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Abstract

Long-term exposure to cyanide and/or its main metabolite, thiocyanate, has been associated with goiter, pancreatic
diabetes and several neurological disorders. However, very little is found in the literature relating the nephrotoxic and
hepatotoxic effects of these substances. Thus, the objective of the present study was to verify the effects of prolonged
exposure to potassium cyanide (KCN) in these organs. Forty-six male adults rats, weighing approximately 200 g at
the beginning of the experiment, were distributed into five groups—four experimental and one control. Experimental
groups were dosed with target doses of 0.3, 0.9, 3.0 or 9.0 mg KCN/kg per day, in the drinking water, during 15 days
and the control groups received only tap water. At the end of this experiment, all rats were subjected to euthanasia
and plasma samples were obtained in order to determine thiocyanate and thyroidal hormones levels and fragments
of thyroid, kidney and liver were collected. Rats treated with the highest cyanide dose (9.0 mg KCN/kg per day)
showed lower body weight gain. An increase in the thiocyanate levels was verified in all experimental groups. The
histopathologic study revealed hydropic degeneration of the renal tubular epithelial cells in those animals, which
received KCN at the dose of 3.0–9.0 mg/kg per day. This study also showed hydropic degeneration of the hepatocytes
of those animals, which received KCN at a dose of 9.0 mg/kg per day, and in the thyroid gland an increase was
observed in the number of reabsorption vacuoles on follicular colloid, in a dose-dependent manner, in all animals of
the experimental groups. © 2002 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

Cyanide is a substance ubiquitous in the envi-
ronment and has been associated with many in-
toxication episodes in humans and animals
resulting from the ingestion of foods, environmen-
tal pollution, chemical war, suicide, homicide, oc-
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cupational factors and use in some drugs such as
nitroprusside and laetrile (El Ghawabi et al., 1975;
Schulz et al., 1979; Way, 1984; Watts, 1998). In
plants, cyanide can be found mainly as cyanogenic
glycosides, as found in Manihot sp. (cassava),
Linum sp., Lotus sp., Phaseolus lunatus, Sorghum
sp. (Conn, 1978) and the content of this substance
can be high as 100–800 mg/kg of the plant material
(Conn, 1978; Poulton, 1983).

In acute intoxication, cyanide produces a rapid
inhibition of cytochrome oxidase, resulting in an
energy deficit within the target tissue. The enzyme
cytochrome oxidase enables cells to utilize oxygen.
By inhibiting this enzyme, cyanide causes cellular
anoxia (USEPA, 1989). On the other hand, mam-
mals have an efficient mechanism of cyanide
detoxification by conversion through an intramito-
chondrial enzyme, rhodanese, to the less toxic
compound thiocyanate (SCN) that is excreted
mainly in the urine (Tylleskär et al., 1991). This
enzyme is widely distributed throughout the tis-
sues, but chiefly in the liver and the kidneys (Ong,
1989; Gusmán et al., 1977). Thus, cyanide acute
toxicity occurs only when the amount of cyanide
greatly exceeds the minimal concentration neces-
sary to inhibit cytochrome oxidase.

More recently, many studies have shown the
risks of the toxic effects in relation to the pro-
longed exposure to cyanide (Okolie and Osagie,
1999). This kind of intoxication is characterized by
high levels of thiocyanate in plasma, the main
metabolite of cyanide. In fact, there are a number
of reports on the possible cyanide and thiocyanate-
related etiology of thyroid disorders (Oke, 1984;
Tewe et al., 1984; Kamalu and Agharanya, 1991;
Adewusi and Akindahunsi, 1994). Thus, as thio-
cyanate acts as a competitive inhibitor of iodide
accumulation in the thyroid, it could produce
goiter and/or hypothyroidism (Kamalu and Agha-
ranya, 1991). Another pathology associated with
the prolonged exposure to cyanide is the tropical
ataxic neuropathy characterized by Parkinson dis-
ease, optic atrophy, deafness, and spinal ataxia.
This affects people living in certain tropical areas
of Africa where the staple diet consists largely of
cassava that contains the cyanogenic glycoside
linamarin (Oke, 1980; Spencer, 1999). A relation-
ship has also been suggested between pancreatic

diabetes and prolonged exposure to the cassava
(McMillan and Geevarghese, 1979), however, a
recent work showed that this disease is not caused
by cyanide itself (Soto-Blanco et al., 2001a).

