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Abstract-Hepatic metallothionein contents and activities of mixed function oxidases in control and 
cadmium-treated rats (1.2 mg Cd’+/kg) of various age groups (7-, 14-, 21- and 90-days-old) were 
determined. A significantly high concentration of native metallothionein was noticed in immature rats 
(7- and 14-days-old). Cadmium administration induced metallothionein only in 21- and 90-day-old rats, 
while the basal level of native metallothionein of immature rats was not altered. Activity of certain 
mixed-function oxidases (MFO) such as aryl hydrocarbon hydroxylase, aminopyrine-N-demethylase, 
and benzphetamine-N-demethylase was inhibited significantly only in 21- and 90-day-old rats. Micro- 
somal cadmium accumulation was significantly higher in adult as compared to immature rats. Results 
suggest a protective role of metallothionein against cadmium-induced inhibition of mixed-function 
oxidases in immature rats. 

It is now well established that cadmium at acute and 
chronic doses induces the synthesis of metallo- 
thionein, a low molecular weight, thiol-rich protein 
[l-3]. The biological significance of metallothionein 
in detoxication of heavy metals is a subject of exten- 
sive research [4, 51. although it has been assumed 
that the synthesis of metallothionein occurs only 
after the administration of cadmium, a very high 
concentration of native metallothionein in hepatic 
cytosols of neonates has been reported recently 
[6, 71. The role of such a high concentration of 
metallothionein still remains unexplained. 

Administration of a single dose of cadmium 
inhibits the activities of hepatic mixed-function 
oxidases in rats [&lo]. It was of interest to study 
whether the relatively high concentration of native 
metallothionein present in immature rats may have 
some role in influencing the cadmium-induced inhi- 
bition of mixed-function oxidases. The effect of cad- 
mium on hepatic metallothionein levels and activities 
of mixed-function oxidases of rats during their early 
development is described in this communication. 

MATERIALS AND METHODS 

Animals. Female albino rats with male pups were 
received from the ITRC animal breeding colony. 
Litter size was restricted to eight with each dam, and 
they were allowed free access to food (Hind Lever 
Ltd., Bombay) and water ad lib. 

Isolation and estimation of metallothionein. A 
single intraperitoneal dose of cadmium (1.2 mg 
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Cd’+/kg as CdC12H20) in 0.15 M NaCl was admin- 
istered to male rats of different age groups (7, 14, 
21 and 90 days). Control animals received the same 
volume of 0.15 M NaCl in an identical manner. 
Animals were killed after 72 hr, and livers were 
rapidly excised, minced and homogenized in ice-cold 
0.25 M sucrose containing 10 mM Tris buffer (pH 
8.2) using a Potter-Elvejhem homogenizer fitted 
with a Teflon pestle. This homogenate was centri- 
fuged at 10,OOOg for 20 min followed by further 
centrifugation at 105,OOOg for 1 hr to isolate 
organelle-free cytosol. 

A Sephadex G-75 column (2.5 x 85 cm) was equi- 
librated with 0.01 M Tris buffer (pH 8.2). Liver 
cytosol (9 ml) was applied to the column and eluted 
with 0.01 M Tris buffer (pH 8.2). Fractions (10 ml) 
were collected at a flow rate of 30 mlihr. Void volume 
(I/o) was measured by eluting blue dextran 2000 with 
the same buffer. An adequate portion of each frac- 
tion in the range from 2.0 to 2.3 of V,/VCI containing 
cadmium was precipitated with an equal volume oi 
Tsuchiya’s reagent, and protein in metallothionein 
fractions was estimated by the biuret method [ll]. 

Assay of hepatic mixed-function oxidases. Another 
batch of male rats of different age groups (7. 14, 21 
and 90 days) were given a single intraperitoneal dose 
of cadmium (1.2 mg Cd’+/kg as CdClzH20) in 0.15 M 
NaCI. After 72 hr, liver was removed and a 20% 
homogenate was prepared in cold phosphate buffer 
0.1 M, pH 7.4) containing 0.15 M KCI. The crude 
homogenate was centrifuged at 9000 g for 20 min to 
isolate post-mitochondrial fraction for the assay of 
mixed-function oxidase activity. 

