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Cholinesterases:-

Silman and Futerman, 1987; Grippo and Heath, 2003).

The enzyme, cholinesterase belongs to esterases, a
subgroup of hydrolytic enzymes which are found in many
tissues throughout the body. An organic ester is the result of
action between an organic acid and an alcohol to yield an
inorganic salt. Similarly, ester can also be formed due to
action between an inorganic acid and an alcohol, for
example, between phosphoric acid and alcohol. The main
characteristic feature is that the group of esterases
hydrolyzes choline esters at a higher rate than other forms
of esters (Augustinsson, 1948, 1949,1950, 1963 and 1974).
The esterases can be classified into three main groups as
under: -

AChE is found in red blood cells, cholinergic fibers and
muscle (motor- end-plates). Comparison of AChE and
BChE shows extensive similarities in protein sequences
and in molecular forms. Cholinesterases replaces each
other during development, suggesting a complementarily
roles for AChE and BChE (Chatonnet and Lockridget,
1989).
The main function of AChE is to terminate the action of
acetylcholine (ACh) a neurotransmitter at the postsynaptic membrane at the neuromuscular junction into
choline and acetic acid, while butyrylcholinesterase acts on
synthetic substrate as the butyrylcholine, does not occur
naturally in the body. It also acts on additional ester, such as
procaine, succinylcholine and propanidid.

1. Lipases, 2. Specific esterases, 3. Nonspecific esterases.
They are not synthesized in the body.
Both enzymes hydrolyse ACh to choline and acetic acid.
However, butyrylcholinesterase (BuChE) hydrolyzing
butyrylcholine (BuCh) more rapidly than ACh
(Rosenberry, 1975, 1979; Rosenberry and Scoggin.,1984;
Rosenberry et al.,2005; Parveen and Kumar., 2005). It is
important to know that these two enzymes differ in
distribution, function and substrate specificity.

Structure of AChE:The structure and mechanism of action of AChE have been
elucidated through Crystallography (Sussman et al., 1991
& 1993). AChE is serine proteases. It has a gorge about
20Å deep long which penetrates half way through the
enzyme (Fig.1).

The term serum cholinesterase is generally used with
reference to a clinical test and reflects the occurrence of
levels of both enzymes in blood. Importance of serum
cholinesterase in health diseases has been described in
detail about six decades earlier by Vorhaus and Kark
(1953) and Vorhaus et al. (1950, 1951,1952). The
cholinesterase of RBCs in the peripheral blood is an
indication of hematopoietic activity. Generally, a low
amount of cholinesterase is found in patients suffering
from liver disease, malnutrition, and chronic debilitating
and acute infectious diseases causing anemia (Voss and
Sachsse, 1970). Contrarily, a high level occurs in nephritic
syndrome. Many drugs temporally depress cholinesterase
activity, as do some insecticides. The tests for the activity
of this enzyme in blood plasma and body tissues may be
useful in detecting over exposure to these agents. In fish,
Km of AChE increases in injured myocardium (Gaur and
Kumar, 1993).

Fig. 1. Structure of AChE showing active and
inactive sites.
It is lined by 14 aromatic amino acids which are highly
conserved across different species. Among the aromatic
amino acids, tryptophan 84 is critical and its substitution
with alanine results in a 3000-fold decrease in reactivity
(Touge, 2001). The active site is located 4 Å from the
bottom of the molecule (Harel et al., 1993, 1996). The
esteric subsite, where acetylcholine is hydrolysed to
acetate and choline, contains the catalytic triad of three
amino acids: serine (s) 203, histidine (H) 447 and
glutamate (E) 327 (Vellom et al., 1993). These three amino
acids are similar to triad in other serine proteases except
that the glutamate (E) at third number is replaced by
aspartate (D). The hydrolysis reaction of the carboxyl ester
leads to the formation of an acyl-enzyme and free choline.

The enzyme butyrylcholinesterase is studied by
pharmacologists because it is responsible for the
hydrolysis of succinylcholine, a drug used in surgery as a
short-acting blocker of the acetylcholine receptor. Some
patients experience prolonged apnea due to slow
hydrolysis of succinylcholine which can be related to a
genetic variation of the enzyme (Kalow and Davies, 1958;
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(Majumdar and Balasubramanian, 1982), Drosophila
head (Fournier et al.,1987, 1988; Toutant et al., 1988) and
Torpedo electric organ (Silman, & Futerman., 1987;, Bon
& Massoulie, 1976).

Then, the acyl-enzyme undergoes nucleophilic attack by a
water molecule, assisted by histidine 447 group, liberating
acetic acid and regenerating the free enzyme. For example,
Phenylalanine 295 and Phenylalanine 297 form that
largely dictates “aceyl pocket” a group specificity of a
substrate and glycine 121 and glycine 122 contribute to an
oxyanion the hole that interact with substrate at carbonyl
group (Ordetlich et al., 1996 , 1998 a,b).

The AChE acts on the neurotransmitter, acetylcholine.
ACh plays role in the propagation of action potential. This
potential is transferred across the synapse by the release of
acetylcholine. AChE prevents excessive accumulation of
ACh at the cholinergic synapse and at the neuromuscular
junction. Cholinergic presynaptic terminals release the
neurotransmitter acetylcholine (ACh), which is to be
hydrolysed to choline and acetate by the enzyme
acetylcholinesterase (AChE) present at the surface of the
post synaptic membrane. The choline is reabsorbed by the
presynaptic endings, where it combines with acetyl CoA to
form a new molecule of ACh.

AChE is a glycoprotein and has six main forms designated
as G1, G2, G4, A4, A8 and A12 (Anglister and Silman, 1978;
Brimijoin, 1983, Kerkut, 1984). A 7th form of AChE has
also been reported at the nerve muscle junction. Unlike the
other forms, it is not extractable. The monomer of AChE
can be converted into a dimer via the S-S single chain
disulphide bond. A dimer can form a tetramer. The tetramer
can join to a three-stranded tail with each strand connected
to the tetramer via the S-S bond (Kumar et al., 1993). The
tail helps to attach the enzyme to membranes at synapses
and at the neuromuscular junction. A4 has one tetramer
attached to the tail, A8 two tetramers and A12 three (Fig. 2).

Active site of AChE.
The active site of AChE consists of two sub-sites (Fig.3); a
negatively charged, anionic site, to which the positively
charge quaternary nitrogen moiety bind and another is
estertic sub-site containing the actual catalytic residues
containing triad of Asp-His-Ser (Nachmansohn and
Wilson, 1951). The estertic site is weak and undergoes
spontaneous hydrolysis during recovery stage of the
enzyme regenerating the serine hydroxyl and thus the
active form of the enzyme. The nucleophile is assumed to
be serine residue, while a histidine residue enhancing its
nucleophilicity (Cunninghan, 1957).

Fig.2. Quaternary structure of the six main forms of
acetylcholinesterase, Globular forms are represented
by G and asymmetrical form by A ( Brimijoin,1983)
The sedimentation coefficient of some forms of AChE has
been investigated. They are as follows:

Fig.3. Reaction between ACh and AChE resulting in
the formation of acetic acid and choline. The figure.
also shows anionic and esteric site of the enzyme.

1. G1-4s
2. G4-10s

Inhibitors of AChE and its importance in Medicine.

3. A12-16s

Eserine (physostigmine) is a natural carbonate isolated and
purified from the Calabar beans and is considered as best
inhibitor for AChE. Other AChE groups inhibitors are
BW284C51(1,5-bis(4-allyldimethyl-ammoniumphenyl)
pentan-3-one dibromide and paraoxon. Three step reaction
mechanisms for the inhibition of AChE by serine have been
investigated for many years and complete kinetic
characterization of the interaction has been done by
Golicnikm and Stojan (2005). On the other hand,
butrylcholinesterases is inhibited by quinidine,
ethapropazine and iso-OMPA (tetraisopro pylpyrosphoramide).

AChE has an optimum pH of 8.6; the stability of the
enzyme at room temperature is about 7 days, under
refrigeration about 14 days and in a deep freeze about 3
months.
The membrane-bound globular AChE forms have
hydrophobic domains that anchor them in the membrane
made up of phospholipid bi-layers. Two different
amphiphilic forms, G2 and G4, are attached to two
different hydrophobic anchors (Chatonnet and Lockridget,
1989). AChE has been found in mammalian erythrocytes
(Rosenberry,1975), platelets and sheep basal ganglia
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Inhibition of AChE leads to accumulation of ACh in the
synaptic cleft and results in impeded neurotransmitter
(Kumar et al.,1999, Kumar and Gupta., 2003, Gupta et al.,
2011 ). There are two types of inhibition, irreversible and
reversible.

The rate of color production is measured at 412 nm by
spectrophotometer. The reaction with thiol is sufficiently
rapid and not rate limiting in enzyme measurement.
Moreover, its concentration does not inhibit the reaction.
Modifications of the Ellman method have been proposed
by numerous investigators. All investigators used ATChI
and DTNB, however, modifications constitute changes in
concentration of DTNB, incubation time etc.

