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Abstract. The effects of chronic exposure to dietary cadmium (GSH-Px), both selenium-dependent (Se GSH-Px, EC 1.11.1.9)
on the levels of hepatic glutathione (GSH) and on the activity ofand selenium-independent (non-Se GSH-Px, EC 2.5.1.18).
the glutathione peroxidase enzymes (GSH-Px) were studied fohen orally administered, Cd causes an inhibition of Se
the first time in starlings Sturnus vulgaris Thirty-three  GSH-Px and an increased activity of the non-Se GSH-Px
individuals (17 females and 16 males) were divided into thregJamall and Smith 1985; Nehru and Bansal 1997). Cd is known
groups: One represented the untreated control and two weit® accumulate through the food chain, and, among vertebrates,
respectively fed with diets containing 10 and 50 ppm cadmiunmvery high concentrations of Cd have been detected in kidneys of
chloride (CdC}§). The total duration of treatment was 22 weeks. marine birds, even in nonindustrialized areas (Muirhead and
The three groups respectively accumulated mean hepatic Géurness 1988; Marcovecchiet al. 1989). In birds, chronic
residues of 2.29, 75.71, and 208.49 ppm. Hepatic GSHexposure to this metal is known to increase susceptibility to
increased in the treated groups respectively 24% and 52% idisease or other stresses (Di Giulio and Scanlon 1985), to
comparison to controls. Total GSH-Px activity in the liver was reduce reproductive success (Whéteal. 1978; Vodelaet al.
inhibited in the group fed with 50 ppm, due to inhibition of the 1997a, 1997b), and to cause histopathologic and oxidative
selenium-dependent fraction of the enzyme, while the seleniumdamage (Nicholsoret al. 1983; Prasada Raet al. 1989).
independent fraction did not change significantly. During theNevertheless, data on biochemical effects of chronic exposure
treatment, after 14 weeks of exposure to cadmium, the 5@o dietary Cd in this group of vertebrates are limited (Scheuham-
ppm-treated group showed a 47% decrease of the activity of theer 1987; Bokoret al. 1995a, 1995b, 1996).
selenium-dependent GSH-Px and a 50% increase of the somaticThe purpose of this work is to study the effects of chronic Cd
liver index in comparison with controls. intake in birds by dietary administration of two different Cd
concentrations under controlled conditions to starlirgsifnus
vulgaris). This species was chosen because, among those which
easily adapt to caging and laboratory conditions, it possesses
some interesting biological and ecological features suitable for
ioaccumulation studies (Lower and Kendall 1990; Pilastro

Although in polluted areas organisms are commonly exposed t

fﬁéﬁgg?tvevrﬁvglﬁse%ftgOor}t?ﬁ?éngggso’;m diﬁg;z ?’:;35'%2?;: I. 1993a, 1993b; Vogiatzis and Loumbourdis 1998). The aim
cadmium (Cd) is recognized as one of'the most toxic environ-o.f the research was to eyaluate the effgqt of chronic exposure to
. . - h dietary Cd on the hepatic GSH-Px activity and on the levels of

mental and industrial pollutants (Fribeeg al. 1986). Its toxic GSH

effects on biological systems include lipid peroxidation, ob- ’

served bothin vitro andin vivo at high dosage (Hussaeét al.

1987). More recently, similar results were found even at a very .

low dosage (Mancat al. 1991). Cd toxicity through lipid Materials and Methods

peroxidation could involve free radical production (Hirae

al. 1997; Abeet al.1998). Cd is known to induce DNA damages Animals and Treatment

(Mikhailova et al. 1997; Hurnaet al. 1997; Misraet al. 1998).

Oxygen radical scavengers such as superoxide dismutase, catalaggity-three starlings (17 females and 16 males) were randomly

vitamin E and glutathione (GSH) are protective against Cd-assigned to three treatment groups (A, B, and C), roughly maintaining

induced oxidative damage in rats (Sarkaal. 1997). an equal sex distribution. Group A ¢r 13) and B (n= 12) were fed a
Another common cellular defense mechanism against lipidiormal diet supplemented with cadmium chloride (GJLGTdCl, was

peroxidation is the enzyme system of glutathione peroXidasegissolved in ethanol and evenly nebulized over dry pellet food (Faeda
Mangimi, Vicenza, Italy). The final Cd concentrations in food were,

