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Cysteine produced a significant and progressive reduction in the toxicity of antimonyl
potassium tartrate (APT) when the two substances were injected into mice and rabbits in
ratios of APT to cysteine ranging from 1: 1 to 1: 3. The reduction in toxicity was highest
with the 1: 3 ratio. However, the combination of the two substances, especially in the ratio
of 1: 3, appreciably reduced the antischistosomal activity ofAPT both in vivo and in vitro.

Cysteine has previously been found to decrease the
acute toxicity of antimony sodium thiomalate (13),
tartar emetic, antimony thioglycollate, and stibo-
phen (6) in mice. Penicillamine was similarly found
to decrease the acute toxicity of antimonyl potas-
sium tartrate (APT) without appreciably affecting its
antischistosomal activity (10). Penicillamine, further-
more, protected against APT-induced changes in
ECG readings (9) and changes in liver function (11).

In view of the similarities in structure between
cysteine and penicillamine, work was carried out to
investigate whether cysteine would also protect
against the hepatic toxicity of APT without affecting
its antischistosomal activity. The effect of different
proportions of cysteine to APT on the acute toxicity
(LD50) of the latter was also studied.

MATERIALS AND METHODS

Effect of cysteine on the LD50 ofAPT
Ten groups of six male albino mice were injected

intraperitoneally with APT in doses starting from
17.78 mg per kg of body weight and increasing in
increments of 0.05 log dose interval. The number of
dead animals in each group was recorded 24 h after
injection. The LD50 was then calculated according to
the formula of Finney (8).
The experiment was repeated with APT plus

cysteine in ratios of 1: 1, 1: 2, and 1: 3 by weight.
The drugs were given as separate injections. In terms
of molecular weight these represent ratios of about
2.5 :1, 1.3: 1, and 0.8: 1, respectively.

* From the Department of Pharmacology, Faculty of
Pharmacy, Cairo University, Cairo, Egypt.

Effect of cysteine on liver function tests
The biochemical determinations chosen to evalu-

ate liver function were: (a) serum glutamic oxalacetic
transaminase (SGOT) and serum glutamic-pyruvic
transaminase (SGPT) (16); (b) alkaline phosphatase
(AP) (12); (c) thymol turbidity and flocculation (17);
and (d) icterus index. Electrophoretic estimation of
the serum lipoproteins was also carried out (20).

Rabbits, in groups of 10-13, were given intraperi-
toneal injections of APT either alone at 4 mg/kg
daily for 5 days, or in addition to 12 mg/kg cysteine
as a separate injection. Mortality was recorded
during treatment and for 2 weeks after treatment.
Liver function was estimated for each rabbit before
treatment and 24 h and 2 weeks after the last
injection. One group of animals received cysteine
alone in a dose of 12 mg/kg, and another group of
untreated rabbits was maintained to study any
change in liver function.

Effect of cysteine on the antischistosomal activity of
APT
Male mice, each weighing 15-25 g, were used

8 weeks after each had been exposed to approxima-
tely 150 cercariae of an Egyptian strain of Schisto-
sorna mansoni. The method of infection was essen-
tially that described by Standen (19).

Effect on early hepatic shift. The mice were divided
into 4 batches each of 30 animals. One batch
received APT alone in a dose of 20 mg/kg intraperi-
toneally, while the other 3 batches were given APT
at 20 mg/kg together with cysteine at 20, 40, and
60 mg/kg, respectively. A separate group of 10

3449 - 379 BULL. WORLD HEALTH ORGAN., Vol. 53, 1976



S. SALEH & M. T. KHAYYAL

infected animals were given cysteine alone in a dose
of 60 mg/kg intraperitoneally, and another group
was used as an untreated control. Each treated batch
was subdivided into 3 groups of 10 mice, which were
autopsied 2, 4, and 24 h after injection, respectively.
The number of schistosomes, their sex, and their
location were observed and recorded.

