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Haematological investigations upon acute intoxication with carbofuran in dogs
R. Binev*, I. Valchev, R. Russenov, Y. Nikolov
Department of Internal Non-Infectious Diseases, Faculty of Veterinary Medicine, Trakia University, 6000 Stara Zagora, Bulgaria
(Manuscript received 7 September 2016; accepted for publication 19 December 2016)
Abstract. Experiments for monitoring of changes in haematological parameters were carried out in dogs after acute intoxication with the carbamate insecticide
carbofuran (Carbosan 35 ST). The studies involved one control and 6 experimental groups of dogs (total n=42), treated once orally with increasing doses of the
preparation via oesophageal probe: 0.525 mg/kg (experimental group I), 1.05 mg/kg (experimental group II), 2.1 mg/kg (experimental group III), 3.5 mg/kg
(experimental group IV), 5.25 mg/kg (experimental group V) and 10.5 mg/kg (LD50), (experimental group VI), corresponding to 1/20, 1/10, 1/5, 1/3, 1/2 and LD50,
oral doses for albino rats. Blood samples were obtained from v. antebrachi cephalica or v. jugularis in the course of 3 consecutive days prior to the treatment
(hours -48, -24 and 0) and on post treatment hours 1, 3, 5, 7, 24 and 48 from all groups for analysis of blood cell counts (RBC), white blood cell counts (WBC),
haemoglobin content (HGB), haematocrit (HCT), differential white cell counts (DWC) erythrocyte sedimentation rate (ESR). It was established that the tested
carbamate insecticide caused decrease RBC, HGB and LYM, and increased the levels of WBC and banded neutrophils between post treatment hours 1 and
24; afterwards, the studied parameters regained the respective control values.

Keywords: dogs, intoxication, carbamate insecticide, carbofuran, haematological parameters

Introduction
Pesticides and chemical or biological agents used all over the
world to protect the crops by destroying the pests and increase the
yield (Guitart et al., 2010a). The uncontrolled used of chemical
agents, non-adherence to quarantine conditions has a serious
toxicological impact on the environment (El-Demerdash, 2011).
Most commonly used insecticides are carbamates and
organophosphates, whose accumulation in abiotic (soil, water) and
biotic (plants, animals, men) system is a global ecological problem
(Jaiswal et al., 2015). The toxic effect of pesticides from both groups
is mainly due to their ability to inhibit acetylcholineesterase (AChE)
(Milatovic et al., 2006). Unlike organophosphates, organic
carbamate compounds inhibit the enzyme via carbamylation
(Fukuto, 1990). The process is reversible and AchE is restored after
a short period of time (de Siqueira et al., 2015).
The wide use of organic carbamate pesticides to control the
insects and their high toxicity pose a significant toxicological risk for
animal and human health (Guitart et al., 2010a,b; Novotný et al.,
2011; Kaur et al., 2012). Both at national and global scales, the use
of carbamates as raticide compounds for control of rodent
populations becomes more and more important (Lehel et al., 2010).
The use of carbamates under the form of baits is not allowed
(Kervegant et al., 2013), as it causes massive intoxications in wild
(Ruiz-Suárez et al., 2015) and domestic animals (Novotný et al.,
2011) and hence is a global ecological problem (Guitart et al.,
2010a,b). Reports of de Siqueira et al. (2015) and Ruiz-Suárez et al.
(2015) proved that carbamate insecticides (most commonly
carbofuran) are increasingly used for deliberate poisoning of stray
dogs and cats. Binev et al. (2014a,b), Rai et al. (2011) and Jaiswal et
al. (2015) indicated that carbofuran induces toxic effects mainly on

the central and peripheral nervous system, the liver, heart, pancreas
and skeletal muscles, as evidence by blood laboratory analysis
results. In addition, most pesticides induced cellular oxidative stress
and substantial structural and functional disturbances (Kaur and
Sandhir, 2006; Rai et al., 2011), correlating to chemical and
morphological changes in the blood of intoxicated animals. In
experiments with sheep treated with carbofuran at 1.0 mg/kg (р.о.),
Yotsev et al. (1990) established increase in erythrocyte counts and
haemoglobin.
In our previous study (Binev et al., 2014a) was found that
toxicity of the tested carbamate insecticide was clinically expressed
by hyperthermia, tachycardia and polypnea hypersalivation,
staggering, wandering gaze, bruxism, vomiting, faecal and urine
incontinence, tremor, convulsions, seizures, clonic spasms, paresis
and paralysis of limbs. These date motivated to perform complex
experimental studies on changes in hematological parameters in
acute intoxication with carbofuran in order to establish their
relationship with the observed changes in our clinical status in dogs
treated with similar dosages of carbofuran.
The lack of data about the toxic effect of carbofuran through
follow-up of some haematological parameters in experimentally
intoxicated dogs was the incentive for the present study. This would
add to the body of knowledge on the tested preparation and would
facilitate the diagnostics, as well as efficacy of treatment of
carbamate intoxications.