Irreversible inhibitors may lead to accumulation of ACh at
the neuromuscular junction causing paralysis of muscle,
convulsion, bronchial constriction, and death by
asphyxiation. Excessive accumulation of ACh causes
excessive mitosis, sweating and more secretion in upper
respiratory tract, discomfort in chest, nausea, vomiting,
diarrhea, headache, giddiness and fasciculation (Sharma,
1993) in mammals. Irreversible AChE inhibitors have
been used in insecticides. malathion/ dimethoate/
chlorpyrifos) and nerve gas gases for chemical war fare.
Some carbonates particularly, esters of N-methyl carbamic
acid are AChE inhibitors that hydrolyze in hours and have
been used for medical purposes. Physostigmine is used for
the treatment of glaucoma. Rivastigmine is used to treat
Alzheimer and Lewy body dementia and pyridostigmine
bromide is used to treat Myasthenia gravis.

Alzheimer's disease and cholinergic neurons:Alzheimer's disease (AD) is a progressive irreversible
neurodegenerative disorder on account of the death or
atrophy of the basal cholinergic neurons present in the
basal forebrain, neocortex and hippocampus, amygdale
and basal nucleus in the brain resulting loss of cholinergic
function (Geula & Mesulam,1994; Dolezal and
Kasparova, 2003). The “amyloid hypothesis” is also been
accepted as a cause of AD. The amyloid hypothesis is a
pathological model. According to this theory, the
overproduction and accumulation of amyloid-beta (Ab
)
peptides present in the neurotic plagues along with the
changes due to hyperphosphorylation and intracellular
aggregation of microtubules associated protein Tau to form
neurofibrillary tangle as downstream phenomenon
(Rosenberry et al.,2005 and Aprahamia et al ., 2013). In
fact, the only treatment of AD systems has been the use of
the cholinesterase inhibitors,

Methods for Quantitative Estimation of AChE Activity
To measure the quantity of the enzyme in a sample of tissue
extract or other biological fluid, the rate of the reaction
catalyzed by the enzyme in the sample is measured under
appropriate conditions; the measured rate is proportionate
to the quantity of enzyme present. Enzyme units are best
expressed in micromoles (µmol, 10-6mol), nano moles
(nmol; 10-9mol) or picomole (picomol; 10-12mol) of
substrate reacting or product produced per minute.

Alzheimer' s disease is classified either sporadic or
familial. Sporadic Alzheimer's disease can affect adults at
any age, but commonly occurs after 40- 65 years while
Familial Alzheimer's disease is a genetic disorder caused
by a mutation in one of the several genes. In 1906 it was
designated as Alois Alzheimer.

For the biochemical estimation of AChE two methods are
used extensively, proposed by Hestrin (1949) and modified
by Metcalf (1951) and the other by Ellman et al. (1961).

More than three million people suffer with disease in USA
(Hebert et al., 2003). The features of this disease are with
senile dementia, cognitive dysfunction, altered behavior
and progressive decline of language function and cardinal
failure (Selkloe, 2001., Marin et al., 1997).
Epidemiological studies conducted in India between 1996
and 2006 showed that dementia affects 2.7% of the
population (Aprahamia et al ., 2013). In fact, the only
consistent treatment for AD symptoms has been the use of
cholinesterase inhibitors (Inestrosa and Colomres., 2005).

1.Hestrin (1949) technique is a sensitive chemical method
for determination of unreacted ACh. Metcalf (1951) used a
principle similar to that of Hestrin with slight modification
for its determination. In both methods AChI is used as
substrate and the tissue homogenate was prepared in
sucrose (0.25M) solution. The principle is that the ester
reacts with hydroxylamine to form acethydroxamic acid.
The hydroxamic acid forms a soluble red purple complex
with ferric ions in acid solution. Absorbance of red purple
complex is measured at 540 nm in a spectrophotometer.
The intensity of color is proportional to the concentration
of ACh present.

Varez and Inestrosa (2005) described the role of
acetycholinesterase in Alzheimers disease with reference
to its molecular interactions with amyloid peptide.
According to them, the main pathological feature is the
formation and accumulation of amyloid formation
resulting mental failure in humans. Amyloidal
accumulation has been found in brain tissue of senile AD
patients in as diffused deposits as plaques consisting of 4042 residues of amyloid- ß. There are also anomalies in the
generation/handling of Aß peptides. It is also suggested
that its assembly in fibrils or protofibril initiate a series of
downstream neurotoxin events. Keeping this point into
consideration a few investigators studied the involvement

2. Ellman et al. (1961) developed an extremely sensitive
spectrophotometric method for the determination of low
concentration of AChE in tissue extract, homogenate cell
suspension. It has been widely used by investigators as a
rapid colorimetric determination of AChE. The principle
involves measurement of the rate of production of
thiocholine as acetylthiocholine is hydrolysed. The
released thiocholine upon reacting with dithiobis - nitro
benzoate (DTNB) produces a yellow color.
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of Aß monomers in AD. The Aß-AChE complexes exhibit
higher neurotoxicity than Aß fibril alone (Varez and
Inestrosa., 2005). Most cases of AD are idiopathic (disease
whose cause is unknown) and inherited used €4 allele of
apolipoprotein E gene (ApoE) is considered the main risk
factor. In small % of the cases it is reported that is inherited
due to Mendelian autosomal dominant gene.
Heart and its innervation of vertebrates
The heart of vertebrates is richly innervated and influenced
by both parasympathetic and sympathetic nerve fibers. In
homeothermal vertebrates the sympathetic fibers and
parasympathetic reach the heart separately. In fishes and
amphibians, the heart is innervated by a pair of cardiac
branch of vagosympathetic trunk (Nicol,1952; Bhatnagar
and Kumar,1969, 1973), except in myxinoid heart, which
receive no extrinsic innervations (Davies and
Francis,1941.Fange,1972;Fange et al., 1963,
Randall,1970, Gupta et al., 2011).
For many years the influenced of the right and left
sympathetic cardiac nerves was considered to be
accelerator (chronotropic) in effect that is, having a
primary effect of increasing the heart rate when stimulated
(Shipley and Gregg, 1945). However, many investigators
noticed another response, the augmenter (inotropic), which
is manifested primarily by releasing catecholamine.
Although, primary manifestation of augmenter influences
on myocardial contractility and force the contraction of
cardiac contraction, it has many hemodynamic and
myocardial implications too.

Fig.4 Photomicrograph of the heart showing nerve
plexus in the atrium. Transfer section,
480 NF, nerve fibre. (Kumar 1975)

In all vertebrates, the heart is profusely innervated by
cholinergic, adrenergic and the post ganglionic nerve
fibers of intracardiac ganglia. After penetrating the heart
the nerve fibers divide and re-divide to form
neuromuscular contact in the myocardial muscles and in
specialized tissue (Burnstocks & Robinson, 1967
Bhatnagar & Nair 1973). The total density of nerves has
been studied by silver impregnation method (Fig.4) while
the cholinergic and adrenergic components were studied
with the help of acetylcholinesterase histochemistry and
fluorescence histochemistry respectively.
Mapping of cholinergic innervations has also been done by
immunohistochemistry for high-affinity choline
transporter (CHT), which is a new antibody to the human
and high-affinity for choline transporter present in
cholinergic nerves. AChE positive nerves are more in the
atrium than in the ventricle. They are present in the
sinuatrial node, atrioventricular node, and in Bundle of
His and its branches ( Hoover et al.,2003) . The cardiac
conducting system is also well developed in Columba livia
due to flying habit of the animal.
Central and peripheral neurons, including intrinsic cardiac
neurons located on the surface of the mammalian heart
express both BuChE and AChE activity. On the basis of
degenerative studies, two different populations of ganglion
cells can be identified as argentophilic and argentophobic.

Fig.5 Photomicrograph of the heart showing a large
nerve present in the myocardium. Transfer section x 320.
LA, left atrium and N, nerve. (Kumar, 1974)
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The former takes a darker stain while the latter takes a light
color. Argentophilic types of ganglion cells are
sympathetic ( Corzo,1956). The neurons are also classified
as cholinergic and adrenergic ganglion cells. The
multicellular ganglion cells are observed in atria, ventricle
and in cells at the atrioventricular sulcus has been noticed,
which is innervating the AVN, AVB and in Purkinje Fibers
in higher vertebrates (Fig.5&6). In the early stages of
development the nerve cells are generally small, round or
oval with a faintly granular cytoplasm (Prakash.,1953,
1954., Prakash and Kumar,1981).
In amphibian heart, Remaks ganglia is present at the
sinuatrial junction and two Bidders ganglia which are
situated at the caudal end of interatrial septum at the
atrioventricular junction (Abraham,1969; Kumar and
Tembhre,1996, Kumar & Bhatnagar 1969, Kumar and Jain
2003) Neurophysiological studies showed that
acetylcholine and butyrylcholine increase or decrease the
spontaneous activity of the intrinsic cardiac neurons.
About 43,000 intrinsic neurons in adult heart, while in
young heart of fetuses, neonates and children contains
approximately 94,000 neurons ((Pauza et al.,2002).

