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SUMMARY

The ultrasonographic images of clinically normal
mammary glands of fourteen one-humped she-
camels were recorded using 5.0 and 7.5 MHz
linear transducer. The obtained results were
confirmed through dissection of three mammary
gland samples obtained freshly from the
slaughterhouse. The glandular parenchyma of the
udder of non-lactating she-camels appeared
uniformly hyperechoic than that of the lactating
one. At the base of each quarter two distinct
gland cisterns were seen shared, a common
hyperechoic wall while the cistern -cavity
appeared anechoic because of presence of milk.
The teat wall was differentiated into four
ultrasonographic layers. Each teat possessed two
separate anechoic teat cistern separated with a
tissue band and

hyperechoic  connective

communicated with the outside of the teat with a
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separate streak canal, which appeared as a
thin, hyperechoic line. We can conclude that
ultrasonographic imaging of the mammary
gland in one-humpcd camels is a
noninvasive imaging technique which can
be performed in both standing and
recumbent positions. The teats of one-
humped she camel’s possess only two
cisterns and two separate streak canals like
other Camelidae species. Moreover, the
normal ultrasonographic pattern of the
mammary gland will be helpful for further
studies dealing with diagnosis of different

mammary gland diseased conditions.
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side area (8 animals). The mammary glands
were clinically examined and milked prior to
the ultrasonpgraphic examination for exclusion
of any diseased conditions. The examination
was carried out by using a portable scanner 480
ultrasonographic (Pie

Netherland) equipped with a 5 to 7.5 MHz, 60

machine medical

mm linear array probe. Ultra gel (Medilap

Company, Egypt) was used as a contact gel.

All examined camels were sedated using 2%
xylazine Hcl (Xyla Ject ADWIA, Egypt) in a
dose of 1.25 mg/kg body weight. Ten animals
were examined in the standing position while the
rest of animals were examined in the recumbent
position. The body of the forequarters was
examined using an anterior and lateral
approaches and the body of the rear-quarters was
examined wusing a posterior and lateral
approaches. Each quarter was examined at three
positions in both vertical and horizontal cross
sections; at the base, in the middle, and proximal
to the gland cistern. The distal part of the gland
- cistern, the teat cistern and the teat canal were
examined in sagittal and cross sections. To
optimize images of the teat in the probe and the
examined teat were submerged in water in a
rubber glove held by an assistant. Static
ultrasonographic images of the mammary gland

and teats of each animal were recorded on black
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and white video prints using a Sony video

printer (Sony Inc, Tokyo, Japan).

Glandular parenchyma was evaluated for its
echogenic characteristics and homogeneity. The
boundary between the gland cisterns within the
quarter and the connection between each gland
cistern and the corresponding teat cistern were
assessed ultrasonographically. The teats were
examined for the number of the teat cisterns,
streak canals and the distinctness of demarcation

between the teat wall layers.

Gross anatomical examination was performed on
three apparently normal mammary glands brought

freshly from the slaughterhouse.

RESULTS

The results of ultrasonographic examination of
the mammary gland of 12 adult she-camels are
illustrated in table (1). The glandular parenchyma
of the mammary gland in non-lactating she-
camels appeared uniformally hyperechoic than
that of the lactating one (Fig 1 a & b). In case of
lactating she-camels, the milk in the collecting
system appeared anechoic. The collecting systen
was seen extended from smaller ducts in th
periphery of the gland through progressive!
larger ducts as the milk approaches the larg

gland cistern (Fig. 2 c&d).



INTRODUCTION

Unlike other ruminant species
ultraosonographic imaging of the camel udder
is somewhat neglected. Ultrasonic examination
of the mammary gland had been described for
bovine by Cartee, et al. (1986); Takeda, (1989);
Trostle and O’Brien, (1998); for goats by
Bruckmaier and Blum, (1992); for sheep by
Roberte, et. al. (1994); Ahmed, (2001); Franz,

et al. (2003).

The udder of the camel consists of four
glandular quarters, each with its own teat
(Nosier, 1974). The left and right halves of the
udder are separated from each other by
fibroelastic tissue extending from the linea alba
and prepubic tendon and a groove generally
visible between the left and right halves. The
lateral aspect of the quarters is covered by
tissue from the abdominal tunic and the caudal
abdominal wall. The anterior and posterior
quarters are independent but there is no visible
separation between them and the teats are
directed cranio-ventrally possessing two
opening (Smuts and Bezuidenhout, 1987). In
one-humped camel, both fore and hind teats are
almost equal in length while the fore-teats are
placed further apart from each other than the

hind ones (Saleh, et al. 1971).
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Contrast radiography on South American
Camelidae has shown that each quarter is
composed of two distinct glands each leading
to a separate streak canal within the respective
teat. The udder is therefore, composed of eight
1998). The

radiographic examination of the teats in one-

separate  glands (Fowler,
humped camel reveals that each teat possesses
two to three teat cisterns. Each cistern is
spindle-shaped, tapers distally and possess into
the streak canal. The streak canals open
independently into a small, common pouch at
the apex, but sometimes the streak canals open
directly on the surface of the apex of the teat

(Saleh, et al. 1971).

