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Chelat ion the rapy  is the mos t  successful moda l i ty  for the  m a n a g e m e n t  
of heavy me ta l  poisoning (Kostyniak and Clarkson, 1981; Willi&ms and 
Hals tead,1982-83) .  The success of these  drugs stem from their  mu l t iden ta t e  
polyfunct ional  chelat ing behaviour (Basinger et  al. 1980; Dwivecil et al. 
1986; Kaur et al. 198#; Kostyniak and Clarkson 1981). The the rapeu t i c  
mechanism of chelat ing drugs involves their  in teract ion with tox ic  me ta l s  
leading to thei r  rapid excre t ion  from the body. However ,  because  of 
their  indicr iminate  af f in i ty  for various m e t a l  ions, the potent ia l  i n t e r a c -  
t ion between these  drugs and endogenous t r a c e  me ta l s  is ol concern 
(Cant i lena  and Klaassen,  1982; Tandon et al. 198#). Thus the tox ic  m a n i -  
fes ta t ions  of chelat ing drugs m a y  pa r t ly  be the  result  of thei r  i n t e r a c -  
t ion with essent ial  t r a ce  me ta l s  which m a y  u l t imate ly  lead to  various 
cha rac te r i s t i c  biochemical  and pathological  a l tera t ions  (Cant i lena  and 
Klaassen 1981; Davidson e t  al. 1977; Hur ley  1981; Sigel 1983). It was, 
t he re fo re ,  of impor tance  to define new chelat ing drugs which in addi-  
tion to being e f f e c t i v e  as an ant idote  in m e t a l  poisoning m a y  possess 
low undesirable toxic i ty .  In this respect  our recent  studies have indi- 
cated tha t  l,#,8,11 t e t r a a z a c y c l o t e t r a d e c a n e  (Cyclam) is capable  of 
serving as a speci f ic  ant idote  for nickel poisoning (Athar et al. 1987). 
In the  present  communicat ion  we compare  the acute  e f f ec t  of Cyclam 
with those of other  conventional  chelat ing drugs naLmely, t r i e t h y l e n e t e t -  
ramine  (TETA), reduced glutathione (GSH), ethylenedi~-nine t e t r a a c e t i c  
acid (EDTA), cyclohexanediam ine t e t r a a c e t i c  acid; (CDT A). diethylene 
t r iamine  p e n t a a c e t i c  acid (DTPA) and hydroxyethylenediamine t r i a ce t i c  
acid (H EDTA) on (i) serum levels of Cu, Zn, l a c t a t e  dehydrogenase (LDH), 
glutam yloxaloacet ic  t r ansaminase  (GOT) and ceruloplasmin (CP); (ii) 
hepat ic  and renal levels of Cu, Mn, Zn and Fe and (iii) hepat ic  and renal 
levels of GSH, glut athione-S 4 r a n s l e r a s e  (GST) and phosphoglucom ut ase 
(PGM) at various t ime  intervals  (16, 24 and 72 hrs) a f t e r  their  adminis-  
t ra t ion  ~o rats .  

MATERIAL AND METHODS 

Cycl&m (Alia  Inorganic, USA), TETA (Aldrich, USA), GSH, EDTA, CDTA, 
DTPA and HEDTA (Sigma, USA) were obtained and used as such. The 
animals were six weeks old f emale  albino ra ts  of the Industrial Toxico-  
logy Research Cent re  Colony, weighing l l 0  _+ 10 gm and were housed in 
an air-condit ioned room and had f ree  access to  pel le t  diet (Hindustan 
Lever  Ltd., Bombay, India) and water .  The animals were divided into 
eight groups consisting of e ighteen rats in each.  The animals of the 
first  seven groups received a single subcutaneous (sc) injection ol 

*1o whom all correspondence should be made  
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Figure 1. Effect  of A, Cyclam O O ,  T E T A A  ..~, GSHIZl [ land  
B, E D T A ~ - - - - I ,  CDTA i ~ - - - ~ ,  D T P A ~ - - - I  and H E D T A ~ - - - - - - ~ n  
the  levels of serum ceruloplasmin (CP), copper (Cu) and zinc (Zn) at t6 ,  
2# and 72 hrs a f ter  the i r  t r ea tmen t  to rats. 

