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l;:"-‘"‘l“"':rc“;;::::3":':::“:‘ mllll‘;“l:rl::::lnc( ilv‘frli\"rnn"““““ on the histology of proventricular mucosa of
g apancs dil S ork carrie " f

B cOUmINOT IYCIEE 00 rnged from (5 0) et e e v 00
(250 300gm)- The birds were culham.zcd_ Specimens from the prbvclltriculllq‘\bv‘crc ﬁxid in .m":,;. neutral
puffered lonmflmand prochscd for light microscopic examination, another s ccimt."ns were processed
for electron MICroOSCope. The present study revealed that the muco‘sa was thrgwn imd plicae and sulci
which lined by Sl'f‘Ple columnar epithelium. This epithelium showed positive reaction to Periodic acid-
Schift (PAS), AlFlan blue, Adehydefuchsin and Best's carminetechniques. With "I'EM the cytoplasm of
these cells comam§d rough endoplasmic reticulum, Golgi apparatus mitochondria and electron dense
granules. The lamina propria contained lymphocytic infiltration al;d lymphatic nodules. Compound
rbuloalveolar glandular lobules were located in the submucosa. These glands lined by cuboidal or
p_\ramidal cells \.vhlch drained into primary duct via secondary and tertiary ducts. With TEM, their
cytoplasm conta_med numerous mitochondria, smooth endoplasmic reticulum, rough endoplasmic
reticulum, G(?lgl apparatus, few electron dense granules and few lipid droplets. Four closed

esofendocrine cells were recognized in the glandular epithelium. The muscularis mucosa was
formed of longitudinally arranged smooth muscle fibers.
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Introduction
Food is necessary to maintain life. Food
stuffs provide the specific mass and energy
of living beings. Poultry production,
especially of chicken, turkeys, ducks, geese
and certain other birds, is big business
throughout the world; it has become the
standard form of mass produced protein
(King and Mclelland, 1975). The Japanese
quail belongs to the order Galliformes,
family phasidae, genuscoturnix and species

(1990) and Mina et al. (2011) in ostrich;
Rocha and De Lima(1998) in burrowing
owl; Kadhim et al. (2010) in red jungle
fowl and Hassan and Moussa (2012) in
duck found that the surface epithelium of the
mucosa consists of simple columnar
epithelium,the cells of which tend to
diminish in height toward the bases of the
sulci until the basal regions, these cells are
almost cuboidal in shape. However Bank
(1993) in fowl and Rossi et al.(2005) in

japonica.The ~scientific ~designation for partridge mentioned that the mucosal
Japanese quail is coturnix japonica epithelium is formed of simple cuboidal
(Mizutani, 2003). epithelium.Bezuidenhout and Van

