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A study in rats was made of the effects produced by L-cysteine on the acute toxicity of
cobalt chloride given orally and intraperitoneally. The decrease in lethality was absolute for
the different doses tested, except when the CoCl2 was given orally and L-cysteine in­
traperitoneally in which only 40 % efficiency was obtained. No specially significant changes
were observed in the blood parameters of the animals treated with the CoCl^cysteine
complex after one week.

Significant differences were noted between serum parameters: glucose, triglycerides
and cholesterol, measured in rats after twelve hours of receiving the CoCbj-cysteine
complex, compared with the same parameters measured when the CoCl2 was given without
complex.
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Cobalt is a metal with numerous in­
dustrial uses and is also indispensable as
an oligoelement, forming part of the vit­
amin B(2. However, it is able to cause
considerable toxic action.

One of the most noticeable toxic ef­
fect produced by cobalt is in the heart
(1, 2). There are several mechanisms
which are able to cause a cardiotoxic
effect. Cobalt reacts specifically with
SH groups of dihydrolipoic acid, imped­
ing the conversion of pyruvate into
acetyl-CoA and a-cetoglutarate to suc­

cinyl-CoA in the tricarboxylic acid cy­
cle (3, 12, 13).

Thus, it appears that the biological
activity of cobalt is related to its capac­
ity to form complexes with enzymes
through its SH groups or also N-his-
tidine (8, 10).

In previous studies, the acute toxicity
some cobalt salts in rats by measuring
their LDX1 was determined (7); also the
effects on lethality and some analytical
parameters produced by EDTA, a che­
late described as a cobalt antidote (5).



232 J. L. DOMINGO AND J. M. LLOBET

In this paper we study the effects
which cysteine, a sulphured aminoacid
abounding in mammalian organisms,
can produce on acute cobalt toxicity
when given by two means, orally and
intraperitoneally, which is considered
interesting bearing in mind that the reac­
tion of cobalt with the SH group of
aminoacids or enzymes has been shown
in vitro (4, 12).

Finally, acute toxicity of the CoCl2-
cysteine complex was studied; also the
variation on some blood parameters
produced by treatment with the
aforementioned complex, in relation to
time, during the hours immediately after
intoxication. It is during this phase
when the greatest irregularities were
observed with regard to the animals
treated only with CoCl2-6H2O, orally or
intraperitoneally (6, 7, 11).

Materials and Methods

Five groups of female rats Sprague-
Dawley were used, with 10 animals in
each group, their weights ranging be­
tween 150 and 180 g. In order to mea­
sure blood parameters, 4 or 5 animals
were used each time.

The CoC12-6H2O and L-chlorhydrate
of cysteine used were analytically pure
and supplied by Merck.

Each animal was given in accordance
with its weight, the corresponding vol­
ume of dissolved CoCl2-6H2O and
cysteine, either orally or intraperitone­
ally, adjusting the proportion to 5 ml per
kilo of weight. The syringes used were
precision type with a capacity of 1 ml
graded in hundredths of ml. Oral doses
were given intragastrically. The in­
traperitoneal solutions were prepared in
a buffer Tris/HCl 10 mM adjusted at
pH 7.4.

The CoCk-cysteine complex was pre­
pared using molar concentrations of
cobalt and cysteine in a proportion of

1:3 (9), dissolved in the previous buffer
at pH = 7.4.

The control animals received equiva­
lent volumes of distilled water orally
or from the buffer Tris/HCl 10 mM,
pH — 7.4, intraperitoneally.

The different experiments carried out
were as follows: Oral administration of
CoC12-6H2O 0.46 M [corresponding to
the oral LD^ of the salt (7)] and im­
mediately after L-cysteine 1.38 M (1:3),
also oral.

Intraperitoneal administration of
CoClj’ 6H2O 0.036 M [corresponding to
the LD5o i.p. of the salt (7)] immediately
after L-cysteine 0.108 M, also intra­
peritoneally.

Oral administration of CoC12-6H20
0.46 M, and i.p. of L-cysteine 0.108 M,
after 15 minutes.

Oral administration of the CoCl2-
cysteine complex prepared in vitro at
concentrations of 0.46 M and 1.38 M
respectively.

Intraperitoneal administration of the
CoCl2-cysteine complex prepared in
vitro at concentrations of 0.036 M and
0.108 M respectively.

In every case, the animals were
observed for seven days receiving food
and water ad libitum during this time.

Four animals from experiments fourth
and fifth, and four control animals were
killed by decapitation after seven days,
and the following blood parameters
determined: hematocrit, hemoglobin,
glucose, urea, total proteins, choles­
terol, uric acid, creatinine, ALP, GOT
and GPT.