freshly p repared  solution of the  chelat ing drugs (500 l~mole/kg/2 ml).  The 
dose regimen was based on our previous s tudy (Sr ivas tava  et  al. 1986, 
1987) on the c r i t e r i a  of having no or less than 10% m o r t a l i t y  in adult 
ra ts  over a period of 1# days. The eighth group of animals  received no r -  
real saline and served as control .  Six ra ts  from each group were s a c r i -  
fiqed by decapi ta t ion  at 16, 2# and 72 hrs a f t e r  t r e a t m e n t .  The p h a r m a -  
cokinetlcs ot these  drugs is not well establ ished however ,  it is known 
tha t  these  drugs are highly e f f e c t i v e  in promot ing  the  excre t ion  of tox ic  
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Figure 2. Effect of C y c l a m Q -  --Q, TETAQ-- , - -Qand GSHt~---- -~on 
the hepatic and renal levels of GSH, GST and PGM at 16, 24 and 72 hrs 
af ter  their administration to rats.  

meta l  ions from the body organs over a period of 24 hrs and by 72 hrs 
the e f fec ts  become minimal (Athar et al. 1987; Canti lena and Klaassen 
1981 and 1982). We, therefore ,  selected for this study three t ime points 
i.e. 16, 24 and 72 hrs af ter  the administration of the drugs. Blood samp-  
les were collected and serum was separated by centr ifugation.  Liver and 
kidney were immediately removed,  cleaned free of blood and extraneous 
mater ia l  and processed for either biochemical assays or meta l  estimation. 
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Figure  3. Ef fec t  oI  E D T A I ~ - o - - - I ,  CDTA H ,  DTPAI~-~ and 
H E D T A O - - - Q o n  the  hepa t i c  and renal  levels  o5 GSH, GST and PGM at 
16, 2# and 72 hrs a f te r  the i r  admin is t ra t ion  t o  ra t s .  

The levels  of  GSH and e n z y m e  ac t iv i t i es  were  assayed in se rum,  or l iver 
and kidney h o m o g e n a t e s  accord ing  t o  known m e t h o d o l o g y :  GSH - Eltman 
(1959) mod i f i ed  by 3ollow et al. (197#); GST - H a b i g  et  al. (197#); PGM - 
Najjar  (1955); LDH - K o r n b e r g  (1955); GOT - Re i tman  and Frankel  (1957); 
CP - Curzon  and Vellet (1960); Pro te in  - Lowry  et  al. (1951). 

The serum s&mples were  di luted (1:1) with double  dist i l led wate r  and 
m e t a l  con ten t  was read d i r e c t l y  on a Perkin Elmer 5000 a t o m i c  
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absorption spectrophotometer. Tissue samples were subjected to acid 
digestion (Dwivedi et al. 1986) for the estimation of trace metals on 
the atomic absorption spectrophotometer. An analysis of significance 
of difference between the groups was performed by means of student 
' t '  test (Fisher, 195#). 

RESULTS AND DISCUSSION 

The ef fec t  of acute administration of various chelating drugs (500 tamole/ 
kg) on the levels of serum CP, Cu and Zn at 16, 24 and 72 hrs after  their  
t r ea tmen t  are shown in Fig. 1. Cyclam produced significant decreases 
in the levels oi CP at 16 hrs which returned to normal value by 72 hrs. 
The drug, however, produced no change in the Cu level but raised the 
level of Zn at each t ime interval (Fig. 1A). The e f fec t  of TETA was 
more  pronounced than that  of Cyclam in depleting serum levels of CP, 
Cu and Zn. Unlike Cyclam and TETA, GSH exhibited an increase in the 
levels of Cu and Zn while produced no significant change in the level of 
CP. Among polyaminocarboxylic  acids (Fig. 113), DTPA significantly 
increased the levels of CP and Cu at 24 and 72 hrs while decreased the 
serum Zn level. EDTA, CDTA and HEDTA on the contrary  reduced CP 
and Cu levels with simultaneous increase in the Zn level at one or the 
other t ime intervals. 

The e f fec t  of these Chelating drugs on heoatic  and renal levels of Cu, 
Zn, Fe, and Mn at various t ime intervals is shown inTable 1 and 2. Most 
of the drugs reduced the concentrat ion of Cu and Zn either at 16 or 24 
hrs after  their administration but in all the cases values returned to the 
normal control level at 72 hrs of t r ea tmen t .  Changes produced by po ly-  
aminocarboxylic acid drugs were, however, more  pronounced than that  
occurred with Cyclam, TETA and GSH. The levels of Fe and Mn were 
also found to be reduced after the exposure to these drugs. Among all 
the drugs, Cyclam produced minimum alterations in the organ and serum 
levels of t r ace  metals .  

