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Abstract
Acetylcholinesterase (AChE) activity levels can be used as an indicator for AChE inhibition due to pesticide
poisoning in bird species. We assessed the comparative brain cholinesterase (AChE) activity level of five bird
species inhabiting pesticide exposed croplands and Protected Area i.e. Deva Vatala National Park (DVNP), Bhimber
by using a spectrophotometric method. AChE activity levels ranged from 56.3 to 85.9 µmol/min/g of brain tissue of
birds representing DVNP. However, AChE activity levels ranged from 27.6 to 79.9 µmol/min/g of brain tissue of birds
representing croplands. AChE activity levels observed in Jungle babbler, Common babbler, and Red‑vented bulbul
showed significant differences (P < 0.05) at two sites. However, White wagtail and Black drongo demonstrated
non‑significant differences (P > 0.05). Maximum inhibition was recorded in Jungle babbler (53%) followed
by Common babbler (35%), Red-vented bulbul (18%), White wagtail (15%), and Black drongo (7%). The brain
cholinesterase inhibition levels under-protected ecosystems (DVNP, Bhimber) and agricultural landscape suggest
insecticidal contamination and its impact on avifauna diversity. The study also emphasizes on the importance of
pesticide-free zones to protect the biodiversity of birds.
Keywords: Agricultural landscapes, Gujrat, Black drongo, Insecticides, Avifauna.
Resumo
Os níveis de atividade da acetilcolinesterase (AChE) podem ser usados como

um indicador para a inibição da
AChE devido ao envenenamento por pesticidas em espécies de aves. Avaliamos o nível de atividade comparativa
da colinesterase cerebral (AChE) de cinco espécies de aves que habitam áreas cultivadas expostas a pesticidas e
Área Protegida, ou seja, Deva Vatala National Park (DVNP), Bhimber, usando um método espectrofotométrico.
Os níveis de atividade da AChE variaram de 56,3 a 85,9 µmol / min / g de tecido cerebral de aves representando
DVNP. No entanto, os níveis de atividade da AChE variaram de 27,6 a 79,9 µmol / min / g de tecido cerebral de aves
representando áreas de cultivo. Os níveis de atividade de AChE observados no tagarela da selva, tagarela comum e
bulbul vermelho exalado mostraram diferenças significativas (P < 0,05) em dois locais. No entanto, alvéola branca e
drongo preto demonstraram diferenças não significativas (P > 0,05). A inibição máxima foi registrada no tagarela da
selva (53%), seguido pelo tagarela comum (35%), bulbul vermelho (18%), alvéola branca (15%) e drongo preto (7%).
Os níveis de inibição da colinesterase cerebral nos ecossistemas subprotegidos (DVNP, Bhimber) e na paisagem
agrícola sugerem contaminação por inseticida e seu impacto na diversidade da avifauna. O estudo também enfatiza
a importância das zonas livres de pesticidas para proteger a biodiversidade das aves.
Palavras-chave: Paisagens agrícolas, Gujrat, Drongo preto, Inseticidas, Avifauna.

1. Introduction
Insecticides are an integral part of crop protection
strategies, however, their extensive use and toxicity results
in biodiversity loss, reduce the population of beneficial
organisms, and destabilize ecological resilience (Krebs et al.,
1999; Oliver et al., 2015; Bashir et al., 2018; Huang et al.,
2018; Wyckhuys et al., 2019; Khan et al., 2020).

Insects constitute the diet of about eighty percent of
species of birds (Morse, 1975) and have great nutritional
value (Klasing, 2000). The decrease in the insectivorous bird
species has been reported from different agroecosystems
(Hussain, 2005) associated with the decline in the
population of insect fauna (Hallmann et al., 2014) and
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the use of insecticides (Goulson, 2014). The use of birds
as indicators of pesticide-driven environmental change
has been found very effective (Pimentel, 2005) as they
forage on the crops that are exposed to pesticides
(Rodenhouse et al., 1993). Organophosphates (OPs) and
carbamate compounds produce toxic effects by inhibition
of the activity of AChE resulting in the accumulation of
acetylcholine (Dhalla and Sharma, 2013). The poison
works by inhibiting the activity of the AChE, the enzyme
that breaks down acetylcholine, resulting in higher levels
of acetylcholine (Hallmann et al., 2014).
In mammals and birds, the higher levels of
acetylcholinesterase manifest in increased saliva and
tear production, diarrhea, vomiting, small pupils, sweating,
muscle tremors, and confusion (Verheyen and Stoks, 2019).
Death occurs ultimately via inhibition of cardiac output and
bronchial constriction. For this reason, AChE activity has
been used effectively as an index of pesticide exposure and
can be used to monitor the impacts on off-target species
(Wilson et al., 1992; Fossi et al., 1996), wherein a decrease
in AChE activity can be considered as evidence of pesticide
toxicity (O’Brien, 2014). The activity of brain cholinesterase
in birds is used widely as an indicator of exposure to
commonly used agricultural insecticides (Iko et al., 2003;
Rendón-von Osten et al., 2005). For the assessment of any
environmental contamination by pesticides, it is necessary
to measure the brain cholinesterase activity periodically
in a bird population (Fildes et al., 2009).
Lower levels of plasma or brain AChE activity than
normal can be used as evidence of exposure to the
pesticides resulting in mortality (Ludke et al., 1975).
Such exposures may cause many sub-lethal effects such
as decreased reproduction rate, as well as distortion of
neurophysiological, physical, and behavioral activities
(Grue et al., 1997).
Protected areas (PAs) play a significant role in
biodiversity conservation but their effectiveness in