Although many researchers have been studying
these pathologies related with prolonged exposure
very little is found in the literature associating
hepatotoxicity and nephrotoxicity to this kind of
exposure. On these grounds, the purpose of the
present study was to determine whether prolonged
exposure to cyanide could also produce damage to
the liver and kidneys.

2. Materials and methods

2.1. Chemicals

Potassium cyanide (Merck®), potassium thio-
cyanate (Farmitália Carlo Erba®), chloridric acid
1 N (Ecibra®), saturated bromine water (Halo-
quı́mica®), arsenius oxide (Sigma®) 20 g/l in 0.1 N
sodium hydroxide (Merck®), sodium chloride
(Synth®), pyridine (Synth®), p-phenylenediamine
(p-PDA) (Sigma®), sodium perchlorate (Sigma®)
were used. All chemicals were analytical-grade and
the aqueous solutions were prepared with double-
distilled water.

2.2. Animals and experimental design

Forty-six Wistar adult male rats (Ratus nor�egi-
cus) (200–250 g), inbred in the Department of
Pathology, School of Veterinary Medicine and
Zootechny, University of São Paulo (São Paulo,
Brazil), were used throughout the study. The ani-
mals were divided into five groups. The four
experimental groups received KCN solution at
different concentrations in the tap water in order
to obtain the target doses of 0.3, 0.9; 3.0 and 9.0
mg/kg per day of KCN; every day the amount of
KCN administered in the drinking water was
adjust to the body weight and to the water con-
sumption, and a fresh solution of cyanide pro-
vided. One group of animals (control) received
only tap water. As reported by Leuschner et al.
(1991) the stability of KCN in the drinking water
is stable for at least 4 days after preparation, and
a pilot study in our laboratory showed no signifi-
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cant difference (P�0.05) in cyanide concentra-
tions in the water within 24 h period. These
animals were housed in standard cages, in pairs,
in a temperature-controlled environment on a 12-
h light:12-h dark cycle, and fed a standard rat
chow (Nuvilab).

On day 15, the rats were anaesthetized with
ether and blood collected from the hepatic vein in
order to determine thiocyanate and thyroidal hor-
mones levels. After this procedure, the animals
were subjected to euthanasia and samples of thy-
roid, liver, and kidneys were collected for the
histopathological studies.

2.3. Biochemical analysis

Aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) activities and creatinine,
and urea concentrations were measured in serum
using reagents from Merck® (AST and ALT) and
Celm® (creatinine, and urea). Thyroidal hor-
mones, thyroxine (T4) and triiodothyronine (T3),
concentrations were measured in serum by ra-
dioimunoassay using kits Count-a-Count from
DPC®.

Plasma thiocyanate levels were determined by
the method of Tominaga and Midio (1991) in
which the colorimetric procedure of the König
synthesis of pyridine dyes of p-phenylenediamine
is used. Briefly, aliquots of 1 ml of plasma diluted
with 5 ml of double-distilled water were applied to
columns (6 cm of the resin in a 5.0 Pyrex burette
185×5 mm) of a weakly basic anion exchanger
Amberlite® IR-4B (OH) 14–52 mesh. Columns
were washed three times with 5 ml of double-dis-
tilled water before eluting thiocyanate by the ad-
dition of 15 ml of 1 M sodium perchlorate, in a 1
ml/min flow rate. Aliquots of 1 ml of eluate were
acidified with 0.5 ml of 1 M HCl. Mixed after
each addition of the following reagents: 100 �l of
saturated bromine water, 200 �l of arsenius oxide
(20 g/l in 0.1 N NaOH), 1.8 ml of pyridine (10 ml
12 N HCl, 60 ml pyridine, 40 ml deionized water)
-p-PDA (2 g in 1-l 0.5 M HCl) reagent (3:1,
prepared immediately before use). The reddish-
pink complex formed was read at 505 nm, after 15
min. Simultaneously blank determinations were
performed where plasma was replaced with water.

