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ABSTRACT

Twenty one buffalo embrijos and fetuses of botlt sexes ranging from 8 - 102 cm
CVR length corresponding (o 80-315 days-old 1were collected fromy Mansowra abaltoir,
they were prepared by normal Iustological technliue for morphometricol and light mi-
croscople study. The resull revealed thutl. nasal septunt represented by a vertlcally
oriented sheath between the developing nusal pits at 8 - 10 eim CVRL (80 -85 days-old),
the mesenchymat tissue wus differenttaled into chondroyenic cells. At 12 cm CVRL (30
days-old), the septal cartilage showed chondroblastc condensation in the periphery. it
was of hyaline type. nvasion of its basal (hickening with Lleod vessels was observed
at fetuses of 48 cm CVRL. The nasal epithetiton wus derived from the fuce ectodermn
mesenchymal tissue; It was conposed of cubotdal duridy stained basat cell layers and
muny (12-13) polyhedral cell layers. At 36 em CVRRL (150 dayys-old). it was differentiat-
ed (ndo stralified squarous epithelium in the nasal ¢i.stibiile, strolified cuboidal epithe-
lhur in the translional area and pseudostratified ciliated coliumnar bt the nasal cavity
proper. The nasal glands were observed ot 12 cn CVRL (90 days-old). in the form of
solid clusters with a relative volume density of 10.51%. They were numerous. tsolated.
solitary acini, almost canalized at 25 cmi CVRL (195 days-old) und constituted 12.8% of
the nasal septal subinucosa. It 1vas lobulaled with wide distended lumest at 68 cm
CVRL (230 days-old} (Ls volume denslty was 23.32%, some acini showed alcian blue
positive reaction at 80 can CVRL (260 days-otd) and the others exhibited a weddk PAS
positive reaction it formed 25.62% qof the septal submucosa, the vemeronasal gland
was obscerved at48 cm CVRLat the laminu propsia of the vomeronasal organ, represent-
ed 12.38% of the vomeronasal organ subrnucosu it show:d a strong PAS positive reac-
tion. Exlensive, large blood spaces mostly filled with blood. formed a cavernous (issue
at the basal part of the nasal septinn and al the levet of the vomeronasal organs ob-
served at 48 em CVRL (180 days-old).

127

Vol. VI, Neo. 2, 2004



Ebada S. Mohamed
128

INTRODUCTION

(t has been belleved that the nasal mucosa was involved fn the thermoregulatory mechanism,
oifactory sease and medfation of the rcproductive bebavioral responses In several specles of
mammals. in rat (Bojsen-Moller, 1964), sheep (Khamas, 1880) and donkey (Lindsay et al.,
1079). The anatomical and histological structure of the nasal cavity of domestic animals was
thoroughly described by many authors such as In shecp (May, 19870). camcl (Badawi et al.,
1874), buffalo (Al-Ayat et al., 1981 & Abdel Axiz, 1983) and In domestic anlmals {Getty, 1871
& Dellmann and Browen, 1892) and in rat (Vidie, 1871), and that concerned with the struc-
ture and morphogenesis of the vomeronasal organ in domesUc animals (Kratzing, 1971; Lind-
say et al. 1878, Jacob et al. 1981 & Mansour et al. 2001) and in laboratory anlmals (Mendo-
za, 1886 & Szabo and Mendoza, 1988). The prenatal morphogencsls of the septum nast was
evaluated Ain rat (Vidlc et al. 1972) and goat (Basha et al. 1994). The prenalal morphogenesis
of the nasal septum of the buffale was not evaluated. The present study Js an attempt Lo provide
information concerning the prenatal development of nasal septurn and lts related glands In the

water buffalo.