conserving species and ecosystem which needs periodic
assessments and comparisons between protected and
unprotected sites (Joppa and Pfaff, 2009; Pressey et al.,
2015; Cazalis et al., 2020). Inadequate data, lacking
systematic monitoring systems, and counterfactual
analysis between protected and unprotected areas have
been reported (Andam et al., 2008; Gray et al., 2016;
Cazalis et al., 2020).
We assessed the brain AChE activity in common
species of the protected area and unprotected area and
hypothesized that the use of pesticides in croplands
adversely affecting bird species. We sampled bird species
from agricultural croplands (Gujrat, Punjab, Pakistan)
with a history of pesticide use and protected areas
(DVNP, Bhimber) with no pesticide usage to evaluate
the differences in brain AChE activity in bird species
representing these habitats.

2. Material and Methods
2.1. Study area
The bird species selected for sampling brain
cholinesterase activity (AChE) were collected from Gujrat
and Deva Vatala National Park (DVNP), Bhimber (Figure 1).
The AChE test samples were collected within a 5km radius
in the surroundings of the cropland area of Gujrat. The area
under cultivation reflects two main cropping systems
i.e. wheat is the major Rabi crop (winter), whereas rice,
maize, and millet are the major Kharif crops (summer).
The farmers, agriculture officers, wildlife officers, and
marketing representatives of insecticide/herbicide
companies were interviewed for data collection. Insecticides
belonging to organophosphate, pyrethroid, and carbamate
groups and herbicides are used routinely in these croplands
to control the pest. The control samples for the AChE
study were collected from the Deva Vatala National Park

Figure 1. Data collection sites in Gujrat, Punjab, Pakistan and Deva Vatala National Park, Bhimber, AJK.
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(DVNP), Bhimber (Azad Jammu & Kashmir), a pesticide-free
protected area. Bird species that were common to these
two areas were identified using the available literature
(Grimmett et al., 2008).

 change in absorption x 
Cholinesterase activity = 
/
 µ mol x reaction size ml 
 min × 13.6 × sample size ml × 

 = µ mol / min / g
 tissue weight gm.


(1)

2.3. Statistical analysis

2.2. Analysis of brain AChE activity
Five bird species (four insectivorous species and one
omnivore red vented bulbul) seen in both Gujrat and
DVNP were selected for the analysis of the brain AChE
activity. During the cropping season (when pesticides
are sprayed), three individuals of each species were shot
dead and collected for the croplands whereas specimens
(control group) were collected during the same period
from the eastern edge of Deva Vatala Nation Park having
a fair distance (>50 km from the croplands). The heads
of the birds were immediately dissected from the body,
sealed in a small plastic bag, tagged, and immediately
stored in an ice chest. The samples were kept frozen
while transporting to the laboratory where samples
were stored at -20°C.
Briefly, 250µl of brain homogenate was mixed in
a 96 plate well with 25µl solution of 5,5’-dithio-2nitrobenzoic acid (0.82mg/mL) followed by the addition of
25µl of the enzyme-substrate, acetylthiocholine (6.7mg/mL)
and the change in absorbance/min during a 5min interval
was measured at 405nm using a Sunrise Microplate reader
(Tecan Group Ltd., Männedorf, Switzerland). Enzyme
activity was expressed in µmoles of acetylthiocholine
hydrolyzed/ min/ gram of wet tissue.
The whole brain was homogenized in a phosphatebuffered solution (pH = 8.1; concentration is 3 ml / 100 mg
of tissue weight) for one minute. Samples were kept in
glass test tubes for testing and placed in crushed ice.
A spectrophotometric method for the determination of
cholinesterase (ChE) activity in brain tissues of the birds
was used to carry out this study. The assay of AChE activity
was quantified following a modified method (Ellman et al.,
1961). Enzymatic reactions were performed at 25°C in
phosphate buffer (100 mM sodium phosphate, pH 7.5)
containing 0.5 mM acetylthiocholine iodide and 0.5 mM
5,5’-dithiobis-(2-nitrobenzoic acid) in a total volume of
100 μL. The specific activity of AChE was expressed as
μmoles of acetylthiocholine iodide (ATChI) that hydrolyzed
per mg protein/min and was calculated as:

