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Abstract-Pretreatment of female rats with a low dose of Cd’+ protects them against a subsequent. 
normally lethal dose of the same cation. and also induces the synthesis of hepatic cadmium-thionein. 
This protection. however. is maximal l-3 days after pretreatment and then decreases. whereas both 
the increased content. and capacity for the synthesis of the metallothionein are maintained. Because 
of this increased capacity for cadmium--thionein synthesis a granter percentage of a subsequent dose 
of Cd’+ is retained in the liver of the pretreated animal. than in the non-pretreated control. Uptake 
of the cation into other organs (i.e. heart. kidney. pancreas and spleen). however. is unaffected by 
the pretreatment. 

Although Cd’* is bound more strongly by the apoprotein. thionein. than is Zn’+. pre-induction 
of hepatic zinc thionein by restriction of food intake. does not lead to increased resistance to the 
toxic cation. 

These observations suggest that pre-induced metallothioneins do not have a significant role in the 
protection against the acute toxicity of Cd” 

Pretreatment of experimental animals with a low dose 
of Cd’+ protects them against a subsequent. normally 
lethal dose of the cation [l. 21. and also induces the 
synthesis of cadmium-thionein (metallothionein*) in 
the livers and kidneys [Z]. Similarly, protection 
against the Cd”-induced injury to the testis [18. 191 
is achieved by pretreatment with small amounts of 
Cd2+ or larger amounts of Zn2+ [19.20]. Since ex- 
cess Zn2+ also stimulates the production of zinc- 
thionein in the liver [ 121, the induced synthesis of 
a metallothionein seems to be common to all of these 
instances. The possibility that the induction of cad- 
mium-thionein synthesis may provide a protective 
mechanism against the toxic cation was suggested by 
Piscator [7] (see also Friberg et al. [2]). This concept 
has been developed by Nordberg [21] in an explana- 
tion of the protection by a preliminary low dose of 
Cd’+ against the necrotizing effect of Cd2+ on the 
mouse testis. 

If. as present evidence suggests. thionein synthesis 

occurs only in response to the inducing cation, and 

*The name ‘metallothionein’ was given by Vallee and 
co-workers to a low mol. wt. metalloprotein that contained 
Cd” and Zn’+ as the orincioal bound cations. and which 
was isolated initially from h&se kidney [3.4,5]. and later 
from human kidney [6]. With the isolation of similar pro- 
teins from the livers and kidnevs of experimental animals 
after exposure to Cd’ ’ [7_13j. Hg’+‘(Jakubowski et al 
fl41 and Zn’+ 112. 151 and the realization of their DOSS- 
ible physiological function in the control of the metabolism 
of certain essential trace metals 116. 171. there is now con- 
siderable confusion in terminology. In an attempt to over- 
come this confusion, in the present paper the term 
‘thionein’ is used (as defined by Vallee and co-workers) 
for the apoprotein moiety. The prefix ‘metallo’ is employed 
in the same sense as in ‘metalloprotein’ and, when the prin- 
cipal bound cation is known. the metallothionein is defined 
specifically as a complex of the particular metal with the 
apoprotein: e.g. zinc-thionein; cadmium-thionein. 

the metal binding sites are fully-saturated at all times 
[22,23], the possibility considered by Nordberg [21] 
that the content of partially saturated cadmium- 
thionein is increased in the testes of the Cd’*-pre- 
treated mice, seems unlikely. The same argument ap- 
plied to the suggestion [Z] that the preliminary low- 
level exposure induces the synthesis of cadmium- 
thionein. which is then available to bind a larger dose. 
An alternative possibility is that the protective effect 
of pretreatment is due to ‘priming’ of the synthetic 
mechanism. such that formation of cadmium-thionein 
occurs without lag on subsequent exposure to Cd’+. 
and thus results in the accumulation of more of the 
cation in the liver, but less in other organs. These 
considerations led to the present investigation of the 
relationship between Cd’+-pre-treatment, cadmium 
thionein synthesis and Cd2+-toxicity. 