Мaterial and methods
Experimental animals. The experiments were carried out on 42
dogs, at the same age and weight. Thirty days prior to the study they
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were kept in individual cages under the same conditions in
compliance to hygienic microclimatic and feeding norms. The
animals were fed canine food for adults (Lyubimets) and had free
access to water.
Tested substance.The experimental intoxication was done with
the commercial preparation Carbosan 35 ST (Agro Science, USA),
containing 350 mg carbofuran (2, 3-dihydro-2, 2-dimethyl-7benzofuranyl methyl carbamate) in 1 mL, with oral LD50 for albino rats
= 10.5 mg/kg. The preparation was applied once orally via an
oesophageal probe, two hours before feeding (at 6.00 AM).
Experimental design. The dogs were divided into 7 groups with
equal number from both genders: one control and six experimental
(6 dogs in each), treated on hour 0 with increasing single doses as
followed: experimental group I: 0.525 mg/kg (1/20 LD50, for albino
rats); experimental group II (1/10 LD50, for albino rats): 1.05 mg/kg;
experimental group III: 2.1 mg/kg (1/5 LD50); experimental group IV:
3.5 mg/kg (1/3 LD50); experimental group V: 5.25 mg/kg (1/2 LD50),
and experimental group VI: 10.5 mg/kg (LD50).
Blood samples were obtained from v. antebrachi cephalica or v.
jugularis in the course of 3 consecutive days prior to the treatment
(hours -48, -24 and 0) and on post treatment hours 1, 3, 5, 7, 24 and
48 from all groups for analysis of red blood cell counts (RBС; T/l),
white blood cell counts (WBC; G/l), haemoglobin content (HGB; g/l)
and haematocrit (HCT; l/l) on an automated analyser (Cell dyn 4500,
USA), differential white cell counts (DWC; %), by Pappenheim and
erythrocyte sedimentation rate (ESR; mm/h) on an automated
analyser (Greiner bio one, Austria).
All results were processed with statistical software (Statistica
6.0 for Windows, Stat Soft Inc. USA, 1993). The significance of
differences between treated groups and untreated controls were
evaluated by ANOVA. The level of statistical significance was
P<0.05.

Results
The time course of haemoglobin content (Hgb) before and after
treatment of dogs is presented on Figure 1. After exposure to
carbofuran, a decrease was established, which occurred between
hours 5 and 7 in group II, most obvious by the 5th hour 141.1±4.3 g/l
(р<0.01 vs controls 172.8±4.8 g/l). In group III, the changes were
from the 1st to the 7th hour with lowest levels by the 5th hour 128.1±3.8
g/l (р<0.001). In groups IV and V the haemoglobin content
decreased until the 24th hour, with minimum levels by the 1st hour
128.6±3.9 g/l (р<0.001) and 110.2±3.5 g/l (р<0.001) respectively,
as compared to control values 171±4.8 g/l. In group I, there were no
statistically significant changes. The measured parameter has
regained its normal values by the 48th hour.
Erythrocyte counts (Er) (Figure 2) in the blood of animals from
group I did not demonstrate significant changes. In dogs from groups
II, III, IV and V, there was a decrease with lowest values by the 5th
hour 5.68±0.32 T/l (р<0.05), 5.44±0.28 T/l (р<0.05), 5.52±0.31 T/l
(р<0.05) and 4.62±0.26 T/l (р<0.01) respectively compared to
control values for the same period 7.22±0.38 T/l. By the 24th hour,
the studied parameters returned to normal.
Throughout the entire experimental period, haematocrit varied
insignificantly close to control values 48.5±4.4 %.
After the treatment of experimental dogs, leukocyte counts
(Lev) increased in groups II-V (Figure 3). In groups II, III and IV the
peak values were measured on hour 3: 17.3±1.2 G/l (р<0.01),
26.1±1.1 G/l (р<0.001) and 27.3±1.4 G/l (р<0.001) vs controls
(10.4±0.6 G/l). In group V, corresponding changes occurred by the
7th hour 32.7±1.5 G/l (р<0.001 vs controls 11.8±0.7 G/l).
Leukocytosis was established from the 1st post exposure hour
onward. On the 24th hour, the studied parameter attained control
values. The data from differential leukocyte counts showed
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Figure 1. Changes in haemoglobin content in blood of dogs – untreated (control)
and treated with carbofuran at doses 0.525 mg/kg (1/20 LD50), (group I),
1.05 mg/kg (1/10 LD50), (group II), 2.1 mg/kg (1/5 LD50), (group III),
3.5 mg/kg (1/3 LD50) (group IV) and 5.025 mg/kg (1/2 LD50),
(group V): ap<0.05; bp<0.01; cp<0.001.
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and treated with carbofuran at doses 0.525 mg/kg (1/20 LD50), (group I),
1.05 mg/kg (1/10 LD50), (group II), 2.1 mg/kg (1/5 LD50), (group III),
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Figure 3. Changes in white blood cell counts in blood of dogs – untreated
(control) and treated with carbofuran at doses 0.525 mg/kg (1/20 LD50),
(group I), 1.05 mg/kg (1/10 LD50), (group II), 2.1 mg/kg (1/5 LD50),
(group III), 3.5 mg/kg (1/3 LD50) (group IV) and 5.025 mg/kg (1/2 LD50),
(group V): ap<0.05; bp<0.01; cp<0.001.