The present study was undertaken to elucidate
the using of ultrasound as a non-invasive tool
for the mammary gland examination and to
the

ultrasonographic

throw light on the reference
images of the clinically
normal mammary gland in one-humped camels

(Camelus dromedaries).

MATERIALS AND METHODS

Ultrasonographic examination of the udders of
14 apparently healthy she- camels of different
ages (4 to 8 years old) were performed at
Faculty of Veterinary Medicine; Sadat City

teaching farm (6 animals) and in the country



Table 1: Overall results of the ultrasonographic examination of clinically normal mammary

glands of 14 she-camels
Non -Lactating Lactating
Total animals 6 8
number
Glandular
tissue hypoechogenic 2 7
hyperechogenic

homogenousc 6 8

Lactiferous
ducts visible 1 8

Non visible 5
Gland cistern

visible 6 8
Non visible -

Teat cistern
visible ' 6 8
Non visible
Two in nunber 6 8

Teat wall

Identified 4 layers 4 8
Non identified 2

Streak canal
visible 1 8
Non visible 5
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Fig. 1- Sonograms of a glandular parenchyma (a & b) non-lactating she-camels with a
uniform hyperechogenic appearance obtained with a 5 MHz. (¢ & d) lactating
she-camels with a medium homogenous echogenicity obtained with a 7.5 MHz.

The lactiferous ducts (long arrows) and vessels (short arrows) appear as
anechoic areas. Skin is on the top of the picture.
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Fig. 2- Ultrasound images at the base of the udder. (a & b) Transverse images

demonstrating two anechoic gland cisterns (GC) separated with a common

hyperechoic wall (short arrows). (c &d) Sagittal images demonstrating the
anechoic teat cistern (TS). ‘
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Fig. 3- (a & b & ¢) Sagittal ultrasound images of the normal teat dipped in a rubber glove filled with
water. (a) The anatomic features are indicated by numbers and arrows: 1, skin-water interface
(thick hyperechoic); 2, muscular and connective tissue layer (thick intermediate echoic); 3,
vascular layer (thin anechoic); 4, mucosa (thin hyperehoic). (b) Two anechoic teat cisterns (TS)
separated with hyperechoic connective tissue band (arrow). (c) Two streak canals demonstrated
as two thin parallel hyperechoic lines (arrows). (d) Cross sections of the teat; the two anechoic

teat cisterns are wide at the middle and tapered at both ends.
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Fig. 4- Clinical and gross anatomical photographs for the mammary gland of one-humped she-camels.
(a) Lactating mammary gland showing that the right half is separated than the left one and the
fore teats are apart from each other and shorter than the hind ones. (b) Cross section of the right
fore quarter showing two separate gland cisterns (GS). (c) Cross section near the base of the teat
showing two teat cisterns (TS) separated with connective tissue septum (long arrow). (d)
longitudinal section of the left hind teat showing the opening of communication (arrows)
between the gland cistern and the teat cistern (TS). (e) Non- lactating mammary gland showing

canulation of the two external opening of the right hind teat (arrows). Milking of the left fore teat

showing two streams of milk omitted from two separate teat orifices (arrows).
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At the base of each quarter two distinct gland
cisterns were seen shared, a common

hyperechoic wall ~ while the cistern cavity
appeared anechoic(fig 2 a&b). Sagittal images
of gland cisterns revealed that each one leads to
a patent anechoic teat cistern cavity with a
hyperechoic mucosal wall (fig2 c&d ).

Imaging of 56 teats of the examined 14 she-
camels teats showed that each teat possessed
layer represents the

hypoechogenic region

vessels, and an inner, hyperechoic layer
represents the mucosa (fig 3 a). In sagittal and
cross images each anechoic teat cistern ended
with a separate streak canal, which appeared as
two thin hyperechogenic lines separated by an
intermediate echogenic connective tissue area
(fig 3 b & ¢). In cross images positions the teat
cistern width was wider at the middle than the
base and apex (fig 3 d). In non-lactating
animals, the teats were canulated using 23-
gauge canula for confirmation of the number of

streak canals and their potency (fig 4 ).

DISCUSSION

The physiology and diseases of the udder are

important  factors for reproduction and
production of Camelidae. Camel milk has been

a source of nutrients for millions of people in
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samples

two-teat cisterns. The four-echogenic layers of

the teat wall were clearly visible in 48 teats.

