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Summary 

Binev, R., Y. Nikolov, K. Stoyanchev and I. Valchev, 2004. Studies on clinical signs and 
some haematological parameters in experimental acute intoxication with the triazole fungi-
cide triticonazole in swine. Bulg. J. Vet. Med., 7, No 2, 97−105.  
 
Experiments for evaluation of the toxic effects of the triazole fungicide triticonazole in one control 
and three experimental groups of pigs, treated orally via a gastic tube at increasing doses of  200 
mg/kg, 1000 mg/kg and 2000 mg/kg (0.1LD50, 0.5LD50 and LD50 respectively) were performed. 
 The clinical status of animals (body temperature, heart and respiratory rates, colour  of mucosae, 
appetite, thirst, general condition, locomotion, sensitivity, urination, defecation) and haematological 
parameters (haemoglobin content, red blood cell counts, haematocrit and mean corpuscular volume) 
were determined at hours  –48, –24 and 0 prior to the treatment and hours 2, 4, 6, 8, 10, 12, 24, 48 
and 72 after the treatment. 
 It was observed that the tested triazole fungicide had a toxic effect manifested by hypothermia, 
tachycardia, polypnea, oligochromaemia, erythropenia, lacrimation, salivation, tremor, seizures, clo-
nic spasms, paresis and paralysis of limbs. 
 The observed changes were most obvious between post treatment hours 2 and 12 and afterwards 
the analysed parameters restored their initial values.  
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INTRODUCTION 

Triazole fungicides are among the most 
commonly used pesticides against fungal 
pathogens in cereals, leguminous plants, 
technical plants and fruit trees. They con-
sist about 35% of all chemical agents used 
for plant protection. One of the routes of 
their applying is for decontamination of 
seeds. The wide use of those pesticides is 
determined by their low acute toxicity and 
high activity in fungi destruction in soil 
and during plant vegetation via inhibition 
of ergosterol synthesis and impairment of 
fungal membrane formation. Thus, the 

development of fungi stops and they die 
(Sengalevich et al., 1998). 

From the other hand, the extensive use 
of triazole compounds (ketoconazole, 
intraconazole, clotrimazole, econazole, 
fluconazole, enilconazole etc.) as fungi-
cides in both veterinary and human medi-
cine creates prerequisites for intoxication 
in men and animals following overdosing 
or improper use (Rochette et al., 2002; 
Van den Bossche et al., 2002). 

The triazole fungicide triticonazole – 
C17H20ClN3O; 5-(4-chlorobenzylidene)-2, 
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2-dimethyl-1-(1H-1,2,4-triazol-l-ylmethyl) 
cyclopentanol −−−− is intended for decon-
tamination of wheat seeds in prophylaxis 
of Tilletia tritici and Ustilago tritici infec-
tions. The risk of intoxication in domestic 
animals is present when triticonazole-
treated wheat is used for forage (Sen-
galevich et al., 1998). 

In previous studies of ours (Binev, 
2003) on acute triticonazole intoxication 
in swine, leukocytosis, neutrophilia and 
lymphocytopenia were observed. Such 
changes have not been present in hens 
(Binev, 2000a; 2000b) and rabbits (Binev, 
2001) after experimental acute intoxica-
tion with triazole fungicides in analoguous 
doses. The acute intoxication with dini-
conazole and triadimefon in hens (Binev, 
2000a; 2000b) and rabbits (Binev, 2001; 
2002) resulted in a dose-dependent hypo-
thermia, tachycardia, polypnea, dyspnea, 
weight loss, incoordinated movements, 
tremor, seizures, convulsions, paresis and 
paralysis. The associated haematological 
changes consisted in oligochromaemia, 
erythropenia and retarded erythrocyte 
sedimentation rates. 

Similar changes have been observed in 
mice and rats, treated with bitertanol (Al-
len and Mac Rhail, 1993), in female and 
male rats treated with triadimefon (Walker 
et al., 1990; Moser et al., 2001) and in 
rats intoxicated with triadimefon and 
triadimenol (Walker and Mailman, 1996). 
The authors reported that the increase in 
challenging doses resulted in better mani-
fested clinical effects characterized with 
increasing agitation, turning of the head, 
frequent vomiting, self-mutilation, con-
vulsions, spasms, failing of reflexes and 
the sensory perception, hypothermia, ta-
chycardia, polypnea, loss in weight. 

The data for triticonazole intoxication 
in farm animals, including pigs are how-
ever few. This motivated the performance 

of the present experiments in order to elu-
cidate the clinical changes  occurring after 
acute triticonazole intoxication in pigs 
with respect to facilitate its diagnostics, 
treatment and prophylaxis. 

