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Recen t  s t u d i e s  f rom ou r  l a b o r a t o r y  and e l s e w h e r e  have 
p r o v i d e d  s t r o n g  e v i d e n c e  f o r  t h e  i n v o l v e m e n t  o f  
r e a c t i v e  oxygen  s p e c i e s  (ROS) i n  n i c k e l  ( N i )  t o x i c i t y  
( A t h a r  e t  a l .  1987; S r i v a s t a v a  e t  a l .  1990; X i a n g l i n  e t  
a l .  1992; Huan9 e t  a l .  1993; M i s r a  e t  a l .  1993) .  The 
t o x i c  m a n i f e s t a t i o n s  o f  Ni a r e  f u r t h e r  e v i d e n t  f r o m  
a n i m a l  s t u d i e s  where i t  caused  s i g n i f i c a n t  d e p l e t i o n  i n  
serum c e r u l o p l a s m i n  (CP) a c t i v i t y  ( M i s r a  e t  a l .  1988) .  
CP has  been i m p l i c a t e d  i n  a v a r i e t y  o f  c r u c i a l l y  
important c e l l u l a r  functions including i t s  role in the 
protection against ox idat ive damage and as a carr ier  
for the t ranspor t  of essent ia l  metals (Ashby et a l .  
1980; Sugawara and Sugawara 1984; Lovstad 1987; 
Samokyszyn et al. 1989; Halliwel and Gutteridge 1990). 
Since there is a lack of information about i t s  role in 
Ni t o x i c i t y ,  an attempt was made to evaluate i t s  
impl icat ion(s) during Ni exposure. Administration of 
cadmium chloride (CdCl2) or s i l ve r  n i t ra te  (AgNO 3) in 
mice respectively enhance or deplete the a c t i v i t y  of 
serum CP (Sugawara and Sugawara 1984). Besides, both 
the sa l ts  induce meta l lo th ione ins  (MT), which also 
serve as an e f f i c i e n t  scavenger of ROS (Ashby et al. 
1980; Sugawara and Sugawara 1984; Thomas et al.  1986). 
We therefore, studied the effect of Cd and Ag under 
various predisposing cond i t ions  on the p r o t e c t i o n  
against Ni-mediated tox ic  manifestations by evaluating 
( i )  hepatic l i p i d  perox ida t ion  ( i i )  Ni content in 
target  t issues and ( i i i )  m o r t a l i t y  in mice. Our 
results demonstrate that Cd pretreatment(s) provided 
s i g n i f i c a n t  pro tect ion against  Ni-mediated t o x i c  
responses and r e f l e c t  the poss ib le  i n t e r p l a y  of the 
induced levels of CP and MT. 
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MATERIALS AND METHODS 

All chemicals used in the experiment were either 
a n a l y t i c a l  r e a g e n t  or  o f  h i g h e s t  p u r i t y  g rade .  
N i c k e ] ( l  I )  c h l o r i d e  hexahydra te  (N iC I2 .6H20)  was 
purchased from Fluka (Buchs, Swi tzer land) .  Th iobarb i -  
t u r i c  acid (TBA) and CdCl~ were purchased from Sigma 
Chemical Co. (St. Louis, U~A), and AgNO 3 from E. Merck 
India Ltd. (Bombay). The experimental animals were 8 
wk o l d  female  a l b i n o  mice f rom the  I n d u s t r i a l  
Toxicology Research Centre, breeding colony, weighing 
30+29. They were housed in an a i r  condi t ioned room and 
had f ree access to p e l l e t  d i e t  ( L i p t o n  I n d i a  L td .  
Bombay) and water. The studies were conducted under 
three d i f f e r e n t  experimental cond i t ions .  Low doses of 
Cd or A9 were se lec ted  which would o n l y  a l t e r  the 
leve ls  of CP and MT wi thout  producing any enhancement 
in l i p i d  perox ida t ion  or m o r t a l i t y .  

