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Experiments for evaluation of the toxic effect of the triazole fungicide diniconazole (Sumi 8 2WP) on
rabbits were carried out following up the changes in blood biochemical indices: calcium, inorganic
phosphate, magnesium, cholesterol, urea, creatinine and blood glucose.

The studies were performed in one control and three experimental groups, treated orally via a gas-
tic tube with increasing doses of diniconazole (0.1LDsg, 0.5LDs, and LDsy — oral doses for rats).

Blood for analysis was sampled 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 from all animals.

It was observed that the triazole fungicide diniconazole could produce a toxic effect manifested
by hypercalciaemia, hyperphosphataemia, hypermagnesaemia, hypercholesterolaemia, uremia and
hyperglycaemia. Those changes were the most obvious between post treatment hours 2 and 24 and

afterwards the analysed parameters restored their initial values.
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INTRODUCTION

Studies upon the blood biochemical pa-
rameters under the influence of triazole
fungicides (cyproconazole, flusilazole,
1,2,4-triazole and propiconazole) are per-
formed in mice, rats and humans (Ma-
chera, 1995). The changes occurring after
treatment with triadimenol are reported in
cattle (Markelov and Shormanov, 1994)
and hens (Binev, 2000d). Those studies
evidenced that depending on the amount
of the toxic substance, the blood levels of
macroelements (calcium, inorganic phos-
phate, magnesium), urea, creatinine, cho-
lesterol, triglycerides, blood glucose, py-
ruvate increased.

In previous studies of ours upon the
acute intoxication with the triazole fungi-
cide diniconazole in rabbits (Binev,
2001), the changes in the clinical status
(hypothermia, tachycardia, polypnea) and
some haematological changes (oli-
gochromemia, erythropenia, neutrophilia,
lymphocytopenia and slower erythrocyte
sedimentation rates) were described. Dini-
conazole-treated hens showed blood bio-
chemical deviations characterized by hy-
perglycaemia, lactacidaemia, hyperalbu-
minaemia, hypoa,- and y-globulinaemia,
uraemia, hypercholesterolaemia, hyper-
calciaemia and hyperphosphataemia (Bi-
nev, 2000a; 2000b; 2000c). There are no
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literature data about the toxic effect of the
triazole fungicide diniconazole in rabbits.

Our study aimed to perform complex
experimental studies for determination of
changes occurring during the acute intoxi-
cation in rabbits treated with diniconazole
in order to elucidate its pathogenesis and
to facilitate its diagnostics, treatment and
prophylaxis.

MATERIALS AND METHODS

Animals

The studies were performed with 22 rab-
bits from both genders, California and
White New Zealand breeds, aged 6-8
months and weighing 2.8-3.2 kg. The
animals were put in individual cages 30
days prior to the beginning of the experi-
ments under standard hygienic condi-
tions.The rabbits received treatments
against endoparasites with piperazine sul-
fate (Piperatrin, Vetprom, Bulgaria) and
against ectoparasites with 0.1% cyperme-
thrin  solution (Ectomin, Ciba-Geigy,
Switzerland). The daily ration of each
animal consisted of 0.1 kg combined con-
centrate and 0.2 kg alfalfa hay with free
access to tap water.

Drugs and treatments

An acute intoxication was provoked with
the commercial preparation Sumi 8§ 2WP
containing 2% diniconazole and 98% inert
ingredients (including surfactant and tet-
rahydrofurfuryl  alcohol)  (Sumitomo
Chemical, Japan). It was administered to
experimental animals once, internally,
using a gastric tube.

Experimental design

The rabbits were divided into 4 groups —
one control (n=4) and three experimental
groups (n=6 each). The control group was
left untreated while the experimental re-
ceived diniconazole in doses as followed:
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e group I: 0.064 g/kg or 3.2 ml of Sumi
8 2WP (= 0.1 oral LDs,, for rats);

e group II: 0.320 g/kg or 16 ml of Sumi
8 2WP (= 0.5 oral LDs, for rats);

e group III: 0.639 g/kg or 32 ml of Sumi
8 2WP (= oral LDsy for rats).

Assessment of toxicity

Blood from v. jugularis or v. femoralis
was sampled 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 for determination of concentra-
tions of calcium (Ca) - by complexometry,
magnesium (Mg) — by the method of Ba-
sinski (Angelov et al., 1999), of inorganic
phsophate (P), cholesterol, blood glucose,
urea and creatinine by diagnostic Kkits
(Roche, Germany) using an automated
biochemical analyser (Reflotron Manual,
Germany).