statistically significant changes only in band neutrophils and
lymphocytes.
After the treatment, band neutrophils were increased (Figure 4)
in all experimental groups except for group I. In groups II, III and IV,
peak changes were found out by the 3rd hour: 4.2±0.3 % (р<0.001),
6.7±0.4 % (р<0.001) and 10.7±1.1 % (р<0.001) respectively vs
controls 1.8±0.2 %. The maximum counts were registered by the 5th

hour - 11.8±0.9 % (р<0.001), as compared to controls 1.7±0.1 %.
Lymphocytes (Figure 5) decreased statistically significantly
between post exposure hours 1 to 3. The lowest percentages vs
controls (36.4±4.1%) were demonstrated by the 1st hour 25.5±2.2
% (р<0.05) in group III, 23.8±2.3 % (р<0.05) in group IV and
22.2±2.4 % (p<0.05) in group V. In groups I and II the observed
reduction was insignificant. After the 5th hour, the studied parameters
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Figure 4. Changes in banded neutrophils counts in blood of dogs – untreated
(control) and treated with carbofuran at doses 0.525 mg/kg (1/20 LD50),
(group I), 1.05 mg/kg (1/10 LD50), (group II), 2.1 mg/kg (1/5 LD50),
(group III), 3.5 mg/kg (1/3 LD50) (group IV) and 5.025 mg/kg (1/2 LD50),
(group V): ap<0.05; bp<0.01; cp<0.001.
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Figure 5. Changes in lymphocytescounts in blood of dogs – untreated (control)
and treated with carbofuran at doses 0.525 mg/kg (1/20 LD50), (group I),
1.05 mg/kg (1/10 LD50), (group II), 2.1 mg/kg (1/5 LD50), (group III),
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returned to control values. There were no considerable changes in
the other leukocyte classes (eosinophils, metamyelocytes,
segmented neutrophils, monocytes) as well as in erythrocyte
sedimentation rate (р>0.05).
Dogs treated at 10.5 mg/kg (LD50), (experimental group VI)
showed signs of intoxication after the 5th min and died within post
exposure min 30 to 45.

Discussion
In the course of experimental acute intoxication with carbofuran
in dogs, there were changes in some haematological parameters
(erythrocytes, leukocytes, haemoglobin, lymphocytes and band
leukocytes) in experimental animals.
After the treatment with increasing doses of the tested
preparation, haemoglobin content deceased proportionally to the
applied amount of the carbamate insecticide. Maximum
hypochromaemia occurred on the 1st hour after the challenge,
except for dogs from experimental group II treated at 1.05 mg/kg
(1/10 LD50, for albino rats), in which the changes occurred later on
the 5th h. A similar trend forwards reduction was noted for erythrocyte
counts in the blood of experimental dogs. The changes were
registered from the 1st to the 7th hour with lowest values by the 5th
hour. Similar results were reported by Zaahkouk et al. (2000),
Adhikari et al. (2004), Saravanan et al. (2011) and Narra (2016) with
respect to the effects of carbamate pesticides in different animal
species and men.
According to most researchers, the observed haematological
changes – hypochromaemia and erythropaenia in experimental
animals were due to the multiple haemorrhages in parenchymal
organs (liver, pancreas, kidneys, lungs, brain etc.) established
during morphological investigations of experimental and
spontaneous intoxications in dogs and cats (Xavier et al., 2007;
Otieno et al., 2010; Novotný et al., 2011; de Siqueira et al., 2015), in
domestic livestock (cattle, sheep, goats), birds, fish, laboratory
animals (mice and rats), and men (Adhikari et al., 2004; Guitart et al.,
2010a,b). In the view of Siqueira et al. (2015) haemorrhages
occurred subsequently to overstimulation of muscarin receptors by
carbamates, provoking impairment of the vascular tone, tissue
perfusion and blood vessels permeability.
On the other hand, the decreased erythrocyte counts were due
to reduced glutathione (GSH) concentrations in the liver, a
compound that protects them from being lysed (Jaiswal et al., 2015).
The reduced GSH could be a result to the direct hepatotoxic effect of
carbofuran, but on the other hand, glutathione, as a non-enzymatic
antioxidant, is extensively depleted for elimination of endogenous
reactive oxygen and nitrogen species (Kaur and Sandhir, 2006;
Ballantyne and Marrs, 2013; Jaiswal et al., 2015).
A third possible mechanism for the onset of hypochromaemia
and erythropaenia is the stimulation of vasoconstriction by hypoxia
and the resulting redistribution of blood elements under the influence
of released catecholamines, manifested with leukocytosis and
erythropaenia. In carbamate intoxication, the increase in
catecholamines is additionally due to increased cholinergic
stimulation on receptors following the inhibited cholinesterase
activity (Bretaud et al., 2002). In the belief of Narra (2016) the
decrease in haemoglobin, haematocrit and erythrocytes is a
protective response to stress induced by the pesticides. We agree
with the hypothesis of Saravanan (2011) that lower red blood cell