The ef fec t  of various drugs on serum LDH and GOT activit ies is summa-  
rised in Table 3. All the drugs with the exception of Cyclam increased 
the level of LDH either at 16 or 24 hrs which returned to the normal 
value by 72 hrs. The act ivi ty  of GOT was, however, less affected as 
compared to LDH and was only increased by polyaminocarboxylic  acid 
drugs. The e f fec t  of these drugs on hepatic  and ren~il levels of GSH, 
GST and PGM is shown in Figs. 2 and 3. Cycl .am jncreased  hepatic PGM 
and GST activit ies respect ively at 24 and 16 hrs while produced no 
change in GSH. However,  in kidney, it produced an increase in GST 
activi ty.  TETA and GSH showed no significant alterations on any of 
these parameters  in both the organs under study. Among polyaminocar -  
boxylic acids, DTPA increased the levels of GSH, GST and PGM in 
liver without producing e i fec t  on renal levels. H EDTA increased the 
hepatic  levels of GSH and GST at 16 and 24 hrs while decreased their 
renal level of GST at 24 and 72 hrs. The other two drugs, i.e. EDTA 

176 



T
ab

le
 

1.
 C

o
m

p
a

ra
ti

v
e

 e
ff

e
c

ts
 

o
f 

th
e

 
c

h
e

la
ti

n
g

 d
ru

g
s 

o
n

 t
h

e
 

le
v

el
s 

o
f 

h
e

p
a

ti
c

 t
ra

c
e

 
m

e
ta

ls
 

at
 

16
, 

24
 

an
d

 
72

 h
rs

 
a

ft
e

r 
tr

e
a

tm
e

n
ts

, 

C
h

e
la

ti
n

g
 

dr
ug

 
T

im
e

 i
n

te
rv

a
ls

 
M

e
ta

l 
co

nt
en

t 
(]a

gl
g 

w
et

 
w

e
ig

h
t)

 
(h

r)
 

C
o

p
p

er
 

Z
in

c 
Ir

o
n

 
M

a
n

g
a

n
e

se
 

16
 

S
al

in
e 

24
 

2.
80

-+
 0

.1
2

 
42

.5
0_

+
 1

.8
5 

16
7.

5_
+

6.
17

 
2.

10
_+

 0
.1

1 
72

 
C

yc
1 

am
 

16
 

2,
97

_+
0.

16
 

44
.6

8_
+

 1
,2

1 
15

8.
7_

+
7,

87
 

2.
38

_+
0.

11
 

24
 

2
.1

7
+

0
.1

0
 a 

42
.0

8_
+

1.
12

 
15

4.
2_

+
5.

2i
 

2.
03

_+
0.

12
 

72
 

2.
88

_+
0.

59
 

40
.0

0_
+

 1
.8

5 
16

5.
0_

+
6.

21
 

2.
13

_+
0.

08
 

T
E

T
 A

 
16

 
2.

30
_+

0.
1 

la
 

46
.0

7_
+

 1
.0

2 
13

1.
0_

+
3.

18
 a 

2
.0

9
+

 1
.0

0 
24

 
1

.8
8

+
0

.4
1

 a
 

45
.9

0_
+

0.
19

 
14

1.
1_

+
1.

39
 a 

2,
06

_+
0.

09
 

72
 

2.
20

_+
0.

18
 

39
.3

5-
+

1.
63

 
14

4.
0_

+
6.

72
 

2.
16

_+
0.

40
 

G
SH

 
16

 
2.

84
_+

0.
20

 
35

.5
0_

+
1.

06
 a

 
12

1.
39

-+
9,

26
 a

 
1

.8
9

+
0

.0
9

 
24

 
2.

37
_+

0.
13

 a 
2

9
.2

7
+

1
.7

4
 a

 
12

2.
0_

+
5.

48
 a 

1.
72

_+
0.

04
 a

 
72

 
2.

60
-+

0.
18

 
35

.7
6_

+
0,

71
 a

 
15

7,
8-

+
7.

43
 

1.
99

_+
0.

08
 

E
D

T
A

 
16

 
2

.0
1

+
0

.3
4

 a
 

3
6

,2
2

+
1

.2
8

 a
 

12
3.

1-
+

3.
47

 a 
2.

48
_+

0.
24

 
24

 
2.

68
-+

0.
18

 
4

0
.7

5
+

2
.4

1
 

1
3

3
.9

+
2

.4
8

 a
 

t.
8

4
-+

0
,1

2
 

72
 

2.
70

_+
0.

17
 

41
.2

4-
+

1,
79

 
1

4
4

.1
+

2
.0

2
 

1
.9

7
+

0
.1

1
 

C
D

T
A

 
16

 
2.

