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ABSTRACT,

This thesis ircorporates the pesult of irvestigations
on the histological struecture of small intestine of Irdisn
buffaloss, Materials vere taken from six Indlan adult buffaloes |
and six buffalo-calves, Sections were cut every terth distarce
irrespective of the overall lergth of small irtestive, They
were fixed in 10% formalir solution, Dehydratior arnd irnfiltrae
tior were date, blocks were prepared snd sections were eut snd
stained in gdifferent stairs,

A geteral survey of the histological sections has
‘beon dore snd studied, Measurements of the villi, muscularis
mucosae, submucosa, lamire museularis, diemeter of lumen of
Brunner's glands and height of its epithelium has beer taker,

The external surface of the small intestine is
highly vasculsr and it appacrs reddish brewn, The irternal
surface pregents plicas eirculeris and longitudival folds and
are absent towards the mesenteric border, Paeyer's patches are
grossly present ir the jejunum snd ilemm and sometimes ir the
duoderum of young animals vhen exanined mierosecopically, There
are well dsveloped patches ir the iloum of yowng snimsls |
whereas they are ir the form of nodules in adults,

Shape and height of the villi varies with sge, their
loestion in the small intestine and individual to iraividual,
Ir adults, the villl are longer ir the duodenum ard {leum than
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ara also present,

yourg ones, The villi of jejuwwm are larger in yowrg animals,
thar adults,

The Goblet cells are very few or even Sometimes i
absent in both villus ard erypt epithelium, "rterochromaffin J
eslls have beer observed only in the arypts of Lisberkuhn of |
dwdenun in adults, Paheth cells have rot beer obsarved ir thiéi
irvestigation, : 1

Intracellular lymphocoytes into the villus @pit}zelim%
end lymphoeytes penstrating the epitheliuwm from the core of thetli
villi have been obgerved, Cells under mitotie division are |
pregent 4r the crypt epithelium,

A large number of lymphoaytes are pregent in the

lamira propria, Central lacteal and smooth musele fibors have
been observed ir the core of the villi, Brurror's glands ir
dupdenum and lymph nodulss ir sll portions of small intestine

are pregent,

Muscularis mucosae is represented by a single layer
of eircular fibers in yowpg animals vhereas in adults there
are two definite layers, This layer is thickest ir the 4loum
ard thirnest in the duoderuys, fjunum: |

Submucosa is thi.gk_est irn the iloum of young animals,
It is thirnesgt ir the du_cdomm of adults, Submucosa exterds
irto the plicae eircularis ard lorgitudiral folds alorg with
the muscularis mucosae, Meissener's plexus and garglion eolls
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Lunen of Brunner'!s glands are larger ir adulis hee
ir young onhes vhereas its epithelium is higher in adults,

Lamira muscularis s comprised of two lavers and a
corrective tigsue layer krown as lsmina irtermuscularis in
between them, Inner ecircular layer cobtains empty Spaces,
probably lymph spaces, The outer lorgitudiral layer is ir the
form of bundles,

Auerbach's plexuses are prégent usually ir the lamirs
intermuseuleris but somstimes they are in the outer lorgitudiral

layer of lamina musoularis aslso,

Serosa 1s composed of loose cornective tissue with

blood vessels ard nerves and sometimes it cortains lymph rodules,

Some of the notable psculliarities observed ir the
histology of smgll intestire of Indian buffaloos are as follovws

(1) CGreater height of villi ir the jejunum of younz srimals
than the sdults,

{2) Greater thickress of submucosa in the iloum of young ores
than in adults,

(3) Greater dismeter of lumer of Brurnerts glarnd ir yourg

ores thar ir adults,

(4) Presence of Peyer's patches in the ducderum of yowng
animals, !
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(5) Presercs of plexus of smooth muscle fibars ir the
subnuadsa,

(8) Presencs of Anarbach*s plexus in the outer longitudiral
layor of lamina ;nuawluriu.

(7) Presence of lymph rodules it the seross,

ELLLLLRCNER




4 i‘rc T ?.....f.._t.(.h....j‘ %p rn.u M .

;iﬂhzﬂaﬂnﬂ. add g . s P

Fp ———— - — -

PRGN Y T 0 (R



1966,

THESIS,

(Vet./A. H,)

MAGADH UNIVERSITY M. Sec.

TABI” O

D TRODUGTION

REVISW OF LITRRATURR
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I Lamira Propria
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Lamivra Subglardularis

-Museularis Mucosae

| Submucosa
# Lemipn Museularis

! Serosa

" MATRRIALS AKD MWTHODS
RUSULTE AFD DISCUSSION
Microscopic Mmatomy
Mueosa
| villi
Lamira propria
Muscularis Mucosae

Submucosa
Lamina Museularis
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Table Fo,1,

LISBT OF T ABLES,

Comparisor of Strustures of the
small intestine of Domestiec Animalse

—Dage.

30

Moasurements of Structures of Duwodenimme 43

Measurement s of Structures of Jejumiume 46

Measurements of Structures of Ileume 43

PUMBER OF PLATRS - « 94,
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ILTRODUCTION,

The domesticated water buffalo (Bos bubalis) has beer
krowr ir the far east before writter history and has emigrated
from its origiral area probably eastern India, to Burma and
other countries of the far east ( Agarwala, 1962), The F, 4,0,
statisties (1958) puts the total buffalo populatior of the
vorld as 95,4 milliors, of vhich 45 miliions or nearly half
are in Irdia, Buffaloes are most numerous ir India,Pakistar,
thira, Malaya and South east Asien countries, Small numbers
are also fourd ir Tgypt, Iraque, Turkey, Italy, Greece and

Bulgeriea, The average arnual milk yield per buffalo is 1100 1bs,

as against 413 lbs, given by arn Indian cows, goes ir favour of
buffalo, Buffalo's milk beirg 1} times as rich ir fat content

as cow's milk, 4s more valusble for butter and ghee production,

- They are also better utiligzers of coarse fodder (Bhattacharyys,

1954), Its capacity to convert feeding stuffs into milk is
probably wnequalled by another species of farm arimals (Hafagz,
1952) .

( 1959-60), ir India buffalo milk forms 55% of 523 million maunds
of milk produced in a yesr, whereas a recent estizate puts that

. 52%€ of the total milk production is eontributed by buffaloes

(Makhijari, 19€7), Besides its milk the buffaloes meat, hidey .
hoof ard hom also form a mjor portion of the total production

Agecording to a folder '1ssued by Natioral Dairy Research |
Irstitute, Karpal, ir the pavallion of World Agriculiural falr

r
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wDew
by other animals,

The physiological value of small irtestira is rot a
matter of controversy, The food taken by the arimal comes in
contact with penereatic julce, blle and secretion of intestinal
glands ir the small intestine, The anzymas pregent 4rn these
secretions help ir the digestion of protein, fat, erbohydeates
ard nucleoproteins and ultimately the absorption of the products
of digestion takes place mairly from the small irtestine,

Considering the importance, it is imperative to investi-
gate the different aspects of Indiar buffalo, So far, much attone
tior has not beer paid towards the microscopie stracture of
gnall intestine, Therefore, in order to aquire the precise
krovledge ard wnderstandinrg about this orgsn in buffalo, it was |
ecor sidered worthwhile to study 1ts histological structure, Tn
most of the domestic animals histologzy of irtestire ard othep
orgahs 1s well knowr since lorg tims but amorg the literature
available, the auther has seen nore on smeall intestine of
buffsloes, except one on Brunrer's glards by Veidya and Mariapna
(1d65),

This wori has been dore on adult buffaloss ard buffaloe
ealves between one and two years of sge, The study comprises the
histological structure of small intestine in general ard measure-
mentg of the villi, muscularis mucosae, submucosa, and lominra
mugeularis in particular, The height of the epithelium of
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«le
Brurver's gland ard dismeter of its lumen has also been meaauro.#
A comparisor of structures betwesn two age grouns and also .
botween the three portions of small irtestire viz, Duodenum,
Jojuwun and Ileum has been made,

#lthough a detailed irvestigation is needed in this
field, the author hopes that this study may prove of soma halp
to the research workers, teachers and students of Avatomy,
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RRVISY OF LITRRATURR
YILLl

Jorder (1940) found that the irtestinal villi
vary much ir form, ir d4ifferent mammals shd ir different portiong
of the eanal in the same irdividual, They were most highly
developed ir dog, vhere they formed lohz projections with
expanded or club shaped extremities and n corstrieted base op
nadc,

