
CHAPTER §
DISTRIBUTION OF CBDUSKSSBUfifc II THE LIVER AND STOMACH OF 

MIGRATORY 1. ILISHA AID NON-MIGRATORY H. TO LI

Two main types of cholinester hydrolases, aeeiyl^>;:i::. 
cholinesterase-..“(AShS) and cholinesterase'(Chi) have been-';?'' 
experimentally studied in various tissues. Histochemical 
studies of liver and alimentary canll showing regional distri
butions and types of enzymes are available in literature 
(Oerebtzoff, 1959). Hepatic origin of plasma ChE and
of CUE In the assimilation of food have been suggested.' The 
role of cholinesterases in the alimentary canal has not-yet 
been clearly established. Various functions like hydrolysis 
of .acetylcholine, protection of mucosa, digestion and asalnii** 
tion of food, metabolism of choline etc. 'have been suggested. 
Thus the variations in their licalization and the type of 
cholinesterases have remained without any .plausible explaha—; 
tions.

With the above information at hand, the liver and 
stomach of I. ills ha and H. toll were examined histoeheaieally. 
for the localisation of cholinesterases. In addition, the 
alterations of enzymic activity, which occur in the above 
organs when g. -illsha is starving during migration and spawn-' 
ing were studied. Enzymic alterations were also studied■in' 

drifted g. toll captured from river.

MATSRRIALS AND METHODS

The fishes were collected from‘.places' as mentioned



la Chapter 1. live fishes were decapitated immediately after 
removal from: the aet. Small pieces of tissue were fixed in 
cold 10% formol saline. Gelatin blocks were prepared and sections, 
20-3Qr were cut on a freezing microtome. These were incubated 
separately, for acetyl and butyryl eholinesteraseh.;,iW|:ti¥lty, 
Aeetylthiocholine iodide and butyryl thiocboline-iodide were 
used for acetylcholinesterase (AChE) and bptyrylcQsolinesterase 

(BuChB) respectively. The method of Coupland and Holmes (195?) 
was followed. Control sections'were''treated for 30 minutes 
with 3xlCT5 M solut'lon of eserine sulphate'' Solution to inhibit 
the enzymes.

tlSOTES

The results of the present study are 'presented in 
three groups as follows t The cholinesterases .activity and':site'/ 
of localization showed no difference in-the mature and immature/ /;s 
1* lllsha and S'. toll. Also all these -fishes collected fro*' 
sea are actively feeding. Hence the results are presented 'under/:-;:/.:; 
a group called sea Hilsa. The .second group comprises of J.:' ilisha-"" 

collected from river. These represent non feeding fishes under
going migration and spawning. Under the third group are presented 
the observations made on the drifted 1. toll' captured from:. - 
river.

The results concerning the type -of-' cholinesterases ' 

and their localizations are summarized in Table I.
SEA HILSA
Corpus (Cardiac stomach)



AChi and BuChE war© present in the epithelium as 
revealed, by fine granular material. Beth these enzymes were 
present in equal concentration. Keck cells of gastric glAiiS; . 
also showed equal concentrations of betb-#npjs»#e -at noted in 
the epithelium (Fig. 1). The glands proper showed negligible 
(+) ACM but no BuBM activity. In the striated muscles the 
sarcoplasmic ACM activity was present in negligible (+) 
concentration whereas BuCM' showed little (+) activity. Neuro
muscular Junctions showed both enzymes In equal moderate con
centrations (Fig. 2). The blood vessels showed moderate ACM- 
concentration.
Pyloric stomach

Epithelium showed slightly more of BuCM activity' 
than ACM, the latter showing a more or less equal intensity.;; 
as observed in the epithelium of corpus of sea HiIsa. The 
neftk cells also showed iiailar concentrations of both enzymes '■ 
(Fig. 3). The glands proper showed little (+) activity of ACM., 
but very less (+) activity of BuChE. The smooth muscle fibres 
of the circular muscle layer showed no eytpplasmic activity.';,; 
The BuCM activity was slightly greater than ACM at neuromus
cular junctions (Fig. 4). The■intensity was more or less same 
as at endplates in corpus of sea lllsa. In the' smbepithelial. 
connective tissue the cholinergic nerve fibres .and',plexuses- 
showed maximum Intensity of BuCM (Fig. 5). ACM activity, was 

little less than BuCM.
Liver

In the liver, in all the fishes studied ACM and, .
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Fig. 1

«

Fig. 2 Fig. 3
Fig. 1. Corpus of sea Hilsa showing AChE activity in the epithe

lium and neck cells . X 63
Fig. 2. Corpus of sea Hilsa showing AChE activity at neuro

muscular Junctions of striated muscle fibres. X 400
Fig.3. Pyloric stomach of sea Hilsa showing AChE activity in 

the epithelium, neck cells and glands. X 160



'BuChE activities war® revealed in the for® of-minute granules 
localized alcng" the sinusoids and the walls of blood'-vessels'*:
In the sea fish, the AChS and BuChE activity along the sinusoids
and blood vessel walls was most Intense, Cells surrounding these
regions showed moderate activity. Away from the blood vessels 
and sinusoids the activity gradually decreased•(Pig,.6). Fine 
nerves Bn the liver showed moderate AChE and' BuCM .activity: in;, 
the'form of fine beaded elongated structures (Fig. 7).

