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Abstract

In the present, in vitro study has been made to the effect of
Dimethoate organophosphate pesticide on the AChE activity in the
different layers of retina of Gallus domesticus.After study significant
inhibition in AChE activity was  observed in, in vitro experiments.

The distribution of AChE amongst the different constituents
of retina in normal, in vitro Dimethoate exposures has revealed following
results. The LRC 1s distinguished as OS, IS and ONL. The OS revealed
moderate to mild AChE activity in normal and exposed animals. In the Is
intense AChE activity has been observed in the outer normal, strong in
D1, moderate in D2 and mild in D3, nuclear layer depicted a moderate
enzyme activity of INL demonstrated in N, D1, D2, and mild in D3. The
second order of neurons of INL demonstrated strong AChE activity in
normal while enzyme activity was intense in D1, moderate in D2 and
negative in D3.

The third order of neurons (GC) showed strong AChE activity
in normal but enzyme activity gradually declined in D1, D2 and D3,
groups. In OPL, the AChE activity was very strong in normal while in-
tense in D1,moderate in D2, and mild in D3. The inner plexiform layer of
the retina showed very strong AChE activity in normal, moderate in D1,
D2 and mild in D2. The layer of nerve fibres showed a moderate AChE
activity in normal and mild in D1, and D2, while negative activity has
been seen in D3.

The significance of AChE in normal and in vitro exposure to
Dimethoate has been discussed to reveal impact of organophosphate
pesticide on the cholinergic neuronal circuits operating in retina.
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The mechanism involved in blurring
of the vision owing to organophosphate in
toxication is not clear. Although accumulation

of endogenous acetyl choline due to organo-
phosphate pesticides induced inhibition of
AChE is the cause of several symptoms of
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nervous orígin19.  Besides other neuro
transmitter circuits operating in the brain and
retina, cholinergic transport system is of much
concern in the present study. Since Dimethoate
(C5H12NO3PS2) is  an organophosphate
pesticide and cholinergic system is the target,
therefore its effect was studied on the distribution
of acetylcholinesterase in the retina of Gallus
domesticus, hitherto unreported.

The Gallus domesticus were collected
from local poultry, eyes were quickly and
carefully removed and immediately fixed in
10% chilled neutral formalin for 12-15 hours.
Frozen sections of 8 to 10  thickness were
cut. After thorough washing with distilled
water, the sections were processed for
localization of AChE by “direct colouring”
method of Karnovsky and Roots7.

The effect of three concentrations of
Dimethoate (50 mM 100 mM and 200 mM)
on retina were studied on the distribution of
AChE in the present experimental set-up.
Abbreviations used to describe various
concentrations of Dimethoate :

50 mM = D1
100 mM = D2
200 mM = D3

Dimethoate was added in the solution
form in the incubation media to get desired
concentration.

The layer of rods and cones is
composed of OS, IS and ONL. The outer
segment (OS) showed moderate activity in the
normal retina while D1, D2, and D3 treatment
levels exhibited moderate enzyme activity
while D3, treatment level just demonstrated

mild activity (OS; Plate 1-4; Fig. 3). below the
outer segment (OS), the inner segment (IS) is
present, which revealed intense AChE activity
in normal retina while AChE declined
markedly in treated conditions (IS; Plates 1-4;
Figs. 1-4).

The outer nuclear layer (ONL) which
contains cell organelles and nuclei of rods and
cones. ONL depicted moderate AChE activity
in normal retina, whereas at D1, D2, and D3
concentrations, ONL revealed moderate,
moderate and mild AChE activíty, respectively
(ONL; Plates 1-4; Figs. 1-3).

Thus, the AChE activity declined in
the ONL at highest  concentration of
Dimethoate. Outer plexiform layer is the first
synaptic layer composed of synaptic contacts
between axons of foot pieces of pho-
toreceptors and dendrites of first order of
neurons. OPL depicted strong AChE activity
in normal retina while intense, moderate and
mild activity was observed at D1, D2,D3,
concentrations of Dimethoate, respectively
(OPL; Plates1-4; Figs. 1-3).

INL is composed of horizontal, bipolar,
Muller and amacrine cells. INL of normal
retina was moderately positive for AChE
activity. The three conditions D1, D2 and D3
revealed moderate, mild and negative AChE
reaction (INLI Plates 1-4; Figs. 1-3).

Below Inner nuclear layer, IPL is
present which is composed of synaptic
contacts between second order of neurons and
ganglion cells which are intensely positive for
AChE activity in normal, strongly positive in
D1, moderate in D2 and mildly positive in D1,
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concentration (IPL ; PLATES 1-4; Figs.,2,4).
The ganglion cell layer (GC) is intensely
positive for AChE activity in normal animals
while strongly positive at D1, and D2, while
moderately positive for AChE at  D3,
concentration ( PLATES 1-4 ; Figs 1,2 and 5).

