
DOI: 10.2298/AVB1003123D UDK 619:612.015.1
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IN RATS
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In this study, the changes with respect to time in the serum, brain,
liver, kidney and small intestine acetylcholinesterase activities were
investigated in both male and female rats administered dichlorvos
intraperitoneally (i.p.). For this purpose, 4 mg kg–1 doses of dichlorvos
were injected i.p. in the rats. The control groups, on the other hand,
were administered physiological saline via the same route. Rats were
killed by decapitation at 0, 2, 4, 8, 16, 32, 64 and 72 hours after
administration of dichlorvos and tissues were harvested. Enzyme
activities were determined following the necessary treatments.

While a significant decrease in enzyme activities in the kidney and
small intestine tissues with respect to time were not observed in either
sex, a significant decrease in enzyme activities in the serum, as well as
in the brain and liver tissues were observed.

As a result of our study, acetylcholinesterase activity was found to
be decreased compared to controls in both male and female rats from 2
and 4 hours. Enzyme inhibition continued for up to 72 hours.
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INTRODUCTION

Pesticides are chemical substances that lead to poisoning when they enter
the body through inhalation and dermal and gastrointestinal absorption.
Especially in exposure to organic phosphorus compounds, the observed clinical
symptoms include increased secretions, nausea-vomiting, urinary incontinence,
dyspnea, bradycardia, tachycardia, muscarinic effects including hypotension,
myasthenia, striated muscle effects including fasciculation and central nerve
system effects like confusion and coma. In addition, polyneuropathy is observed
2-4 weeks after poisoning and can lead to apoplexy (Koçak et al., 2005). Pesticide
poisoning is an important health problem, especially in developing countries. In a
study from Sri Lanka, it was declared that 62.8% of 239 acute pesticide poisoning
cases occurred in males, and the primary reason for poisoning was suicide in 200
cases (84%). Of the suicides, 60% were seen in males and 62% in the 16-29 age
group (Van der Hoek and Konradsen, 2005). Another study in Japan showed that
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70% of the poisoning cases used pesticides for suicide (Recena et al., 2006;
Nagami et al., 2005).

In a study from Western Australia, Emerson et al. (1999) reported that the
origin of most of the organophosphate poisoning cases was accidental and that
most of these accidents involved children. The consumption of pesticides in
Turkey was determined to be 182 044 kg, which has been predicted to be 8.8% of
the total insecticide consumption worldwide (Delen et al., 2005). Changes in
acetylcholinesterase (AChE) activity is frequently used as a biomarker for
organophosphorus pesticide contamination in fish, but pesticides of other
classes may also affect AChE activity (Dutta and Arends, 2003; Miron et al., 2005;
Glusczak et al., 2006).

Dichlorvos, also known as DDVP, is a widely used organophosphate
insecticide and acaricide that affects the stomach and respiratory system. It is
primarily used for the control of internal or external parasites of livestock or pets
and in pest control for houses and open areas (ATSDR, 1997). Dichlorvos can be
absorbed easily in organisms through the skin and by digestion and respiration,
since it quickly evaporates (Parmeggiani 1983). Dichlorvos is metabolized quickly
by the liver for removal from the body and transformed into desmethyldichlorvos,
dimethylphosphate and dichloroacetaldehyde metabolites.

Acetylcholinesterase is a key enzyme in the nervous system of animals. By
rapid hydrolysis of the neurotransmitter acetylcholine (ACh), AChE terminates
neurotransmission at cholinergic synapses. AChE inhibitors are among the key
drugs approved by the Food and Drug Administration (FDA) for management of
Alzheimer's disease (AD). The powerful toxicity of organophosphorus (OP)
poisons is attributed primarily to their ability to act as potent AChE inhibitors.

In our study, the changes in AChE activity in the brain, liver, kidney, intestinal
tissues and serum of rats were investigated. Changes in the activity of this
important enzyme may affect the nervous system function directly and other
metabolic pathways indirectly. This research contributes to the understanding the
effects of the dichlorvos.