'Cornua (Cardiac stomach)

fhe stomach showed differences' in enzyme activity
from those observed in sea Hilsa.

Epithelium showed ACM activity more than BuChE,. Both 
these enzyme reactions were much less than the one observed-'in'.
sea Hilsa. Same was true for enzyme activity in the neck cells- 
of gastric glands, fhe AChE activity was'little (#) whereas 
BuChE was negligible (+), Glands showed distinct activity. 
Sarcoplasm of striated muscles forming circular layer showed
very less reaction. neuromuscular junctions shewed moderate
enzymic reactions both, ACM and BuChE, similar to-the .reabtloisA;
given by striated muscles in the corpus of sea.Hilsa. Blood 

of serosa
vessels/showed ACM activity.
Pyloric stomach

Epithelium and glands showed no cholinesterase activity,.
v/Heck cells of glands shouted slightly more- luChi. activity than; • .
K

AChE. Both these enzymic reactions showed, less intensity, than-.:
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Fig. 6
Fig. 4. Pyloric stomach of sea Hllsa showing AChE activity at 

neuromuscular junctions of smooth muscle fibres. X 160
Fig. 6. Pyloric stomach of sea Hllsa showing AChE activity 

in nerve fibres in subepithelial connective tissue.
X 160

Fig. 6. Liver of sea Hilsa showing AChE activity around 
sinusoids and blood vessels. X 63



those observed -In the pyloric stomach of sea Hilsa. No cytoplas
mic activity was noticed in smooth muscles of the circular muscle 
layer. BuChl in the nerves in this muscle layer was absent, where
as AChE activity was moderate showing similar reaction as shown 
by the smooth muscles of the pyloric stomach of sea Hilsa.
Blood vessels showed AChS and BuChE activity.* 
liver

In the liver of river I. lllsha and drifted H. toll, 
the localization and intensity of reactions for AChi tod BaChi: 

were similar to that of sea fish. "However, the enzyme activity 
was' comparatively more restricted to the immediate region 
surrounding the blood vessel and sinusoids' (Fig. 10). Away fro* 
the blood vessels the activity .decreased-more' rapidly than/it; 
was observed in the liver of sea Hilsa. Secondly the cholinester
ases activity was totally absent in the nerves.

DRIFTED H. TOLI 
Corpus (Cardiac stomach)

Only the neck cells ant neuromuscular junctions showed 
moderate activity comparable to sea Hilsa.
Pyloric stomach

In case of the pyloric stomach, a-"few blool-'tpeswsis : 
of serosa showed AChE activity and a little BuCbl activity* All;, 
the other layers showed no reactions for either of the ehoiin*. 
esterases (Figs. 8 and 9).
Liver

The liver ©f drifted H. 'toll- showed ilmilar results,;: 
as'noted in the -cast' of river H. illsha.



Table. I. His toe hemic al observations on the cholinesterase activity.

In the stomach.

Stage .legion Incubat
ion time 

(hr)
Spithe
lium

mm urn mm *m *rnm

AChE
Corpus

38 +++ i|" |" |ii

S1A
Him

BmChS 38 +++ HhHMh +++
AChl

Pylo-
38 »|« '| i «|i. ♦ +++

• rle BuChS SB ii^» n|»

+
■^ii- i^i |»

mm
. .:'4,4*3v..

Corpus
ACfaS 40 - + •fr

H ITS
urn

BuChB 40 4* - + .
illiHA

Pylo-
AChS 42 - - 'ifr »|»

■ • ■ ■ 'm^Mi^i'iii|ii..

■■ ric BuChS 42 -
m +++

 ̂ mm mm mm

Corpus
acm 42 -

A- ± JL.

TMf“‘T* -
BBIFT-
IB..I. •

BuChl 42 - - - mm,

TQlf-
Pylo-

ACM 42 - - -
- ....

rie BuChS 42 . - - - • --r

CY- Cytoplasmic. MW- Hear ©muscular junctions.
The intensity of staining is denoted by »+• signs..
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Fig. 7

Fig. 8
Fig. 7. Liver of sea Hilsa showing AChE activity in the nerves 

in form of fine beaded structures. X 400
Fig. 8. Pyloric stomach of drifted H. toll. Note the absence 

of cholinesterases in the epithelium and glands. X 63
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Fig. 9

Fig. 10

Fig. 9. Pyloric stomach of drifted H. toll.Note the absence of 
cholinesterases in the smooth muscle layer. X 63

Fig. 10. Liver of river H* ilisha showing AChE activity around 
sinusoids and blood vessels. X 400
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DISCUSSION