Fig.7 Microphotograph of the heart showing Purkinje
fibres in the myocardium of ventricle in mammalian
heart. Transfer section x 400.
PF, Purkinje fibres.

The different types of nerve endings have been described in
the cardiac tissue by Miller and Kasahara (1964) and
Kumar (1971 and 1976), Kumar & Singh 1990, Kumar et
al. 2003. The encapsulated endings are situated in the
deeper tissue and vary in complexity of structures from
relatively simple branches to multi-branched (Fig. 7).

Distribution of cholinesterase in the heart muscles of camel
has been described in detail by Fatani et al. (1987). They
found numerous cholinesterase positive nerve fibers in the
pericardium, atria and both ventricles. They reported that
the density of cholinergic nerves was more in atria than in
the ventricle. In conformity to the findings of earlier
investigators they also noticed fine cholinergic nerve
fibers in the components of cardiac conducting system
(Field,1951, Bhatnagar,1959;Bhatnager and Qayyum,
1972; Copenhaver and Truex, 1952; Qayyum, ,1969 a,b,
& 1970, 1972; Robbs,1956; James,1964; Yousuf, 1965).
Kinetic constants (Km & Vmax) of Enzyme ( AChE) in
cardiac tissue
Dimethoate/incision/MI.
The percentage of inhibition of AChE is depended on the
quality and quantity of pesticides (organochlorine,
organophosphate and carbamate). Pesticide do effect on
the inhibition of AChE, 30 to 90 mg/kg dose of dichorovos
causes 55.6-88.9 % inhibition along with changes in ECG
(Q wave) and heart rate ( Naidu et al., 1987 and Praveen
and Kumar ,1994).

Fig.6 Diagrammatic sketch of the heart showing
various components of the conducting system/
connecting system in the heart.
AVB, Atrioventricular bundle.

There is an increase of Km value, in the artificially
produced MI and in MI patient serum. It is suggested that
these parameters are important in the diagnosis as well as
for predicting prognosis in case of MI in addition to tissue
specific CK (MB) or troponin - t (Gaur et al.,1999).

AVN, Atrioventricular node
LA, Left atrium
LV, Left ventricle
RA, Right atrium

The kinetic constants, Km and V max, for AChE were
calculated by the double reciprocal method of Lineweaver
and Burk [1934] in our laboratory, other method such as

RV, Right ventricle
SAN, Sinuatrial node.

47

Asian J. Exp. Sci., Vol. 28, No. 2, 2014; 43-60
Eadie and Hofstee graph has also been studied. LC50 was
calculated according to the Dixon and Webb [1964] plot
using 1/v vs.1/s with saturate substrate concentration. Ki
was calculated by Dixon's plot. The basic theory is that if
enzyme, AChE is inhibited, the ACh (substrate/
neurtransmitter) will be accommodated at the
neuromuscular junction because ACh could not be
hydrolyzed into choline and acetic acid due to inhibition of
AChE as stated earlier. Presence of AChE in heart muscles
is unanimously accepted on account of the occurrence of
profusely cholinergic innervation (Abraham,1969 and
Kumar, 1971,1973,1975,1976 &1978).

Pesticides and injured myocardium cause an accumulation
of ACh due to inhibition of AChE. During chronic
exposure of 1 to 3 mg/kg dose of Dichloro dimethyl vinyl
phosphate (DDVP) ACh increases in heart muscles. The
ACh contents in control rats heart was 70.05 µmoles/gm
weight of tissue. With 1 mg/kg it was elevated to 99.6µm
and with 3mg/kg it becomes 105.21µm (Praveen & Kumar,
2001).
The ACh contents in normal cardiac tissue of Clarias
batrichus (Fish) was 14.49 µM and was raised to 25.00
µM in ischemic cardiac tissue. ACh contents in normal
cardiac tissue of Rana tigrina (Amphibian) were
23.57µM and were increased to 36.45µM in ischemic
cardiac tissue. Similar raised % was noticed in the heart
tissues of Calotes versicolor (Reptilies), Colomba livia
(Bird) and Rattus norvegicus (Mammal). The ACh
contents were also increased in the serum of Rana tigrina,
Columba livia and Rattus norvegicus. The ACh in normal
human serum were 2.00 µM while in MI patients' serum, it
was 3.75 µM (Gaur & Kumar,1993, 2003, a, b & Gaur et
al,1999). The dose of drug, duration of exposure, and their
comparison with human serum were given in (Table1 & 2 ).

The toxic effect of pesticides has been less reported on
cardiac muscles of vertebrates. Moreover, the % of AChE
inhibition and quantity of ACh in the normal myocardium
and infarction cardiac muscle has not been thoroughly
investigated in vertebrates including man. Regarding the
contents of ACh, AChE and inhibitory constants
(Km/Vmax and Ki) of the heart of vertebrates on the basis
of existing literature has been reviewed as under.
ACh contents:-

Table-1. Acetylcholine content (ACh) (µ moles/g wet weight tissue) of heart of vertebrate series of normal and
exposed to isoproterenol hydrochloride for 48 hrs. Each value is the mean ± S.D. of five individual observations.

Table-2. Acetylcholine content (ACh) (µ moles/ml serum) of Rana tigrina, Columba livia, Rattus norvegicus of
normal and exposed to isoproterenol hydrochloride for 48 hrs and compared it with the human serum of
myocardial infarction patients. Each value is the mean ± S.D. of five individual observations.
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to ventricular myocardium was done with giving incision.
In fish, Channa punctatus, in artificially produced cut in
the ventricular myocardium, the Km became 2.78x10-3M
in comparison to normal, which is 1.87x10-3M. However,
when heart was treated with 2ppm dimethoate, Km became
3.30x10-3 M. Further, when incised heart is treated with
2ppm diamethote, Km further change to 4.07x 0-3M (Gaur
and Kumar, 1993). The slope obtained, intersected at one
point on ordinate indicating competitive inhibition which
is further confirmed by computed value of constant Vmax
(0.74) in all experiments. (Fig.8)

Constants of inhibition(Km,Vmax,Ki):
The enzyme kinetics (Km and Vmax) of AChE have been
studied in various organs of fishes on account of pesticides
toxicity. They were unanimously reported depletion in
AChE activity in comparision to control (Ratha and
Ramanujam.,1986; Rao et al., (1984); Ahammad et al.,
1980; Subburaju and Selvarajan,1988; Nemcsok et al.,
1985; Benke and Murphy ,1974;).
Keeping this into consideration MI was artificially
produced by drug, isoproterenol hydrochloride and injury

Fig.8 Lineweaver- Burk plot of inhibition of heart AChE. in incision, dimethoate and incision with dimethoate in
Channa punctatus.
The Km of AChE in cardiac tissue of control and ISO-HCl treated Clarias batrachus were 3.78 x 10-3 M and 6.0x10-3M
respectively. The Vmax was found to be constant i.e., 1.66A/mg protein/30 minutes showing that inhibition is competitive
in nature (Gaur and Singh 2004). In serum and heart tissue of Rana tigrina the Km value value was 2.88x10-3M and 3.66 x103
M respectively, due to accumulation of ACh. It is also noticed that in ISO-HCl treated animals, Km value both in serum and
heart tissue increased to 3.99 x10-3M and 5.1 x10 -3M respectively (Fig. 9, 10 )
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Fig.9. Lineweaver Burk plot showing inhibitory effect of ISO-HCl on AChE (Rana tigrina serum).
S is the substrate concentration of AChl.

Fig.10. Lineweaver Burk plot showing inhibitory effect of ISO-HCl on AChE (Rana tigrina cardiac
tissue). S is the substrate concentration of AChl.
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In Calotes versicolor, MI was produced by administration
of ISO-HCl, the Km (in tissue) was raised to 4,5x 10-3M
against control value of Km 3.1 x 10-3M, the V max value
remained constant i.e., 1.11A/mg protein/30 minutes.

However, in serum of control and experimental Rattus
norvegicus Km value was 3.2x10-3M and 4.5x10-3M.
minutes respectively. The Vmax value was constant in both
the cases i.e 2.0 A/mg protein/30 indicating that ISO-HCl
has inhibitory effect on AChE.

The Km and Vmax of AChE, in serum of control and MI in
Colombia livia were 3.78x10-3M and 5.11x10-3M
respectively, the Vmax value was constant i.e 1.0 A/mg
protein/30 minutes.

Columba livia

It is interesting to note that in serum of MI patients, , Km
value was also raised to 4.5 2x10-3M as compared to control
value 2.762x10-3M. The Vmax value remain constant i.e.,
1.0 A/mg protein/30 minutes (Fig 11). Thus it is concluded
that the enzyme (AChE) in the heart of vertebrates t is
competitive in nature.

