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CHAPTER 2

STUDIES ON THE HISTOLOGICAL CHANGES IN THE ALIMENTARY CANAL
OF H. ILISHA AND H., TOLI DURING DIFFERENT PHASES OF LIFE CYCIE

Considerable literature on the anatomy and histology
of the alimentary canal of fishes has accumulated since the
piloneering work of Green (1912) (Blake, 1930, 19363 Dawes),
1929; Al-Hussaini, 1%9; Vanajakshi, 1938; Weinreb and Bilstad,
195653 Ishida and Sato, 19603 Hale, 1965).

Histological alterations in the alimentary canal during
migration of salmon have been studied by Greene (1926,icf.
Robertson and Wexler, 1960) and Robertson and Wexler (1960) .
H. ilisha is an anadromous“migratory fish but unlike salmoﬁ,
no post spawning death is reported. The present study was
uridertaken to study the histological alterations in the alimen-
tary canal of H. ilisha during different phases of life cycle

and to compare the same with those of non-migratory Q,Ktoli.
MATERIAL AND METHODS

The fishes were collected from different habitats as
described in Chapter 1. Live fishes were removed from the net
and decapitated immediately. Visceral organs were removed and
small pieces of the different parts were fixed in Bouin's
and 10% neutral formalin. Paraffin sections of &5-6 /j thickness

were cut for the histologlical studies. Gelatin sections were



prepared from material fixed 1n neutral formalin and' the
distribution of 1ipid in the various parts of the alimentary
canal was demonstrated by staining with Sudan Blaék B.

For histological studies the following staining methods
were employed. 1. Haefnatoxylin - eosin, 2. Heldenhain Azan,
3. Aldehyde fuchsin.

RESULTS

The histological features of the various parts of the
alimentary canal of the two fishes of different stages are
presented in a concise form in Tables I & II at the end of the
chapter, A detailed description~is given below.

General sccount of the alimentary canal of H. ilishat

The alimentary canal can be grossly divided into the
following regions in addition to the buccal cavity, pharynx,
oesophagus, corpus (cardiac stpmach), pyloric stomach and
intestine with pyloric caecae.

The region from the pharyngeal pads to the narrow cons-
triction which is also visible externally is the pharyngeal
region. The constriction marks the anterior boundary of the sh
oesophagus. The posterior limit of the oesophagus is indeter-
minable externally, However, when the alimentary csnal is opened
the oesophagus and the stomach could be made out because of -the
appearance of the gastric mucosal folds which are quite distinct
from the numerous longitudinal folds of the oesophagus.

The stomach is an U shaped organ. The first limdb
extending from the oesophagus 1s the corpué or the cardiac
stomach. When empty, the corpus is cylindrical in form and

shape. Pyloric stomach or pylorus is strongly develcoped due to
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preponderence of its muscular wall and has a more or less
globular appearance,

The pylorus éontinues as a much convoluted intestine.
Numerous cacae exist in the form of clusters and tufts. The
are studded immediately hehind the pylorus and extend to some
distance over the first limb of thé intestine .

The alimentary canal of H. toli showed no difference
from the above in the gerneral morphology.
Pharynx: The mucosa of pharynx consisted of stratified epith-
elium. The mucosa is gently corrugated. The internal folds
were running transversely in the anterior region and longitudi-
nally in the posterior region. The outermost layer was formed
of striated &uscles arranged in circular fashion. Internal to
this layer, longitudinal muscles were located in the subepithe-
lial connective tissue- the region between epithelium and outer
circular muscle layer. No stratum granulosum amd stratum ’
compactum were noted.
Pharynx of fingefling of H. ilisha captured from river:

The entire region was compactly arranged (Fig. 1). The
nuclei of the cells of the(epithelium were situated basally
and stained deeply with haematoxylin.:Taste buds were observed
in large numbers (Fig. 2). Giant cells stained deeply with
eosin. Their nuclei were’prominent. The mucus secreting cells
showed basallﬁ situated nucleus and bluish mucus when stained
with Azan stain (Fig. 3). The ducts could be clearly seen

discharging the contents.
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Sub epithelial connective @issue was compet and nucléi
of this region stained falntly with haematoxydin . Many blood
vessels were present.

Muscle layers showed normal structure with blood vessels
traversing the layers.

Phapynx of immature H. ilisha captured from sea:

The thickness of all layers had increased considerably.
The epithelial cells were uniformly arranged. Tall mucus secreting
céllg showed prominent basal nuclei. Many taste buds were also
noticed (Fig. 3). Giant cells were few and were in active state
of division,

The sub epithelial connective tissue, richly supplied
with blood vessels, was compactly arranged below the epithelial
layer (Fig. 3) but somewhat loosely arranged above the muscle
layers. Many empty cells storing fat were also present.

Muscle layers exhibited normal structure with fat storing
cells (Fig. 4).

Pharynx of H. ilisha captured from sea before migration:

Except the muscle layers, pharynx of H. ilisha before
migration showed normal structure as described under immature
H. ilisha. Ig some cases, the central region of the mhiscle cell
was lost. This probably was due to the loss of central fibrils.

Very faint eosin staining was noticed here.

Pharynx of migrating mature H., ilisha captured from river during
Spawning period:.

The epithelium remained uniform except at a few places

where it was ruptured. Epithelial cells at éqch broken regions
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Fig. 3 Fig. 4

. T. S. of Pharynx of fingerling of H. llisha. HE X 63.
. T. S. of Pharynx of fingerling of H.O(I)Iisha showing taste

buds (T) and mucus cellS CM)."HE X-4

. T. S. of Pharynx of immature H. ilisha showing compact

subepithelial connective tissue and taste bud (T).
Azan X 400.

. T. S. of Pharynx of immature H. ilisha showing normal

muscle layer with fat cells. HE X 63.



were noticed separating from the surrounding intact cells and
connected to the latter by a layer of few cells in thickness.
The number of mucus cells appeared to have increased, many of
them showing discharged phase. Taste buds were scanty. The giant
cells exhibited deeply stained nuclel,

Subepithelial connective tissue exhibited loose structure,
at some places separated from epithelium. The entire region
was well vasculdrised. Frequently empty spaces were noted. The
presence of empty fat cells was a prominent feature.

The longitudinai muscle gave a wavy appearance and many
lacunae were seen. At many places the fibres were broken ar d
found lost. This was a notable feature.

Pharynx of spent H., ilisha captured from river:

The degenerative alterations noted in mature H. ilisha
were more conspicuous in spent H. ilisha (Fig. 5).

The epithelium showed further degenerativé changes. Many
of the epithelial cells were destroyed, leaving empty spaces at
several places. The complete separation of epithelium from the
layers beneath was frequently observed. Such regions were faintly
stained. In addition ﬁo this many lacunae were noticed in intact
portions. The mucus secreting cells appeared shrunk as if the
content was discharged completely. In some cases they were
completely:destroyed.

The subepithelial connective tissue wés very faintly
stained and was not compact (Fig. 6). Many faf cells wére observed
along with rich blood supply.

