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Abstract

Experiments for monitoring of changes in blood enzyme activities were carried out in dogs after acute intoxication
with the carbamate insecticide carbofuran (Carbosan 35 CT).

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 1), 1.05 mg/kg (experimental
group 1), 2.1 mg/kg (experimental group II1), 3.5 mg/kg (experimental group 1V), 5.25 mg/kg (experimental group
V) and 10.5 mg/kg (LDsy), (experimental group V1), corresponding to 1/20, 1/10, 1/5, 1/3, 1/2 and LDsy, 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
acetylcholinesterase (AChE), aspartate aminotransferase (ASAT), alanine aminotransferase (ALAT), amylase
(AMY), gamma-glutamyltransferase (y-GT), alkaline phosphatase (ALP) and lactate dehydrogenase (LDH).

It was established that the tested carbamate insecticide provoked lower blood activity of AChE and increased the
levels of ASAT, ALAT, AMY, y-GT, AP and LDH between post treatment hours 1 and 7; afterwards, the studied
parameters regained the respective control values.
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1. Introduction It belongs to the group of highly toxic compounds

(LDsg<50 mg/kg), has no specific odour and
From all pesticides used for agricultural preserves its toxicity for a long time in the
protection, the group of insecticides is the largest environment [15]. It is widely used by reason of
one, and within it, organocarbamate insecticides its high bioactivity against harmful insects, which

(OCI) are the most utilised [1-3]. This is due to entails its presence in waters, air, soils and
their high efficacy and broad spectrum of explains the numerous intoxications in domestic
application as insecticide, nematocide and [11, 13, 16-18] and wild [9, 12, 19-22] animals.
acaricide substances [4-6]. At the same time, they By now, the greatest existing toxicological risk
are outlined with a high toxicity, hence the high comes from the use of carbofuran for restriction of
risk for acute intoxications in animals [2, 7-9]. rodent populations [8, 21, 23], under the form of
More than half of intoxication cases in domestic baits — an illegal practice [6], particularly in cases
animals and game species reported in Bulgaria and of deliberate intoxications of stray dogs and cats

abroad are due to carbamate pesticides [6, 10-14]. [9, 25, 26].

Carbofuran is the most commonly used OCI. The existing literature data demonstrate that acute
intoxication with OCI results in substantial
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of usual blood levels. In general, clinical signs of
intoxication with preparations from this group
appear after inhibition of 50-60% of AChE [1].
Carbamates bind to the enzyme via carbamylation,
which blocks the ester bond [15, 28]. A specific
feature of OCI intoxication is that AchE inhibition
is a reversible process unlike the action of
organophosphates  [22].  The  spontaneous
reactivation of cholinesterase activity depends
both on the animal species and the amount of
ingested toxic substance [5, 16]. This determines
the contradictory literature data about the
beginning of the enzyme inhibition, its duration
and the time for recovery of AChE level after the
challenge.

Data reported on the influence of carbamate
pesticides on blood enzyme AChE activity are
mainly in spontaneous intoxications [4, 6, 10, 17,
18, 22, 29].

In previous studies of ours on changes in activities

of some blood enzymes in quails with
experimental acute intoxication with the
carbamate insecticide carbofuran [30], we

established lower activity of acetylcholinesterase,
and increased levels of ASAT, ALAT, ALP,
creatine kinase and slight variations in y-GT.

The purpose of the present study was to determine
the toxic effect of the carbamate insecticide
carbofuran in dogs through monitoring of changes
of some blood enzymes after experimental acute
intoxication with the preparations.

2. Materials 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 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 and had free access to water.

Tested substance.The experimental intoxication
was done with the commercial preparation
Carbosan 35 CT (Agro Science, USA), containing
350 mg carbofuran (2, 3-dihydro-2, 2-dimethyl-7-
benzofuranyl methyl carbamate) in 1 mL, with
oral LDsy 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).
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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 LDsy, for albino rats); experimental group Il
(1/10 LDsy for albino rats): 1.05 mg/kg;
experimental group Ill: 2.1 mg/kg (1/5 LDsy);
experimental group 1V: 3.5 mg/kg (1/3 LDxy);
experimental group V: 5.25 mg/kg (1/2 LDs), and
experimental group VI: 10.5 mg/kg (LDsp).