MATERIALS AND METHODS 

Chemicals. Polyethylene glycol (mol. wt 6000) was 
obtained from Koch-Light Laboratories. Colnbrook. 
Bucks, Tris (‘Trizma’ base) from Sigma Chemical Co.. 
London and Sephadex G75 from Pharmacia (Great 
Britain) Ltd., London. Radioactive ‘oyCdC12 was ob- 
tained from the Radiochemical Centre. Amersham. 
Bucks, as a solution in 0.1 N HCl. For use in the 
animal experiments. this was supplemented with car- 
rier Cd2+ in 0.15 M acetate buffer to give solutions 
of pH 5.4. and specific activities of 21.4. 42.75 and 
855 &i/mg Cd2+. All other chemicals were either 
Aristar reagents or of analytical grade. 

Animals. Female rats (17&190 g body wt) of the 
Porton strain were maintained on M.R.C. 4lB diet 
and. for the collection of urine and faeces were housed 
in metabolism cages. Toxicity of Cd’+ tias deter- 
mined by the method of Weil [24]. Pretreatment with 
Cd2+ was done by i.v. injection of either a single 
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(1,Omg Cd2+/kg) or increasing doses (1.0, 2.5 and 
3.98mg Cd’+/‘kg) at 48 hr intervals of solutions 
of Cd.i’l,. made isotonic with NaCl. Cadmium chlor- 
ide labelled with ‘(“Cd’+ was administered as a 
single intravenous injection to both pretreated and 
control rats. the animals being killed at intervals 
thereafter. In some experiments, blood was removed 
from the heart into a heparinized syringe after the 
thorax had been opened under ether. The animals 
were then killed with excess ether and the appropriate 
organs removed for analysis. When blood was not 
collected. the rats were killed by decapitation. 

Arw/~‘tic.al methods. Tissues were weighed and ho- 
mogenized in 5 or IO ~01s. deionized water in an Ul- 
tra-Turrax homogenizer (Janke & Kunkel. IKA Prod- 
ucts. Belmont. Surrey). Duplicate samples (1.0 or 2.0 
ml) of the homogenates and of urine were digested 
with a mixture of Aristar HClO, (s.g. 1.70) and Aris- 
tar HNO, (I :4. v/v) by the method of Thompson 
and Blanchflower 1251. Blood and plasma were 
weighed into the digestion vials. Faeces were homo- 
genized in water (50 or 1OOml) in an M.S.E. hom- 
ogenizer (MSE Scientific Instruments, Manor Royal, 
Crawlcy. Sussex). operated at full speed for at least 
3min.: portions of the homogenates (2-5ml) were 
then digested as above. After digestion, the dry inor- 
ganic residues were dissolved in 5% (v/v) HCl (5.0 
ml) for analysis and measurement of radioactivity. 

Metal analyses were made by atomic absorption 
with a Perkin-Elmer Model 306 spectrophotometer. 
Radioactivity was measured in a Packard Tri-Carb 
Liquid Scintillation Spectrophotometer (Model 3324). 
the samples (l.Oml) being incorporated into Instagel 
(10.0 ml; Packard Instruments Ltd., Caversham, 
Bucks). The counting efficiency for “‘Cd’+ was 65%. 

Metallothioneins and other soluble proteins were 
separated from the tissue homogenates by gel filt- 
ration on columns (85 x 2.5 cm or 83.5 x I.5 cm) of 
Sephadex G75 at 4”. Portions of the homogenates, 
either in water or in Tris buffered (0.01 M, pH 8.0) 
saline (0.1 M), were centrifuged first for 10min at 
10,000 g and then for 1 hr at 105,OCO g. The superna- 
tant fractions were concentrated by dialysis against 
polyethylene glycol, clarified by centrifugation (10 min 
50008) and volumes, equivalent to l.O-2.Og initial 
wet wt tissue, applied to the columns. These were 
eluted with a solution of 0.1 M NaCl in 0.01 M 
Tris-HCl buffer, pH 8.0, at flow rates of either 
17 ml/hr (for the larger column) or 7.0 ml/‘hr. The 
absorbance at 254nm of the eluates was monitored 
with an LKB Uvicord Recording Spectrophotometer 
(LKB Instruments Ltd., Addington Road, South 
Croydon. Surrey) and 5 ml or 2.5 ml fractions were 
collected. These were analysed for ‘“‘Cd”, Cd2+ 
and. in some experiments, Zn2+, without digestion. 
Urinary protein was determined by the method of 
Piscator [26]. 