In the region of muscle layers, marked degenerative
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changes were observed (Figs. 7 & 8). The entire layer took
very faint eosin stain. In the longitudinal muscle fibres, loss
of fibrils, and also sometimes of muscle fibre, was observed.
The nuclel of such fibres were large and with very little chro-
matin, in the form of granules. ‘

Pharynx of immature H. toli captured from sea:
The histological structure was found to be similar to

7

that of the immature H. ilisha.

Pharynx of mature H., toll captured from sea:
Cells of the epithelial layer remaind normal except at

few placeé where they were either missing or found separating
ffom'underlying tissue. Numerous mucus secreting cells were
observed.

The.éubepithelial tissue was well vascularized and loosely
arranged with many lacunae. It was faintly stained by eosin.
Many empty fat storing cells were observed. The alterations
observed were not so marked as seen in the case of mature
H. ilisha. Very few parts showed loss of fibrils.,

Pharynx of H. toli captured from sea:
The histological structure was more or less similar to

that observed in mature H. toli except fof the presence of -
few prominent taste buds and numerous empty mucus secreting
cells.

Pharynx of drifted mature H, toli captured from river:
The complete epithelial layer seemed to have detached

from the subepithelial connective tissue (Fig. 9). Mucus
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Fig. 6 Fig. 6

Fig- 7 fig* 8

T.S. of Pharynx of spent H. illsha showing broken epithelium
(arrow) and other degenerative changes. HE X 63.

T.S. of Pharynx of spent H. ilisha showing degenerative
alterations of epithelium and subepithelial connective
tissue. HE X 400.

T.S. of Pharynx of spent H. ilisha showing degeneration of
longitudinal muscles. HE X 400.

. T.S. of Pharynx of spent H. 1ilisha showing degeneration of

circular muscles. HE X 400.



secreting cells stained faintly with haematoxylin-eosin. Their
basally situated nuclel of irregular shape were conspicuous
when stained with haematoxylin. Some of them were empty with
small vacuoles inside, probébly due to discharge of mucus. At
many places the region of epidermal cells was missing and the
remaining parts of the detached broken cellé were found in the
nearby area., The giant cells stained very faintly with eosin.
Their nuclei were with very fine granular chromatin.

The subepithelial connective tissue region also
showed pronounced degenerative changes. The nuclei of this
region were mostly of irregéZ}ar shape. Many were deeply stained
with haematoxylin, others were dusted with finely granular
chromatin material. The léngitudinal muscle layer was stained
deeply with eosin but showed loose arrangement and loss of
cytoplasm from some part of the muscle fibre, Their nuclei were
of elliptical, spindle or irregular shgpe and were deeply .
stained with haematoxylin. Fat storing empty @emlsiwere also
numerous. Lacunae caused by disintegrating muscle fibre showed
small fragments of fibre. Sometimes only muscle fibre membrane
with nuclei had remained. Blood cells were freguently found
scattered in the space between the muscle fibres.

Oesophagus:

It showed projections of epithelium forming werty
tubercles in the anterior region, whereas ppsteriorly it
showed longitudinal folds of varying width. These folds were
more in number in comparison with the number of folds in the

corpus. The layers found in the oesophagus were (1) epithelium,
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(i1) subepithelial connective tissue with longitudinal muscles
and (iii) outermost circular striated muscle layer. Stratum
granulosum and stratum compactum were found absant.
Qesophagus of fingerling of H., ilisha captured:from river:

Oesophagus showed normal structure (Fig.llo). In
the antérior region of oesophagus, presence of large mucus
secéeting cells in the epithelium were noted. These cells had
bluish cytoplasm when stained with Heidenhép's Azan stain. The
nucleus was basally situated with few chromatin granules and
was faintly stained with’haematoxylin. Giant cells and taste
buds were %bund in the anterior region only. The epithelial
cells were with oval prominent nucleus and nucleolus.

Well vascularised subepithelial connective tissue
was found to be normal. Their nuclei were elliptical, dusted
with chromatin material and deeply stalned with haematoxylin.
Fat cells were present. ‘

The musculeris region was stained with eosin. In
the longitudinal muscles, nuclei were very few and strongly
haematoxylin positive. In the region of circular muscles some
fibres showed irregular faintly stained nucleus whereas the
remaining nuclei were spindle shaped and well stained.

Serosa was with many blood vessles and thin sub-

of
sercsa“connective tissue fibres,

Oesophagus of jmmature H, ilisha captured from sea:
The epithelium was normal (Fig. 11) and made up of
tall columnar cells interspersed with mucus secreting cells.

The oval nuclei with fine chromatin were basally situated.



Mucus glands were large, with basally situated deeply stained
nucleus,

Subepithelial connective tissue was comprt. The
nuclei of this region were spindle shaped and with granular
chromatin material., The iayer was well vascularised,

Both the m%ble layers appeared normal. They were
compact and well stained with eosin (Fig. 12).

Serosa layer was thin having a compact subserosa of

~

‘connective tissue.

Qesophagus of maturing H. ilisha captured from sea before
migration:

Epithelial lining was formed of tall columnar cells
and mucus cells. Dolumnar cells had apically situated 6val nuclei,
the latter with fine chromatin material. Mucus glands were
smaller in size and most ofxthem vere empty.

Much vascularised subepithelial connective tissue
was found to be compact with deeply staininé nuclei. Empty cells
representing the fat cells were noticed in this region also.

* iongitudinal muscle layer was compact. Nuclel were
deeply stained. Circular muscle layer was mostly uniform with
darkly stained nuclei. Very few exhibited loss of fibrils,
broken fibres etc.

Oesophagus of migrating mature H, ilisha captured frém river:

All layers in generél, showed degenerative alter-

ations (Fig. 13). At certain places epithelium was found parti-
ally separated and handing in the lumen and in certain other
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Fig. 11 Fig. IS

T.S. of Pharynx of drifted H. toll showing degenerative
alterations of epithelium. HE_X 63.

T.S. of Oesophagus of fingerling of H. ilisha. H E.X 63.
T.S. of Oesophagus of immature H. ilisha showing normal
villi. HE. X 400.

T.S. of Oesophagus of immature H. ilisha showing normal

muscles. HE. X 63.
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perts completely lost (Fig. 13). The intact epithelium also
shoved the cells completely shfunk and crumpled., Hence it was
not possible to study the detailed structure..

Oceasionaly deep indentations were noticed in the
svbepithelizl connective tissue dus tq loss of epithelial
tissue. In the lower layer many lacunae were observed. Most
of the nuclei of this region were empty and of irregular shape.
A few were of rounded or oval shape with moderate staining
affinity.

Fat cells were alsc present, showing thin cytopla-
smic membrane and irregular nuclei, longitudinal muscles in
subepithglial connective tissue showed degenerative alterations
(Figs. 14 & 15) and were faintly stained. Vacuclisation was
seen with the femnant of fibres ie. scattered crumpled nuclei
and mugcle cells with only cell membreane. The circulaer muscles
were irregularly and loosely arrangedf Many lécunae were noticed.
The inner region showed more alteratibns than the outer layers,
Many fibres had shrunk and were faintly eosinophilic. In some
fibres the central region was lost. Fragmentation was prominent
and the nuclei of such reglons were irregular in sha:pe.