MATERIAL AND METHODS

Wistar rats (Rattus norvegicus) weighing 250-300 g were used in this study.
Animals were obtained from the laboratory of experimental animals at Uludag
University. For each trial period, four rats were used (total of 64 rats). Control
groups were treated with physiological serum, while experimental groups were
injected intraperitoneally with 4 mg kg–1 dichlorvos. In order to establish the
metabolic synchronization in both groups the animals were left without food and
water for 24 hours before injection. Following injection, food and water were
regularly given to the animals until the trial periods were completed. Animals were
killed via cervical dislocation at 0, 2, 4, 8, 16, 32, 64 or 72 hours after injection.
Serum was collected, and the brain, liver, kidney, and small intestine were quickly
removed and perfused in ice-cold 0.15 M KCl. The homogenates were prepared
after the addition of ice-cold 0.15 M KCl (1/3, mass/volume) in a glass
homogenizer with a Teflon pestle, and tissues were homogenized on ice with four
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pulses for the brain, liver and kidney samples and eight pulses for the small
intestine at 1500 rpm in a T-line laboratory stirrer-type homogenizer (model No:
136-2). Each homogenate was centrifuged in a Sorval RC-5 super speed
refrigerated centrifuge (Dupont Instruments) at 48000 g for 30 minutes. The
enzymatic reaction rates were determined with freshly made preparations.
Centrifugation and homogenization were done with great care at 0-4oC.
Acetylcholinesterase activities were estimated spectrophotometrically using the
Boehringer Mannheim (1973) method. Protein concentrations were determined
using the Bradford (1976) method and bovine serum albumin was used as the
protein standard.

Statistical analysis

Data were analyzed using SPSS 13.0 for Windows. All data displayed a
normal distribution. Independent t-test was applied to compare data from the
control and experimental periods. The significance was calculated using one-way
analysis of variance (ANOVA) and Student's t-test. Results are presented as
means ± standard deviations, and p<0.05 was regarded as statistically
significant. Pearson correlation analyses were used to determine the relationships
between variables (Jerrold, 1984).

RESULTS

AChE enzyme activities during the time course and statistical evaluations
are shown in Table 1 for male rat tissues and in Table 2 for female rat tissues. After
treatment with dichlorvos, there were no significant changes in AChE enzyme
activity in the kidney and intestinal tissues of both female and male rats when
compared with the control group (p>0.05). While dichlorvos started to inhibit the
serum AChE enzyme by 8 hours in male rats, this inhibition started by hour 4 in
female rats. Inhibition continued for 72 hours (p<0.05, Tables 1, 2). In the brain
and liver tissues, AChE inhibition started at 2 hours in both sexes. While enzyme
activity in the brain tissue of both female and male rats remained unaffected until
72 hours (p<0.05) and inhibition continued for 64 and 72 hours in the liver tissue
of female rats, it was not statistically significant (p>0.05).

In male rats, the decrease in the AChE enzyme activity in the liver tissue
continued until hour 72 (p<0.05).

The highest level of AChE enzyme inhibition was measured in the serum at 8
hours in female rats, with activities of 7.49 ± 0.73 U (mg protein)–1 x 10–1 in the
control group and 3.87 ± 0.59 U (mg protein)–1 x 10–1 in the dichlorvos group.
Although this inhibition continued for 72 hours, it decreased. The activities were
7.72 ± 0.51 U (mg protein)–1 x 10–1 in the control group and 5.08 ± 0.83 U (mg
protein)–1 x 10–1. The greatest inhibition was detected at 4 and 8 hours in the brain
tissue of male rats and 8 and 16 hours in female rats (Table 1, 2), with
approximately a third of the activity of the control group. In the liver tissue,
inhibition was detected starting at hour 2 and continued to increase, especially in
male rats, and reached a maximum at 32 and 64 hours. After 72 hours, a smaller

Acta Veterinaria (Beograd), Vol. 60, No. 2-3, 123-131, 2010 125
Dere E et al.: The effect of dichlorvos on acetylcholinesterase
activity in some tissues in rats



126 Acta Veterinaria (Beograd), Vol. 60, No. 2-3, 123-131, 2010.
Dere E et al.: The effect of dichlorvos on acetylcholinesterase

activity in some tissues in rats

Ta
b

le
1.

C
ha

ng
in

g
w

ith
re

sp
ec

tt
o

tim
e

th
e

ef
fe

ct
of

d
ic

hl
or

vo
s

on
ac

et
yl

ch
ol

in
es

te
ra

se
ac

tiv
ity

in
so

m
e

tis
su

es
of

m
al

e
ra

ts

Ti
m

e
(h

ou
r)

0
M

ea
n±

S
D

2
M

ea
n±

S
D

4
M

ea
n±

S
D

8
M

ea
n±

S
D

16
M

ea
n±

S
D

32
M

ea
n±

S
D

64
M

ea
n±

S
D

72
M

ea
n±

S
D

S
er

um
C

on
tr

ol
6.