counts could be the cause for the observed hypochromaemia.
It is evidenced that the toxic mechanism of carbamates involves
also oxidative stress apart the AchE inhibition. It occurs because of
the capability of carbamate compounds to catalyse the conversion of
oxygen into reactive oxygen species (superoxide anion, hydrogen
peroxide, nitric oxide and hydroxyl radicals) (Gupta et al., 2001;
Milatovic et al., 2005; Giordano, 2005). These compounds are able
to impair cell metabolism and to induce loss of cells (Milatovic et al.,
2006; Maran et al., 2009; Ogut et al., 2011), including red blood cells
(Koprucu et al., 2006; Hii et al., 2007; Ramesh et al., 2015).
After the experimental intoxication with carbofuran in dogs,
white blood cells increased between post treatment hours 1 to 7 in
experimental groups treated at 1/10 LD50, 1/5 LD50, 1/3 LD50 and 1/2
LD50. Our data differed from those of Zaahkouk et al. (2000). The
authors reported leukopaenia in rats and suggested that it was due
to change in cell membrane and disintegration of leukocytes.
According to Saleh et al. (1990) leukocytes are mobilized against the
toxic compound in the beginning of carbamate intoxication and at a
later stage, a decrease occurred due to inhibited leukopoiesis.
According to use, the observed leukocytosis was rather a results
from inflammation in visceral organs induced by carbamate, which
was proved in the morphological studies of others (Rizos et al., 2004;
Guitart et al., 2010a,b; Novotný et al., 2011; de Siqueira et al., 2015).
Our data are in perfect agreement with those of Rizos et al. (2004),
who found out 5-6-fold increase in total white blood cell counts in
spontaneous case of intoxication of a man, attributed to the
presence of acute pancreatitis. Our results were also comparable to
those of Ramesh et al. (2015).
On the other hand, leukocytosis correlated to the already
hypothesized mechanisms of redistribution in blood following the
vasoconstriction and increased concentration of catecholamines.
Increased leukocyte counts are associated by Joshi et al.
(2002) to the increased antibody production, a mechanism of
defense against pesticide intoxication. More specifically,
carbamates activate the immune system to overcome the stress of
intoxication (Ramesh et al., 2015).
The analysis of results from the differential white blood cell
counts showed the more pronounced changes in band neutrophils
and lymphocytes. Under the effect of carbofuran, band neutrophils in
the experimental groups treated at 1/10 LD50, 1/5 LD50, 1/3 LD50 and
1/2 LD50 decreased between the 1st the 48th hour, with peak levels by
the 3rd hour. Lymphocytes decreased only on hours 1 and 3.
The established leukocytosis, neutrophilia and
lymphocytopaenia were probably due to the morphological changes
observed by Rizos et al. (2004), Otieno et al. (2010), Novotný et al.
(2011) and de Siqueira et al. (2015) – inflammation of the pancreas,
the stomach, intestines, liver, kidneys etc. occurring following the
irritation by the oral ingestion of carbamates.
The lack of changes in haematocrit proved the absolute
character of observed haematological changes – erythropaenia,
hypochromaemia, leukocytosis with neutrophilia and
lymphocytopaenia.

Conclusion
The results from the changes in haematological parameters in
dogs treated at increased doses of the carbamate pesticide
carbofuran (Carbosan 35 CT) equal to 1/20 LD50, 1/10 LD50, 1/5 LD50,
1/3 LD50 and 1/2 LD50 demonstrated reduction in erythrocyte counts,
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haemoglobin, and lymphocytes along with increase in leukocytes
and band neutrophil percentage. These changes were the most
prominent between the 1st and 24th hour after the treatment.
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