Serosa at some places wés separated from muscle layer
and occasionally was complet8ly destroyed.

Oesophagus of spent H. jlisha daptured frgm river:

The epithelium showed alterations more or less as
observed in mature H. ilisha. Epithelial cells were cuboidal
with prominent nuclei. At certain places epithelial cells were
separatéd from giant or undifferentiated cells., These undiffer-

entiated cells showed mitotic division. The number of such cells
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had increased only in spent H. ilisha. Mucus cells sﬁowed
- faint staining with retiéular cytoplasm,

The subepithelial connective tissue was loosely
arranged with many large lacunae. The entire region was faintly
stained with eosin, The nuclei also were faintly stained and
were irregular shape. Fat cells anfl many large blood vessels
were present. h )

The degenerative alterations exhibited by muscle.
layers and serosa were more pronounced than those observed in
mature H, ilisha captured from river.

Qesophagus of immature H. toli captured from sea:

The histological structure was more or less similar

to that of immature H. ilisha.

~ Oesophagus of mature H, toli captured from sea:

The mucus cells were tall with deeply stained basally
situated oval nuclei. The cytoplasm was reticular. Epithelial
cells were cuboidal having scanty cytoplasm and deeply stainiﬁg
nuclei,

‘ Subepitheliél connective tissue was some what loosely
arranged and well vascularised. Nuclei were deeply stained.
Few lacunae were noticed in this region. Fat cells were also
présent.

Inner longitudinal muscles were loosely arraenged
when::compared with immature H. toli. longitudinal ana circular

muscle layers showed very less alterations when compared to -

mature H, ilishg from river.



Qesophagus of drifted H, toli collected from river:

%ﬁé”mﬁjor portion &f the epithelium showed marked
alterations (Fig. 16). The columnar cells appeared to have
shrunk. Some intact cells showed flattened nuclei situated in
the middle of the cell and with granular chromatin. Details
regarding mucus cells could not be studied,

Few areas only showed normal subepithelial connective
tissue. Otherwise marked destruction and alterations were
prominent (Fig. 17). Normal area showed moderately stained
nuclei but other regions had irregular shaped nuclei with faint
staining and very little chromatin. Large lacunae with remnants
of destroyed tissue were observed.

, The longitudinal muscle layer showed different affini-
ties for eosin. Some regions were faintly stained whereas the
others took normal staining. Vacuolisation was prominent. Fibres
with normal staining showed spindle shaped deeply staining
nuclei, whereas nuclei‘of the faintly stalning regions were
elongated and devoid of chromatin.

On the whole circular muscle fibres appeared normél.
However, they were separated from each other and a few fibres
showed fragmentation exhibiting loss of fibrils or breaking of
fibres.

Serosa was thin. It was not uniform in thickness
and vas separated from the mdscle layer and disintegrated in
several regions. The nuélei were deeply stained,

Corpus: (Cardiac stomach)

Internally itfshows prominent longitudianal folds or
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Fig. 15 Fig- 16

L.S. of Oesophagus of mature H. ilisha showing degenerative

alterations. Note the broken epithelium. HE. X 63. )
L.S. of Oesophagus of mature i1lisha showing degeneration

and dissolution of muscle fibres.HE. X 63.

Same as Fig. 14. X 400.

T.S. of Oesophagus of drifted H. toli showing degeneration
of epithelium. HE. X 63



"‘diffsrentiated. Muscularis mucosa was also absent. Hence the

‘riﬁges. The corpus wall consisted of (i) epthelium fermeﬁfaf .
~ columnar cells and (ii) a reglon of areolar connective tiésuf
axtex‘n&l to the epithelial 1ayer which extends upto the stratnm ,

,eomgactum layer. Mucosal and submucosal parts could not ba

o @YY

region between the epithelium and stratum compactum has f&farred
as 'subepithelial connective tissue'. In this region, on the
’out side of the epithelium are situated numerous digestive

glands (1ii1) In between the subepithelial connective tissue

and circular muscle layer ie. on the out side of the former,
are present stratum compactum and stratnm‘granulosam. Layer ’
: éf'stratum cempactum was found to be absent in the cgran“af;

H. toli. (iv) Muscular layers: longitudinal striated musé‘:;;g_asfj

in the form of bundles, were present in the subepithelial
connective tissue, on the inner side of stratum granulosum
(in case of H. toli) or stratum compactum (in case of H. ;;;ggg) F
Circular muscle layer, outer most layer was composed of stri-

ated muscle fibres. The longitudinal muscle layer generally

found on the outer side of the circular muscle layer was absent
in the corpus of both H. ilisha and H. toli. (v) Serosa was " 'n
found to be formed of a thin layer of aonnective tissue (calle&ﬁ’“

the subserosa) and a simple epithelium.

1,

f H. ilisha c~,turaé fron river.

Epithelium was formed by closely packed cclumﬂar
eells with basally situated nucleus contaiaing finely’granwlar

chromatin.




‘ Glands were compactly arranged. Gland cells wers o
; granalar and nuclei basally situated with fine granular ehramatiﬁ.“

sagk‘ealls were also grsanular. Crypt cells,were‘staimeé wzt

Sub-epithelial comnective tissue betwaen‘glanas’f”n‘

”%éé"ﬁfémiaent, staining deep with'easin. Tha ramaining'reg1aQ“‘
was not deeply stained. The nuclei were~spiadle shaped. ﬁany az

blood vessels were visible,

Stratum compactum and stratum granulosum were not
found in juvenile corpus.
The thickness of;the muscle layer was much less as compared
| ta the inner layers,
Serosa showed a few blood capillarias and aae91?

stained nuclei.

Mucosa showed normal folde&*villi‘(Figs. 18 & 19).
Tall colummar egithelial cells had eval ‘nuclei at the basal
region. Nuclei showed nucleolus within, haﬂ little chgcmatin .

and took faint staining, Epithelial cells were compactly
situated.

Cells of the gastric glands were campactly'Sitﬁaté“'?
(Fig.‘za) and were roughly polygonal, with basal nuclaas and
cytcplasmmfilleé with zymogen granules. Nucleus showad prmmiﬁant
nucleolms an& were moderately stained. Cells lining the neck ,} ,,ﬁ

| cf the gland3 war@ also full of granulsa, with round ba&al

7;nuclai centaining the nucleolus within, Cells lining the erypt
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Fig. 17 Fig. 18

Fig. 19

T.S. of Oesophagus of drifted H. toli showing marked
degeneration of epithelium. HE. X 400.

T.S. of Corpus of immature H. ilisha showing normal
epithelial folds. HE. X 63.