The present study was designed as an oral subchronic toxicity study and results were analyzed using
the General Linear Model (GLM) procedure of statistical
analysis system (SAS) as a Completely Randomized Design.
The results were analyzed using statistical variables and
correlation coefficients. Means were compared using the
Tukey-Kramer posthoc multiple comparison test (P<0.05).
The test results were analyzed by using Student’s t-test
between the control (DVNP) and the pesticide exposed
(Gujrat) sites.
3. Results
We observed significant differences in brain
acetylcholinesterase activities of the bird species. AChE
activity levels (in ascending order) were recorded in Jungle
babbler, White wagtail, Common babbler, Red-vented
bulbul, and Black drongo captured from the croplands of
Gujrat. Whereas a different order of AChE activity levels
was observed in the bird species captured from DVNP i.e.
White wagtail, Jungle babbler, Red-vented bulbul, Common
babbler, and Black drongo (Table 1).
Bird species captured from the croplands of Gujrat
showed a lower level of brain AChE activity than
the samples collected from the Deva Vatala National
Park (DVNP). At cropland of Gujrat, the lowest level
of brain AChE activity was noted in jungle babbler
(27.6 ± 1.41) whereas the highest level was in black
drongo (79.9 ± 10.80). Furthermore, the highest value of
the cholinesterase activity was observed in black drongo
(85.9 ± 4.16) and lowest in white wagtail (56.3 ± 4.10)
sampled from DVNP (Table 2).
The data indicated that jungle babbler, common
babbler, and red vented bulbul have statistically significant
P < 0.05 lower brain AChE enzyme activity of birds
captured from Gujrat as compared to DVNP. However,
white wagtail and black drongo do not show a significant
difference (Table 1). Among all the bird species, the highest
percentage of cholinesterase inhibition was observed in

Table 1. Cholinesterase activity (μmol ChE/ min / g) estimated in birds from Gujrat agro-ecosystem and Deva Vatala National Park
(DVNP), Bhimber.
Bird species

DVNP

Gujrat

P-value

Jungle babbler

58.7 ± 3.27 a

27.6 ± 1.41 b

0.0001

White wagtail

56.3 ± 4.10

47.9 ± 6.56

0.1321

Common babbler

84.5 ± 3.56

Red Vented bulbul

68.2 ± 3.73 a

55.9 ± 1.59 b

0.0062

Black drongo

85.9 ± 4.16

79.9 ±10.80

0.4224

a

54.8 ± 7.21

b

0.0031

Values are mean ± SE of bird species. Mean values within a row with different letters are significantly different from each other at p<0.05.
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Table 2. Inhibition (%) of brain AChE activities level in birds at croplands of Gujrat and Deva Vatala National Park (DVNP), Bhimber.
Bird Species

Cholinesterase Activity (μmol/min/g)
DVNP

Gujrat

60.50

42.30

52.30

46.20

56.10

55.10

Mean

56.3 ± 4.10

47.8 ± 6.56

CV (%)

7.3

13.7

Red-vented bulbul

71.40

56.30

69.10

57.20

64.10

54.10

Mean

68.2 ± 3.73

55.87 ± 1.59

CV (%)

5.47

2.85

Black drongo

90.40

87.00

85.10

85.30

82.20

67.50

Mean

85.9 ± 4.16

79.93 ±10.80

CV (%)

4.84

13.51

Jungle babbler

61.70

26.30

59.10

27.40

55.20

29.10

Mean

58.67 ± 3.27

27.6 ± 1.41

CV (%)

5.58

5.11

Common babbler

88.20

59.50

84.12

58.40

81.10

46.50

Mean

84.47 ± 3.56

54.8 ± 7.21

CV (%)

4.22

13.16

White wagtail

Inhibition (%)

15

18

7

53

35

CV: Coeficient of variation.