The activities of aminopyrine and benzphetamine 
demethylases were assayed by measuring the for- 
maldehyde formation [ 121. Aryl hydrocarbon 
hydroxylase activity was assayed using 
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benzo[a]pyrene as substrate by the method of Deh- 
nen et al. [ 131. Glutathione-S-transferase activity 
towards 1-chloro 2,4_dinitrobenzene was assayed 
spectrophotometrically by the method of Habig er 
al. [14]. Protein was estimated using bovine serum 
albumin as standard [15]. 

Determination of cadmium in liver microsomes of 
immature and mature ruts. Immature (14-days-old) 
and adult rats (90-days-old) were treated with a 
single intraperitoneal injection of cadmium chloride 
(1.2 mg Cd’+ikg) in 0.15 M NaCl. Rats were killed 
6 and 72 hr after cadmium treatment. Liver hom- 
ogenate prepared in 0.25 M sucrose in 0.01 M Tris 
buffer (pH 8.2) was centrifuged at 9000g to remove 
cell debris, nuclei and mitochondria. Resulting 
post-mitochondrial fractions were subsequently cen- 
trifuged at 105,OOOg for 1 hr to recover microsomes. 
Suitable portions of crude homogenate and micro- 
somal fraction were wet digested with acid mixture 
for calorimetric estimation of cadmium as described 
in Ref. 16. 

RESULTS 

Effect of cadmium on hepatic metallothionein 
levels. The results shown in Fig. 1 represent the 
levels of protein in metallothionein fractions of liver 
cytosols of rats of different age groups exposed to 
a sub-acute dose of cadmium. It is evident that the 
immature rats (7- and 14-days-old) possessed a sig- 
nificantly higher concentration of native metallothi- 
onein, which was found to be decreased significantly 
in 21- and 90-day-old rats. Exogenous administration 
of cadmium, however, failed to alter the metallo- 
thionein levels in livers of immature rats. In contrast, 
a significant induction of metallothionein was noticed 
in 21- and 90-day-old rats. However, the induction 
of metallothionein at 90 days was higher as compared 
to that seen at 21 days of age. 

Effect of cadmium on activities of hepatic mixed- 
function oxiduses. The data presented in Fig. 2 show 
the effect of cadmium exposure on hepatic aryl 
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Fig. 1. Effect of cadmium administration (I .2 mg Cd’+ikg 
as CdC12H20, i.p.) on the hepatic metallothionein content 
of developing rats. Brackets on the bar indicate standard 
errors. Details of the isolation and estimation of metallo- 

thionein are provided in the text. 
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Fig. 2. Effect of cadmium administration (1.2 mg Cd”/kg 
as CdC12H20, i.p) on hepatic aryl hydrocarbon hydroxyl- 
ase, aminopyrine-N-demethylase, benzphetamine-A’- 
demethylase and glutathione-S-transferase activities during 
early development. Key: (----) control and (-) 
cadmium-treated (mean 2 S.E.). For further details see 

Materials and Methods. 

hydrocarbon hydroxylase (AHH), aminopyrine-,V- 
demethylase (APD), benzphetamine-N-demethyl- 
ase (BPD) and glutathione-S-transferase (GST) 
activities during different stages of early develop- 
ment. Exposure to cadmium resulted in significant 
inhibition of APD, BDP and AHH activities only 
in 90-day-old rats. In contrast, no inhibition of above 
enzymes was seen in immature rats (7- and 14- 
days-old). However, in 21-day-old rats, the extent 
of inhibition was only marginal (P < 0.05). GST 
activity was not altered in any of the age groups 
studied. 