respectively, 10.27 pg/g (SE 0.47, n= 14) and 55.23 pg/g (SE 1.63,
n = 23), as detected by dry weight analysis (Pilasttoal. 1993a,
Correspondence td:. Congiu 1993b). Group C (= 8) was used as control and did not receive any
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added Cd in the diet. Cd concentration in control diet was lower than Jess of its length. The only exceptions were the activity of Se
ppm, as stated by the manufacturer. All animals were individuallyGSH-Px and the values of somatic liver index (SLI), on which
housed, with water and food provided libitum.Every 2 weeks, food  \ithin-group analyses were additionally performed.
consumption during a 24-h period was measured on eight randomly Tap1e 1 summarizes the Cd content of liver and kidneys, the
chosen birds. The treatment lasted for a period variable from 9 to Z%Ody weight, the liver weight, and SLI for all treatment grou’ps

weeks. Eight birds (three from group A, three from group B, and ton if . cd lati b d with
from group C) were humanely sacrificed by instant decapitation 9, ven I a progressive accumuiation was observed wi

weeks after the beginning of treatment, eight after 14 weeks, and thicréased Cd uptake, birds belonging to group A accumulated

remaining birds after 22 weeks. Body and liver weights were immedi-Proportionally more Cd than those belonging to group B

ately recorded. The liver was frozen in liquid nitrogen and stored af(F = 35.3, p< 0.0001, n= 25). A small amount of the metal

—20°C until further analysis. The average somatic liver index (SLI,was present also in control birds (2.29 ppm). No significant

liver weight/body weight< 100) was determined for each group. differences were found in liver and body weight among groups,
but SLI increased in Cd-fed birds (more significantly in group
B), in comparison to controls (E 3.9, p= 0.03).

Atomic Absorption Spectrophotometry Figure 1 shows the hepatic levels of Cd and GSH. Cd was
measured by atomic absorption spectrophotometry and ex-