Rattus novegicus

Homo sapiens

Fig.11 Lineweaver-Burk plot showing inhibitory effect of ISO- HCl on AChE in the serum.
S is the substrate concenteration of AChI.

Digestive System (Inhibitory Constants):Inhibition, recovery and enzyme kinetics (Km and Vmax)
of AChE have been studied in digestive organs of fishes
and rats to know the effects of pesticides toxicity. The
previous investigators were unanimously observed
depletion in AChE activity in comparison to control. The
inhibition % ranges between 10 to 89% ( Ratha and
Ramanujam.,1986; Rao et al., (1984); Ahammad et al.,
1980; Subburaju and Selvarajan,1988; Nemcsok et al.,
1985; Benke and Murphy ,1974; Parveen,1997; Parveen
and Kumar, 1994, 2001,2005;`Kumar et al., 1995 ,1999,
Gaur and Kumar,1993, 2003 a,b & Gaur et al,1999, ,

Tembhre and Kumar,1994, 1995 a,b,1997; Hassanein,
1991,2002,2005; Golicnik and Stojan,2005; Demble et al.,
2000, Abou-Donia and Menze,1967; Kozlovskaya et
al.,1993; Turdean et al.,2000,2002, Turdean,2005).
Km of the gut AChE in fish, Cyprinus carpio subjected to
various concentrations of dimethoate cause increase to 1.5
x 10-3M and 2.6 x 10-3M from the control which is 1.2 x 10-3
M with treatment of 2,3.5, and 4.5 ppm dimethoate for 96
hrs. Vmax was constant at 0.83 x 10-3M (Fig.12).
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Fig.12. Lineweaver – Burk plot showing inhibition of AChE in the gut of Cyprinus carpio by
dimethoate (pesticide), 96 hours. S is the substrate concentration of AChI. Each point is the mean of
five assays (Tembhre & Kumar, 2002)

Fig. 13 Dixon plot of the inhibition of AChE of Duodenum of Rattus norvegicus by dimethoate
for four concentration of acetylcholine iodide.
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In another study, Tembhre and Kumar (1995 b) reported
carp gut AChE kinetic effected by 96hrs exposure to
methylamine of 2,5 and 7 ppm causes an increase trend of
Km to1.57 x 10-3M, 2.60 x10-3M and 4.03 x 10-3M against
control Km of 1.06x10 - 3 M.The significance of
methylamines is important as it had been the exposed at the
Bhopal Gas Tragedy.

cessation of treatment for 15 days after 15 days exposure.
In Rattus norvegicus, chronic toxicity of sublethal
concentration of copper sulphate on the activity of AChE
has raised the Km to 2.49 X10-3M after 15 days and 3.04 x
10-3M after 30 days from control value 1.65 x 10-3M. The
Vmaxwas found to be dercreased from the contol value of
1.03 A/mgprotein/30 minutes to 0.86 nd 0.7A/mg
protein/30 min. after 15 and 30 days respectively. It is
concluded that copper sulphate inhibit the AChE activity in
a mixed way i.e., competitive and noncompetitive as
reported by earlier workers. (Saluja & Kumar, 2004 a,b
&2005). (Fig.14 & 15) Nemcsok et al. (1984) showed that
7.19 x 10-4 copper sulphate produce 50% inhibition of
AChE in the serum of Cyprinus carpio. Tembhre and
Kumar (1995 a) investigated acute and chronic effect of
CuSO4 on the gut AChE in carps. According to them the
normal Km was 0.84x 10-3M, which gradually increased to
1.06 x 10x-3M, 1.35x10-3M, 1.83 x10-3M with 2,3 and 4 ppm.
copper sulphate respectively. With chronic exposure for 30
days, 2ppm. copper sulphate resulted in 1.90 x 10-3 M Km.
Vmax reduces to 0.90,0.83 and 0.76 (against 1.00) with 2,3
and 4 ppm. copper sulphate. They have also concluded that
copper sulphate yielded mixed inhibition in gut AChE. The
inhibition pattern was competitive non-competitive as
shown by increase Km and reduced Vmax values (Fig.
14&15).

Saluja and Kumar (2004 a, b) studied the acute toxicity of
dimethote on acetyl-cholinesterae activity in the
oesophagus, stomach and duodenum of Rattus
norvegicus. According to them, dimethoate significantly
inhibited the acetylcholoinesterase activity in a dose
dependent manner. They noticed gradual increase of Km
and constant value of Vmax with every dose revealed
competitive nature of inhibition both in oesophagus and
stomach and duodenum which is they confirmed by
Dixon's plot too. Recovery of test compounds were also
worked out by cessation of treatment for 15 days after 15
days exposure (Fig.13).
Copper Sulphate ( Heavy metal)
The effect of copper sulphate, a heavy metal, also shows
similar behavior with regard to Km and Vmax of AChE.
The long term experiments were conducted for 15 & 30
days to study the chronic toxicity of copper sulphate.
Recovery of test compounds were also worked out by

Fig. 14 Line weaver - Burk plot of the inhibition of AChE of oesophagus of Rattus norvegicus by copper
sulphate for 15 and 30 days.
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Fig. 15 Line weaver - Burk plot of the recovery of 15 days after exposer of 128.57 mg / kg body weight of
copper sulphate on the duodenum AChE of Rattus norvegicus for 15 days.

A comparative analyses of distributive patterns of Nissl
substance (NS) and acetylcholinesterase present in the
neuron cell bodies of various hypothalamic and thalamic
nuclei was studied by Bhatnagar et al., (1990). Study
demonstrated that there is a close parallelism in
distribution of NS and AChE was noticed in most of the
neuron cell bodies of nuclei studied. This parallelism is
important from evolutionary point of view as such
parallelism was noticed in mammals alone but not reported
in birds and reptiles.

Brain:The acetylcholinesterase was present in nuclei and the
tracts of spinal cord and medulla oblongata of bat.
Bhatnagar and Tewari (1988) observed AChE in nuclei and
fiber tracts in forebrain, telencephalon and diencephalon of
neonatal rat. They distinguished three groups of nuclei in
accordance to intensity of AChE, nuclei which are
moderately positive for AChE, another group of nuclei
with intense cytoplasmic reaction which is mainly present
in neuron cell bodies and thirdly the nuclei which do not
show any AChE reactivity (Bhatnagar,1988 and 1993).
Ependymal cell layer, caudate putman, globus pallidus,
habenular nuclei and ventromedial thalamic nuclei reveal
intense AChE reactivity. The fiber tracts were mostly
devoid of enzyme reactivity.

Dietary exposure to cadmium, even at lower doses can lead
to free radical induced neurotoxicity, neurobehavioural
changes and alteration in neurotransmitters (ACh). Such
changes are likely to be more pronounced in the developing
brain due to incompleteness of the blood brain barrier.

Panday et al. (1989) studied butyrylcholinesterase (BChE.
EC 3.1.1.8) activity in adrenal cortex and medulla in
control mice and in DL amphetamine treated mice.
6mg/kg BW dose of amphetamine enhance the enzyme
activity in adrenal medulla. In cortical layers, the effect
was different for various layers; the enzyme activity
decreased in the zona glomerulosa and in zona reticularis,
but remained unaltered in zona fasciculate. They suggested
that the difference in effect of amphetamine on activity of
BChE activity in various parts of gland is due to neuronal
and nonneuronal origin and functions of both adrenal
medulla and cortex. .

Hippocampus has a role in learning and cognitive behavior
and any damage to this structure during development may
result in neurodegenerative changes in later life. Thus,
fetal and neonatal exposure of cadmium was achieved by
exposing pregnant dams of swiss albino mice throughout
the gestation and following parturition up till 5th day post
partum through drinking water (3ppm/animal/day) the
neonates were sacrificed on day 6th and indices of oxidative
stress, levels of trace elements and changes in cholinergic
system were evaluated in the hippocampus. Increased
accumulation of cadmium, differential alterations in trace
elements and decreased activity of AChE were the features
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observed. Simultaneous administration of melatonin to
cadmium challenged animals offset these detrimental
changes. The result suggest that melatonin coadminstration can effectively protect against the adverse
affects of cadmium
(Bhatnagar and Panday,1988,
Bhatnagar and Tiwari,1980, 1985; Mukherji et al., 2010 )

granular layer (GL) also showed intense reaction for AChE
(Contestebile & Zanoni, 1975,Contestebile et al., 1977,
2004; Ekstrom, 1987; Brantley and Bass, 1988; Adrio et
al., 2000; Anadon et al., 2000; Perez et al., 2000 and
Rehman et al., 2013;Singh and Kumar,2013). Satyadevan
et al. (1993) and Kumar et al (1995) investigated
dimethoate as a competitive inhibitor of Brain AChE in
Cyprinus carpio. The Km in absence of dimethoate wass
0.62 x10-3M. However, in the presence of 2,3.5 and 4.5 ppm
dimethoate, the Km raised to 0.73 x10-3M, 1.1 x10-3M and
2.0 x10-3M and respectively. The Vmax was found to be
constant i.e., 1.5 A/mg protein/30 min.