The mucosal lining ¢ e proventriculus
lumen is thrown int: {oids or plicae of
varying heights with suici. The plicae and
sulci of the proveniriculus are lined by
simple columnar epithelium  containing
mucin(Bradley and Grahame, 1960; Bell
and Freeman, 1971; Aughey and Frye,
2001 and Rahman et al., 2003) in domestic
fowl; (Das and Biswal, 1967; Ahmed,
1977and Salem, 1982) in duck; (El-Bahay,
1979 and Mohamed, 1989) in pigeon;
(El-Zoghby,2000) in turkey; (Selvan et al.,
2008) in guinea fowl and (Ahmed et al,
2011andZaher et al., 2012) in quail. On the
other hand, Aitken (1958); Hodges (1974)
and Salem (1985 and 1997) in domestic
fowl; Bezuidenhout and Van Aswegen
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Aswegen (1990) in ostrich added that small
pyramidal cells with fine argyrophilic
granules are scattered between the epithelial
cells and showed also  granular
leukocyticinfilteration within the epithelium.
The proventricularglandsare the principle
component of the proventriculus and
constitute  the greater part of the
proventricular wall. They are composed of
numerous lobules as reported by Calhoun
(1954); Aitken (1958); Bell and Freeman
(1971); Salem (1985) and Imai et al. (1991)
in fowl; Das and Biswal (1967); Ahmed
(1977); Okamato and Yamada (1981);
Salem (1982); Prasad and Kakade (1990)
and Hassan and Moussa (2012) in duck;
Mohamed (1989) in pigeon;
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iudenhoutandVan Aswegen (19(_)") -
c?sel::cul:l. Kadhim et al.(2010) in red jungle
fowlandAhmed et al. (2011) and 71“"",r et
al. (2012) in quail. The glandular '-‘P""""“"J
is of one type, in fowl (Hodges, 1974 an
Randall and Reece,1996); in duck (Prasad
and Kakade,1990 and Hasssan and
Moussa, 2012); in quail (Liman et nl.3 2010
and Zaher et al., 2012) and in red jungle
fowl (Kadhim et al,2010). On the othf:r
hand Okamato and Yamada (1981) I'n
duck; El-Zoghby (2000) in turkey; Langlo'ls
(2003) in avian and Ahmed et al. (2011) in
quail mentioned that there are two cell types
(oxyntico peptic cell and endocrine cell).
Materials and methods
I- Histological study: Ten apparenthecalthy
adult male Japanese quail (Coturnixcoturnix)
of average age ranged from (8- 9) weeks and
average weight ranged from (250 - 300gm)
were raised and obtained from the quail farm
of the Faculty of Agriculture, Cairo
University. This study adhered to ethical
requirement to animal welfare in Egypt.
Aftereuthanization,thebirds were slaughtered
in the laboratory, then stomach were dissected
out and small pieces from proventriculus were
fixed immediately in 10% neutral buffered
formalin  solutionfor (48hours) followed
bydehydration of the specimens in ascending
grades of ethyl alcohol, cleared in xylol and
embedded in paraffin wax. Sections of (3-5 1)
thick were obtained and mounted on clean
glass slides and stained with Delafield's iron
haematoxylin and cosin (H&E),
Masson'strichrome, Periodic acid- Schiff
(PAS), alcian blue pH 2.5, aldehyde fuchsin
and Best's carmine
Tissue sections were examined under light
microscope. These histological methods were
conducted as outlined by Drury and
Wallington (1980) and Bancroft & Gamble
(2008).
II-  Transmission Electron
(TEM):
Spccin-)ens of (Imm) of proventriculus were
fixed in parafonnaldchydc-glutem[dchydc in
phosphate buffer (karnovsky, 1965).
Spccnm.ens were post fixed in 1 % osmium
tetraoxide for one hour, washed in 0] M
phosphate buffer (pH 7.3), then dehydrated in
were.found. These lymphatic nodules were
localized in area adjacent to the excretory
duct of the proventricular glands (fig. 1),

Microsco py
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"~ Althoughthe histological structure f m

proventriculus in different avian specieg h
been studied by several authors (Aitke,

1958; Hodges, 1974; Ahmed, 1977; S“'Qn,.
1982; Turk, 1982; Randall and Rcec,'
1996 and El-Zoghby, 2000) the uv“”ﬁblc'
literatures on the histological structure of the
proventriculus of quail are seanty. The iy
of this research is to investigate the
histological structure and S0
histochemical activities of the proventriculyg
of adult male Japanese quail, also ¢,
investigate the ultrastructural characteristjg
of the main cell types of the proventriculys,

graded ethanol and embedded in open araldite
mixture (Mollenhauer, 1964). Semithj,
sections (lpm) were cut, stained wig
Toluidine blue (Richardson et al., 1960) anq
examined with light microscope. Ultrathip
sections were cut and stained with Urany|
acetate and Lead citrate. The sections were
examined with a JEOL 1010 transmission
electron microscope at Regional Center for
the Mycology and Biotechnology (RCMB)
Al-AzharUniveristy,Cario, Egypt.