Jungle babbler (53%) followed by Common babbler (35%),
Red-vented bulbul (18%), White wagtail (15%), and black
drongo (7%) (Table 2).
The analysis of variance indicated significant differences
in mean values of AChE activity of brain of bird species
between sites (F(1, 20) = 79.79558, P = 0.000), species
(F(4, 20) = 49.54177, P = 0.000) and a significant interaction

4/8

(F(4, 20) = 7.48464, P = 0.000). The brain AChE activity showed
significant differences between species except for White
wagtail, Jungle babbler, Red-vented bulbul, and Common
babbler. However, the values were significant between
species and sites for only Common babbler and Jungle
babbler (Table 3).
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0.654

0.713

0.005

0.000

0.000

0.005

0.342

0.841

0.000

Bulbul Gujrat {3}

Bulbul DVNP {4}

Drongo Gujrat {5}

Drongo DVNP {6}

Jungle Babbler Gujrat {7}

Jungle Babbler DVNP {8}

Common Babbler Gujrat {9}

Common Babbler DVNP {10}

47.867

Wagtail DVNP {2}

Wagtail Gujrat {1}

Species Site

{1}
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0.000

1.000

1.000

0.000

0.000

0.001

0.231

1.000

0.654

56.300

{2}

0.000

1.000

1.000

0.000

0.000

0.001

0.196

1.000

0.713

55.867

{3}

0.035

0.127

0.501

0.000

0.018

0.246

0.196

0.231

0.005

68.200

{4}

0.986

0.001

0.003

0.000

0.925

0.246

0.001

0.001

0.000

79.933

{5}

1.000

0.000

0.000

0.000

0.925

0.018

0.000

0.000

0.000

85.900

{6}

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.005

27.600

{7}

0.000

0.995

0.000

0.000

0.003

0.501

1.000

1.000

0.342

58.667

{8}

Table 3. Comparison of brain cholinesterase (ChE) activities level (Tukey HSD test) in insectivorous birds at cropland of Gujrat and Deva Vatala National Park.