Foust (1947) found that the villi were long ard
slander in carnivores, shért and plump i romirerts and inter

mediate in horses and swina,

Blank (1950) fowrd that in cotton rat the vilild
of the Jejunum were longer than those of duodenum ard ilewum,

Jacobsor ard Foer (1952) fourd gradual transition
from closely padced, broad, blunt viild 4ir jejurum to sparsely
packed, flattened, leaf like roughly triargular villi ir the
lower 1loum of rabbit, He alsoc found ribbor like variety of
villus ir wper part of the bowel, In the dog, the villi were
more wiform, They were oylindricsl with rownded onds and vere .
lyirg close togethar, On the artimesenteric border ard occasiora-
11y 4r othar portiors of tho eircumferenco, short relatively
broad villi were seer lyinrg between the larger and more typienl
forms, Ir mar the villi of ilewun resenbled to those of rablit
and were spersely distributed and s=ers usually coriesl ir shape
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with ar oacasiwai broad stubby varient,

Calhown (1954) found that the villi ir the gmall
irtestine of ahicken sometimes branched twice, The villl of the
duodenum were lorgest., She stated that Zistschmarn, Bett and
Clara had found that the villi 1ir 'the ahicten were tongua

shaped, longer and more numerous in the doudenum,

Demke (1954) in o study of the histology of the
irtestire of Turkey Poult found that the villi were tallest in
the duoderum snd vere somawhat shorter ir the jejuwrum and {leum,
Meny of the villi were branching ir the duodenum but rot so in
the Jejunwm and ilewm,

Titkemayer and Calhown (1355) fommd that the
villi of cat were much longer than ir othar mspecles, The vilii
of dog vere pext in length, followed in order by those of the
goat, sheep, pig, horse and cow, (Table Fo,1) He found that the
villi of cat were very close together, quite slender and somow
what constricted at their base, The villi of dog were numerous
and showad soms branching, The distal end were expended and
elut shaned, The villi of goat were wider at the base than
those of carnivores, They were somevhat expended at both ends,
with a slight constrictior between, In sheop end hog the vilii '
wore eylirdrical and vere arranged in rows, The horses had
large broad villi rourded or their distal ords, The villi in
the ox were sletder and markedly constricted at their base, 5
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oG
Ham (1957) stated that ir humar the villl of
duodenum were broader than those elsewhere and mary were leaf
11le, Vi1lf ir the wper part of Jjejurum were tongue sheped,
Further down they bacame longer and finger sﬁaaad, Ir the

1leum they were fewer and still rarrower,

Trautmery and Plebiger (1960) stated that the
carnivores possesed the longest and most siendep villi and the
rumiverts had the shortesgt ami‘ thzckast oras, The Shapey sige
and number of villi varied in different seetiong of snall
intestine,

Bakor et _al., (1963) studied biopsy meterial of
small irtestire ir healthy South Indisn adults, They found that
there were no finger like villi., though such were present 4n
human foetuses, They also found that at birth the firger like
villi were present throughout the small irtestine of rat,
Withir 10 days, the villi ir the wper Jajmum weore seer to be
slightly leaf like ir shape, These villi gradually bagame
broader and brosder as the animals becsme older,’ Firally, 4n
duodenum and wper jejunun of the adult the villi vere represen
ted by a series of parsllel ridges, '

Suzucd gt g1,(1963) could ses ro villd ir the
lover straight intestine of loach but goblet cells were

| presert,
| Coperhaver (19€4) stated that ir man the villi
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dffer ir shape ir differert parts of small irtestine, being
leaf shaped ir duodenum, rowded ir jejuwum and olud shaped &n
ileum,

Creamer (19€4) exemired twenty specimers of small
irtestiral mucosa, showing variations ir villus shape from
finger to leaves and to convolutions, He found that as the
villus shape becume more abrormgl the adult epitheolial cells _
covering them were greatly reduced ir number, He sugsested that
the villus shaso is plastic ard remoulds to a more simple and

scoromical shape as adult cells bacome fewar, !

Vodovar ( 1964) fourd that the villl in the small
irtestire of pig were wur&rical at birth and durinrg the first
stage of their formation in the course of their growth, rapidly
bagame corleal and later agssumod different shames, The thiciress

of mucous and sorous layer were more or less wiform throughout, |

ircreased with age,

sehgal ot al. (1966) fowd that thare were thros
types of villi ir the small irtestine of Rhesus morkey, whieh [
could be ancountered on dissectior microscopy, Under first type,
were classiecal firger like villi, the gocord one leoaf like and
the third type axtra broad leves ourved st plaees, The duoderum
showed a distinctive villus pattern, with 1ittle more thar half
shoving broad curving branched villi, Mrger 1ike villi were rd
fourd ir duodenum, The Jsjurum and ilomm showed with a promirence

of leafelike villi, Many intermediary stages eohnocting ore to
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the other were also discernible,

Jacobsor and Foer (1952) found thet the: eireulatory

\
pattern ir all species bore a defirite relationship to\the
morphology of the irtestinal villus, They heve studied the
vaseular pattern of the villus ir rabbit, dog ard mor \td

\l;
fourd that there was a centrol vessel presert in each ani\?m;l,

which proceeded without branching from submucosal vessel ﬁ‘o the |]
4 :

tip of the villus, It divided there, one branch goirg to th&{

eapillary network and the other to form a precapillary arterice

veinous arastomosis with the veir, In dog, precepillary
anagtomosis vas not demonstrated, The eopillary notwork was
derived from sw)mucasailve:‘ssels and formed arterial brench st
the tip of the villus, The velrous drairage was by ore vein
starting from the tip of the villus to the submucosal plexus,
Ir dogy the velnous drainage was by ore or two veirs, starting
at the tip of villus and drajring into the submuecosal plexus,

Papp et _al. (19€2) were abla to demonstrate the
existarce of a certral chylous vessel ir the intestinal villus
of cat, The wall of the lymphatic eappillary was formed by a
sortinuous layer of flattened and irregular endothelial eells,

Kakharov (19€3) doseribed the peculiarities of
blood ard lymph vessels ir jejunum and ileum of man, The
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certre of each villus was occupied by a lumph sirus which vas
surrowded by a subepithelial blood empillary network, Mach
villus was supplied by one srteriole arising from mucosal or
submueogal layar, Sometimes two arterioles vere swnlyirg one
villus, The arteriole divided at middle or wper third of the
vl._llm to form a denge cspillapy network just berneath the
epithelium, The verules were situated slightly deoper than
arterial networi, The central lymph sinus begining at the tip
of the villus represented the commerncement of the lymphatie
system of integtire, Ore to three lymph siruses may be precsent
ir one villus deperding wor the shape of the villus, At the
bases of the villi the lymph siruses broke w inte 2 to 3 lymph
eapillaries which formed a network irn the mucossa,

Villus Boithellune

Machiro et al, (1963) fowrd that at the base of
irtermicrovillus space the cell membrone sometimes dipped into
the upderlying cytoplasm, presenting the form of a shallow vasge
ir the intestinal spithelium of rat, Small vesieles spoeared
fromw just bereath this vase to the supranueclesr and lateral
regior of the cytoplasm, "ndoplasmie reticulum were alwvays
rough surfaced, The lateral cell membrune rar from the termiral
bar to the basement membrane forming well developed folds or
irterdigitations but no interecellular spaces ware detectable,
Pat droplets were fouwrd enclosed by s limiting membrene,
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Mitochondria of various shape were seen in the mplecal oytoplamm,

Sugukd et gl, (1963) studied the histological
structure of intestinal enithelium of loach, He found that the
epithelium was composed of single layer of columhar cells,
These cells were slender and had a striated bordep, The nuelous
was round or oval beirg placed on the bassl part of the eell,
Hitochondria often assembled at the spieal portior of the
eell, '

Sjestrand (1263) fourd that the plasma membrans
of calumnar cells of mouse irtestinal epithelium was triple
layered with a thidter opaque layer at its periphery, Two types
of attached zoras wore found, #Apieal vesiclos ir the cytoplasm
wara smooth surfaced,

Shestopalova at al, (1963) found rendle shaped
structures with a erystallire type of interral strueture ir the
cytoplasn of epitholial cells of the intesgtine of newborn cotton
rat, Masses of crystals were preasent ir the aytoplasm close o