MATERIALS AND METHODS 

Experimental animals 

The experiments were performed on 22 
castrated pigs from the Danube White 
breed, aged 3−4 months and weighing 
18−26 kg. Thirty days prior to and during 
the experiments all pigs were housed in 
individual boxes under uniform standard 
hygienic conditions, fed with standard 
combined forage and had free access to 
water. At the beginning of the 30-day ad-
aptation period, the pigs were treated s.c. 
against parasites with 0.3 mg/kg Ivermec-
tin (Alfamec inj. sol. − Alfasan, Woerden, 
Holland) containing 10 mg Ivermectin in 
1 mL.  

Tested substance and treatment  

An acute intoxication was provoked with 
the commercial preparation Real 200 FS 
(Rhone-Poulenc Agro, Lyon, France) con-
taining 200 mg triticonazole in 1 mL) oral 
LD50 for rats − 2000 mg/kg; Sengalevich 
et al., 1998). The fungicide was adminis-
tered to experimental animals internally, 
using a gastric tube, 2 h prior to feeding 
(6:00 AM) during the spring. 

Experimental design 

The pigs were divided into 4 groups – one 
control (n=4) and three experimental 
groups (n=6 each) with equal number of 
animals from both genders in each. The 
control group was left untreated while the 
experimental ones received triticonazole 
as followed:  
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• Group I: 200 mg/kg (= 0.1 oral LD50 
for rats).  

• Group II: 1000 mg/kg (= 0.5 oral LD50 
for rats). 

• Group III: 2000 mg/kg (= oral LD50 
for rats). 
The clinical status of all groups was 

followed out three consecutive days prior 
to the treatment (hours  −48, −24 and 0) 
and 2, 4, 6, 8, 10, 12, 24, 48 and 72 hours 
thereafter. The body temperature (BT), 
heart and respiratory rates (HR, RR), col-
our  of mucosae, appetite, general condi-
tion, locomotion, skin sensitivity, urina-
tion, defecation were monitored. Blood 
was sampled from sinus ophthalmicus for 
determination of haemoglobin content 
(Hgb), red blood cell counts (RBC), 
haematocrit (Hct) and the mean corpuscu-
lar volume (MCV) with an automated 
analyser (Serono+ System 150, USA). 

Statistical analysis  

The statistical significance of results was 
determined using the Student t-test at a 

level of significance of  p≤0.05. Compari-
sons between control values  and the val-
ues in experimental groups for each ex-
perimental interval were performed. All p-
values, mentioned thereafter are referring 
to those differences. 

RESULTS  

Prior to and during the experiment, no 
significant variations in monitored pa-
rameters occurred in controls (group I). 

In group II, BT decreased and was the 
lowest by hour 8 vs controls (38.2±0.2 oC
and 39.1 ± 0.2 oC respectively; Fig. 1). 
Normalization of BT values occurred be-
tween post treatment hours 10 and 12. In 
group III, the decrease was significant as 
early as by hour 2 (38.4 ± 0.1 oC; p<0.05), 
the lowest by hour 6 when it reached 
37.8±0.1 oC (p<0.01 vs controls −−−− 39.1 ±
0.2 oC). The initial BT values were at-
tained again after post treatment hour 12. 
In group IV, the peak decrease was by 
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Fig. 1. Changes in body temperature in pigs −−−− untreated (group I, controls) and treated orally with 
triticonazole at doses of 200 mg/kg (0.1×LD50, group II); 1000 mg/kg (0.5×LD50, group III) and 
2000 mg/kg (LD50, group IV). Level of significance vs controls: a p<0.05; b p<0.01; c p<0.001. Le-
gend: ♦group I; � group II; � group III; � group IV. 
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hour 2 (37.2 ± 0.2 oC) and hour 4 
(37.1±0.2 oC) at p<0.001 compared to 
control values (39.0±0.2 oC and 39.2±0.1 
oC respectively). BT  returned to normal 
between hours 12 and 24. 

The administration of triticonazole re-
sulted in enhanced HR (Fig. 2) in all three 
experimental groups between post treat-
ment hours 12 and 24. The highest heart 
rates in groups II and III were detected by 
hour 8 (132±12 min−−−−1 at p<0.01 and 
169±15 min−−−−1 at p<0.001 vs controls: 
77±6 min−−−−1). In group IV, the peak values 
were measured by hour 6 (212±18 min−−−−1,
p<0.001 vs controls; 79±7 min−−−−1). Heart 
rates regained initial values after post 
treatment hour 24. 