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

acetylcholinesterase (AChE), aspartate
aminotransferase (ASAT), alanine
aminotransferase (ALAT), amylase (AMY),
gamma-glutamyltransferase  (y-GT),  alkaline

phosphatase (ALP) and lactate dehydrogenase
(LDH) using commercial kits Cyba Corning
(Bayer Diagnostics Ltd, Germany) and automated
biochemical analyser Olympus AU 600 (Japan).
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 and discussion

The analysis of serum activity of cholinesterase
(Fig. 1) revealed decrease of the studied blood
analyte in all treated groups by the 1% hour as
followed: 1943+44 U/l (p<0.05) in group I;
783+48 U/l (p<0.001) in group Il; 538+28 U/I
(p<0.001) in group HI; 482+22 U/l (p<0.001) in
group IV and 233+18 U/l (p<0.001) in group V as
compared to controls — 2761+174 U/l. These
values were the lowest detected activities for the
enzyme. The recovery of enzyme activity in group
| occurred by post treatment hour 3, in group Il —
by hour 5 and in groups Ill, IV and V - by post
treatment hour 7.

The activity of aspartate aminotransferase (ASAT)
in blood (Fig. 2) increased one hour after the
treatment in all experimental groups. The studied
parameter attained highest values by the 3" hour:
57.3+3.8 U/l (p<0.001) in group I, 75.845.2 U/l
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(p<0.001) in group 11, 94.3£8.5 U/l (p<0.001) in
group I, 110.4+£9.8 U/l (p<0.001) in group IV
and 122.2+11.4 U/l (p<0.001) in group V vs
control levels (13.8+0.9 U/l). The enzyme levels
in in groups I, Il and 111 returned to normal by the
24™ hour, and in the other two groups — by the 48"
hour.
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Figure 1. Changes in blood acetylcholinesterase
activity in dogs — untreated (control) and treated with
carbofuran at doses 0.525 mg/kg (1/20 LDsy), (group 1),
1.05 mg/kg (1/10 LDsg), (group 1), 2.1 mg/kg (1/5
LDsg), (group I1), 3.5 mg/kg (1/3 LDsg) (group V) and
5.025 mg/kg (1/2 LDs), (group V): %p<0.05; °p<0.01;
°p<0.001.
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Figure 2. Changes in blood aspartate aminotransferase
(ASAT) activity in dogs — untreated (control) and
treated with carbofuran at doses 0.525 mg/kg (1/20
LDsg), (group 1), 1.05 mg/kg (1/10 LDsp), (group 1),
2.1 mg/kg (1/5 LDsy), (group 111), 3.5 mg/kg (1/3 LDsg)
(group 1V) and 5.025 mg/kg (1/2 LDs), (group V):

2p<0.05; "p<0.01; p<0.001.

The enzyme activity of alanine aminotransferase
(ALAT) (Fig. 3) followed a similar trend of
change in all challenged animals by the 1 hour.
In groups | and 11, changes were observed only on
this period with activities of 25.8+2.1 U/l (p<0.05)
and 30.3£2.8 U/l (p<0.05), respectively vs control
level (18.8£1.7 U/l). In the other groups (third,
fourth and fifth), ALAT levels remained elevated
for a longer period with peak values by the 3"
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hour - 44.6+3.9 U/l (p<0.01), 66.4+5.2 U/l
(p<0.001) u 82.3+6.4 U/l (p<0.001), respectively
as compared to controls — 21.3+2.2 U/I. In group
Il ALAT activity returned to normal by post
treatment hour 24, in group IV: by the 48™ hour
and in group V persisted elevated after the end of
the study period.
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Figure 3. Changes in blood alanine aminotransferase
(ALAT) activity in dogs — untreated (control) and
treated with carbofuran at doses 0.525 mg/kg (1/20
LDsp), (group 1), 1.05 mg/kg (1/10 LDsp), (group I1),
2.1 mg/kg (1/5 LDsyp), (group 1), 3.5 mg/kg (1/3 LDsp)
(group 1V) and 5.025 mg/kg (1/2 LDsp), (group V):
#p<0.05; "p<0.01; “p<0.001.
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Figure 4. Changes in blood amylase (AMY) activity in
dogs — untreated (control) and treated with carbofuran
at doses 0.525 mg/kg (1/20 LDsp), (group 1), 1.05
mg/kg (1/10 LDsg), (group 1), 2.1 mg/kg (1/5 LDsyp),
(group 111), 3.5 mg/kg (1/3 LDsp) (group 1V) and 5.025
mg/kg (1/2 LDs), (group V): ®p<0.05; "p<0.01;
“p<0.001.