Statistical analysis

Data are presented as mean = SEM. The
statistical significance of results was de-
termined using the Student t-test at a level
of significance of p<0.05. Comparisons
between control values and the values in
experimental groups for each experimen-
tal interval were performed. All p-values,
mentioned thereafter are referring to those
differences.

RESULTS AND DISCUSSION

Blood calcium concentrations in control
animals (Fig. 1) during the control period
varied between 2.12 + 0.18 mmol/l and
2.38 £ 0.21 mmol/l and during the ex-
perimental period — between 2.16 = 0.19
and 2.44 £ mmol/l . After the treatment of
experimental rabbits from group I and II
with diniconazole, statistically significant
elevations were reached at post treatment
hour 6 (3.08+0.26 mmol/l; p<0.05 for the
former group) and at post treatment hour
2 (3.10£0.32 mmol/l; p<0.05 for the latter
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Fig. 1. Changes in blood calcium concentrations in rabbits - untreated (controls) and
treated orally with diniconazole at doses of 0.064 g/kg (0.1xLDs,, group I); 0.320 g/kg
(0.5%LDsy, group II) and 0.639 g/kg (LDsg, group III). Level of significance vs controls:

1p<0.05; ° p<0.01; ¢ p<0.001. Legend: e control group; m group I; group II; e group III.
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Fig. 2. Changes in blood phosphate concentrations in rabbits - untreated (controls) and
treated orally with diniconazole at doses of 0.064 g/kg (0.1xLDsg, group I); 0.320 g/kg
(0.5xLDsg, group II) and 0.639 g/kg (LDsg, group III). Level of significance vs controls:

1p<0.05; ° p<0.01; ° p<0.001. Legend: & control group; m group I;  group II; e group III.

one). The peak concentrations in group I
were measured by the 12" hour
(3.33£0.28 mmol/l, p<0.05), in group II —
by the 10™ hour (3.54+0.24 mmol/l,
p<0.05) and in group III — by the 4™ hour,
immediately prior to the lethal issue
(3.52+£0.24 mmol/l, p<0.01). Between
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hour 48 an 72, blood Ca levels in groups I
and II became normal.

During the pre-treatment and treatment
periods, inorganic phosphate concentra-
tions (Fig. 2) in the control group were
between 1.17+£0.11 mmol/l — 1.284+0.12
mmol/l and between 1.18+0.11 mmol/l —
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1.35 £ 0.14 mmol/l respectively. The ear-
liest significant increase in all experimen-
tal groups compared to controls was ob-
served 2 hours following the treatment —
1.78£0.24 mmol/l (p<0.05), 1.92+0.28
mmol/l (p<0.05) and 3.28+0.30 mmol/l
(p<0.001) for groups I, II and III respec-
tively. The peak phosphate values in
group I occurred by hour 12 (2.88+0.26
mmol/l, p<0.001), in group II — by hour
24 (3.18£0.29 mmol/l, p<0.001) and in
the third group — by hour 4 (3.88+0.31
mmol/l, p<0.001). At post treatment hour
72 the inorganic phosphate concentrations
in group I decreased to control values
while in group II remained -elevated
(2.48+0.28 mmol/l).

During the pre-treatment and treatment
periods, control blood magnesium levels
(Fig. 3) in the control group ranged be-
tween 1.48+0.13 mmol/l — 1.58+0.14
mmol/l and between 1.51£0.12 mmol/l —
1.60 = 0.13 mmol/l respectively. Eight
hours after the treatment they increased to

Blood magnesium, mmol/l

2.1240.21 mmol/l in group I (p<0.05) and
to 2.18+0.21 mmol/l in group II (p<0.05).
The highest blood Mg concentrations in
both groups were 2.13+0.18 mmol/l at
post treatment hour 10 and 2.19+0.24
mmol/l at post treatment hour 8, respec-
tively (p<0.05). For the third group the
peak Mg levels occurred by hour 4 —
2.24+0.27 mmol/l (p<0.05). The concen-
trations in groups I and II returned to
normal by the 12" hour.