Finally, the CoCl2-cysteine complex
(1:3 molar) was given orally to 20 ani­
mals at concentrations 0.315 M of CoCl2
and 0.945 M of cysteine, [corresponding
to 3/4 LD50 of the oral CoCl2 (7)], deter­
mining the following parameters: he­
matocrit, hemoglobin, total proteins,
glucose, triglycerides, cholesterol and
total lipids in groups of five animals at
1, 2, 3 and 12 hours after administration.
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The same experiment was carried out
by injecting the CoCl2-cysteine complex
(1:3 molar) intraperitoneally 0.027 M
and 0.081 M [corresponding to 3/4 LD^
of the CoCl2 i.p. (7)], determining the
same parameters at 30 minutes, 1, 3 and
12 hours after injection. These times
were selected to be able to compare
with the results obtained in previous
studies (7).

The blood parameters was deter­
mined: hematocrit, by the microhema­
tocrit method, using Clay-Adams cen-
trifugue Mod. Adams-Autocrit Centri-
fugue; hemoglobin measured as ox­
ihemoglobin with a Coulter Electronic
hemoglobinometer; the serum paramet­
ers were analized using classic analyti­
cal techniques, by means of Technicon
multichannel analyzer Mod. SMA-12,
with the exception of total lipids that
were determined according to sulpho­
phosphovanillin reaction.

The significance of the differences in
the results was determined by the t
Student-Fischer test.

Results

Table I contains the results from the
five experiments aforementioned, show­

ing that, with the exception of the oral
administration of the CoCl2 and in­
traperitoneal administration of cysteine
in which the effective decrease in the
planned lethality was 40 %, this was
100 % in all remaining cases.

In table II there are comparisons be­
tween the different blood parameters of
the animals treated with the CoCl2-
cysteine complex oral and i.p. and the
control animals.

And last, table III shows comparisons
among analytical parameters measured
12 hours after giving the CoCl2-cysteine
complex (oral and i.p.), or after giving
CoCl2 freely (oral and i.p.).

Glucose was increased significantly
when CoCl2 was given orally, while the
oral administration of CoCl2-cysteine
complex did not give any significant
variation.

Triglycerides showed a significant in­
crease when CoCl2 was given freely;
results obtained for both oral and in­
traperitoneal administration. By admin­
istration of intraperitoneal complex,
triglycerides even decreased signific­
antly during the same period.

Cholesterol was significantly below
the control values, except when CoCl2
was given orally. In this case, the re­
sults showed a significant increase.

Table I. Effects of L-cysteine in acute CoCI^GHzO intoxication.
Animals treated per group, 10. Animals survivors seven days after treatment.

Group
CoCI^6H2O L-Cysteine

M
Animate
Survivors

1 0.46 oral 1.38 oral 10
2 0.036 i.p. 0.108 i.p. 10
3 0.46 oral 0.108 i.p. 7

4 0.46 1.38 10

Complex oral

5 0.036 0.108 10

Complex i.p.

Control oral 0.46 (LDm) — 5
Control i.p. 9.036 (LDm) — 5
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Table II. Comparison among some analytical parameters in the control animals and those treated with
CoCI2-cysteine complex (oral and i.p.), after seven days.

Mean values ± S.E. The CoClrcysteine complex was prepared 1:3 molar at concentrations of CoCl2
corresponding to the oral and intraperitoneal LD^ of the salt respectively.

Parameter Control CoCI^Cysteine complex oral CoC^-Cysteine complex i.p.

Hematocrit % 31.6 ± 1.14 36.3 ± 4.03 36.5 ±1.29**
Hemoglobin g/100 ml 13.2 ± 0.19 12.8 ± 1.49 13.0 ± 0.44
Glucose mg/100 ml 125 ± 7.9 140 ± 9.4 140 ± 7.5*
Urea mg/100 ml 27.3 ± 1.97 39.3 ±2.79*** 35.4 ±3.07**
Total proteins g/100 ml 4.8 ± 0.08 5.2 ± 0.22 5.5 ± 0.21**
Cholesterol mg/100 ml 56 ± 4.5 50 ± 7.5 53 ±8.1
Uric acidmg/100ml 6.3 ± 0.53 5.1 ±0.29’* 4.8 ± 0.41**
Creatinine mg/100 ml 0.5 ± 0.10 0.4 ± 0.10 0.4 ± 0.14
ALP U/l 46 ± 4.8 39 ± 5.1 37 ± 4.9*
GOTU/I 301 ± 32.9 308 ± 17.1 256 ± 32.9
GPTU/I 59 ± 8.8 44 ± 5.6* 41 ± 5.5*

Statistical significance (Student-Fischer’s test): *P<0.05: •,P<0.01; ”‘P < 0.001; Degrees of freedom = 6.