The analysis of enzyme activities of amylase (Fig.
4) shoed increased concentrations by the first hour
in groups II, 111, IV and V as followed — 956+48
U/l (p<0.01), 1152+53 U/l (p<0.001), 1213+58
U/l (p<0.001) and 136854 U/l (p<0.001),
respectively. Control activity by hour 1 was
718439 U/I. Peak levels were detected by hour 3 —
1518458 U/l (p<0.001), 1563156 U/l (p<0.001),
161662 U/l (p<0.001) and 2638+93 U/
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(p<0.001) in groups I, 11, IV and V respectively,
while control dogs had an average AMY activity
of 736x34 U/l. The blood level of amylase in
groups Il and Il was normalised by hour 24, and
of groups 1V and V - by hour 48.
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Figure 5. Changes in blood gamma-
glutamyltransferase (y-GT) activity in dogs — untreated
(control) and treated with carbofuran at doses 0.525
mg/kg (1/20 LDsp), (group 1), 1.05 mg/kg (1/10 LDxy),
(group 1), 2.1 mg/kg (1/5 LDsg), (group I11), 3.5 mg/kg
(1/3 LDsp) (group 1V) and 5.025 mg/kg (1/2 LDxy),

(group V): ?p<0.05; "p<0.01; °p<0.001.
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Figure 6. Changes in blood alkaline phosphatase
(ALP) activity in dogs — untreated (control) and treated
with carbofuran at doses 0.525 mg/kg (1/20 LDsy),
(group 1), 1.05 mg/kg (1/10 LDsp), (group 1), 2.1
mg/kg (1/5 LDx), (group 11), 3.5 mg/kg (1/3 LDsp)
(group 1V) and 5.025 mg/kg (1/2 LDs), (group V):

4p<0.05; °p<0.01; °p<0.001.

In all treated groups, gamma glutamyltransferase
(y-GT) increased an hour after administration of
the carbamate insecticide carbofuran (Fig. 5):
4.62+0.38 U/l in group | (p<0.01), 4.73+£0.36 U/I
in group Il (p<0.001), 5.12+0.46 U/l in group Il
(p<0.001), 5.86+0.48 U/l in group | (p<0.001) and
6.08+0.53 U/l in group V (p<0.001) as compared
to control levels — 2.22+0.18 U/l. These levels
were the highest detected for groups I, Il, 11l and
IV, while peak y-GT in group V occurred by hour
5 -6.73£0.49 U/l (p<0.001), when control activity
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was 2.19+0.17 U/I. Blood y-GT activities in the
first three experimental groups were recovered by
hour 7, while in groups IV and V - by the 48™ h.
The changes in alkaline phosphatase activity (Fig.
6) was characterised with elevation in all groups
treated with carbofuran by the 1% h, namely
105.3+8.4 U/l (p<0.001) in group I, 109.8+8.1 U/I
(p<0.001) in group 11, 116.3+8.8 U/l (p<0.001) in
group I, 111.948.2 U/l (p<0.001) in group IV
and 137.8+9.7 U/l (p<0.001) in group V vs
untreated dogs — 22.6+2.4 U/l. These ALP
activities were the highest for all groups.
Activities of the enzyme in blood were restored by
hour 7 (group 1), hour 24 (groups Il and I11), hour
48 (group 1V) while in group V remained
statistically significantly higher throughout the
entire period of the study.