In the f i r s t  exper iment ,  an ima ls  were d i v i d e d  i n t o  
three groups cons is t i ng  of 36 mice in each. The f i r s t  
two groups received two sub-cutaneous (sc) i n j e c t i o n s  
of CdC| 2 or AgNO 3 (0.75 mg/kg/10ml as Cd or A9 in  
water)  at a gap of 24 hrs ,  w h i l e  the t h i r d  group 
received same volume of normal sa l i ne .  A l l  the t reated 
animals were equal ly  d iv ided in to  two subgroups. The 
first three subgroups, 48 hrs later received a single 
i n t r a p e r i t o n e a l  ( i p )  i n j e c t i o n  of NiCl 2 (11.8 mg/kg/10 
ml as Ni in water) whi le  the animals of the remaining 
three sub groups received only normal sa l i ne .  

In the  second e x p e r i m e n t ,  a s i m i l a r  p r o t o c o l  was 
fol lowed except that  animals received s ing le  i n j e c t i o n  
of CdCl 2 or AgNO 3 (1.5 mg/kg/10ml as Cd or Ag). The 
t reatment  and ddse schedule of  Ni was same as in 
experiment I .  

In the t h i r d  experiment animals were d iv ided in to  four 
groups cons is t ing  of 18 mice in each. The f i r s t  three 
g roups  r e c e i v e d  s i n g l e  ip i n j e c t i o n  of  Ni ( 1 1 . 8  
mg/k9/10 ml in water) fol lowed by s ing le  sc admin is t ra-  
t i o n  of CdCl, 2 or AgNO 3 (1.5mg/kg/10 m] as Cd or Ag) or 
sa l i ne .  The- four th  group received only normal sa l i ne  
and served as con t ro l .  

Twe l ve  mice  o f  a11 t r e a t e d  g r o u p s  f rom a l1  t h e  t h r e e  
experiments were observed for survival upto d 14, while 
six were sacrificed at 24 hrs after Ni or saline 
treatment for biochemical assays and Ni estimation. 
Blood was obtained by cardiac puncture and serum was 
s e p a r a t e d  and used f o r  CP a n a l y s i s  ( S c h o s i n s k y  e t  a l .  
1 9 7 4 ) .  L i v e r ,  k i d n e y s ,  h e a r t ,  l u n g  and s p l e e n  w e r e  
removed i m m e d i a t e l y ,  washed f r e e  o f  e x t r a n e o u s  m a t e r i a l  
w i t h  c o l d  norma l  s a l i n e  and s u b j e c t e d  t o  a c i d  d i g e s t i o n  
f o r  N i - e s t i m a t i o n  ( M i s r a  e t  a l .  1988) on a P e r k i n - E l m e r  
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5000 Atomic Absorpt ion Spectrophotometer (Norwalk,  
Conn. USA). A por t ion of l i v e r  was also homogenised 
(10% w/v)  in  co ld  KCl (154 mM) and s u b j e c t e d  to  
f r ac t i ona t i on  to obtain cytosol (Witschi et a l .  1968). 
L i p i d  p e r o x i d a t i o n  was measured in  whole l i v e r  
homogenate (I0% w/v) in terms of TBA-reacting species 
as d e s c r i b e d  by Sunderman J r .  et  a l .  (1985) and 
expressed as n moles malondialdehyde (MDA) equivalent /g 
wet t i ssue.  MT concentrat ion was determined by Cd-haem 
method (Onosaka and Cherian 1982). The a n a l y s i s  of 
s i g n i f i c a n c e  of d i f f e rence  between the groups was 
performed by means of s tudent 's  " t '  tes t  (Fisher 1954). 