RR changes (Fig. 3) were similar. In 
group II by hour 4 RR was significantly 
higher than that in controls (39±5 min−−−−1

and 15±5 min−−−−1 respectively; p<0.01). 
The most enhanced RR was observed by 
hour 6 (48±4 min−−−−1 vs 15±5 min−−−−1 in con-

trols). In groups III and IV RR increased 2 
hours after the treatment but the peak val-
ues were noticed by hour 4 (56±6 min−−−−1

and 62± 5 min−−−−1 respectively). The diffe-
rences vs control estimates (19±5 min−−−−1)
were statistically singificant (p<0.001). 
RR was recovered by post treatment hours 
8, 10 and 12 in groups II, III an IV respec-
tively. 

The acute fungicide intoxication re-
sulted in changes in the general condition 
and behaviour of treated pigs. They re-
fused water and food, their conjunctives 
were pale, corneal opacification, lacrima-
tion, salivation and dyspnea were also 
observed. In group II all those changes 
disappeard 6 hours after the intoxication. 
In group III, tremor, decreased skin sensi-
tivity and motor activity, clonic spasms of 
skeletal muscles were further observed. 
They were present up to post treatment 
hour 8. Between hours 4 and 6, spontane-
ous defecation and urinary incontinence, 
seizures, convulsions, paresis and paraly-
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Fig. 2. Changes in heart rate in pigs −−−− untreated (group I, controls) and treated orally with triticona-
zole at doses of 200 mg/kg (0.1×LD50, group II); 1000 mg/kg (0.5×LD50, group III) and 2000 mg/kg 
(LD50, group IV). Level of significance vs controls: a p<0.05; b p<0.01; c p<0.001. Legend: ♦group 
I; � group II; � group III; � group IV. 
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sis of limbs were also present in group IV 
persisting up to hours 8−−−−10. 

Changes occurred in Hgb levels as 
well (Fig. 4). After treatment, Hgb content 
decreased. In group II the oligochromae-
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Fig. 3. Changes in respiratory rate in pigs −−−− untreated (group I, controls) and treated orally with triti-
conazole at doses of 200 mg/kg (0.1×LD50, group II); 1000 mg/kg (0.5×LD50, group III) and 2000 
mg/kg (LD50, group IV). Level of significance vs controls: a p<0.05; b p<0.01; c p<0.001. Legend: ♦
group I; � group II; � group III; � group IV. 
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Fig. 4. Changes in blood haemoglobin in pigs −−−− untreated (group I, controls) and treated orally with 
triticonazole at doses of 200 mg/kg (0.1×LD50, group II); 1000 mg/kg (0.5×LD50, group III) and 
2000 mg/kg (LD50, group IV). Level of significance vs controls: a p<0.05. Legend: ♦ group I; 
� group II; � group III; � group IV. 
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mia was the most evident by hour 24 −−−−
82.1±6.4 g/L (p<0.05 vs controls – 
111.8+8.8 g/L). In groups III and IV, the 
peak Hgb decrease occurred by hour 12 
(80.1±7.7 g/L and 77.2±6.7 g/L respec-
tively; p<0.05 vs group I: 107.6±9.2 g/L). 
Within hours 48−−−−72, the parameter 
reached control values. 

RBC counts (Fig. 5) in controls and 
treated animals were about 7.24±0.48 T/L 
prior to the intoxication. After that, in 
group II no significant changes were ob-
served. In groups III and IV, a statistically 
significant decrease occured with lowest 
counts by hour 24 −−−− 5.86±0.32 T/L at 
p<0.05 and 5.42±0.28 T/L at p<0.01 re-
spectively compared to controls (7.27 ±
0.36 T/L). At post treatment hour 72 RBC 
counts in group III were similar to intial 
ones whereas in group IV −−−− still lower but 
tended to normalize. 

Hct and MCV values in controls var-
ied from 29 and 43 % and  from 48 fL to 
54 fL respectively. The differences be-
tween experimental and control animals 
were not statistically significant. 

DISCUSSION 

The clinical and experimental studied in 
pigs intoxicated with increasing doses of 
triticonazole showed that that fungicide 
can produce significant variations in clini-
cal and some laboratory parameters, de-
pending on the dose. 