Results
The mucosa of the proventriculus of adult
male Japanese quail was invaginated at
regular intervals forming finger like mucosal
folds (plicae) of variable heights and sulci in
between (fig.1). It was lined by simple
columnar  epithelium  with  vacuolated
cytoplasm and large, oval, darkly stained and
basally situated nuclei (fig. 2). These cells
were reacted apically strong with PAS (fig. 3),
Alcian blue pH 2.5 (fig. 4), Aldehyde fuchsin
(fig.5) and Best's carmine (fig.6). By electron
microscope these cells showed apical electron
dense granules, Golgi apparatus, well
developed rough endoplasmic reticulum (fig.
7). Cylindrical mitochondria were assembled
in the distal region in close association with
the rough endoplasmic reticulum (fig. 8).The
lamina propria was formed of widely meshed
loose connective tissue rich in blood and
lymphatic vessels,their fibrous elements were
made up of collagenous fibers (fig.9), reticular
fibers and elastic fibers. Also lymphocytic
infiltration and some solitary lymphatic
nodules
Lamina muscularis mucosa was formed of
longiludinally arranged smooth muscle
fibers (fig. 9),
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movcntricular glnnds_ were located i
. qubmucosa and constituted the greater
lh‘rt Vof the whole thickness of the
P"“.cntriculus. They arranged in the form
h;‘ [obules which had different shapes
Oﬁ 210). These lobules were formed of
nu;ﬂemus alvcola_r or 1.ubular glands and
, unded by thin perilobular connective
(issue sheath. Groups of these alveoli were
- ined together and elaborated their content
in a tertiary duct, this duct opened in a
cecondary duct (fig. 10). Many secondary
ducts collected together forming one
primary duct that penetrate':d the lamina
muscularis mucosa to open into the lumen
(fig 1). The secretory cells of these glands
formed of two cell types (oxyntico-peptic
cells and endocrine cells) (fig.11). The
oxyntico'peptic cells were varied in shape.
They appeared  cuboidal ~ shape  with
centrally located nuclei in the tubular part
(fig. 12) and pyramidal or flask shaped
with large, spherical, vesicular, basally
located nuclei and distinct nucleoli in the
alveolar part, the free surface of each cell
extended into the lumen forming bleb like
projections (fig.13). Oxyntico-peptic cells
showed a negative reaction with PAS,
Jlcian blue,aldehyde fuchsin and Bests
carmine.

Ultrastructurally, the oxyntico-peptic cells
were truncated pyramidal with large round
and basally situated nuclei. The cytoplasm
of these cells showed abundant small
vesicular smooth endoplasmic reticulum
(fig.14). Prominent cisternae of granular
endoplasmic reticulum were present in the
perinuclear and basal parts of cytoplasm
(fig. 15).Mitochondria of rounded or oval
in shape were numerous in the cytoplasm.
The apical mitochondria were present
among the vesicular smooth endoplasmic
reticulum  (fig.14)  while, the basal
mitochondria were closely related to the
cisternae of rough endoplasmic reticulum
(fig. 15). Few electron dense granules and
lipid droplets were found in the basal part
of the cells (fig. 16). The lateral cell
membranes of the adjacent cellswere
attached together by desmosomes(fig. 17)-
In proventricular glands, the endocrine
cells appeared lightly stained between the
basement membrane and the secretory cells
of the proventricular glands (fig. 11). By
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clcclrm‘l microscope  four  types of
cn(loc.rlnc cells were detected between the
oxyntico-peptic cells, These cells were
Situated close to the basal lamina but didnt
gonltxnct with the lumen.

Endocrine cells type 1 appeared round in
Sllape with large oval lightly stained nuclei.
Their Cytoplasm showed large round
electron  dense granules,filamentous
mitochondria, few cisternae of rough
endoplasmic  reticulum and numerous
ribosomes (fig. 18). Endocrine cells type 11
appearedelongated or slender in shaped
with large ovoid nuclei. Their cytoplasm
contained round secretory granules whic
showed variable size and clectron density
Most of these secretory granules Wwere
observed in the infranuclear cytoplasm (fig.
19). Endocrine cellstype 11T wereovoid in
shape with large spherical lightly stained

nucleus.  Their cytoplasm contained
numerous round granules of different
electron  density. Also  filamentous

mitochondria and free ribosomes Wwere
found (fig. 20). Endocrine cells type IV
were spindle in shape with large ovoid
nuclei and the cytoplasm contained small
spherical electron dense granules (fig. 21).
Discussion