RESULTS AND D I S C U S S I O N  

The a c t i v i t y  of CP in serum, hepatic MT content and 
l i p i d  pe rox ida t i on  a f t e r  Cd, Ag or Ni t rea tment  is  
shown in Table I .  Administrat ion of two doses of Cd 
(0,75 mg/kg) produced s i g n i f i c a n t  enhancement in the 
a c t i v i t y  of serum CP and hepatic MT content compared to 
s ing le admin is t ra t ion of Cd (1.5 mg/kg). Ag pre t rea t -  
merit in contrast s i g n i f i c a n t l y  reduced the a c t i v i t y  of 
serum CP whereas i t  caused marked i n d u c t i o n  in MT 
content. Cd or A9 treatment however, did not produce 
any a l t e ra t i ons  in hepatic l i p i d  peroxidat ion.  Effect 
of Ni alone on these parameters was also studied to 
evaluate the poss ib le  p r o t e c t i v e  r o l e  of Cd or Ag 
pretreatments. Ni admin is t ra t ion s i g n i f i c a n t l y  enhanced 
hepat ic  l i p i d  p e r o x i d a t i o n ,  lowered the a c t i v i t y  of 
serum CP, and did not r e s u l t  in any a l t e r a t i o n s  in 
hepatic MT content. 

When Ni was administered to e i ther  Cd or Ag pretreated 
mice, there was a s i g n i f i c a n t  i n h i b i t i o n  in the Ni-  
induced hepat ic  l i p i d  p e r o x i d a t i o n .  The p r o t e c t i v e  
e f fec t  of these metals on the l i p i d  peroxidat ion could 
not be observed in our exper iment when they were 
administered a f te r  Ni treatment. Our resu l t s  fu r ther  
reveal that  in Cd or Ag pretreated mice Ni treatment 
did not produce any s i g n i f i c a n t  change in CP a c t i v i t y .  
Such an e f fec t  was not observed when these two metals 
were administered af ter  Ni treatment hence data are not 
represented. 

The results of in vitro experiment demonstrate that 
addition of cytoso] or serum (obtai'ned from Cd 
p r e t r e a t e d  mice)  t o  the  whole l i v e r  homogenate o f  N i -  
treated mice s i g n i f i c a n t l y  i nh ib i t ed  l i p i d  peroxidat ion 
to the extent  of 48% and 23% r e s p e c t i v e l y  ( F i g . l ) .  
Addit ion of cytosol from A9 treated mice also i n h i b i t e d  
(34%) hepatic l i p i d  peroxidat ion.  

The results presented in Fig. 2 exhibit alterations in 
the tissue Ni content when it was administered to Cd 
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Table I. Effect of Cd or Ag we-exposure in mice on Ni-mediated 
alterations in serum CP ac t iv i ty ,  hepatic MT content and 
hepatic lipid peroxidation (LP) 

Treat- Serum OP (U/L) Hepatic MT Hepatic LP 
ments (nmoles/g wet (n moles MDA/g 

tissue) wet tissue) 

Exp. 1 Exp. 2 Exp. 1 Exp. 2 Exp. 1 Exp. 2 

Sal. 25.1• 25.1• 2 0 5+_0.1 0.5+_0.1 95+_3 

Sal-Cd 47.7• 36.9• 6* 15 8• 11.2• 90+_.6 

Sal-A9 13.1• 18.6+_0 9* 10 6• 7.8+_0.9* 105+_5 

Sal-Ni 

Cd-N i 

95+3 

110+.5 

128• 

Ag-Ni 

Experiments (Exp.) are described in detail under "Materials and 
Methods". Each value represents mean• SE of six mice 
* p < 0.05 when compared to sal. 

17.7• 17.7• 1. 0 7+_.0.1 0.7+_0.1 495• 495• 

44.3• 33.1• 4* 11 8• 8.8• 206• 285• 

12.2• 16.9• O* 7 7• 4.5+._0.7* 301• 369• 

pretreated mice. The a l te ra t ions  in t issue Ni content 
were more pronounced in the 9roup which were pre-  
exposed with two doses of Cd. The ef fect  of Cd on the 
a l te ra t ions  in t issue Ni content could not be observed 
when i t  was administered a f t e r  Ni t rea tmen t .  A9 
pretreatment did not produce notab le  a l t e r a t i o n s  in 
t issue Ni content hence data are not shown. 

