food contaminant, and hazard of exposure to certain metals. Lipid peroxida-
contribution from cigarette smoke is well established. tion, which is an exceedingly damaging process, has
(Wahbaet al. 1993; Kadrabovat al. 1993). Cd can been known to occur via peroxidation of unsaturated
cause a number of lesions in many organs, such asfatty acids in all aerobic biological system. Free radi-
the liver, kidney and testes. The prominent effects of cal damage to phospholipids is an important factor in
Cd on testicular tissue are well recognized, as early the development of toxic conditions. The ions of cer-
as 1919, Alsberg and Schwartze (1919) had noted thattain inorganic compounds, such as iron and copper, are
administration of Cd salts in animals caused ‘bluish powerful promoters of free radicals. Also, other ions
discoloration of the testicles’. The testes seem to be like cadmium, cobalt, mercury, nickel, tin, lead and
extremely sensitive to Cd as hemorrhagic necrosis of vanadium are known to generate lipid peroxidation
rodent testes can be induced by Cd concentrations asin target tissues of rodents (Sunderman 1986; Manca
low as 0.1mg/g of body weight (Nolan & Shaikh et al. 1991; Shafig-ur-Rehmasat al. 1995). In agree-
1986), and Cd induces severe necrosis followed by ment with these observations, several studies (Fariss
chronic degeneration in the rodent testes (Waalkes 1991; Reitieret al. 1998; Sarkaet al. 1998; Shaikh
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etal.1999; Yiinet al. 1999) indicated that free radical each tetraethoxypropane (TEP) working standard so-
scavengers and antioxidants are useful in protecting lution (0, 3. 3, 6. 6, 9. 9, 13.2 nmol/0.2 ml) into Pyrex
against cadmium toxicity. tubes containing 3 ml cold $#P0, solution. A 0.2-ml
In the present study, we were interested in deter- ethanol solution was used as blank. A cold KCI so-
mining the interrelationship of essential nutrients such lution was added to each tube to dilute the contents to
as Fe, Cu, Zn, Se and Cd in metal-associated toxicity, 4 ml. One milliliter of TBA solution was then added to
and an attempt has been made to examine the role ofeach tube, and the contents mixed with a vortex mixer.
cadmium in the promotion of lipid peroxidation in the  After mixing, the tubes were capped with marbles and
homogenates of rat testes. The protective effects of se-placed in boiling water for 45 min. The tubes were
lenium against the testicular toxicity caused by acute then cooled to room temperature in a basin contain-
exposure to cadmium was also studied. ing tap water. After cooling, 4 ml butanol were added
to each tube, and the contents mixed for 20 s with a
vortex mixer. The contents of each tube were trans-

Materials and methods ferred to a conical polystyrene centrifuge tube (12 ml
) vol) , capped, and centrifuged for 20 min (1000 g,
Animals and treatments 25 °C). Each butanol extract was transferred with a

Pasteur pipet into a spectrophotometer cuvet (1 cm
light path). Spectrophotometric scan was performed
from 500-560 nm, using a spectrophotometer, with
butanol in the reference cuvet. The TBA chromogens
were determined at maximum absorption (532 nm).

Male Sprague-Dawley rats, weighing 330-420 g,
were purchased from the National Laboratory Ani-
mal Breeding and Research Center of the Republic of
China, and were kept in stainless-steel mesh cages,
housed under controlled conditions(222 °C, 50+

20% relative humidity, 12 h light-dark cycle) with
rat diet and drinking water ad libitum. Five rats were
usually tested per group in each experiment. For the
dose-effect study, rats were injected intraperitoneally
with CdCh at doses of 25, 125, 500 or 125Q Cd/kg.