Thiocyanate concentrations in the samples were
read from a standard curve prepared with thio-
cyanate of known concentrations (20–250 �mol/
l). Data was expressed as �mol thiocyanate/l.

2.4. Histological analysis

A significant fragment of kidney, thyroid and
liver (left lobe) from three rats in of each group
were fixed in 10% buffered formalin. Fragments
were processed routinely, paraffin embedded, sec-
tioned at 5 �m, and stained with hemotoxylin and
eosin (HE) and periodic acid-Schiff (PAS) (a tis-
sue section for liver and kidney fragments, and
three for thyroids because of dislocation of colloid
in some of them). Frozen sections (three tissue
sections for each fragment) were stained with
Sudan black. The slides were evaluated at light
microscopy and the intensity of lesions was sub-
jectively quantified: − , no lesions; � , minimal;
+ , mild; + + , moderate; and + + + , severe.

2.5. Statistical analysis

Variance analysis (ANOVA) followed by Dun-
nett test was used to analyze data from biochemi-
cal analyses, as well as for determination of water
consumption and weight gain of the rats. The
results were presented as the mean with their
standard errors. All analyses were realized using
the software GraphPad Instat v.2.01. In all exper-
iments, P�0.05 was the criterion for statistical
significance.

3. Results

A significant difference (P�0.05) in weight
gain was found between rats from the control
group and those exposed to 9.0 mg KCN/kg per
day (Table 1). On the other hand, KCN treatment
did not affect the consumption of water. The
KCN consumption per kg of body weight is pre-
sented in Fig. 1.

Plasma thiocyanate levels in rats from the ex-
perimental groups were significantly higher than
those from controls (Table 2). The activities of
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ALT in rats treated with 0.9 mg/kg were reduced,
and the activities of AST were increased in 0.3,
0.9, and 3.0 mg/kg groups and reduced in the 9.0

mg/kg, when compared with those activities from
control group. On the other hand, no significant
variation was found in the T4 and T3 levels.

Table 1
Weight gain (g) (mean�S.D.) of rats that received different doses of KCN in the drinking water during 15 days

Group Evaluation period (day of experiment)

7–15 1–15na 1–7

Control 77.1�12.738.8�9.729.4�9.910
70.5�6.437.8�9.40.3 mg KCN/kg per day 10 24.9�5.5

0.9 mg KCN/kg per day 40.0�9.210 79.6�13.927.5�10.8
3.0 mg KCN/kg per day 31.8�10.910 78.8�10.536.1�5.0

23.3�20.1b13.2�8.0b69.0 mg KCN/kg per day 5.0�6.4b

a Number of animals in each group.
b Significant differences (P�0.05) were found between the experimental and control groups.

Fig. 1. Daily cyanide ingestion (in mg/kg) from each experimental group and its respectively target dose.

Table 2
Plasma levels of thiocyanate (in �mol/l), serum levels of T3 (in �g/dl), T4 (in ng/dl), creatinine, and urea (in mg/dl) and serum
activities of AST and ALT (in U/l) (mean�S.D.) of rats that received different doses of KCN in the drinking water during 15 days

Control (n=10) KCN (mg/kg per day)

0.3 (n=10) 9.0 (n=6)3.0 (n=10)0.9 (n=10)

114.2�17.2a 153.9�11.1a56.8�5.9 133.2�11.0a75.7�7.7aThiocyanate
80.6�8.6 84.8�11.6T3 83.0�12.681.4�8.2 76.6�9.8
3.33�0.71 3.56�0.84T4 3.97�0.823.32�0.37 3.32�0.94

47.2�7.339.4�5.934.2�4.8aALT 36.4�3.641.2�7.2
80.1�7.7aAST 79.9�6.2a60.3�10.5 73.0�11.1a 43.2�4.4a

0.44�0.060.42�0.04 0.38�0.02Creatinine 0.43�0.040.49�0.06
35.6�4.23 31.4�1.77 32.9�3.2934.5�3.31Urea 33.7�1.08

a Significant differences (P�0.05) were found between the experimental and control groups.
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Fig. 2. Kidney from a rat that received 9.0 mg KCN/kg per day showing congestion, cytoplasmic vacuolization, swelling and rupture
of the epithelial cells of the proximal tubules (H and E, 360× ).