Same as Fig. 18. X 400.



wers faintly stained with eosin. These cells were/rcughiﬁjé

dal,with round nucleus and plenty of granules. The glaﬁ&#!_#y
supparted by connective tissue septa. ; ,’
, Sub-epithelial tissue was made up of cemaectiva 'f_

tissue fibres with numerous blood capillaries. The nuclei af‘ 
tﬁisfregion were spindle shaped and showed little of grangla:
chromatin. The striated longitudinal muscles in the sub-epitl
lial muscles layer showed normal structure.
Stratum compactum was made up of a hyaline compaati

mass without prominent nuclei. Though the region was well
marked, no further details were seen. | ’
Stratum granulosum was formed of densely graﬁulat&d’

cells, well differentiated from the durrounding tissues. Tkéé

nucleus was oval in shape and stained moderately.

Circular muscle layer was normal, formed of deeply .
stained striated muscle fibres. A few blood vessels were also
noticed. The nuclei were spindle shaped and deeply stained

with haematoxylin. The serosa was thin, with cénnective tissuasff

fibres.

Atrophy of epithelium had begun and normélu§iiii,
were absent (Fig. 21). At some pldces tha ep1thalial ragiﬁnu
was found to be broken. Epithelial cells appeared to hévs .
shrmnk and had acquired a cuboidal shape. Nuclei of these cslk
were smaller in size and deeply stained with haematoxyliﬁ. -

;'ﬁucleeins was not discernible,




Gland cells were somewhat tall and devoid of granules. |

cells possessed basally situated deeply stained nucleus.

;ir spaces were observed. Cells"lining‘the neck were
1 y staiaed with eosin and some cells possessed a few

~graﬂnles and stained moderately with eosin. Oval deeply stainadj7*

nueia& were centrally placed. Intercsllu&arusPaaas were also
visible. "‘ ’

Sub-epithelial connective tissue appeared to have  f ’
shrunk showing many lacunae, Empty cells storing fat were fouad ff
in this region (Fig. 22). Presence of fat in these cells was :
ravealed by Sudan Black B staining (Fig. 23). Some regigns in ’  
immature H. ilisha was occupied by longitudinal muscles. ?reai-*”

nent blesd vaessels were ohserved.

Stratum compactum was of‘h@magandus hyaline méﬁérif

Showing spindle shsped deeply stained nuclei. ‘,,

| Cells of the stratum granulosum were somevhat shrunk

and deeply stained with eosin. Cells wera‘aavoié of granalaa.‘ '4§
Nuclei were situated on one side and uare'daeply stained. -

In the circular muscle region, in some fibres emyty

areas with faint membrane was discernible. This might 1nﬁieaﬁa

the loss of fibrils from the muscle fibre. At certain plaeasf'

fibres were loosely arranged. Nuclei were spinﬂla shapaé‘and

mcdarately stained.
‘with '
Eerosa,was/numerous blood vessels. Hbra and thers a

': faw fibres af connective tissue were lost lgaving faint Qtﬁinﬁ-k

“lie mass with nuclai.
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Fig- 20

Fig. 21 Fig. 22

20. T.S. of Corpus of i mmature H. ilisha showing normal

gland cells. HE. X 400.

T.S. of Corpus of maturing H. ilisha prior to migration
showing atrophy of epithelium. Note absence of villi.

HE. X 63.

T.S. of Corpus maturing H. ilisha prior to migration
showing longitudinal muscles and fat cells in subepithelial
connective tissue. HE. X 63.



During migration, due to starvatian, ths stamacn
had contracted the lumen much reduced (Fig 24). , -
At many places epithelium was broken and partly 1@stg;

(Fig, 25). Remnants of broken cells were found in greups.

Epithelial cells found at few places were shrunk and cnbciﬂal;5’
Their irregular shaped nuclei were densely stained;with‘haemat
xylin. .
| Entire glands appeared to have shrunk (Fig. 25). The
" cells of the gland were completely degréihnlate&5 their cytépl§  
asm staining faintly with eosin. Nuclei weré with very 11ttlé *ﬁ§
:ehromatin. Cells of the neek'ﬁére also degranulated and 1ighti$',

stained. Basally situated nuclei were with little chromstin.
Crypts were not visible clearly as the epithelial tissue ﬁ&ﬁ&
sﬁrunk considerably. A few places showed complete eosinop%iligj_{
collagenous mass above the crypt. In some cases the epithéliuﬂZﬁf
with gastric glands and part of subepithelial connective tissu&  
were broken and lost. .

Subepithelial tissue showed advanced degen@rativs

changes. Connective tissue fibres appaaraa to have brekan‘”
leaving 1acunaa‘ Occasionally in these lacunae were feunﬁ
'shrank nuclel with fragments of connective ti&sue fibres. Fa
| staining cells were numerous. Fat was foﬁnﬂ to be present in,‘ijg
 ﬂj,1arga quantity as compared with maturing H. ilishs berere.~“fi f

_migration (Figs. 24 & 23). | .

ﬁtratum compactnm and stratum grannlcsnm ceald I
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Fig. 23 Fig. 24

Fig. 23. T.3. of Corpus of maturing H. ilisha prior to migration
showing some fat loaded cells in subepithelial connective
tissue. Sudan Blacic. B. X 17.

Fig. 24. T.S. of Corpus of mature H. ilisha showing fat loaded
subepithelial connective tissue. SBB. X 17.

Fig.24A. T.S. of Corpus of mature H. toli. No deposition of fat in
subepithelial connective tissue. SBB. X 22.

Fig. 25. T.S. of Corpus of mature H. i1lisha showing marked atrophy
of epithelium and gastric’glands. HE. X 63.



be differentiated clearly as both the layers appeared to hava‘u
mixed together forming a thick eoainqphilic band. In the outsr
side of this region, probably stratum cumyactum, nuclei as 5 H

' described above, but of a smaller siza,'ﬁare‘diseernibls in th§f f 
eosinophilic band. " -

The circular muscle layer showed wavy fibres and;_gi

different intensity oc stzining. Faintly stained areas sh¢¥e§i 1*“f
degenerative changes such as loss of fibrilay shrinkage, frag- 'f ,
mentation ete. (Fig. 26). e
Serosa was found to be discontinous being broken at maﬁ?'plaéesgf;f

It showed faint eosiﬁcphilic mass with nuclei and blood &&sﬁa}#*

Corpus

of spent H., ilisha captured from river:

The corpus showed similar stracture~énﬁValtﬁratioﬁs 
as described in the case of migrating mature H. ;;;gmg
some cases additional degenerative changes such as 1ess of neck
cells of the gland, gland cell proper, or complete shrinkage‘ ' J;
and d@issolution of glands were noticed. -

Corpus of immature H., toli captured from sea:

The histological structure resembled that of the
immature H. ilisha. The following points are noteworthy. ,;nf¢
The subepithelial tissue was compact with the langitu&in&l
muscle bundles cut in a transverse glana, shaving ﬁasply stainad7, 
nuclei at the periphery of muscle bumndle. These mnscle bundles .
were penetrated by connective tissue fibres which on the euter i;i
sids extended upto the stratum granulosum. -

?he stratum compactum , as mentioned already, was '




found to be absent in H. teli.