Effect on cure rate. Six groups of 10 infected mice
were used. One group served as the control and
4 were given intraperitoneal injections of APT at
20 mg/kg either alone or with cysteine in ratios of
1: 1, 1: 2, or 1: 3. The sixth group received cysteine
alone at 60 mg/kg intraperitoneally. The injections
were given daily for 5 consecutive days. Two weeks
after the last injection, the animals were autopsied
and the mean worm burden as well as the distribu-
tion of schistosomes in the hepatic portal system of
each mouse were carefully recorded. The cure rate
was calculated from the ratio of dead worms to the
total worm burden.

Effect on worms in vitro. Drug testing in vitro was
performed with sterile tubes each containing 5 ml of
the culture medium described by Standen (18), con-
sisting of equal parts of horse serum and Tyrode's
solution. The concentration of APT used was chosen
to kill schistosomes in not less than 1 h and not more
than 6 h. Various concentrations of cysteine were
added to the medium such that the ratio of APT to
cysteine ranged from 1: 1 to 1: 5. The schistosomes
were collected from infected mice with sterile instru-
ments under conditions kept as aseptic as possible.
Two worm pairs were placed in each tube and the
effect of each drug concentration was determined in
duplicate. The tubes were placed in an incubator at
37°C and examined every 30 min for signs of worm
paralysis.

In all experiments the Student t-test was used
to determine the significance of a difference between
mean values. Probability (P) values smaller than 0.05
were considered significant.

RESULTS

Toxicity studies
The effectiveness of cysteine in reducing the acute

toxicity of APT in mice is shown in Fig. 1. Cysteine
raised the LD50 of the APT from 33 to 47 mg/kg
when used in a 3: 1 ratio with APT. Lower propor-
tions afforded little protection.
The mortality of rabbits during a 2-week course of

treatment was reduced from 80% for APT alone to

Fig. 1. Effect of cysteine on the LDso of APT in mice.
The histograms show mean values with standard
errors.

65% when the drug was used with cysteine in a 1: 3
ratio.
The icterus index and thymol turbidity tests were

not significantly altered either by APT alone or by
its use together with cysteine. Furthermore, cysteine
alone did not affect any of the functions studied; the
SGOT, SGPT, and AP values fluctuated only by
5-7% and showed no statistical difference from the
control values. In addition, the /3- and a-lipoprotein
fractions did not deviate significantly from normal
values.
The effect of APT alone and in combination with

cysteine on some of the liver function tests is shown
in Fig. 2. Cysteine afforded rapid protection against
the rise in SGOT levels caused by APT alone.
Instead of a rise of 200% caused by APT alone, the
combination resulted in only a 49% increase, and
this returned to normal after 2 weeks.
APT alone induced a sharp rise of 200% in SGPT,

24 h after termination of the course. However, when
given simultaneously with cysteine, there was only a
30% increase. After 2 weeks of treatment the SGPT
levels in the group given APT alone had dropped
back considerably, but still remained 70% more than
those of the controls. The level in the group treated
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Fig. 2. Effect of treatment with APT alone and in
combination with cysteine on serum enzyme levels
after 5 days of administration. The effects of cysteine
on enzyme increase were significant in all cases
(P = 0.05).

with APT + cysteine did not change significantly
during the 2 weeks.
The AP level in the APT-treated group was 120%

higher than the control value 24 h after treatment. The
adjuvant use of cysteine restricted this rise to only
20 %. Table 1 shows that 24 h after the last injection
of APT alone there was more than a 10-fold increase
in the ,B: a-lipoprotein ratio. When cysteine was

given simultaneously with APT, however, this ratio
was not altered significantly.

Antischistosomal activity

Effect on early hepatic shift. The effect of cysteine
on the early hepatic shift induced by APT is shown
in Fig. 3. There was no significant change in the

Fig. 3. A comparison of the early hepatic shift produced
in infected mice by a combination of APT and cysteine
in different ratios. C indicates the normal worm
distribution in untreated control animals.

worm shift 2 and 4 h after treatment with either APT
alone or in combination with cysteine in ratios of
1: 1 and 1: 2. After 24 h, 75% of the worms

remained in the livers of animals treated with APT
alone whereas only 50% remained in those treated
with APT + cysteine at a ratio of 1: 2.
With the 1: 3 ratio the early shift was so delayed

that after 2 h only 12% of the worms migrated to the
liver. Even after 4 h the maximum shift was around
65% and there was virtually complete return to the
mesentery within 24 h.