MATERIAL AND METHODS

The present study was carrled out on twenty onc buffalo embryos and fctuses of both sexes
ranging from 8-102 cm CVRL corresponding to 80-315 days-old. These were collected from Main-
soura abatlolr. The heads of fetuses were dissected, the nasal cavily was separated and nasal re-
glon laclud(ng the nasal septum was isolated . flxed In Bouln's and 10% ncutral buflered formal-
in solutlons, decalcified in 5% EDTA solution. The samples were processed by normal
histological technique. sectioned at 5 _m thickness. stalned with haematoxylin, eosin and alcian
blue / perodic acld Schifl s reagent stains adopled by (Bancroft & Stevens 1886). Volurmne den-
sity(Vv) of the nasal gland was determined using double square fattice of 400 point and light mi-
crographs with final magnification of X1300. The volume density obtalned uslng the formula Vv.
= pc/p (Welble, 1889) where pc means the number of points in a given siructure and p was the
number of points in reference area. The ages of fetuses were esimated according (Abdel Raouf
& El-Naggar 1968). Nomencalatrue was that adopted by Nomnina Anatomica Vetesjnaria (J983) .

At B-10 ¢m CVRL (80-8B5 days-oid) the nasal septum represented by a medtan vertcally
orented lamina between the nasal pits, (t fuses with the palate In premaxitlary region, where it
expands laterally, the mesenchymal tissue in the nasal septum was differentlated (nto chondro-
genic cells with rounded nuclef. The fulure septum nasl was covered on both sides by the subep-
Ithellal mesenchymal Ussue that condensed fortning the early perichondrium, which was differ-
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entlated Into up to five elongated cell Jayers (FIg. 1}. The nasal epithellum was <erived {rom the
face ecfoderma, which was present in stratifled patteim, it was composed of cuboidal darkely
stained hasal cell layer with rounded eccentric nuclel and many polyhedral cell layers with Jight-
ly slained and vacuolated cytoplasm forming up to 12-13 celt layers (fig. 2 & 3).

At 12 cm CVRL (90 days-old}, chondroblastic condensation was observed n the pedphery of
the cardlago septum nasi which was of hyaline type. large cells with rounded promiaent nucle)
and dense cytoplasm predominate 1o cartilago septum nasl. The perichondrium was dlfferenttat-
ed and became more dense and distnctive: it was composed of parallel bundles of collagen fibers
wilb many fibroblasts {ig. 4). The basal cell layer of the nasatl eplthellum was of columnar type,
followed by 7-8 polyhedratl lightly stairied cell layers with vacuolaled eytoplasm. The maost supes-
ficlal cell layers were flattened with dense cytoplasm and dense clongated pucled (fIg. 5). The sub-
eplthelial Ussuc was more differeantiaicd, blood vessels of dilferent size were observed, the nasal
glands were detected for the first time at this stage of developoient, In the form of solld clusters
of denscly stained cells or rode like budding Iront the basal cell tayer (Ag. 4). it bad a rclative
volurne density of 10.5) % within thc subeplhclial Ussue (table, 2 & ¢hart 1).

At 18 cin CVRL (105 days-old). cartilage septuin nasl was relatively thick, the eplthelium of
septum nasi was dlfferentiated In the nasal cavity proper. Into stratified clltated columnar. cspe-
clally at its proximal part while il was undifferentlated distally. The lamina propria was thicler,
at Ure end of proximal third of Use ntasal septuiv: It fJormed a cushion like pcominence projecled
at e nasal cavity. At this slage many Llood vessels of variable size were abundant and en-
gorged with blood In proximal part of the nasal septum (Gg. 6). The perichondriutn was very
thick. which composed of parallel thick bundles of collagen fibers with many fibroblasts and an
winer scveral layecs of densc elongated chudiroblastc cells and small blood vessels ({ig. 7). The
nasal glands were numerous and sonie aclot were canalized (fig. 8). It consUluted 10.8G % of the

lamina propria.

At 25 cm CVIRL (123 days-olld), Lthe covering eplthellum was diflerentated in the nasal cavity
proper Into pscudostratified columnar epithcllum adlover the nasal septun (fg. 9) except at its
basal part and at the level of the voneronasal organ It was still undiflerentiated. In the lamina
propiia, large blood spaces were detected Jorming cavernous tissue like structure in the dorsal
part of the nosal septum. The nasal glands were nuinerous In the forro of isolated soltiary aclnl.
Il was dispersed in the lamina propria lorming 12.8 % of the subeplthelial tissue, great propor-

tlon of these aclnl were canatized (F1g.10).