Stratum granulosum was preaent batween the langit
dinal muscles of the subepithelial ccnnactive tissue and eircu»
lar muscles. The layer was one to three cells in thickne&s. :
Cells were full of granules, with large oval nuclei aantggn

fine chromatin granules.

ﬁyithelial cells were trumpet shaped, with scantyi 
granules and faintly stained nuclei. | -

Gastric gland:cells showed aer&él appearance i# g,-»,{
few cases, ﬁany'hawevar,‘SBGWGd a distorted shape. Some vere

‘broken akso. The nuclei were large, empty and with gremin@nt

| nucleolus, Graaules in cell were scanty. Bebris af brekeav
was observed. Neck cells also showed & varying degre&~af deé
ction like the gland cells. The few intact cells showed centrall
plaeed round nuclei with granular chrnmatin matarial. .

In between the glands the connective tissue seyt& fvl}f
showed deep ecsin staining and cantained~large nuclei with |

chramatin. Blood cells were also,feuﬁ& in this region. Sub-

epithelial connective tissue exhibited structural alteratiﬁﬁéf’

similar to those noted in mature H. ;;;ggg. The only difference 5;
was that the longitudinal muscle bundles were absent. ?hasa~'°“"$
muscles showed slight vacuolisation. .

Stratam granulosum layer showed marke& changes‘ ?be

‘layer had become thick and eosinophilic and the cells were ‘




shrunk, showing vacuolisation of the cytoplasm and the'présemca°

of very few granules. The nuclei were irregular in shaﬁe,;SQmé7'

were curdled and were devoid of chromstin. This layer appesred
to be detached from the surrounding layer. : f e

Circular muscles and serosa wgre simiiar to tﬁﬁ&é}
observed in mature H. ilisha. Serosa b&ﬁéﬂﬁcome~thick‘with mor
connective tissue fibres, : -

Corpus of spent H. toli callecteﬁ‘fr'm séaz,

Except at a few places the faintly stained, trumﬁa:‘
shaped epithelial cells were intact. The nuclei were ebloﬂg '
and basally situated.

Most of the gland cells were aor&al, with basally
situated nuclei containing little ef chrematin. These cells
centained many granules., At few §L&ces the,gland cella were;l#
1ost leeving empty spaces., Neck cells al§6 were destreyeéhér f,
1ést at many places. The intact neck celis possessed nnmsrous:
granules and anﬁ‘gvgl nucleus devoid 0f;§hromatin.

The remaining layers showed~s§mi1ar structure as

observed in mature H. toli.

At maﬁyjplaces the eyitheiialétisaua, cells~of7ér&§ﬁs i;
etc. were compl&taly destroyed (Fig. 27). Tha normal appearing “1i
gastric folds showed frequent loss of @pithelial cells, ﬂet&eheé : 
egithalial tissue from the underlying subepithelial connective -
tissue. The remaining epithelial cells w@re trumpet-ahaped, '

having basally' situated oval nuclel containing little chramati’



Glands appeared to be dastrayeé. The eeils‘#é§§k ~,‘
scattered and appeared separated. Nuclei of some of these calls
ware 'pycnotict, curﬁleé and of irregular shapa. ﬁeck cell& .
also showed same degree of changes. :

Subepithelial connective tissue was faintly 3tginaégf;;
Nuclei also were faintly stained, of irregular shépe;énd ﬁéraf[

curdled.,

Longitudinal muscles were also found missing from "; : 
certain regions. Those present showeé~n¢rmal staining of %Qtﬁf{{¥f
fibres and nuclei. Stratum granulosum tﬁo&gh maintained ité -
entity, its cellular structure was not‘ciaar. Feint ensineghiiié  
layer with scattered deeply stained nuclei were only aiséérniblelﬁf
‘Présanbe of many empty sPacas 1h thi$ iayar was a reﬁérkaﬁle  . .

feature.

The circular muscle layer showed marked disiategrati
and destruction (Fig. 28). In one samﬁle the circuler musela :
layer was brekenkand subépithelial layer vas exposed to the
extertor. In others it was cut in transverse, longitudinal and “f¥

~eb11que sectional planes. This was presumably due to uneven

contractions and twiﬁting of the muscle layer4

The sarcsa was not a continous lager, It was mestly _ 3
broken, exposing the circular muscle layer. |
PYLORIC STOMACH e
Internally the surface mucosa ie. the epithaliuﬁ anﬁ
the subegithalial connective tissue was thrown into a net wmrk

of folds. The stomach wall is much simple here, consisting af

: (i) epithelium (11) subepithelial ccnnective tissue ccnta



glands of pyloric stomach or gastric glands (iii) oaiéf‘gir_al

muscle layer formed of smooth muscles and (iv) serosa;”éQVéfi
these layers. Outer longitudinal muscle layer as well as 1ay‘

of stratum compactum, stratum granulesum and &ﬁscularis muccsa'”*“

were absent.

Epitheliun is formed of cuboidal cells with faintly
stained nuclei. H |

Glands showed basally sitaated nuclei cantaining

a small quantity of chromatin. The cells contained a 1arge,:'7 '77
number of granules tswards the lumen. hack ce11s with ba$a11y   };
- situated nuclei were faintly stained. Crypt cells posgeéﬁeé

granules and were faintly stained ﬁith~eesin. |

"The circular muscles showed normal structure aﬁa*ﬂ

staining. ©Serosa was thin and contained blood vessels.

Epithslinm showed normal folds (Figﬁ. 29 & 363 Tha{‘¥f
epithelial cells were columnar with round nuclei basally situatsé,
They were faintly stained and pcsseéseﬁ granules. The basal '
pertisn of the cell shewed a comparatively deeper staining.

The bulb like glands were deeply situated belawjm

the epithelium (Fig. 29 & 31). Their neck ‘showed a clear cpenn,
ing, between the gastric folds into the 1umen of the &temacb~‘
Tha cells possessed bassl round nuclei with little chrematin;;c'
~?hé granulés were situated towards the base, | |

The subepithelial connective tissue appearad'ﬁe~béf

 compact between the glands. The whole region was mederaté



26.

27.
28.
29.
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Fig. 28 Fig. 29

T.S. of Corpus of mature H. ilisha showing marked degener-
ation of muscle layer. Note fat cells in subepithelial
connective tissue. HE. X 63.

T.S. of Corpus of drifted H. toll showing broken epithelium.
HE. X 63.

T.S. of Corpus of drifted H. toll showing degeneration
of muscle. HE. X 400.

T.S. of Pyloric stomach of immature H. ilisha showing
normal epithelium. HE. X 63.



stained and possessed spindle shaped nuclei. Many blood VQSséisQ
were present. |

The compact circular muscle layer was deeply stained withl;f

eosin (Fig. 32). The serosa was thin and well vasculorise&.

migration:

: In the epithelium normal villi had &1sappaared 1eaving
stomach folds with irregular surface (Fig. 33). | ‘  ;_n“
: Glands of pyloric stomach were shrunk and lost at many |
places (Fig. 33). ‘The cells possesseﬁ eesinophilic grana‘as»’_j‘i?

and deeply stained nuclei, Cells of the ﬁﬁck;ﬁhowaﬁ shfunﬁan?“
appearance. The nuclei were shrunk and deeply stained. These
cells were wanting at some places due to disintegration. Cells

of the crypt wete cuboidal with granules and centrally placed

nuclel.