64
-+

0.
24

 
24

.7
3_

+
2.

11
 a

 
14

3.
3-

+
3.

41
 

2
.5

3
+

0
.1

1
 

24
 

2.
60

-+
0.

19
 

35
,1

8-
+

 1
.0

9 
a 

14
6.

8-
+

2.
22

 
2

.8
1

+
0

.0
9

 a 
72

 
2.

71
 -

+
0.

09
 

38
.1

7_
+

 1
.9

4 
15

3.
4-

+
3.

24
 

2.
97

_+
0.

14
 a 

D
T

P
A

 
16

 
2.

11
_+

0.
14

 a 
32

.5
7_

+
2,

61
 a

 
15

0.
0-

+
3.

14
 

1.
65

-+
0.

14
 

24
 

2.
64

-+
0.

19
 

3
3

.1
1

+
1

.7
8

 a
 

1
5

5
.9

+
_

2
.4

8
 

1.
90

-+
0.

22
 

72
 

2.
81

_+
0.

18
 

38
.2

7_
+

 1
.9

4 
15

9.
3_

+
3.

41
 

2.
01

_+
0.

34
 

H
E

D
T

A
 

16
 

2.
31

_+
0.

31
 

2
8

.6
0

+
1

.3
1

 a
 

13
7.

8-
+

2.
51

 a
 

1.
85

_+
0.

21
 

24
 

2
.0

4
 -+

 0
.1

7
 a

 
3

7
.4

6
 _+

 1.
47

 
14

3.
8_

+ 
2

.1
8

 
1.

93
 _+

 0
.1

9
 

72
 

2.
50

-+
0.

20
 

40
,2

8-
+

1.
28

 
14

9.
0-

+
3.

17
 

1,
98

-+
0.

09
 

•
p

a
C

h
 

va
lu

e 
re

pr
es

en
t 

m
ea

n 
_+

 S
.E

. 
of

 
si

x 
an

im
al

s 
<

0.
05

, 
w

he
n 

co
m

pa
re

d 
w

it
h

 s
al

in
e 

tr
e

a
te

d
 

ra
ts

 



T
ab

le
 

2.
 

C
o

m
p

ar
at

iv
e 

ef
fe

ct
s 

of
 t

h
e 

ch
el

at
in

g
 

d
ru

g
s 

on
 t

h
e 

le
v

el
s 

of
 

re
n

al
 t

ra
ce

 
m

et
al

s 
at

 
16

, 
24

, 
an

d 
72

 h
rs

 
af

te
r 

tr
ea

tm
en

ts
 

C
h

el
at

in
g

 
d

ru
g

 
T

im
e 

in
te

r 
va

ls
 

(h
r)

 
C

o
p

p
er

 
M

et
al

 
co

n
te

n
t 

(l
ag

/g
 w

et
 

w
ei

g
h

t)
 

Z
in

c 
Ir

on
 

M
an

g
an

es
e 

16
 

S
al

in
e 

24
 

4.
21

 _
+

0
.2

2
 

28
.1

0_
+

0.
91

 
11

2.
0_

+
3.

28
 

1.
67

_+
 0

.1
0 

72
 

C
y

cl
am

 
16

 
4.

01
-+

0.
31

 
26

.2
1-

+ 
1.

11
 

85
.0

+_
4.

21
 a

 
1.

48
-+

0.
14

 
24

 
3.

94
-+

0.
20

 
28

.0
7-

+
0.

69
 

90
.2

+
3.

67
 

1.
60

_+
0.

27
 

72
 

4.
11

 _
+ 0

.0
9 

28
.1

0_
+ 

2.
41

 
10

4.
4 

_+
6.

33
 

1.
70

_+
 0

.0
8 

T
E

T
 A

 
16

 
3.

32
+

0.
27

 a
 

25
.1

1-
+ 

1.
21

 
80

.9
+

_4
.2

1 
a 

1.
41

-+
0.

19
 

24
 

3.
52

-+
 0

.2
4 

26
.9

0+
2.

21
 

87
.9

_+
 5

.1
8 

a 
1.

58
+_

 0
.3

1 
72

 
3.

81
 _

+0
.4

0 
26

.9
9_

+ 
1.

81
 

95
.8

+
_3

.4
7 

1.
87

 _
+0

.3
2 

G
S

H
 

16
 

3.
11

-+
0.

!3
 a

 
30

.6
9_

+ 
1.

31
 

69
.7

_+
4.

2 
la

 
1.

28
_+

0.
3 

la
 

24
 

3.
54

_+
0.