Epithelial differentation was complete at 36 cra CVRL {150 days) all over the nasal cavity

and the nasal septum where, tt was stralfled squaimous eptlbeliunt in {the nasat vestibule, strall-
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fled cuboldal epithelivm n the {ransitonal area and pseudostratified clliated columnar in the
nasal cavity proper. An aggregation of small blood vessels was observed at the basal part in the
lamlna propria of the nasal septum. The nasal gland arranged In groups In the lamina propria
and had a wide distended lumen with arelatlve voluoie density of 12.93 % (fig. 11).

Invasfon of the basal thickenlng of nasal septal cartlage with blood vessels was detecled (or
the first thne at fetuses of 48 cm CVRL (108 days-old). The seplal cartlage was surrounded ven-
trally by dense packing of cannecuv.: tissue which extended on both sides [fig. 12). The lamina
propria was greatly differentated, many blood vessels of different slze. lymph vessels. nerve [asl-
cull. were observed. The nasal glands located In groups deeply ta the lamina p.oprla, its relalive
volume density of about 13.01%. The umeronasal glands were detecled at the laterat ' all of Jara-
Ina propra of ductus vomeronasalis for the first tme. at this stage constituting 4.32% of organ
vorperonasalis submucosa (table 3)), it as of serous type. Extensive, large blood spaces mostly
filled with blood. forming a cavernous tissue observed at basal part of the nasal seplum and at
the Jeve) of the vomeronasal organs. (fig.13).

At 54 cm CVRL (195 days-old), Uie nasal glands were more abundant In Jamifna propria of the
nasal septum (lig. 14). It dsplayed 12.43 %.it was predominantly serous, the glandular duct was
Jined by two layers of cubotdal epltheltura and open on the sucface epithelium. In the nasal vesti-
bule, the straufled squamous epithelium {n its middle was lightly stained and vacuolated with
clear cell membrane, the most superfacfal cell layer was dense flattened within elongated densce
nuclel [fig. 15). the vomeronasal gland consitlituted 5.57% of the vomeronasal lamina propria.
Large blood spaces mostly engorged with blood formed a vivernous tissue wer: present at the
basal part of the nasal septum (fig. 16).

At 68cm CVRL (230 days-old). Jobulated nasal glands with wide distended lumen were secn
(g. 17). the glands occupled 23.32% of the larnlna propria of the nasl septum. While the volume

denslity of the vomeronasal gland was10.89%.

At 8Ccm CVRL (260 days-old). the covering epithellum al the nasal vestbule became thick
and densely stalned. the Jamlna propria formed a paplllary projection inlo the lamina epithellalls
(0g. 18). The relative volume density of nasal gtands in lamina propria of the nasal septum was
25.62%.

At 102 cm CVRL (315 days-old), the volume denslty of the nasal glands decreased with pres-
ence of buge and Jarge blood spaces. it constituted 25.4% of the lamina propria of the septum
nasl.

At 80 cm CVRL {260 days-old) and 102 cm CVRL (315 days-old). some acinj showed alcian
blue posilive reaction and others exhibiled falnt PAS positive reactlon (fig. 19). At 102 cm CVR
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length. the vomeronasal glands extremely Increased displaying 28.95 % of the vomeronasal or-

gan submucosa (table 2&3). It showed a strong PAS positive reaction (fig. 20).

Discussion

The present study revealed that the primitive nasal septurny of the buffalo fetuses 8-10 cm
CVRL was represented by a vertical sheath between the developing nasal pits. It was bullt up
from chondrogenic plate. lamina propria and thick eplthelial covering. The mentloned lindings
was shmilar to that in camel fetuses of 2 crn CRVL (Amed, 1988) and (n goat of 1.5 -5 cm CVRL
(Bashsa et al., 1994).

The present Ilnvestigations demonstrated sequences of osteogenesls of the septal nasal carth-
age began in the prenatal Jlfe at 48 ¢cm CVRL (180 days-old). This finding was supported by stud-
les in sheep (May, 1970) and In rat prenatal life (Wright et al., 1958 & Vidic et al., 1872). In
contrast to the data previously mentioned In camel (Ahmed. 1888) (n goat (Basha et al., 1994),
they recorded persistence of the cartilaginous plate of the nasal scptun along the prenatal life.