The present study showed that the mucosa
of the proventriculus of adult male
Japanese quail is thrown into mucosal
plicae (folds) of variable height and sulci.
These results are in agreement with
Calhoun (1954); Hodges (1974); King
and McLelland (1975); Salem (1985);
Randall and Reece (1996); Salem (1997)
andAughey and Frye (2001) in domestic
fowl; Salem (1982); Prasad and Kakade
(1990) and Hassan and Moussa (2012) in
duck;Mohamed  (1989) in  pigeon;
El-Zoghby(2000) in turkey; ~ Mahdy
(2009) and Mina et al. (2011) in ostrich;
Kadhium et al. (2010) in red jungle fowl
and Ahmed et al. (2011) and Zaher et al.
(2012) in quail. These folds are finger like
projection, similar to that observed by
Liman et al. (2010) in quail; which may
increase  the surface area of the
proventriculus (Hamdi et al, 2013).

The lining epithelium of the proventricular
mucosa is simple columnar epithelium with
vacuolated cytoplasm These findings were

in accordance with Bradley and Grahame


https://v3.camscanner.com/user/download

ISSN1110.14,,

e e e,

g5 -57Ily 2016 i oo
VMJG Vol.62 (3) opithelium (lacy, 1985).The high comcnﬁ

971); Aughey
(1960); B eman 0. 2003)
and Frye .(zml).anpd s :nd Biswal (1967);
. doe":fs‘;;;;)“:;md Salem (1982) in ducks
;Z\lljglahas' (1979) and Mohamed (1989)
S Fl-Zoghby (2000) in turkey;
pigeon;El Zoghdy =% : fowl and
Selvan et al. (2008) In guinea TOWS ©
andZaher et al
Ahmed et al (2011) :
i il. Meanwhile, Aitken (1958);
(2012) in quail. Me 8% and
Hodges (1974) and Salem (1? !
1997) in domestic fowl; Beu{ldenhou
andVanAswegen (1990) and Mina et al.
(2011) in ostrich; Rocha and' De
Lima(1998) in burrowing owl; Kadhim et
al. (2010) in red jungle fowl and Hassan
and Moussa (2012) in duck found that _the
surface epithelium of the mucosa .c0n51sts
of simple columnar epithelium which tend
to diminish in height toward the bases of
the sulci until the basal regions the cells are
almost cuboidal in shape. However Bank
(1993) in fowl and Rossi et al.(2005) in
partridge mentioned that the mucosal
epithelium is formed of simple cuboidal
epithelium. The surface epithelial cells
revealed positive reaction to PAS, Alcian
blue PH 2.5 and Aldehyde fuchsinthat
indicate the presence of both neutral and
acidic mucoplysaccharides (sulphomucin
and sialomucin).This difference in the
distribution of the mucosubstances within
the lining epithelial cells of the glandular
stomach might be due to functional and
maturation stage of this epithelium
(Suprasert and Fujioka, 1990). These
results are in agreement with Salem (1985)
in fowl; Prasad and Kakade (1990) in
duck; Selvan et al. (2008) in guinea fowl
and Ahmed et al.(2011) in quail. In
contrastHodges (1974) in domestic fowl;
Kadhium et al. (2010) in red jungle
fowl;Hassan and Moussa (2012) in duck
and Zaher et al. (2012) in quaildetected
neutral mucin reaction in the cells lining the
mucosal folds. While Mohamed (1989) in
pigeon mentioned that the supranuclear
mucin granules of these cells are
a.lcianophilic. This mucus plays a
significant role in the defense of the
mucosa against injury and ulceration (king
an('l' Mclelland, 1975 andSuprasert and
Fujioka, 1990). It also formed a gelatinous
la)fe}: together with the exfoliated surface
epithelium to prevent further damage of the