81
 

26
.3

8_
+ 

2.
89

 
70

.1
 +

6.
92

 a
 

1.
52

+
-0

.1
1 

72
 

3.
71

 _
+ 0

.1
6 

26
.6

4_
+ 

1.
31

 
94

.6
_+

8.
25

 
1.

60
_+

0.
88

 

E
D

T
A

 
16

 
3.

64
+

-0
,1

7 
22

.1
9_

+
1.

49
 a

 
80

.6
+

_3
,1

4 
a 

1.
51

_+
0.

11
 

24
 

3.
60

+
_0

.3
1 

24
.3

4+
_ 

1.
08

 a
 

90
.4

-+
5.

10
 a

 
1.

48
-+

0.
09

 
72

 
3.

94
-+

0,
12

 
26

.8
5_

+ 
1.

17
 

95
.5

-+
3.

41
 

1,
58

_+
0.

14
 

C
D

T
A

 
16

 
3.

38
+

0.
41

 
25

.1
8_

+
1.

14
 

78
.6

+
2.

59
 a

 
1.

44
+_

0.
13

 
24

 
3.

89
-+

 0
.3

7 
27

.1
0+

_2
.1

9 
85

.6
-+

 1
.9

9 
a 

1.
54

_+
 0

.1
2 

72
 

4.
01

 +
_0

.2
9 

27
.1

0_
+ 

1.
74

 
90

.8
_+

 2
.6

4 
a 

1.
55

_+
0.

12
 

D
T

P
A

 
16

 
3.

04
_+

0.
24

 
20

.1
2+

1.
28

 a
 

68
.4

+
3.

13
 a

 
L

10
-+

0,
09

a 
24

 
3.

56
-+

0.
31

 
24

.8
9-

+ 
1.

09
 a

 
81

.0
_+

3.
74

 a
 

1,
46

+_
0.

07
 

72
 

3.
79

_+
0.

18
 

26
,1

4_
+

2.
01

 
85

.8
+

4.
18

 a
 

1.
49

+_
0.

11
 

H
E

D
T

A
 

16
 

3.
54

-+
0.

19
 

24
.1

9+
1.

48
 a

 
77

. 4
+

-4
.3

6a
 

1.
30

-+
0"

1 
la

 
24

 
3.

91
-+

0.
11

 
26

.2
8-

+
2.

11
 

84
.5

+
5.

10
 a

 
1.

43
-+

0.
19

 
72

 
4.

02
_+

0.
31

 
27

,9
 l 

_+
 2.

36
 

92
.9

+
_3

.8
8 

1.
49

_+
0.

20
 

E
ac

h 
va

lu
e 

re
p

re
se

n
t 

m
e

a
n

 
+_

 S
E

 o
f 

si
x 

an
im

al
s 

ap
<

O
.0

5,
 w

he
n 

co
m

p
a

re
d

 
w

it
h

 
sa

lin
e 

tr
e

a
te

d
 

ra
ts

 



and CDTA depleted only the levels of PGM in liver and kidney respec-  
tively. 

The eff icacy of the chelating drugs to remove toxic metals from the 
biological system stems from their abi l i ty to form stable complexes with 
the toxic metal ions and to enhance their excretion from the body without 
affecting the levels of essential trace elements. Since most of the che- 
lating drugs are not specific for a particular metal ion, they are also 
known to interact with the endogenous trace metals leading to their 
enhanced excretion resulting in the depletion in their organ levels 
(Cantilena and Klaassen 1981, 1982; Kostyniak and Clarkson, 1981; 
Tandon et al. 198#). These drugs also form stable complexes with 
various metal ions fn vitro (Sillen and Mar te l l  1971). Among the drugs 
evaluated in the present study, Cyclam exhibited least potential to inte-  
ract with endogenous trace metals as evidenced by unaltered level of 
the trace metals in organs. In our previous study, we reported the spe- 
Cif icity of Cyclam as an antidote for nickel (Athar et al. 1987) and also 
showed that Cycl&m produced least alterations compared to other drugs 
on the levels of endogenous trace metals in the presence of toxic conc- 
entrations of nickel. It is quite possible that the poor af f in i ty of Cyclam 
for endogenous trace metals may be due to its cyclic nature which inc- 
reases its specif icity for a particular metal ion due to the match of its 
cavity size with ionic radii of metal ions. TETA being linear is non- 
specific and has an aff ini ty for various metal ions. The significant dep- 
letion of Cu in serum and Cu and Fe in hepatic/renal tissue after the 
administration of TETA in the present study appears reasonable in view 
of its use in the treatment of Wilson's disease (Walshe~ 1973). The high 
aff in i ty of TETA for Cu may also be due to the high stabi l i ty constant 
of Cu-TETA complex in solution (Dubois et al. 1970; Sillen and Martell 
196#; Walshe 1973). Similarly, the high stabil i ty constant of Fe-TETA 
complex in solution could explain the cause for the depletion of tissue 
Fe level after its treatment (Sillen and Martell 196#). The polyamino- 
carboxylic acid drugs produced comparatively more drastic effects on 
the serum/organ levels of trace metals as evident from the results of 
this and previous studies (Brownie et al. 1986; Chapvil et al. 1974; 
Fisher et al. 1976). These drugs have several highly electronegative 
oxygen and nitrogen containing functional groups which become charged 
and solvated in blood/plasm a thus it is unlikely that these drugs can 
cross the cell membrane. It, therefore, appears that the carboxylic acid 
drugs interact with trace metals during their transit from the site of 
absorption to the site of their distribution (Foreman 1960). The different 
pattern exhibited by polyaminocarboxylic acid drugs on the trace metal 
levels could be due to the difference in their binding affinit ies for vari- 
ous metal ions. 