In rat it was stated that the epithelia of the nasal cavlity differentiated rapidly following the ap-
pcarance of the nasal plts (Vidic et al., 1972). This finding was confirmed In the present study.,
where it was completely differentiated allover the nasal cavity at 36 ¢cm CVRL (150 days-old).
The nasal septum in the buffalo fetuses was covered by stratificd squamous epithellum in the
nasal vestibule and pesudostratified cillated colummnar epithellum in nasal cavity proper and
stratified cuboidal epithelum at the transitional zone. That was agreed with that in rat. at 17
day of gestatlon (Vlidic et al.. 1972). However. (n dog (Abbas et al. 1881) and in buffalo (Abdel
Aziz, 1983) It was mentioned that, the septum nasi was covered Ly thick stratified colummnar ep-
ithelium. While, in goal (Bashs et al., 1994), was clajmed thatl the covering eplthelium was
straufled sqaumous epithellum. The flask shaped crypt which was observed post naial in the
buflalo (Abdel Aziz, 1983) and (n camel (Badawl et al., 1974) was not observed netther In cam-
el fetuses (Ahmed, 1988), goat (Basha et al., 1994) nor in buffalo fetuses during the course of
the present study.

The .xwresent study revealed that the first glandular primordial in the nasal septum subrnuco-
sa of the buffalo fetuses was observed at 12 cm CVRL (90 days-old). canalized at 25 ¢ CVRL
(123 days-old} and Increased and lobulated with advanced age. Similar findlngs wece recorded in
rat at 16 day ol gestation (Vidic et al., 1872): In camel at 9 cm CVRL {Ahmed, 1988) and in
goat at 12cm CVRL (Basha et al., 1994).

The present investigation recorded an alctan blue positive reaction in the nasal septal glands.
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that was disagreed with that have been reported In rat (Vidic et al.. 1872). while he mentioned
that no affinity for the same reacUon could demonstrated in the prenatal glands.

The glandular buds flrstly recorded In vomeronasal organ submucosa at 48 ¢ CVRL (180
days-old), this flading were supported by reports in builalo (Elmorsy, 2002) corresponding (o 8
cm CVRL in goat (Abdel Aziz et al., 1891), 35 cm CVRL in came) (Abdel Aziz, 1988).

The vomeronasal glands In buffalo fetuses exlifblied strongly PAS positive and alclan blue
negatve reactlons. This (nding agreed with that recorded in sheep (Kratzing. 1971), camel (Ab-
del Aziz, 1988), goat (Abdel Azlz et al., 1981), domestic anlmals (Dellmann and Browen,
1292} and tn buffalo {Elmorsl, 2002) and disagreed with that reporied jn cat (Salazar) in borse
and donkey (Lindsayet al. 1978 & Mansour et al. 2001).

The present study revealed that many blood vessels of different stze and rclatively large blood
spaces were observed in the tamina propria in the dorsal part of the nasal septum at 25cm CVRL
{123 days-old) and hug blood spaces mostly engorged with blood were detected at basal part of
the nasal sepfum and In lamina propria of the vomeronasal organ, {orming a cavernous tissue.
at 48 con CVRL (180 days-old). These finding corvelated with that described in sheep, (Kratzing,
1971), bovine [(Jacobs et al., 1881)., mouse (Mendoza 1988). camcl (Abdel Aziz, 1988), goal
(Abdel Aziz et al.,, 1991 & Bagha et al., 1994). donkey (Mansgour et al. 2001) and buf(Talo (El-
morsi, 2002). This cavernous envelop had regarded as regulator of either inspiration and explra-
tlon of alr or aspiration and expedition of fluids between the nasal cavily and the vomeronasal
organ in hamster (Meredith et af., 1980), and in rat (Wysocky, 1979 & Szabo and Mendoza,
1988), '

The lamina propria of nasal septum at 18 cm CVRL was thickened forming a cushion like
swclling, that correlate with the observations recorded In goat (Schnorr and Hegne, 1987, Nick-
el, Schummer and Seiferles, 1973 & Elmorsi, 2002), sheep (Al-Ayat et al. 1981), and buflalo

(Abdel Aziz, 1088).
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Table (1): Estimated ages and CVRL of collected buffalo fetuses

Estimated ngcm(da)'s)