The morphological structure of the-nerve'- eMitpvIfc/tjhev;',-'; 
striated muscles of the stomach was similar to the multiple 
nerve endings in the lateral red muscle of the same fish, HiIsa 
illsha (Joseph, 1967). This type of nerve endings have been, 
described by Bone (1966) as *en grappa* type in the red'' muscles • 
of dogfish. Barets (1961) referred to such type of nerve endings 
as “termination distribuee*. Only sea Hilsa showei^ little:".*are©»v\^ 
plasmlc activity in the striated muscle. I© cytoplasmic eholim-. 
esterase activity was discernible in smooth muscles whereas nerve;\v:: 

fibres which course through this muscular layer showed AChE and' 
luehi activity only in sea Hilsa and river I. ilisha. Gerebtzoff 
(1969), on the other hand, has reported the presence of intense^ 
cholinesterase activity in smooth muscles of the stomach. Also ■ ' 

he could not detect nerve fibre in the smooth muscles in : 
guinea-pig and rat.

Epithelium of sea Hilsa showed moderate AChE and BuChE 
activity, which showed a decrease in the river g. ilisha when 
the fish is starving. In guinea-pig and rat no such activity 
has been reported'by Gerfebtzoff (1969).

In the sea Hilsa. ''the: glands showed very less"activity ■ ' 

of AChE and'in the river g, ilisha the activity was completely" 
absent, Gerebtzoff (1969) could notice the activity in chief'-' 
gland cells of guinea-pig but not 'in the gland., cells in: the: • 
glandular part of the stomach of rat. Heck cella in Hilsa showed'.. V.;/. 
moderate reaction for AChE and BuChE. Such reports- are not'



available in other animals studied by various workers the
epithelium and neck cells showed both AChfi and BuChE activity 
besides localization of both enzymes in nerves* Oerebtzoff (1959)

found only cholinesterase activity in the epithelium of intestine 
and glands of stomach except rabbit, /Coelle &£ &1*(1950) found 
AChE activity in the above sites. Thus it seems that there is
a species difference in the localization and type of enzymes.

As mentioned in chapter 2 there is a marked atrophy 
and degeneration,of the alimentary-canal of fi. lllsha during 
migration and spawning» when.it is not feeding. Parallel alter
ations showing reduction of enzymic activity has also 'been 
observed. These reduction of activity was noticed in epithelium 
and neck cells of glands. Neuromuscular junctions'in muscles, 
however, showed no reduction of enzyme activity.

Marked destructive changes in the alimentary canal'
of drifted g. toll captured from river are also .reflee 
the enzymic activity. Only the neck cells of glands and neuro
muscular junctions in the corpus showed moderate AChE. activity. '

Prom the results obtained by various workers on.
cholinesterases in the alimentary canal it is evident that v: 

great variability in the activity, localization" and type of 
enzymes exist. This has been reviewed by ■ ©erebhzoff- (1969) 
and Svensmark (1965). The present study could not add any 

conclusive proof as far as the role of cholinesterases in. the 
alimentary canal is concerned.

The localisation of cholinesterases in liver along 
the sinusoids and blood vessels finds support in the work of



Register (1956)» who has found a mixture of ChE abd AChE 'In the 
liver of a teleost fish.Branoscopus acaber. la othet tfo- teleosts, 
Anguilla vulgaris and Scylllua canicula. on the other hand, he. . 
could not find any histoehemical localization of cholinesteruses. 
In the starving 1* ilisha from river, the. difference noted was 
that enzymic activity is more restricted mostly to the region--: 
immediately surrounding blood vessels. In feeding Hllsa from 
sea, the activity was comparatively more spreaded. This so to 
say resembles the peripheric and centrolobul&r localizations-'

’'forof enzymes in mouse feeding actively and-', mouse in inaction 
Respectively (cf. GerebAzoff, 1959). The fine nerves in-the 
liver showed enzymic activity only in sea- HiIsa. Ban (1965) 
has shown the nerve fibres in relation to bile production 
in rabbit liver and suggested hypothalamic infiuene#. upon - 
hepatic enzymes of a neural nature rather than hugora!,.-'1.- Ilisha: ? 
in river is starving and hence it can be assumed'that no bile 
is produced. Degenerative alterations were observed in liver 
(Chapter 3). These might be the possible reasons for the absence: 

of enzymic activity in nerves in the liver of river 1. ' Ilisha.: " 
Speculations regarding the rile of cholinesterases in 

the liver are many. Hepatic origin of plasma choline star as-e- 
has been suggested. Assimilation of food als© has' been .considered,, 
(as reviewed by Gerebtzoff, 1969). Cholinesterase may play a 
role in fat metabolism which is actively taking place in the 
liver, in feeding as well as starving fish (Chapter 4). This 
speculation is based on the report of Clitherow et aJL. (1963)-: 
who reports that “possibly enzyme acts by inactivating butyryl-



choline which might be synthesized by the choline acetylase system 
inityryi coenzyme A formed to the course of' fatty acid meta

bolism* ,