The very hyperechoic (white) outer region was
the skin-air interface. The thickest, middle layer
is intermediate in echogenicity and represents
the muscular and connective tissue layers. A

thin,

The results of the sonogram were confirmed
through dissection of three mammary glands
freshly obtained from the
slaughterhouse. The mammary gland of the
she-camel was formed from four quarters
each one has its own teat (fig 4 a). Each
quarter has two gland cisterns, which serve as
a collecting duct for the respective gland
within the duct (fig 4 b). Each gland cistern
was continued distally to a separate teat
cistern (fig 4 c& d). At the most distal aspect
of the teat cistern is the streak canal, which

communicates with the outside of the teat (fig

4e&f).

Africa, Middle-eastern and Asian countries.
Udder diseases not only affect the health and
growth of newborns but may have alsoa public
health hazards for populations consuming camel
milk (Knoess, et al. 1986; Raymond, 1994).
Although  the

above-mentioned facts,



above-mentioned facts, ultrasonographic
studies of the mammary gland in one-
humped she-camels are not studied up till
now.
The normal she-camel glandular tissue
ultrasonic image in the present study was
uniformly echoic with the exception of the deep
vascular layer deep to the mucosa. This
echogenic pattern was attributed to the even
distribution of connective tissue with a higher
echoic density and gland parenchyma with less
echoic density (Cartee, et al. 1986; Folck and

- Winter, 2006).

We found that each quarter possessed two-gland
cisterns that depicted as an anechoic antrum.
Saleh, et al. (1971); Smuts and Bezuidenhout,
(1987); Flower, (1998) also observed the same
number of gland cistern within each quarter.
Folck and Winter, (2006) in cattle explained that
the anechoic antrums may not always be
determined correctly. They can correspond

either to blood vessels or to lactiferous ducts.

At both cross and sagittal sonographs the
entries of the large lactiferous ducts into the
gland cistern were clearly visible in lactating
she-camels than the non-lactating one. A

similar finding was also observed by Cartee, et

al. (1986); Ahmed, (2001) they noticed that
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echogenicity of lactiferous gland is dependent
upon it is filling level. Moreover, Tibary and
Anouassi, (2000) found that confirmation of
the camel udder can change according to breed,

age and stage of lactation.

The four-echogenic layers of the teat wall
that mentioned by Trostle and O’Brien,
(1998) in bovines were clearly identified in
almost all examined she-camels teats. We
also noticed that the width of the teat cistern
in cross-ultrasonic imagcg became wider at
the middle than that at the apex and base.
This result came along with the spindle-
shaped teat cisterns observed by Saleh, et al.
(1971).

In both sagittal and cross ultrasound images
of all examined teats, the number of -leal
cisterns within each teat was only two.
Each cistern appeared as anechoic antrum
and separated from the other one with a
hyperechoic connective tissue band. Each
teat cistern was found communicated with
the outside with a separate hyperehoic
streak canal. The same result was obtained
(1987);

South American

by Smuts and Bezuidenjout,
(1998)

camelidae. On the other hand, it contradicts

Fowler, in
with the postmortem radiographic study of
Saleh, et al. (1971) in the one-humped

camels. They mentioned that each tea!



small pouch at the apex of the teat. Our results examinations revealed that the glandular
were confirmed by both gross anatomic and parenchymas as well as the collecting network
clinical examinations through of the mammary gland in one-humped camels

are not differing than those in other Camelidae

milking of the udder of lactating she-camels and species. Consequently, ultrasonic imaging
canulation of non- lactating ones. Consequently, provides accurate details of the mammary
one-humped she-camels are not different than gland in one-humped she-camels that will be
other camelidae species possessing only two teat helpful for further studies dealing with
cisterns each one open to outside through a diagnosis of different mammary gland diseased
separate streak canal. conditions.

The streak canal was not observed in five non- REFERENCES

lactating she-camels while it appeared as a thin,
Ahmed, H.A.M. (2001): Studied on udder affections of

.hyperechoic, line in the rest of examined _ ) - S
small ruminants. M.V.Sc. Thesis, Cairo University;

animals. Franz, et al. (2001) attributed the 143-145.
difficulty of observing the streak canal in sheep Bruckmaier, R. M. and Blum, J. W. (1992); B-mode

to the limited optical resolution of the scanner ultrsonography of mammary glands of cows, goals

especially in small sized teats. The linear and sheep during alpha- and beta- adrenergic agonis!

and oxytocin administration. Journal of Dair

research, 59: 151-159.
was attributed by Trostle and O’Brien, (1998); Cartee, R. E.; Ibrahim, A. K. and McLeary, D. (1986): B

hyperechogenic appearance of the streak canal

in cattle and Franz, et al. mode ultrasonography of the bovine udder and teal

(2003) in sheep to the opposition of the two JAVMA., 188: 1248-1287.

opposing mucosal layers. Folck, M. and Winter, P. (2006): Diagnosli

ultrasonography in cattle with diseases of th

mammary gland. The Veterinary Journal 171; 31

In conclusion, this article reviews the 321
principles of ultrasonographic examination of Fowler, M. E. (1998): Medicine and surgery of Soul
the mammary gland in one-humped camels American Camelids: Liama, Alpaca, Vicuna, ai

nd s = o
and its practices for visualization of glandular S, 2 B8 Sowen S Ul penrity Preys.

