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Chelation therapy is the most successful modality for the management

of heavy metal poisoning (Kostyniak and Clarkson, 1981; Williams and
Halstead,1982-83). The success of these drugs-stem from their multidentate
polyfunctional chelating behaviour (Basinger et al. 1980; Dwived: et al.
19863 Kaur et al. 1984; Kostyniak and Clarkson 1981). The therapeutic
mechanism of chelating drugs involves their interaction with toxic metals
leading to their rapid excretion from the body. Howe ver, because of
their indicriminate affinity for various metal ions, the potential interac-
tion between these drugs and endogenous trace metals is of concern
(Cantilena and Klaassen, 1982; Tandon et al. 1984). Thus the toxic mani-
festations of chelating drugs may partly be the result of their interac-
tion with essential trace metals which may ultimately lead to various
characteristic biochemical and pathological alterations (Cantilena and
Klaassen 19815 Davidson et al. 1977; Hurley 1981; Sigel 1983). It was,
therefore, of importance to define new chelating drugs which in addi-
tion to being effective as an antidote in metal poisoning may possess

low undesirable toxicity. In this respect our recent studies have indi-
cated that 1,4,8,11 tetraazacyclotetradecane (Cyclam) is capable of
serving as a specific antidote for nickel poisoning (Athar et al. 1987).

In the present communication we compare the acute effect of Cyclam
with those of other conventional chelating drugs namely, triethylenetet -
ramine (TETA), reduced glutathione (GSH), ethylenediamine tetraacetic
acid (EDTA), cyclohexanediamine tetraacetic acidi(CDTA). diethylene
triamine pentaacetic acid (DTPA), and hydroxyethylenediamine triacetic
acid (HEDTA) on (i) serum levels of Cu, Zn, lactate dehydrogenase (LDH),
glutamyloxaloacetic transaminase (GOT) and ceruloplasmin (CP); (ii)
hepatic and renal levels of Cu, Mn, Zn and Fe and (iii) hepatic and renal
levels of GSH, glutathione-S-transferase (GST) and phosphoglucom utase
{PGM) at various time intervals (16, 24 and 72 hrs) after their adminis-
tration to rats.

MATERIAL AND METHODS

Cyclam (Alfa 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 female albino rats of the Industrial Toxico-
logy Research Centre Colony, weighing 110 + 10 gm and were housed in
an air -conditioned room and had free access to pellet diet (Hindustap
Lever Ltd., Bombay, India) and water. The animals were divided into
eight groups consisting of eighteen rats in each. The animals of the
first seven groups received a single subcutaneous (sc) injection of
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Figure 1. Effect of A, Cyclam 0——¢, TETAA—x\, GSHO——-7 ] and
B, EDTA®—@,CDTA A—4, DTPAl—M and HEDT A——4on
the levels of serum ceruloplasmin (CP), copper (Cu) and zinc (Zn) at 16,
24 and 72 hrs after their treatment to rats.

freshly prepared solution of the chelating drugs (500 ymole/kg/2 ml). The
dose regimen was based on our previous study (Srivastava et al. 1986,
1987) on the criteria of having no or less than 10% mortality in adult
rats over a period of 14 days. The eighth group of animals received nor -
mal saline and served as control. Six rats from each group were sacri-

ficed by decapitation at 16, 24 and 72 hrs after treatment. The pharma-
cokinetlics of these drugs is not well established however, it is known
that these drugs are highly effective in promoting the excretion of toxic
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Figure 2. Effect of Cyclam@- -@, TETA@-+—@® and GSH@®—@on
the hepatic and renal levels of GSH, GST and PGM at 16, 24 and 72 hrs
after their administration to rats.

metal ions from the body organs over a period of 24 hrs and by 72 hrs
the effects become minimal (Athar et al. 1987; Cantilena and Klaassen
1981 and 1982). We, therefore, selected for this study three time points
i.e. 16, 24 and 72 hrs after the administration of the drugs. Blood samp -
les were collected and serum was separated by centrifugation. Liver and
kidney were immediately removed, cleaned free of blood and extraneous
material and processed for either biochemical assays or metal estimation.
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Figure 3. Effect of EDTA@-++-@, CDTA @—@ , DTPA®—+—@ and
HEDTA@---@on the hepatic and renal levels of GSH, GST and PGM at
16, 24 and 72 hrs after their administration to rats.

The levels of GSH and enzyme activities were assayed in serum, or liver
and kidney homogenates according to known methodology: GSH - Ellman
(1959) modified by Jollow et al. (1974); GST -Habig et al. (1974); PGM -
Najjar (1955); LDH - Kornberg (1955); GOT - Reitman and Frankel (1957);
CP - Curzon and Vellet (1960); Protein - Lowry et al. (1951).