The histopathological study revealed alter-
ations in kidney tissue, characterized by conges-
tion and cytoplasmic vacuolization of the
epithelial cells of the proximal tubules, in rats
from 3.0 and 9.0 mg/kg groups (Fig. 2). The
liver of the rats from the 9.0 mg/kg group
showed degeneration of the hepatocytes (Fig. 3).
The content of the cytoplasmic vacuoles were
PAS and Sudan black negative; therefore, the
content of these vacuoles were neither glycogen
nor lipid, characterizing this lesion as hydropic
degeneration. No evidence of inflammatory
infiltrate or apoptotic cells was found. Micro-
scopic lesion in the thyroid gland was observed
in all treated rats. It consisted of an increase in
number of the reabsorption vacuoles in a dose-
dependent manner (Fig. 4), but follicular cell
hyperplasia was not evidenced. The histopatho-
logical study revealed no lesions in the organs
of the rats from the control group. The intensity
of the observed lesions is presented in Table 3.

4. Discussion

Iyayi (1991) verified that the administration of
rationed cyanide accompanies a bitter taste and
consequently reduces the consumption of such
foods. Furthermore, the administration of KCN
intraperitoneally or by gavage could introduce
stress to the animals and thereby interfere with
the results. In the present experiment the KCN
was administered via tap water, which did not
alter the palatability once the water consumption
did not differ between the control and experimen-
tal groups.

Reduction of weight gain in chronic cyanide
exposure, was found in several animal species,
such as broilers (Panigrahi et al., 1992), dogs
(Ibebunjo et al., 1992), pigs (Tewe et al., 1984),
sheep (Onwuka et al., 1992) and goats (Onwuka,
1992; Onwuka et al., 1992; Soto-Blanco et al.,
2001b), as well as rats (Philbrick et al., 1979;
Tor-Agbidye et al., 1999). In the present study,
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Fig. 3. Liver from a rat of the 9.0 mg KCN/kg per day group. Note vacuolar degeneration of hepatocytes (H and E, 360× ).

reduction of weight gain was present only in those
animals that received the highest dose of KCN
(9.0 mg/kg per day). Soto-Blanco et al. (2001b)
associated impaired corporal development in
goats receiving KCN to reduced T3 levels, since
hypothyroidism may result in impaired secretion
of growth hormone (Lloyd et al., 1990) and in a
reduced number of growth hormone receptors
(Koenig et al., 1987). Therefore, this can be ex-
cluded in the present study once no interference
on thyroidal hormone levels was found. One hy-
pothesis for reduced body weight gain is the mo-
bilization of endogenous sulfur from the
breakdown of body proteins of sulfur amino acids
utilized in cyanide detoxification, thus reducing
the quality of the proteins that are used in the
growth promoting process of the body. In fact,
Onwuka et al. (1992) verified that small ruminants
under prolonged cyanide exposure presented sul-
fur amino acid deficiency and growth impairment.
Another assumption is that the KCN promotes
hypoxia, inhibiting mitochondrial oxidative phos-
phorylation, so could affect the growth through
impaired cellular energy metabolism. Neverthe-
less, one should not discharge the possibility that

disturbance on hepatic and renal metabolism
could affect body growth.

The main pathway of cyanide detoxification is
its conversion to thiocyanate, which is catalyzed
by rhodanese. Cyanide is irreversibly bound with
sulfur from endogenous compounds such as thio-
sulphate and polythionates. Although rhodanese
is recycled and large amounts of cyanide can be

Fig. 4. Thyroid gland from a rat that received 9.0 mg KCN/kg
per day with increased number of reabsorption vacuoles in the
thyroid follicles (H and E, 140× ).
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Table 3
Average severity of histologic lesions in rats that received different doses of KCN in the drinking water during 15 days

Control KCN (mg/kg per day)

0.3 0.9 3.0 9.0

Kidney proximal tubules − − + ++ +++
Cytoplasmatic vacuolization of epithelial cells