The BT changes were indicative that 
low doses (=0.1 LD50) did not have any 
significant effect on this parameter. The 
higher doses (=0.5 LD50 and LD50) led to 
significant BT decrease between post 
treatment hours 4 and 12. The hypother-
mia, observed also in other investigations 
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Fig. 5. Changes in red blood cell counts in pigs −−−− untreated (group I, controls) and treated orally with 
triticonazole at doses of 200 mg/kg (0.1×LD50, group II); 1000 mg/kg (0.5×LD50, group III) 
and 2000 mg/kg (LD50, group IV). Level of significance vs controls: a p<0.05; b p<0.01. 
Legend: ♦group I; � group II; � group III; � group IV. 
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(Moser and Mac Phail, 1989; Allen and 
Mac Phail, 1993; Crofton, 1996, Shan-
drenko and Dmitrenko, 1996; Binev, 
2000a; 2001; Filipov and Lawrence, 
2001; Binev, 2002) was most probably 
correlated to the decreased metabolism 
rate ensuing from hypothyreoidosis, which 
was evidenced after treatment with 3-
amino-1, 2, 4,-triazole (Mayberry, 1968). 

The erythropenia in experimental 
groups could be related to the multiple 
haemorrhages in parenchymal organs on 
one hand (Markelov and Shormanov, 
1994; Filipov and Lawrence, 2001) or to 
depletion of liver glutathione, preserving 
RBC from haemolysis (Celic et al., 1996; 
Shandrenko and Dmitrenko, 1996; Filipov 
and Lawrence, 2001) on the other. 

Our data (Binev, 2000a; 2000b; 2001) 
as well those of other authors (Machera, 
1995; Celic et al., 1996; Shandrenko and 
Dmitrenko, 1996; Filipov and Lawrence, 
2001) about lowering of  RBC counts 
could explain the observed oligochro-
maemia. 

It is accepted that the systemic reac-
tion to oligochromaemia is HR accelera-
tion (Markelov and Shormanov, 1994). 
The tachycardia observed in our studies 
was probably a compensatory mechanism 
of reported oligochromaemia (Celic et al.,
1996; Shandrenko and Dmitrenko, 1996) 
and eryhtropenia (Markelov and Shor-
manov, 1994; Shandrenko and Dmitrenko, 
1996), that impeded the process of oxy-
genation, clinically manifested with HR 
acceleration (Machera, 1995; Markelov 
and Shormanov, 1994; Kurumbaev et al.,
1996; Filipov and Lawrence, 2001). 

The causes for the observed polypnea 
and dyspnea were probably similar to 
those resulting in HR changes (oli-
gochromaemia and eryhtropenia), i.e. 
these are a compensatory reaction. From 
the other side, they could be a functional 

effect of morphological changes in the 
pulmonary parenchyma such as hyperae-
mia, haemorrhages, peribronchial lym-
phocytic proliferation etc., observed in 
cattle (Markelov and Shormanov, 1994), 
in cats (Kurumbaev et al., 1996) and in 
mice, rats and humans (Machera, 1995). 

The changes in the behaviour and the 
general condition −−−− tremor, clonic sei-
zures, spasms, convulsions, incoordinated 
movements, ataxia, limb paresis and pa-
ralysis, observed in the present study and 
by others (Moser and Mac Rhail, 1989; 
Walker et al., 1990; Machera, 1995; 
Moser et al., 2001; Filipov and Lawrence, 
2001) in triazole fungicides-treated ani-
mals could be interpreted as a functional 
response to the pesticide toxic effect on 
brain substance (vascular hyperaemia, 
dystrophy of glial cells etc.) (Moser and 
Mac Phail, 1989; Walker et al., 1990; 
Machera, 1995; Kurumbaev et al., 1996; 
Moser et al., 2001). At the same time, the 
observed neurotoxicological syndrome 
could be due to the indirect effect of tria-
zole compounds upon dopamine via inhi-
bition of dopamine and noradrenaline 
degradation in cortical synaptozomes 
(Walker et al., 1990; Allen and Mac 
Phail, 1993; Walker and Mailman, 1996). 
The described neurological signs corre-
spond with those in rabbits treated with 
diniconazole (Binev, 2001) and triadi-
menol (Binev, 2002), in rats (Moser and 
Mac Phail, 1989; Walker et al., 1990; 
Allen and Mac Phail, 1993; Machera, 
1995; Walker and Mailman, 1996; Moser 
et al., 2001) and in cattle (Markelov and 
Shormanov, 1994). 

The lack of changes in Hct values pro-
vides an evidence for the independent 
character of observed haematological 
changes − erythropenia and oligochromae-
mia. 
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In conclusion, it could be summarized 
that the application of the triazole fungi-
cide triticonazole (the preparation Real 
200 FS) in toxic doses (equal to 0.1LD50,
0.5LD50 and LD50 oral doses for rats) in 
pigs resulted in clinical alterations mani-
fested by hypothermia, tachycardia and 
polypnea as well as in haematological 
parameters variations such as oligochro-
maemia and erythropenia. The clinical 
signs were also characterized by lacrima-
tion, salivation, tremor, seizures, clonic 
spasms, paresis and paralysis of limbs. 
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