RESULTS 

EJkct of Cd’+-preatment on the toxicity of 
Cd’+. Rats, pretreated with Cd2+ (l.Omg/lcg) were 
resistant to a subsequent, normally lethal dose of the 
same cation (4.5 mg/kg). As in mice2’, protection 
induced by the pretreatment was maintained for at 
least 3 days. and then decreased with time (Table 1). 

Table 1. Effect of Cd’ ‘-pretreatment on the toxicity of 
Cd’ ’ 

At intervals of 1, 3, 7 and 10 days after pretreatment with 
Cd” (l.Omg/kg; see ‘Materials and Methods’) groups of 
8 female rats (17@19Og body wt) were dosed intra- 
venously with 4.5mg Cd’+/kg. Mortality during the fol- 
lowing 36 hr was recorded. CadmiumPthionein was separ- 
ated at the same intervals from the cytosol of the pooled 
livers from two additional pretreated animals by gel-filt- 
ration on Sephadex G75. 

During the ICday period of the experiment, the liver 
spleen, pancreas. adrenals and kidneys of the pre- 
treated animal remained histologically normal. and 
proteinuria was not increased relative to the un- 
treated control. 

Cadmium-thionein was not detectable in the liver 
of the non-pretreated control rat. but was induced 
by pretreatment with Cd”‘. The content of this pro- 
tein ( = IGI I pg Cd2+/g wet wt liver) in the pre- 
treated animals showed some variation. attributed to 
differences between individual animals but. in con- 
trast to the resistance against toxicity, did not de- 
crease with time (Table 1). Also. 9 days after pretreat- 
ment, incorporation of a subsequent dose of “‘“Cd2+ 
into cadmium-thionein of the liver was much greater 
in the pretreated rat than in the untreated control 
(Fig. I). Since incorporation of “‘“Cd” into the me- 
tallothionein under these conditions is a measure of 
further synthesis of the protein. and not of cation ex- 
change 1281, it follows that the loss of protection 
within 10 days of pretreatment (Table I) was not cor- 
related with tither decreased levels of cadmium- 
thionein (Table I), or the loss of the increased capa- 
city for the synthesis of the metalloprotein. 

&fltJct of’ Cd2’-~~rc~trratr~~rnt OH the incorporution qf 
“‘Cd2’ hot d@wnr tissues of’ the rut. To induce 
higher levels of hepatic cadmium-thionein. rats for 
these cxpcriments were pretreated at intervals of 48 
hr with 1.0, 2.5 and 3.98mg Cd”/kg (see ‘Materials 
and Methods’). The effects of this pretreatment on 
Cd2+-toxicity were similar to those of the single, low- 
level dose (l.Omg/kg; Table I). Thus, at 48 hr after 
the final dose of the pretreatment schedule (day zero 
of the experiment), the animals were resistant to a 
subsequent dose of 5,Omg Cd’+/kg (the highest 
tested). This protection also was not maintained and, 
in rats that were kept for 9 days after pretreatment, 
a dose of 4,Omg Cd’+/kg killed 4 out of 5 animals. 

To investigate whether the presence of pre-synthe- 
sized cadmium-thionein in the liver affected the dis- 
tribution of a subsequent dose of Cd’+, control and 
pretreated rats were given either 0.5. I.0 and 2,Omg 
lo9Cd2+/kg (Table 2) or l.Omg loyCd2+/kg (Table 
3) by intravenous injection and killed at suitable in- 
tervals thereafter. Accumulation of ‘0yCd2f in the 
livers. but not in other tissues, of these pretreated 
animals was greater than in the controls. As shown 
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Fig. 1. Incorporation of 109Cd2’ into the metallothionein 
fraction of the liver of the normal rat and of the Cd’+-pre- 
treated rat. Three female rats were pretreated with &I’+ 
(l.Omgjkg). Nine days after pretreatment these animals, 
together with 3 controls were eiven “‘Cd’+ (i.Ome Cd’+ 
an> 42.75 IrCi “‘Cd’+/kg.) i.;. and killed aiter a further 
6 hr. Cytosols were prepared from the pooled livers of the 
pretreated and control groups and portions of these 
(S 2,Og wet wt tissue) were fractionated by fel filtration 
on a column 85 x 2.5 cm) of Sephadex G7.S (see ‘Materials 
and Methods’). The graphs show the distribution of 
lo9CdZ+ in the cadmium-thionein region of the elution 
profile of the cytosol from the normal rat (---o-) and 
the Cd*+-pretreated rat (-----+). Apart from the prob- 
able replacement of Zn’+ in zinc thionein, which is present 
in Iow concentration in the liver of the normal female rat 
(see text and Fig. II. ilicorpo~tion of ‘09Cd” ’ into the 
metailothionein under these conditions is a measure of new 

protein synthesis, not of cation exchange. 