No. of fetuses CVRL (cm)
2 . _ 8 80
3 10 85
I 12 90
2 18 105
3 25 123
s d 36 150
248 180
- 195
R 68 230 .
2 ... .80 260
1 102 315

Table (2): Volume density of |
the nasal pglands in the nasal)
septum of the buffalo fetuses in
relation to CYRL i

Volunie density (Vv%)

CVRL ,

M2em | 1051
_18em | 1086 ]
“25em | 128 _ -
36em | 1293
Bem | T T 30U
Sdem. 2243
68cm | 2332 -
80em | _25_.62 . _
102 cm l 254

Table (3): Volume density of the
vorneronasal glands the buffalo
fetuses in relation to CVRL

T Volume densify
CVRL | (Vv%)
_ 48cm ! B 7
Sdem_ 557
68em_ [ 1089
80cm | 12.38
i02cm | 28.95

Mansoura, Vet. Med. J.

Chart (1): Velame densiiy of
nxert glands in pasal seplum of
Mulfalo felusges
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v
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oAl lem)

Chart (2): Volume densily of
vomeronasal glands In bufTalo
etvscs

d8em S4cm 68cm BOcm '02cm

CviL (cm)
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Fig. 1 : Photomicrograph of cross sectlon at
the rostral part of the nasal cavity of 8
cm CVRL (66 days-old) bullalo fetus
showing the chondrogenic plate (C).

surroundling mesenchymal tissue (S).
and the priwltive perichondcelum (P).

H&E stain X 100.

Fig. 2 : A photomicrograph of cross section at

the rostral part of the nasal cavity of 8 §

cm CVRL (8o days-oild) buftalo fetus
showing the coverng epltheltum of
primitfve seplum nasl. note the basal

cell (B) many polyhedral cell (p} and |{

flattened superficial cell (astow) H & E
stain, X 10O.

Mansoura, Vet, Med. J.
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Fig. 3 : Magnlfication of fig. (2), note the cu- = ¥ @ ' ) | 1 Lt
boldal to low columnar basal cells (B), % ~ v ) \W :
the eccentric nuclel of the polyhedral Bl 5
cells (P} and the undliferentiated me-
senchymal tssue of lamina propria

submucosa (S) H&E stain X 400.

Fig. 4 : A photomlcrograph of cross section at
the nasal vestibule of 12 cm CVRL (90
days-old) buffalo fetus showing. septal
nasal cartlage (C). perichondrium (P),
Covering eplthellum (E). primordla of
nasal gland {g) blood vessels (arrow) in
lamlna propria submucosa (S) H&E
stain X 100.

Iy t
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Fig. 6 : magniflcation of fig. (4), note the basal "_,
cells (B). many lghty stalned with vac- _°
uolated cytoplasm polyhedral cells (P)
and superficlal densely stained fat-

Fig. 6 : A pbotomlcrograph of cross section at
the middle part of the nasal cavity of
18 cm CVRL {105 days-old) buifalo fe-
tus showling, thick septal nasal cartil-
age (C), perichondrium (P). the cover-
ing eplthellum (E) lamina propria (S).
forming a cushion like structure {ar-
row) and many blood vessels almost
engorged with blood (bv). H & E stain
X 440.
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Fig. 7 : Magnification of {0g. 6) showing, the S8 _‘_t '*' g P g

septal nasal cartilage (C), lnner cellular SF | 280

| laver (arrow) of perlchondrium (P) with v L

| many blood vessels (arrow heads). @ Wy
re ' 4 i i ] b

| I[&E stain X 400. p‘ - e

[ . § »

| .

e we e
| % LYR. o di"@fi

Fig. 8 : A photomicrograph of cross sectioa at the nasal cavily prop~r ol 18 con CVRL (105
days-old) buffalo fetus showing, the basal part of (he nasal septuny note . the nasal
cartlage (C). pedchondriurn (P) lamina ptopria (S). solitary acini of na.al gland (g} and
undifferentated eplthefium (E). H&E stain X 100.
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Fig. 9 : A photomicrograph of cross section at the nasal cavilv propec of 25 cm CVRL (123
days-old) buffalo fetus showing, the coverlng epithelitim (E) composed of pesudostrad-
fled cilated columnar epitheltum. propcia submucosa (S). blond vesscls (bv) and nasal
gland (g) H&E staln X 400.