Fractions of wet liver tissue (approximately 0.5 g) were lyophylized, Pressed in mg/kg dry weight. GSH was expressed as mg/kg
Weighed’ and digested in 2 ml of concentrated ﬂmpressurized freSh Welght GSH concentration Slgn|f|cant|y |ncreased n the
Teflon containers at 160°C for 3 h. After cooling at room temperature, Cd-fed groups and was positively correlated with Cd concentra-
samples were diluted to 10 ml with Milli-Q deionized water. Cd was tion (mg/kg of dry weight) (rs= 0.60, p< 0.001, n= 33).
measured by atomic absorption spectrophotometry with graphite Figure 2 shows the total activity of GSH peroxidase and
furnace (Perkin-Elmer 4000, Perkin Elmer, Norwalk, CT, USA) and those of the Se GSH-Px and non-Se GSH-Px (GSH transfer-
deuterium background correction. Standards in the range of 0-1 “g/ﬁse), all expressed in nmol/mg protein/min. Total GSH-Px
were prepared daily from a stqck solution of _1,000 ug/g Cdin 0.1 Nactivity decreased only in group B (F4.95, p=0.014,
Elll\IO& A blank was run every elght samples with _the same proceduren = 30). In the same group the Se GSH-Px decreased about
the labware was precleaned in a HN®ICI solution (1 M, 1:3) for 50% in compari s (E 2 1 hil
24 h and repeatedly rinsed in deionized water. parison to. controls 0',6’ p< 0.0001), while
the non—Se GSH-Px did not change significantly among groups
(F=0.5, p=0.61). Thus, the decrease of total GSH-Px
activity seemed due to the inhibition of the selenium-dependent
fraction of the enzyme. Figure 3 shows a time-dependent effect
observed in group B, in which the decrease in activity of Se
Aliquots of minced liver were homogenized in 1:4 w/v cold isotonic gH-Px and the increase in SLI were especially pronounced
buffer (0.01 M KiPO,, 1 mM EDTA, 1.15% KCI, pH 7.4). Levels of ¢or 14 and 22 weeks of treatment (respectively: &.93
glutathione §-glutamyl cysteinylglycine, GSH) were determined on 0.03, n= 11, and F= 9.51, p< 0.01, n= 12) ’ '
200 pl of homogenate by the method by Anderson (1985) and’ U ’ ~4L P B :
expressed as mg/kg fresh weight. For each sample, the remaining
homogenate was centrifuged first at 19,@fbr 30 min and then at . .
78,0009 for 90 min. The supernatant was then assayed for totalPISCUSSION
GSH-Px activity, according to Gunzlest al. (1987), using cumene
hydroperoxide as a substrate. The activity of the non—-Se GSH-Px wallthough no specific markers of physiological stress were
estimated as the difference between the total GSH-Px activity and theeasured in the present study, the starlings undergoing chronic
activity of the selenium-dependent fraction, measured wiBths a  dietary Cd administration did not show any remarkable stress
substrate (Jamall and Smith 1985). Protein concentration was dete‘é‘ymptoms, such as changes in feeding and molting habits, and
mined according to Lowrgt al. (1951). Enzyme analyses could notbe |\ gjeaths were recorded during the treatment. This species
performed on two individuals from group A and one from group B. . L
apparently tolerates chronic Cd exposure, similar to what
previously reported in other birds (Whigtal. 1978; Mayaclet
o ) al. 1981), mammals (Groteet al. 1994; Kamiyamaet al.
Statistical Analysis 1995), and amphibians (Vogiatzis and Loumbourdis 1998). In
starlings, Cd accumulation was not proportionally dose-
One-way analysis of variance, multiple range test (LSD) for significantdependent because birds treated with the higher Cd diet (group
differer_lces between means<(:p0._05), and Spearman rank correlation B) accumulated a lower amount of the metal in the liver in
analysis were performed according to Sokal and Rohlf (1995). comparison to group A. In experiments of dietary oral adminis-
tration in acute dosage other species of birds, such as the
Japanese quail (Scheuhammer 1987) and of mammals (Lehman
Results and Klaassen 1986; Good and Klaassen 1989; étraa 1989)
show a clear dose-dependent Cd accumulation, but the experi-
During the treatment the average daily food consumption oiments we conducted on starlings concerned chronic dietary
starlings was 18.6 g of dry weight (SE0.51, n=53). No  exposure. The modality of Cd administration (acute or chronic)
significant differences were found between sexes and amonig known to affect the fractional absorption of the metal in the
treatment groups. gastrointestinal tract of mice (Linet al. 1997), but no data are
Among birds undergoing treatments of different length presently available for birds in this respect. A possible explana-
(respectively 9, 14, and 22 weeks) for most parameters ngion for our results is that a higher Cd concentration in the diet
significant differences were found, therefore the data collectedould induce a higher Cd accumulation in kidneys, resulting in
from birds undergoing the same treatment were pooled regardubule degeneration and metal leakage, as previously observed

Enzyme Analysis
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Table 1. Values of chemical and somatic parameters in Cd-fed 350 500
starlings
1 450
Control Group A Group B 300 + -
Cd content in liver g g
(Mg/g dry weight)  2.29(0.60) 75.7% (9.21) 208.49(12.90) S 250 [— 730 35
Cd content in kidney g o B
(ug/g dry weight)  5.87 (0.99) 116.03 (12.21) 308.93 (21.1) @ g
Body weight (g) 74.50(2.50) 74.20 (2.00) 71.46(2.90) g 201 120 B
Liver weight (g) 1.96(0.08) 2.18 (0.06) 2.30(0.17) g g
SLI 2.561(0.09) 2.9%(0.05) 3.22(0.25) el T20
The values after 9, 14, and 22 weeks of treatment are pooled. Data are 1150
expressed as arithmetic means (standard errors within brackets). 100
Different superscripts within rows indicate statistically significant Coriral ' Growp A ' Group B
differences between means £n36; p< 0.05). SLI: somatic liver
index (liver weight/body weightx 100
3 Se GSH-Px C—Jnon-Se GSH-Px —i—total GSH-Px
250 2000 Fig. 2. Activities of total GSH peroxidase (total GSH-Px), selenium
dependent (Se GSH-Px) and non-selenium dependent (non-Se GSH-
300 Px) peroxidase for the three starling groups (control, Aand B). Data are
2500 . . L
expressed as arithmetic means. Bars represent standard errors. Within
250 each group, values are pooled regardless of the period of treatment. The
3 | 20 scale on the right refers to total GSH-Px values
E 200 é
on 1500 a0
% 150 % 500 38
1000
100 450 / N
1
50 500 400 & o —H 28 g
0 0 gm 74/‘ 23 Ei
Controls Group A Group B 300 2
18 &
—Cd -=GSH E 50 E
Fig. 1. Levels of hepatic cadmium (Cd) and glutathione (GSH) in Ezoo 132
starlings Sturnus vulgarisfed on a diet supplemented with different g"/

amounts of Cd: control (0 ppm), group A (10 ppm), and group B (50 150 o8
ppm). The values after 9, 14, and 22 weeks of treatment are poole(