The LNF was intensely positive for
AChE activity in normal, strongly positive in
D1, and D2, and moderately positive in D3.
The results of the present investigation have
also been depicted in the form of various
histograms from number 1 to 8.

Table-1. Effect of various Dimethoate concentrations on different retinal layers
S.No Layer of retina Normal          Treatment concentration of Dimethoate

D1 D2 D3
1 OS ++ ++ ++ +
2 IS ++++ +++ ++ +
3 ONL ++ ++ ++ +
4 OPL +++ +++ ++ +
5 INL ++ ++ + -
6 IPL ++++ +++ ++ +
7 GC ++++ +++ +++ ++
8 LNF ++++ +++ +++ ++

-  =  Negative activity
+ = Mild activity
++ = Moderate activity
+++ = Strong activity
++++ = Intense activity

In the present study very strong
AChE activity was observed in the synaptic
layers, and inner segment of layer of rods and
cones of retina of Gallus domesticus.

There are several reports showing the
cholinergic nature of photoreceptors2,3,6,10,

12,15,16. Thus, the cholinergic nature of the
retina of Gallus domesticus is in agreement
with earlier reports. When OS is stimulated
by light, it carries a signal along the plasma
membrane by undergoing a change in ionic

conductance8. These currents are carried by
ions and the ionic movement controlled by
acetylcholine. Therefore, the presence of
AChE as observed through different neurons
and synaptic layers of retina in the present
study is very significant in propogation of visual
signals to higher centres.

The outer nuclear layer is positive for
AChE activity in the present study. The
presence of AChE in this layer has been reported
by various workers2,9. The biosynthesis of



acetylcholine in cone photoreceptors of turtle
and its role in initiation of visual process in outer
segments has been proposed6.

The outer plexiform layer is first
synaptic layer composed of pedicles of
photoreceptors and dendrites of second order
of neurons (i.e. bipolar and horizontal cells).
Some workers reported the complete absence
of AChE in OPL 4,5,9,11,13, contrary to this
observation ih the present study, OPL revealed
very strong Ach activity. Thus the present
observation reveals that AChE is present in
OPL is similar to several earlier reports1-3, 15-17.
Acetylcholine seems to be the neurotran-
smitter present in the synaptic vesicles which
is probably responsible for the onward
transmission of the nerve impulses from
photoreceptor cells to bipolar and horizontal
cells through synaptic junctions.The presence
of AChE is necessary for the hydrolysis of
acetylcholine at such sites.

Inner nuclear layer consists of various
types of cells i.e. horizontal, bipolar, Muller’s
and amacrine cell. In Gallus domesticus
horizontal and bipolar cells are arranged in
upper and middle zone of INL showed the
moderate AChE activity, while the amacrine
cells lying in the lower zone showed intense
AChE activity.

Muller’s cells are the glial elements
of the retina. The glial cells have been involved
in various functions such as the provision of
structural frame work, insulation to provide
nutrients to neurons, the removal of waste
products from neuronal metabolism, repair,

regeneration, development of neurons and the
uptake and degradation of certain neurotran-
smitters after synaptic activity14,18. In addition
to above functions, glial cells are extremely
dynamic elements and are also associated with
the buffering of ions required by neurons during
repolarization and depolarization.

Such a metabolic activity in INL is
perhaps mediated by Muller cel1s involving
acetyl choline as neuro transmitter. The inner
plexiform layer is second synaptic layer, which
is constituted by the synaptic contacts between
axons of second order of neurons i.e. bipolar
and amacrine cells and the dendrites of the
third order of neurons i.e. ganglion cell. This
layer is very strongly positive for AChE in the
Gallus domesticus.

It seems that in both the synaptic
layers of the retina of Gallus domesticus,
acetyl choline is perhaps the dominant neuro
transmitter and presence of AChE is essential
in these layers to limit E the overshooting of
the metabolism. The layer of nerve fibres
constitute the fibres of optic nerve which finally
transmit the nerve impulses to the higher
centres of the brain. This layer revealed very
strong AChE activity. The effect of various
Dimethoate cencentrations on different retinal
layers has been shown in table-1.