Cd pretreatment also resu l ted  in g rea te r  p r o t e c t i o n  
against Ni-induced m o r t a l i t y  in mice compared to A9 
(Tab|e 2). The protect ive ef fect  of these metals could 
not be observed when they were 9iven af ter  Ni treatment 
The s ign i f i can t  protect ion by Cd or A9 pretreatments in 
Ni-induced tox ic  responses v iz .  l i p i d  peroxidation and 
m o r t a l i t y  in mice and decrease in t i s s u e  Ni content  
observed on ly  in Cd p r e t r e a t e d  mice r e f l e c t  the 
possible interplay of the induced level of MT and CP or 
both. The absence of protect ive ef fects of Cd or A9 
upon the i r  administrat ion af ter  Ni treatment fur ther  
c o n f i r m  the invo lvement  of Cd or A9 induced 
ant ioxidants.  

Our resul ts  fur ther  suggest that MT may be playing a 
major role in the protect ion against Ni-induced l i p i d  
peroxidation since th is  i nh ib i t i on  was proport ional to 
the level of MT. The s i gn i f i can t  i nh ib i t i on  in hepatic 
l i p i d  peroxidation by A9 pretreatment, inspi te of the 
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Figure I. The effect of __in vitro addition of serum or 
h e p a t i c  c y t o s o l  f r om (A)  s a l i n e  (B)  Cd o r  (C)  Ag 
t r e a t e d  m i c e  t o  t h e  l i v e r  homogenate  o f  Ni t r e a t e d  
m i c e  on  t h e  a l t e r a t i o n s  i n  N i - i n d u c e d  1 i p i d  
p e r o x i d a t  i o n  

Serum ( l .Oml )o r  hepat ic  cy toso l  ( I . 0  ml of 10t 
homogenate, w/v) obtained from sal ine ( con t r o l ) ,  Cd 
or Ag treated mice (from Expt.1) was mixed with the 
whole l i v e r  homogenate (1.0ml, I0~ w/v) of only Ni 
t rea ted mice. L ip id  p e r o x i d a t i o n  was measured as 
described under Mater ials and Methods. Broken l i ne  
r e p r e s e n t s  normal c o n t r o l  v a l u e s .  S o l i d  l i n e  
represents value of Ni treatment alone. The resu l t s  
are the means of three exper iments in which the 
values deferred by less than • I~. 

reduced level of CP fu r ther  support the ro le of MT in 
i n h i b i t i n g  peroxidat ive damage. This contention is in 
conformation with our in v i t r o  observations. 

In  o u r  p r e v i o u s  c o m m u n i c a t i o n  i t  was s h o w n  t h a t  
h y d r o x y l  r a d i c a l s  a r e  t h e  p r o x i m a l  l i p i d  o x i d a n t s  
d u r i n g  Ni t o x i c i t y  ( A t h a r  e t  a l .  1987) .  M e t a l l o t h i o -  
n e i n s  have e a r l i e r  been d e m o n s t r a t e d  as an e f f i c i e n t  
in terceptor  of hydroxyl radical  and superoxide anion. 
These data thus suggest t h a t  the decrease in l i p i d  
peroxidat ion is largely due to the a b i l i t y  of MT to 
scavenge ROS generation by Ni treatment. Although CP 
has been shown to scavenge ROS but i t s  e f f i c iency  is 
manifold less than superoxide dismutase. The reduced 
ef f icacy of CP in i n h i b i t i n g  l i p i d  peroxidat ion could 
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Table 2. Ef fect  of Cd or Ag exposure  on the pro tect ion 
against Ni~mediated mor ta l i t y  in mice 

Treatment Percent cumulative surv iva l  upto day 14 

Experiment I Experiment 2 Experiment 3 

S a l i n e  100 100 100 

S a l - N i  60 60 60 

Cd-Ni 92 83 67 

Ag-N i  80 76 56 

D e t a i l s  o f  e x p e r i m e n t s  a re  d e s c r i b e d  unde r  " M a t e r i a l s  
and M e t h o d s "  

be due to its ineffectiveness in scavenging hydroxyl 
and other react ive oxygen rad ica ls  (Samokyszyn et a l .  
1989) .  