. the pueleus,

Trier ot al,(1963) found that spparently there
were only two types of epithelial cells that covered the villus
proner 3 the absorptive cells with their obvious cuticular
border and columnar shape ard the goblet cells in between the
columnar absorptive cells, The brush border of the columrar
absorptive cells had many slender long firger like microvilli,
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The lateral margins of adjacent cells had wndulating intepe
digitsting plasma membranes, closely spposed to utl:a arother,
Regiors of specialized attachmerts~ desuosomes, vere present
alorg these lateral membranes, The mitochondria were rod or
filamert shaped snd endoplasmic reticulum with gravular or
agranular membranes, |

Yenamoto (19€3) fourd that the simple columnop
epitheliwn of lapproy (Lampetra japorica) irtestine were
composed of three different kirds of e2ll & the striated
border cells, the secreting cells ard ciliated oolls, The
first type were most tweroua and commmon throughout t;ha entire
irtestire ard frecuertly showed rumepous small vesiclos, The
secretory cells were seer sporadically amorg the other cells
and ir all cases shmésd rumerous small gz;anulea. The ciliated
ecalls were found sporadicslly or growpod betwean other colls,

Micro-villl s

Bilank (1950) fourd that the columnar cells lossed
their striated bo-der near the operirg of the crypt of Lichore
kuhn ir the irtestine of cotton rat,

Granger and Boker (1950) found that the stristed
border on the fres surface of tho sbsorptive cells of the
irtestinal eplthelium ir rat was composed of very mirute
processes projscting vertically into the lumen, They were
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)%
columrar 4ir form with pather blunt and rounded tips ard were
packad very closely together, It was caleulated that a sirgle
eoll bore nearly 3,000 processes end this inereased the absorpe
tive surface of the intestira about_ thirty times,

Daltor (1951) fourd that the height of striasted
border might charge under varying conditions, The soithelial
cells of the villi of duodenum showed filamortous mitochondrin,
to be very rumerous ir basal cytoplasm, The badkigrowd of ths
cytoplasm was organized in the form of vertiecal striations,

*

r: in soma instanees appoared to be cortinuous with filaments
of striasted border, | |

Gol 'dir (195€) found that the cuticular membrone
of small intestirs ir rat was made w of stictlike olements
which appoared as full oylinders or pipes, The lumen corsisted
of eorgecutive erlsrgemant ard constrietions, The pipes appearedifl
in grows of 3 to 5 ard more, betwesn them there was a somovhat

larger lumer,
Oberti (19€0) found that the mierovilli, 4r the

irtestives of man, had a double limiting membrane which pengtrated|
into the eytoplasn at the base of some of the microvilli, The

microvilli showed a central axis rurning throughout their whole |

1erigth.
Shestopalova at_al, (19€0, 1961) loeasted fine
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esbalicull or microtubules within the mierovilli of enithelial
cells, corracting with the caralicull of adjacont microvilldi
ard with the system of ergastoplasm, They found different types
of microvilli, These mierovilli were throught to nlay a rolie

ir secretion elaboration, vacuole formation ard matabolism,

Brown (1962) found that the microvilli vere
short, wide and rolatively few ir corypts, beeams progressively
higher, thirner and more rumerous in the irterviilus ereas '

and iv the villus erest of human jé;jmm.

Gottlieb ot gl, (1962) found that the microvilli
ir the jejwral crypt epithelimm of rat vere short, wide,sporse, ||
loosely and irregularly distributed, A large number of elongated
ard closaly pacited microvilli sppeared in columbiar epithalium
orly, from the mifd third to the tip of the villus,

Millington and Finean (1962) fourd that the core
of the microvillus cortained either paired strands or tubuloer
structures, Lateral cross-fibers extended from the core to
the microvillus membrane and it may be an essential part of

the supporting structure,

Favarro-Berastegri ot sl, (1964) obsorved in men
and other animals that the height and thickress of the miorow
villi charged, dependinrg on their place in the inrtestine
( spex, irtervillus spaces and cryptis),

B . e e e e el
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Ito (1965) found that the mierovilli of cat, bat,
ard mah vere coated with a conspicuous layer composed of fine
filaments radiatirg from outer dense loaflet of plasma membrane,
This surface coat was proninart on absorptive colls but was
not so thic: on the goblet and wndiffercntiated wrynt cells,
In other species the surface coat wes poorly developed or
inconsistent, but all irtestinal mlcmvini had traces of
sucth a coating over their tips ard sides,

Intra cellular lymphooyte 3

indrev and Collirgs (1946),/ndrev and Sosal1947)
observed intracellular positior of lymphoeytes in the distal
and of epithelisl cells in mar and white mice, Definite change
oceurféd ir the lymphocytes and ultimate fate appeared to be
extrusiorn in the iumer of intestine, |

Kelsall (1946) found lymphocytes, usually botwvaen
the nucleus and basement membrane of intestinal epithelium
of hamsters,

Bloam and Paweett (1962) stated that the
irregularly distributed lymphoeytes were sesn pantt;r'ating
from the lamina propria irto the epithelium of tho willd,

imdrev (1963) found lymphosytes penetrating
the intestinal epithelium in man at all ages studied but fouw
signs of disintegration of -such cells were observed,
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Ronhewal of myithelial cells s

Leblord and Stevens (1243), Leblord and Messior

(1958), Bertalanffy (1960), Creamer gt sl. (1961) and Padviula

(1962) found that thore were continuous rerowal of epithelial
1iring of the villl of small irtestire, The cell fird thelr
way i alorg the sides of the villli ard were extruded into
the lumen, presumably from the villus tips,

Kaku gt sl. (1962) also found that the cells
moved to the top of the villus ard then feoll into the lumen,
Three types of ealls were seen ir the intestinal aithelium 3
the villus cells, Pereth cells and geterative cells, Orly the
gererative cells proliferated to swply cells to other zonos,
They differentiated into either a vilius coll or Paneth eell,
The ervironmental factor had dicisive influence on eellular
differentiation,

Fabiry (1950) fourd that the improper Pixation
gaused a contraction of the coentral core of the villi and
formed s subepithelial space, A deloy between doath and
fixatior d4id rot show marked difference,

iy

Fell (1961) found that the epithelisl cells
became detached fram the mucous membrane of the intestinae,

soor: after death in sheep and rats,
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Goblat cells 3

Shearnarn and Mulr (19€0) observed that the
area of mucus syrthesis was limited % the base of the goblet
cells, The large goblet cells being only corgerred with
storage and transmport,

Biorrirg (19262) and Freemar (1962) recogrized
the Oolgt spparatus as the site of mueiger aceumulation,
Muciger was formed withir the granular lamellar mombrane
of the Golgi. The mueciger enlarged and eoalosced with logs
of individual muelgen droplet membrar's, The csll bulged into |
its characteriatic goblet appearance and subseguently mimﬂlug

plasna membrane ruptured with discharge of muein,

Xanwar (1962) found that mitochordria in the I
goblat cells of rat wore filamentous with surface granules 5
attached, Lipid granules ard detached surface granules of k
the mitochondria became duplex as the gearatory eyocle procmded.i
Thie served as n site for condersation of the mucus, The
discharge of mucus from goblet cells was rot exslosive op §

contiruous but gradual and irtermittent,

Goperhaver (1964) stated that the number of goblot
cells were small ir the duodenum and progressively grester in

jejuwrum and ileum,

Freoman (1966) found that the endoplasmie retieulum
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synthesi ged = prbtotn whieh was transported to Golgi epparatus,
There the protein was combired with scid mucopolysaecharidos
and glycoproteing, that are syrthesized by Golgi apparatus,
to fora the mucus droplets, |

LAMINA_PROPRIA

Trier M.( 19€3) identified four types of
eells in the crypt region of small irtestine of man g Paneth
cells, goblet cells, wndifferentiated erypt cells and enteroe
chromsffin colls, Paneth cells wers at the base of the orypts,
Trier (1963) found that the urdifferentiated eells at the
base of the erypts cortaired lobulated ruelet ard paranucloar
accumulation of mitochondria, Argentaffir cells were also
seoli at the basal region of the crypt,

Panath colls 3

Blark (1950) fourd th:t the Paneth cells were
gererally pregent in the basal ends of the gl.ards of Lisberkuhn
all along the intestine,