The controls were administered saline (0.9 ml/kg),
and decapitated 24 h after the injection. For the time-
course experiment, rats were injected intraperitoneally
with CdChk (25 or 5009 Cd/kg), and killed at 6,

12, 24 or 72 hours after metal injection. For the study
of effects of antioxidants, rats were injected intraperi-
toneally with CdC} (500 ug Cd/kg) and antioxidant,
sodium selenate (N&eQ,, 12519 Se/kg). These rats
were killed at 6, 12, 24 or 72 hours after sodium sele- giagistical analysis was performed with SAS software.

nate treatment. The testes were immediately excised,The statistical analysis of data was performed by
blotted, and then rinsed with cold 0.9% NaCl solution. \yijcoxon two-sample test and a p-value less than 0.05

was considered to be statistically significantly.

Determination of metal concentrations

The testes were wet-digested following the perchloric
acid-nitric acid method (Kannet al. 1994). Cadmium
and the essential metals, Fe, Cu, Zn, Se, were deter-
mined using a Perkin-Elmer model 5100 PC atomic
absorption spectrophotometer as described in our pre-
vious study (Jangt al. 1996). The detection limit and
precision of the metal analysis was shown in Table 1.

Data analysis

Thiobarbituric acid reactive substances (TBARS)
assay

The presence of this TBARS is an index of lipid perox- Results

idation (Kitabchi & Williams 1968). Testes (1 g, wet
wt) was homogenized in 10 ml cold KCI solution using
motor-driven tissue homogenizers with Teflon pestles.
Lipid peroxidation was determined by the thiobarbi-
turic acid assay according to Sundernedml. (1985).
Duplicate aliquots of each homogenate (0.2 ml) were
pipeted into Pyrex tubes (13 mm diameterm, 150 mm
length) containing 3 ml cold 1% (v/v) POy solution.
Standard solutions were prepared by pipeting 0.2 ml of

Cadmium accumulation in testes

Table 2 listed the amounts of cadmium in testes of rats
24 h after administration of various doses of CslCl
The testes Cd concentration accumulation was dose-
dependent. The Cd in testes of rats injected with GdCl
25 or 500u.g/kg at 6, 12, 24 or 72 h is shown in Ta-
ble 3. Testes Cd accumulation increased with time and
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Table 1. The detection limit and precision of Cd, Fe, Cu, Zn and Se

Cd Fe Cu Zn Se
Detection limit 0.08 ppb 0.33ppb 0.36ppb  0.008 ppm 0.1 ppb
precision (CV%} N =5
Within-run 2.6% 3.4% 1.1% 0.6% 3.9%
Between-run 6.7% 4.8% 3.5% 1.5% 3.9%

acv: coefficient of variance.

Table 2. Essential metal concentrations in testes of rats 24 hours after administration of various doses
of cadmium chlorid@

Cd dose Metal £ g/g wet tissue)
nalkg Cd Fe Cu Zn Se
Control  ND? 17.7+09 304+04 275+25 0.736+ 0.084
25 0129+ 0.094 238+5.0 445+ 15 27.7+0.7 0.873+ 0.275
125 Q4904+ 0.047 349+ 28° 5174+12° 260+06 0.880+ 0.147
500 Q06754 0.287 380+ 3.0° 74 £17° 257+16 0.670+ 0.123
1250 11474+ 0.59%F 459494° 118 +£21° 224413° 0.603+0.067

8Data are the meath s.e. of 5 rats per group.
BND is not detected.
CSignificantly different from controlg < 0.05).

was dose-related. The highest concentrations found in Effects of Se on Cd-induced changes in testes

this study occurred at 72 h with both doses.
Data in Table 6 show that Se at 24 and 72 h signifi-