by the results of Table 2 (dose level, 1.0 mg “‘Cd/kg) 
and Table 3, this increased hepatic uptake was ob- 
served at either 48 hr or 9 days after pretreatment, 
i.e. when the rats were fully resistant and only par- 
tially resistant, respectively, to Cd’+. 

Intravenously administered Cd’+ is known to be 
cleared rapidly from blood [29,30] and, in the pres- 
ent experiments, only low levels of “‘Cd”’ remained 
in the blood of both control and pretreated rats at 
6 hr (Table 2). Even at this time most of the lo9Cd2+ 
in the blood was associated with the cells although, 
in the normal animal, greater amounts were bound 
in the plasma as the dose increased (Table 2). In con- 
trol (non-pretreated) animals the contents of logCd2+ 
in whole blood were slightly greater at 48 hr than 
at 6 hr, whereas. in pretreated rats, there was little 
difference with time. (Table 2). In both groups, plasma 
levels of ‘*sCd2i usually were very low at this time 
(48 hr). 

Incorporation of ‘“sCd2+ into heart (Table 2), 
spleen and pancreas (Table 3) at 6 hr was unaffected 
by pretreatment of the rats with Cd’+. Incorporation 
by the kidneys at the lower dose levels (05 and 1.0 
mg Cd’*,/kg; Table 2), however, was somewhat less 
in the pretreated than in the non-treated animals. 
Apart from blood plasma and the liver of the control 

rat. incorporation of “‘Cd’& into the different tissues 
at this time (6 hr) was proportional to the dose (Table 
2). After 48 hr, the tissue levels were still dosc-depen- 
dent, but proportionality was not maintained (Table 
2). Incorporation of losCd”* into the brain was cx- 
tremely low; differences in the levels of the isotope 
in this tissue of the control and Cd’+-prctrcatcd ani- 
mals at 6 hr and 48 hr (Table 2, c.f. Table 3) are 
likely to be within the range of experimental error. 

In the liver of the control rat at 6 hr a greater per- 
centage of ‘““Cd”’ was bound as the dose MS de- 
creased from 2.0 to 0.5 m&/kg (Table 2). This sug- 
gests the saturation of some component with high 
affinity for Cd*+ and present at a concentration sufli- 
cient to bind about 1.5 /lg Cd’+jg wet wt tissue. 
Such high affinity binding might occur by displace- 
ment of Zn ” from zinc-thionein. This was present 
in the liver of the control female rat at a concen- 
tration equivalent to about 1.0 iig ZnZ’:g wet wt 
tissue (Fig. 4) and thus. by cation replacement. could 
accumulate 1.7 pg Cd*+/g wet wt tissue. In the liver 
of the Cd”-pretreated rat. such displacement would 
have occurred during pretreatment and. as obscrvcd 
experimentally (Table 2). further uptake (of ““‘Cd’* ) 
would be proportionaf to the dose. 