The alterations in serum activit ies of LDH and GOT have been consi- 
dered as a tool to study the variation in cell viabil ity and changes in 
membrane permeabil i ty (Gentry et al. 1984; Vonen et al. 1984). The 
alterations produced by these drugs on the serum levels of LDH and 
GOT at init ial hours in our study may be the result of their interaction 
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with cell m e m b r a n e  (Cornish 1971; Pool 1981). The more  profound e f f e c t  
of polyaminocarboxyl ic  acids as compared  to Cycl~m and TETA on the  
levels of these  serum enzymes m a y  be a t t r ibu ted  to their  s t rong aff ini ty  
for Zn (Brownie et  al. 1986) which is known to mainta in  the  s t ruc tura l  
in tegr i ty  of cell m e m b r a n e  (Brownie et al. 1986; Chapvil et  al. 1974; 
Gabard 1974; Fisher e t  al. 1976). The normal iza t ion of enzyme  ac t iv i ty  
by 72 hrs suggest tha t  these  drugs produce a t e m p o r a r y  and revers ib le  
e f f ec t s .  

Glutathione,  a sulfhydryl mul t i funct ional  t r ipept ide  plays an impor tan t  
role in the  detoxi f ica t ion  of various chemicals ,  serves as a y-g lu tamyl  
donor and main ta ins  the  cysteine pool of the  sys tem.  GSH also plays a 
key role in the excre t ion of me ta l s  (Kawata  and Suzuki 1983; Maines and 
Kappas 1977a,b). GST is an impor tan t  enzyme which plays crucial  role 
during the me tabo l i c  disposition of a var ie ty  of xenobiot ics  through con-  
jugation with GSH (Cha t t e r j ee  and Bha t t acha rya  1984; Patr idge et  al. 
1983; Stockstill  and Dauterman 1982). The unal tered levels of GST and 
GSH af te r  the  adminis t ra t ion of TETA, GSH, EDTA and CDTA suggest 
tha t  these  drugs do not a l ter  the abil i ty of t issue for the b i o t r a n s f o r m a -  
t ion/e l iminat ion of xenobiotics including me ta l s .  The induced ac t iv i ty  
of GST and/or the  enhanced level of GSH exhibited by DTPA, H EDTA 
and Cyclam in the organs indicate  tha t  the  t issue m a y  cor robora te  the  
functions of these  chelat ing drugs to po t en t i a t e  excre t ion  of tox ic  me ta l s .  
The enhancement  in the  ac t iv i ty  of PGM by Cycl&m and DTPA might  
lead to  the  fas t  turnover  of NADPH, the l a t t e r  is known to  main ta in  the  
redox potent ia l  including the  levels  of GSH (Nordenberg et  al. 1982).. 

In summary ,  our results  suggest tha t  among all the drugs, Cyclam p r o -  
duced least  e f f e c t  on the levels of t r a c e  m e ta l s  and biochemical  p a r a -  
m e t e r s  followed by TETA, GSH and polyaminocarboxyl ic  acids. The 
Cyclam m a y  find a be t t e r  p lace  as an ant idote  for me ta l  poisoning. 

Acknowledgements .  The authors are grateful  to  Dr. P.K. Ray, Director ,  
Industrial Toxicology Research Cent re ,  Lucknow, India, for his e n c o u r a -  
gement  and in teres t  in the work. The technical  ass is tance of Mr. R.K. 
Kamjia  and mic rography  by Mr. Musleh Ahmad is also acknowledged.  