Thus, from the foregoing account it
may be inferred that most of the layers of retina
are predominantly operating cholinergic
neurotransmission circuits as indicated by the
presence of AChE activity.
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Plate - 1
Fig. 1. Low power photomicrograph of retina
showing Layer AChE activity in the various
layers. Layer of rods and cones (LRC), outer
nuclear layer (ONL), inner nuclear layer
(INL), inner plexiform layer (IPL), Ganglion
cells (GC), layer of nerve fibres (LNF).  X100

Fig. 2. High power photomicrograph of retina
depicting layer of rods and cones (LRC),
outer nuclear layer (ONL), outer plexiform
layer(OPL), horizontal cell (H), bipolar cell
(B), amacrine cell (A), ganglion cell (GC),
layer of nerve fibres (LNF).  X 400

Fig. 3. High power photomicrograph of retina
showsouter segment (os), inner segment (IS),
nucleus in the outer nuclear layer (N).   X
1000

Fig. 4. Note the three sub-zones in the inner
plexi-form layer (S1, S2 & S3). X 1000

Fig. 5. Depicts the ganglion cells (GC), layer
of nerve fibres (LNF). X 1000

Plate - 2
Fig. 1.
Low power photomicrograph of retina showng
AChE activity in the various layers in
P1condition.Layer of rods and cones (LRC),
outer nuclear layer (ONL), outer
plexiformlayer (OPL), inner nuclear layer
(INL), innerplexiform layer (IPL), ganglion
cells (GC), layer of nerve fibres (LNF). X 100

Fig. 2.
High magnification of retina depicts inhibition
of ACHE activity in the various layersLayer
of rods and cones (LRC), outer nuclearlayer
(ONL), outer plexiform layer (OPL),inner
nuclear layer (INL), inner plexiform layer
(IPL), ganglion cells (GC), layer ofnerve
fibres(LNF). X 400

Fig. 3.
High magnification of LRC, ONL and OPL.
Note the moderate AChE activity in the os,
strong in IS, modera te in ONL and strong
inthe OPL, moderate (arrows) in INL. X 1000

Fig. 4.
Note the strong AChE activity in the
innerplexiform layer (IPL). x 1000

Fig. 5.
Demonstrated strong ACHE activi ty in GC,
andLNF.  X 1000
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Plate-3
Fig. 1.
Low power photomicrograph of retina showingAChE
activi ty in the various layers in theD2 condition. Layer
of rods and cones (LRC), outer nuclear layer (ONL),
outer plex1formlayer (OPL), inner nuclear layer (INL),
innerplexiform layer (IPL), ganglion cells (GC),layer of
nerve fibres (LNF).  X 100
Fig. 2.
High magnification of Fig. 1 showing inhibition of AChE
activity in various layers ofretina.Layer of rods and
cones (LRC), outer nuclear layer (ONL), outer plexiform
layer (OPL),inner nuclear layer (INL), inner
plexiformlayer (IPL), ganglion cells (GC), layer ofnerve
fibres (LNF). X 400
Fig. 3.
Note the moderate ACHE activity in os, IS, ONL,OPL
and mild activity in INL.X 1000
Fig. 4.
Depicts moderate ACHE activity in IPL. X 1000
Fig. 5.
Demonstrates strong AChE activity inthe GC and LNF.
X 1000

Plate-4
Fig. 1.
Low power photomicrograph of retina showing AChE
activity in the various layers in D3 condition.Layer of
nerve fibres (LNF),ou ter nucl ear layer (ONL), ou ter
plexiform layer(OPL), inner plexiform layer (IPL),
ganglioncells (GC), layer of nerve fibres (LNF). x 100

Fig. 2.
High magnification of Fig. 1. showing AChE inhibition
in various layers of retina- LRCONL, OPL, INL, IPL,
GC and LNF.X 400

Fig. 3.
Note the mild ACHE activity in the os, IS,ONL (N),
OPL (Arrow).X 1000

Fig. 4.
Depicts negative activity in INL (Arrows)and mild
activity in IPL.X 1000

Fig. 5.
Observe the modera te ACHE activity in GC. X 1000
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1. (N,D1,D2,D3) histogram distribution of AChE
activity in outer segment of Gallus domesticus

2. (N,D1,D2,D3) histogram distribution of AChE
activity in inner segment of Gallus domesticus.

3. (N,D1,D2,D3) histogram distribution of AChE
activity in outer nuclear layer of Gallus domesticus.

4.  (N,D1,D2,D3) histogram distribution of AChE
activity in outer plexiform layer of Gallus domesticus

5. (N,D1,D2,D3) histogram distribution of AChE
activity in inner nuclear layer of Gallus domesticus

6. (N,D1,D2,D3) histogram distribution of AChE
activity in inner plexiform layer of Gallus domesticus

7. (N,D1,D2,D3) histogram distribution of AChE
activity in ganglion cell layer of Gallus domesticus

8. (N,D1,D2,D3) histogram distribution of AChE
activity in layer of nerve fibers of Gallus domesticus
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The different layers of retina are layers
of rod and cones ONL,OPL,INL,IPL,GC and
LNF shows moderate to very high AChE
activity under control condition and marked
AChE inhibition was observed in in vitro
treatment. They all show moderate to extreme
activity effects of dimethoate on the distribution
of AChE activity in the different layers of retina
in, in vitro condition.
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