Blood lactate dehydrogenase (Fig. 7) increased
one hour after the challenge in all treated groups —
80.6+6.61 U/l (p<0.05), 98.3+6.80 U/l (p<0.01),
150.849.38 U/l (p<0.001), 156.4+9.38 U/
(p<0.001) and 198.2+8.79 U/l (p<0.001) in groups
I, 1, HI, IV and V, respectively at the background
of low values in controls (49.7£5.29 U/I). Except
for group Ill, where peak activity occurred by
hour 3 — 152.4+9.27 U/l (p<0.001 vs 48.5+4.92
U/l in controls) the activities measured on hour 1
were the highest for all treated dogs. LDH was
restored by hour 5 in group I, by hour 24 in groups
I1, Il and 1V and by the 48 hour in group V.

Dogs treated at 10.5 mg/kg (LDsp), (experimental
group V1) showed signs of intoxication after the
5" minute and died within 30 to 45 min after the
treatment.
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Figure 7. Changes in blood lactate dehydrogenase
(LDH) activity in dogs — untreated (control) and treated
with carbofuran at doses 0.525 mg/kg (1/20 LDsp),
(group 1), 1.05 mg/kg (1/10 LDsp), (group I1), 2.1
mg/kg (1/5 LDs), (group 1), 3.5 mg/kg (1/3 LDsp)
(group 1V) and 5.025 mg/kg (1/2 LDsp), (group V):

#p<0.05; "p<0.01; “p<0.001.
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The serum acetylcholinesterase decreased on all
experimental groups by the 1% hour regardless of
the dose of tested preparation. At this time
interval, the activities of the enzyme were the
lowest. In dogs treated at 5.025 mg/kg (1/2 or
LDs), the reduction was more than 10-fold vs
control measurements. AChE activity was restored
by the 3" hour in dogs treated at a dose equal to
1/20 LDsgy, and by hour 5 in those treated at 1/10
LDsy — ma 5-us h. In all other groups (1/5 LDx;
1/3 LDs and 1/2 LDs, the recovery was observed
7 hours after the challenge with carbofuran.

These results for blood AChE activities showed a
clear trend to reduction of activity, whose
magnitude was dependent on the treatment dose.
Most obvious changes were noticed one hour after
the treatment. These data confirmed that the toxic
effect of carbamate insecticides was the strongest
in the first hours after ingestion of the poison, as
observed in dogs [3, 18, 25, 27, 29], wild animals
[8, 9, 17]. The beginning of acetylcholinesterase
recovery by the 3™ hour in all groups with
complete normalisation by hour 7 emphasises the
well-known fact that the inhibition of the enzyme
under the influence of carbamates (including
carbofuran) is a reversible process, directly
associated to the dose of applied pesticides and the
species of experimental animals [23, 25, 27, 28].
The comparison of data from our studies [30] on
cholinesterase activity in the blood of quails
treated with similar doses of the preparation has
shown that enzyme activity began to decrease in
birds treated at 2.1 mg/kg (1/5 LDs). In dogs,
enzyme inhibition occurred after treatment at
considerably lower doses — 0.525 mg/kg (1/20
LDsg) and especially at 1.05 mg/kg (1/10 LDsp).
These species-specific features allowed affirming
that quails were a more resistant species than dogs
to carbamate intoxication. In addition, after the
maximum tested dose 10.5 mg/kg (LDsp)
carbofuran resulted in fatal outcome in all dogs,
whereas quails treated at the same dose survived
the intoxication.

The acute experimental intoxication with the
carbamate insecticide carbofuran in dogs treated
with increasing doses (1/20 LDsgg, 1/10 LDsg, 1/5
LDsp, 1/3 LDsy and 1/2 LDsp) was accompanied
with substantial changes in activities of
transferases — ASAT, ALAT, y-GT), ALP and
LDH.