R ~ E R ~ C ~  

Athar M, Misra M and Sr ivas tava  RC (1987) Evaluation of chelat ing 
drugs on the  toxic i ty ,  excre t ion  and distribution or nickel in poisoned 
ra ts .  Fund Appl Toxicol 9 :26 -33  

Basinger MA, Jones MM and Tarka  MP (1980) Relat ive e f f i c acy  of che -  
lat ing agents  as ant idotes  for acute  nickel (II) a c e t a t e  intoxicat ion.  
Res Comm Chem Pathol & Pharmacol  30:133-141 

Brownie CF, Brownie C, Noden D, Krook L, Haluska  M and Aronson AL 
(1986) Tera togenic  e f f e c t  of calcium ede t a t e  (Ca-EDTA) in ra ts  and 
p ro tec t ive  e f f e c t  of zinc. Toxicol Appl Pharmacol  62 :426-443  

Cant i lena  LR ]r  and Klaassen CD (1981) Comparison of the  e f f e c t i v e -  
ness of several  chela tors  a f t e r  single admimst ra t ion  on the  tox ic i ty ,  
excre t ion and distribution of cadmium.  Toxicol Appl Pharmacol  58: 
452-460 

181 



Cant i lena  LR 3r. and Klaassen CD (1982) The e f f ec t  of chela t ing agents  
on the  excre t ion  of endogenous me ta l s .  Toxicol Appl Pharmacol  63: 
344-350 

C hapvil M, Aronson AL and Peng YM (1974) Relation between zinc and 
iron and peroxidation of lipids in liver homogenate in Ca-EDTA trea- 
ted rats. Exp Mol Pathol 30. 216-224 

Chatterjee S and Bhattacharya S (1984) Detoxication of industrial pollu- 
tants by the glutathione, glutathione-S-transferase system in the liver 
of Anabas testudineus (BIoch). Toxicol Lett 22:187-198 

Cornish I,HH (1971) Problems posed by observation of serum enzyme 
changes in toxicology. In CRC Critical Reviews in Toxicology, L. 
Goldberg (ed.) pp 1-32 

Curzon G and Vallet L (1960) The purification of human ceruloplasmin. 
Biochem 3 7#" 279-287 

Davidson S, Passmore R, Brock 3F and Truswell AS (1977) Human Nutri- 
tion and Dietetics. Churchill Livingston, New York 

Dubois RS, Rodgerson DO, SIouis TL,Hambidge KM and Bianchi TA 
(1970) Triethylenetetramine dihydrochloride in Wilson's disease. 
Lancet 2:775 

Dwivedi PP, Athar M, Hasan SK and Sr ivas tava  RC (1986) Removal of 
nickel by chelat ing drugs from the organs of nickel poisoned rats .  
Chemosphere  15:813-821 

Ellman GL (1959) Tissue sulfhydryl groups. Arch Biochem Biophys 82: 
70-77 

Fisher DR, Calder SE, Mays CW and Taylor GN (1976) Ca-DTPA induced 
fe ta l  dea th  and ma l fo rma t ion  in mice .  Tera to logy 1#: 123-128 

Fisher RA (1954) Stat is t icalhMethods for Research Workers. 12th ed. 
Oliver and Boyd, London 

Foreman H (1960) The applicat ion of chela t ing agents for lastening 
excre t ion of rad ioe lements .  In Metal Binding in Medicine (M3 
Seven and LA 3ohnson, eds) Lippincot t ,  Philadelphia, USA pp 160-166 

Gabard B (197#) The influence of DTPA on the  synthesis of DNA, RNA 
and proteins  in the regenera t ing  ra t  l iver.  Biochem Pharmacol  23: 
901-909 

Gent ry  PA, Rose ML and Chart PKC (198#) Effect  of T-2 toxin on 
bovine hematologica l  and serum enzyme p a r a m e t e r s .  Vet Hum 
Toxicol 26 :2#-28  

Habig  WH, Pabst  M3 and 3akoby WB (197#) Glu ta th ione-S- t rans fe rase .  
The f irst  e n z y m a t i c  step in m e r c a p t u r i c  acid format ion .  3 Biol Chem 
2#9:7130-7139 

Hur ley  LS (1981) Te t ra togen ic  aspects  of manganese ,  zinc and copper 
nutr i t ion.  Physiol Rev 61 :2#9-295  

3ollow D3, Mitchell 3R, Zampagl ione Z and Gil le t te  3R (197#) Brorno- 
benzene induced in liver necrosis.  P ro t ec t i ve  role of glutathione and 
evidence for 3 ,# ,bromobenzene oxide as the  hepa to toxic  me tabo l i t e .  
Pharmacology  11:151 