. . 100 + 03
Data are expressed as arithmetic means. Bars represent standard err:
The scale on the left refers to Cd values (represented by histograms 50 0,2
H : H 9weeks 14 weeks 22 weeks
while the scale on the right refers to GSH values (represented by lines ot — Group A = Group B
—e&— Control —o— Group A —a— Group B

. . . Fig. 3. Activity of Se GSH-Px and somatic liver index (SLI) after 9,
in mallard ducks (Whiteet al. 1978; Prasada Raet al. 1989) 14, and 22 weeks for the three starling groups (control, A and B). The

and rats (Miret al. 1996). In our case, however, this is unlikely scaje on the left refers to SeGSH-Px values (histograms), while the
because, according to the data reported in Table 1, thecale on the right refers to SLI values (lines)

liver/kidney ratio of Cd accumulation in starlings is approxi-

mately the same in the two treatment groups, on the contrary of

what would be expected in the case of tubular damage followed

by Cd leakage. Also, Cd concentration detected in kidneys o€ontrol birds could be explained by dust contamination, al-
the treated starlings is apparently below the limit known tothough birds were kept in separate cages with controls above
cause kidney damage in birds (Scheuhammer 1987). the others.

An alternative explanation for the nonproportional Cd accu- Our results show that chronic Cd administration in starlings
mulation involves a direct cytotoxic and clastogenic effect ofyields a positively correlated increase in GSH levels. GSH is
the metal on intestinal mucosa, due to Cd-mediated lipicknown to protect cells from oxidative damage through its
peroxidation events (Karmakat al. 1998; Sarkaet al. 1997,  oxidation as GSSG via Se-dependent GSH-Px (Gathal.
1998). Thus, the cytotoxic effects of chronic Cd administration1988; Bagchiet al. 1997; Hatcheret al. 1997; Sarkaret al.
could negatively affect intestinal absorption in the starlings1997). Lipid peroxidation and other Cd-induced clastogenic
from group B. Traces of other metals, such as lead, copper, zineffects can be counteracted by cell mechanisms that increase
and iron, could also contribute in impairing intestinal Cd GSH levels (Liuet al. 1995; Gong and Hart 1997), possibly by
absorption (Prasada Raa al. 1989; Sugawarat al. 1996;  enhanced synthesis of its precursors (&ilal. 1989; Shimizu
Crowe and Morgan 1997). and Morita 1990; Pinamongt al. 1994; Abeet al. 1998). In

Since concentration of Cd in control food did not exceed 1normal conditions 95% of total GSH is in the reduced form
Ha/g, the limited amount of Cd detected in liver and kidneys of(Anderson 1985). Presumably, the above percentage could be
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modified in treated starlings by the heavy oxidative stres$okori J, Fekete S, Glavitz R, Kadar I, Koncz J, Kovari L (1996)
induced by Cd administration. Although our methods do not ~ Complex study of the phisiological role of cadmium. IV. Effects of
discriminate between the reduced and oxidized form of glutathi- ~ Prolonged dietary exposure of broiler chickens to cadmium. Acta
one, measurements of total GSH levels nevertheless allow usto Vet Hung 44:57-74

; ; : ; ; Crowe A, Morgan EH (1997) Effects of dietary cadmium on iron
detect the increase in GSH synthesis, which could be inter metabolism in growing rats. Toxicol Appl Pharmacol 145:136-146

preted as a immediate cell defense against Cd-induced OX'd%'i Giulio TT, Scanlon PF (1985) Effects of cadmium ingestion and

tive damgge. ) . . food restriction on energy metabolism and tissue metal concentra-
In starhn_gs, t_he decrease in GSH Px activity at the higher Cd i1 in mallard ducksAnas platyrhynchgds Environ Res 37:433—

concentration is apparently due only to the decrease of the 444

Se-dependent fraction, according to what has been observed fiiberg L, Kjellstran T, Nordberg GF (1986) Cadmium. In: Friberg L,

other species after chronic Cd exposures (@tllal. 1989; Nordberg GF, Vouk VB (eds) Handbook on the toxicology of