Our experiments have shown that the
concentrations of both aminotransferase (ASAT
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and ALAT) increased in all experimental dogs
proportionally to the treatment dose of carbofuran.
The changes were detected by the 1% hour, with
peak levels by hour 3. Blood activities increased
about 4 times (ALAT) and about 8-9 times
(ASAT) as compared to control measurements.
The recovery of ASAT activity in dogs treated at
1/20 LDsp, 1/10 LDsp, and 1/5 LDsy occurred by
the 24™ hour after carbofuran administration and
by the 48" hour in experimental groups that
received 1/3 LDsy and 1/2 LDs, of the tested
preparation. The same tendency in blood ALAT
activities was observed 3 hours after treatment
with doses 1/20 LDsy and 1/10 LDso, 24 hours
after treatment with 1/5 LDsy and 48 hours — with
1/3 LDso. ALAT activity remained elevated until
the end of the study in the group treated at 1/2
L Dso.

The results from studies on activities of these two
enzymes in rats [31] agree with our data. The
simultaneous increase of both enzymes could be
associated to enhanced synthesis and reduction of
the conversion rates correlating to observed
morphological changes in the liver parenchyma
[23, 26, 32]. According to Gupta [15] the changes
in blood ASAT and ALAT concentrations could
result from vasodilation consequent to -
adrenoceptor effect of increased catecholamines
level, established by Zaahkouk et al. [31].
Increased activity of aminotransferases after
carbamate intoxication could be associated to
increased permeability of cellular membranes due
to ATP depletion in the cell. The observed
considerable increase in serum ASAT and ALAT
in all experimental groups regardless of the
treatment dose was in line with activated liver
function under the influence of carbamate
pesticides and destruction of hepatocytes [31].
Applied orally, the carbamate first reaches the
liver through the liver portal vein, stimulating the
synthesis of ASAT and ALAT, demonstrated in
vivo and in vitro by Kiran et al. [33]. According to
the authors, the observed stimulation of ALAT
activity results rather from from the interaction of
the carbamate pesticide with the molecule of the
enzyme than from interaction with tissues, which
correlates with the hepatotoxic effect on liver
parenchyma and other extrahepatal tissues.
Transaminases (ASAT and ALAT) are a group of
enzymes in the cytoplasm of living cells. The
highest ALAT concentrations are detected in liver
tissue, the lowest — in cardiac muscle and
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relatively small amounts — in the brain, kidneys
and blood serum. ASAT is observed at highest
amounts in the liver, kidneys, the brain, skeletal
and cardiac muscles. The increased activity of
transaminases established in this experiment is
indicative for a severe dehydration secondary to
carbamate-induced stress — a mechanism, inducing
elevation of serum transaminases’ activity. Also,
increased blood activity of transaminases is
accepted as sign of tissue damage without damage
of a specific organ. Damaged cells release
transaminases into the blood circulation and other
factors cold be also involved in this mechanism —

altered permeability of cellular membrane,
increased synthesis or reduced enzymatic
degradation [31]. It is acknowledged that

increased ASAT and ALAT levels are due to
dystrophy and necrosis of hepatocytes,
accompanied by damage of cellular walls and
cytolysis and resulting flow of these mitochondrial
enzymes into the circulation. ALAT is a more
specific marker of liver damage as the enzyme
increases only after destruction of cells from the
liver parenchyma.

The analysis of changes in activity of lactate
dehydrogenase (LDH) showed increased levels in
all dogs treated with carbofuran by the 1% hour,
proportionally to the dose of the toxic substance.
The activities observed at that time are the peak
LDH levels. Recovery of the levels of this
parameter was observed by post treatment hour 5
(after a dose of 1/20 LDsp), hour 24 (at doses 1/10
LDso, 1/5 LDs and 1/3 LDsg) and hour 48 in dogs
treated at 1/2 LDsq.

Our observations on increased blood LDH activity
were in line with data of Zaahkouk et al. [31] and
Rizos et al. [34], established in rats and men.
According to Zaahkouk et al. [31] LDH enzymatic
system plays a major role in the cellular glycolytic
cycle for conservation of excessive energy under
the form of pyruvate or lactate. This enzyme is
contained in almost all tissues of the animal body
and is released after tissue destruction, which in
the view of authors is responsible for observed
hyperglycaemia. Increased LDH activity parallelly
to changes in ASAT and ALAT add to the
hepatotoxicity of carbamate pesticides.