− +− +Hepatocytes +++
Cytoplasmatic vacuolization

++Thyroid follicular cells ++++ +++ +++
Reabsorption vacuoles

* and −, no lesions; +, minimal; ++, moderate; and +++, severe.

metabolized, both cyanide and sulphite can in-
hibit rhodanese activity in the absence of thiosul-
phate (Bhatt and Linnell, 1987). The plasma
thiocyanate levels in treated rats in this study did
not present a dose-dependent increase in the two
largest KCN doses, probably because cyanide
doses could deplete endogenous sulfur pools and
partially impair cyanide detoxification. This ob-
servation agrees with increased cyanide sensitivity
observed in goats treated with KCN (Soto-Blanco
et al., 2001a,b) and in sheep treated with the
cyanogenic glucoside amygdalin (J.J. Villalba and
F. D. Provenza, personal communication). There-
fore, the highest KCN dose (9.0 mg/kg per day)
probably was superior to the detoxification capac-
ity of the treated rats, and the amount of pro-
duced thiocyanate was independent of KCN dose.

The goitrogenic effects produced by the pro-
longed exposure of cassava in man (Adewusi and
Akindahunsi, 1994) and animals (Oke, 1984; Ong,
1989; Kamalu and Agharanya, 1991) are well
defined and it is largely known that this effect is
produced by thiocyanate (Poulton, 1983). Despite
the lack of hyperplasia and hypertrophy of the
thyroidal follicles and unaffected thyroid hor-
mones levels, the present study revealed an in-
crease in the number of the reabsorption vacuoles
that could indicate higher activity of the captation
of colloid by the follicular cells in the thyroid
gland. Thus, the competitive action of the thio-
cyanate with iodide in the Na+I− symporter
could decrease the synthesis of iodate compounds
and, in this manner, induce an increase in the
uptake of the colloid to the follicular cell that
occurs at a higher degree than the production.

Consequently, these vacuoles could represent the
earliest step in the development of goiter. This
supposition is reinforced by earlier studies show-
ing reabsorption vacuoles in the thyroid gland
from goats with high plasmatic levels of thio-
cyanate (Bahri, 1986; Soto-Blanco et al., 2001b).

While chronic cyanide toxicity has been linked
to the etiology of goiter and other diseases such as
tropical ataxic neuropathy (Osuntokun, 1981) and
epidemic spastic paraparesis (Tylleskär et al.,
1991), little is known about the possible effects of
cyanide on the kidneys and liver. Nephrosis was
associated with cassava consumption in rats
(Ononogbu and Emole, 1978), dogs (Kamalu,
1993) and humans (Clark, 1936). Kamalu (1993)
demonstrated periportal vacuolation of the liver
from dogs treated with cassava diet and con-
cluded that linamarin was responsible for these
alterations. In the present study, hydropic degen-
eration was verified in the kidneys and liver.
Changes in AST activities of rats from all groups
that received KCN, which could be related to
hepatic lesion was also verified. The no increase in
ALT activities in treated animals is agreeable with
the absence of necrosis in liver tissue. Further-
more, the no significance on serum levels of urea
and creatinine suggests that the morphological
lesions were not linked to functional alteration of
the kidneys. As in this experiment the KCN was
used directly, it can be suggested the nephrosis
and liver injury found in chronic cassava adminis-
tration could be produced by cyanide and/or
some of its metabolites, and not by the
cyanogenic glycosides, linamarin and lotraus-
tralin, or any other compound from cassava.
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To summarize, we have demonstrated an im-
pairment of the weight gain in rats with cyanide
exposure. The histopathologic study revealed the
presence of reabsorption vacuoles in the thyroid
follicles, which could indicate the earlier phase of
the goitrogenic effect of thiocyanate, and hy-
dropic degeneration in hepatocytes and epithelial
cells of the renal proximal tubules. This informa-
tion is important for the evaluation of the patho-
physiology of long-term cyanide toxicity. As the
mechanisms for this remain unclear, further inves-
tigation should be designed to better understand
the role of thiocyanate in this toxicity.
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