Cholesterol levels in controls during
the pre-treatment period varied from
0.57£0.02 mmol/l to 0.62+0.03 mmol/l
and during the experimental period from
0.58+£0.02 to 0.64+0.03 mmol/l. Two
hours after the treatment they increased in
all experimental groups: 1.01£0.14
mmol/l; 0.89+0.11 mmol/l and 1.08+0.13
mmol/l in groups I, II and III respectively
(p<0.05). The highest cholesterol concen-
trations were attained at post treatment
hour 10 in groups I and II (3.37£0.21
mmol/l and 3.88+£0.27 mmol/l respec-

Time (hours)

Fig. 3. Changes in blood magnesium concentrations in rabbits - untreated (controls) and
treated orally with diniconazole at doses of 0.064 g/kg (0.1xLDs,, group I); 0.320 g/kg
(0.5xLDsy, group II) and 0.639 g/kg (LDs, group III). Level of significance vs controls:

1p<0.05; ® p<0.01; ¢ p<0.001. Legend: o control group; m group I; group II; e group II1.
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Fig. 4. Changes in blood cholesterol concentrations in rabbits - untreated (controls) and
treated orally with diniconazole at doses of 0.064 g/kg (0.1xLDsj, group I); 0.320 g/kg
(0.5%LDs, group II) and 0.639 g/kg (LDs,, group III). Level of significance vs controls:
1p<0.05; ° p<0.01; © p<0.001. Legend: 4 control group; m group I;  group II; e group III.

Blood glucose, mmol/l

48 24 0 2 4

Time (hours)

8 10 12 24 48 72

Fig. 5. Changes in blood glucose concentrations in rabbits - untreated (controls) and
treated orally with diniconazole at doses of 0.064 g/kg (0.1xLDs,, group I); 0.320 g/kg
(0.5%LDs, group II) and 0.639 g/kg (LDs,, group III). Level of significance vs controls:
“p<0.05; ° p<0.01; ¢ p<0.001. Legend: # control group; m group I; group II; e group III.

tively, p<0.001). Four hours after the
treatement, the mean cholesterol levels in
group III were 1.88+0.13 mmol/l at
p<0.001. In the former groups, cholesterol
concentrations persisted significantly ele-
vated up to the end of the experiment.
During the pre-treatment and treatment
periods, control blood glucose levels (Fig.
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3) were between 4.82+0.38 mmol/l —
5.2440.48 mmol/l and between 4.98+0.41
mmol/l — 5.74£0.43 mmol/l respectively.
In group I (Fig. 5) the first significant
increase in blood glucose levels occurred
at the 4™ hour — 7.74+0.76 mmol/l
(p<0.05) and the peak values were

183



Clinical and experimental studies on acute intoxication with the triazole fungicide diniconazole...

Blood urea, mmol/l

Time (hours)

Fig. 6. Changes in blood urea concentrations in rabbits - untreated (controls) and treated
orally with diniconazole at doses of 0.064 g/kg (0.1xLDs, group I); 0.320 g/kg (0.5%LDsy,
group II) and 0.639 g/kg (LDsy, group III). Level of significance vs controls: * p<0.05;
" p<0.01; € p<0.001. Legend: 4 control group; m group I;  group IT; e group III.

reached by hour 10 — 8.24+0.76 mmol/l
(p<0.05). In the second group, those
changes occurred earlier at the second
post treatment hour — 7.12+0.58 mmol/l
(p<0.05) and hour 12 — 9.12+0.88 mmol/l
(p<0.01) respectively. By hour 4, in the
third group, blood glucose concentrations
were 9.87+1.02 mmol/l (p<0.01). The
concentrations were normalized by hour
24 for group I and by hour 72 for group
II.

Control urea concentrations (Fig. 6)
prior to the treatment ranged from
6.24+0.48 to 6.44+0.52 mmol/l and dur-
ing the treatment period — between
6.78+0.46 and 7.12+0.58 mmol/l. Follow-
ing the treatment, they increased to a
maximum of 13.85%1.46 mmol/I (group I;
post treatment hour 24), 15.93+1.68
mmol/l (group II; post treatment hour 8)
and 11.78+0.98 mmol/l (group III, post
treatment hour 4) at p<0.01. By the 72™
hour, blood urea levels in groups I and II
decreased to control determinations.

Creatinine deviations in all experimen-
tal groups were statistically insignificant
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compared to controls.