25
±

0.
23

7.
52

±
0.

52
7.

52
±

0.
48

7.
49

±
0.

73
7.

62
±

0.
41

7.
59

±
0.

92
7.

43
±

0.
43

7.
72

±
0.

51

D
D

V
P

6.
02

±
1.

11
8.

95
±

1.
28

7.
29

±
0.

58
3.

87
±

0.
59

*
3.

96
±

0.
71

*
4.

83
±

0.
93

*
4.

19
±

0.
72

*
5.

08
±

0.
83

*

B
ra

in
C

on
tr

ol
30

.2
5±

2.
02

32
.3

3±
2.

45
34

.2
2±

2.
65

33
.2

6±
3.

03
32

.5
2±

3.
12

31
.6

3±
2.

54
32

.4
4±

2.
76

32
.5

9±
2.

70

D
D

V
P

29
.1

1±
1.

93
25

.1
0±

1.
58

*
11

.2
3±

1.
12

*
10

.9
1±

1.
78

*
15

.3
2±

1.
96

*
20

.2
2±

1.
57

*
19

.1
1±

1.
73

*
19

.3
6±

1.
39

*

Li
ve

r
C

on
tr

ol
1.

95
±

0.
11

2.
71

±
0.

21
2.

72
±

0.
23

2.
65

±
0.

28
2.

58
±

0.
37

2.
61

±
0.

31
2.

80
±

0.
38

2.
80

±
0.

29

D
D

V
P

1.
69

±
0.

12
1.

39
±

0.
19

*
1.

12
±

0.
15

*
1.

11
±

0.
14

*
1.

02
±

0.
17

*
0.

92
±

0.
08

*
0.

94
±

0.
07

*
1.

30
±

0.
09

*

K
id

ne
y

C
on

tr
ol

19
.0

4±
2.

41
22

.2
9±

2.
02

22
.3

4±
1.

98
21

.1
9±

2.
65

22
.3

1±
1.

94
22

.4
9±

1.
55

23
.9

1±
2.

01
23

.3
0±

2.
33

D
D

V
P

18
.1

7±
1.

51
22

.0
3±

1.
88

19
.9

3±
1.

75
19

.0
8±

1.
66

20
.9

7±
1.

82
20

.1
1±

1.
25

19
.9

1±
1.

53
22

.3
1±

1.
36

S
m

al
l

in
te

st
in

e
C

on
tr

ol
2.

05
±

0.
55

2.
19

±
0.

27
2.

21
±

0.
71

2.
28

±
0.

53
2.

21
±

0.
47

2.
25

±
0.

86
2.

37
±

0.
54

2.
32

±
0.

47

D
D

V
P

1.
87

±
0.

44
2.

08
±

0.
29

2.
12

±
0.

01
1.

99
±

0.
08

1.
19

±
0.

09
1.

95
±

0.
11

2.
18

±
0.

05
2.

14
±

0.
03

*
–

D
at

a
sh

ow
n

in
th

e
ve

rt
ic

al
co

lu
m

n
fo

r
sa

m
e

tis
su

es
an

d
sa

m
e

tim
e

ar
e

d
iff

er
en

tf
ro

m
co

nt
ro

la
t0

.0
5

st
at

is
tic

al
le

ve
ls

(p
<

0.
05

)
r

–
A

ll
d

at
a

in
th

e
ta

b
le

sh
ow

ed
en

zy
m

e
ac

tiv
iti

es
as

U
.(

m
g

p
ro

te
in

)
–1

x
10

–1

S
D

:
S

ta
nd

ar
d

D
ev

ia
tio

n



Acta Veterinaria (Beograd), Vol. 60, No. 2-3, 123-131, 2010. 127
Dere E et al.: The effect of dichlorvos on acetylcholinesterase
activity in some tissues in rats

Ta
b

le
2.

C
ha

ng
in

g
w

ith
re

sp
ec

tt
o

tim
e

th
e

ef
fe

ct
of

d
ic

hl
or

vo
s

on
ac

et
yl

ch
ol

in
es

te
ra

se
ac

tiv
ity

in
so

m
e

tis
su

es
of

fe
m

al
e

ra
ts

Ti
m

e
(h

ou
r)

0
M

ea
n±

S
D

2
M

ea
n±

S
D

4
M

ea
n±

S
D

8
M

ea
n±

S
D

16
M

ea
n±

S
D

32
M

ea
n±

S
D

64
M

ea
n±

S
D

72
M

ea
n±

S
D

S
er

um
C

on
tr

ol
7.