Castro gt al. (1959) fourd that very large pumbar
of Pareth cells were distributed throughout the small irntestire
of Tamaendua tetradactylanin, A functional ayecle was demonstrated
betwesn the Paneth cells and goblet eells, whereby the latter
origirate from the former, AN orzyme chitinase was fourd ir
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the grarules of Paneth ecells,

Trautmann snd Plebiger (18€0) stated that the
fundus of intestiral glands contained the spocianllzed markedly

gratular cells of Paneth, vhich were sbsernt in carnivores
and swire,

Kalktu gt _al,(19€2) found that the Papeth cells
in the bottom of the arypt, fell irto the lumen of the erynt
whare they discharged their seecretory grotules,

Coperhaver ( 1964) stated that ir mar the Paneth
cells were serogymogertic with characteristie stristed dironce

philiec material at the basgse and large refractile acidophilie }
granules aploeally, In fastirg animals the secretory grenules |
accumulated and the basal striatiors beesme promivent, vhereas
dupirg active digestion the cell was dopleted of both its

grenwles arnd its chromophilie materinl, | '

Staley ard Trier (1965) observed actively
segreting Paneth colls ir preperatior from fasting mice, The
segretory activitly was increased after fecding asnd after
stimuletion with piloecarpire,The sctively soereting Paneth
eella discharged tholr granules in the crypt lumen by merocrina
seecretion, The firer structures were the same in restirg and
in actively secreting cells,
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Argentaffin cells 3

Blark (13950), Finerty and Cowdry (19€0), Cowlond
arnd Heath (1961) and Sirgh (1963) found that the argentaffin 3
cells were more numercus ir dunodenum, “ew in jejunum and '

fover in ileum,

. il

Romeiser (1953) studied the argentaffir arnd
argyrophile cells ir pig, sheep, cov, cat, guinea pig, white
mouce and white rat, In all animals ergyroohile colls were i
fourd ir all sectiors of stomache intestinal tract, Argentaffir |
galis were found in all animals, but ir some sectiong they

were rare or quite absent, f

Schofield (1953) sugeested that irn the small
intestinre in man the argentaffin cells were involved in a
secretory cycle culminatirg in the formastion of a mucous
goblet celly, although rot all mucous cells may necessarily
arise ir this maliter,

Depice (1954) found argentaffir eolls in the
epithelium and tuniea propria of the intestire ir Turkey

Poult,

Ham (1957) ard Coperhaver (19¢4) stated that the
argontaffin cells wera present ir small numbers amorg the crypt
eells and occasionally among the surface epitheliwm,
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Ghirirghelld and Mira (1960) found that in rats
fed with barshas exclusively for sever days, there was an
irerease in the number of enterochronalfin cells in the
duoderum, Cells looalized ir the lower blind erd of the intostie
ral glands were partiocularly ircreased,

Trautmern and Flebiger {19¢0) stated that the
argentaffin o2lls were also present between the duoderal glard
i1s ir all the domestie animals,

Cowlard and Heath (1961) fourd argertaffin eelis
ir the desper layer of liver capsule acnd duodenum of ox, cow
snd gheed,

Gerzoll (19261) fourd that ir amphioxus the
argen taffin cells were sglendor elements ogcupyirg the total
height of intestiral epithallimm,

S8ingh (19€3) found thst the bodiar positive
argyrophile oells were presert in the enitheliun of cardiae
erd of stomach, dundenun and proximal part of jejwum at 2° nm,
stage of humar fostuses, Argyrophile golls represented a stage
4n the maturation of argentaffin cells, Tollovirz their firast
appearance the density of the enterochromaffir eells ir the
apithelivm increaged to a peak level at about 120«140 mm,
stage and thereafter decreased,
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Blark (1950) found that in cotton rat the lamina
propria of duodenum cortaired deffuse lymphoid tissue, In many
areas of the tunica musosa the lymphatic tissue were denso,
formirg solitary oveid nodules,

Guelve (1961) fourd a nerve plexus loecated betweer
the musoularis mucosae and the base of the glands or orypts,
Garglla and solitary nerve cells were found along the course
of bundles of the ploxus ir all sector of the gastro intestinral ‘
tract of cow, horse and pig, Ir gmnll irtegtine the dense |

retwork of plexus were formed by firer burdles,

Trier ot al.(1963) found that ir additior to the
lymph and blood vessels the lamira propria or the cornective

tissue core of the villus vormally contaired smooth musele,
smsll unmyelirated nerve fibers, lymphooytes, plasma cells,
egsirophils, mast cells and cornective tissue elements,

indrew (1963) found that the e2ll population in
the lamira prppria of young individusls were dense, Plasme
ecells were found with many stages ir development,

Deane (1964) fourd ir mouse that the lamira prooria
were highly cellular, A continuwus layer of atteruated fibroe
blasts were seen bhelovw the b&aomant membrane of the epithelium,
Fibroblasts ir mitotie divisior were seen, Plasms cells lying
ir direct cortact vith macrophages and cosinophils were seen
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ir large numbers,

Honjir et al, (1965) were able to demonstrate
fire rerve bundles betwaon the blood vessels, irtestinal
glands ard proper cells of the lamira propria in mar, The
fino axons ir the bundle lost their gheath ard passed inte
groovs or the surface of tho intestinal cell of Cnjal, to form
slightly swollen expansions which cortained meny agrarulap
syraptic vesieclas,

LAME A CUBGLANDULARIS,

Titkemoyer ard Calhowr (1938) fourd ir dog an
extra corrective tissue layer betweer tha muscularis mucosae
ard erypt of Lisberkuhr, This gzors of corrective tissus was
0 micrors in thickress ard completely enerircled the
intestine,

Trautmarn ard Flebiger (12€0) stated that g thir
lamira subglerduloris was presert ir horses and carrivores,
lyirg betweer the blird erdirgs of gland o” Lieberituhn and
muscularis mucosae, It carrivores this layer was subdivided irto
stratum granulosum with manf leucocyteg and a rearly homogorsous

stratum compactum bordering on the mucularis mucosae,

MUSCULARIS MUCOS AR

Blark (1950) fourd ir cottor rat that the lamina

i g et et
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musculeris mucosae was broken ir the pregion where Brunnapts
glend was present, beeause thege glerds extended through it
irto the tela submucosa, IN places where Bruwrer's gland ueré
lackirg, this lsyer was lyirg slong the bages of ths gland of
Licberkuhn, ' |

Calhour (1954) stated that the museularis mueosae
ir chicken was comprised of ah outer eirculer end an irnep
lorgitudiral layer, The latter sert fibers irto the villi,
In places the outer cirecular layer sppeared to fuse with the
eircular layer of the lamira musecularis,

Titkemoyer ard Calhoun (1953) found that ir all

eases vigz, cow, horse, pig, sheep, dog, eat ard goat, muscul.farisi

muocosas comprized of two layerse an irrer cireunlar snd outer
lorgitudirael ore,

Trautmann and Mebiger (19¢0) stated that in
domestiec animals muscularis mucosae was composed of smooth
muscla fibers arrarced in two sheets perendicular to one
arother, Ir aress of duodenal glands ard ir some cases in the
ares of Peyer's patches thigs layer was discontiruous and even
absert in part becsuse it splits ir seperate strands whigh
dip into the glandular layer,

Lare and Rhodir (1964) found that in mouse this
smooth muscle olement was a thres-dimensioral retwork of
flat tened cells with elongate processes, The pronesses of

= et X T o i A
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each cell were contairirg those of its neighbours, The gland
of Lieberkuhr were ermeshed in the net of musecle eells,

B UBMUCOS 35

Damke (1954) fourd ir Turkey Poult that the
submucosa was poorly developed, Ko Brunrep's glond were noted
ir the sections examired, A fow rodules ard Aiffuse areas of
lymphoid tissue were found ir the duodenum,

Berry (1962) fourd ir dog that the submucosa of

¢mall intestine was composed of interlacirg collageonous fibers,
which ir the noutral and relaxed state consisted of spirel
coils, Half of the collagenous strands ror clockwige and half

cow Ler=clockwise,

Kekhorov (1963) fourd that irn mer the lymphaties
of different sizes formed lymphatic plagus ir the submucosa,
The lymphatie vessels of submucoss formed ahastomosis with

capillaries ard vessels of serosa, Artorial plexus of submucoss |

gave origir to mucosal, muscular and sorosal branches,

Alemtara ond @iveira (19€4) found that there
were » greater rumber of neurons ir duoderwn and Jojunum iv
oomp arisor with other segments of irtestine of wister pat,
Eaurorn populstior was foumd to decrease as the more distal
portior of thae digestive ecanal was renched,
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Norrdis st al.(1963) found that the mast cells were

more rumerous ir the musosal ard submueosal layers of stomach,

man, No sppreciable rumbor of mast cells were obgerved betweon

fourth ard ninth hours after death,

\staldl st al.(1964) fourd that tho pumber of mast
eolls, in the submucosa of human irtestire, varied from ore
eage to arother, Ir the lamina p'ropﬂ.a magt cells wex;e in laorge
runbers ir some eases vhile ir others thoy were totally absent,