Table 1. Effect of a 5-day course of treatment either with APT alone or with APT +
cysteine on the lipoprotein pattern

Normal values Change Change
before treat- 24 h after course (%) 2 weeks after course (%)

ment (± SEM) APT APT + cysteine APT APT + cysteine

a-lipoprotein 32.45 ± 3.11 -86.87 a -1 0.75 -39.41 a -15.28 a

P-liprotein 39.13 ± 2.80 +68.78 a +7.88 +20.31 a _3.45
,B: a ratio 1.21 15.49 1.23 2.41 1.15

a Significant (P = 0.05).
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Cysteine alone did not alter the location of worms
in the hepatic portal system of the infected animals.

Effect on cure rate. A 5-day course of treatment
with APT at 20 mg/kg gave a cure rate of about 92%
as assessed by the ratio of dead worms in the liver to
the total worm burden observed 2 weeks after the
last dose of the drug. It also reduced the mean worm
burden from 27 to 18. The cure rate was only 69%
when APT + cysteine was administered in a ratio of
1: 3 and the mean worm burden was reduced to
only 25. Lower proportions of cysteine produced less
protection. Table 2 demonstrates these effects.
Cysteine alone at 60 mg/kg had no lethal effect on
the worms and only about 5% living worms were
found in the liver at autopsy, the rest being found in
the mesentery.

Table 2. Comparative cure rates in mice two weeks
after completion of a course of treatment with APT +
cysteine in various ratios. All values are given as means
of 1 0 animals ± standard error of mean (SEM)

Schedule of treatment Mean worm burden Percentage of
(mg/kg/day x 5) per animal total worm burden

20 APT (control) 18.37 ± 2.12 92.01 ± 3.79

20 APT + 20 cysteine 19.17 ± 1.70 76.40 ± 3.92

20 APT + 40 cysteine 20.50 ± 2.60 76.35 ± 9.00

20 APT + 60 cysteine 25.43 + 3.85 69.05 l 5.61

Effect on worms in vitro. A comparison is given in
Table 3 of the times of onset of paralysis of the
schistosomes caused by APT in the absence and
presence of various concentrations of cysteine in the
medium. Increasing the concentration of cysteine
from 1 to 5 times the concentration of APT caused a

progressive delay in the onset of paralysis propor-

tionate to the dose of adjuvant.
The worms in the control (drug-free) tubes, as well

as those incubated with cysteine only, showed no

signs of paralysis for at least 4 days when kept in an

incubator at 37°C without change of medium.

DISCUSSION

Cysteine increased the LD50 of APT by 40% when
used in a ratio of 3 :1. Lower ratios produced less
protection. This ratio also proved of value in safe-
guarding against the changes in liver function that
would have occurred if APT had been used alone.

Thiol-containing compounds have been reported to
protect against antimonial toxicity by binding the
antimony and setting free the sulfhydryl-containing
intracellular enzymes. On the basis of this effect
cysteine has long been used as a protective agent
against experimentally-induced liver lesions and was

found to restore to normal the concentration of
some enzymes including coenzyme A (1, 4, 15, 21). A
reduction in toxicity could possibly be attributed to
an increase in the excretion of the antimonial com-

pound or to a decrease in tissue uptake.