In the liver of the normal rat. cadmiumthioncin 
synthesis occurred rapidly after administration of 
Cd’+ by the i.v. route; appreciable amounts of the 
me~llothionein were present at 6 hr and. as calcu- 
lated from the results of Fig. 2. rhcre was little furthcl 
increase in content (i.e. 18”,,) during the following 12 
hr. Nevertheless. the greater accumulation of ‘“‘Cd’ _ 
in the liver of Cd’+-pretreated rat (Tables 2 and 3) 
was correlated with the presence of prc-s>;nthcsi7cd 
cadn~i~-thionein and. at least at IX hr. bmding by 
the high mol. wt protein fraction of the cytosol was 
reduced (Fig. 2a. 2b). Increased binding of ““‘Cd” 
occurred also in other components of the cqtosol 
which. on gel filtration. were eluted bcforc the cad- 
nlium~thion~in (Figs. 2a. 2b). Since uptake of 
‘O’Cd’ i into cadmi~lm~thionein under the conditions 
of these experiments, occurs not by displacement of 
Cd” that is already present. but by further synthesis 
of the metallo-protein [2X], it follows that the greatel 
incorporation of 10sCd’+ into the liver of the Cd’- - 
pretreated rat was due to more rapid synthesis of the 
metal-binding protein. This, however. did not cause 
Cd” to be diverted from other tissues to the livcl 
(Tables 2 and 3). but resulted in the retention in the 
latter organ of a greater percentage of the dose. Thus 
the faecal excretion of ‘09Cd’i was decreased in the 
Cd’* -pretreated rat (Table 4). 

Synthesis of cadmium-thionein in the control kid- 
ney in ciao, in contrast with isolated cells of kidney 
cortti in citro [31], seemed to bc preceded by a long 
lag phase. At 18 hr after the administration of I.0 mg 
109Cd2+,/kg, for example, the me~~flothione~n was not 
present in the kidney cytosol. At this time. as at 6 hr. 
essentially all of the “‘Cd”+ in the soluble fraction 
of the control kidney was bound by the high mokcu- 
lar weight proteins (Fig. 2~). Cadmium-thionein. how- 
ever, was present in the kidneys of the Cd’+-pre- 
treated rat and, on subsequent dosing with “‘Cd”, 
the isotope was incorporated into the metallothionein 
within 6 hr (Fig. 2c. 2d). Although the presence of 
cadmium-thionein in the kidney did not increase the 
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Female rats (17t3t90 g body wt) were pretreated by i.v. 
injection at 3 day intervals of increasing doses of Cd” 
(I@, 2.5 and 3.98 mgikg). Nine days after the last pretreat- 
ment dose the animals. together with the untreated con- 
trols, were given ‘““Cd’ ’ (l,O mgkg) by i.v. injection, Two 
animals from each series were killed at 6 hr and 18 hr and 
the tissues listed below were removed for analysis. Results 
are mean values of analyses, each in duplicate, on (issues 
from two rats. 

renal uptake of ‘““Cd’” (Tables 2 and 3), it affected 
the distribution of the cation. Thus relative to the 
normal kidney, binding of “‘Cd’+ by the soluble, 
high mol. wt protein fraction was decreased (Figs. 2c, 
2d), whilst recovery of “‘Cd”+ in the cytosol was in- 
creased from 5f’!,, (of the total renal “‘“Cd”) in the 
control to 79’t.i in the pretreated animal. 

These results suggested that. although uptake of 
“‘“Cd’+ by other tissues (e.g. heart. spleen and pan- 
crcas) was unaffected by Cd”“-pretreatment. the pres- 
ence of are-syllthesi~cd cadmium thioncin might lead. 
nevertheless. to an altcrcd distribution of the cation. 

3or w 

As shown by, the absence of the characteristic cad- 
mium-thionem peak from the elution profiles of the 
soluble fractions (Fig. 3; c.f. Fig. 2) however, no evi- 
dence was obtained for the presence of significant 
concentrations of the metaiioprotein in these organs, 
even from the pretreated animal. The results of Fig. 
3a and Fig. 3c. in particular. indicate that the spleen 
and pancreas, which also accumulate Cd’* (Table 3; 
[29.30]) do not have the capacity of either the liver 
or the kidney for the synthesis of the cadmium-bind- 
ing protein. The possibility that limited synthesis of 
this protein occurs in these organs. however, is not 
excluded. According to K@i (quoted by Klgi er nl. 
[Z]). for example. a metallothionein (presumably 
zinc-thionein) is present in nearly every tissue of the 
body, whilst Davies and Bremner (331 have observed 
the & tlnr~o formatiol~ in isolated tissue from the rat 

Table 4. Excretion of “‘9Cd’” in urine and faeces and 
of urinary protein after administration of to9CdCIZ to 

normal and Cd’+-pretreated female rats. 

‘oYCd” exuetmn Ine,animall 
. 