Inhibitory effects of a fresh leaf juice of Withania
somnifera (Ws) on the acetylcholinesterase
and
nicotinamide adenine dinucleotide diaphorase (NADPHd) were studied in mice brain using histochemical and
biochemical approaches. The results obtained show
significant reduction in the number and reaction intensity
in AChE and NADPH-d positive neurons within selected
areas of the brain of treated mice. Localization of AChE
and NADPH-d also showed significant reduction in the
number of cells positive for both the enzymes after Ws
treatment as compared to cells with isolated staining.
Biochemical estimation of these enzymes in brain tissue
also showed significant dose dependent inhibition of the
activity of both enzymes
after Ws treatment. In
conclusion, our study allows us to suggest that Ws
significantly inhibit both the enzymes. Inhibition of AChE
is direct while NADPH-d is indirect ( Bhatnagar et al .,
2012).

References:
Abou-Donia, M.B and Mensze,D.B. (1967): Fish Brain
cholinesterase. Its inhibition by carbamate and
automatic assay. Comparative Biochemical
Pysiology.21, 91-108.
Abraham, A. (1969): Microscopic innervations of the
heart and blood vessels in vertebrate including man.
Pergamon Press, London.
Adrio F., Anandon, R, Rodriguesh,-M. and Moldes,
I.(2000): Distribution of Choline acetyltransferase
(ChAT) immunoreactivity in the central nervous
system of Chondrostean, the Siberian sturgeon
(Acipenser beari.J.Comp. Neurol, 462,602-621.
Ahammad,K., Sailbala,D., and Ramanna ( 1980): Impact
malathion on acetylcholinesterase in the tissue of fish
Tilapia mossambica(Peters: a time course study.
J.Biosci. 2, 37-41.
Aprahamia, Ivan. Stella Florindo & Forlenza Orestes V.,
(2013): New treatment strategies for Alzheimer's
disease: is there a hope? Indian J Med Res .138, 449460.
A n a d o n , R . , M o l i s t , P. , R o d r i g u e s h , M.,.,Lopez,J.M.,Quintela, I., Cervino,M.C.,Barja,
P.&, Gonzatez.A,(2000): Distribution of choline
acetyltransferase immune reactivity in the brain of an
elasmobranch ( Scyliorhinus canicula ). J.Comp.
Neurol.420, 139-170.
Anglister, L and Silman,L(1978): Molecular structure of
elongated ,form of electric ell acetylcholinesterase.
J.mol. Biol.125-295-311.
Augustinsson , K.B ( 1948): Cholinesterase: a study in
comparative enzymology. Acta Physio.Scand. 15,1182
Augustinsson , K.B ( 1949): Substrate concenteration and
specificity of choline-splitting enzyme. Archives
Biochemistry, 23, 114-126.
Augustinsson , K.B ( 1950): Acetylecholines Esterases and
Cholinesterase. In: The enzymes.(Eds. Sumner J and
Myrback K., Academic après, New York.Vol.part
1,441-472.
Augustinsson, K.B (1963): Classification and comparative
enzymology of the cholinesterase and methods for the

Hippocampus in birds is divided into fields. The pyramidal
neurons are the main subtype of neuronal classes in the
medial hippocampus of birds (Srivastava.,et al 2007)
The histologically, cerebellum of teleosts consists of three
parts, the vestibulolateralis lobe, the corpus cerebelli and
valvula cerebelli. The histopathological changes were
evaluated in the brain tissue of Indian major carp, Catla
catla after chronic exposure to an organopshophate
pesticide, the dimethoate. The experimental group was
exposed to sublethal dose of dimethoate (0.001 ppm) for
four weeks. For the study of histology of nerve tissue silver
impregnation technique was employed. Nerve cells
showed necrosis, vacuolation, loss of cytoplasm and
Nissl's bodies. The nerve bundles become loose and nerve
fibrils dispersed in all parts of the brain. The severe damage
was noticed in the optic tectum but less damage was
noticed in the organelles of the Purkinje cells and also in the
granular layer of cerebellum. The necrosis was present in
the axons of Mauthner cells as well as in medullary region.
Dimethoate even in 0.001concentraion is highly toxic to
brain of the carp fingerlings and may lead to subsequent
killing of fish (Meetheissen & R,1982; Singh and Kumar,
2013).
AChE showed mild or no AChE activity in Purkinje cells
(Clemente et al.,2004).
The corpus cerebelli shows that the outermost thick
molecular layer (ML) showed fainted activity for AChE.
The inner granular layer (GL) also demonstrated intense
reaction to AChE. the Purkinje cells (PC) present in the
intermediate layer exhibit strong cholinesterase positive
The cell bodies exhibit deep strong reaction while the inner

55

Asian J. Exp. Sci., Vol. 28, No. 2, 2014; 43-60
J.Zool. 20, 339-348,
Bon, S and Massoulie, J ( 1976): Molecular form of
Electrophorus acetylcholinesterase, the catheletic
subunits; fragmentation, intra and inter-subunit di
sulfide bond. FEBS letters. 71, 273-278.
Brimijoin, S.(1983): Molecular forms of
acetylcholinesterase in brain, nerves and muscle.
Nature,. localization and dynamics l, Prog.Neurobio.
21,291-322
Burnstock G and Robinson P.M.(1967): Localization of
catechoamines and acetylcholinesterase in the
autonomic nerves. Circ. Res. 21, 43-55.
Chatonnet, A. O. (1989): Review Article of
butrylcholinesterase and acetylcholinestease,
Biochem. J. 260,625-634.
Clemente A D., Porteres A., Wrenzana E.J., Aikjon J. and
Arevalo, R eruaga E.,
Alonso J.R., (2004):
Cholionergic elements in the zebra fish central
Nervous system, Histo Chemical & immunocytochomical analysis. J. Comp. Neurol. 474, 75 - 107.
Contestabile A., Zannoni N., (1975); Histochemical
localization of acetylcholinesterase in the cerebellum
and optic tectum of four freshwater
teleosts.
J.Histochem. 45, 279-288.
Contesbtebile, A., Vellani L and Caiani F. (1997):
Ultrastuctural analysis on acetylcholinesterase
localization in the cerebellar cortex of teleosts. Anat.
Embryol(Berl).152,15-27.
Copenhaver, W.M. and Truex, R.C.( 1952): Histology of
the atrial portion of the conduction system in the man
and other mammals. Anat Rec. 114,601-625.
Corzo,L. (1956): contribution alestudio de las vias
wallarian, tras. Denervcion total del Cortazon. Anales
de. Ana anatomia. Uni. Da. Univ. Granada, 8. 146
Cunninghan, L.W. (1957) : Proposed mechanism of the
action of hydrolytic enzyme. Science, 125, 1145-1146.
Davies, F and Francis,E.T.B (1941): The heart of
salamander(Salamandra salamandra) with special
reference to its conducting (connectin) system and its
bearing on the phylogeny of the conducting system of
the mammalian and avian heart. Phil. Trans. B.
21,231:99.
Demble,K.; Haubruge, E. and Gaspar, C. (2000):
Concentration effects of exposure of selected
insecticide on the brain acetycholinesterase in the
common carp, Cyprinus carpio L. Ecotoxicolgy and
Environmental safety.1, 49-54.
Dixon, M.and Webb, E.C. (1964): Enzyme Kinetics (2nd
ed.), Longman, London, UK pp. 54