¢ll and Fre
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opolysaccharides in the linip
epithelium of the stomach can bind ¢, the
site of alkaline PhO.SP}]a‘“Se and assig in
digestion and emulsifying the food (Mog,
and Wenger; 1952 and I.lam and Lesmn’
1965). Moreover, the luminal surface of the
columnar  cells of the  proventricyjyg
showed Bests carmine positive staining,
that agreed with Mohamed (1989) ;,
pigeon who revealed that the apjcy
cytoplasm ~ of these cells  containeq
glycogen.
Ultrastructurally, the cytoplasm of these
cells characterized by the presence of we]|
developed secretory system represented by
Golgi apparatus well developed rough
endoplasmic reticulum and electron dense
membrane bound granules. These structures
explained the nature of granules as mucin
in nature (Shackleford and Wilborn,
1970). The histochemical findings may
give evidence that these cells are mucous
secretory cells as mentioned by Hodges
(1974); Suprasert and Fukjioka (1990);
Salem (1997)andSallam (2001).
Lymphocytes and lymph nodules were
observed in the lamina propria of the
proventricular mucosa of adult male
Japanese quail.This observation are in
agreement with that of Hodges (1974);
Salem (1985) and Matsumotor and
Hashimoto (2000) in fowl; Das and
Biswal (1967); Ahmed (1977); Prasad
and Kakade (1990) and Hassan and
Moussa (2012) in duck and Ahmed et al.
(2011) in quail. The occurrence of these
lymph  nodules  indicated  adirect
participation of the proventriculus in the
immune response (Ahmed et al., 2011).
The muscularis mucosa of the
proventriculus is made up of smooth
muscle fibers arranged longitudinallythat
agreed with Das and Biswal (1967);
Ahmed(1977) and Salem (1982) in duck;
_Salem (1985) in fowlandMohamed(1989)
in pigeon. However, kadhim et al. (2010)
in red jungle fowl and Hassan and Moussa
(2012) in duck stated that, it consists of two
!ayer s;an inner layer which lying along the
inner surface of the lobules of the
proventricular glands and an external layer
which appeared thicker especially opposite
the arcas between lobules. While

neutral muc
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per™ od Ahmed et al. 2011) and Zaher

nst:t ‘20 12) in quail observed an additional
ef arly arranged one.
it esent work revealed the presence of
1 ht‘ :’mmdmlmloalveolar glands in the
comP" similark tol that stated by
ies and Fisk (1963); Bell and
;\:{i::“““ (1971); Salem (1985) in fowl;
4 (1977) and Salem (1982) in duck;
celval ot al.(2008). in gl{inea fowl and
N . (2011) in ostrich. Meanwhile
\foham (1989) in pigeon;
Bezuidﬂ‘ho“‘ _and VanAswegen(1990) in
ostrichs Kadhium et al. (2010) in red
junglc fowl; Ahmed. et a!. (2011) and
7aher et al. (2012)_ in quail and Hassan
J Moussa (2012) in duck mentioned that
these glands located betfveen the inner and
outer 1ayers of muscularis mucosa. Whereas
Calhoun (1954) and Romanoff (1960) in
fowl reported that these glands are located
in the Jamina propria. These glands
appeared as polymorphic lobules formed of
qumerous alveolar or tubular glands.
Groups of alveoli were joined together and
elaborate their contents in a tertiary duct,
which inturn opened in a secondary duct.
The secondary duct of several lobules
joined togetherforming one primary duct
which connected to the apex of the raised
mucosal papillae and open into the narrow
jumen of the proventriculus. The same
organization Was recorded by Calhoun
(1954); Aitken (1958); Bell and Freeman
(1971) and Salem (1985); in fowl; Das and
Biswal (1967); Ahmed (1977); Okamato
and Yamada (1981); Salem (1982) and
Prasad and Kakade (1990)in duck;
Mohamed (1989) in pigeon;
Beziudenhout and Van Aswegen (1990)
in ostrich and Ahmed et al. (2011) and
Zaher et al. (2012) in quail. In contrast
Kadhim et al. (2010) in red jungle fowl
and Hassan and Moussa (2012) in duck
reported that each glandular cell group
drains into the main proventricular lumen
through single mucosal papilla. ~ The
secretory cells of these glands contained
two cell types (oxyntico-peptic cell and
endocrine cell) similar to that mentioned by
Okamato and Yamada (1981) in duck;
El-Zoghby (2000) in turkey; Langlois
(2003) in avian and Ahmed et al. (2011) in
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llhu:hnl:[:ln:'IOll;m|Sl ""dm." (1974) and
and Kakad eece (1996) in fowl; Prasad