The a l t e ra t i ons  in t issue Ni contents observed only in 
Cd pretreated mice could be one of the manifestat ions 
of Cd- induced enhancement in the a c t i v i t y  of CP rather 
than MT. This is fu r ther  evident from the resu l t s  of 
Ag pretreated mice where the t issue Ni content remained 
unaltered insp i te  of induced level of MT. This could 
be ascribed due to the lack of a f f i n i t y  of Ni to bind 
MT (Behari et a l .  1984). The proport ional  decrease in 
t issue Ni contents with corresponding increase in the 
endogenous level of CP fu r ther  demonstrates the ro le  of 
CP in Ni homeostasis thereby suggesting the a f f i n i t y  of 
Ni to bind CP (McKee and Frieden 1971). The data of Cd 
pretreatment also reveal a co r re la t ion  between l i p i d  
pe rox ida t i on  and t i s sue  Ni con ten t .  However, the 
absence of such co r re la t ion  in Ag-pretreated group may 
be due to the lack of a f f i n i t y  of Ni towards MT. 

The s i g n i f i c a n t  p r o t e c t i o n  by Cd p r e t r e a t m e n t ( s )  in 
revers ing  Ni-mediated t o x i c  response could thus be 
a t t r i bu ted  to the combined ef fects  of both CP and MT. 
Considering ox ida t ive  stress as an adequate cause of 
damage in Ni t o x i c i t y  (Athar et a1.1987, Dutta et a l .  
1992, Kasprzak et a l .  1992), our resu l t s  thus suggest 
the need for the evaluat ion of n u t r i t i o n a l  sources that  
may serve as inducers of both CP and or MT in the 
amel iorat ion of Ni t o x i c i t y .  

Acknowledgment. The authors thank Dr. R.C. Srimal, 
Director, Industrial Toxicology Research Centre, 
Lucknow for encouragement and interest in the work. 

757 



REFERENCES 

Ashby SL, K in9  LJ, Park DVW ( 1 9 8 0 )  E f f e c t  o f  a c u t e  
a d m i n i s t r a t i o n  of  cadmium on the d i s p o s i t i o n  o f  Cu, 
Zn and Fe in the r a t .  Env i ron  Res 21: 177-185. 

A thar  M, Hasan SK, S r i v a s t a v a  RC (1987) Evidence f o r  
t h e  i n v o l v e m e n t  o f  h y d r o x y l - r a d i c a l s  i n  n i c k e l  
m e d i a t e d  e n h a n c e m e n t  o f  l i p i d  p e r o x i d a t i o n :  
I m p l i c a t i o n s  f o r  n i c k e l  c a r c i n o g e n e s i s ,  e iochem 
8 iophys Res Comm 147: 1276-1281. 

Behar i  JR, Dwivedi  PP, M is ra  M, S r i v a s t a v a  RC (1984) 
K i n e t i c s  o~3Nicke]o b i n d i n g  i n  h e p a t i c  and r e n a |  
cy toso |  o f  N i C ] 2 - t r e a t e d  r a t s .  B io ]  Trace E|ement 
Research 6: 463-457. 

F i s h e r  RA (1954)  S t a t i s t i c a l  methods f o r  r e s e a r c h  
workers ,  12th ed, O l i v e r  & 8oyd, London. 

H a ] ] i w e ]  e, G u t t e r i d g e  John MC (1990) The a n t i o x i d a n t s  
o f  human e x t r a c e ] ] u ] a r  f l u i d s .  Arch Biochem Biophys 
280: 1-8. 

Huang X, K rys t yna  F, K |e i n  CB, Costa M (1993) N icke l  
i n d u c e s  i n c r e a s e d  o x i d a n t s  i n  i n t a c t  c u l t u r e d  
mammalian c e i l s  as de tec ted  by d i c h l o r o f l u o r e s c e i n  
f l uo rescence .  Tox i co l  and Appl Pharmacol 120: 29-36. 

L o v s t a d  RA ( 1 9 8 7 )  Coppe r  c a t a l y z e d  o x i d a t i o n  o f  
ascorba te  (V i t am in  C). I n h i b i t o r y  e f f e c t  of  c a t a ] a s e ,  
supe rox ide  d ismutase,  serum p r o t e i n s  ( c e r u l o p ] a s m i n ,  
a l bum in ,  a p o t r a n s f e r r i n )  and amino a c i d s .  I n t  J 
Biochem 19: 309-313. 