determination. In: Cholinesterase and
anticholinesterase Agents (G.B. Koelle, Ed.) PP. 89128.
Augustinsson , K.B., Barfai,Tand Mannervik, B.( 1974): A
study-state kinetic model of butrylcholinesterase from
horse plasma Biochem. J. 141,825-834..
Benke,G.M and Murphy,S.D (1974): Anticholinesterase
action of methyl parathion,parathion azinphosmethy
in mice and fish: onset and recovery of inhibition. Bull.
Enviorn. Contam. Toxiol. 12,117-122.
Bhatnagar, S.P (1959): The specialized conducting tissue
in the heart of guinea-pig. J. Anat, Soc. India. 8,66-71.
Bhatnagar, S.P. and Kumar, S (1969): The conducting
system of Ampbibian Heart. Anat. Rec. 163, 295.
Bhatnagar ,S.P. and Kumar, S (1973): Studies on the
structure, development and innervations of the heart of
Necturus maculosus. Indian J. Zool. 1,53-58.
Bhatnagar,S.P and Nair, M.G.K. (1973): The structure and
development of the heart and its conducting system of
climbing perch, Anabas scandens Cuv. and.Val.
Zool.Anz.190, 286-296.
Bhatnagar, S.P. and Qayyum, M.A. (1972): , Anatomy of
the cardiac conduction system of the nine banded
Armadilo (Dasypus novemcineta) 11. Innervation.
Broteria, 41,9-23.
Bhatnagar Maheep (1988): Maternal caffeine ingestion
and postnatal modulation of brain and behavior in
animal model. Ind. J. Physiol Allied Sci. 42, 130- 136.
Bhatnagar, M; Suhalka, Sukhwal, P P Jain, A and Sharma D
(2012):Inhibition of Acetylcholinesterase and NO
synthase activity in mice brain: Effect of Withania
somnifera leaf juice. Neurophysiol. 44,301-310.
Bhatnagar, M, Bhatnagar, C. & Tewari H.B (1990):A
comparative histoenzymological and neuroanatomical
study of thalamic and hypothalamic nuclei of Labeo
gonius. J. Fresh water Biol. 2,293-297).
B h a t n a g a r , M a n d V. N . P a n d a y ( 1 9 8 8 ) : A
histoenzymological study of acetylcholinesterase and
butyrylcholinesterase in thalamic and hypothalamic
nuclei of barbiturate treated mice brain. Ind. J. Physiol.
Allied Sci. 42, 84-90.
Bhatnagar, M (1993):Postnatal histochemical and
isoenzymatic patterns of acetylcholinesterase in the
brainstem of rat. Bionature, 13, 29-32.
Bhatnagar. M and Tewari, H.B (1980):Histochemical
mapping of butyrylcholinesterase in the brain stem of
bat (Microchiroptera). Cell and Molec Biol. 26, 373388.
Bhatnagar M and Tewari H.B (1985):Age related changes
in acetylcholinesterase patterns in rat brain. Proceed.
Indian National. Sci. Acad. B 51,211-217.
Bhatnagar, M and Tewari, H.B (1988)):(Ontogeny of
enzyme acetylcholinesterase in neonatal rat brain III.
Forebrain (Telencephalon and Diencephalon). Pak.

Dolezal, Vand Kasparova,J (2003):â-amyloid and
cholinergic neurons. Naturechem Resc.28,499-506
Ellman , G.L., Courtney, K.D, Andres, V and Featherstone,
R.M. (1961): A new and rapid colorimetric
determination of acetylcholinesterase activity.

56

Asian J. Exp. Sci., Vol. 28, No. 2, 2014; 43-60
Biochem. Pharmocal.7, 88-95.
Ekstrom, P. (1987): Distribution of choline
acetyltrasferase immunereactive neurons in the brain
of a cyprinid teleost(Phoxinus phoxinus L.) J.Comp.
Nerol. 256.495-51 5.
Fatani, G.A.G, Qayyum, M.A and Shadd, F.(1987):
Distribution of cholinesterase in the camel heart.In:
Microscopic Anatomy of the Mammalian Heart (Ed.
M.A.Qayyum and J.A.Fatani) Scientific Publisher of
India 211-217
Fange,R.(1972): The circulatory system. In biology of
lamprey (Ed. M.W.Hardistis and I.C.Potter).
Academic Press London. 241-260.
Fange,R., Johpnlis, A.G, and Enger, P.S.(1963): T he
Autonomic Nervous System. In: The Biology of
Myxine (Ed.A.Brodal and R. Fange) University for
Laget. OLS of Cholinesteras O.124-136.
Field, E.T.(1951): Nervous component of the
atrioventricular Bundle. J. Anat. Lond. 85, 105-112
Fournier, D., Cuany, A., Bride, J. M. & Berge, J. B.(1987)
J. Neurochem. 49, 1455-1461
Fournier, D., Berge, J.B., Cardoso de Almeida, M.-L.
&Bordier, C. (1988) J. Neurochem. 50, 1158-1163
Gaur, M. and Kumar S.(1993). Effect of organophosphate
pesticide on AChE enzyme kinetics in normal and
injured myocardium of the heart of Channa
punctatuas Biomed Res.4(2),171-179.
Gaur,M and Singh,M (2004) Effect of isoproterenol
hydrochloride on heart of the fish, Clarias batrichus. J.
Ecotoxicol.Environ.Monit. 14(3)285-289.
Gaur, M, Kumar,S and Gupta R (1999): Inhibition of
acetycholinesterase by isoproterenol hydrochloride in
Rana tigrina.Biomed.Res.10(1) 55-59
Gaur, M and, Kumar,S (2003 a): AChE activity and
enzyme kinetics in isoproterenol hydrochloride
induced myocardial infarction in Calotes versicolor.
J.Eccobiol.15(5),359-364. I
Gaur ,M and Kumar ,S(2003,b): Comparative account fo
certain enzyme in the serum of homoiothermal
vertebrates subjected to production of myocardial
infacrction by isoproterenol hydrochloride. Journal of
Environmental Biology, 24(4), 483-487.
Geula,C and Mesulam, M.M.(1994): Cholinergic system
and related neuropathological prediction pattern in
Alzheimer's disease:In: Alzheimer's Disease (Ed.
Terry R.D, Katzman R., Bick K.L.). Raven Press, New
York. PP.263-265.
Golicnik,M, & Stojan, J.(2005): Transient kinetic
approach to the study of acetycholinesterase reversible
inhibition of eseroline. In: Recent trend in the
acetylcholinesterase system. ( Eds. Mahira Parveen
and Santosh Kumar) . ISO Press, Amesterdam. Berlin,
Oxford,Washington,DC. PP.77-89.
Gupta, R, Kumar S, Gupta,S, Tembhre, M, Bhatnagar, S

(2011). Researches in molecular Biology leading to
cure heart diseases. In: Emerging Trends in Zoology.
(Eds. U.C.Srivastava and S, Kumar). Narendra
Publishing House Delhi. 35-50.
Grippo,M.A. and Heath, A.G. (2003): The effect of
mercury on the feeding behavior of fathead
minnow(Pimephales promelas). Ecotoxicology and
Environmental Safety.55,187-198
Harel,M.; Schalk, I.; Sabatier, E.; Bouet, F.; Goeldner, M.;
Hirth, C.; Axelsen, P.H.; Silmamn, I. and Sussman,
J.L. (1993): Quaternary legend binding aromatic
residues in the active site gorge of
acetylcholineesterase . Proceedings of the National
Academy of the National of Sciences, USA. 90, 90319035.
Harel.M, Quinn, D.M nd Nair,H.K., Silman,I., and
Sussman,J.L. (1996): The X-ray structure of a
transition state analog complex reveals the molecular
origins of the catalytic power and substrate specificity
of acetycholinesterase.J.Am. Chem.Soc.118,23402346
Hebert,L.E ., Scherr, P.A., Bienias,J.L.,Bennett D.A., and
Evans,D.A. (2003): Alzheimer's in the US population
prevalence estimates using the 2000 censes. Arch.
Neorol. 60,1119-1122.
Hestrin,S. (1949) : The reaction of acetylcholine and other
carboxylic acid derivative with hydroxyl amine and its
Biological applications. J.Biol. Chem. 180, 249-251.
Hoover,D.B., Ganote C,.E., Ferguson S.M.; Blakey R.D.&
Parsons, R.L.(2003): Localization of cholinergic
innervations
in guinea pig heart by immune
histochemistry for high-affinity choline transporters.
Cell, 117(3), 373-386.
Hussanein, H.M.A. (1991): Biological studies on the effect
some pollutants ( pesticides) in fresh water fish,
Gumbusia affinis. M.Sc thesis Fac. Svi. Sohag. Assuit
Univ. Egypt.
Hussanein, H.M.A (2002): Toxicological effect of the
herbicide oxyfloufen on acetylcholinesterase in two
water fish, Oreochromis niloticus and Gambusia
affinis. J. Environm. Sci. Health A 37(4), 521-527.
Hussanein,H,M.A (2005): Acetylcholone inhibitor. In: :
Recent Trends in the Acetylcholinesterase System,
(Parveen, M and Kumar,S (Eds). ISO Press. Nieuwe
Hemweg 6B,1013 BG, Amesterdam, Netherland PP.110.
Inestrosa,N.C and Colombres, M(2005):
Acetylecholinesterase peripheral site:Its role on the
noncholinergic function of the enzyme: In: Recent
Trends in the Acetylcholinesterase System, (Parveen,
M and Kumar,S (Eds). ISO Press. Nieuwe Hemweg
6B,1013 BG, Amesterdam, Netherland.
James,T.N.(1964): Anatomy of the A-V node of the dog.
Anat. Rec. 148, 15-27.
Kalow, W. & Davies, R. 0. (1958): Biochem. Pharmacol.1,