DISCUSSION

The results of our studies showed that the
experimental intoxication with the triazole
fungicide diniconazole in rabbits was
manifested by changes in some of the
studied blood biochemical parameters.
The elevation in macroelements — cal-
cium, inorganic phosphate and magnesium
under the influence of increasing toxic
doses could be explained by their lowered
excretion with urine (Ronis et al., 1998),
caused most probably by the dystrophic
changes in renal parenchyma similarly to
those observed in dialkylimidazole—
treated mice and rats (Machera, 1995),
mice (Sivertsen and Muller, 1999) clotri-
mazole—treated cattle (Markelov and
Shormanov, 1994) and guinea-pigs (Tho-
mas et al, 1999) and propicona-
zole—treated cats (Kurumbaev et al.,
1996) and rats (Patel et al.,, 1999). An-
other possible cause for observed changes
could be the hypothyreosis, observed in
mice and rats under the influence of 3-
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amino-1,2,4-trizole (Mayberry, 1968); in
rats, mice and humans after challenge with
cyproconazole, fluzilazole and propicona-
zole (Machera, 1995) and in cattle treated
with triadimenol (Markelov and Shor-
manov, 1994). Hypothyreosis could im-
pair the excretion of macro- and micro-
elements with urine and result in elevation
in their blood concentrations, i.e. in hy-
percalciaemia, hyperphosphataemia and
hypermagnesaemia. It could be suggested
that it was the cause for the present hyper-
cholesterolaemia observed also in dini-
conazole-treated mice and rats (Machera,
1995) and hens (Binev, 2000b) that is
accompanied by decrease in fat degrada-
tion and their accumulation in internal
organs leading to parenchymatous fat dys-
trophy (Markelov and Shormanov, 1994;
Kurumbaev et al.,, 1996; Patel et al.,
1999). The early appearance of hypergly-
caemia (by hour 2) could be explained by
the increased blood adrenaline (Crofton,
1996; Filipov and Lawrence, 2001) result-
ing from the neurotoxic effect of triazole
fungicides (Allen and McRhail, 1993;
Crofton, 1996) that are reported to pro-
voke intoxication with strong signs of
excitation (seizures, convulsions, tremor,
clonic muscle spasms) (Allen and Mac
Rhail, 1993; Crofton, 1996). Such signs
have been observed in mice and rats (Al-
len and Mac Rhail, 1993; Crofton, 1996),
hens (Binev, 2000a; 2000c) and rabbits
(Binev, 2001) folowing diniconazole
treatment as well as in hens after triadi-
menol treatment (Binev, 2000d). The in-
crease in blood urea concentrations simi-
larly to that observed in triadimenol-
treated cattle (Markelov and Shormanov,
1994) and diniconazole-treated hens (Bi-
nev, 2000b) were most likely due to renal
parenchymal dystrophy, evidenced also in
propiconazole-treated cattle (Markelov
and Shormanov, 1994) and cats (Kurum-
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baev et al., 1996) as well as to the de-
creased excretion of urine reported in
Bobwhite quails (Ronis et al., 1998).

The comparison of our data with those
in hens treated with the same toxic sub-
stance in similar doses (0.1LDsy, 0.5LDs,
and LDs, - oral doses for rats) revealed
some species-related features (Binev,
2000a; 2000b; 2000c¢). In birds there were
no changes in studied parameters after
challenge with 0.1LDs,, while after the
treatment with LDs,, the intoxication was
surmounted. The interspecies variability
in studied parameters' deviations showed
that rabbits were more susceptible to dini-
conazole than hens.

In conclusion it could be summarized
that the intoxication with toxic doses
(0.1LDsg, 0.5LDsy and LDs, - oral doses
for rats) of the triazole fungicide dini-
conazole (Sumi 8 2WP) in rabbits
provoked changes in some biochemical

blood parameters — hypercalciaemia,
hyperphosphataemia, hypermagnesaemia,
hypercholesterolaemia, uremia and

hyperglycaemia. The application of doses
equal to the oral LDs, for rats resulted in a
lethal issue for all experimental animals 4-
6 hours after the treatment.

REFERENCES

Angelov, G., N. Ibrishimov and S. Mi-
lashki (1999). Clinical Laboratory
Studies in Veterinary Medicine, "Prof.
Marin Drinov", Sofia (Bg).

Allen, A. R. and R. C. Mac Rhail, 1993.
Bitertanol, a triazole fungicide, in-
creases operant responding but not
motor activity. Neurotoxicology and
Teratology, 15, No 4, 237—- 242.