93
±

0.
89

8.
23

±
0.

45
8.

56
±

0.
74

8.
42

±
0.

59
8.

57
±

0.
26

8.
64

±
0.

09
8.

37
±

0.
81

8.
49

±
0.

52

D
D

V
P

6.
23

±
0.

49
9.

82
±

0.
93

6.
42

±
0.

71
*

2.
68

±
0,

09
*

3.
58

±
0.

11
*

3.
92

±
0.

13
*

4.
21

±
0.

98
*

4.
52

±
1.

25
*

B
ra

in
C

on
tr

ol
33

.6
1±

3.
25

36
.5

2±
3.

14
35

.4
2±

2.
89

35
.2

3±
2.

96
36

.8
1±

4.
21

35
.8

2±
3.

52
35

.4
1±

3.
78

35
.8

2±
2.

15

D
D

V
P

30
.9

8±
2.

14
20

.4
5±

2.
7*

19
.1

3±
1.

19
*

15
.3

6±
1.

86
*

15
.8

7±
1.

78
*

16
.6

8±
1.

63
*

20
.0

9±
1.

56
*

21
.3

8±
1.

48
*

Li
ve

r
C

on
tr

ol
1.

70
±

0.
12

2.
51

±
0.

18
2.

62
±

0.
25

2.
63

±
0.

19
2.

58
±

0.
18

2.
59

±
0.

29
2.

49
±

0.
24

2.
48

±
0.

23

D
D

V
P

1.
51

±
0.

11
1.

47
±

0.
09

*
1.

43
±

0.
14

*
1.

37
±

0.
05

*
1.

35
±

0.
12

*
1.

52
±

0.
04

*
1.

55
±

0.
48

1.
61

±
0.

68

K
id

ne
y

C
on

tr
ol

33
.2

2±
2.

85
40

.2
0±

3.
02

38
.6

6±
2.

44
42

.1
3±

2.
81

42
.1

4±
3.

29
39

.5
4±

3.
22

36
.5

4±
3.

05
42

.5
5±

3.
18

D
D

V
P

32
.1

6±
2.

77
37

.2
1±

2.
56

34
.3

1±
2.

59
39

.5
2±

3.
02

41
.5

9±
3.

22
31

.8
2±

2.
67

34
.1

1±
2.

33
38

.3
1±

3.
21

S
m

al
l

in
te

st
in

e
C

on
tr

ol
2.

58
±

0.
09

2.
73

±
0.

21
2.

75
±

0.
41

2.
78

±
0.

71
2.

59
±

0.
46

2.
73

±
0.

28
2.

71
±

0.
49

2.
63

±
0.

76

D
D

V
P

2.
52

±
0.

81
2.

55
±

0.
77

2.
59

±
0.

74
2.

43
±

0.
92

2.
11

±
0.

33
2.

13
±

0.
48

2.
61

±
0.

71
2.

31
±

0.
44

*
–

D
at

a
sh

ow
n

in
th

e
ve

rt
ic

al
co

lu
m

n
fo

r
sa

m
e

tis
su

es
an

d
sa

m
e

tim
e

ar
e

d
iff

er
en

tf
ro

m
co

nt
ro

la
t0

.0
5

st
at

is
tic

al
le

ve
ls

(p
<

0.
05

)
r

–
A

ll
d

at
a

in
th

e
ta

b
le

sh
ow

ed
en

zy
m

e
ac

tiv
iti

es
as

U
.(

m
g

p
ro

te
in

)
–1

x
10

–1

S
D

:
S

ta
nd

ar
d

D
ev

ia
tio

n



decrease in inhibition was detected. In the liver tissue of female rats, the enzyme
activity was calculated as 1.9-fold of the control value at 8 and 16 hours.

DISCUSSION

AChE exists in two forms. While the real AChE functions essentially in
erythrocytes and in the nerve tissue, serum pseudocholinesterase activity is found
in the liver, heart, pancreas and brain. The role of cholinesterase is to hydrolyze
choline and acetic acid, which are the inactive components of acetylcholine.
Inhibition of cholinesterase leads to accumulation of acetylcholine in the nerve
synapses and neuromuscular junctions and results in excessive stimulation of
acetylcholine receptors. This situation can cause persistent depolarization of
skeletal muscles, myasthenia, hypertension and tachycardia (Robey, 2004;
Worek, 1996). It has been proposed that organophosphate pesticides inhibit
AChE and pseudocholesterase in target tissues (John et al., 2001; Kalender et al.,
2006), such as pancreas (Yurumez et al., 2007), liver (Kalender et al., 2005) and
heart (Ögütçü et al., 2006).