Brurrer's gland 3 and Peyer's patches :

Blank (1950) found that ir cottor rat the Bruner's
glsnds were extromely abundent near the junction of pylorus
ard duodenum, The terminal portions of the Brunner's gland wore
highly branched and colled and were fnyosted ir fibrous
cornective tissue, The secrotory nortions of the glard were
composed of low columnar cells with their nuclei at the base,

Salhour (1954) fourd that there were no Brunner's
gland ond Peyer's patches in the irtestive of chicker,

Moe (1960) obsorved that the cells of the Brunner!s
gland 4n rat were srovided with microvilli ord had a triple
layered plasma membrara, Thelr cytoplasm cortained mitochondriay
RN A particles, a Golgli apparatus ard seeretory granules, The
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searetory granules seemed to be produced by Golgi aspparatus,

Cochrane gt al, (19€¢4) fowrd that ir guirea pig
the acirer cells of the Brurrerts gland were lyirg or the
basemert membrane and were closely interlod:ed laterally, a
few desmosomes were also presert, The lumiral border of the
cells were devold of microvilli, The aspiecal part of the esll
was pacikced with secretion droplets, The nucleus was situated

basally and there was extensive Golgi apparatus,

Valdya and Mariappa (1965) fourd ir Irdion
buffaloes that the Brunrer's gland exterded wto 25 em, beyond
the pylorus,

Trautmanr =nd Flebiger ( 12€0) stated that the
Peyer's patches ard solitary nodules were larger and more in

number ir youg animals ther ir adults,

Cornes (1965) examired speaimens of rormal small
irtestine from patients betweer 15 ard 95 years of age, Zmnpho:ld{
folliecles were over 200 before 20 yesars of nge to about 100 ' '
batween 70 to 95 yoars of ags, With ineressing age, there was
a loss of folliocles givirg patches of wrusual shade and

appearsl ¢a,

LAMIV A MU "

Titkemoyer and Calhowr (1983) ard Trautmarrn ard

e et i bt st e
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Plobiger (1960) found that ir dog there was an extra oblique
layer of musele fibers irn between the submuocosa and 1!11"
eireular layer, Ir other animals there was only tw dia;ret
layers, o\

Yomagishi (1960) found thet there were shmk
differerces in ths fire atruetura of the emall blood! and
lymph vessels of the muscular and serous ooats of tha ﬂn
intestine of eat fish, frog, srake, domestic fovl ard dtjg.
the basiec structure being the same, \\

Taxi (1961) observed irtimate cortaats batwem
nerve fibers and smooth muscle eells ir the irtestire of mi o,
Somatimas such nerve fibers were found ir a depressior of the
musele cell surface, Fumerous cortaet zones between musele

colls were also saer,

Kakharov (1963) fourd that ir man the intra
museular network of lymphatic eapilleries gave origin to
lymphati ¢ vessels of the lateral aspect of the intestins, The
vascular supply of laminag muscularis were by straight and
recurrent branches as well as by a number of arteriolss cominrg

directly from the mesentry,

Dupont and Sprirg (1964) fournd that ir guinea
pigs the granulsr polydendrocytes, identical to Csjn-l's
{rtersti tial rewrors, formed a wide spread firo retwork
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throughout the mucular coat, The natwork crossed the ;;\rﬁnmary
fiber plexus ( Auerbach's plexus ) in all directiors, ‘mq&?
appeared a pbirt of junction of these two metworks, \

Oosakel ard Ishii (1964) found that there werg)
two kirds of contact zores betweer smooth musele oolls ir §
the lamira museularis of small irtestire ir rat, those wzt:!;i
fusion of adjoining plasma membrares snd those with 1Pterae§}\u~
lar attachments, The patterr of the former was dlarautarisdt-
by fusior of adjoirirg plasma membranes resultinrg in oblit
tion of intercellular space vhile that of the latter by the |
pregence of an irtercellular space ocowied by a homogereous

and smorphous material,
Auerbach's plexus 3

Richardsor (1953) deseribod the structure of
Auerbach®s plexus in the small intestino of rabbit, It was
found that the Auerbach's plexus took the form of a wide
retvork of garglia arnd primary rerve bundles, The irterstices
of this retworic were traversed by thirrer secondary rerve
bundles and close tertiary plexus of cortiruous strands, Anotheﬁ
netéork of less well defired pattern irtermingling with the
tertiary plexus were seer, This comprised of cells with oxtroe
maly long processes inrtricatoly irterwoven amorg themselves
ard occurirg at various levels with respect to the secondary
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and tertiary bundles, These gtar shaped colls appeared to
corstitute the network of interstitial colls (Deseribed by
Cajal, 1393), The remaining occeup:unts of the nrarrov irterval
between the two muscle coats were blood espillsries and
occasional conractive tissue cells, The nerve bundles from
tergtisry plexus entered into the musele coats accomperied by
blood eanillaries srd interstitial ecolls, These three.structurea
formed a plexus amorg the muscle fibers,

Leamirg ard Caura (1961) found that the nawé
cells in the Auerbach's plexus of jejunum of cat were much
more thar in the duodenum, The ratio between deeply ard lightly
stainirg nerve cells were 1 3 1,9 ir both duodenum ard jejuwum,

Kakharov (1962) after injoctirg a dye ir the
musoular layer of small intestire of fostuses, childrer and
adults of both sexes ocould observe not only the lymphatic
eapillaries but also the peripheral spaces suwrromding the
Auerbach's plexus, The parineural spaces of tho tiry nerve
filament emerging from Auerbach's plexus were also seen, whiech
formed direct correctior with the lymphatic system, Thesge
rirdirgs cornfirmod that the humeral cornections ware present at
the periphery of the body between autonomic and lymphatie

systonms,
S2ROS 4,

Finerty ard Cowdry (10€C), Bloom srd Pawecett (19€2)

e e S e
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and Coperhaver ( 1964) stated that the sarosa ir the small
intestibo in mar comprised of loose cottective tissue, covered
by a layer of mesothelium,
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TERIALS AND MBTE
SOTRC? OF

For this study, the small intestire from 12
buffaloes vere used, Ineluded in this grow were 8ix hepe
buffalogecalves from one to two years of sge and six adult
sha=buf'faloes, _

The materials from buffaloeeslves were collected
from the Depsrtuents of Atgtomy and Surgery,Bihar Veterirary
College, Patra and from adult she~buffaloos, from slaughtap
house, Sahgsnj, Patna, Because of the nonesvailablity of the
material from adult he~buffalos the irvestigation could not

be made on this grow of arimal,

These animals ware ir good nutritiorsl cordition
ard sppeared to be free from disease,

| TRGT IR

Pixatior ard Processing of the Tiscues,

Sectiors were taken from the traoct, every tenth
distarce irrespective of the over all lorgth, The first soction
was taker as near the pylorus of the stomach as possible snd
the last ona was taken vext to the 1leowcascal Jureotior, The
other aight sections were tater aquidistant Dotweern thom, IT
was impracticable to remove the materiasls immedi-tely aftep
death of the animal at slaughter house or the materials vhich
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were taken from Supgery or Matomy Dmartmerts, The materisls
which were obtaired from Departmert of Supgery were fixed

usually withir two and hel? hours after the death of the atimalyg
The materials from Department of Anatomy were sollaected from
embalmed srimals meant for dlssection, However, thay were fixed,
won their removal from carecafses, in 107 formsldehyde solutior
(1 part commercial formalin end 9 parts water), |

i

Smell blosks of ove centimeter width and about
1,5 centimeter length were cut to show the cross seactior of ]
small intestine, The blocks were out ir sSuch a faghier thet

the length of the blodks corresporded to the length of the
gnall irtestire, for corvenience at the time of embadding,