, e (1990) and Hasssan and
Mous ;

18 (2012) in duck; Liman et al
(2010) and Zal pppagy -
andKadhin ot ﬂ!.(Z()lZ.) in quail
mentioned ‘I‘" al, (2010) in red jungle fowl
qly of 61 that lhcsc glands are formc'd
celis) T;:: type of cells (gxyntIC(rpcptlc
CUboi.dal eseoxyntico-peptic cells  are
o that ; {)yrmmdal or flask shaped similar
sy stated by ElZoghby (2000) in

rkey and Ahmed et al. (2011) in quail.
However, Hodges (1974) in fowl; Salem
(1982) and Hassan and Moussa(2012) in
duck andKadhim et al. (2010) in red
jungle fowl found that these cells are
cuboidal to low columnar epithelium. On
the other hand Calhoun (1954) and Salem
(1985) in fowl; Catroxo et al. (1997) in red
?apped cardinal;Rocha and Delima (1998)
in burrowing owl reported that they are
made of single layer of cuboidal epithelial
cells. The proventricular glandular cells
showed a negative reaction against PAS
and Alcian blue stains. This result similar
to that reported by Salem (1982) in duck;
Salem (1985) in fowl; El-Zoghby (2000)
in turkey; Selvan et al. (2008) in guinea
fowl and Ahmed et al.(2011) and Zaher et
al. (2012) in quail. However, Mohamed
(1989) in pigeon claimed that these cells
react weakly with PAS.
Ultrastructurally, the oxyntico-peptic cells
were pyramidal in shape; their cytoplasm
contained  well developed ~ rough
endoplasmic reticulum, Golgi apparatus
and many rounded mitochondria. These
mitochondria could be correlated with the
special metabolic activity which needs
active energy for the transport of inorganic
jons through the process of secretion
(Buggs, 1985). Cytoplasm also contained
few  vesicular smooth  endoplasmic

reticulum, few electron dense granules and
lipid droplets. The fine structure of such
cells was typical for both the zZymogenic

cells (Sclander,1963

and acid secretory
and Toner, 1963) in fowl, (Horvath, 1974
and Salem and EI-Dligan, 1993) in

chicken and Sallam (2001) in falcon.
These cells were attached near the base by
desmosomes. The latter was called terminal
par by (Toner, 1963 and Hodges,1974) in
fowl. The terminal bars allowed the use of
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the lateral surface as well as the apical
surface for secretion. In that case, they
considered as analogous to the intracellular
canaliculi of mammalian parictal cell
(Toner, 1963) in fowl. On the other hand
Salem andEFDligan (1993) in chicken
demonstrated junctional complexes were
(tight junctions of Zonulaoccludens
followed by Zonulaadherens). .

Four types of  endocrine cells were
recognized in the glandular epithelium of
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Fig (2): A photomicrograph of the

proventricular mucosal folds of adult male
Japanese quail showing simple columnar
surface epithelial cells with large, oval and
basally situated nuclei (arrow). H&Estain
X1000.
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3): A photomicrograph of the
m\'entriCUlar mucosal. folds of adult male
ese quail showing apically strong

an . .
m;mve PAS reaction in the surface
epithelium (arrow). PAS  X1000.

Fig (5): A photomicrograzh of the
proventricular mucosal folds ! adult male
Japanese quail showing apically strong
reaction to aldehyde fuchsin of the surface
epithelium  (arrow).Aldehyde  fuchsin
X1000.

Fig (4?= A photomicrograph  of the
?roventrlcular mucosal folds of adult male
ape.u?ese quail showing apically strong
positive alcian blue pH 2.5 (arrow)in the

surface epithelium. Alcj
s cian blue pH 2.5

Fig(6):A  photomicrograph  of the
proventricular mucosal folds of adult male
Japanese quail showing apically strong Best's
carmine reaction in the surface epithelial cells
(arrow).Best's carmine X1000.
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ransmission electron micrograph
of a high magnified part of the
proventricular surface  epithelial cell
showing nucleus (N), supranuclear Golgi
apparatus (Ga), secretory granules (arrow)
and rough endoplasmic reticulum(arrow
head).Uranyl acetate & Lead citrate X

30000

Fig (7): At

Fig (9): A photomicrograph of a cross
section of the proventricular mucosa of
adult male Japanese quail showing lamina
propria  contained  collagenous fibers
(arrow). Notice lamina muscularis mucosa
(arrow head). Masson's trichrome X400.

of

photomicrograph
- showing
ox).mtlco-peptic cells (arrow) and lightly
stained endocrine cell (arrow head) located
between the basement membrane and
secretory cells. H&E X1000.