The subepithelial connective tissue was faintly st@iﬁé&,
It showed several lacunae. The muscle fibres seemed to h&?a'f*
separated. Some muscle cells were lost (Fig. 3&),'ﬁucleifﬁ§r§ 

large and fain%iy~stainaa‘an&7were more erfless;empty.

‘The serosa layer was thin and vaséalarisé&‘

The histolegical details observed were similar to that
ﬂffafﬂmature H. ilisha captured from river. |




Fig.
Fig.
Fig.
Fig.

30.
31.
32.
33.
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Fig. 30 Fig. 31

Fig. 32 Fig. 33
T.S. of pyloric stomach of immature H. ilisha showing
normal epithelial folds. BE. X 400. . )
T.S. of pyloric stomach of immature H. ilisha showing
normal glands. HE. X 400. . ]
T.S. of pyloric stomach of immature H. ilisha showing

normal circular muscles. HE. X 63.
T.S. of pyloric stomach of mature H.
of epithelium and glands. HE. X 63.

Ilisha showing atrophy



The histological structure was Similar to that of the
immatnra ilisha captured from river, .

. ..mature H,

The epithelium was broken at a few places. The calis tf; “ﬁ
were low columnar and possessed basal nuclei. The latter
were moderately stained with haematexylin.

Gland cells were with plenty of granules and deeply ‘
stained basal nuclei. Neck cells showed deeply stained basal
nuclei. Some glands were shrunk and neck cells were not c%aari? f?
seen so as to reveal the histological details. ,

Subepithelial connective tissue showed some 1acnnae but
otherwise the structure was normal.

Circular muscles showed separation of a few fibres hare

and there, with spindle shaped ﬂaintly stained nuclei consaig;ag .
little of chromatin. : '

Serosa was with connective tissue fibres and was va3§g 

rised. The thickness was more than that of immature H. to 1.

It was broken in some regions.

No major ﬁiétologieal differences were noted fre$ t§é57

details described in the case of maturefg.ygggg.

Pyloric stomach of drifted H. toli captured from river: -
Marked destruction and shrinkage were prominent in the,‘  z

 epithelial and subepithelial tissue, including the glands,

‘iﬁgithelinm was tizally lost in the part of the stomach axaminaﬁ’



Thus the sucepithelial tissue with glands was exgaéaﬁ
lumen. . u .
Glands were completely shrunk. Neck cells could n#{
differentiated. Nuclei of shrunkiglanﬁ’cQIIS'shewadfvﬁ&iﬁ
conditions viz. some were deeply stained, some w@re ¢u§§,_ ,
and some were pycnotic and devoid of chromatin (Fig. 35).
The subepithelial tissue stained faintly. It showed
many lacunae. Nuclei were curdled or irregular in shape.

The circular musecle layer showed many lacunae. Some

fibres were detached and broken also., Nuclei were enlargaé,‘f.f
some showing a curdled eondition. Some were empty without
chromatin. | '

The serosa was thick and separated from the cireular ;;‘

muscle, It was found td be discontinous anﬁ the intact regimns

showed lacunae. Some of the nuclei had ealargeé and were a&p@y;*f
Others were normal and deeply stained. '

INTESTINE
The wall of the intéstine consists of (i) the innermost

epithelium (i1) the subepithelial connective tissue-~ the fegibn ~
between the epithelium and stratum granulosum (iii) stratum ’ f‘
granulosum (iv) stratum compactum (v) circular mwscle (vi) lengiuf‘
tudianl muscle layer of smooth muscle and (vii) serosa. Intsrnnvi
nally the intestine shows numerous tall villi (Fig. 36). -
"ntestiae of fingerling k

The epithelial cells were tall and slender with cval,

of H, ilisha captured from rivers

,éeeply stained nuclei. Mucus or goblet cells were also 133349534311“@5i

ZT‘Subepithelial tissue was much less in comparisom to the othe:



Fig. 34.
Fig. 36.
Fig. 36.
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Fig. 36
T.S. of pyloric stomach of mature H. ilisha showing
alterations of muscle layer. HE. X 400.

T.S. of Byloric stomach of drifted H. toll showin
shrunk, broken glands and eosinophilic mass in sub-
epithelial connective tissue. HE. X 400. ]

T.S. of intestine of immature H. ilisha showing normal
villi. HE. X 63.



layers. Stratum granulosum and str@tﬁmﬁcém@&&tﬁm were not
present. Circular and 1engitudinal‘musnlaalayers wers;cemyae%

showing spindle shaped nuclei.Serosa was very thin éﬁ&fﬁa#ﬁﬁf;ff"i

The prominent top plate was followed by tall, slsnd@r;,f
cells with little granules and deeply stained, basally situéﬁaé?
oval nuclei (Fig. 37). Goblet cells were observed intersp@rséd,
very often shewing the discharge ef‘tha secretion. The has&aéﬁﬁ
membrane on which the epithelial cells were situateé appearaé

nermal“

Subepithelial connective tissue appeared nsrmal‘with
their deeply stained oval naclei.

Cells of the stratum granulesum were ouservea farming

a continous layer., These cells were stained deeply with onsig_'
and azocarmine. These cells, somewhat oval in shape ccntaineﬁ :

numerous granules in their cytoplasﬁ‘ However, a few cells |

appeared empty due to the discharge of granules. The nuclei
were excentric and faintly stained. Very often extrution of
granules from these cells were observed.

The layer of stratum campactum vas of ccnsi&erabl@

thickness, It showed many lacunae and deeply stainad cytn;lasm.;;?;

It stained blue with Azan stain and faint red with essin.
Circalar muscle layer was generally cempact,‘staining'

more deeply with eosin than the layer of stratum compactum.

The spindle shaped nuclei were deeply stained.