Iszardet al. 1995; Nehru and Bansal 1997). These results have  metals. Elsevier, Amsterdam, vol. 2, p 131-184

been interpreted as related to the formation of Cd—Se comGambhir J, Nath R (1992) Effect of cadmium on tissue glutathione and

plexes (Gambhir and Nath 1992; Wahéizal. 1993; Jambat glutathione peroxidase in rats: influence of selenium supplementa-

al. 1997), especially Cd selenide (Sidlet al. 1993), which ~__ tion. Indian J Exp Biol 30:597-601 » o

could lower the selenium availability required by the Se Gill KD, Pal R, Nath R (1989) Effect of cadmium on lipid peroxidation

L . and antioxidant enzymes in undernourished weanling rat brain.
GSH-Px. No inhibition of Se GSH-Px is actually observed Pharmacol Toxicol 65:73—77

when adequate dietary supplementa’glon of selenium is proyldegong Q, Hart BA (1997) Effect of thiols on cadmium-induced

(Meyer et al. 1982; Jamall and Smith 1985), and selenium  gxpression of metallothionein and other oxidant stress genes in rat

administration is known to exert a protective effect against  jung epithelial cells. Toxicology 119:179-191

Cd-induced free radical damage in several organisms (Sitlhu Good D, Klaassen CD (1989) Dosage-dependent absorption of cad-

al. 1993; Nehru and Bansal 1997; Padmajaal. 1997). As mium in the rat intestine measuridsitu. Toxicol Appl Pharmacol

stated by the manufacturer, in the pellet food administered to 100:41-50

starlings the concentration of selenium was below the detectioffroten JP, Koeman JH, Van Nesselrooij JHJ, Luten JB, Van Vlissingen

limit (1 ppm). FJI\_/I,_ Stenhius WS, Van Bladere_n 'PJ (1_994) Comparlson of _renal
The diet containing about 50 ppm Cd, in comparison to 10 toxicity after long term oral administration of cadmium chloride

. . . - and cadmium—metallothioneins in rats. Fund Appl Toxicol 223:
ppm, seems to trigger in starlings severe alterations at the 544-552

hepatic level. This finding is also supported by the correspondg ;e wa, Kremers H, Fiohe (1987) An improved coupled test
ing increase in SLI and could suggest the existence of some  procedure for glutathione peroxidase (E.C. 1.11.1.9.) in blood. Z
threshold limit in Cd tolerance between 10 and 50 ppm. Klin Chem Klin Biochem 12:444—448

Previous studies conducted on Cd accumulation in feathersatcher EL, Alexander JM, Kang YJ (1997) Decreased sensitivity to
(Pilastroet al. 1993a) showed that starlings could be employed  adriamycin in cadmium-resistant human lung carcinoma A549
as biomonitors of environmental Cd pollution. Some ecological  cells. Biochem Pharmacol 53:747-754
aspects of starlings, such as the large area of distribution, thidirano T, Yamaguchi Y, Kasai H (1997) Inhibition of 8-hydroxygua-
omnivorous diet, the easy identification and the high number of nine repair in testes after administration of cadmium chloride to
individuals (Lc;wer and Kendall 1990; Vogiatzis and ng'g'?ﬁ'etﬁd g"tSH' TOXiCSO“i‘SS;PE?{mtaC?' 1‘:7:9_14 dmi
Loumbourdis 1998), make this species suitable for environment™"a E; Sikienka P, Hurna S (1997) Effect of selenium on cadmium

genotoxicity investigated by micronucleus assay. Vet Med (Praha)

tal biomonitoring programs. The effects of the metal on enzyme  ;5.339 345

activity and the good correlation between the amount of metaj;ssain T, Shukla GS, Chandra SV (1987) Effects of cadmium on
ingested and the parameters examined encourages further syperoxide dismutase and lipid peroxidation in liver and kidney of
investigations in this sense. growing rats:in vivo and in vitro studies. Pharmacol Toxicol
60:355-358
Iszard MB, Liu J, Klaassen CD (1995) Effect of several metallothio-
nein inducers on oxidative stress defense mechanisms in rats.
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