The serum samnpl diluted (1:1) with double distilled wat d
meqcal E%nter?i ngg ‘rhéeee;de directly(on )a Perkin lf:‘.ln’exzer s5008 atom% an
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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, 1954).

RESULTS AND DISCUSSION

The effect of acute administration of various chelating drugs (500 umole/
kg) on the levels of serum CP, Cu and Zn at 16, 24 and 72 hrs after their
treatment are shown in Fig. l. Cyclam produced significant decreases
in the levels of CP at 16 hrs which returned to normal value by 72 hrs.
The drug, howe ver, produced no change in the Cu level but raised the
level of Zn at each time interval (Fig. 1A). The effect 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. 1B), 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 time inter vals.

The effect of these chelating drugs on hepatic and renal levels of Cu,
Zn, Fe, and Mn at various time intervals is shown in Table 1 and 2. Most
of the drugs reduced the concentration 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 treatment. Changes produced by poly-
aminocarboxylic acid drugs were, howe ver, more pronounced than that
occurred with Cyciam, 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 trace metals.

The -effect of various drugs on serum LDH and GOT activities 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 activity of GOT was, however, less affected as
compared to LDH and was only increased by polyaminocarboxylic acid
drugs. The effect of these drugs on hepatic and renal levels of GSH,
GST and PGM is shown in Figs. 2 and 3. Cyclam_increased hepatic PGM
and GST activities respectively at 24 and 16 hrs while produced no
change in GSH. However, in kidney, it produced an increase in GST
activity., TETA and GSH showed no significant alterations on any of
these parameters in both the orians under study. Among polyaminocar -
boxylic acids, DTPA increased the levels of GSH, GST and PGM in

liver without producing effect on renal levels. HEDTA 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
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and CDTA depleted only the levels of PGM in liver and kidney respec-
tively.

The efficacy of the chelating drugs to remove toxic metals from the
biological system stems from their ability 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. 1984).. These drugs also form stable complexes with
various metal ions in vitro (Sillen and Martell, 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-
cificity of Cyclam as an antidote for nickel (Athar et al. 1987) and also
showed that Cyclam 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 affinity of Cyclam
for endogenous trace metals may be due to its cyclic nature which inc-
reases its specificity 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 affinity 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
affinity of TETA for Cu may also be due to the high stability constant
of Cu-TETA complex in solution (Dubois et al. 19703 Sillen and Martell
1964; Walshe 1973). Similarly, the high stability constant of Fe-TETA
complex in solution could explain the cause for the depletion of tissue
Fe level after its treatment (Sillen and Martell 1964). 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 sol vated in blood/plasma 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 affinities for vari-
ous metal ions.

The alterations in serum activities of LDH and GOT have been consi-
dered as a tool to study the variation in cell viability and changes in
membrane permeability (Gentry et al. 19843 Vonen et al. 1984). The
alterations produced by these drugs on the serum levels of LDH and
GOT at initial hours in our study may be the result of their interaction
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with cell membrane (Cornish 19715 Pool 1981). The more profound effect
of polyaminocarboxylic acids as compared to Cyclam and TETA on the
levels of these serum enzymes may be attributed to their strong affinity
for Zn (Brownie et al. 1986) which is known to maintain the structural
integrity of cell membrane (Brownie et al. 19865 Chapvil et al. 1974;
Gabard 1974; Fisher et al. 1976). The normalization of enzyme activity
by 72 hrs suggest that these drugs produce a temporary and reversible
effects.

Glutathione, a sulfhydryl multifunctional tripeptide plays an important
role in the detoxification of various chemicals, serves as a y-glutamyl
donor and maintains the cysteine pool of the system. GSH also plays a
key role in the excretion of metals {(Kawata and Suzuki 1983; Maines and
Kappas 1977a,b). GST is an important enzyme which plays crucial role
during the metabolic disposition of a variety of xenobiotics through con-
jugation with GSH (Chatterjee and Bhattacharya 1984; Patridge et al.
1983; Stockstill and Dauterman 1982). The unaltered levels of GST and
GSH after the administration of TETA, GSH, EDTA and CDTA suggest
that these drugs do not alter the ability of tissue for the biotransforma-
tion/elimination of xenobiotics including metals. The induced activity

of GST and/or the enhanced level of GSH exhibited by DTPA, HEDTA
and Cyclam in the organs indicate that the tissue may corroborate the
functions of these chelating drugs to potentiate excretion of toxic metals.
The enhancement in the activity of PGM by Cyclam and DTPA might
lead to the fast turnover of NADPH, the latter is known to maintain the
redox potential including the levels of GSH (Nordenberg et al. 1982)..

In summary, our results suggest that among all the drugs, Cyclam pro-
duced least effect on the levels of trace metals and biochemical para-
meters followed by TETA, GSH and polyaminocarboxylic acids. The
Cyclam may find a better place as an antidote for metal poisoning.
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