Langitudimxl muscla layer alse was faunﬂ to be cemyact
: Vﬁﬁfﬁﬁ with moﬁerately stained naclei. Blood

vessels were seen in this region. A very thin serosa shxﬁyy

deaply stainaﬁ,naclei.

migration: ‘ o
Tall, slender cells with moderately stained oval nael&i"fa

and goblet cells formed the apithelinm. Praminent top plate o

was present covering the apithelium. Basement membrane suppart ,i
ing the cells was clearly visible. ‘  
The subepithelial connective tissue was somavhat shruak fi
and well vascularised. Nuclel were obloﬁg and faintly sﬁain&d,:f f
In comparison to stratum compactum,fthis region was stained
faintly. | k
The stratum granulosum was represented by scattareé
cells, full of granules, out side the subepithelial conneetivs,i»
tissge. The cells were less in number than those found in. H
immature H. ilisha. ,
Stratum eoﬁgactum showed loss of some region and empty“
spaces, Blood capillaries and wandering blood Cella were ai@G ”ff
seen in this regiaﬁ. | | -
The circular muscle layer showed a wayy apﬁearance, sama .
fibres were separated from esch other causing 1aeanae. Irragular 
shaped nuclei stained faintly. The lengitu&znal masele;layar
showed presence of blood cépillari&s’and blood cells. §t maay~

places fibres were loosely arranged and seme'wara lost,

The serosa was formed of a thin layer with blood v 



In most ééSes the intéstine;vas faan§kcantraetad. The
long, tall villi showed prominent gablét'cells, the‘lattgﬁ;‘f
being present in large numbers in ceméérison to the iﬁtaiw
of H. ilisha captured from sea. Rarely the 1ntest1nal,1{
contained mud. E

The epithelium possessed a prominent top plate. Tall:
slender epithelial cells contained basally sitaatea, eval \
nuclei, the latter being faintly stained with very few chxom&tia
grannles. Numerous small and large ga%let calls wera ebserva& -
in the epithelium., The basal membrane was~th1ck and deeyly
stained. ,‘ | -

The subepithelial connective tissue layer caataineﬁ ;fJ ‘*
many blood vessels The region towards the apithalium was

compact than the one towards the stratum granulasam‘

Cells of the stratum granulosum, less in number cemparagff

tively, were observed scattered above theulayer of stratum
compactum. Rarely they were in groups. The cells contained

excentric nuclei finely dusted with chrématin material and

were filled with granules. Extrusion of granules could'be sa§gffi
in gery few cells., } | | e
Deeply stained stratum compactum aﬁpaared to have  " -
increased considerably in thickness. Faintly staineé irregular f
shaped nuclei were observed scattered in this;rsgion, |
The circular muscle layer contained ayfew‘iacunae;ffhe ‘"

 nuclei were spindle shaped, empty and faintly stalned.




o Longitﬁdinal muscle showed empty &yaees in some regian
3eme fibres were lost. Nuclei were faintly stainea. The seres:

;farmaé of a thin layer covering the lcngituﬁinal muscle layer.j 

Marked degenmerative changes such as loss of villi,

separation of the epithelium -from suéepithﬁlia}:eohnecti?&f?f}

tissue , presence of many lacunae in thaflatter'atc. could
be noticed (Fig. 38). o
The top plate appeared to have increased in siaei(Fig;f; “5

39). Epithelial cells of the intact villi possessea enlarggdf' ”:i
oval nuclei which were faintly stained ana devoid of chrsmatin.;.¢
Goblet cells were fewer in number than thcss in spawning ﬁ. J"’ ¢
ilisha but more than the immature H. ;;gggﬁ from sea.
Deeply stained nuclei of subepithelial conneetive

tissue were somewhat enlarged. The presence of lacnnae indica~s_
loss ef some regions. .
The stratum granulosum layer was‘hct observed as such
Very few scattered, degranulated cells were observed in a |
few cases, | '

The stratum compactum appaared to have incmased in

thickmess., Partial loss was noted in this regien, The staining{ ff
affinity was unevenj Nuclel were few, curdl@é;anﬁ faintly 5o
stained. |

| The circular muscle layer was loose, withktha'fibfas
separated forming lacunae. The entire region was faintly” :
 stained with irregular, curdled and faintly,St&ined nncléi;ﬁ; j'H'
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Fig. 37

Fig. 38 Fig. 39

T.S. of intestine of immature H. llisha shoving epithelium
with top plate (arrow). HE. X 400

T.S. of_intestine of spent H. ilisha showing marked
alterations in epithelium (arrow) and subepithelial
connective tissue. HE. X 63.

T.S. of intestine of spent H. ilisha showing thickened
top plate (arrow). HE. X 400.



‘?;fg
occasional partial loss too (Fig. 40). F&intly stginesf

gular nuclei were observed.

The epithelium was covered by 4 prominent topplate. The :
tall slender epithelial cells possessed basally situated oblﬁng ;
nuclei and showed the presence of granules. The nuecléus eantainn
ed finely granular chromatin and a nucleclus. Many mucus secren,;
ting cells were present in the epithelium.

Subepithelial connective tissue was compact with &aeply,
stained nuclei. '&i

The histological structure &f the remaining layers ?a§ 7fo-j 
similar to that of immature H. ilisha except that the cells
of the stratum granulosum%hewed scanty granules, -

~st mature H, toli collected from _Seat

The epithelium was made up of tall slender cells cantain~‘  N3
ing oval nuclei. A great number of goblet‘cslls than in 1$matura7}xw
H. toli were present, but these cells were mostly in the axhéﬁéﬁ]f* 1

phase. The epithelium was found broken at some places and

frequently were separated from the layers below.

The subepithelial connective tissue gave a loose sﬁrunk -
appearence and was faintly stained. Many 1acunae vere pregént;,'
Deeply staining nuclei with no definite shgpe‘Were prOminbnt(

Cells of the stratum granulosum were found in groups.

These cells were mostly granulated and with excentric nuclei.
The stratum compactum was faintly steined with eosin.

It showed many lacunae with faintly stained curdled nuclei



k caﬁtéining scanty fine chrematih.‘
Circular muscles were faintly stained and containeﬁ
ampty spaces b&tﬁeen the fibres. Ths nuclei were s§inﬂla
3and deeply stainsd. - :
The lengitnéinal muscle layer showed some shrunxan‘
regions. In such regions, the nuclei war& deeply staiﬁeé,_
fapgeareé to have shifted to one side of the fibras. In narm&f
regions the nuclei possessed little chromatin. “

The serosa showed spindle shaped, deeply staining

nuclei. In some places it was not cﬁnﬁiﬁaus.

' The structure showed many similsrities to that efdépant\ziff
H._ilisha captured from river. However, in the fallowing éet&i&§ fQ
it differed from spent H. ilisha. The goblet cells wera lassar‘foli

in pumber. The circular muscle layer ﬁas staineé deeply. Thq
nuclei also were deeply stained. The longituainal muscle -

layer contained a few lacunae and the nuclei were deeplyfétaing" 1L

In many regions the entire villi élong with the sub- MHT  ~$
epithelial connective tissue and other layers except thefautgrgfﬁﬂé

most layer were found destroyed. The histological o‘rganizatia:gi'17ffff
of the villi and of the other layers was ccmplatsly lost o
(Fig. 41). Tremandaus shrinkage, loss of tissue etc. were f’
observed in almost all the samples examined.

Muscle layers also showed prominent alte?ations 1ike

~ separation and loss of fibres.




Fig. 40.
Fig. 41.