: Franz, S.; Hofman-Parisot, M.; Gutler, S., and Baumgartn:

parenchyma as well as the collecting network. e 3 g
W. (2003): Clinical and ultrasonographic findings

Moreover, the results of our clinical, e memmary ghod of shesp. New Tauls

ultrasonographic and gross anatomical Veterinary Journal, 51 (5): 238-243.

9



Franze, S.; Hofmann-Parisot, M.; Suchy, A.; Bauder, B.
and Baumgartner, W. (2001): Sonography of the
ductus  papillaris in cattle, sheep and goats and

examination of the tissue structures. Veterinary
Record,149:109-112.

Knoess, K. H.; Makhudum, A. J. and Rafig, M. (1986):
Milk production potential of the dromedary with
special reference to the province of Punjab, Pakistan.
World Anim. Rev., 57: 11-21.

Nosier, M. B. (1974): Histological structures of the
mammary gland of the One-humped Camel (Camelus
dromedaries). Indian J. Anim. Sci., 43: 639-641.

Raymond, H. M. (1994): Camels for meat and milk
production in Sub-Sahara Africa. J. Dairy Sci., 67:
1546-1553.

Roberte, J.; Carretero, A.; Fernandez, M.; Navarro, M.;
Caja, G.; Kirchner, F. and Such, X. (1994): Ultrasound
mammography in the lactating ewe and its

correspondence to anatomical section. Small Ruminant

Research, 13: 199-204.

Saleh, M. S.; Mobarak, A. M. and Fouad, S. M. (1971):
Radiological, anatomical and histological studies of the
mammary gland of the One-humped Camel (Camelus
dromedaries); Part 1: The teat (Papilla mammae).
Z.bl.Vet. Med. A., 18: 347-352.

Smuts, M. M. S. and Bezuidenhout, A.J. (1987): Anatomy of
the dromedary. Oxford: Univ. Press.; 230-242.

Takeda, T. (1989): Diagnostic ultrasonography of the bovine
udder. Japan J. Vet. Res., 37: 133-143.

Tibary,A. and Anouassi, A. (2000): Lactation and udder
diseases: In Recent advances in camelid reproduction.
Skidmore, L. and Adams, G.P.; Ed. IVIS Library
(www.ivis.org); Ithaca, NY, USA.

Trostle, S.S. and O’Brien, T.T. (1998): Ulﬁasonography of
the bovine mammary gland. Comp. Cont. Educ. Pract.
20, 64-71

98



" ekl B g ¥ (B Lol alead) £ puall 45 gua (3 9dl) il pally  guall”

Sall gl taal Pla Jal
ean bl g b -4 siall daaba -glanll alall IS dal yal) aud
e plaialy ey (ke dalu) plicdl Sya g 48U 14 £ g il A gua @il Cla gall yga Jaadd 3
sl e paa i G g g il e 3 o i peiliil) ol 2S5 a8y 53 8Mage 7.5 -5 558 sk
A il Caal Galiiad i
A4 (hyperechoic) e (fise e U ol ddla 4all Gl g 5 ol (gaaall Al ganaill jucdy -
Al a5
(gland cisterns)gisaall (saall aidie (panga & il e a ) IS liidl e Jally aa g -
.(hyperechoic)isall (saall ail ja 2aly Hlaa A S jiday
$siaddala JS i aa sl a8y | (echogenic) s sall (sauall dilise Ciliphs 4 592 g dalall jlan jualy -
(i e i guasi g Juaiy (hypoechoic) i small sauall unidia (teat cisterns)ouass ol
(streak canal) Auals s 3L 4l Ll sall 03 (3 asa US Ol . (hyperechoic) s swall sl
.(hyperechoic) s swall (sauall o ya JadS seliiy g pall 7 )i M abuas
o &l panil Al gean dsladiul (Sadl e 455 ga G5l Gl galy y geadll () Al jall Coalanil 33
3L Lagia JSI (teat cisterns) s s o daid clalall (g giad LS 1ad1 5 f Wl y auia o)) OIS 61 gus (55300
A gua (3 9dll Cila gall pladiil Sa Ay ¢ yudll &l ) lall 7 4 540 (streak canal) Aliis
Al Bua g Bl A g puall @Yel Calide anddi A aeluall (35l § 5 i (aail

99