Kaur G, Sr ivas tava  UC, Dwivedi RS and Sr ivas tava  RC (198#) Influence 
of polyaminocarboxyl ic  acids on the removal  of manRanese-5# from 
the body organs of sham-opera ted  and par t ia l ly  hepa~ectornized rats .  
Yoxicol Let t  22 : 1 -6  

182 



Kawata  M and Suzuki KT (1983) Relation between me ta l  and glutathione 
concentrat ions in mouse liver a f te r  cadmium, zinc or copper loading. 
Toxicol Let t  15:131-137 

Kornberg A (1955) Lact ic  dehydrogenase of muscle ,  Methods in Enzymo-  
logy, Vol. I, SP Colowick and NO Kaplan (eds) Academic Press, New 
York i: 441-443 

Kostyniak PL and Clarkson TW (1981) Role of chelat ing agents in me ta l  
toxic i ty .  Fund Appl Toxicol' I: 376-380 

Lowry OH, Rosebrough Ng, Far r .AL and Randall R3 (1951) Protein m e a -  
surement with the folin phenol reagent .  3 Biol Chem 193:265-275 

Maines MD and Kappas A (1977) Metals as regulators  of heine metabol ism.  
Science 198:1215-1221(a) 

Maines MD and Kappas A (1977) Regulation of cy tochrome P-450 depen-  
dent microsomal  drug metabol iz ing enzymes by nickel, cobalt and iron. 
Clin Pharm Ther 22:780-790(b) 

Najjar VA (1955) Phosphoglucomutase from muscles:  Methods in Enzymo-  
fogy Vol. I, SP Colowick and NO Kaplan (eds), Academic Press, New 
York, I: 294-299 

Nordenberg 3, Kaplansky M, Berry E, Klein S and Beitner R (1982) 
Effects  of lithium on the act ivi t ies  of phosphofructokinase and 
phosphoglucomutase and on glucose- l ,  6-diphosphate levels on rat  
muscles,  brain and liver. Pharmacology 31-" 1025 

Patr idge CA, Dao DD, Hong TD, Misra G, Folse DS and Awasthi YC 
(1983) The e f f ec t  of t -bu ty la ted  hydroxytoluene on glutathione l in-  
ked detoxi f icat ion mechanisms in rat.  Arch Toxicol 53:41-48 

Pool ML (1981) Exposure and health ef fects of cadmium. Toxicol Envi- 
ronm Chem 4:179-205 

Reitman S and Frankel S (1957) A color imetr ic method for the deter -  
mination of serum glutamic oxalacet ic and glutamic pyruvic t ransa- 
minases. Am 3 Clin Pathol 28:56-63 

Sigel H (1983) Zinc and its role in biology and nutr i t ion. In: Metal Ions 
in Biological System, Marcel Dekker, New York, Vol. 15 

Sillen LG and Martel l  AE (1964) Stabi l i ty constants on metal- ion com- 
plexes. Special Publication No. 17. The Chemical Society, London 

Stockstil l ME and Dauterman WC (1982) Studies on the induction of 
glutathione-S-transferase in mouse l iver. Drug and Chemical Toxicol 
5" 427 -437 

Srivastava RC, Dwivedi PP, Behari 3R and Athar M (1986) Evaluation 
of LD of some polyaminocarboxylic  acids used as chelating drugs 
in metSa~ intoxicat ion.  Toxicol Let t  32; 37-40 

Srivastava RC, Misra M, Hasan SK and Athar M (1987) Evaluation of 
LDsn of some cycl ic  chelators in rats  (unpublished data) 

Tandofi~SK, gain VK and Mathur AK (1984) Effect  of meta l  chelators  
on excre t ion and tissue levels of essential  t r ace  e lements .  Environ- 
menta l  Research 35; 237-245 

Vonen B and Morland 3 (1984) Isolated rat  hepa tocytes  in suspension: 
Potential  hepatotoxic  e f f ec t s  of six d i f ferent  drugs. Arch Toxicol 
56:33 -37 

183 



Walshe 3M (1973) Copper chelation in patients with Wilson's disease: 
A comparison of pencillamine and tr iethylenetetramine dihydroch- 
loride. Quart 3 Med 42:4410452 

Williams DR and Halstead BW (1982-83) Chelating agents in medicine. 
3 Toxicol Clin Toxicol 19:1081-1115 

Received October 27, 1987; accepted April 28, 1988. 

184 