Flg. 10 : A photomicivgraph of cross section at
the nasal cavity proper of 25 cin CVRL
(123 days-old} buffalo fetus showing,
the covering epithelum (E), lamina
propria submucosa (S), with many
biood vcssels (arrow head) and blood
spaces (bs) nerve flbers (arrow) , the
sepla) nasal cartllage (Cj. and Its pert-
¢hondrivm (P). H&E staln. X 100.
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the nasal cavity proper the nasal cavity
of 36 cm CVRL (150 days-old) buflalo
fetus showing, blood spaces of differ-
en! size some of themn engorged with
blood (arrow head), and small blood
vessels (arrow), the gland was lacated
in clusters (@) in the lamina propda
(S). note Its excretory duct open on the '
surface of eplthelium (E) and thick per-
fchondorium {P). B & E stain X 100.

Fig. 12 : A photomicrograph of cross sectfon at
the nasal cavity proper of 48 cm CVRL
(180 days-old) buffalo fetus showing.
invasion of the basal part of septal
cartllage (C) with blood vessels (arrow).
dense packlng of connectve tssue (D)
and ossliled vomer bone (V). H&E stain
X 40.
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Fig. 13 : A pbhotomicrograph of cross section at the nasal cavity proper of 48 cm CVRL (180
days-old) buffalo fetus showing. the covering epftheltum (E). lamin propria (S}, large
blood spaces {arrow)., nasal glands (g), vomeronasal cartllage (C). and vomeronasal
glands {vg) H&E staln X 40. ‘ = - .

Fig. 14 : A photomicrograph of cross section at
the nasal vestlbule of 54 cm CVRL
(195 days-old) buffalo fetus showing.
lobulated glands with wide distended
lumen (g) in the lamina propda (S).
thick perichondrivm (P), covering ept-
thellum of stratified squamous eplthe-
Yum (E) and wide blood vessel (bv).
H&E stain X 100.
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Fig. 16 : A magndficatlon of (fig. 6) showing, the
duct of the nasal gland (arrow) com-
posed of two layers of cuboidasl epithe-
Jum, and the covering stratifled squa-
mous epithellum (E} H&E stain X 100.

Fig. (18) : A photomicrograph of cross section
at the middle part septum of 54 cm
CVRL (195 days-old) buffalo fetus
showing, large blood spacea most of
them engorged with blood (arrow
head). glandular lobules (g). In lamina
propria (S), and the covering epithell-
um (E). H&E stain X 40.

Mansoura, Vet. Med. J.
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Fig. {(17) : A photomicrograph of cross section at the translilonal area of the nasal cavity of 68
cm CVRL (230 days-old) bufialo fetus showing, large glandular lobule with distended tu-
wen (g). wide frregular blood spaces (bs). ip lamina propria (S). septal nasal cartilage
(C). pevichondrium {P) and s covering eplthcllum of stratilied cuboldal epithelium (E).
H&E stain X 100.

Fig. (18} : A photomtcrogiaph of cross section
at the nasal vestibule of the nasal cavi-
ty of 80 cm CVRL (260 days-old) buffa-
lo fetus showling, the covering stratifled
squamous eplthelium (E), not the pap-
ilary projections of lamina propria (ar-
row}, the nasal glands (g), and wide
blood vessels (bv) H&E stain X 40.
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Fg. (19) : A photoinicrog.aph of cross sectlon
at the basal part of nasal septum ol
102 ¢ CVRL (315 days-old) buffalo fe-
tus showing. the nasal glands with
soine acinl ¢xhibited alclan bluc post-
tive and faint PAS posluve reactions
&), buge Llood spaces (bs). blood ves-
sels (bv)  and the covering epithellum
(E). Alctan blue /PAS stain. X 100.

¥ig. (20) : A photomicrograph of cross suation
at the basa) part of nasal septum of
102 ecmy CVRL (315 days-old) buffalo fe-
tus showing, vomeranasal gland ex-
hibiung strong PAS positive reacton
(arrow head), wide blood spaces (bs).
nerve faslcull (arrow} and vomeronasal
cartilage (C). Alclan blue / PAS stain.
X 100.
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