57

Asian J. Exp. Sci., Vol. 28, No. 2, 2014; 43-60
183-192.
Kerkut, G.A ( (1984): Acetylcholinesterase (AChE)
(EC3.1.1.7). General Pharmac.15, 375-378
Kozlovskaya, V.L.; Mayer,F.L.; Menzikova, O. V. and
Cchuyko, G.M ( 1993): Cholinesterase of aquatic
animals. Rev. Envior. Contam. Toxicol.132, 117-142
Kumar,S. (1971): Nerve ending in the heart of Amphibia
Mikroskopie. 27,235-241
Kumar,S. (1973): The heart and its conducting system in
Ambystoma tigrinum ( Amphibia, Urodela). J.Anat.
Soc. India. 22(1), 29- 34..
Kumar,S. (1974): Studies on the structure and innervations
of the heart of Apoda (Amphibia) Acta Anat, 90, 550562
Kumar, S. (1975): The Amphibian Heart (Structure,
Development, conducting system and innervations. S.
Chand & Co. (Pvt.) Ltd, Ram Nagar, New Delhi110055
Kumar, S. (1976): Neuroanatomy of the heart of Garra
lamta.Ham.Buch. J. Anat. Soc. India.25, 1-5
Kumar,S. (1978);Cardiac conducting system in fishes.
Proc. All India Sem. Ishthyol., 36-40.
Kumar, S. and Tembhre, M.(1996): Anatomy and
Physiology of Fishes. (First Edition), Vikas
Publication House Pvt. Ltd.
Kumar, S. and Tembhre, M.(2010): Fish and Fisheries.
New Central Book Agency(P) Ltd, London, Delhi,
Kolkata, Pune, Hyderabad, Ernakulam.
Kumar, S.(2003). The heart of Vertebrates (Understanding
and Research trends in 20th century). In :The
vertebrate heart and genetic basis of human cardiac
diseases. Ed. Santosh Kumar and Rajeev Gupta. First
Edition. Anmol Publications Pvt. Ltd, New. Delhi
(INDIA), 2003. pp 99-138 ( Presidential Address 87th
Session of Indian Science Congress at Pune, India).
Kumar, S. and Bhatnagar, S,P. (1969): Sinuventricular
opening in the heart of a salamander. Naturawiss. 56:
377.
Kumar, S. and Subodh, J (2003): Amphibian Heart,
Ultrastucture and development In: The vertebrate
heart and genetic basis of human cardiac diseases (Ed:
Kumar Santosh and Rajeev Gupta.). Anmol
Publications Pvt. Ltd, New. Delhi(INDIA), pp 167182.
Kumar, S.; Gaur M, Praveen M,and Tembhre ,M. (2003):
Piscine heart: Anatomy, histology, conducting system
and innervations. In .The vertebrate heart and genetic
basis of human cardiac diseases (Kumar Santosh and
Rajeev Gupta Ed.). Anmol Publications Pvt. Ltd, New
Delhi (INDIA); 139-166.
Kumar S and Gupta R. (2003): The vertebrate Heart and
Genetic basis of Human cardiac Diseases. Anmol
Publications Pvt. Ltd, New Delhi, INDIA.
Kumar,S and Singh, M.P.(1990): Histology and

histochemistry of the Auerbach plexus of the colon of
Rabbit, Oryctolagus cunniculus. Ind. J.Z.Spect. 1:3135.
Kumar,S. Tembhre M, and Satyadeven,S (1993).
Acetylecholinesterase inhibitory kinetics for
monitoring pesticide toxicity to fish. In: Pollution and
Biomonitoring. B.C.Rana, Ed.). Tata McGraw Hill.
Pub. Co.Ltd. New Delhi, 426-448.
Kumar,S. Tembhre,M, Gaur,M and Parveen,M
(1999).Acetylcholinesterase, its activity and kinetics
in Fish Tissues. In :Ichthyology, Recent research
Advances. Ed. D.N.Saxena). Oxford and IBH
Publishing Co. Pvt . Ltd. New Delhi, Calcutta.145166.
Lineweaver, H & Burk, D (1934): The determination of
enzyme dissociation constants. J. Am. Chem. Soc., 56,
658–666
Majumdar, R. & Balasubramanian, A. S. (1982) FEBS Lett.
146, 335-338.
Marin,P.P., Sayeg, N Kornfeld, R and Inestrosas, N.C
(1997): “ Alzheimer's : information para el cuidador”
Progama pare el Adulto mayor, Vice Rectoris
Academica Pontificia Universidad Catolica de
Chile,I,M.C.S.A.
Metcalf, R.L. (1951): In: Methods in Biochemical
Analysis (Ed. D. Glick). Interscience Publ. New York.
Miller, M.R. and Kasahara, M(1964): Studies on the nerve
endings in the heart. Am.J.Anat. 115,217- 234.
Mukherji R, Desai F, Singh S, Gajaria T, Singh PK, Baxi
DB, Sharma D, Bhatnagar, M. and Ramachandran AV
(2010); Melatonin protects against alterations in
hippocampal cholinergic system, trace metals and
oxidative stress induced by gestational and lactational
exposure to cadmium. EXCLI journal. 9:1611-2156
Meetheissen P., and Roberts R.J.(1982): Histopathological
changes in the liver and brain of fish exposed to
endosulfan insecticide during tse fly control operation
in Botswannia. J.Fish Disease. 5,155-156
Nachmansohn D and Wilson I. B (1951): Enzyme
hydrolysis and synthesis of acetycholine.
Adv.Enzymol. 12,259-339.
Naidu, K.A., Vishvanathan S and Krishnakumari M.K
(1987): cardiotoxic effect of dichovos (DDVP) in
albino rats. Ind. J.Physiol. Pharmacol. 31(1),19-24.
Nemcsok, Jrban, L., Dobber, L., and Szepealussy, J (1985):
Aacetylcholinesterase activity measurement as a tool
or demonstrating the possible cause of fish decay. Acta
Biol..Szeged. 31,9-12
Nicol, J.A.C. (1952); Autonomic nervous system in lower
vertebrates. Biol. Rev. 27,1-49
Ordetlich, A.,Barak, D., Bino,T Velan, B C., Areil, N;
Segall,Y; Velan, B and Shafferman, A (1996): The
architecture of human acetylcholinesterase. Active
centres probed by interaction s with selected

58

Asian J. Exp. Sci., Vol. 28, No. 2, 2014; 43-60
organophosphate inhibitors, The Journal of Biological
Chemistry. 271, 11953-11962.
Ordetlich, A.,Barak, D., Kronman,C., Areil, N; Segall,Y;,
B and Shafferman, A (1998 a): Functional
Characteristics of the Oxyanion hole in the human
acetylcholinesterase, The Journal of Biological
Chemistry, 273,19509-19517.
Ordetlich, A.,Barak, D., Bino Kronman,C., Fl as Areil, N;
Segall,Y; Velan, B and Shafferman, A (1998
b):Functional characteristics of the Oxyanion hole in
human acetylcholinesterase.The Journal of Biological
Chemistry. 273,19509-10517.
Panday, VN.Bhatnagar, M. & Tewari H.B (1989);Effects
of acute amphetamine treatment on the
butyrylcholinesterase (BChE) activity in adrenal
gland of mice. Arch. Intern. de Pharmaco. Et de
Ther.302, 68- 73
Pauza, D.H., Skripkas,V., Pauziene, N.(2002):
Morphology of intrinsic cadiac nervous system in the
dog, a whole mount study employing histochemical
staining with acetylchilinesterase .Cell Tissue Organ.
172(40), 297-320
Perez, S.E.; Yanez J. and Rodriguez-Model I (2000):
Distribution of choline acetyltranasferase (ChAT)
immueactivity in the brain of the adult trout and tracttracing observations on the connections to the nuclei of
the isththamus. J. Comp. Neurol. 428,450-474.
Parveen M. (1997): Various aspect of inhibition of AChE in
the heart of Rattus norvegicus by carbaryl. Proc
awarded paper in MPCOST . 94-97
Parveen M, Kumar S (1994): The effect of isoproline
hydrochloride on AChE enzyme kinetics in normal
and injured ventricular myocardium of the fish,
Aristichthys nobilis. J. Ecotoxicol. Environ. Monit.
4(2),109-113.
Parveen M and Kumar S (2001) : Effect of DDVP on the
histology and AChE kinetics of the heart muscles of
Rattus norvegicus. J. Envirnment Biology.22, 257261,
Parveen M. and Kumar S, (2005): Acetylcholinesterase
and acetylcholine in cardiac tissues and
cardiomyopathy. In: Recent Trends in the
Acetylcholinesterase System, (Parveen, M and
Kumar,S (Eds). ISO Press. Nieuwe Hemweg 6B,1013
BG, Amesterdam, Netherland PP.1-10.
Prakash, R (1953): The heart of common Indian Fish,
Heteropneustes fossilis (Bloch) with reference to the
conducting system. Proc. Zool. Soc.Bengal, 6,113118.
Prakash, R (1954): heart and conducting system in
tadpoles of frog, Rana tigrina (Dadin), Proc.Zool. Soc.
Bengal.7,27-36.
Prakash, R and Kumar, S (1981): Structure of cardiac
muscle cells of vertebrates, a light and electron
microscopic study. In: Progress in Cardiology.