Binev, R., 2000a. Clinical and experimen-
tal studies on the acute intoxication
with the triazole fungicide dinicona-
zole in birds. I. Clinical and paraclini-

185



Clinical and experimental studies on acute intoxication with the triazole fungicide diniconazole...

cal studies. Veterinary Medicine
(Sofia), No 1, 44-48 (Bg).

Binev, R., 2000b. Clinical and experimen-
tal studies on acute intoxicacion with
the triazole fungicide diniconazole in
birds. II. Biochemical studies. Veteri-
nary Medicine (Sofia), No 1, 49-52
(Bg).

Binev, R., 2000c. Clinical and experimen-
tal studies on the preparation Sumi 8
2WP in hens. In: Proceedings of the
Scientific Conference ”Achievements
in the Field of Agricultural and Social
Sciences”, Union of Scientists in Bul-
garia, Branch Stara Zagora, Part 1,
169-174 (Bg).

Binev, R., 2000d. Clinical and haemato-
logical studies on the acute poisoning
with the triazole fungicide Baytan (tri-
adimenol) in hens. In: Proceedings of
the Scientific Conference "Ecology
and Health", House of Science and
Technology, Academical Publisher of
the Agricultural University Plovdiv,
No 1, 131-134 (Bg).

Binev, R., 2001. Clinical and experimen-
tal studies on acute poisoning with the
triazole fungicide diniconazole (Sumi
8 2WP) in rabbits. 1. Clinical and
haematological studies. Bulgarian
Journal of Veterinary Medicine, 4, No
2,103-114.

Crofton, K. M., 1996. A structure-activity
relationship for the neurotoxicity of
triazole fungicides. Toxicology Letter,
84, No 3, 155-159.

Filipov, N. and D. Lawrence, 2001. De-
velopmental toxicity of a triazole fun-
gicide: consideration of interorgan

communication. Toxicology Science,
62, No 2, 339-352.

Kurumbaev, Y. K., S. O. Kulyakova, N.
V. Sanotskaya and S. O. Aleynikov,

186

1996. Pathomorphological study of
lungs in feline pneumonia model. Bul-
letin of Experimental Biology and
Medicine, No 1, 103—104 (Ru).

Machera, K., 1995. The studies on the
effects of triazole fungicides: cypro-
conazole, flusilazole, 1,2,4-triazole
and propiconazole. Bulletin of
Environmental Contamination
Toxicology, 54, 363-369.

Markelov, M. Y. and V. K. Shormanov,
1994. Distribution of the pesticide
Baytan and its primary metabolite
(DTChB) in warm-blooded animals.
Pharmacia, No 6, 16—19 (Ru).

Mayberry, W. E., 1968. Antithyroid ef-
fects of 3-amino-1,2,4-triazole. Ex-
perimental Biology and Medicine,
129, 551-556.

Patel, Y., H. S. Kushwah, A. Kushwah
and M. R. Malik, 1999. Histopa-
thological  changes induced by
pesticide in rats. Indian Veterinary
Journal, 76, No 10, 930-931.

Ronis, N. J.,, M. Celander and T. M.
Badger, 1998. Cytochrome P450 en-
zymes in the kidney of Bobwhite quail
(Colinus virginianus): induction and
inhibition by ergosterol biosynthesis
inhibiting fungicides. Comparative
Biochemistry and Physiology C -
Pharmacology, Toxicology & Endo-
crinology, 121, No 1-3, 221-229.

Sivertsen, T. and L. Muller, 1999. Am-
moniated forage poisoning: acute tox-
icity of newly identified dialkylimida-
zoles to inbred mice. Veterinary and
Human Toxicology, 41, No 6,
363-368.

Thomas, G. P., M. Karmazyn, A. C. Zyg-
munt, C. Antzelevitch and N. Naraya-
nan, 1999. The antifungal clotrimazole
potently inhibits L-type calcium cur-

BJVM, 5,No 3



rent in guinea-pig ventricular myo-
cytes. British Journal of Pharmacol-
0gy, 126, No 7, 1531-1533.

Paper received 23.10.2001; accepted for
publication 03.07.2002

BJVM, 5, No 3

Correspondence:

Dr. R. Binev

Dept. of Internal Medicine,
Faculty of Veterinary Medicine,
Trakia University,

6000 Stara Zagora, Bulgaria

R. Binev

187



188 BJVM, 5,No 3



	MATERIALS AND METHODS

	Animals

	Drugs and treatments

	Experimental design

	Assessment of toxicity

	Statistical analysis 