Dose of FXWS L’rine 
“‘9Cd’, Prctl-curd COlltrOlS Priqwalcd Controls 

img~k@ 24 hr 4X hr ?4 hr 48 hr 24 hr 48 hr ?4 h, 4x llr 
-___._ I - 

O-5 1360 _r49a 4970 I?330 236 4al I 10 I-80 
1.0 3i90 15730 21iMl mio 707 6 n I 3.X 544 

--. 

The methods of pretreatment and of ‘(“Cd’+ administ- 
ration were as described in the legend to Table 2. The 
‘09CdZf was given 48 hr after the termination of pretreat- 
ment. Results are mean values for 2 animals. 

3oi- (bl 

Fraction no 

Fig. 2. Distribution of ro9Cd2+ in the liver and kidney cytosols from control and Cd’+-pretreated 
rats. The concentrated cytosols (=2,Og wet wt tissue*, see ‘Materials and Methods’) were prepared 
from liver (Fig. 2a, 2b) and kidney (Fig. 2c, 2d) of control (--“-0--) and CdL’-pretreated (--et-) 
female rats at 6 hr (Fig. 2a, 2c) and 18 hr (Fig. 2b, 2d) after the iv. administration of ‘09CdZ+ (47.5 &i 
and l.Omg Cd’*/kg), and were fractionated by gel filtration on a column (85 x 2.5 cm) of Sephadex 
G75 at a flow rate of 17 mlhr. Fractions (5 ml) were collected and analysed for ‘oyCdz’. The pretreated 
animals were given 1.0, 2-5 and 3.98 mg Cd’*,kg by i.v. injection at 3 day intervals. the ‘osCd2’ 

being administered 48 hr after the last pretreatment dose. 
*The equivalent of 1.1 g wet wt tissue of the control liver was used for the fractionation in Fig. 

2h. 
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Fig. 3. Distribution of ‘0yCd2+ in the cytosols of (a) spleen 
(b) heart and (c) pancreas after administration of *09Cdz+ 
to Cd’+-pretreated female rats. The animals were pre- 
treated with Cd’+ and dosed with “‘Cdzf as described 
in the legend to Fig. 2. They were killed after 18 hr, the 
tissues being removed. frozen in liquid NZ and stored at 
~ 20 until processed. Cytosols were prepared as described 
tinder ‘Materials and Methods’ and were fractionated by 
gel filtration on a column (85 x 2.5cm) of Sephadex G75 
(bee legend to Fig. 2) Absorbance at 254nm. --; 

pancreas of a protein, similar to zinc-thionein in its 
behaviour on gel filtration, in response to Zn2’-accu- 
mulation in ~,iWo. 

7i,zicit~~ of’ Cd2+ for the staraed rat. Although the 
preceding results had shown no relationship between 
resistance to Cd’+ and cadmium-thionein levels, it 
was possible that induction of thionein synthesis by 
a cation of lower binding affinity (e.g. Znzf, [4,5]) 
might have a protective function. To investigate this, 
and, at the same time. to avoid competitive interac- 
tions between cations. which are possible in animals 
pretreated with excess Zn’+. hepatic zincethionein 
was induced by restriction of food intake [15]. In 
agreement with the observations of Bremner et al. 
[ 151, starvation of female rats for 24 hr resulted in 
a 3 4-fold increase in the zinc-thionein content of 
the liver cytosol (Fig. 4). This increased concentration 
of Tine-thioneiq (G 3.8 pg Zn2’/g wet wt tissue), 
however. did not protect against Cd’+-toxicity, the 
LD~(, values for the cation in these animals being iden- 
tical with that in normally-fed controls. 