The blocks were washed ir runnirg tap waler fop
3 to 12 hours and vere then put into 70% othyl alechol for 12
hours, Dehydeatior and irfiltration were done step by step
ir the following mantrer,

1, Normal butyl alcohol arnd 95% ethyl aloohol {equal

farts) ' 4 hours,
3, Normal butyl aleohol Fo,2, 1€ hours,
4, Formal butyl aleohol and 529 o

paraffin (equal parts), 2 hours,

5, 520¢ Paraffin Fo,1, 2 hours,




1966,

(Vet./A.H,) THESIS,

MAGADH UNIVERSITY M, Se.

b s i

e )
‘
[

6, 52° e Paraffic Yo,2, 2 hours,
7e 60° @ Papaffin ¥o,3, 13 hours,

The infiltrated tissues wore then esbodded in €0°e
Paraffin (Bg BQHQ)Q ' ‘

Sectioning
All seoctions were ont at gover mierons,

Stairing and Mountirg,
The follovirg staits were useds

amd Eokim

Harri's Hematomita- Routire stain,

Yeigert and Var Gissonts statr (Mallory,1942)e
for collagonous tissue and musele fibers,

3, (Oallego Iron Puchsin steiv (LifRie, 1943)« for
collagerous tigsne, elastic fibers, musele fibers and
mast cell granules,

4, Tortana -Massor stair (Lillie, 194%)« for granules of

i »
er terochromalfic eells,

5, Oridley's reticulum steir (Gridley, 1981)= for
reticular fibers,

The staived gections were mowted ir canda balsan,

Mothods of Measurement,
Moasurenents of the villi vere made from ths base

B L A S N N
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to the tip of the villus, Musoularis mucosas, sub mucoss ard
lamina mugonlaris were measgsured at thelr thickress, The
diametor of the lumen of alveoll of Brusrer's gland were
maasured at the certre and the hol.g’ntlo!' its epithelum vare

als0 mensured,

A1l the measurements were made from random samp]_.m‘
of those structures seer under the lizht microsespa,

Tverty measuremerts of sane strufture in the same
arimal in 4ifferent slides wore taken, A average of twenty
measurenents of a partiocular structure it each animal were
takon, The mean of the averages of 2ll measurenents ir diffoe
ront animals gave the firal average measureasnt of that
particuler structura,

esvas
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RESULTS AND DIScHSSION
Small irtestine, as a general rule, 4s divided into
three portions viz, duodenum, Jejunum erd ileum, Although
grossly there is no demarcatioh betweear the Jejurum and 1lleum
but the last 3 to 4 feet 15 considered as ileum as stated by
Sigson and Orossman (1959),
The external surface is highly vascular and a large

number of Blood vessels ard capillaries are visible, so much ® |

that this surface gppears reddish brown ir colour, The irterral
surface presents lorgitudiral and eireulsr or oblique folds,
Titkemoyer and Calhoun (1955) observed longitudiral folds in
all the domestic enimals studied, except the ox, The circular
folds or plieae circularis are parelliel to esach other and _
becomas faint or are altogether absert towards the mesenterie
border, lovgitudival folds run longitudinally, ere interrupted
at places snd lie parelliel to each other, These folds are nlso
absent towards the mesenteric border of the small irtestine,
The surfaoce of the mucous membrane over #id botweer the folds
is covered with projectionse the villi, Peyarts patches are
present ir the jejunum end ilesum only, They are elorgated inr
shapa, 1'0 Payer's patches are grossly visible ir the duodevrum
but are sometimes present microscopically ir buffaloe-calves,

MICROSCOPIC A ATOMY,

The wall of the small intestine is divided into

‘mucosa, submucosa, lamina muscularis snd serosa, Plieao

S e o = e

FL
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circularis ard lorgitudiral folds of mucous memb¢range are
present, The mucosa is composed of projections of different
shape ard size callsd as villi which is lired with epithelium,
The second layer of mucosa is lamita propria vhich aortairs the
intestiral glands or glands of Lioberkuhn ard also forms the
core of the villi, Tﬁe third layer is lamina muscularis mucosae |
vhich consists of a cortiruous layer of smooth musele fibers
erd forms a bowndry betweer lamina propris and submucoss,

MICOE M

Villg

A microscople study of histological sestions nrepared .-f
from various levels of intestiral tract has revesled numesrous !
variations, The shape and height of the villi varies with age,
different portions of small irtestive and irdividual to
irdividual,

Ir duodenum the villi of buffalowcalves are loafe
like or tongue shaped, Some of the villl are poirted at theiy
tips, The bages are usually wvider thar the tips, Very few of
them are firger like, Ir adults, the vill4 beme' blut at
their tips and are mostly tongue shaped,

In Jojunum ard ileum o buffalo calves the villi
are mostly finger llke but soms are poirted at the tips, In
adults, the villi are constricted at the base, They bsecome
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Besides these, smooth mugcle fibers sre also present in the

«Pe
progressively wider wto the ﬁ;per third and are pointed and
slightly curved at the tips, Some are typical finger like, Ir
distal portions of small irtestine the villi are mostly firger
like with their blunt ends,

The average height of the villi ir the duodenm
ard 1leun 1s greater in adults than in buffalo=ecalves vhoresas
in jejunun villi are smsller ir adult buffsloes than ir the
buffalo=calves, They are or average 519 /u and 527 /u in duoderug,
77 /u ard €07 /u ir fejunum and 48¢ /u and 559 /u ir ilewn of
buffalowcalves and adult buffaloes respectively, Tha villi of
Jejuwum are longest amorng the villi of all the portions of
saall intestine,

Tach villus consists of g loose cornactive tissue
sora and an epithelial covering, The connective tissue core
of the villus is composed of collagenous and reticular fibers
and conractive tissue cells, Fibroblasts, plasma cells, m: eroe
phages, ocosinophils and large number of lymphoeytes are presert,
Mast eells have not bean observed under this irvestigation,

A sirgle lymph vessels the central lactesl, with
ardothelial living is presert at the centre of the each villus,

gore of the villus,

Zpitheliun-
The epithelium which covers the villi 1s composed

i —
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of a sivgle layer of columnor colls, The bgsement membrave
ard the cell membrsne are not clearly demarcated, The epithelium
cansists of two types of cells, the columnar absorptive colls
ard the goblet cells, The free surface of the epitheliwm bears
a striated border which looks like s homogereous laysr uwndep
light microscope,

The cytoplasm of the absorbing columrar cells looks
firely grarular wnder high magrifiestion, The Grarules are
aggrogated at the apleal portior of the cells ard teke deoper
stair, The nuclei are oval or rowded in shape and 1lie at the
base of the eells, The rucleus cortairs one or tvo nucleold
ard they lie at ore corner of the nueleus or may somatimes be
ir close contact with the nuclear membrane, Chromatin grerules
are irregularly arranged and are thic:ly situated at the zone
of ruclear membrsne,

Intracellular lymphocytes are presert at the apieal

 portion of the absorbirg cells in buffaloecalves ard adult

buffaloes, Lymphoaytes perftrating into the epitheliun from the
core of the villus have beer observed ir soms of the sectiors,
and this tallles with the observations of Andrew gt al, (1946,
1947), Kalsall (1946), Bloom and Mueott (1962) ard Andrev (1963)

Goblet cells are situated between the columnap
obsorbing cells and are very fev in number as compared to othar

arimals or are even sometimes absent,
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It 15 observed that the delay ir fixatior of the
materials cauwses detachment ang sheddirg off of the epitholium
from the mucous membrane, The minimun time ivterval betwaen
death of the animal snd fixatior during vhich this type of
c¢harge occurs in this specles have not been ascertaived, A more
detailed investigation is needed on this aspect, Such charges
were observed by Mell ( 1961) ir the irtestine of sheep and 1
rat,

t of Lie N

The epithelium covering the villi cortinrues into the

glands of Lieberkuhn, The mgjority of the ceells which form the !
wall of the glend s composed of wdifferentiated columrar aslls, |
The nuclel are basally situated and are oval iv shapo, Colls '

wder mitotle division are presert ir the crypts of Lisbarkuhr
ir both young end adult animals,

Goblet cells are distributed in between the mdi.rt'qmné..
tiated columnar eells of the crypts, They are fewer among the |
erypt cells also as compared to other animals or are even somee i
times agbsert, i

Cells of Pameth have not been observed under this
irvestigation, |

' Apgentaffir or erterochromaffir eells have been
observed by usirg special stains (Fontapa Massor stain ),