Table 3. In vitro incubation of adult schistosomes with APT com-
bined with various proportions of cysteine. The number indicates
motile worms. Each incubation tube contained 2 pairs of worms

APT in Cysteine Time of observation (hours)
medium (%) in medium (%) ½ 1 1 t2 2 21/2 3 3½2 4

- - 4 4 4 4 4 4 4 4

- 0.10 4 4 4 4 4 4 4 4

0.02 - 4 2 1

0.02 0.02 4 2 1 - - - - -

0.02 0.04 4 2 2 - - - - -

0.02 0.06 4 4 3 3 - - - -

0.02 0.08 4 4 4 4 2 2 - -

0.02 0.10 4 4 4 4 2 1 - -
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However, in considering the optimum regimen for
treatment in chemotherapeutic studies, one has to
consider the relative toxicity of the drug to host and
parasite. It would therefore be difficult to select the
best regimen for treatment purely on the basis of an
improvement in liver function. Even though cysteine
may have been effective in protecting liver function,
it was not as effective in maintaining the antischisto-
somal effect of APT either in vivo or in vitro.

In the present study there was a gradual delay in
hepatic shift, in cure rate, and in the onset of worm
paralysis as the concentration of cysteine increased.
This difference in action between small and large
doses of the adjuvant may be due to the chelation of
antimony rendering it less active.

This reaction is reversible if the amount of the thiol
compound is small, because the complex can hydro-
lyse back to its original components (2), thus not
markedly affecting the amount of free APT. With
larger amounts of cysteine, however, the effect is
prolonged since the association reaction will then
predominate and less free APT will become avail-
able. Accordingly dissociation, with the production
of active antimony, occurs only when a small
amount of adjuvant is used. This does not exclude
the possibility that the inhibition of activity obtained
with an excess of the thiol compound might have
been due to donation of SH groups which reactivate
the receptor site of the parasite and/or block directly
the effect of the drug on it (7).

Cysteine has been shown to reduce the trypanoci-

dal activity of APT both in vivo (6) and in vitro (5),
although at much higher concentrations.
From previous studies with penicillamine Khayyal

et al. (11) found that penicillamine has a much
stronger protective action against the toxicity of
APT without affecting its therapeutic value at an
APT: penicillamine ratio of 1: 2.
The difference in action between cysteine and

penicillamine may be due to the greater stability of
the compound formed by chelation of antimony with
penicillamine. Another explanation may be that the
methyl groups of penicillamine protect it against
degradation by making it a poorer fit for the metab-
olizing enzyme. This was experimentally proved by
Aposhian (3) who attributed the ineffectiveness of
cysteine in mercury (2+) chloride intoxication and
in the excretion of the copper in patients with
Wilson's disease to its rapid catabolism, in contrast
to the relative stability of penicillamine to metabolic
degradation.
On the basis of these results, it would seem that

even though cysteine would effectively protect
against some aspects of antimony toxicity, its appli-
cability as an adjuvant in the antimonial therapy of
schistosomiasis is limited by the fact that it also
reduces the antischistosomal activity of the anti-
monial. For this purpose it would appear that
penicillamine is a superior adjuvant, since it could,
in appropriate doses, effectively reduce the toxicity
of the antimonial without appreciably reducing its
effectiveness.

RtSUMI

EFFET DE LA CYSTEINE SUR LA TOXICITE HEIPATIQUE ET SUR L'ACTIVITE ANTISCHISTOSOMIQUE
DU TARTRATE D'ANTIMONYLE ET DE POTASSIUM

Au cours de cette etude, les auteurs se sont efforces
de determiner l'action protectrice de la cysteine a l'egard
de la toxicite hepatique du tartrate d'antimonyle et de
potassium ainsi que son effet sur I'activite antischistoso-
mique de cette substance.

D'apres les resultats observes chez la souris et chez le
lapin, la cysteine parait provoquer une diminution
marquee et progressive de cette toxicite lorsqu'elle est

administree avec le tartrate dans des rapports tartrate/
cysteine respectivement egaux A 1/1, 1/2 et 1/3. La dimi-
nution de la toxicite etait maximale pour la proportion
de 1/3. Toutefois, la combinaison de la cysteine et du
tartrate, en particulier dans la proportion de 1/3, reduit
considerablement l'activite antischistosomique de celui-ci
in vivo et in vitro.
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