0.000

0.995

0.000

0.000

0.001

0.127

1.000

1.000

0.841

54.800

{9}

0.000

0.000

0.000

1.000

0.986

0.035

0.000

0.000

0.000

84.473

{10}
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4. Discussion
Wild birds have been reported frequently for their
exposures to anticholinergic pesticide poisoning (Blakley
and Yole, 2002; Kim et al., 2008; Shimshoni et al., 2012;
Kim et al., 2016; Bang et al., 2019). Our study area is
characterized by increased human activity, habitat
disturbance, and agricultural practices (Umar et al., 2021).
In our study, we assessed brain AChE activity of four
insectivore species (Common babblers, Jungle babblers,
Black drongo, and White wagtail) and one omnivore species
(Red vented bulbul). These species move towards areas
having a better shelter to avoid the severity of temperature
rise and exploit vegetation cover inhabiting more insect
fauna to meet their dietary requirements (Brommer et al.,
2012; Kaur and Kler, 2018).
The richness of insectivores increases with the
increase in natural vegetation and declines with increased
urbanization (Lim and Sodhi, 2004; Kaur and Kler, 2018).
Black drongo, one of the key insectivore species that
inhabits the agricultural areas and avoids higher elevations
(Wiersma et al., 2016). In an earlier study, Black drongo was
observed as a competent predator of insects (Kaur and Kler,
2018; Bilal et al., 2020). White wagtail and black drongo
did not show a significant reduction in the activity level of
brain AChE. It may be attributed to their traveling across
large areas i.e. visiting different ecosystems (Hussain et al.,
2006). Furthermore, black drongo was not solely dependent
on agricultural landscapes, thus, may have little exposure
to pesticide-contaminated diets. Black drongo prefers the
edges of the cropland and heterogeneous habitats. It has
an aerial feeding habit of preying on flying insects like
dragonflies, moths, and honey bees (Kaur and Kler, 2018).
Whereas white wagtail was a resident bird found in
open fields near the urban area in Pakistan (Roberts, 1991).
Common Babbler and jungle babbler were also resident
species of the agroecosystems. The higher diversity of
these insectivore species, as recorded in our study, owes
to agricultural landscapes that provide habitat for larvae
of flying insects. Common Babbler and jungle babbler
were also recorded from the agroecosystem of Multan,
Pakistan (Hussain, 2005). The Red-vented Bulbul is a
resident, non-territorial species commonly found in
croplands and forests, feed on a variety of cultivated
plants (Islam and Williams, 2000). Red-vented bulbul
is associated with locally nomadic in response to nectar
abundance (Grimmett et al., 2008). Omnivorous species
have adapted to the urban environment and its particular
food resources such as garbage (Clergeau et al., 2006).
Red-vented bulbul was more tolerant towards human
disturbances because omnivorous species do exploit
anthropogenic food resources effectively (Jokimäki and
Suhonen, 1998). We explored that the activity level of brain
AChE of all bird species representing cropland was lower as
compared to birds of DVNP. It is more likely that this higher
level of AChE recorded was the result of pesticide-free
habitat whereas, lower levels of AChE were found in birds
representing cropland suggests pesticide contamination
of the habitat. Similarly, lower activity levels of AChE were
reported in birds from the cotton‑based agroecosystem
of Multan, Pakistan (Hussain et al., 2006). In our study,
Jungle babbler, Common babbler, White wagtail, Black
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drongo, and Red-vented bulbul were the resident species
of croplands that were expected to be having insecticidal
exposures during feeding activity. Similar findings were
reported in earlier studies conducted in the agro-ecosystem
of Punjab (Hussain, 2005).
Our study area having a history of regular pesticide
application may pose threat to bird fauna feeding on insects,
grains, etc. A similar conclusion was reported regarding
pesticide risk to birds in the agricultural landscapes of Pakistan
(Hussain et al., 2006). The farming community of the cotton
belt of Punjab believes that increased pesticide use has
resulted in the decline of avian diversity (Khan et al., 2002).
Our results regarding brain AChE inhibition were sufficient
to provide evidence that the insectivorous birds inhabiting
the croplands of Punjab may be at the risk of being adversely
affected by pesticide pollution. Similar results were reported
for jungle babbler and Indian wren warbler from cotton
growing areas (Hussain, 2005). Higher levels of pesticide
exposures affect the reproductive system, viability of eggs,
hatching, nestling growth, and adult survival (Rodenhouse
and Holmes, 1992). All the bird species except the red
vented bulbul were insectivores. Thus, these bird species
are supposedly having higher levels of pesticide poisoning
threats in the agricultural landscapes due to regular pesticide
application (Jabbar et al., 1993; Hasnain, 1999).
White wagtail prefers to inhabit the near household
areas and aerial feeding. It may occasionally feed on the
croplands only during traveling. This may be the reason
for the activity level of brain ChE of these birds showed
non‑significant differences between the two landscape
types under study. Jungle babbler and common babbler
were the bird species that inhabited particularly cropland
areas, thus, they showed a significant difference in the
activity level of brain AChE. Jungle babbler occurs in
habitats with trees and occupies ranging from dry deciduous
woodland to semi-arid cropland (Gaston, 1978). These birds
have omnivorous feeding habits with insects forming the
predominant portion of their diet. Its feeding method was
close to the ground feeding on surface-dwelling insects
(Anthal and Sahi, 2013). Common babbler, Turdoides
caudatus is a resident bird species in tropical and lower
subtropical latitudes. It inhabits agricultural landscapes,
semi-arid regions, and also into the forests of the southeast
of the Western Palearctic (Ali and Ripley, 1971). The higher
value of inhibition in the jungle babbler (53%) and common
babbler (35%) is attributed to their habitat and activity
preferences that were limited only to the croplands.
However, in red vented bulbul, the level of inhibition was
only 18% that showed a significant difference in the activity
level of Brain AChE. The lower inhibition percentage could
be due to its feeding habit that was not limited to insects
but omnivore feeding. The similar adverse effects of the
pesticide on AChE inhibition in birds suggest a high level
of risk to avian diversity (Hussain et al., 2006). An earlier
report about farmers’ perception of the reduction in bird
diversity in the agricultural landscapes of Pakistan also
supports the views of the negative impacts of pesticides
on bird diversity (Khan et al., 2002). This study suggested
further investigations for the assessment and determination
of pesticide residues, their effect on reproductive potential,
and particularly viability of the insectivorous birds and
avian fauna, in general, at agro-ecosystems.

Brazilian Journal of Biology, 2023, vol. 83, e248842

Assessment of Cholinesterase inhibition activity in birds

5. Conclusion
Significant differences were noted in AChE activity
levels of bird species between Gujrat croplands and
protected area (DVNP). These variable responses of species
may be attributed to their diverse feeding, perching,
and other interactive behaviors. The results confirmed
cholinesterase inhibition activity of brains in the birds
captured from croplands of Gujrat. Our results suggest
that the use of insecticides in croplands may lead to
lower feed availability due to lower insect abundance
ultimately resulting in a lower abundance of insectivore
birds. Our results of AChE activity levels indicated that
bird species inhabiting or visiting croplands for feed are
adversely affected by insecticide poisoning. This study
highlights the importance of protected areas associated
with croplands in the conservation of bird species.
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