Data about the changes in blood activities of
gamma glutamyltransferase  (y-GT) showed
increased levels in all groups one hour after
treatment. At that time, the peak y-GT
concentrations were recorded. The restoration of
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normal y-GT activity in groups I, 1l and 111, treated
at 1/20 LDsg, 1/10 LDsy and 1/5 LDsg is observed
by post treatment hour 7, while in groups 1V and
V (1/3 LDsg and 1/2 LDsy): by the 48" hour.

The observed increased blood y-GT levels are
supported by data of Rizos et al. [34], who
reported a severalfold increase of this enzyme in a
men after spontaneous intoxication  with
carbamate compounds. Gamma
glutamyltransferase is encountered at highest
concentrations in the liver, kidneys and the
pancreas and is a sensitive marker for dystrophic
damage in these organs. The mechanisms of
increase in serum y-GT concentrations are
identical to those for ASAT and ALAT [31]. In
quails treated with similar doses carbofuran, we
failed to notice statistically significant changes in
this parameter [30], which could be attributed to
the species-specific sensitivity to the tested
preparation.

The time course of alkaline phosphatase (ALP)
activity showed increased levels in all
experimental groups on post treatment hour 1. The
values registered during that period are the highest
ones. ALP activity was recovered by the 7™ hour
in group | (1/20 LDsy), by the 24™ hour in groups
Il (1/10 LDs) and 111 (1/5 LDsy) on hour 48 in
group 1V (1/3 LDsy) whereas in group V (1/2
LDso) activities did not return to normal levels
until the end of the study. It is acknowledged that
alkaline phosphatase is found in cells of almost all
organs, being at  substantially  higher
concentrations in the liver. The observed elevation
in blood ALP (about 6 times) was probably in
relation to the hepatotoxic effect of carbamate
pesticides and correlated with liver morphological
changes [34]. Blood ALP changes in birds, rabbits
and pigs [35, 36] treated with triazole pesticides
were characterised with reduced ALP activity,
therefore these data could assist the differential
diagnosis of acute intoxications caused by triazole
and carbamate pesticides.

Our studies on amylase activities showed about a
twofold increase vs control values. These
observations agreed with data reported by Moritz
et al. [37], Rizos et al. [34], Goud et al. [38] and
Tennakoon et al. [32] in spontaneous carbamate
intoxications in humans. In available literature,
there are no reports on blood amylase activity in
animals after experimental carbamate intoxication.
Carbamates inhibit both cholinesterase
isoenzymes in the pancreas — acetylcholinesterase
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and butyrylcholinesterase thus increasing the
sensitivity of pancreas to acetylcholine effects.
Cholinergic stimulation caused a secondary
increase in pancreatic pressure and stimulates
pancreatic secretion. In response to these events,
pancreatitis develops in line with the increased
blood amylase activity and dystrophic necrotic
changes of pancreatic parenchyma [37, 38].

4. Conclusions

Our study showed that carbofuran exerted a strong
inhibiting effect on acetylcholinesterase activity
immediately after its application to experimental
groups of dogs. A specific feature of intoxication
with  organocarbamate compounds is the
spontaneous reactivation of AChE, which in our
experiments was observed between the 4™ and 7"
hour after the challenge depending on the
treatment dose. The analysis of results on the
blood activity of aminotransferases in dogs treated
with increasing doses of the carbamate pesticide
carbofuran (1/20 LDsg, 1/10 LDsy, 1/5 LDsp, 1/3
LDsy and 1/2 LDsy) showed increased
concentrations of ASAT, ALAT, y-GT, LDH and
ALP. The observed changes followed a stable
trend towards elevation in all experimental groups
regardless of the toxic dose. The simultaneous
increase in blood ASAT (more than 8 times),
ALAT (more than 6 times), y-GT (more than 3
times), LDH (more than 4 times) and ALP (more
than 6 times), as compared to control levels,
confirmed the hepatotoxic effects of carbamate
pesticides on liver parenchyma. The tested
carbamate insecticide carbofuran exhibited a
specific organotoxicity against the pancreas as
seen from observed increase in blood amylase
activities.
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