Lipid peroxidation in testes cantly lowered lipid peroxidation in testes. This was
accompanied by a significant fall in testes Cd and
Data showing the dose-response effect of Cd on lipid testes Cu at 24 and 72 h and a significant decrease in
peroxidation in the testes of rats are given in Table 4. testes Fe at 6, 12, 24 and 72 h, however, a signifi-
There was a significant increase in lipid peroxidation cant increase in testes Zn after Cd€bmbined with
products in testes following treatment with all doses Na,SeQ injection. As expected the concentration of
of metal used beside the 20/kg Cd. But a signif- Se in testes was markedly higher in the rats receiving
icant rise was noted at 72 h with the 26 dose. Se plus Cd compared to the Cd alone group.
The 5001g9/kg Cd dose markedly altered testes lipid
peroxidation at 24 and 72 h (Table 5).
Discussion
Cd effects on testes essential metal concentrations
Cadmium is one of many metals that are not physio-
Data in Table 2 show that Cd at 125, 500 and |ggjcally or biochemically essential to organisms. Cd
1250 nglkyg significantly increased testes Fe and Cu djstrubutes to tissues rapidly and has a high volume
levels. In contrast, a significant decrease was noted in gf distribution (Waalke®t al. 1992). The administra-
testes Zn after administered with 12p@/kg Cd. In - tjon of cadmium during organogenesis causes growth
Table 3, data listed that significant increase was shown retardation, congenital malformations, and fetal death
in testes Fe and Cu at 24 and 72 h after treated with jn rodents. Acute cadmium exposure induces vascular
500ug/kg Cd, however, testes Zn significant decrease destruction in the testes (Sugawatal. 1989; Chubb
occurred at 72 h after administered with 500/kg 1992). Cadmium-induced hypoxia/ischemia produces
Cd. a series of secondary effects, including seminiferous
tubule necrosis and Leydig cell damage (Itoh 1985;
Damberet al. 1987), despite numerous studies, the
primary action of cadmium remains unknown. This
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Table 3. Time-course effects of Cd on essential testes metal concentfations

Dose Time Metal £g/g wet tissue)
(ng/kg) (h) Cd Fe Cu Zn Se
25 0 ND 177+ 0.9 30+04 275+ 25 0.736+ 0.084
6 0071+£0.01X 246425 24+0.7 276+ 21 0.890+£ 0.172

12 01244+ 0.02F 250+21 31+09 274+19 0.875+ 0.164
24 0339+ 007X 338+5.0° 45+15 27.7+0.7 0.873+0.275
72 0129+ 0.07X 378+£25° 47+19 256+£09 0.8084+ 0.158

500 0 ND 177+ 0.9 30+04 275+£25 0.7364+ 0.084
6 0473+£0.337% 2564+21° 37412 271+14 0.7494 0.091

12 0516+ 004X 270+28° 51+19 269+ 0.8 0.721+ 0.102

24 0675+ 0.287° 380+£30° 74+£17¢ 257416 0.670+ 0.123

72 0962+ 0.28¢F 401+42°¢ 92+21¢ 2364+11° 0.6034+0.067

3Data are meatt s.e of 5 rats per group.
PND is not detected.
CSignificantly different from respective contrgh (< 0.05).

element is extremely dangerous as it is easily absorbed ~ 12ble 4. Effect of various Cd doses on testes lipid

R . peroxidatio?
and remains in tissues for a long time. Exposure to
high doses of cadmium may cause biochemical and Cddose Lipid peroxidation products
functional changes in some critical organs. Cadmium (ng/kg)  (umol TBA-chromogens/g wet tissue)

may induce oxidative damage in different tissues by
enhancing peroxidation of membrane lipids and alter-
ing the antioxidant system of the cells (Sarletral.

Control 648 +19.8
25 1103+ 125

o 125 1248+ 1210
1995). The p_e_rOX|dat|ve damage to the cell membrane 500 1294 + 185D
may cause injury to.cellule.lr components due to the 1250 1406 + 1P
interaction of metal ions with cellular organelles. In
the testes, the effects of cadmium are more impor- “Data are the meaks.e. of 5 rats per group.