Table 1. Hepatic microsomal cadmium accumulation at 
different intervals after a single i.p. administration of cad- 

mium chloride in adult and immature rats* 

Age 
(days) 

Cadmium (% of total accumulation) 

6hr 72 hr 

14 2.38 + 0.20 2.33 + 0.13 
90 3.14 5 0.14t 3.81 -t O.lO$ 

* Each value is the mean 2 S.E. of four samples. P values 
were calculated between immature and adult rats. 

t P < 0.005. 
$ P < 0.001. 
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cadmium ac~Li~u~atio?l in liver ~~~r~so~es of 
imrnature and adult rats. Uptake of cadmium by liver 
microsomes of 14- and 9O-day-old rats at 6 and 72 hr 
following cadmium administration is shown in Table 
1. Accumulation of cadmium in microsomes of 90- 
day-old rats was appreciably higher than that of 
14-day-old rats at both 6 and 72 hr after cadmium 
administration. 

DISCUSSION 

Substantial evidence has been presented to show 
that administration of cadmium to adult rats teads 
to the synthesis of metaiiothionein [l-3]. It has been 
assumed that induction of metallothionein by cad- 
mium is a protective mechanism by which animals 
defend against cadmium toxicity [ 17-191. The current 
study reveals that induction of metaIlothionein by 
cadmium is not identical in young and adult rats. 
Failure of exogenously administered cadmium to 
trigger the synthesis of metailothionein in young rats 
is presumably due to the presence of a very high 
concentration of native metallothionein. Interest- 
ingly, other studies have also indicated the presence 
of a high concentration of metallothionein in hepatic 
cytosols of immature rats [6,7]. Immature rats pos- 
sess a significantly higher concentration of native 
metallothionein which might be sufficient to trap a 
major fraction of administered cadmium. It has been 
reported that most of the zinc (80 per cent) present 
in the native metallothionein could be replaced by 
cadmium at saturating levels [6]. Further, native 
metallothionein of immature rats has a considerable 
amount (30 per cent) of unoccupied binding sites 
[20]. In view of these observations, it is evident that 
cadmium could bind with the native metallothionein 
present in the immature rats without inducing 
metallothionein-like proteins. 

Adult rats possess a low concentration of native 
metallothionein. Therefore. to stimulate the disposal 
of cadmium, the metal itself would have induced 
the metallothionein levels. Although the native 
metallothionein content was apparently the same at 
21 and 90 days of age, as judged from the protein 
content of metallothionein fractions, the native 
metallothionein content would be expected to be 
higher at 21 days than that at 90 days because in our 
earlier studies it has been demonstrated that the 
concentration of sul~ydryl groups is higher at 21 
days compared to that at 90 days 1211. It is known 
that in the metallothionein fractions approximately 
70 per cent of the sulfhydryl groups originate from 
metallothionein-like proteins 1221. A significant 
amount of metallothionein in rats at 21 days com- 
pared to that at 90 days would lead to considerable 
binding of administered cadmium, resulting in lower 
induction of metallothionein and thereby in lower 
inhibition of MFO enzymes. 

It was also interesting to note that young rats were 
insensitive towards inhibitory effects of cadmium on 
hepatic MFO enzyme activities. It is now well estab- 
lished that cadmium is a strong inhibitor of MFO 
enzymes in adult rats [S-lo]. However, the inability 
of cadmium to exert inhibitory effects on MFO 
enzyme activities in immature rats is possibly due to 
a protective role provided by native metallothionein. 

Native metallothionein would have also reduced 
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accumulation of cadmium at the site of microsoma~ 
MFO metabolism. In contrast, a sufficient fraction 
of administered cadmium would have reached micro- 
somes before the onset of metallothionein synthesis 
to inhibit microsoma1 MFO enzyme activities in adult 
rats. 

It was significant to observe that accumulation of 
cadmium was appreciably higher in liver microsomes 
of adult rats following exposure to cadmium as com- 
pared to immature rats. This indicates that the higher 
concentration of metallothionein in immature rats 
reduced microsomal uptake of cadmium and thus 
native metallothionein plays an important role in 
providing protection against cadmium-induced inhi- 
bition of MFO enzyme activities. Studies by Teare 
et al. [23] have also shown that the degree of inhi- 
bition of MFO enzymes by cadmium depends on the 
amount of metal accumulated in microsomes. 

Our study suggests a protective role of native 
metallothionein against cadmium-induced biochemi- 
cal alterations, such as inhibition of activities of MFO 
enzymes in immature rats. 
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