DISCUSSION 

The above results lead to the following conclusions; 
(1) The tolerance produced in rats by a low dose of 
Cd2+ is maximal l-3 days after pretreatment and 
then decreases with time (Table l), whereas both the 
increased content (Table 1) and induced capacity for 
the synthesis of hepatic cadmium-thionein (Fig. 1) are 
maintained. (2) Because of this increased capacity for 
cadmium-thionein synthesis, accumulation of Cd’+ 
in the liver is greater in the pretreated rat than in 
the untreated control (Tables 2 and 3). This is due 
to the retention of a greater percentage of the dose 
(Table 4), and uptake of the cation by other tissues 
is unaltered (Tables 2 and 3). (3) Although Cd’+ is 
bound more strongly by the apoprotein. thionein, 
than is Zn’+, rats in which the levels of hepatic zinc- 
thionein have been increased by starvation (Fig. 4) 
show the same susceptibility to Cd2’ as controls on 
normal diet. Thus, although synthesis of cadmium- 
thionein probably explains why experimental animals 
tolerate a larger amount of Cd’+ given as multiple 
doses at frequent intervals, than when administered 
as a single injection [2], it seems that neither pre-in- 
duction of this protein (which also ‘primes’ the syn- 
thetic mechanism such that further synthesis occurs 
rapidly in response to a subsequent dose), nor of zinc 
thionein, has a protective function against the imme- 
diate toxicity of the Cd’+ cation. This conclusion is 
supported by the observation [27] that pretreatment 
with other metals (e.g. In3+, Mn2+), which do not 
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Fig, 4. Effect of starvation on the content of zinc-thionein 
in rat liver. Concentrated cytosols were prepared (see 
‘Materials and Methods’) from the livers of control and 
starved female rats and portions of these (= 0.5 g wet wt 
tissue) were fractionated by gel filtration on a column 
(83.5 x 1.5 cm) of Sephadex G75 at a flow rate of 7 ml/hr. 
Fractions (2.5 ml) were collected and analysed for Zn’+. 
Control liver, --*-; liver from the starved rat, 
----f--. The metallothionein (zinc-thionein) was eluted 
from this small column between fractions 51 and 57 (c.f. 

Fig. 2). 
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induce the synthesis of a metallothionein. also pro- 
tects against Cd’+. 

Suzuki and Yoshikawa [34] have observed that the 
Zn2+ cation (3.3 pg/g wet wt tissue), which also 
occurs in the hepatic metallothionein of the Cd’+- 
pretreated (0.3 mg Cd”/kg) rat, is displaced by Cd’+ 
within 2 hr after subsequent dosing with a larger 
amount of Cd’+ (3,Omgjkg). From this the authors 
conclude that replacement of Zn” by Cd”+ in the 
pre-synthesized metalloprotein provides a mechanism 
wherebv Cd”’ accumulates. and is immobilized, more 
rapidly’in the liver of the pi-c-treated, than in the 
non-pretreated animal. The results of the present 

work, however. show that an increase in the (Cd”- 
free) zinc-thionein content of the liver of the normal 
female rat to a concentration equivalent to at least 
4pg Zn’+/g wet wt tissue does not protect against 
the toxicity of Cd’+. 

In agreement with the present results, Yoshikawa 
[35] has reported that uptake of Cd’+ in the livers 
of male rats after i.p. administration is increased by 
pretreatment with a small dose of the cation. As, in 
this work. unlabelled Cd’+ was used for both the 
initial (0.6 mg/kg) and challenging dose (3.0 mgjkg) 
24 hr later, it is not possible to distinguish Cd’+ 
accumulated from the second dose. and that taken 
up from the first. Thus. although the increased uptake 
of Cd’+ by the liver of the pretreated rat is obvious 
from Yoshikawa’s results [34]. the evidence for his 
conclusion that the contents of the cation in other 
organs (heart. lungs. kidneys. spleen and testes) are 
decreased. is not clear. The present studies. in which 
the challenge dose of “‘“Cd + was administered in- 
travenously. show no significant differences in uptake 
of the labelled cation by various organs. other than 
the liver. of pretreated and non-pretreated female rats 
(Tables 2 and 3). Also in the spleen. pancreas and 
heart, the intracellular distribution of the cation 
seems to be unaffected by pretreatment. In the kidney, 
as in the liver. the distribution of “‘Cd’+ is altered 
because of the presence of pre-induced cadmium- 
thionein (Fig. 2c. 2d). Thus, although uptake of 
““Cd” by the kidney of the pretreated rat is not 
increased. less is bound by the particulate cellular 
components and more by the metallothionein fraction 
of the cytosol. A similar change in pattern of distribu- 
tion of ‘““Cd” has been observed in the testes of 
mice after pretreatment with repeated small doses of 
Cd’+ 1211, and it is possible, therefore. that the testis 
in common with the liver and kidney. also has the 
capacity for the inducible synthesis of cadmium- 
thionein. 
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