. . . . bsignificantly diff f | .05).
tant in the reduction of seminiferous tubule diameter Significantly different from control ¢ < 0.05)

(Corpas & Antonio 1998), and enhanced lipid per-

oxidation may provide a basis for cadmium induced Cu caused substantial lipid peroxidation in normal he-
testes toxicity. Swiergoset al. (1998) reported that  patocytes. And Koizumét al. (Koizumi & Li 1992)
histological examination of the tissue revealed some showed that lipid peroxidation levels and Fe content
pathological changes in the structure of testes, andwere remarkably elevated in testicular after treatment
subcutaneous injections of cadmium salts in animals of rats with a single dose of Cd£l30 wmol/kg).
result in capillary stasis, edema, and hemorrhageszn might be essential for normal metabolic activity
in the testis (Parizek 1956, 1957). These events areand /or tissue ingetrity at some testicular sites, where
followed by regressive changes of the seminiferous ep- Cd could be displacing the Zn (Arvidson 1983). In
ithelium 4-6 h after injection and total necrosis within  the present study it is shown that Zn decreased sig-
24-48 h. In the present study, cadmium accumula- nificantly after administering 125@g Cd/kg, and
tion in the testes was directly proportional to dose 5009 Cd/kg, 72 h. Several authors (Singhal & Mer-
and accumulation of testes Cd was accompanied by ali 1979; Maitani & Suzuki 1986; Sugawaet al.
increased testes Cu and Fe concentrations in a dose4989) found that Cd administration can displace sig-
related fashion. Cu and Fe may act as catalyst in the nificant amounts of testicular Zn. Since Zn is essential
Fenton/Haber—Weiss reactions, facilitating the conver- for the maintenance of germinal epithelium, it has
sion of superoxide anion, and hydrogen peroxide t0 heen suspected that Cd might exert its initial injurious
hydroxyl radical species, which are believed to initi- effects on Zn-dependent spermatogenic elements.
ate lipid peroxidation (Kjellstrom & Nordberg 1978). Wahbaet al. reported that selenium prevents the
Furonoet al. (1996) suggested that the addition of toxicity of the cadmium through undefined mecha-



Table 5. Time-course of lipid peroxidation in testes of Cd-treated

rat$
Dose Time Lipid peroxidation products
(ngtkg)  (h) (wmol TBA-chromogens/g wet tissue)
25 Control 648 + 19.8
6 787+ 148
12 962+ 183
24 1103 £ 125
72 1181 + 1620
500 Control 648 +19.8
6 823482
12 1147 £ 195
24 1294 + 185P
72 1356 + 17.6°

8Data are meatt: s.e. of 5 rats per group.
bSignificantly different from respective contrgb (< 0.05).

Table 6. Effects of Se on Cd-induced alteration in teétes

Parameter Time Cd Cd Se
(h) alone
Testes TBA 6 108482 8231485
(wmol-TBA-chromogens/g wet tissue) 12 104t 195 699 + 200
24 1294 + 185 501+ 132P
72 1356 £ 17.6 381+ 26.1P
Testes Cd 6 @73+0.337 Q409+ 0.142
(g/g wet tissue) 12 616+ 0.042 Q489+ 0.375
24 0675+ 0.287 0519+ 0.038°
72 09624+ 0.280 Q409+ 0.142
Testes Fe 6 26+21 157 +4.1b
(1g/g wet tissue) 12 20428 146+ 160
24 380+ 3.0 1894+ 53P
72 401442 157 +4.1b
Testes Cu 6 J+12 36+04
(g/g wet tissue) 12 A+19 31+07
24 74+17 294+04P
72 92+21 36+04
Testes Zn 6 201+14 273+£29
(g/g wet tissue) 12 26+0.8 281+09
24 257+1.6 288+ 3.3
72 236 +1.1 27.3+29
Testes Se 6 049+ 0.091 Q745+0.147
(g/g wet tissue) 12 (J21+0.102 Q757+0.025
24 0670+ 0.123 Q780+ 0.120°
72 0603+ 0.067 Q745+ 0.147

8Data are mear: s.e. of 5 rats per group, Cd was administered i.p at/5@g for 6,
12, 24 or 72 h. In the concurrent study Cd and Se were administered atgk§ and

125 ng/kg, respectively.

bsignificance i < 0.05 (Cd alone v.s C#Se). Statistic method is wilcoxon two-sample
test.
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