Fig (11): A
theproventricularglands

¥ (#):

1SSNI110.14,,
A transmission electron mictogrmpl,
of the proventricular surfuce epithelinl gey
showing cylindrical mitochondrin (M) closey,
related to the cisternae of rough endoplasmj,
reticulum in the basal cytoplasm. Urany)
acetate & Lead citrate X30000,

Fig (10): A photomicrograph of a cross
section ofthe  proventriculus  showing
numerous polymorphiclobules of
proventricular glands. Notice the secondary

duct (star). H&E X40.

Fig (12): High magnification of the
proventricular glands showing the cuboidal
cells of the glandular tubules (arrow). H&E

X1000.
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(1) High magniﬁcatim.] of the
aricular glandular alveoli showing
pm\el'dal shaped (arrow) or flask -shaped
p)Tam\ vith spherical nucleus (N) and bleb-
ﬁllsprojecti on (arrow head). H&E X1000.
i

o may  1000R

Fig (15): A transmiss’ >« electron
micrograph of a high magni®’ - part of the
alveolar ~ proventricular i showing
perinuclear rough endoplasiziic reticulum
(rER), large round nucleus with marginal
heterochromatin (N) and oval mitochondria
(M). Uranyl acetate & Lead citrate
X1500.

Fig (14): A transmission ele i

ggl;h; proventricular gland :ltlr:vr\l/i:]glc;?vger:g:
nucleuass pyramlfial In shape with large round
ol (N),mitochondria (M), secreto
granules (.arrow), Small vesicular smog:
endoplasmic  reticulum (sER) and "
endoplasmic  reticulum (arrow ;2:5;1
Uranylacetate & Lead citrate X12000. .

Fig (16): A transmission electron micrograph
of a high magnified part of the alveolar

proventricular  cell showing  round
mitochondria (M) closely related to the
cisternae of rough endoplasmic reticulum,
electron dense granules (arrow) and lipid
droplets (arrow head). Uranyl acetate &
Lead citrate X20000.
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Fig (17): A transmission electron
micrograph of the proventricular gland
showing the lateral portion of two alveolar
cells had desmosomal junction (arrow).
Noticeperinuclear  rough  endoplasmic
reticulum (rER) and Small vesicular smooth
enoplasmic  reticulum  (sER).  Uranyl
acetate & Lead citrate X25000.
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Fig (18): A transmission electron micrograph
of endocrine cell type I of the proventricular
gland showing large oval nucleus (N),
cytoplasm showed large round electron dense
cytoplasmic granules (arrow), cylindrical
mitochondria (M). Uranyl acetate & Lead

citrate X15000.
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(19): A transmissiop
e oraph of elongated shape ¢
n“l‘l;rogpe I of the Proventricy|
c;owing large oval nucleus (N),
s

anules (arrow) varied in electrq
g

Fig

electrop

Fig 20\,
ndocrine B ( 9)- A transmission electr

of oy
o lang PrOVCnl(d' shape endocring ce||
secretq rcular

n densily

n micrograph
cell type I of the
Nucleys N and showing large spherical
lasm. Uranyl granules » umerous  roynd secretory
i'n the cytop . Yl acetate & Leag (

arrow) and oval

mitochondria
). Urany acetate &

Lead citrate

Fig (21): A transmission elc_actron micro
proventricular gland showing large ovoid nucleu
granules (arrow) and oval mitochondria (arrowh
X10000.

graph of spindle shape endocrine cell type IV of the
s (N), small spherical electron dense
ead). Uranyl acetate & Lead citrate
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