McKee DJ, F r ieden E (1971) B ind ing  of  t r a n s i t i o n  metal 
ions by Ceru lop ]asmin  ( F e r r o x i d a s e ) .  B i o c h e m i s t r y  10: 
3880-3883. 

M i s r a  M, A tha r  M, Hasan SK, S r i v a s t a v a  RC ( 1 9 8 8 )  
A l l e v i a t i o n  o f  n i c k e l - i n d u c e d  b iochemica l  a l t e r a t i o n s  
by c h e l a t i n g  agents .  Fund Appl Tox i co ]  11: 285-292. 

M is ra  M, O ] i n s k i  R, D izda rog lu  M, Kasprzak KS (1993) 
Enhancement by L - H i s t i d i n e  o f  N i c k e l ( l l )  induced DNA- 
p r o t e i n  c r o s s - | i n k i n g  and o x i d a t i v e  DNA base damage 
in the r a t  k i dney .  Chem Res Tox i co l  6: 33-37. 

Onosaka S, Cher ian MG (1982) Comparison o f  m e t a l l o t h i o -  
ne in  d e t e r m i n a t i o n  by p o l a r o g r a p h i c  and cadmium-satu- 
r a t i o n  methods. Tox i co l  Appl Pharmaco] 63: 270-274. 

Samokyszyn VM, M i l l e r  DM, R i e f  DW, A u s t  SD ( 1 9 8 9 )  
I n h i b i t i o n  o f  superox ide  and f e r r i t i n - d e p e n d e n t  l i p i d  
p e r o x i d a t i o n  by c e r u l o p l a s m i n .  J B io l  Chem 264:21-26.  

Schos insky KH, Lehmann HP, Beeler  MF (1974) Measurement 
o f  ce ru ]op lasm in  from i t s  ox idase  a c t i v i t y  in serum 
by use o f  O - d i a n i s i d i n e  d i h y d r o c h l o r i d e .  C l i n  Chem 
20: 1556-1563. 

S r i v a s t a v a  RC, Kumar A, S r i v a s t a v a  SK, Gupta S, Hasan 
SK, Athar  M (1990) N i cke l -med ia ted  i n h i b i t i o n  in the 
g ] u t a t h i o n e - d e p e n d e n t  p r o t e c t i o n  a g a i n s t  l i p i d  pero-  
x i d a t i o n .  Biochem I n t |  20: 495-501. 

758 



Sugawara N, Sugawara C (1984)  C o m p a r a t i v e  s t u d y  o f  
e f f e c t  o f  acute a d m i n i s t r a t i o n  o f  cadmium and s i l v e r  
on c e r u l o p l a s m i n  and m e t a l l o t h i o n e i n :  Invo lvement  of  
d i s p o s i t i o n  o f  copper,  i r o n  and z i n c .  Env i ron  Res 35: 
507-515. 

Sunderman Jr FW, Marzouk A, Hopfer SM, Zahar ia  O, Reid 
MC (1985) Increased l i p i d  p e r o x i d a t i o n  in t i s s u e  of  
n i c k e l  c h l o r i d e  t r e a t e d  r a t s .  Ann C l i n  Lab Sci 15: 
229-236. 

Thomas JP, Bachowski GJ, G i r o t t i  AW (1986) I n h i b i t i o n  
o f  c e l l  membrane l i p i d  p e r o x i d a t i o n  by cadmium and 
z i n c  m e t a l l o t h i o n e i n s .  B iochem B i o p h y s  A c t a  884:  
448-461. 

W i t s c h i  HP, A l d r i d g e  WN (1968) Uptake, d i s t r i b u t i o n  and 
b i n d i n g  of  b e r y l l i u m  to  o r g a n e l l e s  o f  the r a t  l i v e r .  
Biochem J 106: 811-820. 

X i a n g l i n  S, Dala]  NS, Kasprzak KS (1992) Genera t ion  of  
f r ee  r a d i c a l s  from l i p i d  hyd rope rox ides  by Ni 2+ in 
the presence of  o l i 9 o p e p t i d e s .  Arch Biochem Biophys 
299: 154-162. 

759 