These cells are numerous 1in the crypts of Lieberkuhr ir duoderum

of adult animals but are very rarely present ir buffalowcalves,
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Ir jojunum and ileum these cells have mot bea: observed anong
the sections examired, They are rarely presert ir the vilius
@itheliuwm, These oells lie sirgly among the erypt cells, The
grarules of the enterochromaffin c¢olls stain deep black and
are aggregated usually at the basal rogiod of tha cell, Jomew |
times these granules surrowd the ruelous,

Lomirg Propria,

Lamina propria of the mucous membrane fills the
space between the glands of Lieberkuhn ard forms the core of 55
| the villi, It consists of loose conractive tissue ard o network I
of retiecular fibers, Among the cortoctive tissus cells fibroblasﬁh,
macrophages, plasma cells and eosinophils are present, A large “
rumber of lymphooytes are irfiltrated amorg the corrective i
tissue cells, Both small and lerge lymphoeytes have been Seer,

Mast eolls have not been observed, S5lood capillaries are always L

I
present ir all the portion: of small irntestine, A certral 1l=cteal
lired with erdotheliwn have beér: observed in the centre of ench

3 |
villus, Smooth muscle fibers are also present iv the core of I

I

the villi, Blood vessols perptrating the lamiva musenlaris
mucosae and extendirg wto IMa propria are sometimes presert,

Lamina propria ir the duoderum pregents Brumrer's
gland wvhich has extended from the submucosa, Solitary lymph
nodules are occasiorally present ir this layer in all parts of
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small irtestire, Some times these nodules exterd irto tho core
of the villi,

Musculgrig Mucogao,

Husoularis mucosae forms a bowrdry between lanira

propria and submucosa, Ir adults, this is ir the form of a
cortiruous layer of smooth muscle fibers arrarged ir two rows,
The fibers of irner layer are arrahged circularly and the outer
one lorgitudinally, In yourg animals lamiva museularis nucosae
is rot well developed and is irterrwted at various placos, Two
layers are not alvays presert in calves, Some times ir adults
also this is represented by a single layer of ecircular fibers,

Musecularis mucosse extends into plicae cireularis
ard lorgitudiral folds of the mucous membrane, along with the
subnucosa, Ir most of the cases it is irterrupted at nlaces
where the Brurner's glands or Peyer's patches are present, These
structures extend into the lamina propria through 1nt@rmtions-
of lamira muscularis mucosae, It some cagses museularis mucosae,
at the region of lorngitudinal folds of mucosa, sends muscle
fibars into the submucosa snd forms a network of smooth musale
fibors, :

This layer is thickest in the floun and thirrast
in the jejurmm of both young and adult animals, It is 2¢ A

and 42 A 4n duoderuny 17 M and 41 A iv Jejurum snd 41 A and




1966,

THESIS,

MAGADH UNIVERSITY

{ Vet, /A, H.)

M. Ne,

o0k Do
59/u in the 1lem of buffaloe-calves and adult buffaloes respeactis-

vely,
IABLE Lo,
Measurements of structures in Duodenunm,
7 sives § Adult . A
M § BSnge oar
Vil (M) 444-693 6519 33%=598 527
Muscularis mucosse (/) 15« 33 26 M- 54 42
Submucosa (A1) 190-670 370 235435 977
§§35333f3°§1§€§°?ﬁff 9« 31 17 9- 14 1°
Helght of Tpithelium
of Brurver's gland (M) D= 16 13 13- 19 13
Laniras Museularis (A1) 590-2203 1070 1931.2723 2331

SYBMTLO8 A

Submucosa consists of loosely arranged cormective
tissus, larger blood vessels and nerves, This layer extends
into the plicae ecircularis and longitudiral folds of the mucous
membrare along with the muscularis mucosae, It ic highly suppl:led.
with blood vessels, capillaries and nerves, Mgdsserer's ploxus
along with the g.ar:guon o2lls have been observed, IN the meshes
of collagenous and elastic fibers connective tissue 28lls are
distributed, Fo gland has been observed in the submucosa except
the Brurrer's gland ir dwdenun,
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Submucosa is thickegst it: the duodenum of adult
buffalo”s and the ileum of buffaloe=cnlves, It is thicker at
places vhere Brurrer's glands or Peyer's pat-hes are present,
Thickness of submucoss is 370 /4 and 377 A in duodenun, 167 A
ad 02 A 4in jejurum and 741 A ard 3MOA 4r the 1lowm of |
buffalo~calves and adult buffaloss respectively, In the ileum
of young animals its thidmass is groatest agnd is due to the

1

presence of larger Peyer's patches, some times ocowpying the
‘whole of the thickress of submucosa,

*s Pat

Poyer!s patches are well developed ir tho 1lowmm
of buffalo-ealves, They are agzregation of larze rumber of

e

lymphoid follicles and ir some eases almost occuples tho vhole |
of the thidkness of suitmucosa, Soma times they penPtrate irto
the muscularis mucosae and exterd wto the lamira propris, In |
adults, they are rarely ir the form of patches, They are usuallﬂ
in the form of solitary follicles or are diffused through a

wvide space of sub mucosa, Microseopieslly they are pregent ir

the Jejurum and ileum and sometimes ir the duoderum of young

arimals,
In one buffalo=calf the follicles of the Peyer's
patches have been observed surrourded by smooth musele fibers,

Brunner's glands have beorn obgserved in the first
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sectior and wpto 45 om, exterding béyond the pylorus, Valdya
ard Marisppa (1965) observed Brurrer's gland, ir the duodenum
of Irdian buffaloes, extending wpto 35 om, beyond tha pylorus,
Sisson and Grossmar (1959) stated that these glands extend
throuwghout the first 4,0 to 4,5 m, in the small irtestine of
ox, It is probable that they are prosent but may be digtributed

thinly enough to be missed wher sections are taker every tenth
di starce only, '

These glards are distribuﬁed in the submucosa
and also axtend into the lamira propria, The alveoll of the
glard ecan be differentiated from the gland of Liocberkuhn by |
its faint staining, Ioose connective tissue surrounds the gland
ara its alveoli, Alveoli ere lined with low columar ecolls, |
Galls are widor at the base and narrower at the spex, lo |
striations lining the epithelium of alveoll were visible, Cell

e v

membrare iz clearly demarcated, The nuclei are oval or rounded
ir shape and lie close to the basemert membrane, Ducts of the
glard are lined with simple columnar epithelium, They open
into the erypts of Lisberkuhn or between them,

Ir buffalo-calves alveold are loosoly distributed |
with a wide spaoé betweer them but ir adults they lie close |
to each other, The diameter of t;he lumen of alveoll 1s larger
ir young srimals than ir adults, vhereas the height of its
aithelium is greater in adults thém ir young ores, The average
diameter of the lumen of Bruwnerts gland is 17 A ir buffalo-
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calves and 12 Al4n adults, The height of epithelium is 13 M
ir buffaloecalves and 18 /A 4n adults, It scoms that as the
height of the epithelium increases, the lumen becomes progressi-
vely smaller with the inereass in the age of the animal,

Fo Paneth, goblet or enterochromaffin cells have

besn observed in the Brurrer's glangs,

Trautmarr agnd Piebiger (1960) stated that Psneth
cells were presert in horse, goblst cells 4ir ox, horse and
sheep and enterochromaffin cells in all the domestic animals,

fA3LZ KO3

BLE
Measurement s of structures 4r Jejurun,

ange aan
i (A : T00«300 787 360764 eo7
Muscularis Mucosas (A1) 10- 23 17  3Be 46 41
Submueosa (/1) 103-268 167 170=-3P€ 302
Lamina Musoularis (A1) 411-9¢4 €02 951-1735 1343

LAMIEA MUSCSULARZS
The lamira musculasris cobsists of two well defired
layers of smooth muscle fibers- an inner circulsr and outaer
longitudinal, OQuter longitudinal layer is thinrer than the
irrer circulsr layer, Thepe i1s a definite conrective tissue
layer called lamira intormuscularis, ir between these two
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layers, Lamira muscularis is thickest ir the duodenum of both
young and adult animals, Itsaversge thickness is 1070 M ard
2331 A ir duodenum, €02 Mard 1343 Min jejuwun and 661 Mland
1532 A 4n the iloum of buffalo-calves and adult buffaloes
respactively,