At the neuromuscular junction region, AChE is responsible for preventing
restimulation of the stimulated cells after the first action potential. Since
irreversible inhibition of AChE leads to continuous stimulation of the
parasympathetic system and muscle tissue, this continuous stimulation can result
in cell death. It has been seen that while dichlorvos inhibits AChE in the serum,
brain and liver tissue of both female and male rats, AChE activity was almost the
same when compared with the control groups. Inhibition was also detected at the
last time point, 72 hours after administration, indicating that inhibition of AChE was
not dependent on time (Tables 1 and 2).

Cellular changes due to the effect of pesticides cause metabolic changes in
the organism. While dichlorvos leads to increases in the activities of enzymes,
such as glucose 6-phosphate dehydrogenase, malate dehydrogenase, pyruvate
kinase and glutathione S-transferase (Dere et al., 2007; Dere et al., 2008;
Özdikicioglu et al., 2008), it has been observed through immunocytochemical
studies that dichlorvos significantly decreases perforin, granzyme A and
granulocyte levels in NK-92Cl cells (Li et al., 2002). Dichlorvos leads to
histopathological changes in the lungs, liver, kidney, heart and spleen (Luty et al.,
1998). Especially in hepatocytes where major histopathological lesions are
available, parenchymal and vacuolar degenerations have been observed (Mengi
et al., 2007). Injuries in the granular endoplasmic reticulum membranes among
the organelles and cytological damage, like scattering of ribosomes to the
cytoplasm, will directly affect protein synthesis.

One of the mechanisms of inhibition in our study is that dichlorvos itself or its
metabolites can oxidize amino acids directly related to AChE activity. The World
Health Organization (1989) determined that dichlorvos forms free radicals and
causes oxidative stress, which leads to damage.

Thanks to the easy accessibility of information through developing
technology, one of the problems many of us complain about is memory loss,
which progresses as a disease with increasing age. Millions of people worldwide
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live with chronic memory loss due to Alzheimer's disease. This disease not only
makes remembering difficult, but also creates mental confusion. Since dichlorvos
inhibits AChE enzyme long term (Tables 1 and 2), it is possible that it would
improve the fragmented acetylcholine release from cholinergic neurons and
facilitate cholinergic nerve transmission. With this approach, it can be considered
that dichlorvos, as an organophosphate insecticide, could have a regulatory
effect on the cognitive defects associated with Alzheimer's disease, which
develops through the cholinergic system. As a matter of fact, Farlow et al. (1999)
argued that Metrifonate, which is used in the treatment of Alzheimer's, functions
by metabolic conversion into dichlorvos in the organism. In other studies of
Alzheimer's patients, it was shown that Metrifonate meaningfully decreased
psychiatric symptoms through dichlorvos and that it positively affected cognitive
functions (Cummings et al., 2001; Mega et al., 2001). We think that the use of
dichlorvos as a drug should be studied further.
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UTICAJ DIHLORVOSA NA AKTIVNOST ACETILHOLIN-ESTERAZE U NEKIM
TKIVIMA PACOVA

DERE E, ARI FERDA i UGUR S

SADR@AJ

U ovim ispitivanjima je pra}ena aktivnost acetilholin esteraze u krvnom se-
rumu, mozgu, jetri, bubrezima i tankim crevima pacova oba pola, posle intraperi-
tonealne aplikacije dihlorvosa. Preparat je aplikovan u dozi od 4mg kg-1 telesne
mase, dok je kontrolna grupa dobijala fiziolo{ki rastvor u istoj zapremini i na isti
na~in. @ivotinje su `rtvovane dekapitacijom, radi uzimanja uzoraka tkiva u nultom
satu i zatim 2, 4, 8,16, 32, 64 i 72 sata posle aplikacije, kada je i odre|ivana aktiv-
nost enzima.

U bubrezima i tankom crevu, nisu zapa`ene promene u aktivnosti enzima u
odnosu na pol i vreme aplikacije. Zna~ajno smanjenje aktivnosti Ach – esteraze
dokazano je u krvnom serumu, jetri i mo`danom tkivu. U odnosu na kontrolne
vrednosti, aktivnost Ach – esteraze je bila smanjena po~ev{i od drugog i ~etvrtog
sata i ta inhibicija je trajala sve do kraja ogleda.
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