Hematocrit, hemoglobin, total pro­
teins and total lipids scarcerly showed
significant differences between the ani­
mals treated with the CoCl2-cysteine
complexes and the animals treated with
CoCI2.

Discussion

The results show that L-cysteine is an
effective antidote to the lethal action of
cobalt, as. the number of treated animals
surviving one week for each of the dif­
ferent administrations of CoC12(LD50),
was 100 %, except if the metal was gi­
ven orally and the cysteine was given
intraperitoneally after about 15 minutes,
when effectiveness was reduced to
40 %. Probably this is due to a problem
of cobalt and cysteine absorption times,
as previous tests showed that the in­
traperitoneal administration of cysteine
immediately after oral cobalt ingestion
(LD5u) and at theoretical concentrations
for the formation of the complex in vivo
produces immediate death in the ani­
mals. However, with the intraperitoneal 

concentrations of cysteine used, if the
time for the administration of the
aminoacid was delayed too long it was
unable to avoid the lethal action of
cobalt taking place due to its rapid
absorption.

Nevertheless, cysteine proved to be
totally efficient when given as a com­
plex in vitro with CoCl2 for both
methods of administration. The analyti­
cal controls carried out in the surviving
animals seven days after treatment with
the CoCl2-cysteine complexes scarcely
showed any significant variations with
the exception of: an increase in urea and
decrease in the uric acid for oral
administration; and an increase in the
hematocrit, urea and total proteins; to­
gether with a decrease in uric acid for
intraperitoneal administration; these re­
sults being taken as a whole do not
enable any precise conclusions to be
reached.

The increases in significant paramet­
ers related to lipid metabolism during
the twelve hours subsequent to intoxica­
tion with CoCl2, scarcely appeared
when the CoCl2 is forming complex with



Ta
bl

e 
III

. Ana
ly

tic
al

 pa
ra

m
et

er
s 

m
ea

su
re

d 
12

 h
ou

rs
 a

fte
r g

iv
in

g 
th

e 
C

oC
I2

-c
ys

te
in

e 
co

m
pl

ex
 (o

ra
l a

nd
 i.p

.) 
or

 C
oC

I2
 fr

ee
ly

. C
om

pa
ris

on
 w

ith
 th

e 
co

nt
ro

l
an

im
al

s.
M

ea
n 

va
lu

es
 ±

 S
.E

. A
m

ou
nt

s 
of

 C
oC

I2
 in

 p
ar

en
th

es
es

. T
he

 C
oC

I2-
cy

st
ei

ne
 co

m
pl

ex
 w

as
 p

re
pa

re
d 

1:
3 

m
ol

ar
, w

ith
 th

e 
sa

m
e 

co
nc

en
tra

tio
ns

 o
f c

ob
al

t a
s

in
 th

e 
fre

e 
ad

m
in

is
tra

tio
n.

L-CYSTEINE IN ACUTE COBALT INTOXICATION 235

is
8

co
in
+1

CM



236 J. L. DOMINGO AND J. M. LLOBET

cysteine. These increases are provoked
by the action of cobalt (11) and the
differences observed confirm in any
case the role of cysteine in its block.

Consequently, the results obtained
show a substantially different behaviour
for CoCl2 when given freely or forming
a complex with L-cysteine. The previ­
ous formation of the complex in vitro
did not evidence any lethality, and when
the complex is formed directly in vivo,
also its lethality is shown to be consid­
erably reduced; always according to the
experimental conditions mentioned.

Resumen

Se estudian en rata los efectos de la L-cisteina
sobre la toxicidad aguda producida por el cloruro
de cobalto administrado oral e intraperitoneal-
mente. La disminucion de la letalidad es absolute
para las distintas dosis ensayadas, excepto cuando
el CoCI2 se administra oralmente y la L-cisteina
intraperitonealmente en que solo se alcanza un
40 % de eficacia. No se observan alteraciones
especialmente significativas en los parametros
sangumeos de los animates que recitieron el com-
plejo CoCl^cisteiha, al cabo de una semana de su
administration.

La glucosa, los trigliceridos y el colesterol,
medidos a las doce horas de la administration del
complejo CoCl^isteina registran diferencias sig­
nificativas con respecto a los mismos parametros 

medidos tras la administration del CoCl2 sin
acomplejar.
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