In the inver cireular layer in almost all the
sections of small intestine and in bdth young and adult m:l.mals,i
empty spaces are present, These spaces rur parallel and crosse |
wise to the fibers of the circular layer, TPautmarr and Piebiger
{ 19€0) ard Kskharov (19€3) reported the nresence of lymphatie
retwork in the laminra muscularis which cornect with the
lymphaties of the submucosa ard serosa, It is probable that
the spaces observed under this investigatior are lymph spaces
vhich have emptied durirg the processing of the tissue,

Fibers of the outer lorgitudirel layer are arranged

ir bundles with loose connective tigsue between then,

Lamira intermuscularis contains collagenous fibers
ard some cornoctive tigsue cells, Blood vessels and nerves are
usually present, This layer also presents tho plexus of Auerbach
and ganglion cells,

Large blood vessels and capillaries have been
obgerved in both the irner circular and outer longitudinal
layars, Vessels entering the lamina muscularis from serosa

have beer observed irn some of the sections,
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Auerbach's plexuses are usually situated in the
laming irtermuscularis but ir many ecnges they lie at various
denths of the outer longitudinal layer of lamira musculeris,
They are abundent and in one view overn 3 to 4 of them are
visible under low magnification, The Auerbach's plexus, as
goer under light microsecope, is composed of deeply and Taintly
stairirg neurons ermeshed ir a retwork of fine rerve filaments,
Large ganglior cells are presert ir some of the plexuses and

are situasted at ohe corner of them, Sometimes very smell blood
ecapillaries are vigible ir the plexus, The plexus is enclosed
ir a capsule of regularly arranged flat colls irnternally and
a layer of fibroblasts externally,

TABLZ 104
Measurements of structures ir Ieun,

viiigs (A 312-630 436 425«668 559

Museularis Mucosae (A1) B 73 41 45« 79 59

Submuecosa (A ) S6-2192 M1 252379 940

Lemine Muscularis (A1) 516-298 661 1155-1733 1532
SEROE A

Serosa is composed of lcose connactive tissue.
Corractive tissue consists of oollagenocus fibars and connective
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tissue cells, FPibroblasts are very few ir number, Macroshages
and plasma colls are also less ir numbor, Some grarulsr leouco
eytes ere also visible, The lymphoaytes are infiltrated among
these cells but are fewer ir numbar thar lamina prooria angd
submucosa, Collagenous fibers are loosely and irregularly
arranged, Large rumber of blood vessels are presert in this
layer and some of thenm p-onetratd ingo the laming muscularis,
Ir one ease 2 solitary lumph follicle have beon observed which
vas lying close to the external layer of lamire musculsris, |

S
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1¢ For this study materials from six adult buffaloes
and six buffalo-colves were taker, Sections were cut every
tenth distance irrespective of the overall length of the mmall

intestine, The first section was taken roear the pylorus snd the |

last one rext to ileo-caccil junction, They were fixed ir 10%
formalir solution, bmydratian and infiltration wers done by
the method deseribed in the text and bloacks were prepared,

Sectiors were cut and stained ir Hematoxylin - Wosir stalr,
Special stains were also used for dfferential staining,

2. A geberal survey of the histologieal sections
were made ard measuremerts of the villi, muscularis mucosae,
submucosa, lamin: muscularis, diameter of the lumern of alveold
of Brwner's glands =nd the height of its epitheliumm were
taken,

3, The external surface of the intestins 4s highly
vascular and it appears reddishebrown, INternal surface nregents
Plicae circularis and longitudiral folds vhich are absent
towards the meamenteric border, Paeyar's patdhes are grossly
present in the jejuwum ard filoum only but somatimes 1t is also
present‘in the duodenum of}omg gnimals vhen examined mieoroe-
scopi eally, |

4, The shape and height of the villi varies with

age, their locatior in the small irtestine and irdividual to
irdividual, In the duodenum of youwg animals they are 1eaf-nk

A i
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or torgue shaped, In adult, they become blunt at their tips

ard are mostly tongue shaped, In jojunum and 1elum of young
arimals villi are mostly firger 1like but some are poirted at
their tips, In adults, they are constricted at their base,
becoma progressively wider towards the wper third and are
pointed end slightly curved at their tips, In adults, the villl
of duodenum (527 /2 ard i1loum (559 M) are higher than in
yourg ores (519 M) ard 436 M respoctively), whereas ir jejurun
they are higher ir yowng animals (787 M) ther ir adults
(607 M) , Vi1l of jejunum are highest among the three portiors
of small irtegtire, Central lacteal and smooth muscle fibers

are present ir the ecore of the villi,

5, The villus epithelium corsists of single layer
of colummar cells and goblet cells, Orypt of Lieberkuhp
contairs wdifferentiated arypt cells, goblet cells and
enterochromaffin cells, Paneth cells have not béa observed
ir this irvestigation, "nterochromaffin cells are ususlly
pregert ir the erypts of Lieberkuhr ir the duodenum of adults
andhave not beer observed in other portions of smsll intestine,
Goblet cells are very few in number or even absent among bot.h
the villus and crypt epithelium,

6. Intracellular lymphoeytes are present smorg the
villug apithelium of both young and adult animsls, They are

villus,
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7. Colls under mitotic division have beer observed

!.n the erypts of both young and sdult amimals,

8y Delay in fixation of the tissues has cz:used

shedd!.ns of the epithelium from the core of the willi,

9. The lamira propria contains large rmber of
Lvnphoaytu and other connhective tissuo cells in the mesghes

of collagenous and recticular fibers, Solitary lymoh rodules
:aro present throuwghout the small irtestine, Srurmerts glands
‘are present orly ir the duodenum,

10, Ir yourg ones muscularis mucosas 45 usually

‘represented by single layer of efroulsr fibers but in sdults

it i3 mostly ir the form of two layers, This laver is thickest
in the 1lew ( 41 A and 59 /1 ) and thirnest v the jojurum
( 17 /2 and 41 1) of yowg snd adult srimals respectively,
Ir duodenum 1t 15 26 A and 42 A §n yowrg snd adult animals

respectively,

11, The submucosa 1s thickest in the Lleum (741 A)

‘of young spimals, Ir adults 1t is thickest ir the duoderum
(377 R ), It 45 0 Mir duoderm of ealves, 167 M ard

302 A gr jejunun of yowg and sdults respoctively and 340 M
in the flewm of sdult animals,
The submucosa extends into the pucu eircularis
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and longitudinal folds along with the musculsris mucosae,
This layer 1s supplied with large blood vessels and nerves,
Meissenerts plexus and ganglior cells are also presart, '

12, Fo glands other than Bpurrerts glands in the
duodenum have bem obsarved, Lumer of alveoll of Brurneprts
glard are larger (17/1) in yowg animals than ir adults (12/2)
whereas the haight of its epithelium are larger ir adults (13A)
ther ir youwng (13M) animals,

13, Peyer's patches are well developed in the
ileum of young animals and are in the form of nodules in
adults, They are presert in the jajumum and f{leum of both and

sometimes irn the duodenum of yourg animals,

14, Lamira muscularis consigts of two definite
layers with a connective tissue layoer krnown as lamira intere
muscularis in betweer, Inner circular layer presents empty
spaces, probably lymph spaces, The outer longitudinral layer
is ir the form of bundles, Blood vessels and reticular fiberg
have beer observed in between the muscle fibers, The lamina
muscularis 1s thickest inr the duodenum of both young and adult
animals, Its average thickress is 1070 A and 2331 Aiin duodenun

€02 M arnd 1343 Min Jojunum ard €61 Mand 1532 A 4r the {lewm
of yowrg and adult animals respectively,

15, Auverbach's plexuses ere found ir large numboers

A ' S e
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| ard are usually present in the lamira irtermuscularis , Sometimes
| they are present in the outer lorgitudirel layer,

f 1€, Serosa consists of loose cornhective tissue contale
rirg blood vessels and rerves, Somotimes lymph nodules are also
presert, Lymph vessels have not bemn detected under light

microseopa, .
From the results of this investigatior it is emf-cludetf
that there is no sex difference batweer the two age grows '
studied, The small irtestire is richly swplied with blood
vessels and nerves, The gtructures develop and become more

definite with the increase of age of the animels, "xcept the
height of villi &ir jJejunum, thickness of submucoss ir the ileum
and lumer of Brunner's glands ir duodenum, all the structures
are found to be thicker or larger in adults than ir young
animals,
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