Pig. 41

T.S. of intestine of spent H.
degeneration. HE. X 400.
T.S. of intestine of drifted H.

destructive alterations in almost all

ilisha showing muscle

toli showing marked
layers. HE. X 100.
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DISCUSSION

Tha general histological feataras nf tha alimeﬁtary
canal of H. _;;ggg and H. toli were found to be more or 1333'
similar to those of other teleosts studieé by earlier inve"
Eowever, a few remarkable differences were abserved.,3’ ¥4

In general the epithelial layer of aasu?hagns i
composed of stratified epithelium. But in bath the spec
Hilsa studied the eplthelium was was formed cf eolumnar ¢ellﬁ¢ 
In Hilsa species the muscle 1ayers ceﬁsistad of a layer of
inner longitudnal muscles in the subepithelial connective tisaua‘
and an outer layer of circular musclss. Both thasa musela
layers were composed of striated fibres. The above arruxteaant
er muscle layer is common to many fishes and was reperted by
several workers (Dawes, 1929; Blake, 19363 Vanaj&kshi, 1938,
Nagar and Khan, 1957; Ishidae and Sato, 1960; Hala,;1965), %_;.{
is also known that the inner 1engituﬁinalymuséla layer méy n@tfﬁl
be represented in certain teleosts (Greene, 1912; Blake, lgsﬁgfgi
Weinreb and Bilstad, 1955). L n

The musculature of the corpus region showed egrtaigf7;f

characteristic features. In all the fishes studied theyléhgi;jf;

tudinal muscle layer occurs outer to the circular muscle layer
and both are composed of unstriated fi%rﬂs;_fha,eofpu§ Qﬁscg1; j f;f
ature is the direct continuation of the maacﬁl&tﬁrefertbé |
oesophagus. A shift in the position of the above mnscle layersf7 f° 
in corpus has been clearly shown in the catfish, Parg ;;Q us
asotus (Ishida and Sato, 1960). In the Hilsa species studieé




here it 1s remarkable that throughout the length of the éb
the arrangement of the muscle layer was as in the o@ﬁﬁ?k&gus,
i.e. the ciréﬁlar~muscle layer vas*ogter to theylcngiﬁﬁéiﬁal, -
muscle layer. Moreover, both the masélg-layérs were cd&pﬁ#
| of striated muscle fibres. It may be mentioned hera~thatf

continuation of the striated muscles of aasephagus inta 0!

for a very short distance, but not the entire langth of corﬁus,'5
has been noted in certain fishes (Blake, 1938, 1936, Vanajakahi,x
1938; Hale, 1965). | .
Gastric glands are not known to occur in the,pylcrieN 1 ;
stomach. However, in the Hilsa species the occurrence of gastricff7f
glands in the pyloric stomach has been nsteé; Sueh a condition ‘
has been reported only in two fishes by Nagar and Khan (l§57) ;
and Prakash (1961) The stomach musculature of tha ~;1§~ spe&ies

exclusively consisted of a single layar of circular smooth
muscles, the outer longitudinal layer being absent. No record
of such a condition in any of the taleosﬁs~is avallablse.
It has been observed that migratory . 1lisha stmres

more lipids than non-migratcry H. toldi (Chapter,4). Storage
of fat in the corpus was noted only in H. ilisha.The ayaeas ,
occcupied by the longitadinal muscle bundles in the subegithelialu;ﬁ
connective tissue in the corpns of immature H. iliggg,ara fillad:;f
with fat loaded cells in the mature H.ilisha. Possibly the ‘:  
muscle cells are converted into fat cells. In maturing H. glghggflf;

captured from sea prior to migration, transitienal conditions

‘showing both muscles and fat cells have been observed. It may




be mentioned here that the lateral muscle fibres of the same
fish, H. ilisha have been observed~stsring'£at ﬁitnia
during migration (Joseph, 1967). Baily (1952, cf.'?agna
Fenasse, 1965) also has reported similar storage éf f&t
the fibres in the salmon and herring. No sterag%\gﬁugat
corpus of non-migratory H. tgoli could be netieeé. Thus the
corpus of H. ilisha stores fat for energy expenditure during ae
migration and starvation.
From the present study it is evident that sexuaily k
mature H. ;llggg shows marked atrophy anﬁ degenerative altera»
tions in the various parts of the alimentary canal. The stemach : 
epithelium shows atrophy, varied degrees of lesions ami ulcera,ti
Such alterations are most marked in spent H. ilisha. Due to £
starvation the stomach was tightly contracted, leaving pra¢t§.~
cally no lumen within. Compared to mature H. ilisha, H. gglx;_
of the same stage of maturity showed very less alteratiens,;mbs_If
due to shrinkage. The epithelium showed normal structure with
occaslonal lesions. Muscle in some cases, hawevér, showed
fragmentation and vacuolization. The stomachs were not in
contracted condition. Even empty stomach in a few cases were
flacid, suggesting that the fish is not sterving. In drifted
H. toli, however, marked, abrupt destruction of various parts -
have been observed. The epithelium of stomach showed 1éaions .
and ulceration. In one case perforation of the stomach wall
would have been complete but for a few external muscle fibres.

Intact regigns‘of the epithelium showed normal cells,



The alterations in the alimeﬁtary eanals is raiata&
to the changes in the secretory cycle of ths adrenal glyr ‘
In mature H. ilishe adrenal is in an active state shawiag'
hyperplasia and it can be assumed that more ecrtiecéiéfd

are produced. In spent H. ilisha adrenal showed atraphy'

the absence of corticosteroid secretion. In driftad E.;f g‘,>

the adrenal showed marked destruction. Thus in this case alsc“

no corticosteroids are availahle. In mature H. toli also a -
mild hyperplasis has been observed (Desai, 1967). The alteraticns
observed in the alimentary canal of migratory H. ilisha and '
drifted H. toll may be attributed to the functional inactivity

due to starvation and the activity of eorticbstereids.VStﬂﬂiea,f -
on rainbow trout, steelhead trout, kokanee salmoa and ?acific
salmon by several workers (Robertson and Wexler, 1960, 1962-
Robertson gt 2l., 196la, b,1863) have clearly indicated that

histological alterations in the tissues and organs are due ta  '“j;1
hyperadrenocorticism accompanied with starvation. Marked riséf' :“
in 17-hydrocorticosteroid was observeﬁ dnring spawning. Effa¢t i2?€
of this steroid is more marked when the animal is fasting,as« .
shown by observations on migratory and non-migratory rainbaw o

trout (Robertson et al., 1961),

Bonta (1965) has reviewed the effects of certzcmaa

on the induction of ulcers. It has been shown th&t the absance
or overactivity of corticoids can induce ulecers anﬁ~1esieas.
The importance of normel pituitary-adrenal endocrime system

function in maintaining normal healthy condition has been shown.




It can be eonciuééé’thatuulcarationsﬁaaﬁ lesions w
found to be more prominent in'ééant~§; ‘
by the follﬁwing faetarsz (13 struas:d&e

in the external medium (2) aérenal :‘-

“laast aetivity as evident by degeneratien of a&rana gl
(Desai, 1967) and (3) starvatian. The 1ateractions

three factors in addition to aging would in ganei*al ge

the alterations observed in the alimantary canal. In ari
H. toli the factors (1) and (2) mentianed abava alene migly

have been effective in causing 1esions, ulcers ete.f
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