(Ed.Mishra, N.P.)Arnold Heinemann, New Delhi
pp.183-188.
Qayyum, M.A. (1969 a): Studies on the cardiac conducting
system of the Indian bat,Rinopoma kinneari.
Mikroskopie, 24,14-21.
Qayyum, M.A. (1969b): Neuroanatomy of the
specialization tissue of the heart of virgenea squirrel,
Didelphis marsupialis.Zool. Anz.,182, 329-335.
Qayyum, M.A. (1970): Neuroanatomy of the cardiac
conducting system of five banded squirrel,
Funambulus pennant.Zool.Anz.,185, 20-31.
Qayyum, M.A. (1972):Anatomical and neurohistological
studies on the cardiac conduction system of the Indian
mangoose, Herpestes mungo. Mikkroskopie.28,7-29
Randall D.J. (1970): The circulatory system. In. Fish
Physiology (.Ed. Hoar W.S., and Randall,D.J.
Academic press, New York, London. 4, 113-168
Ratha,B.K. and Ramanujam,S.N. (1986):Variations in
AChE from brain and muscle of a freshwater air
breathing teleost, Heteropneustes fossilis. Acta.
Biochem. Biophys, Hung. 21,381-390.
Rao J.V., Begum G.,Pallela G.,Usman P.K. and Rao R. N
et al. (1984): Changes in behavior and brain
acetycholinesterase activity in mosquito fish,
Gambusia affinis in relation to sublethal exposure of c
hlorophrifos. Int. J. Environ. Res. Public Health. 2(34), 478-483
Rehman M.,Tripathi, A. and Chakraborty, B. (2013):
Histoenzymological distribution of
acetylcholinesterase in the corpus cerebella of two
Indian air breathing teleosts.Asian J.Exp.Sci.
27(1),31-35.
Robbs,J.S. (1956):Comparative Basic Cardiology. Grune
and Strat. New York.48. Roberts, W. L., Kim, B. H. &
Rosenberry, T. L. (1987):Proc. Natl. Acad. Sci. U.S.A.
84, 7817-7821.
Rosenberry,T.L(1975),:Acetylcholinesterase. Advance in
Enzymology (Ed. Meister,A) John Wiley & Sons, New
York.
Rosenberry, T.L(1979): Quantitative simulation of
endplate current at neuromuscular junction based on
the reaction of acetylcholine with acetylcholine
receptor and acetylcholinesterase. Biophys. J.26,263290.
Rosenberry, T.L and Scoggin,D.M. (1984): structure of
human erythrocytes acetylcholinesterase.The Journal
of biological Chemistry, 258, 5643-5652.
Rosenberry,T.L, Joseph L,Johnsson, Bernadetta,C,
Tivadar,S and William D.M. (2005): The role of
peripheral site in the acetylcholinesterase catalysis at
neuro-muscular junctions based on the reactions of
acetylcholine with acetylcholine receptor and
acetylcholinesterase. In: Recent Trends in the
Acetylcholinesterase System, (Parveen, M and
Kumar,S (Eds) . ISO Press. Nieuwe Hemweg 6B,1013

59

Asian J. Exp. Sci., Vol. 28, No. 2, 2014; 43-60
environmental poisoning by methylamine. Proc.
AEB.6.
Touge,V. (2001): Acetylcholinesterase: Mechanism of
catalysis and inhibition. Current Medicinal Chemistry.
Central nervous system agents. 1: 155-170.
Toutant, J. P., Arpagaus, M. & Fournier, D. (1988):J.
Neurochem. 50, 209-218
Turdean, G.L., Popescu, I.C., Onicie, l and Thevenot, D.R.
(2002) Sensitive detection of organophoshate
pesticides using needle type amperometric
acetylcholinesterase-based bioelectrode. Thiocholine
electrochemistry and immobilized enzyme inhibition.
J. Enzy. Inhib,Medic. Chem. 17((2), 107-115.
Turdean, G.L., Mosneag, C.S and Popescu, I.C (2000) : Bi
osencer based Model on cholinesterase for
acetylcholine amperometrc detection at low applied
potential. ACH- Models Chem. 137 (4) 519-531.
Turdean, G.L. (2005): Acetylcholinesterase or
Butrylcholinesterase Amperrometric biosensors for
detection of organophosphorus/ carbamate pesticides
in environmental area. In: Recent Trends in the
Acetylcholinesterase System, (Parveen, M and
Kumar, S (Eds). PP.125-188.
Va r e z , A . L . a n d I n e s t r o s a , N . C . ( 2 0 0 5 ) :
Acetylcholinesterase in Alzheimer's disaease:Its
molecular interactions with the amyloid ß peptide. In: :
Recent Trends in the Acetylcholinesterase System,
(Parveen, M and Kumar,S (Eds). ISO Press. Nieuwe
Hemweg 6B,1013 BG, Amesterdam, Netherland. PP.
11-22.
Vellom, D.C.; Radic, Z.; Li Y, Pickering, N.A.; Carrp, F.
and Tayor, P.(1993): Amino acid residues controlling
acetylcholinesterase and Butyrylcholinesterase
specificity. Biochemistry, 32,12-17.
Voss, G and Sachsse, K(1970): Red cell and plasma
cholinesterase activities in microsamples of human
and animal blood determined aneously by a modified
acetylcholine/DTNB procedure. Toxicology and
applied Pharmacology.16,764-772.
Vorhaus,L.J. and Kark, M.R. (1953): Serum cholinesterase
in health and disease. Am. J. of Medicine, J 707-719.
Vorhaus,L.J.; Scudamore, H.H. and Kark, M.R,(1950):
Measurement of serum cholinesterase activity: a tool
in the study of disease of liver and biliary system.
Gartroenterology. 15,304.
Vorhaus, L.J.; Scudamore, H.H. and Kark, M.R, (1951):
Measurement of serum cholinesterase activity: a
useful tool in the study the management of acute
hepatitis. Am. J.M. Sc, 221,140.
Vorhaus,L.J.; Scudamore, H.H. and Kark, M.R,(1952):
Serum cholinesterase activity and arterial blood
pressure. Ciculation. 5,279.
Yousuf, N (1965): The conducting system of heart of house
sparrow, Passer domesticus indicus. Anat. Rec.
152(3), 235-249.

BG, Amesterdam, Netherland. PP. 53-62.
Saluja, U. and Kumar, S (2004a): Inhibition and recovery
of acetylcholinesterase (AChE) activity and enzyme
kinetics in the stomach of Rattus norvegicus exposed
to dimethoate. Poll. Res.23(4)745-748.
Saluja, U. and Kumar, S.(2004 b): Acute toxicity of
dimethoate on acetylcholinesterase activity and its
kinetics in the oesophagus of Rattus norvegicus.
Indian J. Applied & Pure Biop. 19(3),313-318
Selkloe, D.J. (2001): Alzheimer's disease: gene,proteins
and therapy. Physiol.Rev.8, 741-766.
Selkloe, D.J. (2003):Folding proteins in fatal ways.
Nature. let.117, 56-61
Sharma, P.D. (1993) :Environmental Biology and
Toxicology. Rastogi and Company, Meerut.
Shipley, R.E. and Greeg, D. 1945 Am. J. Phyysiol. 143,
396-409
Silman, I. & Futerman, H. (1987) Eur. J. Biochem. 170,1122
Singh, M. and Kumar, S. (2013): The histological study of
brain of Catla catla expose to Diamethoate. Asian J.
Exp. Sci. 27,47-54
Srivastava,U.C., Chand, P. and Maurya, R.C. (2007):
Cytoarchitectonic organization and morphology of the
cell of hippocampal complex in strawberry finch,
Estrilda amandava. Cell Mol Biol. 53.103-120.
Subburaju, S. and selvarajan (1988): Toxic concentration
of chloropyrifos on acetylcholinesterase activity in
different regions of the brain of edible fish, Tilapia
mossambicus (Peters). Indian J. Comp. Anim Pysiol.
6:86-89
Sussman, J.L; Harel, M.; Frolow, F.; Oeffner C,; Goldman,
A.; Toker, l and Silman I.(1991): Atomic structure of
acetylcholineaterase from Torpedo californica: Aprotype acetycholinesterase-binding protein. Science.2
53,872-879.
Sussman, J.L; Harel, M. and Silman I. (1993): Three
dimensional structure of acetycholinesterase and its
complexes with anti cholinesterase drugs.
Chem.Biol.Interact. 87(1-3), 187-197.
Tembhre, M. and Kumar, S. (1994): Effect of acute toxic
and chronic exposure to sublethal dose of dimethoate
in the gut of Cyprinus carpio. J. Ecotoxicol Environ
Monit. 4 , 205-210.
Tembhre, M. and Kumar, S. (1995 a): Acetylcholinesterase
activity and enzyme kinetics in the gut of Cyprinus
carpio J.Ecobiol., 7:191-195.
Tembhre, M. and Kumar, S. (1995 b): Effect of sublethal
concentrations of methylamine on
acetylcholinesterase (AChE) activity and enzyme
kinetics of alimentary canal of Cyprinus carpio.
Indian J. Zool. Spect. 6, 39-42.
Tembhre, M. and Kumar, S. (1997): Acetylcholinesterase
inhibition in the fish gut as an indicator of

60

